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Preface

Emerging contaminants are synthetic or natural compounds and microorganisms 
produced and used by humans that tend to have adverse ecological and human 
health effects once they reach the environment. These contaminants are present in 
everyday life in personal care products, pharmaceuticals, detergents, surfactants, 
pesticides, and so on. Up until the 1990s, most of these contaminants were not 
identified by environmental monitoring programs because their production and use 
were not intended to have harmful consequences for the environment and living 
organisms. However, not only are these contaminants themselves problematic 
but so are their metabolic/degradation products. Today, there are many emerging 
contaminants, including domestic and industrial chemicals, hospital medicaments, 
and farming chemicals. All these compounds are persistent in the environment 
(water, soil, sediments), can spread far and wide, can bioaccumulate easily, and 
are toxic. This book, Emerging Contaminants, discusses a wide variety of toxins that 
have adverse effects on our lives.

The first section provides detailed information about the classification, sources, 
adverse effects, and toxicology of emerging contaminants as well as some of 
the most used analytical techniques for their quantification. People use many 
substances at home, in hospitals, and in agricultural and industrial processes. On 
one hand, these substances are necessary for our wellbeing, but on the other hand, 
they can damage the environment, organisms, and human health. Many of these 
substances end up in the environment through wastewater, farming activities, 
industrial wastes, water treatment processes, and so on. The classification of 
emerging contaminants is based on their use (such as pesticides, antibiotics, 
etc.). The chapters in the first section give a clear picture of the main classes of 
these pollutants as well as additional information concerning their origin in the 
environment and the problems that they cause. These contaminants are found in 
low levels (trace to ultra-trace) in the environment, in the ppt–ppm range. Even 
at these levels, emerging contaminants can have toxic effects. For the analyst, 
identifying contaminants at ultra-trace concentrations is a challenge, therefore 
special attention is paid in this section to analytical techniques for sample 
treatment and quantification, especially in water and biota samples.

One of the most important groups of emerging contaminants is pesticides. As 
such, the second section of this book presents some recent work on pesticides. 
Many chemical formulations are used for many years in agriculture as insecticides, 
fungicides, herbicides, rodenticides, and so on. The use of pesticides in agriculture 
is necessary, but it must be done carefully and in a controlled way because their use 
can cause soil pollution, food contamination, and broader environmental pollution 
that affects water ecosystems. Many pesticide formulations, due to their adverse 
environmental and health effects, have been banned, such as some organochlorine 
pesticides like DDT, aldrin, heptachlor, chlordane, etc.). Despite being banned, 
these compounds and their metabolites persist in the environment. Nowadays, 
pesticides continue to be in use in agriculture in many other formulations, mostly 
with N, S, and P; therefore chemical, biological, and toxicological monitoring 
should always be at the center of attention for institutions and scientists.
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VI

The third section of the book is dedicated to the impact of pharmaceutical active 
compounds (PhACs) in the environment. More than 3000 chemical substances 
are used as medicines for humans and animals. Human and veterinary drugs 
(antibiotics, antiseptics, antihistamines, endocrine disruptors, and many other 
classes) are vital, but their use can be problematic for the environment and living 
things. Hospital wastewaters are the main sources of pharmaceuticals in the 
environment. These molecules can promote drug tolerance or resistance to target 
organisms (e.g., antibiotic resistance in bacteria, or analgesic tolerance in humans) 
and unwanted effects in non-target organisms (e.g., alteration of sex ratio and 
decreased fertility) even in low concentrations. Their levels in hospital wastewaters 
and the environment are reported from ngL-1 to ugL-1. Besides their parent 
molecules, PhACs are often excreted as metabolites that can be even more toxic 
than native molecules.

The fourth section of the book presents information on some other classes of 
emerging contaminants such as polybrominated biphenyl ethers, microplastics, 
industrial base contaminants, and others. Due to their persistence, these contami-
nants persist in the environment for a long time after their use. In addition, because 
of their chemical structures they can accumulate easily in organisms and thus cause 
various problems not only to those organisms but also to the food chain because of 
the biomagnification process.

Emerging Contaminants is an informative book for researchers in the field and 
we hope it will direct more attention to the numerous toxic compounds that we 
confront in our everyday lives.

Aurel Nuro
Department of Chemistry,

Faculty of Natural Sciences,
Tirana University,

Tirana, Albania
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Chapter 1

Classification, Potential Routes 
and Risk of Emerging Pollutants/
Contaminant
Yahaya Abdulrazaq, Abdulkareem Abdulsalam, 
A. Larayetan Rotimi, A. Aliyu Abdulbasit, 
Okpanachi Clifford, O. Abdulazeez Abdulsalam, 
O. Nayo Racheal, A. Akor Joy, F. Omale Victor, 
Z. Mbese Johannes, Muhammad Bilal and Salehdeen Umar M

Abstract

Emerging contaminants (ECs), encompass both natural and synthetic chemicals 
that are present or transformed to new chemical compounds in water bodies across 
the globe. They are presently not checked in the environment but poses a serious 
health threat to human and ecosystem as well as environmental damage. ECs are 
released into environment during the anthropogenic activities such as water treat-
ments, fumigation, farming etc. More than 1036 ECs and their biotransformation 
have been identified by the NORMAN project, established in 2005 by the European 
Commission. They were further classified into different categorizes/classes includ-
ing disinfection by-products, pesticides, pharmaceuticals and personal care prod-
ucts, nanomaterials, benzotriazoles, benzothiazoles among others. The potential 
sources, path route and their health implication on human were also discussed. The 
presence of ECs in our environments is global issue that requires urgent attention.

Keywords: emerging pollutants, contaminants, pharmaceuticals,  
personal care products cosmetics, disinfectant

1. Introduction

Emerging pollutants (EPs) are natural and synthetic chemicals as well as microbes 
that are of less concern to the researchers, national and international regulatory bodies 
[1, 2]. They have not been explicitly studied and there is limited information about their 
environmental effects, health implications and method of analysis. These pollutants 
are not new in our environments but they can stay for a longtime in the environment 
because of their biotransformation, formation of metabolites and by-products [2, 3].

EPs are recently recognized as re-emerging factory-made or naturally formed 
materials that are detrimental to human health after a long-term exposure and lacking 
regulatory health standard [4, 5]. They are classified as agricultural (pesticides), 
industrial and consumer waste products, pharmaceutical and illicit drug as well as 
personal care products [6–8]. More than 121 various types of unregulated chemicals 
and microbes are present in an untreated water and at least 25 were found in water 
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treatment plants (WTP) [9]. Furthermore, unregulated chemicals such as nitrosa-
mines (NAs), dioxane, nanomaterials, pharmaceuticals and personal care products 
(cosmetics, disinfectant, antiseptic, deodorant stick, soap, fragrances, insect repel-
lent, sunscreen, surfactants and toothpaste) as well as perfluorinated alkyl acids 
(PFAA) are EPs [8, 10, 11]. For instance, N-Nitroso-dimethylamine (NDMA) an 
emerging contaminant produced as byproducts of chloramines in drinking water 
treatment plants [12]. Nanomaterials (NMs) are substances produced with a dimen-
sion in nanoscale range from 1 to 100 nanometer as to improve the chemical strength 
and reactivity [10]. However, some NMs introduced contaminants when used for 
water treatment. Polybrominated biphenyl ethers (PBDEs) PBDEs are brominated 
hydrocarbons used as flame retardants in the production of furniture, plastics, uphol-
stery, electrical equipment, electronic devices and many other household products 
[10]. Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) fluori-
nated organic compounds with many industrial applications; such as surfactants in 
fluoropolymers and as grease, soil and water resistant in fluorinated polymer [13, 14].

2. Classification of emerging pollutants

Emerging pollutants are classified and categorized as follows [15–17]:

1. Pharmaceuticals (illicit and prescribed drugs).

2. Personal care products (cosmetic, surfactants, disinfectants, domestic 
 biocides, food additives).

3. Industrial chemicals (food additives, pesticides, polychlorinated biphenyl, 
flame retardant, antimicrobial substances)

4. Disinfection by products (from water treatment plant: Nitrosamine, halonitro-
methanes, haloacetonitriles, trihalomethanes, halo acetic acids).

5. Algal toxins (toxic released from some algae: Cyanotoxins, microcystin)

6. Biocides and their metabolites (plants and agricultural preventive agents  
[pesticides])

7. Bioterrorism and disruption devices (Biological and Chemical weapons).

The personal care products and pharmaceuticals as ECs contain active sub-
stances in illicit, prescribed and non-prescribed drugs for human and animal 
consumption. Active ingredients are also found in disinfectants, biocides, preserva-
tives and personal hygiene and beautification products [18]. PPCPs are classified 
(Table 1) base on the consumer product and their uses [19].

Personal care products Pharmaceuticals

Fragrances, cosmetics, repellents, food 
supplements and their metabolites, and 
transformation products personal hygiene 
products, sunscreen agents, domestic insect,

Drugs such as cocaine and amphetamines, antiseptics, 
hormones, illicit analgesics, antibiotics, lipid regulators, 
steroids, anti-inflammatory drugs, diuretics, non-steroid 
stimulant drugs, antimicrobials, beta blockers,

Table 1. 
Classification of pharmaceuticals and personal care products [16].
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Category I: Personal care products compound

ATII (traseolide) Boisvelone/Iso-E super

Bayrepel Butyl methoxydibenzoylmethane

Benzaldehyde, (phenylmethylene) Cineole

hydrazone (Eusolex) Damascone

Benzophenone Decamethylcyclopentasiloxane (D5)

AHDI (phantolide) Boisvelone/Iso-E super

alpha-Terpineol Decamethyltetrasiloxane (MD2M)

2,4-Dihydroxybenzophenone Dihydromethyljasmonate

4-Methylbenzylidene camphor Dodecamethylcyclohexasiloxane(D6)

4-Oxoisophorone

Acetylcedrene Dodecamethylpentasiloxane(MD3M)

ADBI (celestolide) Drometrizole

Ethylhexyl methoxycinnamate Drometrizole trisiloxane (INCI)

Galaxolide Methylsalicylate

g-Methylionone Musk ambrette

Hexamethyldisiloxane (HM or HMDS) Musk ketone

Hexylcinnamaldehyde Musk xylene

Homosalate Octamethylcyclotetrasiloxane (D4)

Isobornylacetate Octamethyltrisiloxane (MDM)

Isobutyl paraben Octocrylene

Methylparaben Oxybenzone

Methyldihydrojasmonate (methyl 3-oxo-2-
pentylcyclopentaneacetate)

Carvone

Methyl-iso-propylcyclohexenone Propyl paraben

p-t-Bucinal (Lilial) Tonalide

Category II: Personal care products/biocides 
compounds

Triclosan

N,N-Diethyltoluamide D-Limonene

Category III: Personal care products/food additive compounds

2,6-Di-tert-butylphenol Triethylcitrate

Butylated hydroxyanisole Butylated hydroxytoluene

2-Ethylthioacetic acid ethylester Dipropyltrisulfide

2-Methylthioacetic acid ethylester Ethylene brassylate

3-Methylthiopropionic acid Habanolide

Category I: Pharmaceuticals compounds

1-Hydroxy ibuprofen Cyclophosphamide

2-Hydroxy ibuprofen Desmethylnaproxen (metabolite of naproxene)

17-alpha-Estradiol Danofloxacin

17-alpha-Ethinylestradiol Dantrolene

17-beta-Estradiol Dapsone

1,1,1-Trichloro-2,2-dihydroxyethane (chloral 
hydrate)

Daunorubicin



Emerging Contaminants

4

treatment plants (WTP) [9]. Furthermore, unregulated chemicals such as nitrosa-
mines (NAs), dioxane, nanomaterials, pharmaceuticals and personal care products 
(cosmetics, disinfectant, antiseptic, deodorant stick, soap, fragrances, insect repel-
lent, sunscreen, surfactants and toothpaste) as well as perfluorinated alkyl acids 
(PFAA) are EPs [8, 10, 11]. For instance, N-Nitroso-dimethylamine (NDMA) an 
emerging contaminant produced as byproducts of chloramines in drinking water 
treatment plants [12]. Nanomaterials (NMs) are substances produced with a dimen-
sion in nanoscale range from 1 to 100 nanometer as to improve the chemical strength 
and reactivity [10]. However, some NMs introduced contaminants when used for 
water treatment. Polybrominated biphenyl ethers (PBDEs) PBDEs are brominated 
hydrocarbons used as flame retardants in the production of furniture, plastics, uphol-
stery, electrical equipment, electronic devices and many other household products 
[10]. Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) fluori-
nated organic compounds with many industrial applications; such as surfactants in 
fluoropolymers and as grease, soil and water resistant in fluorinated polymer [13, 14].

2. Classification of emerging pollutants

Emerging pollutants are classified and categorized as follows [15–17]:

1. Pharmaceuticals (illicit and prescribed drugs).

2. Personal care products (cosmetic, surfactants, disinfectants, domestic 
 biocides, food additives).

3. Industrial chemicals (food additives, pesticides, polychlorinated biphenyl, 
flame retardant, antimicrobial substances)

4. Disinfection by products (from water treatment plant: Nitrosamine, halonitro-
methanes, haloacetonitriles, trihalomethanes, halo acetic acids).

5. Algal toxins (toxic released from some algae: Cyanotoxins, microcystin)

6. Biocides and their metabolites (plants and agricultural preventive agents  
[pesticides])

7. Bioterrorism and disruption devices (Biological and Chemical weapons).

The personal care products and pharmaceuticals as ECs contain active sub-
stances in illicit, prescribed and non-prescribed drugs for human and animal 
consumption. Active ingredients are also found in disinfectants, biocides, preserva-
tives and personal hygiene and beautification products [18]. PPCPs are classified 
(Table 1) base on the consumer product and their uses [19].

Personal care products Pharmaceuticals

Fragrances, cosmetics, repellents, food 
supplements and their metabolites, and 
transformation products personal hygiene 
products, sunscreen agents, domestic insect,

Drugs such as cocaine and amphetamines, antiseptics, 
hormones, illicit analgesics, antibiotics, lipid regulators, 
steroids, anti-inflammatory drugs, diuretics, non-steroid 
stimulant drugs, antimicrobials, beta blockers,

Table 1. 
Classification of pharmaceuticals and personal care products [16].

5

Classification, Potential Routes and Risk of Emerging Pollutants/Contaminant
DOI: http://dx.doi.org/10.5772/intechopen.94447

Category I: Personal care products compound

ATII (traseolide) Boisvelone/Iso-E super

Bayrepel Butyl methoxydibenzoylmethane

Benzaldehyde, (phenylmethylene) Cineole

hydrazone (Eusolex) Damascone

Benzophenone Decamethylcyclopentasiloxane (D5)

AHDI (phantolide) Boisvelone/Iso-E super

alpha-Terpineol Decamethyltetrasiloxane (MD2M)

2,4-Dihydroxybenzophenone Dihydromethyljasmonate

4-Methylbenzylidene camphor Dodecamethylcyclohexasiloxane(D6)

4-Oxoisophorone

Acetylcedrene Dodecamethylpentasiloxane(MD3M)

ADBI (celestolide) Drometrizole

Ethylhexyl methoxycinnamate Drometrizole trisiloxane (INCI)

Galaxolide Methylsalicylate

g-Methylionone Musk ambrette

Hexamethyldisiloxane (HM or HMDS) Musk ketone

Hexylcinnamaldehyde Musk xylene

Homosalate Octamethylcyclotetrasiloxane (D4)

Isobornylacetate Octamethyltrisiloxane (MDM)

Isobutyl paraben Octocrylene

Methylparaben Oxybenzone

Methyldihydrojasmonate (methyl 3-oxo-2-
pentylcyclopentaneacetate)

Carvone

Methyl-iso-propylcyclohexenone Propyl paraben

p-t-Bucinal (Lilial) Tonalide

Category II: Personal care products/biocides 
compounds

Triclosan

N,N-Diethyltoluamide D-Limonene

Category III: Personal care products/food additive compounds

2,6-Di-tert-butylphenol Triethylcitrate

Butylated hydroxyanisole Butylated hydroxytoluene

2-Ethylthioacetic acid ethylester Dipropyltrisulfide

2-Methylthioacetic acid ethylester Ethylene brassylate

3-Methylthiopropionic acid Habanolide

Category I: Pharmaceuticals compounds

1-Hydroxy ibuprofen Cyclophosphamide

2-Hydroxy ibuprofen Desmethylnaproxen (metabolite of naproxene)

17-alpha-Estradiol Danofloxacin

17-alpha-Ethinylestradiol Dantrolene

17-beta-Estradiol Dapsone

1,1,1-Trichloro-2,2-dihydroxyethane (chloral 
hydrate)

Daunorubicin



Emerging Contaminants

6

Acebutolol Diethylstilbestrol

Acecarbromal Difloxacin

Aceclofenac Diphenhydramine

Acemetacin Domperidone

Acetaminophen (Paracetamol) Doxepine

Acetazolamide Doxorubicin

Acetylsalicylic acid (Aspirin) Doxycycline (anhydrous)

Acyclovir Doxycycline (monohydrate)

Albuterol Dexamethasone

Allobarbital Diatrizoate

Alclofenac Diazepam

Albuterol sulfate Diclofenac

Alprazolam Dicloxacillin

Amitriptyline Enoxacin

Ampicillin Epirubicin

Amoxicillin Enrofloxacin

Amobarbital Escitalopram

Anthracene-1,4-dione Erythromycin

Apramycin Esomeprazole

Aprobarbital Estriol

Atenolol Estrone

Azithromycin Estrone sulfate

Bezafibrate Ethosuximide

Baquiloprim Etofibrate

Betamethasone Fenofibric acid (metabolite of fenofibrate)

Beta-sitosterol Fenfluramine

Betaxolol Fenofibrate

Baclofen Famotidine

Bisoprolol Fenoprofen

Bromazepam Flumequine

Butalbital Fenoterol

Carbamazepine Flucloxacillin

Carazolol Fenoprofen calcium salt dihydrate

Caffeine Fluorouracil

Cefacetrile Fluoxetine

Cefapirin Fluvoxamine

Cefalonium Furosemide

Cefalexin Gemfibrozil

Cefazoline Gentamicin

Cefoperazone Glibenclamide (glyburide)

Ciprofloxacin Hexobarbital
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Clofibric acid (metabolite of clofibrate) Hydrocodone

Clarithromycin Hydrochlorothiazide

Citalopram Chlortetracycline

Clotrimazole Chlorobutanol

Clenbuterol Chloramphenicol

Crotamiton Ibuprofen

Cloxacillin Cholesterol

Codeine Ifosfamide

Category II: Pharmaceutical Compounds

Iopamidol Penicillin G

Iminostilbene Penicillin V

Indomethacin Pentoxifylline

Iohexol Pentobarbital

Iomeprol Paroxetine

Imapramine Phenazone

Iopromide Phenylbutazone

Ivermectin Phenobarbital

Josamycin Phenytoin

Kanamycin sulfate Pindolol

Lansoprazole Prednisolone

Lamotrigine Pravastatin

Ketoprofen Pipamperon

Levetiracetam Primidone

Lidocaine Propranolol

Lincomycin Salbutamol

Lorazepam Ranitidine

Loratadine Roxithromycin

Lithium carbonate Propyphenazone

Lovastatin Sarafloxacin

Marbofloxacin Sotalol

Meprobamate Secobarbital sodium

Meclofenamic acid Sertraline

Medazepam Streptomycin

Metformin Secobarbital

Mebeverine Spectinomycin

Mestranol Spiramycin

Mefenamic acid Simvastatin

Minocycline Sulfamerazine

Methylphenobarbital Sulfadimethoxin

Metoprolol Sulfadoxin

Mevastatin Sulfadiazine
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More than 1036 EC and secondary metabolites as well as biotransformation 
products are identified on NORMAN List in Table 2 (NORMAN [20]). The most 
common classes/categories of ECs include; industrial chemicals, disinfection by-
products, pesticides, sweeteners endocrine disrupting compounds, nanoparticles, 
sunscreens, UV filters, pharmaceuticals and personal care products among  
others [21–23].

3. Potential routes emerging pollutants

Series of anthropogenic activities such as agricultural, domestic and industrial 
activities leads to the discharged of the pollutants into our environments (Figure 1). 
Water and sediments serve as a sink to these contaminants [25, 26]. Constant con-
sumption of drugs due to less attention given to traditional medicine for the treatment 
aliments and frequent use of personal care products as vogue has led to the release of 
different by-products at low concentrations into our environments [27]. The concen-
tration of these pollutants are based on the production processes of some products 
(drugs) applied in various countries. For example, the concentration of bisphenol A 
in European water and North American were 43 and 12 ppb correspondingly  
[28, 29]. Their presence in water has affected the water physicochemical parameter 
and required urgent attention to drinking issues. Essentially however, many waste-
water treatment plant (WWTP) are not considered or designed for the removal of 
emerging contaminants as shown Figure 1. As a result of their hydrophobic nature 
PPCPs and other EC metabolites as well as associated particular mater settled below 
water surface when discharged in water. Treated and untreated urban water as well as 
WWTP (Figure 1) are the main sources and path route of EC.

Methicillin Sulfamethazine

Nandrolone Sulfamethoxazole

Nafcillin Sulfapyridine

Nadolol Tetracycline

Naproxen Temazepam

N-Methylphenacetine Terbutaline

Neomycin B Taloxa

Norfloxacin Tolfenamic acid

Nordiazepam Tilmicosin

Novobiocin Timolol

Ofloxacin Tiamulin

Oxacillin Tramadol

Omeprazole Trimethoprim

Oleandomycin Tylosin

Oxazepam Verapamil

Oxytetracycline Valnemulin

Oxprenolol Zolpidem

Table 2. 
Identified pharmaceuticals and personal care products (NORMAN [16, 20]).
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4. Risk of emerging pollutants

PPCPs are present in our environment at very low concentrations ranging 
from ng/L to μg/L but there is paucity of information about the various secondary 
metabolites generated during the biotransformation of parent compounds [16] 
The impact of the metabolites could be more toxic than the main compounds and 
their adverse effect on non-target organism is less understood [30]. The longtime 
exposure to PPCPs pose severe threat to aquatic biota and human life. Also, many 
studies on environmental toxicology on the exposure of non-target organs to 
PPCP are results from acute toxicity data [31–33]. Many PPCPs contained bioac-
tive ingredient that could have a chronic effect non-target biota. Goldfish shows 
bio-centration factor of 113 when it is exposed to high concentration of PPCPs 
for 14 days [34]. Chronic effect could lead to gene mutation and decline in fish 
population. For instance, diclofenac may cause ill-effect on fish organs. Fish are 
susceptible to PPPCPs contaminants since they live in the environment where 
these contaminants are present [35]. The presence of carbamazepine and diclof-
enac in aquatic environs damaged algal chloroplasts [36]. Long time exposure to 
Sulfamethoxazole cause severe toxicity and inhibit photosynthesis process [37]. 
Also, ciprofloxacin is toxic to green algae [38]. Natural bacteria developed antibiotic 
tolerance in PPCP antibiotic contaminated environments [39]. Endocrine disrupt-
ing chemicals are also referred to as hormones in aquatic or aqueous environments. 
Some endocrine chemicals reduce the proper functioning of endocrine system 
(ES) that is physiological activities [40]. For example, retardation in reproductive 
processes such as sex variation, poor metabolic and embryonic developments [41]. 
These environmental hormones could cause serious effects on both aquatic and 
terrestrials animals through inhibition and modification of hormonal growth in ES 
and hormones in the cell correspondingly [42].

Figure 1. 
Potential sources of PPCPs/EDCs in water cycle modified [24].
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5. Conclusion

Nowadays there is increase in technologies for the production of goods and 
services as to meet up the demand of dense population, resulting to release of EC 
in our environs. EC is a serious environmental issue across globe that desires vital 
consideration. There is need to development new production technique that uses 
raw materials that are eco-friendly, less toxic metabolites and by-products in our 
environment in order to prevent the aquatic biota and ecosystem.
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5. Conclusion

Nowadays there is increase in technologies for the production of goods and 
services as to meet up the demand of dense population, resulting to release of EC 
in our environs. EC is a serious environmental issue across globe that desires vital 
consideration. There is need to development new production technique that uses 
raw materials that are eco-friendly, less toxic metabolites and by-products in our 
environment in order to prevent the aquatic biota and ecosystem.
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and Elimination in Wastewater
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Abstract

In recent years, the presence of organic pollutants has received great attention
due to their effects on public health and biota. Within this set of compounds, a new
range of compounds that are characterized by their high persistence and low deg-
radation have been identified, called Emerging Compounds. Emerging pollutants
include a wide variety of products for daily use of different structures, domestic and
industrial applications, such as: pesticides, industrial and personal hygiene prod-
ucts, hormones, and drugs, most of which are toxic, persistent and
bioaccumulative. A characteristic of these types of pollutants is that current waste-
water treatment plants are unable to remove them; they are designed to remove
organic matter and nutrients in higher concentrations. In Mexico there is little
information on the concentration levels of these compounds, due to the lack of
public policies aimed at providing resources to institutions and researchers trained
to carry out this type of study. On the other hand, the technological infrastructure
of the wastewater treatment plants is insufficient for the country’s demand. This
situation represents one of the greatest challenges for the authorities responsible for
the management of water resources, in the immediate time if it is intended to
preserve said resource and therefore take care of the health of the population.

Keywords: emerging compounds, monitoring, wastewater, removal

1. Introduction

Currently one of the greatest challenges worldwide is the conservation of the
quality of water resources. On a daily basis, a large amount of waste from different
industrial, urban and livestock activities is discharged into water bodies, mainly
through wastewater. According to UNESCO, 59% of total water consumption in
developed countries is destined for industrial use, 30% for agricultural consumption
and 11% for domestic activities [1]. It has been reported that more than 80% of
hazardous waste in the world is produced in industrialized countries; it is also
known that in developing countries 70% of the waste generated in industry is
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dumped to bodies of water without any type of previous treatment [1]. Specifically
in Mexico, 54% of wastewater is not treated, which has become one of the biggest
public health problems, since this type of water is reused for agricultural activities
and in some cases for human consumption [2]. Table 1 shows the percentage pro-
portions of water uses according to their origin in Mexico.

In recent decades, the use of new chemical products has intensified in different
anthropic activities, which has caused the degradation of water resources through-
out the planet [3]. Within this set of compounds, a new range of compounds that
are characterized by their high persistence and low degradation have been identi-
fied, called emerging compounds (EC). The term EC is used to refer to compounds
of different origin and chemical nature, whose presence in the environment is not
considered significant in terms of distribution and/or concentration, so they go
unnoticed. What constitutes a high risk for the environment and the health of the
population [4]. Emerging pollutants include a wide variety of products for daily use
of different structures, domestic and industrial applications, such as: pesticides,
industrial and personal hygiene products, hormones, and drugs, most of which are
toxic, persistent and bioaccumulative. Figure 1 briefly describes the classification of
this type of compound by families.

It has been established that these compounds enter the environment through
different sources, such as domestic and industrial wastewater [6], from waste,
treatment plants [7], hospital effluents [8], agricultural and livestock activities [9]
and septic tanks, among others [10], which are produced at different concentra-
tions in surface waters, whose environmental quality criteria have not yet been
specified [11].

One of the main problems of this type of pollutant is that the current wastewater
treatment plants are unable to eliminate them. They are designed to remove organic
matter and nutrients in higher concentrations (g L�1). Therefore, emerging pollut-
ants are present in surface water, groundwater and in purified water. In addition,
the primary degradation of some of these compounds in wastewater treatment
plants or in the environment itself, generate more persistent and more dangerous
products, and synergistic effects may even occur if the compounds share the mech-
anisms of action [12].

This situation has been a matter of concern for the scientific community and for
regulatory environmental entities, given the multiple impacts that they can cause
on the environment and human health [11].

Source

Superficial Groundwater Total volume Percentage of
extraction

Use (thousands
of hm3)

(thousands
of hm3)

(thousands
of hm3)

(%)

Agricultural 42.0 23.2 65.2 76.7

Public supply 4.8 7.3 12.1 14.2

Industry 1.6 2.0 3.6 4.2

Electric power excluding
hydroelectricity

3.7 0.5 4.2 4.9

Total 52.0 32.9 84.9 100

Table 1.
Water uses according to the source in Mexico [2].
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Since 1989, the World Health Organization (WHO) has developed guidelines for
the safe use of wastewater, and on this basis, each country has established its own
regulatory framework. In this sense, Mexico has implemented a decentralized pol-
icy framework for managing water resources. In particular, the National Water
Commission (CONAGUA, by its acronym in Spanish) was created, whose main
function is the management of water resources, likewise is responsible for the
formulation of public policies for water management. Water management legally
incorporates Integrated Water Resources Management (IWRM), whose purpose is
to promote stakeholder participation in coordinating the development and man-
agement of water, land and related resources [13]. Within the functions of the
IWRM is the management of wastewater treatment and its reuse. However, the
treatment and reuse of wastewater has not yet been adequately implemented within
the sanitation services in terms of comprehensive water management, this is partly
due to the fact that sanitation is not defined within the water legislation, in addition
to institutional fragmentation, making it difficult to carry out such activity [14].

2. Challenges in the management of water resources in Mexico

Until now, all strategies and policies for the administration of water resources in
Mexico have been ineffective, mainly because of the economic and political inter-
ests of some groups in society, which has not allowed the application of the princi-
ples established in IWRM, considering the participation of interest groups. This
situation has not allowed the investment of resources to address the environmental
problem generated by the presence of EC in water bodies. Currently only a few very
specific studies have been carried out in a few states of the republic which indicates
that there are many pending tasks on the part of the entities responsible for the

Figure 1.
Classification of emerging compounds by family. (Adapted from [5]).
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management of water resources, in terms of the diagnosis of water quality and the
development of advanced technologies to face such problem.

2.1 Identification of emerging compounds

Some examples of these contaminants are drugs, products for personal use and
care, surfactants, fire retardants, steroids, hormones and derivatives of disinfection
processes. These products correspond in most of the cases to contaminants that may
be candidates for regulation; however, extensive research is required on its poten-
tial health effects [15, 16]. In some cases it is assumed that several of the EC have
been discharged into the environment for periods prolonged but not detected due to
the little information and a lack of analytical methods to detect low concentrations
in different matrices [16].

The identification of this family of compounds in all types of waters has become
a challenge for the scientific community, which requires highly sensitive analytical
techniques for detection at nanograms per liter (ngL�1) scales. Therefore, the
development of rapid and sensitive analytical methods for EC monitoring is impor-
tant [17].

The analytical techniques most used today are gas and liquid chromatography,
both coupled to mass spectrometry. Coupling to mass spectrometry for the identi-
fication of EC in environmental matrices has shown significant results, mainly due
to its high sensitivity, specificity and selectivity [17].

The detection of this type of compounds in environmental matrices requires
efficient sample treatment procedures to concentrate analytes of interest and elim-
inate interferences [17].

Sample preparation techniques include solid phase extraction, solid phase
microextraction, liquid-liquid extraction, microwave assisted extraction, liquid
phase microextraction techniques, stir bar sorption extraction, and pressurized
liquid extraction, among others [18].

However, access to these techniques requires large investments of money and
highly specialized personnel for the development and validation of adequate meth-
odologies. This situation has not made it possible to carry out diagnoses of the real
situation of the presence of these compounds and in the main water bodies of the
republic, since the states do not have the necessary resources.

In Mexico, there are few studies that have determined the concentration levels
of this type of compounds in wastewater, groundwater, and surface water, almost
all made in the center of the country (Guanajuato, Hidalgo, Jalisco, Morelos states,
and Mexico city). Among the reported compounds are estradiol, ethinylestradiol, 4-
nonylphenol, bisphenol A, 4-tert-octylphenol, naproxen, acetaminophen,
diclofenac, bezafibrate, atenolol and carbamazepine, among others. This situation is
worrying if we consider the great industrial and agricultural activity that takes place
in a large part of the republic (Table 2).

2.2 Removal of EC from wastewater

The pollution of water bodies is a technical, social, and environmental challenge,
attributable to continuous population increase and limited waste elimination strat-
egies coupled with poor public management of water contaminants [24, 25]. The
treatment of wastewater has been carried out for a long time, with the intention of
reducing adverse effects on the environment and human health.

Although wastewater treatment plants are designed to remove solid materials,
dissolved organic matter, nutrients and reduce the levels of metals, bacteria, and
other pathogens. Most are not designed to efficiently remove organic pollutants,
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Site Compound Concentration (ng/L) Reference

Hidalgo state Residual water 4-nitrophenol 16.7 [19]

Bisphenol A 2.5

Estradiol 0.022

Xochimilco
channel

Farming and
livestock

Bisphenol A 15200-22370 [20]

Estradiol 980-1680

Morelos state Surface water 4-nitrophenol 85.5 [21]

Bisphenol A 88.8

Estradiol 103.6

ethinylestradiol 91.5

Morelos state Surface water Acetaminophen 2400-4460 [22]

Diclofenac 1100-1276

Ibuprofen 502-1106

Indomethacin 112-164

Naproxen 3000-4820

Salicylic acid 200-664

Sulfamethoxazole 76-222

Atenolol 12-16

Carbamazepine 52-276

Guanajuato state WWTP (influent,
dry season)

Atenolol 277 [23]

Atorvastatin 18.7

Enalapril 149

Cotinine 1580

Metformin 94,600

Ranitidine 2720

Ibuprofen 1800

Naproxen 12,800

Triclosan 926

Paracetamol 66,000

Caffeine 31,100

Carbamazepine 167

Sulfamethoxazole 1100

Valsartan 1620

Androstenedione 390

Androsterone 750

Mestranol 741

Estrone 39.9

17 b estradiol 20

Table 2.
Emergent compounds concentrations detected in surface and wastewater in different states of the Mexican
Republic.
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since the presence of different ECs has been detected in the wastewater and in
sludge at high concentrations of up to thousands of μg/L or μg/kg [26].

In this context, contamination of water with EC represents a technical problem
for its treatment and purification, since conventional treatments: aerobic biological,
anaerobic, coagulation-flocculation, inverse osmosis filtration and disinfection with
chlorine are not enough to completely eliminate or degrade this type of compounds
[27, 28].

For this reason, the latest technological developments have focused on advanced
oxidation processes (AOP), which focus on the generation of hydroxyl radicals (° OH),
which have a greater oxidation potential than ozone or chlorine. The interactions with
the compounds of interest are controlled mainly by diffusion and eventually result in
the fragmentation of organic compounds and mineralization to CO2 [29].

In order to provide these radicals, several processes have been implemented that
are based on the application of electrical energy (electrochemical oxidation), radia-
tion (UV), ultrasound (US), chemical additives (O3, H2O2) photo-fenton (Fe2+/UV/
H2O2) or a combination of these methods (Table 3). A consequence of the high
reactivity of the oxidizing agent (° OH) is its low selectivity; which is a desirable
feature in the case of wastewater pollutant removal.

Homogeneous processes

(a) No external energy input

* Ozonolysis in alkaline medium (O3/
�OH)

* Ozonolysis with hydrogen peroxide (O3/H2O2) and (O3/
H2O2/

�OH)

* Hydrogen peroxide and catalyst

(b) With external energy input

(b1) Energy from UV radiation

* Ozonolysis and UV radiation (O3/UV)

* Hydrogen peroxide and UV radiation (H2O2/UV)

* Ozone, hydrogen peroxide and UV radiation (O3/H2O2/UV)

* Photo-fenton (Fe2+/H2O2/UV)

(b2) Energy from ultrasound (US)

* Ozonolysis and US (O3/US)

* Hydrogen peroxide and US (H2O2/US)

(b3) Electrochemistry

* Electrochemical oxidation

* Anodic oxidation

* Electro-fenton

Heterogeneous processes

* Catalytic ozonolysis (O3/TiO2)

* Photocatalytic ozonolysis (O3/TiO2/UV)

* Heterogeneous photocatalysis (H2O2/TiO2/UV)

Table 3.
Summary of the main AOPs used for the degradation of organic compounds.
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On the other hand, these are processes that use expensive reagents such as
hydrogen peroxide or ozone, so its use should be restricted to situations in which
other processes cheaper, such as biological, are not possible. Their full potential is
exploited when they are achieved integrate with other treatments, such as adsorp-
tion or biological treatments, in order to achieve the maximum oxidant economy.

Faced with this panorama, the challenge for Mexico is great if we consider that
in the country there are 2540 wastewater treatment plants, of which 3.2% apply
primary treatment, 96% secondary treatment and only 0.12% apply tertiary
treatment (Table 4).

In recent years, various government agencies responsible for carrying out
research in the management processes and development of water remediation
strategies have led to some studies aimed at the application of advanced technolo-
gies for the removal and/or degradation of organic compounds in wastewater.

Type of treatment Process Number of plants Treated flow (m3/s)

Primary Primary 13 0.035

Advanced primary 10 4.431

Imhoff tank 58 0.326

Secondary Aerobic 20 1.849

Anaerobe 100 0.625

Biodiscs 30 0.872

Biological 30 0.737

Dual 24 27.402

Biological filters 39 5.13

Septic tank 100 0.142

Septic tank + biological filter 40 0.044

Septic tank + wetland 115 0.207

Wetlands 74 1.249

Aerated lagoons 29 7.024

Stabilization lagoons 774 13.739

Activated sludge 725 70.239

UAR + biological filter 62 0.577

UAR + wetland 34 0.331

Upflow Anaerobic Reactor (UAR) 133 1.175

Enzymatic reactor 44 0.097

Sedimentation + wetland 21 0.04

Imhoff tank + biological filter 26 0.181

Imhoff tank + wetland 6 0.017

Oxidation trenches 13 0.985

Tertiary Tertiary 3 0.044

Not specified Others 17 0.203

Total 2540 137.701

Table 4.
Main municipal wastewater treatment processes (source CONAGUA 2).
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For example, since 2014 the Mexican Institute of Water Technology (IMTA, for its
acronym in Spanish), has been developing different technologies for the
removal of EC. Within these developments, they used biofiltration systems for
biodegradation of two drugs, metformin and ciprofloxacin. Obtaining biodegrada-
tion efficiencies of 83 and 71% respectively, during 103 days of operation [30].
Likewise, in another study carried out in two wastewater treatment plants located
in the states of Guanajuato and Mexico, they used a system integrated by oxidation
ditches and UV light lamps, obtaining EC elimination efficiencies between 20% and
22% % (Guanajuato). Likewise, while in the other treatment that consisted of
anaerobic / anoxic/aerobic tanks together with two disinfection processes; chlorine
dioxide and ultraviolet lamps, the removal of EC was significant (up to 80%)
(Mexico) [23].

Also used a submerged membrane bioreactor for the degradation of compounds
estrone, estradiol and 17α-ethinylestradiol, obtaining removals close to 96% for all
compounds [31]. Meanwhile Flores and Mijaylova 2017, evaluated the removal of
three pharmaceutical micropollutants (fluoxetine, mefenamic acid and metoprolol)
from municipal wastewater, by using four aerated submerged attached growth bio-
reactors, with removal efficiencies of 95, 82 and 73% for fluoxetine, mefenamic acid
and metoprolol, respectively [32]. In another study conducted by García-Espinosa
et al. 2018, obtained degradation percentages of Carbamazepine in wastewater of
88.7%, using an electrochemical oxidation process [33].

3. Conclusions

The main challenge facing Mexico for the comprehensive management of water
resources, to do with current legislation has some structural deficiencies, for exam-
ple, the sanitation process is not defined within the water legislation, as well as to
institutional fragmentation. On the other hand, it must be considered that decision-
making is strongly influenced by political interests and social pressure, which makes
it difficult to align common goals in public health and environmental protection
between local authorities and different sectors of society. It is also important to note
that many official guidelines for water management are generally prepared by new
presidential administrations every six years, which prevents the continuity of plans
and programs, which causes waste of economic resources, which accelerates the
deterioration of water and sanitation services.

As can be seen in scientific reports and publications, in Mexico there is little
information on the real level of concentration levels of emerging compounds, which
is worrisome considering that there are currently no laws that regulate said com-
pounds in bodies of Water. Some of the studies carried out reveal alarming concen-
trations of some compounds. The foregoing suggests the implementation of
intensive programs in the areas with the highest population, and regions with high
industrial and agricultural activity; however, access to this type of methodologies
requires highly qualified personnel, as well as high investments in the acquisition of
supplies and equipment.

Finally, the number of waste treatment plants is insufficient; in addition, the
vast majority are concentrated in primary and secondary treatments, and only
0.12% apply tertiary treatments. Although some advanced methods have been
implemented for the removal of organic compounds, some of them with high
efficiencies, which is encouraging, however these technologies continue to be
expensive, which suggests the participation of government and private companies
to support projects, that yields mutual benefits for both parties; that is to say,
environmental, social and economic.
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For example, since 2014 the Mexican Institute of Water Technology (IMTA, for its
acronym in Spanish), has been developing different technologies for the
removal of EC. Within these developments, they used biofiltration systems for
biodegradation of two drugs, metformin and ciprofloxacin. Obtaining biodegrada-
tion efficiencies of 83 and 71% respectively, during 103 days of operation [30].
Likewise, in another study carried out in two wastewater treatment plants located
in the states of Guanajuato and Mexico, they used a system integrated by oxidation
ditches and UV light lamps, obtaining EC elimination efficiencies between 20% and
22% % (Guanajuato). Likewise, while in the other treatment that consisted of
anaerobic / anoxic/aerobic tanks together with two disinfection processes; chlorine
dioxide and ultraviolet lamps, the removal of EC was significant (up to 80%)
(Mexico) [23].

Also used a submerged membrane bioreactor for the degradation of compounds
estrone, estradiol and 17α-ethinylestradiol, obtaining removals close to 96% for all
compounds [31]. Meanwhile Flores and Mijaylova 2017, evaluated the removal of
three pharmaceutical micropollutants (fluoxetine, mefenamic acid and metoprolol)
from municipal wastewater, by using four aerated submerged attached growth bio-
reactors, with removal efficiencies of 95, 82 and 73% for fluoxetine, mefenamic acid
and metoprolol, respectively [32]. In another study conducted by García-Espinosa
et al. 2018, obtained degradation percentages of Carbamazepine in wastewater of
88.7%, using an electrochemical oxidation process [33].

3. Conclusions

The main challenge facing Mexico for the comprehensive management of water
resources, to do with current legislation has some structural deficiencies, for exam-
ple, the sanitation process is not defined within the water legislation, as well as to
institutional fragmentation. On the other hand, it must be considered that decision-
making is strongly influenced by political interests and social pressure, which makes
it difficult to align common goals in public health and environmental protection
between local authorities and different sectors of society. It is also important to note
that many official guidelines for water management are generally prepared by new
presidential administrations every six years, which prevents the continuity of plans
and programs, which causes waste of economic resources, which accelerates the
deterioration of water and sanitation services.

As can be seen in scientific reports and publications, in Mexico there is little
information on the real level of concentration levels of emerging compounds, which
is worrisome considering that there are currently no laws that regulate said com-
pounds in bodies of Water. Some of the studies carried out reveal alarming concen-
trations of some compounds. The foregoing suggests the implementation of
intensive programs in the areas with the highest population, and regions with high
industrial and agricultural activity; however, access to this type of methodologies
requires highly qualified personnel, as well as high investments in the acquisition of
supplies and equipment.

Finally, the number of waste treatment plants is insufficient; in addition, the
vast majority are concentrated in primary and secondary treatments, and only
0.12% apply tertiary treatments. Although some advanced methods have been
implemented for the removal of organic compounds, some of them with high
efficiencies, which is encouraging, however these technologies continue to be
expensive, which suggests the participation of government and private companies
to support projects, that yields mutual benefits for both parties; that is to say,
environmental, social and economic.
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Abstract

This review covers various methods to remove, treat, and detect emerging 
contaminants (ECs) in water and wastewater. ECs have drawn the attention of 
many countries due to their potential threat to human health as well as the envi-
ronment. They are found in many human everyday products that are continuously 
released into the environment and will accumulate over time. In order to remove 
ECs, a number of methods have been developed, which include adsorption, 
membrane technology, biological treatment, and advanced oxidation process. In 
addition, advances in detection techniques and instrumentation are now able to 
detect ECs in which they occur at low concentrations. All the removal, treatment, 
and detection methods will be covered in this review. The removal, treatment, 
and detection of ECs and their transformation products in water and wastewater 
are challenging tasks due to their complexity in water samples. Therefore, such 
information should be emphasized in order to improve the current methods and 
develop new advanced methods.

Keywords: emerging contaminants, adsorption, membrane technology, biological 
treatment, advanced oxidation process, chromatography, spectroscopy

1. Introduction

In recent years, emerging contaminants (ECs) have been of great concern to 
environmentalists and governmental agencies due to their potential threat to human 
health as well as the environment. Three main sources of ECs have been identified, 
which include daily products used by humans, hormones, or medicines used by 
livestock and pesticides or nanomaterials (to improve the uptake of nutrient) used 
on plants [1]. They enter the environment in various ways. For example, the daily 
use products produced by humans will enter the wastewater, which will then be 
treated in conventional wastewater treatment plant (WWTP) without any ECs 
removal facility. Treated wastewater and wastewater sludge that still contain ECs 
will be released back into water sources and used as fertilizer on soil, respectively. 
ECs from livestock will go into their manure, while ECs on plants will be directly 
applied on soil from which they are eventually leached out by rain water thereby 
going all the way into nearby water sources. Figure 1 summarizes the release of ECs 
into water from three main sources.
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going all the way into nearby water sources. Figure 1 summarizes the release of ECs 
into water from three main sources.
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Water consumption in particular potable water increases every year due to popu-
lation growth, urbanization, industrial development as well as changes in agricul-
tural and land use practices [2]. One of the most serious problems faced by billions 
of people today is the availability of fresh water. Governments and organizations 
all over the world have realized that sustainable water and wastewater management 
are necessary components of functioning communities. However, current situa-
tion has shown that different classes of ECs have been identified in waters with low 
elimination rates [3]. Furthermore, for most of the ECs, it is difficult to predict their 
circumstances in the aquatic environment due to insufficient data on their occur-
rence, risk assessment, and ecotoxicological [4]. The reason behind this is partially 
due to the limitation of analytical methods for low concentrations measurement of 
ECs (usually part per billion or part per trillion levels), diversity of their chemical 
properties, and the complexity of matrices [5].

In order to improve the current analytical methods by removing or treating ECs 
in water and wastewater, a number of methods have been developed and reviewed in 
this paper, which included adsorption, membrane technology, biological treatment, 
and advanced oxidation process. Such information should be taken into consider-
ation in order to improve the current methods or develop new advanced methods.

2. Emerging contaminants (ECs)

According to US Geological Survey (2015), ECs are defined as “any synthetic or 
naturally occurring chemicals or microorganisms that are not commonly monitored 
in the environment and cause known or suspected adverse ecological and/or human 
health effects” [6]. Three kinds of target can be generally defined as “ECs” in sci-
entific research, namely (i) new compounds and molecules that recently appeared, 
(ii) existed contaminants with undiscovered environmental issues or emerging 
interests, and (iii) new information on their environmental risks that challenges the 
understanding of some legacy contaminants [7].

Obviously, ECs are found in many of our everyday products, such as human 
and veterinary pharmaceuticals, personal care products, surfactants and residues 
of surfactants, plasticizers, and different industrial additives that are continuously 

Figure 1. 
Sources of ECs and their release to the water sources.
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released into the environment and will accumulate over time. Although they bring 
great convenience and benefits, humans face the risks resulting from their growing 
applications. Potential carcinogenicity, reproductive dysfunction, and endocrine 
disrupting influences are some of the major adverse effects on human health 
associated with ECs. In the 1990s, research started on the hormonal disruption of 
fish in surface waters. Jobling et al. were the first to document widespread sexual 
endocrine disruption in wild fish—consistent with exposure to hormonally active 
substances in the surface waters of Great Britain [8]. Hormones found in surface 
water mostly came from sewage water and were not removed by treatment [9].

Beyond the health concerns, these substances that are entering the environment 
inevitably are not only sourced from daily use but also from the field of healthcare, 
industry, transport, agriculture, and so on [10]. Most of these emerging contami-
nants are released into the environmental waters mainly due to their incomplete 
removal in the sewage effluent via the WWTP. The determined concentrations of 
most emerging contaminants in surface water generally range from under ng/L 
to thousands of μg/L level [11]. Such low concentrations may sometimes lead to 
underestimation of their environmental impacts. However, it has been reported that 
some of these organic compounds showed strong persistence after being released 
into the environmental waters. Due to the lack of risk assessment for ECs, this is not 
included in policy and monitoring programs [12]. However, the absence of standard 
does not imply that a substance is safe.

There are many ECs that act as endocrine disrupting chemicals (EDCs) [13–15] 
which can disrupt animal reproduction and development at low level exposure by 
mimicking the naturally occurring hormones that bind to a receptor and block the 
endogenous hormone, or interfere with the normal hormonal function [16]. EDCs 
are defined by the World Health Organization (WHO) as chemicals that may alter 
the reproductive function in males and females, increase incidence of breast cancer, 
abnormal growth patterns, and neurodevelopmental delays in children as well as 
changes in immune function [17]. EDCs include natural hormones created in the 
body or synthetic hormones as well as industrial/commercial compounds which can 
have some hormonal functions, such as pharmaceuticals and personal care products 
(PPCPs) [18–20], pesticides [21–23], plasticizers [24, 25], nanoparticles [26, 27], 
and so on.

Natural estrogen hormones such as estrone, estradiol, and estriol are widely 
found in wastewater streams that mainly derive from human urines [28]. Human 
excretes estrogens from the body, even without taking hormonal drugs. As a result, 
natural hormones are believed to be present in a wide range of concentrations in 
wastewater from households, which are conveyed to the WWTP through the sewer 
system. Consequently, the aquatic species in downstream waters will pose elevated 
dosages of estrogenic compounds. These compounds can cause feminism at certain 
dosage to the exposed fish [29]. Länge et al. reported that a low concentration of 
4 ng/L of ethinylestradiol can block the development of secondary sexual charac-
teristics for male fathead minnows [30].

Pharmaceutically active compounds, namely prescription drugs, over-the-counter  
therapeutics, and veterinary drugs as well as personal care products, such as 
microbial disinfectants, represent the major portion of the domestically produced 
EDCs [31]. The health risks of these contaminants are a real concern in preserving 
a healthy ecosystem for aquatic life creatures and for water reuse purposes [32]. 
Even though the concentrations of pharmaceuticals in the aquatic environment are 
generally reported to be low, these compounds possess a high biological activity 
so often associated with high stability and their potential impact on the aquatic 
wildlife even at trace levels [33]. Bisphenol-A (BPA) is one of the most common 
EDCs found in every house, a monomer for the production of polycarbonate and 
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Water consumption in particular potable water increases every year due to popu-
lation growth, urbanization, industrial development as well as changes in agricul-
tural and land use practices [2]. One of the most serious problems faced by billions 
of people today is the availability of fresh water. Governments and organizations 
all over the world have realized that sustainable water and wastewater management 
are necessary components of functioning communities. However, current situa-
tion has shown that different classes of ECs have been identified in waters with low 
elimination rates [3]. Furthermore, for most of the ECs, it is difficult to predict their 
circumstances in the aquatic environment due to insufficient data on their occur-
rence, risk assessment, and ecotoxicological [4]. The reason behind this is partially 
due to the limitation of analytical methods for low concentrations measurement of 
ECs (usually part per billion or part per trillion levels), diversity of their chemical 
properties, and the complexity of matrices [5].

In order to improve the current analytical methods by removing or treating ECs 
in water and wastewater, a number of methods have been developed and reviewed in 
this paper, which included adsorption, membrane technology, biological treatment, 
and advanced oxidation process. Such information should be taken into consider-
ation in order to improve the current methods or develop new advanced methods.

2. Emerging contaminants (ECs)

According to US Geological Survey (2015), ECs are defined as “any synthetic or 
naturally occurring chemicals or microorganisms that are not commonly monitored 
in the environment and cause known or suspected adverse ecological and/or human 
health effects” [6]. Three kinds of target can be generally defined as “ECs” in sci-
entific research, namely (i) new compounds and molecules that recently appeared, 
(ii) existed contaminants with undiscovered environmental issues or emerging 
interests, and (iii) new information on their environmental risks that challenges the 
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Obviously, ECs are found in many of our everyday products, such as human 
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released into the environment and will accumulate over time. Although they bring 
great convenience and benefits, humans face the risks resulting from their growing 
applications. Potential carcinogenicity, reproductive dysfunction, and endocrine 
disrupting influences are some of the major adverse effects on human health 
associated with ECs. In the 1990s, research started on the hormonal disruption of 
fish in surface waters. Jobling et al. were the first to document widespread sexual 
endocrine disruption in wild fish—consistent with exposure to hormonally active 
substances in the surface waters of Great Britain [8]. Hormones found in surface 
water mostly came from sewage water and were not removed by treatment [9].

Beyond the health concerns, these substances that are entering the environment 
inevitably are not only sourced from daily use but also from the field of healthcare, 
industry, transport, agriculture, and so on [10]. Most of these emerging contami-
nants are released into the environmental waters mainly due to their incomplete 
removal in the sewage effluent via the WWTP. The determined concentrations of 
most emerging contaminants in surface water generally range from under ng/L 
to thousands of μg/L level [11]. Such low concentrations may sometimes lead to 
underestimation of their environmental impacts. However, it has been reported that 
some of these organic compounds showed strong persistence after being released 
into the environmental waters. Due to the lack of risk assessment for ECs, this is not 
included in policy and monitoring programs [12]. However, the absence of standard 
does not imply that a substance is safe.

There are many ECs that act as endocrine disrupting chemicals (EDCs) [13–15] 
which can disrupt animal reproduction and development at low level exposure by 
mimicking the naturally occurring hormones that bind to a receptor and block the 
endogenous hormone, or interfere with the normal hormonal function [16]. EDCs 
are defined by the World Health Organization (WHO) as chemicals that may alter 
the reproductive function in males and females, increase incidence of breast cancer, 
abnormal growth patterns, and neurodevelopmental delays in children as well as 
changes in immune function [17]. EDCs include natural hormones created in the 
body or synthetic hormones as well as industrial/commercial compounds which can 
have some hormonal functions, such as pharmaceuticals and personal care products 
(PPCPs) [18–20], pesticides [21–23], plasticizers [24, 25], nanoparticles [26, 27], 
and so on.

Natural estrogen hormones such as estrone, estradiol, and estriol are widely 
found in wastewater streams that mainly derive from human urines [28]. Human 
excretes estrogens from the body, even without taking hormonal drugs. As a result, 
natural hormones are believed to be present in a wide range of concentrations in 
wastewater from households, which are conveyed to the WWTP through the sewer 
system. Consequently, the aquatic species in downstream waters will pose elevated 
dosages of estrogenic compounds. These compounds can cause feminism at certain 
dosage to the exposed fish [29]. Länge et al. reported that a low concentration of 
4 ng/L of ethinylestradiol can block the development of secondary sexual charac-
teristics for male fathead minnows [30].

Pharmaceutically active compounds, namely prescription drugs, over-the-counter  
therapeutics, and veterinary drugs as well as personal care products, such as 
microbial disinfectants, represent the major portion of the domestically produced 
EDCs [31]. The health risks of these contaminants are a real concern in preserving 
a healthy ecosystem for aquatic life creatures and for water reuse purposes [32]. 
Even though the concentrations of pharmaceuticals in the aquatic environment are 
generally reported to be low, these compounds possess a high biological activity 
so often associated with high stability and their potential impact on the aquatic 
wildlife even at trace levels [33]. Bisphenol-A (BPA) is one of the most common 
EDCs found in every house, a monomer for the production of polycarbonate and 
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epoxy resins found in some plastics that has been linked to heart disease, infertility, 
and behavioral and developmental problems in children exposed in utero [34].

Furthermore, pesticides are a class of compounds that may produce a wide range 
of potentially hazardous toxic side effects to the environment despite their benefits. 
Their extensive past or present use contributes to their prevalence as environmental 
contaminants in groundwater and surface water [35]. Reemtsma et al. studied the 
occurrence of 150 pesticides and their metabolites in 58 groundwater and surface 
water samples. The results revealed that 17 of the 27 highly ranked metabolites 
were denoted as emerging metabolites. Therefore, they concluded that metabolites 
could be found more frequently in groundwater than their parent compounds [36]. 
Besides the use of these compounds as herbicides or pesticides, some synthetic 
steroid hormones are used as growth promoters in beef cattle. It had shown that 
the soil and runoff from large feedlots contain a large amount of bioactive steroids 
that may affect wildlife and the environment around these cattle feeding operations 
[37]. Consequently, although they are in low concentrations, the elimination of 
these trace contaminants from entering the water resources is required.

3. Removal or treatment method of ECs

The traditional wastewater treatment process such as activated sludge is 
designed to remove solids, organic loadings, and pathogens. Although several treat-
ment steps in a wastewater treatment plant can contribute to the partial removal 
of ECs, complete removal has been proven to be a challenge due to high variety, 
extreme low concentration, and unique characteristics of ECs [38]. Due to the 
increased number of trace ECs detected in water and wastewater streams and the 
fact that EDCs have adverse effects on the human endocrine system, investigation 
on the removal or treatment of these micro contaminants grabs considerable atten-
tion of many researchers worldwide [39].

Adsorption technology, membrane technology, biological treatment, and 
advanced oxidation method are among various remediation options considered to be 
effective removal or treatment methods for ECs from wastewater or water sources. 
The removal and treatment of ECs and their transformation products in water and 
wastewater are challenging tasks due to their complexity in water samples. Therefore, 
information on the mentioned treatment methods should be taken into consideration 
in order to improve the current methods and develop new advanced methods.

3.1 Adsorption technology

Adsorption is a process which involves the mass transfer of substances between 
two phases, namely liquid-liquid, liquid-solid, gas-liquid, or gas-solid interface 
[40]. Adsorbents are used to adsorb any particular pollutant (adsorbate) from 
wastewater with the help of intermolecular forces [41]. There are two types of 
interaction between the solid surface and adsorbates, namely physisorption and 
chemisorption. The process is called physisorption if the interaction has a weak 
physical nature such as van der Waals forces and the process results are reversible 
[42]. Additionally, it occurs at lower or close to the critical temperature of the 
adsorbate. Contrary to physisorption, chemisorption involves the chemical bonding 
between solid surface and adsorbates. In contrast, it occurs only as a monolayer, and 
adsorbates are hardly removed because of the strong interaction. Both processes 
can occur simultaneously or alternatively, depending on the circumstances [43]. 
To study on adsorption method, one should consider the factors that affect the 
adsorption process, such as (i) surface area, (ii) nature and initial concentration of 
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adsorbate, (iii) solution pH, (iv) temperature, (v) interfering substances, and (vi) 
nature and dose of adsorbent [44].

Adsorption is simple and effective, but it requires high operating costs associated 
with the generation of commercial adsorbents (i.e., activated carbons, minerals, and 
natural clays) [45]. Various researchers have attempted to prepare alternative adsor-
bents from agricultural and industrial wastes to replace the commercial adsorbents 
in order to reduce the costs as well as the environmental effects [46]. Therefore, this 
review presents the use of unconventional adsorbents, especially agriculture wastes 
instead of commercial adsorbents. Hemicellulose, starch, lipids, proteins, water, 
lignin, hydrocarbons, and simple sugars are the basic components of agricultural 
waste materials that contain a variety of functional groups [47]. Many previous stud-
ies have shown that agricultural materials containing cellulose have a high sorption 
capacity of various pollutants. Their applications as adsorbents can be extended 
through chemical treatment with numerous chemicals, such as to increase their che-
lating functional groups [41]. Generally, the adsorption takes place by complexation, 
ion exchange, and hydrogen bonding [48, 49]. Cheap and readily available resources 
of agricultural solid wastes such as rice husk and straw [50, 51], coconut husk and 
coir dust [52, 53], wood sawdust and chips [54, 55], and fruit peels and stones [56–59] 
have been investigated for the removal of pollutants from aqueous solutions.

Mandal et al. [50] studied on bamboo chips, corn cob, eucalyptus bark, rice 
husk, and rice straw as low-cost adsorbent for the removal of pesticides, namely 
atrazine and imidacloprid. The experimental data obtained were modeled with 
Freundlich and Elovich isotherm equations. The authors tested the effect of contact 
time, pH, pesticide concentration, and adsorption-desorption behavior of the 
adsorbents. The authors concluded that the kinetics study for both pesticides on 
rice straw adsorbent was well represented by the modified Elovich model, with a 
maximum adsorption capacity of 70.7% (atrazine) and 77.8% (imidacloprid). They 
also carried out further studies to evaluate the adsorption efficiency of rice straw 
adsorbent by treating it with phosphoric acid and found that it was able to further 
enhance the sorption of both pesticides. From the results obtained, the authors sug-
gested that among the five unconventional adsorbents used, rice straw adsorbent 
has great potential for pesticide industrial waste water treatment.

The removal of heavy metals from wastewater using rice husk as adsorbent 
was carried out by Hegazi [51] who found that the low-cost adsorbent was able to 
effectively remove Fe, Pb, and Ni simultaneously within a concentration range of 
20–60 mg/L. The author evaluated the effect of adsorbent amount on the removal 
of the selected heavy metals, and the results showed that the removal percent-
age increased with the increase of adsorbent amount. The maximum adsorption 
(76–96%) of heavy metals was achieved at room temperature with the optimum 
contact time of 2 h and pH range of 6.0–7.0. Another analyte that is removed by 
rice husk absorbent is tetracycline, a commonly used personal care and veterinary 
drug [60]. Moreover, Jing and co-authors have modified the rice husk by methanol 
to improve the adsorption capacity of tetracycline and reduce the inherent organic 
compound content in the rice husk. Comparison between the modified rice husks 
with untreated rice husk adsorbents showed approximately 45.6% enhancement 
of adsorption capacity in 12 h and 17.2% in equilibrium time. They reported that 
the main factor responsible for the enhancement of tetracycline adsorption was 
the change in O-containing groups in the modified adsorbent, which affects π-π 
electron-donor-acceptor interactions between the adsorbent and tetracycline.

The ability to remove dye using coconut husk and its coir dust as adsorbents was 
investigated by Bello et al. [53] and Etim et al. [52], respectively. The coconut coir 
dust is a remaining dust after the extraction of fiber from the coconut husk, which 
is about 70% of the coconut husk weight. Bello and colleagues used acid-activated 
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epoxy resins found in some plastics that has been linked to heart disease, infertility, 
and behavioral and developmental problems in children exposed in utero [34].
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effective removal or treatment methods for ECs from wastewater or water sources. 
The removal and treatment of ECs and their transformation products in water and 
wastewater are challenging tasks due to their complexity in water samples. Therefore, 
information on the mentioned treatment methods should be taken into consideration 
in order to improve the current methods and develop new advanced methods.

3.1 Adsorption technology

Adsorption is a process which involves the mass transfer of substances between 
two phases, namely liquid-liquid, liquid-solid, gas-liquid, or gas-solid interface 
[40]. Adsorbents are used to adsorb any particular pollutant (adsorbate) from 
wastewater with the help of intermolecular forces [41]. There are two types of 
interaction between the solid surface and adsorbates, namely physisorption and 
chemisorption. The process is called physisorption if the interaction has a weak 
physical nature such as van der Waals forces and the process results are reversible 
[42]. Additionally, it occurs at lower or close to the critical temperature of the 
adsorbate. Contrary to physisorption, chemisorption involves the chemical bonding 
between solid surface and adsorbates. In contrast, it occurs only as a monolayer, and 
adsorbates are hardly removed because of the strong interaction. Both processes 
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adsorbate, (iii) solution pH, (iv) temperature, (v) interfering substances, and (vi) 
nature and dose of adsorbent [44].

Adsorption is simple and effective, but it requires high operating costs associated 
with the generation of commercial adsorbents (i.e., activated carbons, minerals, and 
natural clays) [45]. Various researchers have attempted to prepare alternative adsor-
bents from agricultural and industrial wastes to replace the commercial adsorbents 
in order to reduce the costs as well as the environmental effects [46]. Therefore, this 
review presents the use of unconventional adsorbents, especially agriculture wastes 
instead of commercial adsorbents. Hemicellulose, starch, lipids, proteins, water, 
lignin, hydrocarbons, and simple sugars are the basic components of agricultural 
waste materials that contain a variety of functional groups [47]. Many previous stud-
ies have shown that agricultural materials containing cellulose have a high sorption 
capacity of various pollutants. Their applications as adsorbents can be extended 
through chemical treatment with numerous chemicals, such as to increase their che-
lating functional groups [41]. Generally, the adsorption takes place by complexation, 
ion exchange, and hydrogen bonding [48, 49]. Cheap and readily available resources 
of agricultural solid wastes such as rice husk and straw [50, 51], coconut husk and 
coir dust [52, 53], wood sawdust and chips [54, 55], and fruit peels and stones [56–59] 
have been investigated for the removal of pollutants from aqueous solutions.

Mandal et al. [50] studied on bamboo chips, corn cob, eucalyptus bark, rice 
husk, and rice straw as low-cost adsorbent for the removal of pesticides, namely 
atrazine and imidacloprid. The experimental data obtained were modeled with 
Freundlich and Elovich isotherm equations. The authors tested the effect of contact 
time, pH, pesticide concentration, and adsorption-desorption behavior of the 
adsorbents. The authors concluded that the kinetics study for both pesticides on 
rice straw adsorbent was well represented by the modified Elovich model, with a 
maximum adsorption capacity of 70.7% (atrazine) and 77.8% (imidacloprid). They 
also carried out further studies to evaluate the adsorption efficiency of rice straw 
adsorbent by treating it with phosphoric acid and found that it was able to further 
enhance the sorption of both pesticides. From the results obtained, the authors sug-
gested that among the five unconventional adsorbents used, rice straw adsorbent 
has great potential for pesticide industrial waste water treatment.

The removal of heavy metals from wastewater using rice husk as adsorbent 
was carried out by Hegazi [51] who found that the low-cost adsorbent was able to 
effectively remove Fe, Pb, and Ni simultaneously within a concentration range of 
20–60 mg/L. The author evaluated the effect of adsorbent amount on the removal 
of the selected heavy metals, and the results showed that the removal percent-
age increased with the increase of adsorbent amount. The maximum adsorption 
(76–96%) of heavy metals was achieved at room temperature with the optimum 
contact time of 2 h and pH range of 6.0–7.0. Another analyte that is removed by 
rice husk absorbent is tetracycline, a commonly used personal care and veterinary 
drug [60]. Moreover, Jing and co-authors have modified the rice husk by methanol 
to improve the adsorption capacity of tetracycline and reduce the inherent organic 
compound content in the rice husk. Comparison between the modified rice husks 
with untreated rice husk adsorbents showed approximately 45.6% enhancement 
of adsorption capacity in 12 h and 17.2% in equilibrium time. They reported that 
the main factor responsible for the enhancement of tetracycline adsorption was 
the change in O-containing groups in the modified adsorbent, which affects π-π 
electron-donor-acceptor interactions between the adsorbent and tetracycline.

The ability to remove dye using coconut husk and its coir dust as adsorbents was 
investigated by Bello et al. [53] and Etim et al. [52], respectively. The coconut coir 
dust is a remaining dust after the extraction of fiber from the coconut husk, which 
is about 70% of the coconut husk weight. Bello and colleagues used acid-activated 



Emerging Contaminants

32

coconut husk for the removal of rhodamine-B (Rh-B) dye, and the effects of 
different operational parameters were examined, namely initial concentration, 
contact time, and solution temperatures. Adsorption data were fitted to Langmuir, 
Freundlich, Dubinin-Radushkevich, and Temkin isotherm models. Langmuir iso-
therm was found to be the most fitted model with the maximum adsorption capac-
ity of 1666.67 mg/g. The authors indicated that the coconut husk adsorbent has 
greater affinity for Rh-B dye adsorption due to the increase of pore development via 
acid activation. Meanwhile, Etim et al. used coconut coir dust to remove methylene 
blue dye, and the effects of adsorbent amount, pH, and concentration with time 
were studied. Three isotherm models were tested, namely Langmuir, Freundlich, 
and Temkin, and adsorption was found to fit well into these models with R2 ≥ 0.90. 
The authors suggested that the increase in adsorption capacity of the dye was due 
to the chemical interaction of the functional groups on the surface of the adsorbent 
according to the Fourier transform infrared (FTIR) results obtained.

Studies outlined by Thue et al. on wood chips and wood sawdust have revealed 
their potential as low-cost adsorbents for phenol [54] and metals [55] removal 
from aqueous solutions, respectively. Former study has modified the wood chips by 
mixing them with inorganic components before they were pyrolyzed and treated 
with hydrochloric acid to produce inorganic:organic ratios of 1.0 and 1.5 (ZnCW-
1.0; ZnCW-1.5; FeZnCW-1.0; FeZnCW-1.5). The maximum amounts of phenol 
adsorbed onto activated carbons at 25°C were 434.2, 667.9, 256.5, and 233.5 mg/g 
for ZnCW-1.0, ZnCW-1.5, FeZnCW-1.0, and FeZnCW-1.5, respectively. The results 
indicated that ZnCW-1.0 and ZnCW-1.5 exhibited excellent performance in the 
treatment of simulated effluents contaminated with mixtures of phenols in a com-
plex medium. On the other hand, the latter study focused on the use of first-row 
transition metals (Co, Ni, Cu, and Zn) in the preparation of activated carbons from 
wood biomass via microwave-assisted irradiation. Results showed that the metals 
were bound successfully in different amounts with surface functional groups of the 
wood biomass through ion exchange and surface complexation interaction during 
the impregnation step. An adsorption experiment revealed that samples prepared 
using ZnCl2 showed the highest sorption capacities for the tested adsorbates, fol-
lowed by CuCl2, CoCl2, and NiCl2.

Three different fruit peels, such as orange, pomelo, and passion fruit peels have 
been used by Nhung et al. to develop unconventional adsorbents to remove Rh-B 
from aqueous solution [56]. Equilibrium isotherms were determined and analyzed 
using the Freundlich equation. Capacities of adsorbent were found to be in the 
order of passion fruit peels > orange peels > pomelo peels for Rh-B. Other than 
that, orange peel as an adsorbent has also been studied by Foo and Hameed [57] 
for the removal of methylene blue. The authors investigated the effects of initial 
dye concentration (50, 100, 200, 300, 400, and 500 mg/L) and pH (2–12) at room 
temperature with the contact time of 48 h and adsorbent dosage of 0.20 g. The 
adsorption capacity of methylene blue was found to be 382.75 mg/g at the initial 
pH 6.33. In addition, Ben-Ali et al. [58] studied the removal of copper ions onto 
untreated pomegranate peel in order to explore its potential use as low-cost adsor-
bents from an agricultural waste. Adsorption isotherms were determined at 313 K, 
and the experimental data obtained were modeled with the Langmuir, Freundlich, 
Dubinin-Radushkevich, and Temkin isotherm models. The authors concluded that 
the equilibrium data were well represented by the Langmuir isotherm equation with 
the maximum adsorption capacity of 30.12 mg/g.

Torrellas et al. [59] used activated carbons from peach stones as adsorbent for 
the removal of caffeine (stimulant), diclofenac (anti-inflammatory drug), and 
carbamazepine (psychiatric drug) from aqueous solution and reported that the 
adsorption capacity of carbamazepine was higher than caffeine and diclofenac, 
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reaching to 335 mg/g. The modified adsorbents exhibited an increase in adsorption 
capacity for carbamazepine due to the existence of hydrophobic character and 
water solubility properties. Oxidation of the activated carbon had greatly enhanced 
the hydrophilic character of the material, thereby decreased the adsorption capacity 
and highly affected the breakthrough times and adsorption capacity values in the 
fixed-bed adsorption process. The same adsorbent was used to remove dye (methy-
lene blue) [61] and metal (platinum) [62].

The economical and readily available adsorbent would certainly make an 
adsorption-based process, a viable alternative for the treatment of wastewater that 
contains pollutants. Depending upon the adsorbent and adsorbate characteristics, 
the selection of an appropriate adsorbent is the most crucial part to ensure a maxi-
mum removal of different types of pollutant. Various environmental conditions and 
variables are used to ensure the effectiveness of adsorption process, such as initial 
adsorbate and adsorbent concentration, particle size of adsorbent, temperature, 
pH, selectivity, ionic strength, contact time, and the rate of rotation. A summary of 
various agricultural wastes as sources of adsorbents for the removal of various types 
of ECs is summarized in Table 1.

3.2 Membrane technology

Membrane technology is one of the promising technologies for the excellent 
removal of micropollutants in water. This technology uses both biological (mem-
brane bioreactors) and nonbiological processes (reversed osmosis, ultrafiltration, 
and nanofiltration). Membrane bioreactors (MBRs) are the combination of mem-
brane-based filtration processes, such as microfiltration (MF) or ultrafiltration (UF) 
system with suspended growth biological reactors. MBRs are the most prominent 
and proven processes these days to achieve a relatively clean water from wastewater 
through the combination of membrane and biological treatments [63, 64].

Agricultural waste Emerging contaminants References

Bamboo chips, corn cob, eucalyptus 
bark, rice husk, and rice straw

Pesticides (atrazine and imidacloprid) [50]

Rice husk Metal ions (Fe, Pb and Ni) [51]

Coconut coir dust Dye (methylene blue) [52]

Coconut husk Dye (Rhodamine-B) [53]

Wood chips Phenol [54]

Wood sawdust Metal ions (Co, Ni, Cu, and Zn) [55]

Orange, pomelo, and passion fruit 
peels

Dye (Rhodamine-B) [56]

Orange peel Dye (methylene blue) [57]

Pomegranate peel Metal ion (Copper) [58]

Peach stones Stimulant (caffeine), anti-inflammatory 
drug (diclofenac) and psychiatric drug 
(carbamazepine)

[59]

Rice husk Personal care and veterinary drug (tetracycline) [60]

Peach stones Dye (methylene blue) [61]

Peach stones Metal ion (Platinum) [62]

Table 1. 
Summary of various agricultural wastes as sources of adsorbents for the removal of diverse types of ECs.
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coconut husk for the removal of rhodamine-B (Rh-B) dye, and the effects of 
different operational parameters were examined, namely initial concentration, 
contact time, and solution temperatures. Adsorption data were fitted to Langmuir, 
Freundlich, Dubinin-Radushkevich, and Temkin isotherm models. Langmuir iso-
therm was found to be the most fitted model with the maximum adsorption capac-
ity of 1666.67 mg/g. The authors indicated that the coconut husk adsorbent has 
greater affinity for Rh-B dye adsorption due to the increase of pore development via 
acid activation. Meanwhile, Etim et al. used coconut coir dust to remove methylene 
blue dye, and the effects of adsorbent amount, pH, and concentration with time 
were studied. Three isotherm models were tested, namely Langmuir, Freundlich, 
and Temkin, and adsorption was found to fit well into these models with R2 ≥ 0.90. 
The authors suggested that the increase in adsorption capacity of the dye was due 
to the chemical interaction of the functional groups on the surface of the adsorbent 
according to the Fourier transform infrared (FTIR) results obtained.

Studies outlined by Thue et al. on wood chips and wood sawdust have revealed 
their potential as low-cost adsorbents for phenol [54] and metals [55] removal 
from aqueous solutions, respectively. Former study has modified the wood chips by 
mixing them with inorganic components before they were pyrolyzed and treated 
with hydrochloric acid to produce inorganic:organic ratios of 1.0 and 1.5 (ZnCW-
1.0; ZnCW-1.5; FeZnCW-1.0; FeZnCW-1.5). The maximum amounts of phenol 
adsorbed onto activated carbons at 25°C were 434.2, 667.9, 256.5, and 233.5 mg/g 
for ZnCW-1.0, ZnCW-1.5, FeZnCW-1.0, and FeZnCW-1.5, respectively. The results 
indicated that ZnCW-1.0 and ZnCW-1.5 exhibited excellent performance in the 
treatment of simulated effluents contaminated with mixtures of phenols in a com-
plex medium. On the other hand, the latter study focused on the use of first-row 
transition metals (Co, Ni, Cu, and Zn) in the preparation of activated carbons from 
wood biomass via microwave-assisted irradiation. Results showed that the metals 
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wood biomass through ion exchange and surface complexation interaction during 
the impregnation step. An adsorption experiment revealed that samples prepared 
using ZnCl2 showed the highest sorption capacities for the tested adsorbates, fol-
lowed by CuCl2, CoCl2, and NiCl2.

Three different fruit peels, such as orange, pomelo, and passion fruit peels have 
been used by Nhung et al. to develop unconventional adsorbents to remove Rh-B 
from aqueous solution [56]. Equilibrium isotherms were determined and analyzed 
using the Freundlich equation. Capacities of adsorbent were found to be in the 
order of passion fruit peels > orange peels > pomelo peels for Rh-B. Other than 
that, orange peel as an adsorbent has also been studied by Foo and Hameed [57] 
for the removal of methylene blue. The authors investigated the effects of initial 
dye concentration (50, 100, 200, 300, 400, and 500 mg/L) and pH (2–12) at room 
temperature with the contact time of 48 h and adsorbent dosage of 0.20 g. The 
adsorption capacity of methylene blue was found to be 382.75 mg/g at the initial 
pH 6.33. In addition, Ben-Ali et al. [58] studied the removal of copper ions onto 
untreated pomegranate peel in order to explore its potential use as low-cost adsor-
bents from an agricultural waste. Adsorption isotherms were determined at 313 K, 
and the experimental data obtained were modeled with the Langmuir, Freundlich, 
Dubinin-Radushkevich, and Temkin isotherm models. The authors concluded that 
the equilibrium data were well represented by the Langmuir isotherm equation with 
the maximum adsorption capacity of 30.12 mg/g.

Torrellas et al. [59] used activated carbons from peach stones as adsorbent for 
the removal of caffeine (stimulant), diclofenac (anti-inflammatory drug), and 
carbamazepine (psychiatric drug) from aqueous solution and reported that the 
adsorption capacity of carbamazepine was higher than caffeine and diclofenac, 
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reaching to 335 mg/g. The modified adsorbents exhibited an increase in adsorption 
capacity for carbamazepine due to the existence of hydrophobic character and 
water solubility properties. Oxidation of the activated carbon had greatly enhanced 
the hydrophilic character of the material, thereby decreased the adsorption capacity 
and highly affected the breakthrough times and adsorption capacity values in the 
fixed-bed adsorption process. The same adsorbent was used to remove dye (methy-
lene blue) [61] and metal (platinum) [62].

The economical and readily available adsorbent would certainly make an 
adsorption-based process, a viable alternative for the treatment of wastewater that 
contains pollutants. Depending upon the adsorbent and adsorbate characteristics, 
the selection of an appropriate adsorbent is the most crucial part to ensure a maxi-
mum removal of different types of pollutant. Various environmental conditions and 
variables are used to ensure the effectiveness of adsorption process, such as initial 
adsorbate and adsorbent concentration, particle size of adsorbent, temperature, 
pH, selectivity, ionic strength, contact time, and the rate of rotation. A summary of 
various agricultural wastes as sources of adsorbents for the removal of various types 
of ECs is summarized in Table 1.

3.2 Membrane technology

Membrane technology is one of the promising technologies for the excellent 
removal of micropollutants in water. This technology uses both biological (mem-
brane bioreactors) and nonbiological processes (reversed osmosis, ultrafiltration, 
and nanofiltration). Membrane bioreactors (MBRs) are the combination of mem-
brane-based filtration processes, such as microfiltration (MF) or ultrafiltration (UF) 
system with suspended growth biological reactors. MBRs are the most prominent 
and proven processes these days to achieve a relatively clean water from wastewater 
through the combination of membrane and biological treatments [63, 64].
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bark, rice husk, and rice straw
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Pomegranate peel Metal ion (Copper) [58]
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drug (diclofenac) and psychiatric drug 
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Peach stones Metal ion (Platinum) [62]

Table 1. 
Summary of various agricultural wastes as sources of adsorbents for the removal of diverse types of ECs.



Emerging Contaminants

34

Nonbiological processes or pressure-driven membrane technology known as 
reverse osmosis (RO), nanofiltration (NF), MF, or UF utilizes high pressures across 
the membranes to accomplish the filtration of contaminants from the produced 
water [65]. These technologies are the most common membrane techniques of 
water purification. The membranes are also continuously upgraded or modified for 
further improvement in performance and usage. Consequently, membrane pro-
cesses are ideal for removing turbidity and microbiological contaminants. However, 
high-operation costs still limit its full-scale usage. Membranes easily suffer from 
fouling problems that could result in unexpected interruptions during the treat-
ment of aqueous contaminants [66].

In Keucken et al. report published in 2017, it proved that using UF can achieve a 
stable operation even in difficult circumstances and excellent effluent water quality 
can be achieved as well [67]. Cui and Choo concluded that although fouling cannot be 
prevented since there must be natural organic matter (NOM) existed in water, it can 
still be minimized [68]. Potential of hydrogen (pH), ionic strength, and calcium ion 
concentration are parameters that need to be considered to affect membrane filtration 
process. Sun et al. conducted experiments to measure the fouling potential when the 
membrane system is maintained at different values of pH, ionic strength, and calcium 
ion concentration. They discovered that the fouling potential increased with the 
increase of the feed solution acidity, ionic strength, and calcium ion concentration [69]. 
Martin et al. and Bu et al. conducted UF experiments with powdered activated carbon 
(PAC) adsorption and coagulation as a pretreatment to improve removal efficiency, 
which provided good examples [70, 71]. The advantage of combining UF with PAC is 
mainly in terms of the adsorption capacity of PAC and retaining ability of membrane.

In a pilot scale membrane treatment system, Wang et al. compared the removal 
efficiency of MBR system with integrated membrane systems (MBR/RO or MBR-NF) 
toward 27 PPCPs. The results suggested that the integrated membrane systems can 
achieve even higher removal rates of above 95% for most of them. Further studies 
showed that MBR-RO achieved even better results with the removal of 20 compounds 
to below detection limits as compared to 13 compounds by MBR/NF [72]. A study 
conducted by Baransi-Karkaby et al. reported the improved rejection of multiple 
EDCs and pharmaceutically active compounds (PhACs) by RO membrane elements 
using concentration polarization- and surfactant-enhanced surface polymerization 
[73]. The researchers performed experiments using RO membranes modified by 
grafting poly(glycidyl methacrylate) and as compared to commercial brackish water 
RO membranes. One of the conclusions was that the modified membrane generally 
exhibited enhanced rejection comparable with the commercial membrane. However, 
both membranes did not exhibit a complete rejection for the tested compounds.

3.3 Biological treatment

Many studies have shown that the major removal of ECs is by biodegradation 
and adsorption during biological treatment (secondary treatment). Therefore, this 
section will focus on the circumstances and behavior of ECs during the biologi-
cal treatment processes, which usually consist of two main kinds of treatment, 
namely activated sludge process (ASP) and trickling filter (TF). The presence of 
aerobic bacteria and other microorganisms is one of the features of this process 
in order to oxidize or incorporate into cells of organic matter. The bacteria need a 
sufficient amount of oxygen in order for the treatment to occur [74]. TF contains 
fixed surface with a large population of microorganisms, while ASP is where 
large population of microorganisms combine with wastewater. Normally, after 
going through TF or ASP, the dense microbial biomass is separated from water by 
secondary sedimentation [75].
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The most common and widely used ASP is to treat both industrial and domestic 
wastewater. The general process of activated sludge system involves the injection of 
air into the reactor and continuous re-circulation of biomass into the aeration tank. 
There are three main divisions in an activated sludge system [76], namely (i) reactor 
(to keep the microorganisms in suspension and aerators that are used for treatment 
purposes), (ii) separator system or (allow solids to sediment in sedimentation 
tank), and (iii) recycle system (solids from sedimentation tank are moved to the 
aeration tank) (Figure 2).

Depending on the type of ASP, there are many benefits as well as drawbacks 
from using it. Reduced level of ammonia, small space usage, and odor free are a few 
benefits of some types of ASP. However, a high energy is required to operate aera-
tion tank, and the changes of the effluent characteristics are very rigid [77]. Some 
examples of factors that affect ASP are the availability of oxygen, temperature, 
features of the treated wastewater, detergents that produce foam, and return rate 
[78]. The performance of ASP to remove steroid estrogens in WWTPs was better 
(up to 100%) than that of the trickling filter (up to 75%) [79]. Han et al. investi-
gated the total removal of organic pollutants in eight full-scale municipal WWTPs 
by three modified ASP, namely anoxic/oxic (A/O), anaerobic/anoxic/oxic (A2/O), 
and oxidation ditch process [80]. From the results obtained, it was concluded that 
the oxidation ditch process appeared to have the advantage of removing tyrosine-
like substances and presented a slightly better removal efficiency of tryptophan-like 
fluorescent substances than the A/O and A2/O processes.

On the other hand, microbial biomass grows on an inert or solid medium in 
film form with continuous wastewater being sprinkled over them, known as 
ultrafiltration (fixed film or attached growth systems) [81]. Nowadays, the treat-
ment capacity of the conventional TF has been enhanced with the use of plastic 
packing as the packing material to replace circular rock. A lot of benefits have been 
highlighted on this type of biological treatment, including better sludge thickening, 
low maintenance cost, less energy consumption, and ease of operation. However, 
the TF system has poor effluent quality as compared to suspended growth systems 
[82]. The effluent quality of TF is based on the biochemical oxygen demand (BOD) 
and suspended solids (SS). Temperature, retention time, type of media and its 
depth, and hydraulic and organic matter are some parameters that might affect the 
TF performance [83] which lead to a relative removal efficiency difference of some 

Figure 2. 
Diagram of activated sludge process.
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Nonbiological processes or pressure-driven membrane technology known as 
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fouling problems that could result in unexpected interruptions during the treat-
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can be achieved as well [67]. Cui and Choo concluded that although fouling cannot be 
prevented since there must be natural organic matter (NOM) existed in water, it can 
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concentration are parameters that need to be considered to affect membrane filtration 
process. Sun et al. conducted experiments to measure the fouling potential when the 
membrane system is maintained at different values of pH, ionic strength, and calcium 
ion concentration. They discovered that the fouling potential increased with the 
increase of the feed solution acidity, ionic strength, and calcium ion concentration [69]. 
Martin et al. and Bu et al. conducted UF experiments with powdered activated carbon 
(PAC) adsorption and coagulation as a pretreatment to improve removal efficiency, 
which provided good examples [70, 71]. The advantage of combining UF with PAC is 
mainly in terms of the adsorption capacity of PAC and retaining ability of membrane.

In a pilot scale membrane treatment system, Wang et al. compared the removal 
efficiency of MBR system with integrated membrane systems (MBR/RO or MBR-NF) 
toward 27 PPCPs. The results suggested that the integrated membrane systems can 
achieve even higher removal rates of above 95% for most of them. Further studies 
showed that MBR-RO achieved even better results with the removal of 20 compounds 
to below detection limits as compared to 13 compounds by MBR/NF [72]. A study 
conducted by Baransi-Karkaby et al. reported the improved rejection of multiple 
EDCs and pharmaceutically active compounds (PhACs) by RO membrane elements 
using concentration polarization- and surfactant-enhanced surface polymerization 
[73]. The researchers performed experiments using RO membranes modified by 
grafting poly(glycidyl methacrylate) and as compared to commercial brackish water 
RO membranes. One of the conclusions was that the modified membrane generally 
exhibited enhanced rejection comparable with the commercial membrane. However, 
both membranes did not exhibit a complete rejection for the tested compounds.

3.3 Biological treatment

Many studies have shown that the major removal of ECs is by biodegradation 
and adsorption during biological treatment (secondary treatment). Therefore, this 
section will focus on the circumstances and behavior of ECs during the biologi-
cal treatment processes, which usually consist of two main kinds of treatment, 
namely activated sludge process (ASP) and trickling filter (TF). The presence of 
aerobic bacteria and other microorganisms is one of the features of this process 
in order to oxidize or incorporate into cells of organic matter. The bacteria need a 
sufficient amount of oxygen in order for the treatment to occur [74]. TF contains 
fixed surface with a large population of microorganisms, while ASP is where 
large population of microorganisms combine with wastewater. Normally, after 
going through TF or ASP, the dense microbial biomass is separated from water by 
secondary sedimentation [75].
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air into the reactor and continuous re-circulation of biomass into the aeration tank. 
There are three main divisions in an activated sludge system [76], namely (i) reactor 
(to keep the microorganisms in suspension and aerators that are used for treatment 
purposes), (ii) separator system or (allow solids to sediment in sedimentation 
tank), and (iii) recycle system (solids from sedimentation tank are moved to the 
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Depending on the type of ASP, there are many benefits as well as drawbacks 
from using it. Reduced level of ammonia, small space usage, and odor free are a few 
benefits of some types of ASP. However, a high energy is required to operate aera-
tion tank, and the changes of the effluent characteristics are very rigid [77]. Some 
examples of factors that affect ASP are the availability of oxygen, temperature, 
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ment capacity of the conventional TF has been enhanced with the use of plastic 
packing as the packing material to replace circular rock. A lot of benefits have been 
highlighted on this type of biological treatment, including better sludge thickening, 
low maintenance cost, less energy consumption, and ease of operation. However, 
the TF system has poor effluent quality as compared to suspended growth systems 
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ECs, like estrogens in TF [28]. The removal efficiency of 18 different ECs from 42 
WWTPs in five different regions of India was studied using different treatment 
solutions, including TF by Visanji et al. [84]. The results of using TF showed that 
this treatment is able to remove ofloxacin, dichlofenac, and ibuprofen but unable 
to remove ampicillin, ciprofloxacin, and naproxen. The authors concluded that 
although ECs classed under the same category have similar physical, chemical, and 
biological parameters, these contaminants are not always removed in the same way.

3.4 Advanced oxidation method

Advanced oxidation method (i.e., ozone, O3/H2O2, H2O2/UV, Fenton, ultra-
sound, photocatalytic, and electrochemical oxidation) can achieve effective 
degradation of EDCs. Highly reactive oxidant species, such as hydroxyl radical, 
ion superoxide, hydroperoxyl radical, and organic peroxide radical can highly 
react with a wide range of organic compounds in a nonselective oxidation way 
[85]. The target compounds could be quickly and efficiently converted into small 
inorganic molecules, such as CO2 and H2O. Among the advanced oxidation methods 
used to remove or reduce the concentrations of some hormones and PPCPs from 
wastewater, ozone oxidation is the most promising technique [86–92]. In secondary 
effluents, ozonation was found to be very useful in decreasing the concentrations of 
bisphenol-A, estriol, and 17-β estradiol and their estrogenicity [92, 93]. In addition, 
the high removal efficiency of estrogens has been observed at low pH by Cesaro and 
Belgiorno [93]; however, it was impractical to change the sewage pH.

A study by Sun et al. [94] reported that ozone could completely oxidize three 
estrogens, namely estrone, 17-β estradiol, and 17-α ethinylestradiol in wastewater 
samples at the dose of 0.3 mg/L. Similar results were achieved by Si et al. [95], show-
ing that combined process of 5.5 mg/L ozone and UF could completely remove the 
estrogens, with ultraviolet absorbance reduction enhanced from 11–18% or 24–26% 
as compared to the UF or ozonation alone. Another study by Li et al. [96] found 
that the application of 1.0–5.0 mg/L ozone was able to decrease the concentration of 
antibiotics and EDCs to below the limit of detection (LOD). However, other com-
pounds like nitrite and carbonyl compounds as by-products were still detected with 
a similar level of ozone dosage. In order to remove the by-products, the authors have 
combined the ozone oxidation process with biological aerated filtration.

The ozone dose applied was found to affect the removal efficiency of some 
PPCPs. Apart from ozone dose, the reaction time was also found to be one of the 
main factors to remove ECs, as can be seen in the study conducted by Paucar et al. 
to remove 38 PPCPs [97]. Among the 38 PPCPs detected in the secondary effluent, 
31 PPCPs were degraded to or below their LOD at the ozone dosage of 6 mg/L in 
10 min. Of these, eight PPCPs, including dipyridamole, diclofenac, mefenamic 
acid, diltiazem, ciprofloxacin, chloramphenicol, naproxen, and isopropylantipyrine 
were readily degraded (below LOD) at the ozone dosage of 1 mg/L in 5 min, and 
seven PPCPs, namely clarithromycin, sulpiride, N,N-diethyl-3-methylbenzamide, 
ketoprofen, theophylline, azithromycin, and roxithromycin, were undegraded 
(below LOD) at the ozone dosage of 6 mg/L with the reaction time of 10 min. As a 
result, it was found that ozone dose, pH, temperature, compounds of interest and 
wastewater characteristics, and contact time were among the many factors that 
could affect the performance of ozonation [98].

Advanced oxidation method with low concentration of ECs would result in low 
reaction rates and efficiencies, while the short lifetime of the oxidants requires the 
use of large amounts of oxidants to oxidize the trace levels of ECs and thus leading 
to the increase in operation costs. In addition, this method also generates toxic inter-
mediate or by-products under suboptimum conditions. Unfortunately, the common 
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disadvantage shared between all advanced oxidation methods is the high operating 
cost, which has a somewhat limited large-scale application of this otherwise very 
powerful technology. However, with the advent of higher efficiency UV lamps, 
visible light catalysts, and improved reactor design, with the help of computational 
fluid dynamics and energy modeling, both UV and solar-based photocatalysis have 
great potential for large-scale application [99]. However, further research is still 
needed in developing new immobilized photocatalysis reactors and improving the 
performance, immobilization, and illumination in the reactor of the photocatalyst.

4. Detection methods of emerging contaminants

Previous studies reported that the release of emerging chemical or microbial 
contaminants to the environment had likely occurred for a long time but may not 
have been recognized until new detection methods were developed [100]. The detec-
tion methods of ECs can be performed by using chromatographic and spectroscopic 
techniques as well as metal analysis. Chromatographic methods are the most common 
analytical methods for the identification and detection of various compounds in any 
kind of samples. Nonpolar, thermostable, and volatile ECs, such as flame retardants, 
filters, and some pesticides are determined by gas chromatography (GC), while non-
volatile, polar, and thermolabile ECs are analyzed by liquid chromatography (LC).

4.1 Liquid chromatography

High-performance liquid chromatography (HPLC) or LC is a gold analytical 
method used to analyze a wide number of ECs that are relatively polar and nonvola-
tile in various samples, as can be seen in Table 2. In many cases, ultra-high-perfor-
mance liquid chromatography (UHPLC) has been selected instead of conventional 
HPLC since these LC techniques provide a more efficient stationary phase through 
the reduction in particle size, which leads to a better resolution and shorter time 
[129]. UHPLC applies columns with particle size <1.7 μm and almost always 
carried out in the reversed phase mode mainly using C18 stationary phases [130]. 
Generally, for the reversed phase separation of ECs acidified water (with small 
amounts of formic or acetic acid), methanol, or acetonitrile as organic solvents (in 
some cases also acidified with formic acid or acetic acid) are used as mobile phases. 
Furthermore, as stated by Díaz-Cruz et al., among the LC modes, reversed phase 
(RP) with octadecyl C18-bonded or octyl C8-bonded, silica packing is the most 
commonly used stationary phase for pharmaceutical analysis [131].

LC coupled with mass spectrometry (MS) allows a successful detection with high 
sensibility and selectivity of extremely polar, thermally unstable, and large molecular 
weight compounds [100]. Although MS has been used for quantifying compounds 
or residues in the environment, MS/MS detection is preferred due to high analytical 
sensitivity and selectivity in complex matrices. Generally, MS/MS method is based 
on monitoring selected MS/MS transitions (precursor-product) of the compounds of 
interest [132]. This approach is known as the most sensitive and rugged for the quan-
titation purposes of environmental samples at trace levels. In fact, MS/MS showed 
excellent specificity, but the instrument eliminates the matrix background, which 
could not be visualized [133]. However, this method is blind to other untargeted spe-
cies, and thus, the untargeted analysis of unexpected compounds is not feasible.

As an alternative to MS/MS, the use of high-resolution mass spectrometers 
(LC-HRMS) enables the acquisition of a theoretically unlimited number of species 
by means of accurate mass measurements in full-scan mode. This allows obtaining 
the elemental composition of acquired ions which is useful for the identification 
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ECs, like estrogens in TF [28]. The removal efficiency of 18 different ECs from 42 
WWTPs in five different regions of India was studied using different treatment 
solutions, including TF by Visanji et al. [84]. The results of using TF showed that 
this treatment is able to remove ofloxacin, dichlofenac, and ibuprofen but unable 
to remove ampicillin, ciprofloxacin, and naproxen. The authors concluded that 
although ECs classed under the same category have similar physical, chemical, and 
biological parameters, these contaminants are not always removed in the same way.

3.4 Advanced oxidation method

Advanced oxidation method (i.e., ozone, O3/H2O2, H2O2/UV, Fenton, ultra-
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degradation of EDCs. Highly reactive oxidant species, such as hydroxyl radical, 
ion superoxide, hydroperoxyl radical, and organic peroxide radical can highly 
react with a wide range of organic compounds in a nonselective oxidation way 
[85]. The target compounds could be quickly and efficiently converted into small 
inorganic molecules, such as CO2 and H2O. Among the advanced oxidation methods 
used to remove or reduce the concentrations of some hormones and PPCPs from 
wastewater, ozone oxidation is the most promising technique [86–92]. In secondary 
effluents, ozonation was found to be very useful in decreasing the concentrations of 
bisphenol-A, estriol, and 17-β estradiol and their estrogenicity [92, 93]. In addition, 
the high removal efficiency of estrogens has been observed at low pH by Cesaro and 
Belgiorno [93]; however, it was impractical to change the sewage pH.

A study by Sun et al. [94] reported that ozone could completely oxidize three 
estrogens, namely estrone, 17-β estradiol, and 17-α ethinylestradiol in wastewater 
samples at the dose of 0.3 mg/L. Similar results were achieved by Si et al. [95], show-
ing that combined process of 5.5 mg/L ozone and UF could completely remove the 
estrogens, with ultraviolet absorbance reduction enhanced from 11–18% or 24–26% 
as compared to the UF or ozonation alone. Another study by Li et al. [96] found 
that the application of 1.0–5.0 mg/L ozone was able to decrease the concentration of 
antibiotics and EDCs to below the limit of detection (LOD). However, other com-
pounds like nitrite and carbonyl compounds as by-products were still detected with 
a similar level of ozone dosage. In order to remove the by-products, the authors have 
combined the ozone oxidation process with biological aerated filtration.

The ozone dose applied was found to affect the removal efficiency of some 
PPCPs. Apart from ozone dose, the reaction time was also found to be one of the 
main factors to remove ECs, as can be seen in the study conducted by Paucar et al. 
to remove 38 PPCPs [97]. Among the 38 PPCPs detected in the secondary effluent, 
31 PPCPs were degraded to or below their LOD at the ozone dosage of 6 mg/L in 
10 min. Of these, eight PPCPs, including dipyridamole, diclofenac, mefenamic 
acid, diltiazem, ciprofloxacin, chloramphenicol, naproxen, and isopropylantipyrine 
were readily degraded (below LOD) at the ozone dosage of 1 mg/L in 5 min, and 
seven PPCPs, namely clarithromycin, sulpiride, N,N-diethyl-3-methylbenzamide, 
ketoprofen, theophylline, azithromycin, and roxithromycin, were undegraded 
(below LOD) at the ozone dosage of 6 mg/L with the reaction time of 10 min. As a 
result, it was found that ozone dose, pH, temperature, compounds of interest and 
wastewater characteristics, and contact time were among the many factors that 
could affect the performance of ozonation [98].

Advanced oxidation method with low concentration of ECs would result in low 
reaction rates and efficiencies, while the short lifetime of the oxidants requires the 
use of large amounts of oxidants to oxidize the trace levels of ECs and thus leading 
to the increase in operation costs. In addition, this method also generates toxic inter-
mediate or by-products under suboptimum conditions. Unfortunately, the common 
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disadvantage shared between all advanced oxidation methods is the high operating 
cost, which has a somewhat limited large-scale application of this otherwise very 
powerful technology. However, with the advent of higher efficiency UV lamps, 
visible light catalysts, and improved reactor design, with the help of computational 
fluid dynamics and energy modeling, both UV and solar-based photocatalysis have 
great potential for large-scale application [99]. However, further research is still 
needed in developing new immobilized photocatalysis reactors and improving the 
performance, immobilization, and illumination in the reactor of the photocatalyst.

4. Detection methods of emerging contaminants

Previous studies reported that the release of emerging chemical or microbial 
contaminants to the environment had likely occurred for a long time but may not 
have been recognized until new detection methods were developed [100]. The detec-
tion methods of ECs can be performed by using chromatographic and spectroscopic 
techniques as well as metal analysis. Chromatographic methods are the most common 
analytical methods for the identification and detection of various compounds in any 
kind of samples. Nonpolar, thermostable, and volatile ECs, such as flame retardants, 
filters, and some pesticides are determined by gas chromatography (GC), while non-
volatile, polar, and thermolabile ECs are analyzed by liquid chromatography (LC).

4.1 Liquid chromatography

High-performance liquid chromatography (HPLC) or LC is a gold analytical 
method used to analyze a wide number of ECs that are relatively polar and nonvola-
tile in various samples, as can be seen in Table 2. In many cases, ultra-high-perfor-
mance liquid chromatography (UHPLC) has been selected instead of conventional 
HPLC since these LC techniques provide a more efficient stationary phase through 
the reduction in particle size, which leads to a better resolution and shorter time 
[129]. UHPLC applies columns with particle size <1.7 μm and almost always 
carried out in the reversed phase mode mainly using C18 stationary phases [130]. 
Generally, for the reversed phase separation of ECs acidified water (with small 
amounts of formic or acetic acid), methanol, or acetonitrile as organic solvents (in 
some cases also acidified with formic acid or acetic acid) are used as mobile phases. 
Furthermore, as stated by Díaz-Cruz et al., among the LC modes, reversed phase 
(RP) with octadecyl C18-bonded or octyl C8-bonded, silica packing is the most 
commonly used stationary phase for pharmaceutical analysis [131].

LC coupled with mass spectrometry (MS) allows a successful detection with high 
sensibility and selectivity of extremely polar, thermally unstable, and large molecular 
weight compounds [100]. Although MS has been used for quantifying compounds 
or residues in the environment, MS/MS detection is preferred due to high analytical 
sensitivity and selectivity in complex matrices. Generally, MS/MS method is based 
on monitoring selected MS/MS transitions (precursor-product) of the compounds of 
interest [132]. This approach is known as the most sensitive and rugged for the quan-
titation purposes of environmental samples at trace levels. In fact, MS/MS showed 
excellent specificity, but the instrument eliminates the matrix background, which 
could not be visualized [133]. However, this method is blind to other untargeted spe-
cies, and thus, the untargeted analysis of unexpected compounds is not feasible.

As an alternative to MS/MS, the use of high-resolution mass spectrometers 
(LC-HRMS) enables the acquisition of a theoretically unlimited number of species 
by means of accurate mass measurements in full-scan mode. This allows obtaining 
the elemental composition of acquired ions which is useful for the identification 
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of targeted and untargeted compounds, metabolites, or transformation products. 
In HRMS, mass accuracy is critical for identification purposes. Normally, mass 
errors of below 5 ppm are observed in routine analysis [129]. Therefore, the use of 
LC-HRMS for screening contaminants in environmental samples has been exten-
sively reported in literature, such as time-of-flight (TOF), Orbitrap, quadrupole-
time-of-flight (Q-TOF), or Q-Orbitrap, as tabulated in Table 2.

With the advantage of high resolution, Orbitrap, an ion trap mass analyzer in 
MS has been used widely for a large number of compounds screening. Referring to 
hybrid quadrupole Orbitrap mass spectrometry, the qualification and quantifica-
tion of complicated compounds can be obtained in one analysis [109]. This method 
is a promising analytical technique, especially as the full scan mode enables the 
post-target and nontarget analyses of chemical fingerprints which are proven by 
Cotton et al. [106]. In the study, the screening of a large number of ECs was devel-
oped by the combination of SPE and UHPLC-Orbitrap-MS in water samples. As 
reported by Robles-Molina et al., over 400 ECs have been detected in the analysis of 
surface water and wastewater, such as pharmaceuticals, lifestyle products, drugs of 
abuse, pesticides, flame retardants, and plasticizers compounds. The combination 
of LC with time-of-flight mass spectrometry (TOFMS) has provided a high resolu-
tion data from accurate masses of target ions along with retention time data and 
characteristic insource fragment ions [103].

4.2 Gas chromatography

GC is one of the analytical methods that can be used to separate, analyze, and 
identify the chemical compounds of any sample. GC coupled with MS is the most 
common technique and able to produce accurate result. However, GC is less often 
used than LC to separate ECs because the majority of the studies focused on the 
determination of very polar contaminants, such as pharmaceuticals and personal 
care products [100]. Due to the high polarity and low volatility of analytes, such as 
hydroxyl, phenolic EDCs, amines, and amides, GC method demands the inclusion 
of a derivatization reaction to improve the chromatographic behavior of the ana-
lytes [134]. In fact, derivatizing the ECs into more volatile derivatives is compulsory 
to enhance detection sensitivity and selectivity as well as improve separation.

Different strategies for derivatization usually involve the use of acylation, 
alkylation, or silylation reagents. Silylation is the principal derivatization tech-
nique in which active hydrogen in the functional groups of ECs is replaced by 
trimethylsilyl (TMS) which increased the volatility and stability of the compounds. 
The most common silylation agents are N-methyl-N-(trimethylsilyl) trifluoro-
acetamide (MSTFA), N,O-bis(trimethylsilyl)-trifluoroacetamide (BSTFA) and 
N-(t-butyldimethylsilyl)-N-methyltrifluoroacetamide (MTBSTFA). Based on the 
study by Arismendi et al., for derivatization method, water sample extract was 
evaporated under a N2 stream. A derivatizing agent of N-methyl-N-(trimethylsilyl) 
trifluoroacetamide (MSTFA) with pyridine was then added and heated at 80°C for 
35 min [119] before the derivatized solution was analyzed by using GC-MS.

However, derivatization requires a complicated, tedious procedure, resulting 
in a number of disadvantages, such as losses and unexpected oxidation of some 
compounds, less stability of derivatives, and incomplete derivatization and extrac-
tion. Although derivatization procedures may be time-consuming and have some 
limitations, they are still widely used and well established for routine work. In fact, 
in situ derivatization has been developed as an alternative to avoid preparative steps, 
accelerate reaction rates, and reduce evaporative losses. This method offers higher 
chromatographic response, reduction of reagent usage, and less sample preparation 
time as compared to the manual derivatization. However, the limitation of in situ 
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derivatization is that a high amount of reagent needs to be injected into the instrument 
and thus affects the performance of the chromatographic column over time [135].

GC-MS/MS provides a high selectivity and sensitivity as compared to other con-
ventional GC-MS. MS/MS is able to improve the detection by reducing co-extractive 
compound interferences and sample matrix effects, especially for complex samples 
[136]. A study by Zhang et al. showed the application of GC-MS/MS in determin-
ing the organic pollutants and emerging organic contaminants in seawater samples 
[120]. It has proven the sensitivity of this method of which the detection limits 
typically went down to parts per quadrillion (ppq) ranges, while in another study, 
GC-MS/MS method was developed to determine the ECs, such as personal care, 
hormones, pharmaceuticals, and organophosphorus flame retardants and plasticiz-
ers in various types of vegetables (salads, carrots, lettuce, onions, and tomatoes) 
[135]. In this study, in situ derivatization was carried out in the injection port of the 
GC system as an alternative to manual procedures because it simplifies the sample 
preparation and avoids the manipulation of hazardous reagents, and higher chro-
matographic response can be achieved. The high selectivity of MS/MS detection 
allowed the identification and quantification of various selected analytes without 
performing an additional clean-up step [135].

A recent advanced technique namely comprehensive two-dimensional gas 
chromatography (GC × GC) is a technique that is capable of enhancing the separa-
tion of 150–250 relevant compounds with high sensitivity within a complex matrix. 
It means that many compounds are now completely separated, so there is less need 
of GC-MS identification/quantitation for routine samples. The two orthogonally 
aligned columns comprised two different stationary phase chemistries which allow 
for the increase of peak capacity [118]. Based on Jover et al., three main benefits 
of GC × GC are (i) increase in chromatographic resolution; (ii) improved analyte 
detectability due to the cryofocusing that occurs in the thermal modulator, and 
(iii) chemical ordering in the contour plots [137]. Due to the mentioned benefits, 
various studies have revealed the application of this technique in various types 
of samples. In the previous years, GC × GC coupled with TOFMS was applied to 
determine the numbers of organic contaminants, such as pharmaceuticals, plasti-
cizers personal care products, herbicides, triazines, organophosphorus compounds, 
pheylureas, organochlorine biocides, polycyclic aromatic hydrocarbons, benzothia-
zoles, and benzotriazoles in various water samples [118, 137–139].

Prebihalo et al. have reported the identification of some ECs in wastewater and soil 
samples by using GC × GC-TOFMS. Coupling fast-scanning TOFMS with GC × GC 
provided the capabilities necessary for the identification of compounds within a 
complex matrix. In this work, the results showed the presence of halogenated benzo-
triazoles in wastewater and soil samples. It has also proven that this method is able to 
decrease the data interpretation time by 50% as compared to traditional methods [118].

4.3 Metal analysis

One of the ECs is heavy metal ions that are gradually being introduced into 
the environment from various resources. Inductively coupled plasma mass 
spectrometry (ICP-MS) is the technique of choice for the determination of toxic 
heavy metal contaminants and nanoparticles in numerous types of samples. 
The environmental pollution caused by trace metals is a long-term, irreversible 
process and can be toxic even at low concentrations. ICP-MS is considered as one 
of the most sensitive techniques for the multi-elemental analysis of trace metals in 
various elemental samples [124]. The main advantages of this technique lie in the 
high precision, low economic cost, multi-element, and simultaneous analysis of 
most elements and isotopes present in the periodic table in a few minutes [100].  
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most elements and isotopes present in the periodic table in a few minutes [100].  
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ICP-MS also offers extremely low detection limits, ranging from subpart per 
billion (ppb) to trillion (ppt) for most elements. It has a rapid multi-element 
scanning capability over a wide range of masses with lower detection limits as 
compared to graphite furnace-atomic absorption spectroscopy (GF-AAS) and 
inductively coupled plasma-atomic emission spectroscopy (ICP-AES) [140]. 
In most cases, the detection limits were 100–1000 times superior than those 
achieved by ICP-AES. These detection limits were broadly achieved for almost all 
the elements across the periodic table.

Lu et al. reported an analysis of trace metals, namely Cu, Cd, and Pb in sea-
water by ICP-MS. The developed method demonstrated a simple, efficient, and 
convenient analysis with low detection limit (0.13–1.18 pmol/L). The method was 
successfully applied for the analysis of seawater samples collected from the sites off 
the south coast North Yellow Sea in Shandong Peninsula, China. In the study, prior 
to the analysis of the water samples by ICP-MS, the seawater samples were first 
treated with cross-flow ultrafiltration (CFUF) for the separation of colloidal matter 
with different molecular weights and was then continued with the liquid-liquid 
extraction (LLE) procedure. This method was performed to eliminate the pos-
sible interference of salt matrix and chloroform during instrumental analysis and 
concentrate the metals in each sample [126].

In addition, ICP-MS combined with chromatographic techniques is of great 
importance in the characterization and identification of impurities, degradation 
products, and speciation studies in pharmaceuticals [141]. It provides valuable 
information on impurity profiling of drugs and pharmaceuticals. It is becoming 
the method of choice for quality control and assurance within the pharmaceutical 
industry. A number of chromatographic techniques, viz., HPLC, capillary electro-
phoresis (CE), gel permeation chromatography (GPC), ion chromatography (IC), 
supercritical fluid chromatography (SFC), and GC have been coupled with ICP-MS 
for the purpose of speciation. A study of GC-ICP-MS was performed for the detec-
tion of the six polybrominated diphenyl ether (PBDEs) congeners in environmental 
water samples [122]. These PBDEs belong to group of brominated flame retardants 
which are considered as one of the ECs that are added into different industrial 
products. Apart from that, Jia et al. reported on a simultaneous analysis of mercury 
speciation in environmental water samples by using HPLC-ICP-MS [123]. HPLC 
was preferred for the mercury speciation, while ICP-MS is the most used detection 
technique for elemental analysis. The study revealed a good repeatability and wide 
linear range achievements of this coupled technique.

4.4 Other techniques

Recently, another technique has been developed to overcome the drawbacks 
from the traditional techniques, which is Fourier transform near-infrared 
(FT-NIR) spectroscopy. This technique offers no reagents use, nondestructive 
character, allowing the reuse of sample after measurement, fast technique, and 
there is a possibility of online monitoring. Based on Quientelas et al. (2018), the 
combination between FT-NIR and chemometrics was developed to determine 
pharmaceutical compounds, such as ibuprofen, carbamazepine, β-estradiol, 
ethinylestradiol, and sulfamethoxazole in wastewaters [128]. A chemometric 
approach was used by employing a Kolmogorov-Smirnov test to check the nor-
mality of the data, a boxplot analysis for outliers’ identification and a principal 
component analysis (PCA) aiming to identify samples interrelationships and 
define the data sets. Next, a partial least squares (PLS) regression analysis was 
performed in order to obtain a prediction model that is suitable for pharmaceuti-
cals quantification purposes.
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5. Conclusion

Although EC compounds occur in trace concentrations of waters, their adverse 
effects to aquatic organisms, animals, and humans cannot be underestimated due to 
their continuous release into the water systems. The removal and detection of ECs and 
their transformation products in natural and drinking waters are challenging tasks due 
to the complexity of contaminants in water samples. However, tremendous progress 
has been made on the assessment of many ECs due to the great efforts and times 
committed by many scientists working in different research fields. The future trends 
in the removal of emerging water contaminants will be on the advanced oxidation 
method because it can effectively degrade the contaminants and has not yet been fully 
explored. However, it should also be noted that the presence of degradation intermedi-
ates can be more toxic than their parent compounds, which remains a great challenge 
to overcome in advanced oxidation method. In short, feasible techniques need to be 
in place to remove ECs or at least reduce them below the regulated levels and more 
research is necessary to completely describe the mechanisms and optimize the main 
parameters related to the removal of emerging water contaminants in real applications.
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define the data sets. Next, a partial least squares (PLS) regression analysis was 
performed in order to obtain a prediction model that is suitable for pharmaceuti-
cals quantification purposes.
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5. Conclusion

Although EC compounds occur in trace concentrations of waters, their adverse 
effects to aquatic organisms, animals, and humans cannot be underestimated due to 
their continuous release into the water systems. The removal and detection of ECs and 
their transformation products in natural and drinking waters are challenging tasks due 
to the complexity of contaminants in water samples. However, tremendous progress 
has been made on the assessment of many ECs due to the great efforts and times 
committed by many scientists working in different research fields. The future trends 
in the removal of emerging water contaminants will be on the advanced oxidation 
method because it can effectively degrade the contaminants and has not yet been fully 
explored. However, it should also be noted that the presence of degradation intermedi-
ates can be more toxic than their parent compounds, which remains a great challenge 
to overcome in advanced oxidation method. In short, feasible techniques need to be 
in place to remove ECs or at least reduce them below the regulated levels and more 
research is necessary to completely describe the mechanisms and optimize the main 
parameters related to the removal of emerging water contaminants in real applications.
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Chapter 4

Pesticides and Human Health
Riaz Shah

Abstract

Pesticides are used in managing pests and their use will continue in future 
because of food security and vector control. Most pesticides are potentially toxic to 
human beings resulting in severe health consequences. There is also evidence that 
parental exposure, as well as, exposure in early life or adolescence could increase 
the longer-term risks. Pesticide exposures have been linked to many human diseases 
such as Alzheimer, Parkinson, amyotrophic lateral sclerosis, asthma, bronchitis, 
infertility, birth defects, attention deficit hyperactivity disorder, autism, diabetes, 
and obesity, respiratory diseases, organ diseases and system failures. People who 
are exposed to pesticides are at a greater risk to develop various cancers including 
non-Hodgkin lymphoma (NHL), leukemia, brain tumors, and cancers of the breast, 
prostate, lung, stomach, colorectal, liver, and the urinary bladder. The cell culture 
is an excellent experimental model reflecting human exposure to pesticides at a 
molecular level which is necessary to understand the hazards. Pesticide users should 
be aware of their risks and proper handling, as well as must use personal protective 
equipment which is effective in reducing damage to human health. Carcinogenic 
pesticides must be eliminated and sustainable and new approaches in pest manage-
ment should be encouraged.

Keywords: pesticides, cancer, endocrine disruption, pesticide residues, toxicity

1. Introduction

A pesticide is any substance which is used to prevent, destroy or repel any pest 
from causing any damage. The term pest represents any living organism that may 
cause harm to human in respect to food competition, destruction of property 
and spread of disease. Pests include insects, rodents, microbes, fungi and weeds 
(unwanted plants), etc. of agricultural, medical and veterinary importance, and 
therefore, a pesticide can be an insecticide, an insect and plant growth regulator, a 
fungicide, an herbicide, a molluscicide, and an algaecide, etc. based on the target 
pest organism.

The major site of action for most pesticides are the nervous and endocrine 
systems and, therefore, are also potentially toxic to human with serious direct or 
indirect adverse health effects. Human beings are exposed to pesticides directly or 
indirectly. Direct exposure occurs during pesticide application process in agricul-
ture, public health and livestock, and fumigation while indirect exposure involves 
ingestion of contaminated food and water, and inhalation of pesticides droplets 
from the drift. Children are more susceptible to pesticides than adults due to their 
physical makeup, behavior and physiology, and exposure to very low levels at 
early developmental stages can cause adverse health effects. Codex Alimentarius 
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committee and the Pesticide Data Program of the United States Department of 
Agriculture have established pesticide maximum residue limits in edible food which 
must be followed to avoid any health risks.

Pesticide exposures have been linked to the elevated incidence of human dis-
eases such as cancers, Alzheimer, Parkinson, amyotrophic lateral sclerosis, asthma, 
bronchitis, infertility, birth defects, attention deficit hyperactivity disorder, autism, 
diabetes, and obesity, respiratory diseases, organ diseases and system failures. 
People who are exposed to pesticides are at a greater risk to develop various cancers 
including non-Hodgkin lymphoma (NHL), leukemia, brain tumors, and cancers of 
the breast, prostate, lung, stomach, colorectal, liver, and the urinary bladder.

Pesticides cause genetic and epigenetic changes by involving various processes at 
cellular levels. Pesticides may be involved in endocrine disruption and induction of 
inflammatory signals which result in production of reactive oxygen species (ROS) 
causing oxidative stress. ROS disrupt the cellular functions of mitochondria and 
endoplasmic reticulum.

This chapter covers different types, importance and modes of action of 
pesticides. Human exposure to pesticides and pesticide residues in food are also 
discussed. Finally, the impacts of pesticide exposure on human health with focus 
on the major chronic health effects (neurotoxic, genotoxic and carcinogenic, and 
reproductive effects) and recent findings regarding health effects associated with 
exposure to common types of pesticides, i.e., organochlorines, organophosphates, 
carbamates, pyrethroids and neonicotinoids insecticides, fungicides and herbicides 
are discussed.

2. Types of pesticides and pesticide formulations

2.1 Types of pesticides

Pesticides can be classified based on chemical classes, functional groups, mode 
of action, and toxicity. The active ingredients of most pesticides are either organic 
(contain carbon) or inorganic (minerals e.g. copper sulfate, ferrous sulfate, copper, 
lime, sulfur, etc.). Organic pesticides are hydrophobic and more complex than those 
of inorganic pesticides. Organic pesticides can be natural (produced from naturally 
available sources) or synthetic (artificially produced by chemical synthesis in facto-
ries). The major types of pesticides used in agriculture, forestry, landscape, medical 
and veterinary sectors are listed in Table 1.

2.2 Pesticide formulations

Pesticides are sold as formulated products. Pesticide formulations are a combi-
nation of one or more active ingredients (a.i.) and several inert ingredients. Active 
ingredients control the pests. The inert ingredients help in solubility and stability 
of the product. A ULV (Ultra Low Volume) formulation need specialized spray 
equipment and the Ready-to-Use formulations are already diluted and are appro-
priate for indoor or small areas, for example, aerosols (A), granules (G), and most 
baits (B) [1].

Most liquid formulations are diluted with water according to the label direc-
tions. The three main types of liquid formulations are solutions, suspensions, 
and emulsions. A true solution is a mixture that cannot be separated by a filter or 
other mechanical means while a suspension is an even mixture of very small solid 
particles throughout a liquid and an emulsion is a mixture of droplets of one liquid 
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in another liquid. Common Liquid Formulations are Emulsifiable Concentrate 
(E or EC), Solutions (S, CS), Emulsions in Water (EW), Flowables (F, L, or SC), 
Microencapsulated Pesticides (M or ME) and Aerosol (A).

In dry formulations the active ingredient is on the surface of a solid carrier, such 
as talc, clay, or ground corncobs. Common solid formulations include Granules 
(G), Wettable Powders (WP or W), Soluble Powder (SP or S), Water-Dispersible 
Granules (WDG) or Dry Flowables (DF Water-Soluble Bags/Packages (WSB) and 
Baits (B).

3. Importance of pesticides

The United Nations population division estimates 9.7 billion people by the 
year 2050 and to feed them, the Food and Agriculture Organization (FAO) of the 
United Nations estimates that an 80% increase in food production is necessary. 

Type of pesticide Active 
ingredient

Target pests

Insecticides Natural and 
synthetic

Insect (6-legged) pests of agricultural, forestry, 
landscape, medical and veterinary importance

Miticides/acaricides Natural and 
synthetic

Mites (8-legged) pests of agricultural, forest, landscape, 
medical and veterinary importance

Fungicides Natural and 
synthetic

Fungal diseases (molds, mildews, rust) of agricultural, 
forestry and landscape importance

Herbicides Natural and 
synthetic

Unwanted plants (weeds) of agricultural and landscape 
importance

Insect growth regulators Synthetic Disrupt the growth and reproduction of insect pests. IGR 
are species or genus specific.

Pheromones Natural and 
synthetic

Attract and trap male insects and are often 
species-specific.

Plant growth regulators Synthetic Alter plants growth, e.g., induce or delay flowering

Algaecides Natural and 
synthetic

Algae growing on different surfaces, e.g., patios

Molluscicides Natural and 
synthetic

Slugs and snails of agricultural, forestry and landscape 
importance

Biopesticides Natural Can be insecticides, fungicides or herbicides

Antimicrobials Synthetic Microbes (mostly bacteria) of medical and veterinary 
importance

Rodenticides Natural and 
synthetic

Rodents (mice, rats) in agriculture, landscape, building, 
storages and hospitals

Treated seeds Synthetic Seeds coated with an insecticide or fungicide or both to 
prevent damage from soil insect pests and fungus diseases

Wood preservatives Synthetic Pesticides to protect wood from insect pests, fungus and 
other diseases

Minimum risk pesticides Natural and 
synthetic

Any pesticides which have been proven safe for human 
and are exempt from registration by any regulatory 
authorities

Table 1. 
Major types of pesticides used in agriculture, forestry, landscape, medical and veterinary sectors. (adopted 
from: National Pesticides Information Center at http://npic.orst.edu/ingred/ptype/index.html).
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are discussed.
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Pesticides can be classified based on chemical classes, functional groups, mode 
of action, and toxicity. The active ingredients of most pesticides are either organic 
(contain carbon) or inorganic (minerals e.g. copper sulfate, ferrous sulfate, copper, 
lime, sulfur, etc.). Organic pesticides are hydrophobic and more complex than those 
of inorganic pesticides. Organic pesticides can be natural (produced from naturally 
available sources) or synthetic (artificially produced by chemical synthesis in facto-
ries). The major types of pesticides used in agriculture, forestry, landscape, medical 
and veterinary sectors are listed in Table 1.

2.2 Pesticide formulations

Pesticides are sold as formulated products. Pesticide formulations are a combi-
nation of one or more active ingredients (a.i.) and several inert ingredients. Active 
ingredients control the pests. The inert ingredients help in solubility and stability 
of the product. A ULV (Ultra Low Volume) formulation need specialized spray 
equipment and the Ready-to-Use formulations are already diluted and are appro-
priate for indoor or small areas, for example, aerosols (A), granules (G), and most 
baits (B) [1].

Most liquid formulations are diluted with water according to the label direc-
tions. The three main types of liquid formulations are solutions, suspensions, 
and emulsions. A true solution is a mixture that cannot be separated by a filter or 
other mechanical means while a suspension is an even mixture of very small solid 
particles throughout a liquid and an emulsion is a mixture of droplets of one liquid 
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In dry formulations the active ingredient is on the surface of a solid carrier, such 
as talc, clay, or ground corncobs. Common solid formulations include Granules 
(G), Wettable Powders (WP or W), Soluble Powder (SP or S), Water-Dispersible 
Granules (WDG) or Dry Flowables (DF Water-Soluble Bags/Packages (WSB) and 
Baits (B).
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The United Nations population division estimates 9.7 billion people by the 
year 2050 and to feed them, the Food and Agriculture Organization (FAO) of the 
United Nations estimates that an 80% increase in food production is necessary. 
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prevent damage from soil insect pests and fungus diseases

Wood preservatives Synthetic Pesticides to protect wood from insect pests, fungus and 
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Minimum risk pesticides Natural and 
synthetic

Any pesticides which have been proven safe for human 
and are exempt from registration by any regulatory 
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Major types of pesticides used in agriculture, forestry, landscape, medical and veterinary sectors. (adopted 
from: National Pesticides Information Center at http://npic.orst.edu/ingred/ptype/index.html).
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This increase in production will come from an increase in yields of crops as well 
as a decrease of damage to crops due to pests. There are approximately 9000 
species of insects/mites (14% loss), 50,000 species of plant pathogens (13% loss) 
and 8000 weeds species (13% loss) worldwide [2]. Without pesticide application 
the pest losses to fruits, vegetables and cereals would reach 78%, 54% and 32%, 
respectively. Pesticides are, therefore, indispensable in agricultural production 
and there will be a need for pesticide based pest control and food security in the 
future. Pesticides are also used to control vector-born infectious diseases such as 
Zika virus, Lyme disease, and rabies, household pests like cockroaches, bed bugs, 
and as repellents etc. More than 1000 active ingredients are used in pesticides 
around the world to ensure food safety and prevention from pests and the high-
est amount (~45%) is spent on herbicides followed by insecticides, fungicides, 
and other types of pesticides.

4. Human exposure to pesticides and exposure risks

4.1 Human exposure to pesticides

Human beings get exposed to pesticides either actively through occupational 
exposure or passively through non-occupational exposure. Pesticides occupational 
exposure may occur during manufacturing, transportation, sale, and application 
process including exterminators. For example, in an incident of occupational 
exposure, 2800 workers were poisoned during malathion spray for malaria vector 
control in Pakistan [3]. Parents working in agriculture industry usually take pesti-
cide contaminated clothing, equipment home, which has been associated with the 
development of cancers in their children.

Non-occupational exposure may include pesticides residues ingestion with 
contaminated food and water and inhalation of pesticides droplets from the air 
through drift from point of release or fumigation. Human beings are also exposed 
to residual indoor sprays and outdoor fogging of insecticides applied against insect 
pests of public health importance and homeowners exposed to structural pest 
control pesticides. Additionally, treatment of ectoparasites in pets, e.g. fleas, is also 
a source of exposure, especially for children.

Exposure through the intact skin (dermal exposure) is the most common route 
and may occur as a result of a splash, spill, or spray drift, during mixing, loading, 
disposing, and/or cleaning of application equipment especially when proper protec-
tive equipment are not used. Dermal absorption can be influenced by the amount/
concentration, duration of exposure and temperature/humidity. Absorption is high 
through groin areas, the eyes and ear canal. Liquid formulations (e.g., emulsifiable 
concentrates) are readily absorbed through the skin compared to the solid formula-
tions (e.g., powders, dusts, and granules).

Accidental ingestion of pesticides (oral exposure) occurs by drinking from 
unlabeled containers when pesticides are stored in food/drink container, water 
stored in pesticide-contaminated bottles, eating or smoking while, or after handling 
pesticides or through application equipment or pesticide residues in food and water. 
Inhalation of pesticides (respiratory exposure) may occur due to application of 
fumigants (which change into toxic gas after coming in contact with moisture in 
air) or presence of fine droplets in air (particle or vapor drift) after application of 
pesticides. Pesticides can enter blood stream after absorption through lungs.

Pesticides are distributed throughout the human body through the bloodstream 
and are excreted through urine, skin, and exhaled into air after metabolism. These 
pathways also determine the toxicity of any pesticide. Pesticides recognized as 
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persistent organic pollutant (POP) are fat soluble and are easily accumulated within 
the human fat-tissues, breast milk, and maternal blood placenta.

4.2 Pesticides exposure risks

The amount of risk from pesticide exposure depends on the toxicity and the 
exposure to the pesticide. Toxicity is a measure of how harmful or poisonous a pes-
ticide is (causing sickness or other unwanted effects), while exposure is a measure 
of the contact (duration) with a pesticide. Toxicity of a pesticide is measured as 
lethal dose (LD50). The LD50 value is the statistical estimate of a pesticide (mg/kg of 
body weight) which will kill 50% of the test animals within a stated period of time 
(24 hours to 7 days). The LD50 value also depends on the route of entry of a pesti-
cide; oral LD50 for oral ingestion, dermal LD50 for skin contact exposure and Lethal 
Concentration (LC50) for inhalation of fumigants and pesticide vapors.

A short term exposure or exposure to a single dose will cause acute toxicity with 
its health effects. Chronic toxicity results from repeated exposure to a pesticide over 
a longer period of time from several months to years. Hazard symbols, signal words 
and color on the primary display panel of a pesticide label are based on their dermal 
toxicity.

5. Pesticides modes of action

5.1 Insecticides

Insecticides Resistance Action Committee (IRAC) has classified insecticides into 
32 groups based on their mode/site of action, in addition, there are 5 other types of 
insecticides with unknown modes of action. Most commonly used insecticides work 
at different sites in the nervous system of insects. Insecticides target the same sites 
of action in human nervous system and cause toxicity with adverse health effects. 
Carbamate (group 1A) and Organophosphate (OP) (group 1B) insecticides inhibit 
the enzyme Acetyl Choline Esterase (AChE) and cause hyper-excitation. AChE 
terminates the action of the excitatory neurotransmitter acetylcholine at the nerve 
synapses. Examples of pesticides inhibiting AChE include dichlorvos, malathion, 
phorate, carbaryl, carbofuran, etc. Cyclodiene organochlorine insecticides (OC) 
(group 2A) and phenylpyrazoles (group 2B) block the gamma amino butyric acid 
(GABA)-activated chloride channel causing hyper-excitation and convulsions. 
GABA is the major inhibitory neurotransmitter in insects. Examples of insecticides 
inhibiting GABA include endosulfan and fipronil. Synthetic pyrethroids and 
natural pyrethrins (group 3A) and DDT (group 3B) keep sodium channels open 
causing hyper-excitation and, in some cases, nerve blockage. Sodium channels 
are involved in the propagation of action potentials along nerve axons. Examples 
include deltamethrin and permethrin. Neonicotinoid insecticides (group 4A) bind 
to the acetylcholine site on nicotinic acetylcholine receptor (nAChRs) causing a 
range of symptoms from hyper-excitation to lethargy and paralysis. Examples 
include acetamiprid, clothianidin, imidacloprid, thiacloprid and thiamethoxam. 
Other groups of insecticides that work on nervous system includes those which 
allosterically activate nAChRs (e.g. spinetoram, spinosad) or glutamate-gated 
chloride channels (GluCls) (e.g. abamectin, emamectin benzoate), or allosterically 
inhibit the GABA-activated chloride channel and cause paralysis (e.g. broflanilide 
and fluxametamide). Glutamate is an important inhibitory neurotransmitter in 
insects. Other insecticides will block the nAChR ion channel or sodium channels, 
e.g. indoxacarb, cause nervous system shutdown and paralysis.
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persistent organic pollutant (POP) are fat soluble and are easily accumulated within 
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The amount of risk from pesticide exposure depends on the toxicity and the 
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ticide is (causing sickness or other unwanted effects), while exposure is a measure 
of the contact (duration) with a pesticide. Toxicity of a pesticide is measured as 
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A short term exposure or exposure to a single dose will cause acute toxicity with 
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a longer period of time from several months to years. Hazard symbols, signal words 
and color on the primary display panel of a pesticide label are based on their dermal 
toxicity.
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Insecticides Resistance Action Committee (IRAC) has classified insecticides into 
32 groups based on their mode/site of action, in addition, there are 5 other types of 
insecticides with unknown modes of action. Most commonly used insecticides work 
at different sites in the nervous system of insects. Insecticides target the same sites 
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include acetamiprid, clothianidin, imidacloprid, thiacloprid and thiamethoxam. 
Other groups of insecticides that work on nervous system includes those which 
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5.2 Fungicides

Fungicides inhibit fungal growth by interfering with critical cellular processes. 
Fungicide resistance action committee (FRAC) classify fungicides and bactericides 
into 50 groups based on the site of action. Within each group, there are target sites, 
which are the specific enzymes to which the fungicides bind. The different known 
target sites include nucleic acids metabolism, cytoskeleton and motor protein, res-
piration, amino acids and protein synthesis, signal transduction, lipid synthesis or 
transport/membrane integrity or function, sterol biosynthesis in membranes, cell 
wall biosynthesis, melanin synthesis in cell wall and host plant defense induction. 
Some fungicides and herbicides are considered endocrine disrupting pesticides.

5.3 Herbicides

Herbicides are pesticides that inhibit or interrupt normal plant growth and 
development. Herbicides are widely used in agriculture, landscape industry, and 
non-crop areas for weed management. Herbicides resistance action committee 
(HRAC) has classified herbicides into 27 groups. These include: growth regulators 
(synthetic auxins; auxin transport inhibitors), seedling growth inhibitors, photo-
synthetic inhibitors, amino acid synthesis inhibitors, lipid synthesis inhibitors, cell 
membrane disrupters, pigment inhibitors.

Growth regulator herbicides consist of the synthetic auxin and auxin transport 
inhibitory compounds and the most commonly used synthetic auxins include 
2,4-Dichlorophenoxyacetic acid (2,4-D), fluroxypyr, dicamba, quinclorac, dichlor-
prop, MCPA (2-methyl-4-chlorophenoxyacetic acid), mecoprop and picloram. 
These are commonly used systemic herbicides which mimic the plant growth 
hormone auxin (indole acetic acid) [4]. Some of these synthetic auxin herbicides 
disrupt human hormonal system. Atrazine is also a commonly used photosynthetic 
inhibitor herbicide. Glyphosate (Roundup) is an amino acid derivative and inhibits 
synthase of EPSPS enzyme, which is involved in the synthesis of the aromatic 
amino acids (tyrosine, tryptophan, and phenylalanine). Paraquat (gramoxone) 
is an electron diverter, and as a respiratory inhibitor can be a significant risk to 
humans if inhaled or ingested.

6. Pesticide residues in food, water and air

6.1 Pesticide residues

‘Pesticide residue’ means any specified substance in food, agricultural com-
modities, or animal feed resulting from the use of pesticides. The term also includes 
any derivatives of a pesticide, such as conversion products, metabolites, reaction 
products, and impurities considered to be toxic. Application of pesticides during 
the production or storage of agricultural commodities result in pesticide residues 
in food (fruits, vegetables, grain, meat, etc). Pesticide residues are also found in 
the drinking water. Pesticide residues can build up to harmful levels through bio-
accumulation and bio-magnification within the food chain.

WHO, in collaboration with FAO performs pesticide risk assessment to humans, 
both through direct exposure and through residues in food. The WHO core assess-
ment group on pesticide residues review toxicological data and establish the accept-
able daily intakes (ADIs) and acute reference doses (ARfDs) of pesticide residues 
for different commodities through a lifetime of food consumption. The ADIs are 
amount of pesticide residues which will not result in adverse health effects. Codex 
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Alimentarius Commission (the intergovernmental standards-setting body for food) 
establishes maximum residue limits (MRLs) for pesticides in food based on ADIs.

The MRL depends on the crop it is used on, and the same pesticide active ingre-
dient may have different MRL values when used on different crops. Extraneous 
maximum residue limit (EMRL) refers to the maximum permitted limit of residues 
of mostly POP pesticides, which were previously used as pesticides but not regis-
tered any more, and residues arising from environmental contamination (including 
previous agricultural use) or residues from uses of these pesticides other than for 
agricultural purpose, e.g. DDT, Aldrin, etc.

6.2 Pesticide residues in food, water and air

There are several reports of pesticide residues detected on food exceeding the 
MRL values. For example, in India, vegetable samples were tested for the presence 
of OC, OP and pyrethroid insecticides, and 15.3% samples exceeded the MRL. In 
two Brazilian pesticide residue monitoring programs less than 3% of the samples 
had residue levels above the MRL. Pesticide residues were detected in 34% of 
samples of cereal grains collected throughout Poland and 3% samples contained 
residues over the maximum limit. A study from Maule Region (Talca, Chile) found 
pesticide residues on the fruits and vegetables schoolchildren brought as snack [5].

The pesticide residues detected in fruits and vegetables from Lithuania had 
multiple pesticides; 9 residues in grapes and tea, 5-9 residues in orange, mandarins, 
lemons, peaches, pears and 3-5 residues in pomegranates, plums, cucumbers, 
tomatoes and strawberries, and found that 2.6% samples exceeded the MRL values 
[6]. In a European Union study 14–23% of the samples had detectable residues of 
more than one active ingredient where 3.0–5.5% samples had residues levels above 
the MRL [7]. Exposure to multiple pesticide residues could be due to intake from 
a single food item containing multiple residues or from several food items each 
containing one or more residues. The combined toxic effects of two or more com-
pounds can be independent, additive or synergistic.

Both recreational and medicinal cannabis samples contained high levels of 
residual pesticides and pesticides not legally allowed to be used on cannabis prod-
ucts in Oregon. Medicinal cannabis products were found to have mean levels of 
residual pesticides that were 3-12 times higher than recreational products, and 9 
of the 50 pesticides identified were classified highly or extremely hazardous by the 
WHO [8].

Pesticide residues have been found in surface, groundwater and potable water 
samples from India [9]. Pesticide residues levels in river water and in drinking water 
samples in Turkey were significantly high compared with guideline values set by 
Turkey, EU and WHO as hazardous to human health [10]. Higher concentrations 
of pesticides in ambient air were recorded from potato farm sites in Prince Edward 
Island, Canada, Taihu Lake region of China and Kaweah Reservoir, CA, USA. A 
total of 87 pesticides were identified in the household dust samples from the rural 
Yakima Valley of Washington state, 47 of these have evidence of neurotoxicity 
included in the EPA list [11].

7. Impacts of pesticide use on human health

7.1 Acute health effects of pesticide exposure

The short-term acute adverse effects pesticide exposure on human health are 
stinging eyes, rashes, blisters, skin irritations, blindness, nausea, dizziness, diarrhea 
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5.2 Fungicides
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transport/membrane integrity or function, sterol biosynthesis in membranes, cell 
wall biosynthesis, melanin synthesis in cell wall and host plant defense induction. 
Some fungicides and herbicides are considered endocrine disrupting pesticides.
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(synthetic auxins; auxin transport inhibitors), seedling growth inhibitors, photo-
synthetic inhibitors, amino acid synthesis inhibitors, lipid synthesis inhibitors, cell 
membrane disrupters, pigment inhibitors.
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inhibitory compounds and the most commonly used synthetic auxins include 
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prop, MCPA (2-methyl-4-chlorophenoxyacetic acid), mecoprop and picloram. 
These are commonly used systemic herbicides which mimic the plant growth 
hormone auxin (indole acetic acid) [4]. Some of these synthetic auxin herbicides 
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6. Pesticide residues in food, water and air

6.1 Pesticide residues

‘Pesticide residue’ means any specified substance in food, agricultural com-
modities, or animal feed resulting from the use of pesticides. The term also includes 
any derivatives of a pesticide, such as conversion products, metabolites, reaction 
products, and impurities considered to be toxic. Application of pesticides during 
the production or storage of agricultural commodities result in pesticide residues 
in food (fruits, vegetables, grain, meat, etc). Pesticide residues are also found in 
the drinking water. Pesticide residues can build up to harmful levels through bio-
accumulation and bio-magnification within the food chain.

WHO, in collaboration with FAO performs pesticide risk assessment to humans, 
both through direct exposure and through residues in food. The WHO core assess-
ment group on pesticide residues review toxicological data and establish the accept-
able daily intakes (ADIs) and acute reference doses (ARfDs) of pesticide residues 
for different commodities through a lifetime of food consumption. The ADIs are 
amount of pesticide residues which will not result in adverse health effects. Codex 
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Alimentarius Commission (the intergovernmental standards-setting body for food) 
establishes maximum residue limits (MRLs) for pesticides in food based on ADIs.

The MRL depends on the crop it is used on, and the same pesticide active ingre-
dient may have different MRL values when used on different crops. Extraneous 
maximum residue limit (EMRL) refers to the maximum permitted limit of residues 
of mostly POP pesticides, which were previously used as pesticides but not regis-
tered any more, and residues arising from environmental contamination (including 
previous agricultural use) or residues from uses of these pesticides other than for 
agricultural purpose, e.g. DDT, Aldrin, etc.

6.2 Pesticide residues in food, water and air
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two Brazilian pesticide residue monitoring programs less than 3% of the samples 
had residue levels above the MRL. Pesticide residues were detected in 34% of 
samples of cereal grains collected throughout Poland and 3% samples contained 
residues over the maximum limit. A study from Maule Region (Talca, Chile) found 
pesticide residues on the fruits and vegetables schoolchildren brought as snack [5].
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tomatoes and strawberries, and found that 2.6% samples exceeded the MRL values 
[6]. In a European Union study 14–23% of the samples had detectable residues of 
more than one active ingredient where 3.0–5.5% samples had residues levels above 
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of the 50 pesticides identified were classified highly or extremely hazardous by the 
WHO [8].
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total of 87 pesticides were identified in the household dust samples from the rural 
Yakima Valley of Washington state, 47 of these have evidence of neurotoxicity 
included in the EPA list [11].

7. Impacts of pesticide use on human health

7.1 Acute health effects of pesticide exposure

The short-term acute adverse effects pesticide exposure on human health are 
stinging eyes, rashes, blisters, skin irritations, blindness, nausea, dizziness, diarrhea 
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and death. Exposure to pesticides in agricultural work can cause serious risks to 
the respiratory system causing chronic cough, dyspnea, wheezing and expectora-
tion, decreased lung capacity, asthma, and bronchitis. These respiratory problems 
were found in workers in flower crops in Ethiopia, coffee plantations in Brazil 
and banana plantations in Costa Rica. In banana farming in Rio Grande do Norte 
(Brazil), the use of pesticides was related to the symptoms of burning in the throat 
and lungs, airway congestion, cramps, skin peeling, diarrhea, headache, chest pain, 
weakness, cough and skin irritation.

In banana production region of the Ribeira Valley (Brazil), workers (majority 
males, low schooling, mean age 39.6 years and 13.8 years of working time) had 
moderate obstructive disorder (10.0%) and mild obstructive disorder (13.3%) with 
decreased FEV1 (forced expiratory volume in 1 second) and FEV1/FVC (the ratio 
between forced expiratory volume in the first second and forced vital capacity and 
is very important for the detection of obstructive disorders). Similarly, exposures to 
mixtures (pollutants and pesticides) in children with asthma in California were also 
associated with reduced lung function measures FEV1 and FVC [12].

Many studies have found positive associations with pesticide exposure and 
children’s respiratory and allergic effects such as asthma, wheezing, coughs, acute 
respiratory infections, hay fever, rhinitis, eczema, chronic phlegm, and lung func-
tion impairments. A study of school-age children with asthma in the agricultural 
community of Yakima Valley (Washington State) found that increase in exposures 
to OP insecticides was related with increase in LTE4 levels which was associated 
with a higher risk of asthma morbidity [13]. The neonicotinoid insecticides (e.g. 
imidacloprid, nitenpyram) are nicotinic receptors agonists and their exposure cause 
nausea, vomiting, muscle weakness, respiratory effects, headache, lethargy, and 
tachycardia.

7.2 Chronic effects of pesticide exposure

The long-term chronic adverse effects of pesticides exposure are cancers, birth 
defects, reproductive harm, neurological and developmental toxicity, immunotox-
icity, and disruption of the endocrine system. The chronic effects of pesticides on 
human can be categorized into three major groups; neurotoxic effects, genotoxic 
and carcinogenic effects, and reproductive effects.

7.2.1 Neurotoxic effects

Neurotoxicity can be defined as any adverse effect on the central or peripheral 
nervous system caused by chemical, biological or physical agents. A developing 
nervous system in children (during replication, migration, differentiation, myelina-
tion of neurons, and synapse formation) is more susceptible to neurotoxic chemi-
cals including pesticides. Chemicals (pesticides) can cause neuronal cell death by 
disruption of the cytoskeleton, induction of oxidative stress, calcium overload, or 
by damaging mitochondria. Most of the synthetic insecticides, some fungicides and 
herbicides, currently in use are neurotoxicants.

Pesticide molecules are small and lipophilic in nature, and can enter from blood 
to brain and then in neurons, glial cells and brain micro vessels. Pesticides can 
disrupt blood-brain barrier receptors in the central nervous system which enhance 
chronic toxicity and affect the receptor-mediated transcytosis. Neuronal cells are 
more susceptible to oxidative stress due to their high polyunsaturated fat content in 
the myelin sheaths, low anti-oxidative capabilities, enzymatic systems with tran-
sient metals that aid in the production of free radicals, and demand for high oxygen 
and glucose metabolism rate.
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OPs and carbamates bind to and phosphorylate/carbamalate the AChE which 
causes accumulation of acetylcholine at cholinergic synapses causing overstimulation 
of muscarinic and nicotinic cholinergic receptors. Neuropsychiatric disorders, such as 
anxiety and depression, are observed in patients with acute and long-term poisoning 
from OPs. OPs may also cause an intermediate syndrome and OP-induced delayed 
polyneuropathy (OPIDP) 1-3 weeks after a single exposure. In carbamates, the AChE 
inhibition is reversible and acute intoxication is generally resolved within a few hours.

The OP insecticides can disturb the function of mitochondria by inducing oxida-
tive stress in central nervous system through critical depletion of mitochondrial 
energy, the activation of proteolytic enzymes, and DNA fragmentation leading 
to apoptosis. The dysfunction of mitochondria and oxidative stress is responsible 
for several neurological diseases, including Parkinson’s disease, seizure, cognitive 
dysfunction, attention and memory deficits, dementia, depression, and Alzheimer’s 
disease. OP triggered induction of a xanthine oxidase may play a role in cognitive 
impairment.

In a study, increased inhibition of cholinesterase enzyme with increased expo-
sure to OP insecticides was confirmed in both occupationally exposed (OE) and 
environmentally exposed (EE) groups of people. The OP exposure, mainly in the 
EE group, was associated with a diminished neuropsychological performance; 
general mental status, language, memory, attention, executive function, praxis and 
psychomotricity.

Acute poisoning due to exposure to OP (particularly chlorpyrifos) was reported 
with higher prevalence of peripheral polyneuropathy, and deterioration of cogni-
tive functions (verbal fluency, and visual and auditory memory) was observed in 
agricultural workers and in inhabitants of rural agricultural areas. Exposure to OP 
insecticides in rural schoolchildren was associated with a lower processing speed in 
children and an IQ lower than expected for their age.

Exposure to type I pyrethroids cause tremor syndrome (behavioral arousal, 
aggressive sparring, increased startle response, and fine body tremor progressing 
to whole-body tremor, and prostration) while type II pyrethroids exposure cause 
salivation syndrome (profuse salivation, coarse tremor progressing to choreoate-
tosis, and clonic seizure). The poisoned cerebral cortex affect learning, memory, 
emotions, and movement. Pyrethroids exposure has been positively associated with 
hearing loss in U.S. adolescents. Pyrethroids exposure induced Tau protein mal-
function which may be the mechanism underlying cognitive impairment. Paraquat, 
triazine and pyrazole (herbicides) through oxidative stress, raised influx of calcium 
and the stimulation of nitrogen oxide species, and aggravated Aβ amyloidogenesis 
cause cognitive impairment.

Exposure to endocrine disrupting chemicals (EDCs) including many pesticides 
can disrupt maternal thyroid imbalance which can result in permanent and lifelong 
neurodevelopmental consequences for their children, including attention-deficit 
disorder, autism spectrum disorder, and cognitive and behavioral dysfunction. 
Workers of fruit and seed export companies in a rural area of Santiago exposed 
to methyl bromide (CH3Br, a fumigant) had increased concentration of CH3Br in 
blood after application which resulted in a higher frequency of insomnia, head-
aches, paresthesias, mood swings, memory loss, and decreased concentration [14].

Parkinson’s disease (PD) is characterized by progressive degeneration of dopa-
minergic neurons of the nigrostriatal pathway and the formation of alpha-synuclein 
(α-syn)-containing Lewy bodies. Dieldrin (OC) is selectively toxic to dopaminergic 
cells, disrupts striatal dopamine activity, and may promote α-syn aggregation while 
ziram (dithiocarbamate fungicide) increases the probability of synaptic vesicle 
release by dysregulation of the ubiquitin signaling system and increases excitability 
in both aminergic and glutamatergic neurons leading to PD.
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7.2.2 Genotoxic and carcinogenic effects

A genotoxic agent can be a physical, chemical or biological agent that can 
interact with the genetic material (DNA) causing alterations, damage or ruptures, 
and those that interfere with enzymatic processes of repair, genesis or polymeriza-
tion of proteins involved in chromosome segregation. These alterations could lead 
to impaired embryonic development or be the initial steps in the development of 
cancer. Pesticides exposure can cause genomic damage. Genetic damage caused by 
pesticides is broadly classified into three classes; (i) Pre-mutagenic damage like 
DNA strand breaks and DNA adducts (ii) gene mutations like insertion, deletion, 
inversion and translocation (iii) chromosomal aberrations, including loss or gain of 
whole chromosome (aneuploidy), deletion or breaks (clastogenicity), and chromo-
somal rearrangements.

Farmers exposed to pesticide mixtures in Greece had possible clastogenic 
(chromosome breakage cause mutation) and aneugenic (abnormal number of chro-
mosomes) effect of pesticides on the genetic material. DNA methylation changes in 
the placenta were significantly associated with the maternal plasma concentrations 
of OCs in early pregnancy causing prenatal toxicity. OPs affect DNA methylation, 
induce the AChE gene expression and activate the NMDA glutamate receptors 
resulting in calcium influx in the post-synaptic neurons leading to degeneration.

Genetic damage has been reported from exposure to malathion (OP), carbofu-
ran (carbamate), triflumuron (Insect growth regulator), imidacloprid, acetamiprid 
and thiamethoxam (neonicotinoid insecticides), pentachlorophenol (OC), 
Emamectin benzoate (used in agriculture, household, and veterinary medicine), 
and tembotrione (novel post-emergence herbicide) (Table 2).

Cancer is characterized by an uncontrolled cell growth with limitless replica-
tion, resistance to apoptosis, alteration of growth factors (GFs), resistance to 
chemotherapy, metastasis and angiogenesis. Cancer develops as a result of multi-
factorial complex interactions of genetic and lifestyle factors including, diet, 
stress, physical and biological agents, infections, and exposure to the hazardous 
chemical substances. Pesticides exposure acts as a stimulant to cancer and chronic 
low-dose is considered one of the important risk factors for the increasing can-
cer incidence. Table 3 presents a list of pesticides suggesting carcinogenicity in 
 different types of studies.

WHO
Hazard Class

Band 
color

Signal word Dermal LD50 (mg/Kg)

Solid 
formulation

Liquid 
formulation

Class Ia
Extremely Hazardous

Red VERY TOXIC <10 <40

Class Ib
Highly Hazardous

Red TOXIC 10–100 40–400

Class II
Moderately Hazardous

Yellow HARMFUL 100-1000 400-4000

Class III
Slightly Hazardous

Blue CAUTION >1000 >4000

Class U
Products unlikely to present a 
hazard

Green

Table 2. 
Pesticides hazard classification by FAO.
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Type of cancer ToP Name of pesticide Type of study Reference

Non-Hodgkin 
lymphoma 
(NHL)
and Hodgkin 
lymphoma (HL)

OC P,p’-DDT Case control [15]

P,p’-DDE Agricultural health [16]

HCH Case control

MoC Nonachlor/
trans-nonachlor 
hexachlorobenzene

Blood
Agricultural health

OC Mirex Case control

Chlordane Case control

Lindane Case control

OP Malathion Case control [17]

Diazinon

Terbufos Case control [18]

Dimethoate chlorpyrifos Agricultural health [15]

PYR Permethrin Case control [16]

NPYR Pyrethrum Agricultural health [17]

PHE 2,4-D Case control [19]

Mecoprop Epidemiological [20]

CHL Dichlorprop Case control [21]

BNZ Dicamba Case control [20]

GLY Glyphosate Case control [16]

Breast OC Pp'-DDT Histopathology [22]

Pp'-DDD Histopathology [23]

P,p′-DDE

β-HCH Histopathology [24]

Heptachlor

Hexachlorobenzene

OP Chlorpyrifos MCF-7 breast cancer 
cells

[25]

Malathion

Terbufos Case control/MCF-7/
MCF-10F

[26]

Diazinon

Dimethoate

PYR Flucythrinate AutoDock Vina 1.1.1 [27]

Fluvalinate

Bifenthrin

Cyhalothrin

Cypermethrin

NEO Thiacloprid imidacloprid Hs578t cells [28]

PTH Captan Agricultural health [29]

GLY Glyphosate Case control [30]
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Prostate OC Pp'-DDT
Lindane

Case-control [31]

Endosulfan Human prostate cancer 
PC3 and DU145 cell

[32]

OB Methyl bromide Agricultural health [33]

OP Chlorpyrifos Prostate epithelial lines [34]

Dimethoate Agricultural health [35]

Malathion
Carbaryl

Case-control [31]

PYR λ-Cyhalothrin Prostate epithelial lines [34]

Bifenthrin PC3 human [36]

Deltamethrin Prostate cancer cell [37]

QUI Dichlone Case control [31]

IMI Prochloraz PC-3 prostate cancer 
cells

[38]
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7.2.2.1 Non-Hodgkin lymphoma and Hodgkin lymphoma

Non-Hodgkin lymphoma (NHL) is a diverse group malignancies and its inci-
dence has increased worldwide. Patients with immune dysfunction are at a high risk 
to develop NHL. Studies have reported an elevated risk of NHL with exposure to 
several classes of pesticides. Terbufos (OP nematicide), dimethoate, malathion and 
chlorpyrifos (OP insecticide), and 2,4-D and dichlorprop (chlorophenoxy herbi-
cides) have been associated with significant risk of developing HL.

7.2.2.2 Leukemia

Leukemia has been associated with occupational exposure with a higher risk 
in livestock farmers and golf course superintendents. The risk of chronic myelo-
cytic leukemia (CML) and acute myeloblastic leukemia (AML) was found to be 
higher in women. Children whose parents used garden and indoor insecticides, or 

Thyroid OP Malathion Agricultural health [51]

TRZ Penconazole Agricultural health [52]

TRI Atrazine Agricultural health [53]

Amitrole Nthy-ori-3-1 cell [54]

Ovarian OC Pp'-DDT Blood [55]

Pp'-DDE
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OP Diazinon Agricultural health [51]

PYR λ-Cyhalothrin BG-1 ovarian cancer 
cells

[56]

Cypermethrin

Cyprodinil

HYD Fenhexamid Mouse model with 
transplanted BG-1 cells

[56]

Colorectal OC Pp'-DDE [57]

Endosulfan

OP Chlorpyrifos Human colorectal 
adenocarcinoma H508 
cells

[58]

CAR Aldicarb

αCH Acetochlor Agricultural health [51]

Brain OP Dichlorvos Male albino Wistar rats [59]

ToP, type of pesticide; OC, organochlorine insecticide; MoC, metabolites of chlordane; OP, organophosphate 
insecticide; PYT, pyrethroid insecticide; NPYT, natural pyrethroid insecticide; PHC, phenoxy-carboxylate herbicide; 
CHL, chlorophenoxy herbicide; BEN, benzoate herbicide; GLY, glycine herbicide; NEO, neonicotinoid insecticide; 
PHT, phthalimide fungicide; OB, organobromine insecticide; QUI, quinone algicide; IMI, imidazole fungicide; DIC, 
dicarboximide fungicide; MoV, metabolite of vinclozolin; CHP, chlorinated pyridine herbicide; ORG, organoarsenic 
herbicide; TRI, triazine herbicides; Mo2, metabolite of 2,4-D; Mod, metabolite of dinoseb dinitrophenol herbicide; 
αCH, α-chloroacetamides herbicide; IMZ, imidazolinones herbicides; CAR, carbamate insecticide/nematicide; BEZ, 
benzamide, pyramide fungicide; BED, benzimidazole fungicide; TRZ, triazole fungicide; HYD, hydroxyanilides 
fungicides.

Table 3. 
List of Pesticides Suggesting Carcinogenicity in different types of studies.
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whose mothers had been exposed while pregnant had increased rates of all types 
of leukemia. Children living on farms and those exposed to household pesticides 
have increased risk of leukemia. Association between occupational exposure to 
pesticides and chronic lymphocytic leukemia (CLL) has been reported from Spain. 
A nationwide study in France showed a moderate increase in incidence of childhood 
AL in municipalities where viticulture is common.

7.2.2.3 Brain cancer

Brain tumors are the most common solid tumors in children and the leading 
cause of cancer-related mortality during childhood. A positive association has been 
reported between parental occupational, prenatal or residential exposure, living 
on a farm, mothers living on farms, rural activity and childhood brain tumors. 
Increased risk for primitive neuroectodermal tumors (PNETs) was associated with 
maternal exposure living on pig or poultry farms. Exposure to pyrethroid formula-
tions used to control mosquitoes and cockroaches at home also increase the risk of 
brain tumors.

7.2.2.4 Breast cancer

Breast cancer is the leading cause of cancer-related deaths among women. About 
650 pesticides out of the 800 used worldwide can affect the functioning of the 
endocrine system and are called endocrine disrupting pesticides (EDPs). EDPs have 
the potential ability to act as tumor promoters and increasing risk of breast cancer. 
All women diagnosed with breast cancer between 1995 and 2005 in the city of Arica 
(geographic area that received massive aerial applications of malathion in 1980) 
were 5.7 times more likely to suffer from breast cancer compared to women diag-
nosed during the same period in the city of Iquique, Chile [14]. Several chemical 
classes of insecticides, fungicides and herbicides have been associated with breast 
cancer in women (Table 3).

7.2.2.5 Prostate cancer

Prostate cancer is the second most common cancer in men globally, and accounts 
for 7% of all cancers. More than 95% of cases of prostate cancer are androgen-
dependent. The higher incidence of prostate cancer, at least in part, has been associ-
ated with the hormone disrupting pesticides and consistent positive associations 
between prostate cancer and pesticide exposure have been reported.

7.2.2.6 Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the 6th most common cancer, and the 4th 
most common cause of cancer-related mortality. The major risk factors include 
hepatitis B virus (HBV), hepatitis C virus (HCV), alcohol, aflatoxin contaminated 
foods, obesity, smoking and type 2 diabetes besides pesticides. Pesticides exposure 
has been associated with increased risk of developing HCC.

7.2.3 Reproductive effects

EDCs are emerging as one of the leading risks and are recognized as serious 
and urgent threats to public health. In laboratory studies, EDCs are reported to 
shorten gestation, alter intrauterine growth, and disrupt metabolic programming. 
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Prenatal exposure to EDCs can affect fetal neurodevelopment through disruption of 
peroxisome proliferator activated receptors, mainly estrogen receptors, and thyroid 
hormone receptors.

Failure of testosterone production in Leydig cells leads to failure of testosterone-
bound androgen receptor-mediated gene transcription necessary for spermatogen-
esis. Many studies have shown that various pesticides decrease testosterone levels. 
Testosterone is required for the final stages of sperm maturation, so a decrease in 
intra-testicular testosterone is likely to impair fertility. Vinclozolin (fungicide) and 
chlorpyrifos (OP) can reduce testosterone production. Exposure to higher concen-
trations of OP and dialkyl phosphates (metabolites of OPs), p,p’-DDE, fenvalerate 
and atrazine (chlorotriazine herbicide) have been consistently associated with 
lower semen quality (sperm concentration, motility, and morphology).

A study of male children from a village of cashew plantations, where endo-
sulfan (OC, EDC) had been aerially sprayed for more than 20 years, showed a 
delay in sexual maturity and an alteration in sex hormone synthesis. Endosulfan, 
in exposed mothers, can move via trans-placental route and breast feeding to 
children. Exposure during critical periods of development might contribute to 
decline conception rates and increased incidence of female reproductive dis-
orders, such as altered cyclicity, endometriosis, fetal growth retardation, and 
pregnancy loss [60].

A high incidence of spontaneous abortions 81.02 / 1000 live newborns was 
reported in Valparaíso Region (agricultural area) compared to 9.5 /1000 live 
newborns in the rest of Chile. A 28% incidence of congenital malformations in live 
newborns was reported in the O’Higgins Region (agricultural area) compared to 
only 15% of cases in non-agricultural in Chile [14].

8. Conclusion

Pesticides are used in managing pests of agricultural and public health impor-
tance, and their use will continue in future because of food security and vector 
control. Additionally, pesticides are used at home in fumigation for structural pests 
and to mitigate household pest using aerosols or sprays. It is difficult to eliminate 
pesticides in the near future, but they should be used with care and caution. Most 
pesticides are potentially toxic to human beings resulting in severe health conse-
quences including cancers.

Epidemiological evidence suggests that there is an increased incidence of differ-
ent diseases including leukemia, lymphoma, and several other types of cancers in 
farmers, and those who are associated with application of pesticides. There is also 
evidence that parental exposure, as well as, exposure in early life or adolescence 
could increase the longer-term risks.

Since animal studies are problematic, expensive and often generate ethical 
problems, cell cultures are increasingly used as a model of research. Correctly 
conducted and properly selected, the cell culture is an excellent experimental model 
reflecting human exposure to different xenobiotics through all relevant routes. The 
cell cultures are also becoming more widely used to study the effect of pesticides on 
the human body at a molecular level, which is necessary to understand the hazards 
and determine the level of exposure.

Some pesticides (OCs) are no longer used worldwide due to their persistence 
and toxicity. However, their residues or metabolites are still found in food and water 
samples. The use of OPs and carbamate insecticides has been reduced since the 
arrival of newer chemistries in different parts of the world but most of them are still 
use around the world.



Emerging Contaminants

70

whose mothers had been exposed while pregnant had increased rates of all types 
of leukemia. Children living on farms and those exposed to household pesticides 
have increased risk of leukemia. Association between occupational exposure to 
pesticides and chronic lymphocytic leukemia (CLL) has been reported from Spain. 
A nationwide study in France showed a moderate increase in incidence of childhood 
AL in municipalities where viticulture is common.

7.2.2.3 Brain cancer

Brain tumors are the most common solid tumors in children and the leading 
cause of cancer-related mortality during childhood. A positive association has been 
reported between parental occupational, prenatal or residential exposure, living 
on a farm, mothers living on farms, rural activity and childhood brain tumors. 
Increased risk for primitive neuroectodermal tumors (PNETs) was associated with 
maternal exposure living on pig or poultry farms. Exposure to pyrethroid formula-
tions used to control mosquitoes and cockroaches at home also increase the risk of 
brain tumors.

7.2.2.4 Breast cancer

Breast cancer is the leading cause of cancer-related deaths among women. About 
650 pesticides out of the 800 used worldwide can affect the functioning of the 
endocrine system and are called endocrine disrupting pesticides (EDPs). EDPs have 
the potential ability to act as tumor promoters and increasing risk of breast cancer. 
All women diagnosed with breast cancer between 1995 and 2005 in the city of Arica 
(geographic area that received massive aerial applications of malathion in 1980) 
were 5.7 times more likely to suffer from breast cancer compared to women diag-
nosed during the same period in the city of Iquique, Chile [14]. Several chemical 
classes of insecticides, fungicides and herbicides have been associated with breast 
cancer in women (Table 3).

7.2.2.5 Prostate cancer

Prostate cancer is the second most common cancer in men globally, and accounts 
for 7% of all cancers. More than 95% of cases of prostate cancer are androgen-
dependent. The higher incidence of prostate cancer, at least in part, has been associ-
ated with the hormone disrupting pesticides and consistent positive associations 
between prostate cancer and pesticide exposure have been reported.

7.2.2.6 Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the 6th most common cancer, and the 4th 
most common cause of cancer-related mortality. The major risk factors include 
hepatitis B virus (HBV), hepatitis C virus (HCV), alcohol, aflatoxin contaminated 
foods, obesity, smoking and type 2 diabetes besides pesticides. Pesticides exposure 
has been associated with increased risk of developing HCC.

7.2.3 Reproductive effects

EDCs are emerging as one of the leading risks and are recognized as serious 
and urgent threats to public health. In laboratory studies, EDCs are reported to 
shorten gestation, alter intrauterine growth, and disrupt metabolic programming. 

71

Pesticides and Human Health
DOI: http://dx.doi.org/10.5772/intechopen.93806

Prenatal exposure to EDCs can affect fetal neurodevelopment through disruption of 
peroxisome proliferator activated receptors, mainly estrogen receptors, and thyroid 
hormone receptors.

Failure of testosterone production in Leydig cells leads to failure of testosterone-
bound androgen receptor-mediated gene transcription necessary for spermatogen-
esis. Many studies have shown that various pesticides decrease testosterone levels. 
Testosterone is required for the final stages of sperm maturation, so a decrease in 
intra-testicular testosterone is likely to impair fertility. Vinclozolin (fungicide) and 
chlorpyrifos (OP) can reduce testosterone production. Exposure to higher concen-
trations of OP and dialkyl phosphates (metabolites of OPs), p,p’-DDE, fenvalerate 
and atrazine (chlorotriazine herbicide) have been consistently associated with 
lower semen quality (sperm concentration, motility, and morphology).

A study of male children from a village of cashew plantations, where endo-
sulfan (OC, EDC) had been aerially sprayed for more than 20 years, showed a 
delay in sexual maturity and an alteration in sex hormone synthesis. Endosulfan, 
in exposed mothers, can move via trans-placental route and breast feeding to 
children. Exposure during critical periods of development might contribute to 
decline conception rates and increased incidence of female reproductive dis-
orders, such as altered cyclicity, endometriosis, fetal growth retardation, and 
pregnancy loss [60].

A high incidence of spontaneous abortions 81.02 / 1000 live newborns was 
reported in Valparaíso Region (agricultural area) compared to 9.5 /1000 live 
newborns in the rest of Chile. A 28% incidence of congenital malformations in live 
newborns was reported in the O’Higgins Region (agricultural area) compared to 
only 15% of cases in non-agricultural in Chile [14].

8. Conclusion

Pesticides are used in managing pests of agricultural and public health impor-
tance, and their use will continue in future because of food security and vector 
control. Additionally, pesticides are used at home in fumigation for structural pests 
and to mitigate household pest using aerosols or sprays. It is difficult to eliminate 
pesticides in the near future, but they should be used with care and caution. Most 
pesticides are potentially toxic to human beings resulting in severe health conse-
quences including cancers.

Epidemiological evidence suggests that there is an increased incidence of differ-
ent diseases including leukemia, lymphoma, and several other types of cancers in 
farmers, and those who are associated with application of pesticides. There is also 
evidence that parental exposure, as well as, exposure in early life or adolescence 
could increase the longer-term risks.

Since animal studies are problematic, expensive and often generate ethical 
problems, cell cultures are increasingly used as a model of research. Correctly 
conducted and properly selected, the cell culture is an excellent experimental model 
reflecting human exposure to different xenobiotics through all relevant routes. The 
cell cultures are also becoming more widely used to study the effect of pesticides on 
the human body at a molecular level, which is necessary to understand the hazards 
and determine the level of exposure.

Some pesticides (OCs) are no longer used worldwide due to their persistence 
and toxicity. However, their residues or metabolites are still found in food and water 
samples. The use of OPs and carbamate insecticides has been reduced since the 
arrival of newer chemistries in different parts of the world but most of them are still 
use around the world.



Emerging Contaminants

72

Author details

Riaz Shah
Sultan Qaboos University, Muscat, AlKhod, Oman

*Address all correspondence to: riazshah@squ.edu.om

The workplace safety standards and proper pesticide management and storage 
must be implemented to reduce the risks posed to human health. Pesticide users 
should be aware of their risks and proper handling, as well as must use personal 
protective equipment which are effective in reducing damage to human health. To 
ensure healthy childhood growth, efforts should be made to develop comprehensive 
pesticides risk mitigation strategies and interventions to reduce children’s exposure.

It is critical to achieve sustainable development in agricultural systems. Newer 
approaches in pest management have been developed which should be encouraged. 
For example, RNA interference- (RNAi-) based pesticides are emerging as a prom-
ising new biorational control strategy [61] and steam treatment at temperature of 
150.56°C can kill 93.99% of nematode 97.49% of bacteria [62].

Future research need in the context of minimizing the impact on human health 
due to exposure to pesticides include an urgent need to eliminate the use of carcino-
genic pesticides and to develop environmentally sound integrated pest management 
(IPM) strategies that use the minimum amount of pesticides. Such IPM strategies 
should aim at reducing the pesticides residues on food products and pesticides-free 
water and air.
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Abstract

The present review addresses the impacts of pesticides used in crops on  
non-target organisms in aquatic ecosystems. In recent decades, these ecosystems 
have received large amounts of these compounds, which are released by urban 
communities, rural and industrial properties. Pesticides reach the aquatic environ-
ment through different routes (leaching, irrigation, drainage, and surface runoff) 
and can easily reach non-target organisms, such as fish, mollusks, as well as other 
benthic organisms. Usually, these animals tend to undergo bioaccumulation. 
Exposure to these pesticides can cause numerous physiological changes by direct 
influence on certain cellular structures, such as on the lysosomal membrane, which 
can be degraded. Also, they can even react with nucleic acids resulting in several 
genetic injuries, thus causing adverse reactions to the body. There is a need for more 
incentives for the adoption of sustainable agroecological practices, as well as a ban 
on active ingredients harmful to the environment, in addition to strict inspection by 
competent environmental agencies.
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1. Introduction

In the last decades, with the machinery modernization and the consolidation 
of the sector of modern inputs, agriculture has been growing at a fast pace, with 
pesticides being one of the main instruments that drive the agricultural sector in 
productivity gains [1]. However, the indiscriminate use of these substances has 
easily reached non-target organisms and their effects on the environment are 
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varied, ranging from the reduction in the availability and quality of water to the 
compromise of air and food quality, harming human health. Also, it can directly 
affect cellular structures of aquatic or terrestrial organisms resulting in damage to 
biodiversity [2].

In the early 1960s, society began to worry about the adverse effects and 
potential risk that these pesticides posed to human health and the environ-
ment. In several countries, production, marketing, and use of many of these 
compounds, in particular those considered persistent organic pollutants (POPs), 
such as organochlorines, were banned [3]. With the ban on most organochlorine 
compounds (less toxic, but with greater bioaccumulation in the environment), 
after the Second World War, carbamate and organophosphate pesticides had 
their use intensified. Also, it became the most used pesticides worldwide, 
being widely used in developing countries with a predominantly agricultural 
economy [4].

These toxic substances have the potential to cause various biochemical and 
genetic injuries to non-target organisms. Carbamates and organophosphates, for 
example, are potent inhibitors of the acetylcholinesterase enzyme, which damages 
the nervous system of an exposed organism [5, 6]. This enzyme acts in the hydrolysis 
of the acetylcholine neurotransmitter in cholinergic synapses. Its inhibition can 
lead the individual to death due to cholinergic hyperstimulation. Pesticides are also 
known for their mutagenic and carcinogenic effects. They react with nucleic acids 
causing adverse reactions in the body. Thus, monitoring and controlling the presence 
of these substances in the environment are necessary, since these compounds have 
become a human health and environmental problems [7].

2. Pesticides in aquatic environments

Pesticides or agrochemicals are defined as:

“Products and agents of physical, chemical or biological processes, intended for use 
in the sectors of production, in the storage and processing of agricultural products, 
in pastures, in the protection of forests, native or implanted, and of other ecosystems 
and also of urban environments, whose purpose is to change the composition of 
flora or fauna, in order to preserve them from the adverse action of living beings 
considered harmful” [8].

According to the harmful species that intend to eliminate, these compounds 
are classified as insecticides, fungicides, herbicides, acaricides, rodenticides, mol-
luscicides, among others. Herbicides represent 48% of the total pesticides, which 
is followed by insecticides (25%) and fungicides (22%) [9]. Depending on the 
chemical class, they can be grouped into pyrethroids, organochlorines, organo-
phosphates, carbamates, benzoylureas, neonicotinoids, among others [10].

Pesticides arrive in the environment carried by runoff and leaching of 
rainwater, irrigation, and drainage or by spraying, as shown in Figure 1. Among 
these processes, runoff and leaching can contaminate reservoirs, lakes, and riv-
ers. Also, they expose aquatic organisms at levels of pesticides that can be toxic 
to many species. Once present in the aquatic environment, these compounds can 
penetrate the organisms orally - through the ingestion of contaminated food, 
respiratory - through the gills, and dermal - through the surface of the body. In 
most cases, these organisms tend to suffer bioaccumulation [1, 13]. Pesticide 
exposure can cause numerous physiological changes by direct influence on 
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certain cellular structures, for example, on the lysosomal membrane, which can 
be degraded or can react with nucleic acids, resulting in several genetic injuries 
that cause adverse reactions in the body [2].

Currently, there is a growing concern about the exacerbated use of pesticides 
since, in recent decades, aquatic ecosystems have received alarmingly large 
amounts of these compounds, which are released by urban communities, rural 
properties, and industries. Thus, society started to worry about the adverse effects 
of these substances and their potential risk [14]. According to Silva et al. [4], 
carbamates and organophosphates are the most used pesticides worldwide. They 
together account for more than 50% of what is marketed.

Organophosphate pesticides (OPs) comprise a large number of substances 
classified chemically as esters, amides, or derivatives of pentavalent phosphoric 
acids. Carbamates (CBs) are esters, or N-substituted derivatives of carbamic acid 
(carbamic acid monoamide) (Figure 2). Both have low water solubility and are, 
in general, easily hydrolyzable in alkaline environments [10, 15, 16]. In general, 
OPs need biotransformation to become toxicologically active, unlike CBs that are 
already bioactive.

Figure 1. 
Pesticide paths to the aquatic environments. Source: [11, 12].

Figure 2. 
Organophosphate pesticides: (a) methyl-paration (triesters of phosphoric acid), (b) carbamate carbofuran 
(esters derived from carbamic acid).
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Carbamates and organophosphates affect the nervous system of organisms. 
They inhibit the activity of the enzyme acetylcholinesterase (AChE), as demon-
strated by Wang et al. [17]. In their study, AChE inhibition in carp (Cyprinus carpio) 
exposed to various concentrations of organophosphates, malathion, and triazo-
phos, as well as carbamates fenobucarb and carbosulfan, was evaluated. In equitoxic 
mixtures, the authors noted that AChE activity was inhibited by the combination 
of triazophos and malathion, as well as triazophos and carbosulfan, with synergism 
occurring. The effects of organophosphates on the behavior and activity of the 
AChE of zebrafish larvae have also been studied, through exposure to chlorpyrifos 
and malathion, and changes in swimming speed (hypoactivity and hyperactivity), 
rest and tigmotatism have been found [18].

Recently, benzoylurea, a class of pesticide that in the past was not considered 
an acetylcholinesterase inhibitor, since its main mode of action is the inhibi-
tion of chitin biosynthesis in insects (which interrupts the incorporation of 
N-acetylglycosamine monomers), demonstrated anticholinesterase potential [19]. 
In 2011, this class of pesticides represented 3.6% of the world’s pesticide market. 
Since then, its commercial importance has grown over the years [20].

3.  Effect of pesticides on enzymes of non-target organisms in the aquatic 
environment

The intensive use of pesticides in agricultural cultivation has been one of the 
main problems responsible for the contamination of aquatic ecosystems. It is due 
to both the deposition and consequent accumulation of these contaminants in the 
environment and the sensitivity of the organisms. Currently, there is an increasing 
number of studies in which fish, for example, are used as indicators of pesticides 
in the aquatic ecosystem, since these substances, even in low concentrations, can 
affect their physiology and survival capacity [17, 21, 22].

These organisms are sources of biologically active molecules. When their func-
tioning is altered, compromise the organism’s physiological functions, which cul-
minates in genetic, biochemical, morphological, ecological, or behavioral changes 
[23]. These biomolecules are considered as biomarkers, and their measurement 
has been used in biomonitoring programs to detect exposure to toxic substances in 
the aquatic environment [24]. This early detection allows identifying the presence 
of the contaminant, even before it causes significant changes in the health of the 
exposed individuals.

Among exposure biomarkers, recent studies showed great interest in enzyme 
biomarkers as an alternative for monitoring impacted aquatic environments due to 
their high specificity and speed in responding to changes from target substances 
[4, 6, 17, 21, 25, 26]. The use of enzymes as biomarkers is based on inhibitory or 
inductive interference caused by contaminants in their catalytic activity. Most 
of these toxic compounds have a high affinity for electron pairs found in the 
amino acids that form the enzymes, such as the sulfhydryl - SH groups and other 
functional groups from the catalytic site [5, 27]. Among the main enzymes used 
extensively for this purpose, cholinesterase enzymes stand out (ChEs; EC 3.1.1.x).

3.1 Influence of pesticides on cholinesterase enzyme activity

Two distinct cholinesterases are found in vertebrate and invertebrate aquatic 
organisms, acetylcholinesterase (AChE, EC 3.1.1.7) and butyrylcholinesterase 
(BChE, EC 3.1.1.8). AChE is a hydrolase that predominates mainly in erythrocytes, 
neurons, ganglia of the autonomic nervous system, and terminal motor plates. Its 
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main function is to promote the hydrolysis of the neurotransmitter acetylcholine. 
It releases acetate and choline in the cholinergic synapses. Due to its key function 
in the control of synaptic transmission, this enzyme becomes one of the most 
vulnerable molecular targets to the action of neurotoxic agents. For this reason, 

Figure 3. 
Steps of inhibition by organophosphorus (A) and carbamates (B): I – Approaching of the organophosphorus 
(OP) or carbamate (CB) pesticide into the bottom of the catalytic cavity attracted by the choline binding sub-site 
(for OP only) and transition state in the interaction between enzyme and the pesticide. In particular, the bonds 
involved; II - Scheme representing the two occurrence possibilities during the existence of the enzyme-OP complex: 
spontaneous reactivation (left) or aging (right – only OP); III – Free enzyme; IV - Before undergoing aging (only 
OP), R2 was attracting electrons from the phosphorus atom. After the removal of R2, these electrons are shared 
with “O”-Serine, strengthening the binding, which cannot be hydrolyzed.
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it has been widely studied in aquatic organisms and proposed for use in monitoring 
programs, given its sensitivity [5, 6]. On the other hand, BChE predominates in 
plasma, liver, neuroglia, pancreas, and digestive tract walls. It has not fully clari-
fied its function, and the absence of its activity has been reported in the brains of 
several fish species [4, 28].

These enzymes are widely used in biomonitoring of aquatic ecosystems. They 
are used as biomarkers of the presence of two specific classes of pesticides: car-
bamates and organophosphates, which generally have low environmental persis-
tence, especially when compared to organochlorines, but with greater toxicity. 
These substances act by inhibiting enzymatic activity. It interacts with the steratic 
site by phosphorylation (organophosphates) or carbamoylation (carbamates) 
(Figure 3) [12, 29].

Inhibition, once initiated, tends to generate acute or chronic intoxication. 
Depending on the degree of exposure to the toxic substance, the individual may die, 
due to over-stimulation of his nervous system, since with AChE inhibition, acetyl-
choline accumulates in neuromuscular junctions and cholinergic synapses [22, 30]. 
The signs and symptoms of carbamate poisoning are similar to those of organo-
phosphates. They differ only in the duration and intensity of toxicity. The moderate 
effects of carbamates compared to organophosphates are due to the fact that they 
reversibly inhibit acetylcholinesterase (hydrolysis with enzyme regeneration) and 
are rapidly metabolized in vivo [31].

The anticholinesterase action of these pesticides, simultaneously, causes AChE 
inhibition of central and peripheral nervous tissue. Also, they inhibit erythrocyte 
AChE and plasma BChE [29]. According to the data from the Food and Agriculture 
Organization (FAO, 2007) [32], inhibition of cholinesterase activity from 20% 
characterizes the action of anticholinesterase agents. After 50% inhibition, clinical 
signs are visualized, and after 90% inhibition, the organism dies.

The in vitro study of acetylcholinesterase activity in various fish species, such as 
arapaima (Arapaima gigas), peacock bass (Cichla ocellaris), tambaqui (Colossoma 
macropomum), zebrafish (Danio rerio), jaguar cichlid (Parachromis managuensis), 
streaked prochilod (Prochilodus lineatus), cobia (Rachycentron canadum), and tilapia 
(Oreochromis niloticus), have been proposed to be used in the detection of harmful 
physiological effects of pesticides to these aquatic organisms [4, 6, 33–35]. In addi-
tion to these, we can mention the works of GHAZALA et al. [26], who tested the 
effect of three sublethal concentrations of the profenofos and carbofuran pesticides 
on the activity of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) in 
the brain, gills, muscle, kidney, liver, and blood of the species Labeo rohita (Indian 
carp). These authors found that exposure to both pesticides affected the functions 
of these organs, including metabolism and neurotransmission. Araújo et al. [6] also 
reported in vitro inhibition of acetylcholinesterase by carbamate and organophos-
phate pesticides in the brain of the Jaguar cichlid, showing high degree of toxicity.

These studies have confirmed fish as a practical and economically viable source 
of acetylcholinesterase, which is capable of making water resource biomonitoring 
procedures routine.

4. Genotoxic effects of pesticides

Pesticides, in general, are known to have genotoxic, mutagenic, and carcinogenic 
action, since they interact chemically with the genetic material, promoting changes 
in the DNA molecule. These alterations in the organisms’ DNA can cause serious 
consequences, since, at the individual level, they damage cells and organs and can 
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even affect their reproductive function [36]. Among the most used methodologies 
for assessing DNA damage in aquatic organisms, the micronucleus (MN) test stands 
out, which allows the observation of macrolesions in the genome quickly, simply, 
and minimally invasive [37–39]. This test consists of a blood smear on a slide 
(Figure 4A) and is commonly applied to fish erythrocytes, oysters hemocytes, and 
crabs as an alternative in the detection of genotoxic agents, such as pesticides, in 
environmental biomonitoring programs [36, 40–42].

Currently, it is one of the most used cytogenetic tests in the field of toxicologi-
cal genetics since it is a sensitive test for detecting structural either-or numerical 
chromosomal changes [43, 44]. In addition to the micronucleus test, nuclear 
morphological changes (NMC) can also be analyzed. Several studies describe the 
presence of these changes in fish cells as a result of exposure to genotoxic sub-
stances [7, 44, 45].

In addition to these tests, the Comet Assay (single cell gel electrophoresis assay) 
is also one of the most used in the evaluation of genomic damage caused by pesti-
cides. It presents high sensitivity in detecting pre-mutagenic lesions in individual 
cells. It is a technique capable of detecting microlesions in DNA, which are genomic 
lesions that can be repaired [46]. In this technique, cells that have damages in their 
DNA, form different fragments which tend to migrate at different speeds during the 
electrophoretic run, forming a comet under fluorescence microscopy (Figure 4B).

Among the studies that demonstrate the action of pesticides in aquatic organ-
isms, we can mention the study by Silva et al. [7] that evaluated the genotoxic 
potential of the herbicide trifluralin (one of the herbicides most used in weed con-
trol) on Colossoma macropomum (tambaqui). The mutagenic and genotoxic effects 
of different concentrations of trifluralin (0.25, 0.5, 0.75, 1.0 mg L−1) in peripheral 
erythrocytes of C. macropomum, were investigated using the micronucleus test 
(MN), assay comet, and apoptosis. After an exposure period of 96 h, the results 
showed a significant rate of micronuclei and nuclear abnormalities in erythrocytes 
from C. macropomum exposed to 0.5, 0.75, 1.0 mg L−1 of trifluralin compared to the 
group control, thus confirming the genotoxicity of the herbicide trifluralin in the 
investigated species.

Figure 4. 
Micronucleus test (A) and Comet assay (B) to evaluate DNA da mages in aquatic organisms.
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5. Conclusion

In the search for high productivity, the use of pesticides has been intensified 
in agricultural crops. Also, the indiscriminate use of these substances has reached 
non-target organisms, causing deleterious effects on biodiversity, especially in the 
aquatic ecosystem.

To mitigate these impacts, several methodologies have been used to detect 
exposure to these toxic substances in aquatic environments. Among them, the 
methodologies that aim to evaluate the exposed organism at the biochemical 
and genetic level, as described in this review, show efficiency. It allows the early 
identification of the presence of the contaminant even before it causes significant 
changes in the health of the exposed individual, as well as before higher levels 
of biological organization are reached. It is worth mentioning that the pesticides 
present in aquatic ecosystems can accumulate in high concentrations in the organ-
isms throughout the trophic level reaching the human being.

Monitoring and controlling the presence of these substances in the environment 
is necessary since these compounds have become a human and environmental 
health problem. Allied to this, there is a need for more incentives for the adop-
tion of sustainable agroecological practices, as well as the prohibition of harmful 
active ingredients to the environment, added to the strict inspection by competent 
environmental agencies.
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Chapter 6

Limited Knowledge and Unsafe 
Practices in Usage of Pesticides 
and The Associated Toxicity 
Symptoms among Farmers in 
Tullo and Finchawa Rural Kebeles, 
Hawassa City, Sidama Regional 
State, Southern Ethiopia
Lana MHD Jamal Alshalati

Abstract

The insufficient knowledge regarding safe and proper pesticide handling by 
farmers in developing countries has led to extensive agricultural expansions at 
the expense of the health of farmers. The objective of this study was to assess 
the knowledge and field practices of farmers regarding pesticide handling, and 
to determine the prevalence of acute and chronic health-related problems in 
Finchawa and Tullo rural Kebeles of Hawassa City Administration. A cross-
sectional mixed methods research design was employed to capture the fuller 
image of the issue. Farmers’ knowledge regarding pesticide handling and toxicity 
found to be on average. The odds of the knowledge concerning proper pesticide 
handling was positively influenced by the factor of age, access to training; and 
years of experience; Field practices adopted by farmers were disappointing and 
intentional suicide incidents among teenagers were the result of farmers’ unsafe 
storage. Nearly all the farmers did not use any means of PPE, and the lack of 
awareness about the dermal route presented a high risk of exposure. The com-
mon self-reported toxicity symptoms experienced by the participants included 
a headache (84.93%) and slow heartbeats (72.60%). The odds of prevalence of 
long-term toxicity symptoms found to be negatively correlated with the training 
factor while the same was positively influenced by the working hours in the farm. 
The study revealed that there is a high risk of exposure among farmers and their 
families in the study area.

Keywords: farmers, knowledge, unsafe practices, awareness, Toxicity symptoms, 
exposure
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1. Introduction

1.1 Background of the study

In parallel with the line of feeding 9.8 billion people by 2050, agricultural 
productions are largely expanding and intensifying [1]. The agricultural sector 
that made a living for 65% of poor working adults living in the developing world 
[2], includes the largest segment of society afflicted with the greatest amount of 
pesticide exposure [3]. Farmers and farmworkers put themselves at risk of pesticide 
poisoning during the production process [4]. They are routinely exposed to toxic 
pesticides via spray, drift or direct contact with pesticide residues on treated crops 
or soil [5].

Excessive and indiscriminate use of the most infamous synthetic organic chemi-
cals, specifically chlorinated hydrocarbons like DDT, left a long-lasting imprint on 
every atom on earth since the beginning of the green revolution to date [6]. Despite 
the early alarming signs on the gruesome effects of these chemicals, such as the sharp 
decline of the bald eagle and other birds in the highest trophic levels of the food chain 
[7], the ascendency of using these chemicals pressed onward. This entailed uninten-
tional pesticide exposure to the general population via food consumption [3, 8].

In Ethiopia, the agricultural sector is a source of livelihood for more than 80% of 
the population and represents more than three quarters of national exports [9], which 
impacts that almost 80% of the population in Ethiopia contributes to posing negative 
health issues to both humans and the environment, leading to the prevalence of acute 
and chronic health issues among people in the whole population [10, 11]. Hence, 
addressing this problem will have practical benefits for Ethiopia and will contribute 
to understanding of this widespread phenomenon among farmers almost in the 
whole country.

Unsafe practices exhibited by farmers in Ethiopia included the frequent mixing 
of highly toxic pesticides, unsafe storage and unsafe transport methods [12], unsafe 
disposal of empty pesticide containers [10], spraying while barefooted, using 
obsolete pesticides [13], selling illegal, expired, hazardous, unknown, repacked 
pesticides in small containers without any labeling, manufacturing or expiry date 
by unauthorized and untrained people in shops and local village in open markets 
[13], reusing empty insecticide containers for food and potable water, washing 
pesticide-contaminated work clothing with the family clothes and using highly 
toxic insecticides to treat head lice, fleas, bedbugs, and even to try to cure open 
wounds using malathion and (DDT), sometimes with fatal results [14].

Few researches in Ethiopia were conducted concerning the same area of study 
[10–12, 15], and further studies about pesticide use and pesticide-related illnesses 
are needed to develop more effective approaches for protecting farmers from pesti-
cide exposure and moving the targets towards organic farming, resulting in having 
a healthy community free of disabilities and other dysfunctional diseases.

2. Material and methods

2.1 Study area

The study was conducted at Finchawa and Tullo rural kebeles in Hawella Tula 
sub city, which is located in Hawassa City Administration, Sidama, Ethiopia. Tullo 
and Finchawa are considered the catchment area of Lake Hawassa. The area lies on 
1728 meters above sea level. The land form is plain [16], and has tropical savanna 
climate with two seasons [17]. The mean annual temperature is 20.9 °C with 
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mean rainfall 997.6 mm [17]. The type of soils around Lake Hawassa in general is 
Andisols. A source of information about the type of soil in the study area is Hawassa 
University, Agricultural Campus. The two main crops cultivated in both areas are 
corn and ensete.

2.2 Study design and data collection tools

A cross-sectional survey with both qualitative and quantitative data collec-
tion research design were employed. The study was conducted between June and 
September 2020. The study also applied concurrent triangulation in data collec-
tion, where both qualitative and quantitative data were collected in one phase of 
the research study and equally weighted. A concurrent triangulation procedure is 
the model mostly employed when researchers first consider mixed methods as it 
results in a shorter data collection time period [18]. The three different primary 
data sources used in this study were a standardized questionnaire, key informant 
interview and a document review.

2.3 Methods of data collection

A supportive letter was given from the College of Natural and Computational 
Science, Biology Department, Hawassa University, to get the permission of the 
respective directions to select the study participants and conduct the interviews in 
extension offices, health institutions and hospitals. Two days of training were allo-
cated to train four experienced data collectors. The training focused on explaining 
the purpose of the study, the meaning and interpretation of some scientific ter-
minologies in each question, and obtaining consent from every single participant. 
The data collectors were experienced and capable of speaking the local languages 
(Amharic and Sidamingia). The four data collectors conducted door-to-door visits 
based on a list of members of the households to get responses and fill in the ques-
tionnaire. The list of householders was coded and their names were not mentioned 
for anonymity and confidentiality. In-depth interviews with officials and physicians 
were conducted by the researchers with the help of a professional translator who 
spoke both Amharic and English languages.

2.4 Data analysis

All data was coded and analyzed using SPSS version 25. Descriptive statistics 
were used to summarize frequencies and proportions, and results were presented in 
tables and charts. A multiple logistics regression model was employed to determine 
the effect of the independent variables on farmers’ knowledge and the prevalence 
of self-reported toxicity symptoms. Multiple logistic regression was employed 
due to its powerful statistical way of modeling a binomial outcome for categorical 
data [19]. Chi-square, as well as Hosmer and Lemeshow tests, were firstly used 
before running the logistic regression test to measure the association between the 
independent and dependent variables and to check whether the model fits the data 
or not respectively. The data was summarized using the odds ratio, 95% confidence 
interval at .05 alpha levels.

2.5 Sampling technique and sample size determination

The study employed a multi-stage sampling technique due to the advantage 
it gives of using more than one stage and combine several sampling techniques. 
The multi-stage sampling in this study entitled four stages. In the first stage, the 



Emerging Contaminants

94

1. Introduction

1.1 Background of the study

In parallel with the line of feeding 9.8 billion people by 2050, agricultural 
productions are largely expanding and intensifying [1]. The agricultural sector 
that made a living for 65% of poor working adults living in the developing world 
[2], includes the largest segment of society afflicted with the greatest amount of 
pesticide exposure [3]. Farmers and farmworkers put themselves at risk of pesticide 
poisoning during the production process [4]. They are routinely exposed to toxic 
pesticides via spray, drift or direct contact with pesticide residues on treated crops 
or soil [5].

Excessive and indiscriminate use of the most infamous synthetic organic chemi-
cals, specifically chlorinated hydrocarbons like DDT, left a long-lasting imprint on 
every atom on earth since the beginning of the green revolution to date [6]. Despite 
the early alarming signs on the gruesome effects of these chemicals, such as the sharp 
decline of the bald eagle and other birds in the highest trophic levels of the food chain 
[7], the ascendency of using these chemicals pressed onward. This entailed uninten-
tional pesticide exposure to the general population via food consumption [3, 8].

In Ethiopia, the agricultural sector is a source of livelihood for more than 80% of 
the population and represents more than three quarters of national exports [9], which 
impacts that almost 80% of the population in Ethiopia contributes to posing negative 
health issues to both humans and the environment, leading to the prevalence of acute 
and chronic health issues among people in the whole population [10, 11]. Hence, 
addressing this problem will have practical benefits for Ethiopia and will contribute 
to understanding of this widespread phenomenon among farmers almost in the 
whole country.

Unsafe practices exhibited by farmers in Ethiopia included the frequent mixing 
of highly toxic pesticides, unsafe storage and unsafe transport methods [12], unsafe 
disposal of empty pesticide containers [10], spraying while barefooted, using 
obsolete pesticides [13], selling illegal, expired, hazardous, unknown, repacked 
pesticides in small containers without any labeling, manufacturing or expiry date 
by unauthorized and untrained people in shops and local village in open markets 
[13], reusing empty insecticide containers for food and potable water, washing 
pesticide-contaminated work clothing with the family clothes and using highly 
toxic insecticides to treat head lice, fleas, bedbugs, and even to try to cure open 
wounds using malathion and (DDT), sometimes with fatal results [14].
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2. Material and methods
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were conducted by the researchers with the help of a professional translator who 
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before running the logistic regression test to measure the association between the 
independent and dependent variables and to check whether the model fits the data 
or not respectively. The data was summarized using the odds ratio, 95% confidence 
interval at .05 alpha levels.

2.5 Sampling technique and sample size determination

The study employed a multi-stage sampling technique due to the advantage 
it gives of using more than one stage and combine several sampling techniques. 
The multi-stage sampling in this study entitled four stages. In the first stage, the 
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Tula sub-city was purposively selected as it is relatively accessible by scientists. 
In the second stage, the Finchawa and Tullo rural kebeles were also purposively 
selected because of the considerable number of farmlands available in both kebeles, 
the extensive usage of pesticides in their farmlands, and their strategic location 
around Lake Hawassa. Both rural kebeles are considered the catchment area of 
Lake Hawassa. In the third stage, the study applied a simple random sampling to 
select farmers from both rural kebeles. All participants agreed to participate in the 
research study by signing informed consent forms. In the fourth stage, a conve-
nience sampling was employed to select one official from the extension office in 
Finchawa, one official from the extension office in Tullo, one physician from the 
Bushullo Health Institution and one physician from the Referral Hospital.

The farmers’ representative of both Finchawa and Tullo rural Kebeles estimated 
the number of farmers that use pesticides in their farmland as 100 farmers distrib-
uted as follows: Finchawa 49% and Tullo 51%. The sample size was determined by 
using the formula of Kothari [20]; at 95% level of confidence. Accordingly, the total 
sample including 10% of the contingency is 73.

2.6 Pilot testing

The questionnaire was piloted with 20 farmers (10 participants from Finchawa 
and 10 participants from Tullo) who did not participate in the study. Hence, all 
the forwarded comments regarding the wording of sentences, vague sentences 
and unclear scientific ideas were amended to ensure the validity of the items. The 
research was also expected to be reliable on its findings. Reliability of binary items 
were tested using Kuder–Richardson 20. The KR-20 can be applied to any test item 
responses that are dichotomously scored [21]. The value of internal consistency 
tests suggested a good level of reliability. Further, the internal consistency of the 
Likert scale items, was also tested using Chronbach’s alpha. Cronbach’s (1951) alpha 
was developed based on the necessity to evaluate items scored in multiple answer 
categories [21]. The value of internal consistency tests indicated a good level of 
reliability.

3. Results and discussion

3.1 Demographic characteristics of the respondents

As depicted in item 1 of Table 1 below regarding male to female ratio, about 
91.8% of the participants were males, while only 8.2% were females. The domi-
nance of males over females in this study might be due to the nature of work as men 
usually are more involved in pesticide handling than women [22]. The sex ratio 
presented in this study is in line with the finding of [23].

Regarding the age of the respondents, about 50.7% had their ages between 
36–45 years, while 20.5% and 16.4% were within the range of 46–55 and 25–35, 
respectively. The average age of the farmers was 44.42 years. The obvious decrease 
in the proportion of farmers on the both sides of the age spectrum might be due to 
youths’ lack of interest in farming, in addition to their tendency to shift to urban 
areas for better employment and higher income [24]. The decrease may also be due 
to the health deterioration of aged farmers, as this limits their abilities to put up 
with more physical-consuming tasks that might add more health burdens to the 
bunch they already have.

Concerning the education status of the participants, the majority 65.75% had a 
formal education, mainly primary education 10.96%, secondary education 49.32%, 
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preparatory and above level 5.48%, while 34.25% of the participants were illiterates. 
Therefore, there is a considerable proportion of educated farmers in both kebeles 
and, the highest observations were categorized in the secondary education level. 
In comparison with similar studies that were previously conducted, there is a leap 
of improvement in the achievements of the educational sector in Ethiopia. A study 
done by [25] reported that only 24.3% of the sample participants completed their 
secondary level of education. Accordingly, the investment of the Ethiopian govern-
ment in education through a sustainable increase in national expenditure and aids 
to the educational sector [26] is well translated in this study. Yet, more efforts are 
still needed to eradicate illiteracy completely, especially in the country sides.

With respect to farmers’ work experience, most of the respondents 34.2% had 
5–10 years of farming experience, followed by 27.4% and 21.9% of the same with 
10–20 years and over 20 years of experience, in that order. Conversely, only 16.4% 
of the study participants had less than 5 years of experience. This clearly shows that 
most of the farmers in the study area had quite adequate experience which, in other 
studies, proved to have a significant contribution to good pesticide knowledge and 
safe practices [23, 27].

Variables Category Freq. Percentage

Gender Female 6 8.2%

Male 67 91.8%

Age of the Respondent 25.00–35.00 12 16.4%

36.00–45.00 37 50.7%

46.00–55.00 15 20.5%

56.00–70.00 9 12.3%

Educational Level No formal education 25 34.25%

First cycle primary (Grade 1–4) 8 10.96%

Second cycle primary (Grade 5–8) 22 30.14%

Secondary (Grade 9–10) 14 19.18%

Preparatory and above level 4 5.48%

Years of Experience Less than 5 years 12 16.4%

5–10 years 25 34.2%

10–20 years 20 27.4%

20 years and above 16 21.9%

Average Monthly Income <1000 birr 46 63.0%

1001–1500 birr 14 19.2%

1500 birr and above 13 17.8%

Residential Area Living on the farm 48 65.8%

Within 5 km distance from the farm 18 24.7%

5–12 km away from the farm 7 9.6%

Is Farming Your only source of income 32 43.8%

You have another source (other job) 41 56.2%

Working Hours Per Day on the 
Farm

Part-timer <8 hours 41 56.2%

Full-timer >8 hours 32 43.8%

Table 1. 
Demographic characteristics of sample respondents (N = 73).
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and, the highest observations were categorized in the secondary education level. 
In comparison with similar studies that were previously conducted, there is a leap 
of improvement in the achievements of the educational sector in Ethiopia. A study 
done by [25] reported that only 24.3% of the sample participants completed their 
secondary level of education. Accordingly, the investment of the Ethiopian govern-
ment in education through a sustainable increase in national expenditure and aids 
to the educational sector [26] is well translated in this study. Yet, more efforts are 
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10–20 years and over 20 years of experience, in that order. Conversely, only 16.4% 
of the study participants had less than 5 years of experience. This clearly shows that 
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Majority of the respondents 63% earned less than 1000 Ethiopian birr, followed 
by 19.2% who earned 1001–1500 birr, while 17.8% of the respondents were found to 
earn 1500 birr and above. The low monthly income was also reflected by the study 
of [16] in Ethiopia.

About 65.8% of the respondents reported to be living on the farm, while 24.7% 
of the same replied that they are living within 5 km distance from the farm. On 
the contrary, 9.6% of the participants were living 5–12 km away from the farm. 
However, residing in or close to agricultural lands might increase the potential risk 
of pesticide exposure on farmers and their families through non-occupational path-
ways via spray drift and volatilization of pesticides beyond the treated area [28].

Majority 56.2% of the sample farmer respondents indicated that they have addi-
tional sources of income other than farming, while 43.8% of the same mentioned 
that farming is their only source of income.

Concerning the working hours per day, the majority of the respondents 56.2% 
indicated that they work as part-timers and they spend less than 8 hours per day on 
the farm, while 43.8% of the participants made known that they work as full-timers 
and they spend more than 8 hours on the farm. The low income of the majority 
of the respondents justifies the steep decrease in the proportion of youth in farm-
ing lands found in this study, and shows the modern-day slavery lifestyle which is 
portrayed in cheap wages beside the long working hours.

Accordingly, the socio-economic profile of the participants in both kebeles 
in this study indicated a kind of harsh lifestyle that swings in a range of difficult 
circumstances, including poverty, modern life slavery and illiteracy.

3.2 Farmers’ knowledge regarding pesticides handling and toxicity

Participants were presented with eight questions that they could answer either 
‟Yes or No″. For the purpose of analysis, data was coded as (Yes = 1 and No = 0). The 
result showed that the total sum of the knowledge score was 288 with the mean and 
SD of knowledge score of 3.95 ± 1.07. The range of the knowledge score was 0 to 8 
where: <4 = poor knowledge while ≥4 = good knowledge [23].

The sample farmer respondents were asked whether pesticides make people feel 
sick or not. Accordingly, the majority 56.2% of the farmers had a lack of awareness 
about pesticide use posing some potential risk to human health, while 43.8% of 
the respondents perceived that pesticides make people feel ill or sick. Similarly, 
the lack of awareness regarding the adverse health effects of highly toxic pesticides 
among farmers in the study area was also assured by the emergency physician in 
the Referral Hospital, who indicated during the interview that farmers would not 
store highly toxic pesticide in their homes if they were well aware about pesticide’s 
fate in the environment and the negative health effects that pesticides might pose 
on humans. This finding is in line with the study of [29] which reported that 71% 
of the farmers had limited knowledge about pesticides posing a health problem in 
their community.

When inquired as to whether water gets polluted from pesticide runoff or 
not, about 35.61% of the respondents believed that the pesticides could pollute 
the aquatic environment, while the majority 64.39% of the respondents did not 
consider that the pesticide may affect the water bodies. The limited knowledge of 
farmers about the end fate of pesticides in the environment justifies the finding 
of [30] regarding the high concentration of DDT found in the Barbus intermedius 
fish, which represents the highest trophic level of the food chain in Lake Hawassa. 
However, the majority 67.12% of the farmers reported that contaminated water 
makes people sick or ill. This finding is in line with a previous study reported by 
[29] which stated that 91% of the farmers knew that water might get polluted 
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from pesticide runoff, and people can get sick from water contaminated by 
pesticide runoff.

In item 4 of Table 2, participants were asked about the routes of which pesti-
cides can enter their body. According to the data in Table 2, Inhalation 56.16%, 
followed by Oral 36.99%, Ocular 32.88%, and Dermal 12.76%. Conversely, con-
siderable fraction 42.47% of the respondents did not know about the exposure 
route by which the pesticide could enter the body. However, despite the fact that 
dermal absorption is the main exposure route for pesticide appliers [31], it was the 
least route reported by respondents 24.66%. This rationalizes the high proportion 
of participants who reported to clean the contaminated area of skin after finish-
ing their shift, rather than cleaning it immediately. The depiction of this action is 
illustrated in Figure 1. Moreover, this study noted that the majority of farmers were 
aware of the important entry routes of pesticide exposure, including inhalation and 
ingestion. These findings are in line with similar studies carried out by [32, 33].

Regarding farmers’ knowledge of the effect of pesticides on food quality and 
quantity, about 71.2% of the respondents replied that pesticide application affects 

Items Category Freq. %

Do pesticides make people feel ill or sick? No 41 56.2%

Yes 32 43.8%

Does the water get polluted from pesticide runoff? No 47 64.39%

Yes 26 35.61%

Does contaminated water make people sick? No 24 32.9%

Yes 49 67.1%

Routes of which pesticides can enter your body? [Multiple 
responses possible]

Skin 18 24.66%

inhalation 41 56.16%

oral 27 36.99%

Eye 24 32.88%

Do not know 31 42.47%

Will the food be of the same quality without using pesticides? No 52 71.2%

Yes 21 28.8%

Can a farmer obtain the same yields without pesticides? 
(Quantity)

No 31 42.5%

Yes 42 57.5%

Would people get sick if they entered the farm after a few 
hours of spraying (2–3 hours)

No 52 71.2%

Yes 21 28.8%

Do you know about biological and natural control? No 18 24.66%

Yes 55 75.34%

What kind of pesticides do you use?
[Multiple responses possible]

Insecticide 43 58.90%

Herbicide 57 78.08%

Fungicide 14 19.18%

Rodenticides 3 4.11%

Knowledge status Poor 24 32.12%

Good 49 67.12%

Table 2. 
Farmers’ knowledge of pesticide handling and toxicity (n = 73).
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Majority of the respondents 63% earned less than 1000 Ethiopian birr, followed 
by 19.2% who earned 1001–1500 birr, while 17.8% of the respondents were found to 
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Concerning the working hours per day, the majority of the respondents 56.2% 
indicated that they work as part-timers and they spend less than 8 hours per day on 
the farm, while 43.8% of the participants made known that they work as full-timers 
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about pesticide use posing some potential risk to human health, while 43.8% of 
the respondents perceived that pesticides make people feel ill or sick. Similarly, 
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not, about 35.61% of the respondents believed that the pesticides could pollute 
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consider that the pesticide may affect the water bodies. The limited knowledge of 
farmers about the end fate of pesticides in the environment justifies the finding 
of [30] regarding the high concentration of DDT found in the Barbus intermedius 
fish, which represents the highest trophic level of the food chain in Lake Hawassa. 
However, the majority 67.12% of the farmers reported that contaminated water 
makes people sick or ill. This finding is in line with a previous study reported by 
[29] which stated that 91% of the farmers knew that water might get polluted 
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from pesticide runoff, and people can get sick from water contaminated by 
pesticide runoff.

In item 4 of Table 2, participants were asked about the routes of which pesti-
cides can enter their body. According to the data in Table 2, Inhalation 56.16%, 
followed by Oral 36.99%, Ocular 32.88%, and Dermal 12.76%. Conversely, con-
siderable fraction 42.47% of the respondents did not know about the exposure 
route by which the pesticide could enter the body. However, despite the fact that 
dermal absorption is the main exposure route for pesticide appliers [31], it was the 
least route reported by respondents 24.66%. This rationalizes the high proportion 
of participants who reported to clean the contaminated area of skin after finish-
ing their shift, rather than cleaning it immediately. The depiction of this action is 
illustrated in Figure 1. Moreover, this study noted that the majority of farmers were 
aware of the important entry routes of pesticide exposure, including inhalation and 
ingestion. These findings are in line with similar studies carried out by [32, 33].

Regarding farmers’ knowledge of the effect of pesticides on food quality and 
quantity, about 71.2% of the respondents replied that pesticide application affects 

Items Category Freq. %

Do pesticides make people feel ill or sick? No 41 56.2%

Yes 32 43.8%

Does the water get polluted from pesticide runoff? No 47 64.39%

Yes 26 35.61%

Does contaminated water make people sick? No 24 32.9%

Yes 49 67.1%

Routes of which pesticides can enter your body? [Multiple 
responses possible]

Skin 18 24.66%

inhalation 41 56.16%

oral 27 36.99%

Eye 24 32.88%

Do not know 31 42.47%

Will the food be of the same quality without using pesticides? No 52 71.2%

Yes 21 28.8%

Can a farmer obtain the same yields without pesticides? 
(Quantity)

No 31 42.5%

Yes 42 57.5%

Would people get sick if they entered the farm after a few 
hours of spraying (2–3 hours)

No 52 71.2%

Yes 21 28.8%

Do you know about biological and natural control? No 18 24.66%

Yes 55 75.34%

What kind of pesticides do you use?
[Multiple responses possible]

Insecticide 43 58.90%

Herbicide 57 78.08%

Fungicide 14 19.18%

Rodenticides 3 4.11%

Knowledge status Poor 24 32.12%

Good 49 67.12%

Table 2. 
Farmers’ knowledge of pesticide handling and toxicity (n = 73).
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food quality. In contrast, 28.8% of the study participants disagreed with the stated 
statement. However, studies proved that pesticide application brings a primary 
benefit of better quality on crops, and this quality brings a benefit that outweighs 
the potential risk of human’s exposure to very low residues of pesticides, especially 
in a diet containing fresh fruits and vegetables [3].

Regarding the effect of pesticides on crop quantity, about 42.5% of the farmers 
indicated that pesticides application is essential for high crop yield and productiv-
ity, while the majority 57.5% contradicted the correlation between pesticide applica-
tion and crop quantity.

Farmers’ tendency to rely on pesticides application to speed up the eradication 
of pest infestation is evident in this study. This reflects the high influence of the 
government on their officials perception, as the Ethiopian government extension 
program encourages the use of pesticides in agriculture and supports the widely-
accepted perception that there is no other alternatives to pesticides [13].

Concerning whether people get sick if they entered the farm after a few hours 
of spraying (2–3 hours) or not, about 28.8% of the respondents perceived that 
pesticides make people feel ill or sick if they entered the farm after a few hours of 
spraying (2–3 hours), while 71.2% of the respondents did not relate any significant 
health effect to the exposure of pesticides. Farmers who re-enter treated fields soon 
after pesticide application might be in serious risk of exposure, especially when 
safety measures are poorly adopted [4].

Participants were also asked whether they know about biological and natural 
control or not. Majority 75.34% of the farmers indicated that they know about 
biological and natural control of pesticides, while only 24.66% of the participants 
did not know about natural pest control. In similar vein, officials in the agricultural 
extension office mentioned during the interview that farmers had used tobacco 
leaves as pest repellant and added healthy soil to the infested one when they are 
confronted with a shortage of pesticide availability. The aforementioned findings 
concerning farmers’ knowledge about biological and natural control correlate with 
similar statements made by their authorities.

Insecticides 58.90% and herbicides 78.08% are the most common types of pes-
ticides utilized in this study, while fungicides 19.18% and rodenticides 4.11% were 
the least pesticides used. Authorities from the agricultural office also indicated that 
the three main pesticides used in both kebeles are endosulfan to eradicate aphids, 
diazinone to combat American bollworm, and flazasulfuron to control the growth 
of the unwanted weeds. These responses strongly suggest that farmers and local 
authorities are in agreement on the use of the above-mentioned agents.

Regarding the training that is regularly given for the participants in both 
Kebeles, the experts in the extension offices reported during the interview that:

Figure 1. 
Actions farmers usually take when their skin gets in contact with pesticides.
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‘We visit farmers in their farmlands about three times per week, and in addition, 
we keep on giving them professional training and instructions regularly.’

Despite the efforts excreted by the experts in the extension offices in both Kebeles 
regarding the proper communication and the regular training they give to farmers in 
their farmlands, there is a limited knowledge among the participants about the effects 
of pesticides on humans’ health and the environment, in addition to the lack of aware-
ness regarding the dermal route of exposure. Accordingly, the training given to the 
sample participants in the study area is in insufficient, and different strategies should 
be taken to improve the process of learning and further mitigate their risk of exposure.

3.3  Factors that influence farmers’ knowledge regarding pesticide handling and 
toxicity

The study also Investigated the factors that influenced farmers’ good knowledge 
regarding pesticide handling and toxicity. Accordingly, item 2 of Table 3 revealed 
that the odds of the knowledge are positively influenced by the age factor; therefore, 
older farmers are 1.377 times more likely to have a good knowledge regarding pes-
ticide handling and toxicity, than those who are younger. The estimated odds ratio 
is statistically significant since (p = 0.002) which indicates that (p < 0.05) is within 
a 95% confidence interval (OR = 1.377, CI = 1.125–1.685). Therefore, acquiring 
domain knowledge through aging might be due to daily observations and interaction 
with people who are knowledgeable and very well experienced in farming work.

Dependent variable:
Good knowledge
Independent Variables

B S.E. Sig. OR 95% C.I.

Lower Upper

Gender (1 = Male), 
Ref. = Female

0.584 1.342 0.664 1.792 0.129 24.864

Age of the respondent 0.320 0.103 0.002 1.377 1.125 1.685

Reference = no formal 
education

0.176

First cycle primary 
(Grade 1–4))

1.207 1.330 0.364 3.344 0.246 45.377

Second cycle primary 
(Grade 5–8)

2.503 1.203 0.037 12.222 1.157 129.162

Secondary level (Grade 
9–10)

2.799 1.230 0.023 16.436 1.476 183.046

Preparatory and above 
level (11+)

3.677 3.117 0.238 39.522 0.088 17769.305

Training in pesticides/
safety (1 = yes)

2.549 1.241 0.040 12.799 1.124 145.789

Experience  
(Ref. = > 5 years)

0.071

5–10 years 3.455 1.434 0.016 31.649 1.903 526.455

10–20 years 2.726 1.333 0.041 15.278 1.121 208.284

Above 20 years 5.015 2.059 0.015 150.681 2.666 516.792

Constant −18.148 5.348 0.001 0.000

Table 3. 
The multiple logistic regression analysis of factors that influence farmers’ knowledge of pesticide handling and 
toxicity.
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benefit of better quality on crops, and this quality brings a benefit that outweighs 
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program encourages the use of pesticides in agriculture and supports the widely-
accepted perception that there is no other alternatives to pesticides [13].

Concerning whether people get sick if they entered the farm after a few hours 
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after pesticide application might be in serious risk of exposure, especially when 
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confronted with a shortage of pesticide availability. The aforementioned findings 
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similar statements made by their authorities.

Insecticides 58.90% and herbicides 78.08% are the most common types of pes-
ticides utilized in this study, while fungicides 19.18% and rodenticides 4.11% were 
the least pesticides used. Authorities from the agricultural office also indicated that 
the three main pesticides used in both kebeles are endosulfan to eradicate aphids, 
diazinone to combat American bollworm, and flazasulfuron to control the growth 
of the unwanted weeds. These responses strongly suggest that farmers and local 
authorities are in agreement on the use of the above-mentioned agents.

Regarding the training that is regularly given for the participants in both 
Kebeles, the experts in the extension offices reported during the interview that:
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‘We visit farmers in their farmlands about three times per week, and in addition, 
we keep on giving them professional training and instructions regularly.’

Despite the efforts excreted by the experts in the extension offices in both Kebeles 
regarding the proper communication and the regular training they give to farmers in 
their farmlands, there is a limited knowledge among the participants about the effects 
of pesticides on humans’ health and the environment, in addition to the lack of aware-
ness regarding the dermal route of exposure. Accordingly, the training given to the 
sample participants in the study area is in insufficient, and different strategies should 
be taken to improve the process of learning and further mitigate their risk of exposure.

3.3  Factors that influence farmers’ knowledge regarding pesticide handling and 
toxicity

The study also Investigated the factors that influenced farmers’ good knowledge 
regarding pesticide handling and toxicity. Accordingly, item 2 of Table 3 revealed 
that the odds of the knowledge are positively influenced by the age factor; therefore, 
older farmers are 1.377 times more likely to have a good knowledge regarding pes-
ticide handling and toxicity, than those who are younger. The estimated odds ratio 
is statistically significant since (p = 0.002) which indicates that (p < 0.05) is within 
a 95% confidence interval (OR = 1.377, CI = 1.125–1.685). Therefore, acquiring 
domain knowledge through aging might be due to daily observations and interaction 
with people who are knowledgeable and very well experienced in farming work.

Dependent variable:
Good knowledge
Independent Variables

B S.E. Sig. OR 95% C.I.

Lower Upper

Gender (1 = Male), 
Ref. = Female

0.584 1.342 0.664 1.792 0.129 24.864

Age of the respondent 0.320 0.103 0.002 1.377 1.125 1.685

Reference = no formal 
education

0.176

First cycle primary 
(Grade 1–4))

1.207 1.330 0.364 3.344 0.246 45.377

Second cycle primary 
(Grade 5–8)

2.503 1.203 0.037 12.222 1.157 129.162

Secondary level (Grade 
9–10)

2.799 1.230 0.023 16.436 1.476 183.046

Preparatory and above 
level (11+)

3.677 3.117 0.238 39.522 0.088 17769.305

Training in pesticides/
safety (1 = yes)

2.549 1.241 0.040 12.799 1.124 145.789

Experience  
(Ref. = > 5 years)

0.071

5–10 years 3.455 1.434 0.016 31.649 1.903 526.455

10–20 years 2.726 1.333 0.041 15.278 1.121 208.284

Above 20 years 5.015 2.059 0.015 150.681 2.666 516.792

Constant −18.148 5.348 0.001 0.000
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The multiple logistic regression analysis of factors that influence farmers’ knowledge of pesticide handling and 
toxicity.
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According to item 3, Table 3, the odds of knowledge is also positively influenced 
by farmers’ educational level, especially with the second cycle primary (grade 5–8) 
and secondary level (grade 9–10) of education. Hence, farmers who achieved sec-
ond cycle primary (grade 5–8) education level are (12.222) times more likely to have 
a good knowledge in pesticide handling and toxicity, than those who did not achieve 
this level of education since (p = 0.037) which indicates (p < 0.05). The estimated 
odds ratio is statistically significant within a 95% confidence interval (OR = 12.222, 
CI = 1.157–129.162). A similar analysis showed that farmers who attended second-
ary level (grade 9–10) of formal education are 16.436 times more likely to have 
good knowledge in pesticide handling and toxicity than those who did not achieve 
this level of education since (p = 0.023) which indicates (p < 0.05). The estimated 
odds ratio is statistically significant within a 95% confidence interval (OR = 16.436, 
CI = 1.476–183.046).

Regarding farmers’ access to training which is presented in item 4 of  
Table 3, the odds of knowledge status is positively influenced by the training  
factor since (p = 0.040) which indicates that (p < 0.05). Thus, farmers who 
attended field training are 12.799 times more likely to have a good knowledge 
in pesticide handling and toxicity than those who did not take any training. The 
estimated odds ratio is statistically significant within 95% confidence interval 
(OR = 12.799, CI = 1.124–145.789).

Item 5 of Table 3 also showed that the odds of the knowledge were positively 
influenced by the experience factor, Accordingly, farmers who had 5–10 years of 
work experience are 31.64 times more likely to have a good knowledge in pesticide 
handling and toxicity than those who had less years of work experience since 
(p = 0.016) which indicates (p < 0.05). The estimated odds ratio is statistically 
significant with 95% confidence interval (OR = 31.64, CI = 1.903–526.455). In 
addition, farmers who had 10–20 years of work experience are 15.278 times more 
likely to have a good knowledge in pesticide handling and toxicity than those who 
had less years of work experience since (p = 0.041) which indicates (p < 0.05). 
The estimated odds ratio is statistically significant with 95% confidence interval 
(OR = 15.278, CI = 1.121–208.284). The result also indicated that farmers who have 
20 years of work experience and above are 150.681 times more likely to have a good 
knowledge in pesticide handling and toxicity, compared with the reference category 
(Ref. < 5 years) since (P = 0.015) which indicates (p < 0.05). The estimated odds 
ratio is statistically significant within 95% confidence interval (OR = 150.681, 
CI = 2.666–516.792), while gender and first cycle primary (grade 1–4) failed to be 
significant predictors under the given conditions.

3.4  Farmers’ field practices including storage, disposal, transportation and 
pesticide preparation

The study evaluated farmers’ field practices by assessing the way they disposed 
of empty pesticide containers, the way they transported pesticides from the ven-
dors’ shop to the field, the way they stored pesticides and their spraying equipment, 
and their methods of pesticide preparation.

3.4.1 Disposing empty chemical containers by farmers

About 12.33% of the participants reported burning empty pesticide containers 
as a method of disposal. The guidelines on the management options for emptying 
pesticide containers by [34] warned against and manifested on the prohibition of 
such practice. Open burning of pesticide containers generates environmentally-
persistent toxic fumes resulting from chemical traces lining the container, 
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chemicals which are used to make the body of the container, or emissions of 
incomplete combustion. Such toxic fumes might be inhaled by animals or humans 
that exist in the burning area, causing irreversible damage to health.

The majority 64.38% of the farmers reported reusing empty pesticide containers 
for other purposes, like water or food storage. Reusing empty pesticide contain-
ers might increase the risk of non-occupational exposure via pesticide residuals 
ingestion as it is impossible to remove all traces of pesticide chemicals’ residue from 
empty plastic or metal pesticide containers [35]. According to [36], empty pesticide 
containers should be shaken clean and triple-rinsed before disposing them in an 
environmental-friendly manner.

The fact that the majority of the farmers reuse empty pesticide contains for 
food and water storage is worrisome, and might be a result of a wrong percep-
tion that once the container is washed, it becomes pesticide-free and poses a zero 
negative health effect on them. This perception might be acquired from their daily 
observations as they did not suffer or saw anyone complain of any negative health 
effects on the short-term of ingestion. Hence, it is very obvious that farmers 
are unaware of the long-term risks of pesticide exposure and the adverse health 
effects these residuals might pose when they accumulate in body tissue. Reusing 
empty pesticide containers by majority of the participants was also reported by 
the study of [12].

About 10.96% of the participants disposed their empty pesticide containers 
anywhere on the farm. Such improper disposal method contaminates the soil with 
chemicals that might leach to both ground and surface water, or reach the latter via 
surface runoffs, posing a threat to aquatic organisms, as well as humans that use 
ground water for drinking.

Dropping pesticide containers in a public dump was reported by 5.4% of the 
sample participants. Such practice might expose solid waste collectors in the formal 
and informal sector to unintentional exposure via skin contact, inhalation or 
ingestion, especially those workers do not use any means of protection measures to 
avoid several safety issues they experience on a daily basis. Moreover, a considerable 
proportion of the workers in the informal sector are children who might take the 
containers, wash them improperly, and reuse them for water drinking or sell them 
to people in the local market.

In Finchawa, reusing pesticide containers was not limited to illiterate people. 
The official from the agriculture office who had 7 years of work experience in 
agriculture, a university degree and a robust background in farming, recommended 
and instructed farmers to reuse empty pesticide containers. Further, officials in 
Tullo kebele instructed farmers to dispose empty pesticide containers in pit latrines. 
When the latrines are full, they are backfilled and new pits are dug again.

Pit latrines usually lack a physical barrier that separate human’s excreta or 
chemicals thrown in the pit and soil or ground water. Therefore, contaminants from 
latrines potentially leach into ground water and seeps into other water surfaces, like 
lakes or rivers, posing a threat to humans using ground water or aquatic organisms 
living in water bodies [37].

Encouraging farmers to reuse empty pesticide containers, or throw them in 
latrines by officials, might be a part of the kebeles’ waste management strategy 
to reduce environmental contamination and save water sources due to the lack of 
availability of proper disposal facilities in Hawassa. Yet, it is strong evidence of 
poor understanding and a lack of awareness about the effects of pesticide residues 
that come in contact with food and drinking water, the long-term health effects on 
humans, and the negative impacts of pesticides on the environment.

Throwing empty pesticide containers in the lake by 6.85% of the participants 
is presented in item 5 of Table 4. According to [38], once pesticides reach water 
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chemicals which are used to make the body of the container, or emissions of 
incomplete combustion. Such toxic fumes might be inhaled by animals or humans 
that exist in the burning area, causing irreversible damage to health.

The majority 64.38% of the farmers reported reusing empty pesticide containers 
for other purposes, like water or food storage. Reusing empty pesticide contain-
ers might increase the risk of non-occupational exposure via pesticide residuals 
ingestion as it is impossible to remove all traces of pesticide chemicals’ residue from 
empty plastic or metal pesticide containers [35]. According to [36], empty pesticide 
containers should be shaken clean and triple-rinsed before disposing them in an 
environmental-friendly manner.

The fact that the majority of the farmers reuse empty pesticide contains for 
food and water storage is worrisome, and might be a result of a wrong percep-
tion that once the container is washed, it becomes pesticide-free and poses a zero 
negative health effect on them. This perception might be acquired from their daily 
observations as they did not suffer or saw anyone complain of any negative health 
effects on the short-term of ingestion. Hence, it is very obvious that farmers 
are unaware of the long-term risks of pesticide exposure and the adverse health 
effects these residuals might pose when they accumulate in body tissue. Reusing 
empty pesticide containers by majority of the participants was also reported by 
the study of [12].

About 10.96% of the participants disposed their empty pesticide containers 
anywhere on the farm. Such improper disposal method contaminates the soil with 
chemicals that might leach to both ground and surface water, or reach the latter via 
surface runoffs, posing a threat to aquatic organisms, as well as humans that use 
ground water for drinking.

Dropping pesticide containers in a public dump was reported by 5.4% of the 
sample participants. Such practice might expose solid waste collectors in the formal 
and informal sector to unintentional exposure via skin contact, inhalation or 
ingestion, especially those workers do not use any means of protection measures to 
avoid several safety issues they experience on a daily basis. Moreover, a considerable 
proportion of the workers in the informal sector are children who might take the 
containers, wash them improperly, and reuse them for water drinking or sell them 
to people in the local market.

In Finchawa, reusing pesticide containers was not limited to illiterate people. 
The official from the agriculture office who had 7 years of work experience in 
agriculture, a university degree and a robust background in farming, recommended 
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When the latrines are full, they are backfilled and new pits are dug again.
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chemicals thrown in the pit and soil or ground water. Therefore, contaminants from 
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Throwing empty pesticide containers in the lake by 6.85% of the participants 
is presented in item 5 of Table 4. According to [38], once pesticides reach water 
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bodies, they can impact the whole ecological food chain, since other animals, 
including humans, feed on aquatic animals that may be contaminated.

Back to the literature review, recalling the Lake Michigan incident about children 
who had an intellectual impairment due to their in-utero exposure to organochlo-
rines [39], in addition to the finding of [40], several cases of learning disabilities, 
autism, ADHD, child cancer and juvenile diabetes among the generation living 
around the lake, and consuming food and water contaminated with highly toxic 
pesticides in the 30–40 coming years, is expected by this study. The increment in 
the rate of suicide incidents among teenagers that was reported by [40] was also 
reported and manifested by the physician of the emergency room in the Referral 
Hospital.

3.4.2 The way farmers transport pesticides from the shop to the farm

Respondents were asked about the way they transported pesticides from the 
store to the farm. Accordingly, the majority 42% of respondents indicated that they 
carry it and walk, while the rest used the bed of a truck alone with no other items 
22%, the backs of donkeys 18% and bajaj with other passengers 18% (Figure 2).

Using the backs of donkeys, public transport or self-carrying methods to deliver 
pesticides from shop to field are inappropriate pesticide transport practices that 
might expose human beings, animals and the environment to danger, in the case 
of unexpected accidents during trips. Such accidents might cause a container 
puncture, break or torn which increase the risk of spillage. However, spillage or 
leakage of highly toxic pesticides might be absorbed through inhalation or directly 
through unbroken or broken skin. Unfortunately, delivering pesticide containers 
using the bed of the truck alone with no other items was reported only by 22% of 
the participants.

3.4.3 Storage of pesticides and spraying equipment by farmers

Farmers’ practices on storing pesticides and spraying equipment were assessed 
through 5 items. Almost all of the farmers 98.63% reported that they frequently 
take the spraying equipment after the field work to their home. A considerable pro-
portion of farmers 79.45% reported storing pesticides in the bedrooms, 60.27% in 
the living room, and 63.01% in the kitchen. However, storing pesticides beside food, 
potable water or seeds may increase the risk of their contamination with vapors, 
dust or spills, and increase the likelihood of accidental human exposure (Table 5).

Frequent intentional suicide incidents among teenagers and youths in their early 
twenties in both kebeles were reported by the physician in the emergency room at 
the Referral Hospital during the interview due to the free availability of pesticides 

No Items Freq. Percent

1 Burn 9 12.33%

2 Reuse them for food and water storage 47 64.38%

3 Throw them anywhere in the farm 8 10.96%

4 Drop in the public dump 4 5.4%

5 Throw in the lake 5 6.85%

Total 73 100%

Table 4. 
Disposal methods of empty pesticide containers by farmers.
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in farmers’ houses. The rate of suicide cases among the mentioned segments is 3–4 
cases per month (around one case per week). The physician at the Referral Hospital 
indicated that organophosphate is the most commonly used insecticide in both 
kebeles.

The official in Finchawa reported that farmers use diazinone and endosulfan 
to eradicate bed bugs in their homes, which exposes them and their families to a 
high risk of exposure via direct inhalation, especially that Endosulfan evaporates 
rapidly after spraying and poses high toxicity if inhaled on the long-term of 
exposure [41].

Unfortunately, only 50.68% reported that they store pesticides in a locked and 
separate place that is specified for pesticide storage.

Methods of pesticides’ storage among farmers in both kebeles found to be 
inappropriate in this study. Moreover, it increased the risk of exposure on farm-
ers and their families through direct and indirect ingestion, inhalation or dermal 
absorption.

3.4.4 Preparation of pesticides by farmers

The sample participants were asked about the likelihood of using a measuring 
cup or measuring tool to add the exact amount of pesticide mentioned on the label. 

Figure 2. 
Means of transporting pesticides from the store by farmers.

Items No Yes

Do you usually take the spraying equipment after the field work to your 
home?

1
1.37%

72
98.63%

Have you ever stored pesticides in the bedroom? 15
20.55%

58
79.45%

Have you ever stored pesticides in the living room? 29
39.73%

44
60.27%

Have you ever stored pesticides in the kitchen? 27
36.99%

46
63.01%

Do you store pesticides in a locked and separate place that is specified for 
pesticide storage?

36
49.32%

37
50.68%

Table 5. 
Storage of pesticides and spraying equipment by farmers.
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Accordingly, the majority 97.25% of the farmers reported that they never or rarely 
use a measuring tool to add the exact amount of pesticide mentioned on the label, 
while 2.73% responded sometimes.

The failure of using a gauging tool to measure the amount of pesticide needed 
for the application, results in using a less or more dose of pesticide than the one 
recommended on the label. The result of frequently low or heavy doses of the 
application is more resistance, more pest resurgence and more secondary outbreaks. 
Moreover, heavy doses of the application lead to an unacceptable environmental 
contamination and high risk of human exposure. One study reported that only 
0.0000001% of DDT reach the target pest, while more than 99.99% are dispersed 
into the environment through volatilization, surface runoff, infiltration and drift 
[42]. This finding is in line with the result of [11] which indicated that none of the 
farmers used scaled measuring equipment.

Practices Never Rarely Some
times

Often Always Mean SD

Do you 
usually use 
a measuring 
cup or 
measuring 
tool to add the 
exact amount 
of pesticide 
mentioned on 
the label?

66
90.41%

5
6.84%

2
2.73%

0
0%

0
0%

1.12 0.41

How often 
do you check 
the defect 
(inadequacy) 
of the 
spraying 
equipment 
you are 
using before 
you start 
applying?

23
31.5%

9
12.3%

38
52.1%

3
4.1%

0
0.0%

2.25 1.32

Do you 
usually check 
the defect 
(inadequacy) 
of the PPE 
before 
dealing with 
pesticides?

56
76.72%

15
20.55%

2
2.73%

0
0%

0
0%

2.29 0.96

Do you use 
special tools 
(only for 
pesticide 
usage) to mix 
and apply 
pesticides?

32
43.8%

8
11.0%

23
31.5%

3
4.1%

7
9.6%

1.26 0.50

Average 177
60.62%

37
12.67%

65
22.26%

6
2.05%

7
2.40%

1.73 0.50

Table 6. 
Farmers’ pesticides handling and preparation.
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Participants also were asked about the likelihood of checking the inadequacy of 
the spraying equipment before they start applying pesticides. About 43.8% of the 
farmers reported that they never or rarely checked their spraying equipment before 
they start applying, while 52.1% responded sometimes, with 4.1% reporting that they 
often check the inadequacy of the spraying equipment before they start applying. 
However, punctures, breaks and cracks in the tank of the spraying equipment for liq-
uid formulation results in a high risk of exposure to workers via dermal absorption.

Majority 97.72% of the participants reported that they rarely or never checked 
the defect of their PPE before dealing with pesticides because PPE are mostly 
unavailable, while 2.73% only reported doing such practice sometimes.

Participants were asked if they usually use special tools to mix and apply pes-
ticides. The majority 54.8% reported that they never or rarely used special tools to 
mix and apply pesticides, rather, they use their hands or any available stick in the 
farm for the purpose of mixing. About 31.5% indicated that they sometimes used 
special tools to mix and apply. The rest of the participants reported often 4.1% or 
always 9.6%. Mixing pesticides with hands increases the risk of exposure via dermal 
absorption or ingestion as farmers can easily carry traces of pesticides from their 
hands to their mouth, especially in the case of poor usage of PPE that was reported 
by this study. This finding is in line with the result of [13].

Statistically, it is also observed from the results in Table 6 above that the mean 
average score of the participants’ responses 2.27, 2.25, 2.29, and 1.26 regarding the 
methods of pesticide preparation is below the average Likert scale 3. This indicates 
that the farmers are not in a position to reduce the risk of pesticide exposure.

As depicted in Figure 3 below, respondents were asked about the source of 
information before and during mixing, applying or loading pesticides. Accordingly, 
the majority of the farmers 72% got information from kebeles’ agricultural experts, 
while the minority of the farmers 17% reported that they get such information 
from their neighbors or 11% vendor. Despite the considerable proportion of the 
participants receiving information from kebeles’ agricultural experts, it is disquiet-
ing to have 27% of the respondents seeking information from improper sources. 
Studies proved that there is a big difference between experts and novices in the way 
they perceive, remember and express their observations through the language they 
use [43]. Hence, seeking information from neighbors or vendors about the kind of 

Figure 3. 
Farmers’ sources of information while mixing, applying or loading pesticides.



Emerging Contaminants

106

Accordingly, the majority 97.25% of the farmers reported that they never or rarely 
use a measuring tool to add the exact amount of pesticide mentioned on the label, 
while 2.73% responded sometimes.

The failure of using a gauging tool to measure the amount of pesticide needed 
for the application, results in using a less or more dose of pesticide than the one 
recommended on the label. The result of frequently low or heavy doses of the 
application is more resistance, more pest resurgence and more secondary outbreaks. 
Moreover, heavy doses of the application lead to an unacceptable environmental 
contamination and high risk of human exposure. One study reported that only 
0.0000001% of DDT reach the target pest, while more than 99.99% are dispersed 
into the environment through volatilization, surface runoff, infiltration and drift 
[42]. This finding is in line with the result of [11] which indicated that none of the 
farmers used scaled measuring equipment.

Practices Never Rarely Some
times

Often Always Mean SD

Do you 
usually use 
a measuring 
cup or 
measuring 
tool to add the 
exact amount 
of pesticide 
mentioned on 
the label?

66
90.41%

5
6.84%

2
2.73%

0
0%

0
0%

1.12 0.41

How often 
do you check 
the defect 
(inadequacy) 
of the 
spraying 
equipment 
you are 
using before 
you start 
applying?

23
31.5%

9
12.3%

38
52.1%

3
4.1%

0
0.0%

2.25 1.32

Do you 
usually check 
the defect 
(inadequacy) 
of the PPE 
before 
dealing with 
pesticides?

56
76.72%

15
20.55%

2
2.73%

0
0%

0
0%

2.29 0.96

Do you use 
special tools 
(only for 
pesticide 
usage) to mix 
and apply 
pesticides?

32
43.8%

8
11.0%

23
31.5%

3
4.1%

7
9.6%

1.26 0.50

Average 177
60.62%

37
12.67%

65
22.26%

6
2.05%

7
2.40%

1.73 0.50

Table 6. 
Farmers’ pesticides handling and preparation.

107

Limited Knowledge and Unsafe Practices in Usage of Pesticides and The Associated Toxicity...
DOI: http://dx.doi.org/10.5772/intechopen.96093

Participants also were asked about the likelihood of checking the inadequacy of 
the spraying equipment before they start applying pesticides. About 43.8% of the 
farmers reported that they never or rarely checked their spraying equipment before 
they start applying, while 52.1% responded sometimes, with 4.1% reporting that they 
often check the inadequacy of the spraying equipment before they start applying. 
However, punctures, breaks and cracks in the tank of the spraying equipment for liq-
uid formulation results in a high risk of exposure to workers via dermal absorption.

Majority 97.72% of the participants reported that they rarely or never checked 
the defect of their PPE before dealing with pesticides because PPE are mostly 
unavailable, while 2.73% only reported doing such practice sometimes.

Participants were asked if they usually use special tools to mix and apply pes-
ticides. The majority 54.8% reported that they never or rarely used special tools to 
mix and apply pesticides, rather, they use their hands or any available stick in the 
farm for the purpose of mixing. About 31.5% indicated that they sometimes used 
special tools to mix and apply. The rest of the participants reported often 4.1% or 
always 9.6%. Mixing pesticides with hands increases the risk of exposure via dermal 
absorption or ingestion as farmers can easily carry traces of pesticides from their 
hands to their mouth, especially in the case of poor usage of PPE that was reported 
by this study. This finding is in line with the result of [13].

Statistically, it is also observed from the results in Table 6 above that the mean 
average score of the participants’ responses 2.27, 2.25, 2.29, and 1.26 regarding the 
methods of pesticide preparation is below the average Likert scale 3. This indicates 
that the farmers are not in a position to reduce the risk of pesticide exposure.

As depicted in Figure 3 below, respondents were asked about the source of 
information before and during mixing, applying or loading pesticides. Accordingly, 
the majority of the farmers 72% got information from kebeles’ agricultural experts, 
while the minority of the farmers 17% reported that they get such information 
from their neighbors or 11% vendor. Despite the considerable proportion of the 
participants receiving information from kebeles’ agricultural experts, it is disquiet-
ing to have 27% of the respondents seeking information from improper sources. 
Studies proved that there is a big difference between experts and novices in the way 
they perceive, remember and express their observations through the language they 
use [43]. Hence, seeking information from neighbors or vendors about the kind of 

Figure 3. 
Farmers’ sources of information while mixing, applying or loading pesticides.



Emerging Contaminants

108

pesticide should be used, or any technical issue regarding pesticide handling results 
in farmers’ information inadequacy.

Officials in the agricultural office in both kebeles assured, during the interview, 
that farmers resort to them when they observe any pest infestation in their farms to 
get advice about the right type of pesticide that should be applied in such cases. This 
implies that participants are somehow on the same page with their authorities. This 
finding is in line with the result of [44] which reported that 57.2% of the farmers 
seek information from woreda agricultural extension experts.

As depicted in Figure 4 below, respondents were also asked about the area 
they usually use to mix and load pesticides. The majority 56% of the respondents 
reported that they mix and load pesticides within their residential area in the 
garden, while 27% reported that they mix and load in the field and 17% reported 
that they never prepare pesticides and they use the one that is already prepared by 
someone else. Mixing and loading pesticides within the house garden increases the 
risk of exposure of farmers’ family members via dermal absorption, inhalation or 
ingestion, especially among small children who spend most of their time outdoors 
playing with the mud.

The inadequate knowledge of farmers regarding pesticide handling and toxicity 
was reflected in their field practices and found to be unsatisfactory. Moreover, it 
implied a high potential of pesticide exposure for them and their families.

3.5 Safety precaution and protective measures adopted by farmers

3.5.1 The usage of personal protective equipment by farmers

The usage of PPE by farmers while dealing with pesticides was assessed in this 
study. Nearly all the participants 93.15% did not use any means of PPE while dealing 
with pesticides and 6.85% of the respondents only reported using gloves.

This indicates that farmers are in a high potential risk of exposure while prepar-
ing, handling and spraying pesticides through all the exposed parts of their bodies, 

Figure 4. 
Pesticide preparation area by farmers.

109

Limited Knowledge and Unsafe Practices in Usage of Pesticides and The Associated Toxicity...
DOI: http://dx.doi.org/10.5772/intechopen.96093

especially their hands, which are considered the main carriers of pesticide, traces 
to every single part of their bodies. Wearing proper PPE during pesticide applica-
tion proved to have a significant effect on mitigating farmers’ risk of exposure. 
According to [45], an increase in the use of protective measures decreases the prob-
ability of poisoning by 44% to 80% (Table 7).

Farmers were also asked to list the factors that stops them from using PPE while 
handling pesticides. As depicted in Figure 5 below, the answers were as follows: 
too expensive 42%, not comfortable in the tropical climate 5%, not available when 
needed 22% and no health challenges from using pesticides 31% are some of the 
cited reasons.

The officer in Finchawa Kebele reported during the interview that farmers do 
not use any kind of personal protective equipment while dealing with pesticides 
because the government does not provide them with any. However, the officer 
in Tullo indicated that farmers tie their clothes on their nose and mouth while 
spraying as a kind of precautionary measure to protect themselves from pesticide 
exposure, which increases the risk of their dermal exposure after wearing their 
clothes again.

3.5.2  Instant actions taken by farmers when their skin gets in contact with 
pesticides

The study assessed the actions that farmers take instantly when their skins get 
contaminated with pesticides. As depicted in Figure 1, sample respondents were 
asked about the actions they take when their skin gets in contact with pesticides. 
Accordingly, about 18% of the respondents reported that they wipe the unclean 
area of skin with a clean piece of clothing, while 6% indicated that they stop 
working and clean their skin with working cloths, and 34% replied that they rinse 
the pesticide-contaminated area of skin with water. However, the majority of the 
respondents 42% reported taking no action until they finish their shift Figure 1.

Ignoring the contaminated area of skin with pesticides until the shift is finished, 
rather than cleaning it immediately, is worrisome. According to [46], the extent of 
skin absorption increases positively with the duration of exposure. This implies that 
the sooner the cleaning of the contaminated area of skin is performed, the greater 
the decrease in the dermal absorption is achieved, especially in the case of liquid 
formulations. Besides, the longer the operators ignore the stains of pesticide on 
their skin, the greater the risk of their exposure will become via the inhalation of 
pesticide volatiles.

No PPE Items Freq. percent

1 Gloves 5 6.85%

2 Mask/Respirator 0 0%

3 Protective eyewear 0 0%

4 Special shoes 0 0%

5 Overall 0 0%

6 Hat/Cap 0 0%

7 Wear all of them at the time of handling pesticide 0 0%

8 Do not use any of them 68 93.15

Table 7. 
The usage of personal protective equipment by farmers.
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Rinsing the contaminated area of skin with water is considered a proper action 
in the case of using water soluble pesticide formulation, like flazasulfuron, based on 
the general rule of like dissolves like. Yet, both organochlorine and organophosphate 
insecticides reported to be used in this study are lipid-soluble. They are very well 
absorbed through the skin as they dissolve easily in the sebum that is released by the 
sebaceous glands; therefore, rinsing the contaminated area with water is an inap-
propriate instant action performed by farmers and implies a high risk of exposure.

Wiping the contaminated area of skin with a work cloth is also worrying. Cloths 
soaked with pesticides increase the risk of dermal exposure and volatiles inhalation. 
Also, the longer the time the operator wears the contaminated clothes, the greater 
the extent of absorption and inhalation will be.

The level of self-protection among farmers regarding the proper usage of 
adequate PPE while dealing with pesticides, and the instant action taken when their 
skin gets contaminated with pesticides in this study, is found to be disappointing 
and presents a potential risk to pesticide exposure, especially via the dermal route.

3.6  Self-reported toxicity symptoms associated with pesticide exposure among 
farmers

Sample respondents were asked about the acute toxicity symptoms they experi-
enced in 24 hours after mixing, loading or applying pesticides. Significant number 
94.52% of the farmers reported at least one symptom of acute pesticide poisoning 
in the previous year immediately after applying or handling pesticides, while 5.48% 
of the respondents did not ascribe any health problems encountered to pesticide 
exposure. The most frequently symptoms reported by the participates were head-
aches 84.93%, skin rash 60.27%, slow heartbeats 72.60%, chest wheezing 67.12%, 
change in their mood 71.23%, dizziness 42.46%, burning in the skin or eyes 61.64%, 
lacrimation 17.81% and day/night coughing 23.29%. Other symptoms reported by 
respondents were pain in the hands or on the feet, excessive sweating and chest 
tightness (Table 8).

Participants were also asked about the actions they take following an incident of 
poisoning. The majority 53% reported that they resort to traditional methods like 
drinking milk, applying creams and washing the affected area, 32% reported that 
they do not take any action as long as the incident is minor or required only self-
medication. Only 15% of respondents reported a serious poisoning incident that 
required medical attention in a clinic (Figure 6).

Figure 5. 
Factors that hindered the usage of PPE by farmers.
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Self-medication methods that farmers resort to in the case of injury were  
manifested by the physician in the Referral Hospital during the interview.

Farmers usually drink milk after swallowing bleach (Barakina) to reduce the risk 
of injury.

In general, actions taken by farmers following an incident of poisoning are 
unsatisfactory. Only a few of participants have visited a health institution after 
incidents of pesticide poisoning, and others resorted to traditional-based care 
methods or did not take any action. This finding is also in line with what the physi-
cian has indicated in the health institution. Similar findings were reported by the 
study conducted in Tanzania [47].

On the long-term of exposure, symptoms reported by farmers are illus-
trated in Figure 7 below. The majority 46% of the sample respondents reported 
libido, whereas, the remaining reported poor memory 24%, diabetes 10% and 
others 20%.

Figure 6. 
Action farmers usually take following an incident of poisoning.

Items Freq. Percentage

Skin rash 44 60.27%

Headache 64 84.93%

Slow heartbeats 53 72.60%

Chest wheezing 49 67.12%

Burning in the skin or eyes 45 61.64%

Change in the mood 52 71.23%

Day/night cough 17 23.29%

Dizziness 31 42.46%

Excessive sweating 24 32.88%

Pain in the hands or in the feet 14 19.18%

Chest tightness 14 19.18%

Pain in the hands or in the feet 14 19.18%

Eye tears 13 17.81%

No health impairment 4 5.48%

Table 8. 
Toxicity symptoms reported by the participants on the short-term of exposure.



Emerging Contaminants

110

Rinsing the contaminated area of skin with water is considered a proper action 
in the case of using water soluble pesticide formulation, like flazasulfuron, based on 
the general rule of like dissolves like. Yet, both organochlorine and organophosphate 
insecticides reported to be used in this study are lipid-soluble. They are very well 
absorbed through the skin as they dissolve easily in the sebum that is released by the 
sebaceous glands; therefore, rinsing the contaminated area with water is an inap-
propriate instant action performed by farmers and implies a high risk of exposure.

Wiping the contaminated area of skin with a work cloth is also worrying. Cloths 
soaked with pesticides increase the risk of dermal exposure and volatiles inhalation. 
Also, the longer the time the operator wears the contaminated clothes, the greater 
the extent of absorption and inhalation will be.

The level of self-protection among farmers regarding the proper usage of 
adequate PPE while dealing with pesticides, and the instant action taken when their 
skin gets contaminated with pesticides in this study, is found to be disappointing 
and presents a potential risk to pesticide exposure, especially via the dermal route.

3.6  Self-reported toxicity symptoms associated with pesticide exposure among 
farmers

Sample respondents were asked about the acute toxicity symptoms they experi-
enced in 24 hours after mixing, loading or applying pesticides. Significant number 
94.52% of the farmers reported at least one symptom of acute pesticide poisoning 
in the previous year immediately after applying or handling pesticides, while 5.48% 
of the respondents did not ascribe any health problems encountered to pesticide 
exposure. The most frequently symptoms reported by the participates were head-
aches 84.93%, skin rash 60.27%, slow heartbeats 72.60%, chest wheezing 67.12%, 
change in their mood 71.23%, dizziness 42.46%, burning in the skin or eyes 61.64%, 
lacrimation 17.81% and day/night coughing 23.29%. Other symptoms reported by 
respondents were pain in the hands or on the feet, excessive sweating and chest 
tightness (Table 8).

Participants were also asked about the actions they take following an incident of 
poisoning. The majority 53% reported that they resort to traditional methods like 
drinking milk, applying creams and washing the affected area, 32% reported that 
they do not take any action as long as the incident is minor or required only self-
medication. Only 15% of respondents reported a serious poisoning incident that 
required medical attention in a clinic (Figure 6).

Figure 5. 
Factors that hindered the usage of PPE by farmers.

111

Limited Knowledge and Unsafe Practices in Usage of Pesticides and The Associated Toxicity...
DOI: http://dx.doi.org/10.5772/intechopen.96093

Self-medication methods that farmers resort to in the case of injury were  
manifested by the physician in the Referral Hospital during the interview.

Farmers usually drink milk after swallowing bleach (Barakina) to reduce the risk 
of injury.

In general, actions taken by farmers following an incident of poisoning are 
unsatisfactory. Only a few of participants have visited a health institution after 
incidents of pesticide poisoning, and others resorted to traditional-based care 
methods or did not take any action. This finding is also in line with what the physi-
cian has indicated in the health institution. Similar findings were reported by the 
study conducted in Tanzania [47].

On the long-term of exposure, symptoms reported by farmers are illus-
trated in Figure 7 below. The majority 46% of the sample respondents reported 
libido, whereas, the remaining reported poor memory 24%, diabetes 10% and 
others 20%.

Figure 6. 
Action farmers usually take following an incident of poisoning.

Items Freq. Percentage

Skin rash 44 60.27%

Headache 64 84.93%

Slow heartbeats 53 72.60%

Chest wheezing 49 67.12%

Burning in the skin or eyes 45 61.64%

Change in the mood 52 71.23%

Day/night cough 17 23.29%

Dizziness 31 42.46%

Excessive sweating 24 32.88%

Pain in the hands or in the feet 14 19.18%

Chest tightness 14 19.18%

Pain in the hands or in the feet 14 19.18%

Eye tears 13 17.81%

No health impairment 4 5.48%

Table 8. 
Toxicity symptoms reported by the participants on the short-term of exposure.



Emerging Contaminants

112

Through increasing the reactivity of toxic xenobiotics by converting them 
into electrophiles, free radicals or nucleophiles, chemicals cause damage to major 
biological systems leading to the development of various diseases, such as diabetes, 
neurodegeneration, schizophrenia, respiratory disorders, aging, cancer, immu-
nodeficiency syndromes, and hypertension [48]. The ultimate toxicant may bind 
to the target molecules covalently or non-covalently, or may alter it by hydrogen 
abstraction, electron transfer or enzymatic reaction.

Endocrine disruptors, such as endosulfan, were proved to change the levels 
of insulin secretion in the body, leading to the development of diabetes [49]. 
Regarding men infertility, including libido, it was found that exposure to organo-
chlorines is the main reason for hyperprolactinemia (a severe decrease in serum 
prolactin) which is the main reason for decreased libido and infertility [50]. 
Furthermore, a developmental exposure to pesticides may generate oxidative stress-
ors that result in irreversible damage in the brain cells, followed by reducing the 
ability of the cells to communicate with each other. In time, chemical connections 
between brain cells are lost, and cells begin to die, resulting in poor memory [51].

The finding in the study revealed that the prevalence of toxicity symptoms 
among farmers is quite high.

3.7  Factors influence the prevalence of long-term toxicity symptoms among 
farmers

A multiple logistics regression model was employed to determine the effect 
of the independent variables (working hours per day, residential area, source of 
income, experience and training) on the prevalence of long-term toxicity symptoms 
among farmers (Table 9).

The result illustrated that the odds of the prevalence of long-term toxicity 
symptoms is negatively correlated with the training factor; therefore, farmers who 
have access to training are 9% less likely to develop long-term toxicity symptoms 
than farmers who did not attend training in pesticide handling and toxicity. Hence, 
the estimated odds ratio is statistically significant since (p = 0.042) which indicates 
that (p < 0.05) within 95% confidence interval (OR = .090, CI = 0.009–.0.920).

The result also revealed that the odds of the prevalence of long-term toxicity 
symptoms is positively influenced by working hours per day; therefore, farmers 

Figure 7. 
Long-term health effects reported by farmers.
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who work more than 8 hours per day in the farm (full-timers) are 14.599 times more 
likely to develop long-term toxicity symptoms than farmers who spend less than 
8 hours in the farm (part-timers). Hence, the estimated odds ratio is statistically 
significant since (p = .001) which indicates that (p < 0.05) within 95% confidence 
interval (OR = 14.599, CI = 2.809–75.881), while knowledge and years of experience 
failed to be significant under the given conditions.

3.8  Data extracted from the interview with the physicians in Bushullo health 
center and referral hospital

The physician in the Bushullo health institution reported during the inter-
view that:

“Only one acute pesticide intoxication case was reported for the last five years. The 
case was a female farmer and wasn’t officially registered because she refused to pay 
the card fee which was 20 birr. The farmer patient was excessively salivating and 
dizzy when she arrived to the health center. Symptoms were quickly reversible and 
the patient returned back healthy in 15-30 minutes. Severe cases of acute pesticide 
intoxication are not treated in the health center and usually are transferred to 
the Referral Hospital because antidotes for poisons are not available in the health 
institution. The health institution treats patients with minor symptoms only by 
providing them with oxygen and fluids. Cases of pesticide intoxication were never 
under-estimated, and all the crew in the health institution resort to the Ethiopian 
hospital guidelines to diagnose all cases. In addition, doctors ask about the history 
of using pesticides as a part of the diagnosis.”

Both hard and soft documents where reviewed in the health center by the inter-
viewed physician to obtain the accurate number of toxicity cases registered before.

The physician also indicated that under-reporting the cases by farmers is due to 
a lack of knowledge as most of the farmers are illiterates and the government’s help 
would be appreciated by providing more educational programmes and training to 
farmers, and their families.

The interviewed physician in the emergency room at the Referral Hospital 
declared that:

Dependent variable:
self-reported toxicity

B S.E. Sig. Exp(B) 95% CI for EXP(B)

Lower Upper

Training(1 = yes) −2.406 1.185 .042 .090 .009 .920

Experience .990

Experience (1 = 5–10 years) −.341 1.062 .748 .711 .089 5.697

Experience (2 = 10–20 years) −.311 1.128 .783 .733 .080 6.682

Experience (3 = above 20 years) −.362 1.257 .773 .696 .059 8.169

Working hours per day on the 
farm (1 = Full time)

2.681 .841 .001 14.599 2.809 75.881

Knowledge −1.566 .828 .059 .209 .041 1.059

Constant −.884 .838 .291 .413

a. Variable(s) entered on step 1: training, Years of using pesticides (experience), working hours per day, and 
knowledge.

Table 9. 
The factors that influenced the prevalence of long-term toxicity symptoms among farmers.
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“All pesticide intoxication incidents reported before were intentional suicide cases 
among teenagers and youths in their early twenties. Most of suicidal cases resort to 
the hospital when they reach the brink of death. Symptoms experienced by patients 
are vomiting, diarrhea, sweating, breathing difficulties, uncontrollable defecation 
and too much fluid around the lungs. The antidote usually given in these cases is 
atropine as it rapidly dries up the body and reduces secretions. In the case of total 
respiratory failure, patients are treated in the intensive care units with the help of 
a machine that helps them breathe properly. There is a limited number of these 
machines in the hospital and the patient might pass away in the case of all the 
machines being occupied. Besides, when the farmers experience slight symptoms 
of pesticide intoxication, they resort to nurses living in the same residential area, 
which results in misdiagnosing the cases properly due to nurses’ lacking the adequate 
experience. In addition, there is a poor registration system in general, and registra-
tion only matters for patients. All highly toxic pesticides should be officially banned 
and the free availability is a serious issue.”

Documents associated with pesticide intoxication were all reviewed in the 
Referral Hospital. The employee in the registration room reported that the ICD 
10 system is the one that has been implemented for a long time now (more than 
10 years) and to this present date. This system was implemented by the World 
Health Organization (WHO) in 1993 to replace ICD-9, which was developed by the 
WHO in the 1970s. ICD-10 is used in almost every country in the world, except the 
United States [52].

The employee also clarified that the registration system is not really efficient and 
the Ethiopian government will develop and start using its own system soon; how-
ever, only 56 cases of poisoning were officially registered in the past two years and 
labeled as poisoned due to unspecified drugs and biological substances. Therefore, 
data inserted in the system found to be not properly categorized, and the exact 
number of pesticide intoxication cases and intentional suicide trials among farmers 
and their families is unknown. This finding is in line with what the physician in the 
Referral Hospital declared about the poor registration system. However, the poor 
categorization of disease causals might be due to the registrars’ lack of awareness 
about the importance of the accuracy of these numbers which are definitely a solid 
clue for the authorities to check the improvement of their performance.

The finding of this study regarding the registration of pesticide intoxication 
cases among farmers in Finchawa and Tullo rural kebeles found to be poor and in 
line with the study of [14] that was previously conducted.

4. Conclusion and recommendations

In conclusion, there is no gap of communication between farmers, and their 
authorities, as answers from both parties were perfectly matched. Statistically, the 
level of knowledge among the sample participants was found to be on average and 
was reflected in their field practices. However, while going into deeper details to 
address the presented and absent areas of knowledge among the participants, it 
was revealed that they were knowledgeable about the daily tasks that should be 
performed in the field, while the information about the effect of pesticides on the 
environment, on humans especially in the long-term, as well as the dermal route 
of exposure, were absent. Accordingly, the knowledge that farmers acquired from 
their experience, practices, field training and daily observations were insufficient 
to fill the hiatus of knowledge that is known to be obtained from the accumulation 
of information through education, and this was the gap that hindered farmers from 
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mitigating their risk of exposure and had a joint significance on influencing the 
prevalence of pesticide intoxication among farmers and their families.

Therefore, knowledge-based training programs with practical classes and 
related courses are essential to improve farmers’ level of knowledge about the 
adverse health effects of pesticides on human and environmental health, and help 
them address the simple protective methods to protect themselves and the envi-
ronment around them. In addition, a specific budget should be dedicated by the 
government to provide farmers with adequate personal protective equipment to 
reduce their risk of exposure. Since the existence of highly toxic pesticides in farm-
ers’ residential area increased the risk of exposure among their family members, an 
official banning of highly toxic pesticides and replacing them with less toxic ones 
should be seriously considered. In the same respect, Pesticide application should 
be restricted to certified people who are trained, experienced and adequately 
equipped. Besides, improving the registration system in governmental hospitals is 
pivotal, and physicians should not prescribe any type of medication to their patients 
until they are registered and the disease is well categorized. Finally, construct 
hazardous waste collection units in Hawassa City for the proper disposal of empty 
chemical containers, rather than disposing of them in an inappropriate way.
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Abstract

Brazil is one of the main exporters of agricultural products and is one of the 
largest consumers of pesticides in the world. Bahia stands out in irrigated agricul-
ture, with growth at the national and international level exports. The aim of this 
study is to describe and analyze the spatial distribution, and the epidemiological 
profile of the population with confirmed cases of pesticides intoxication in the 
state of Bahia-Brazil, from 2007 to 2017. It is an ecological and retrospective study 
of a series, with secondary data collected at the Department of Informatics of 
the System Of Health (DATASUS), on notifications and confirmed cases of pes-
ticide poisoning in the state in 2007 to 2017. In Bahia, about 1,632 notifications of 
exogenous pesticide poisoning in the investigated period, confirming about 1137 
cases. The main age group affected by these intoxications were related to 20-39 
years of age. The results of this study show the increase in the number of notified 
and confirmed cases in Bahia during years from 2007 to 2017, thus suggesting the 
carrying out of research on the subject in this and other Brazilian states, in order to 
monitor and evaluate the causes of these pesticide poisoning, and improve health 
promotion.

Keywords: agriculture, notifications, healthy

1. Introduction

Brazil is one of the main countries in the world in the production and export of 
products from the agricultural sector. It uses fertilizers and standing out as the main 
world consumer of pesticides [1]. This fact is due to its extensive planting area, which 
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Brazil is one of the main exporters of agricultural products and is one of the 
largest consumers of pesticides in the world. Bahia stands out in irrigated agricul-
ture, with growth at the national and international level exports. The aim of this 
study is to describe and analyze the spatial distribution, and the epidemiological 
profile of the population with confirmed cases of pesticides intoxication in the 
state of Bahia-Brazil, from 2007 to 2017. It is an ecological and retrospective study 
of a series, with secondary data collected at the Department of Informatics of 
the System Of Health (DATASUS), on notifications and confirmed cases of pes-
ticide poisoning in the state in 2007 to 2017. In Bahia, about 1,632 notifications of 
exogenous pesticide poisoning in the investigated period, confirming about 1137 
cases. The main age group affected by these intoxications were related to 20-39 
years of age. The results of this study show the increase in the number of notified 
and confirmed cases in Bahia during years from 2007 to 2017, thus suggesting the 
carrying out of research on the subject in this and other Brazilian states, in order to 
monitor and evaluate the causes of these pesticide poisoning, and improve health 
promotion.
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1. Introduction

Brazil is one of the main countries in the world in the production and export of 
products from the agricultural sector. It uses fertilizers and standing out as the main 
world consumer of pesticides [1]. This fact is due to its extensive planting area, which 
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results in large areas dedicated to monocultures. In turn, it results in increasing pests 
in plantations, cultivation of transgenics, the imposition of the policy of the green 
revolution, and the absence of reduction policies and monitoring the use of pesti-
cides and encouraging ecological agriculture [2].

The use of pesticides started to become popular during the Second World War 
when it emerged as a revolution in pest control. This product is classified as efficient 
and with an advantageous cost/benefit ratio, which caused new organosynthetic 
compounds to be produced, thus strengthening the agrochemical industry until 
today. The use of these chemical products added to the process of developing 
modern varieties with a high capacity to use these inputs became known as “the 
Green Revolution”. Recently, the increase in the consumption of pesticides is closely 
related to the use of transgenic cultivars [1, 3, 4].

This process, linked to the modernization of agriculture, inserted pesticides and 
fertilizers into the country’s technological package, where the expansion of capital 
in the countryside forced small producers and farmers to enter the new model of 
agricultural production. In this perspective, the use of chemical pesticides and 
fertilizers has become a constant, since the land was forced to produce more in less 
time, paying attention only to market needs, exponentially increasing productivity 
per hectare and the frequency of harvests [5, 6].

Pesticides interfere with the physiological mechanisms of human beings and, 
therefore, are harmful to health. According to the World Health Organization 
(WHO), there are three to five million acute poisonings in the world each year, 
with approximately 200 thousand deaths annually, mainly in developing countries. 
The high toxicity of some products, the ease of access, and the increase in the num-
ber of products containing these substances are factors related to pesticide poison-
ing, causing serious public health [7–11]. Exogenous autointoxications are directly 
involved (about 70%) with pesticides and medications, since hospital admissions, 
according to the Sistema Único de Saúde (SUS), is related to self-inflicted violence, 
by pesticides, chemicals, and medicines [12].

In agricultural terms, the state of Bahia stands out nationally and internationally, 
mainly in irrigated agriculture, showing an increase in exports and favoring popula-
tion growth. However, with this highlight, it was also possible to observe an increase 
in the number of notifications for poisoning with pesticides [13]. Therefore, this 
study aimed to describe and analyze the spatial distribution and epidemiological 
profile of confirmed cases of pesticide poisoning in the state of Bahia - Brazil, from 
2007 to 2017.

2. Methodology

This is an ecological and retrospective study of a time series, based on secondary 
data collected through SINAN (Sistema de Informação de Agravos de Notificação) 
linked to DATASUS. For this purpose, an analysis of confirmed cases of pesticide 
poisoning was carried out and data collection of estimates and projections of the 
population of the state of Bahia in the period from 2007 to 2017. To search for 
the data, we used the option of Disease and Notifiable grievances from SINAN: 
Exogenous pesticide infection, with the following variables: sex, age group, educa-
tion, and area of residence. Data processing was performed using Excel software, 
in which the calculations of absolute and relative frequencies were performed, in 
addition to the arithmetic mean.

This research follows the rules of the National Ethics Council of Resolution no. 
466/2012, using data available to the public through the DATASUS digital platform. 
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Therefore, authorization from the Research Ethics Committee was not required, 
as no identification data was used for individuals.

3. Results

In Bahia, there recorded about 1671 notifications of exogenous poisoning by 
agricultural pesticides between 2007 and 2017. Where, there confirmed about 1155, 
of which 96 died. Of the investigated periods, the year 2013 had the highest number 
of reported cases (240), unlike in the year 2008, where the lowest number was 
registered (59). The average number of cases during the analyzed period was also 
verified, which was 151.9 notifications. Regarding the number of confirmed cases 
(1155) of pesticide poisoning, 2013 had the highest number (195) and 2008 the 
lowest (42). Also, the investigated period showed an average of 105 confirmed cases 
(Table 1).

In Table 2, it is possible to observe the overview of cases of exogenous poisoning 
by pesticides in cities (health regions) in the state of Bahia, during the years 2007 
to 2017. The highest percentage of notifications and confirmed cases were in the 
city of Salvador, in which there were 268 notifications and about 238 confirmed 
cases, followed by Juazeiro with 234 notifications and 165 confirmed cases, Feira de 
Santana with 155 notifications and 140 confirmed cases, and Paulo Afonso with 114 
notifications and 93 confirmed cases. The other health regions can also be seen in 
Table 2.

The epidemiological profile of intoxication confirmed by pesticides in the 
state of Bahia (2007 to 2017) was divided according to the following criteria: sex 
(Male and female), age group (<1 to 9 years, 10 to 19 years, 20 to 39 years, 40 to 
59 years, > 60 years and white/ignored), area of residence (Urban, Rural, peri-
urban, and ignored), and education (Illiterate, complete/incomplete elementary 
school, complete/incomplete high school, complete/incomplete higher education, 

Years Population Notified cases Confirmed case

2007 14.080.670 103 71

2008 14.502.575 59 42

2009 14.637.364 89 66

2010 14.021.432 107 62

2011 14.097.534 149 106

2012 14.175.341 181 138

2013 15.044.137 240 195

2014 15.126.371 234 158

2015 15.203.934 203 136

2016 15.276.566 168 109

2017 15.344.447 138 72

TOTAL — 1.671 1.155

MEAN1 — 151,9 105
1Calculated arithmetic mean. Source: Authors based on data from DATASUS (2019).

Table 1. 
Distribution in the period from 2007 to 2017 of notified and confirmed cases in the state of Bahia.
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results in large areas dedicated to monocultures. In turn, it results in increasing pests 
in plantations, cultivation of transgenics, the imposition of the policy of the green 
revolution, and the absence of reduction policies and monitoring the use of pesti-
cides and encouraging ecological agriculture [2].

The use of pesticides started to become popular during the Second World War 
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and with an advantageous cost/benefit ratio, which caused new organosynthetic 
compounds to be produced, thus strengthening the agrochemical industry until 
today. The use of these chemical products added to the process of developing 
modern varieties with a high capacity to use these inputs became known as “the 
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per hectare and the frequency of harvests [5, 6].

Pesticides interfere with the physiological mechanisms of human beings and, 
therefore, are harmful to health. According to the World Health Organization 
(WHO), there are three to five million acute poisonings in the world each year, 
with approximately 200 thousand deaths annually, mainly in developing countries. 
The high toxicity of some products, the ease of access, and the increase in the num-
ber of products containing these substances are factors related to pesticide poison-
ing, causing serious public health [7–11]. Exogenous autointoxications are directly 
involved (about 70%) with pesticides and medications, since hospital admissions, 
according to the Sistema Único de Saúde (SUS), is related to self-inflicted violence, 
by pesticides, chemicals, and medicines [12].

In agricultural terms, the state of Bahia stands out nationally and internationally, 
mainly in irrigated agriculture, showing an increase in exports and favoring popula-
tion growth. However, with this highlight, it was also possible to observe an increase 
in the number of notifications for poisoning with pesticides [13]. Therefore, this 
study aimed to describe and analyze the spatial distribution and epidemiological 
profile of confirmed cases of pesticide poisoning in the state of Bahia - Brazil, from 
2007 to 2017.

2. Methodology

This is an ecological and retrospective study of a time series, based on secondary 
data collected through SINAN (Sistema de Informação de Agravos de Notificação) 
linked to DATASUS. For this purpose, an analysis of confirmed cases of pesticide 
poisoning was carried out and data collection of estimates and projections of the 
population of the state of Bahia in the period from 2007 to 2017. To search for 
the data, we used the option of Disease and Notifiable grievances from SINAN: 
Exogenous pesticide infection, with the following variables: sex, age group, educa-
tion, and area of residence. Data processing was performed using Excel software, 
in which the calculations of absolute and relative frequencies were performed, in 
addition to the arithmetic mean.

This research follows the rules of the National Ethics Council of Resolution no. 
466/2012, using data available to the public through the DATASUS digital platform. 
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white/ignored and does not applied). Of the confirmed cases, the male sex had the 
highest number of cases, about 756 (65%), when compared to the female sex who 
presented 399 (35%) (Figure 1).

The age range with the highest number of confirmed cases was between aged 
individuals 20 to 39 years old, which represented 588 cases, following by the age 
range 40 to 59 years old (279) and the age range 10 to 19 years (148). For those aged 
>60 years, there identified 78 cases, and the age range < 1 to 9 years (61), lastly, the 
ignored cases presented only one confirmed case. Figure 2 shows the percentages 
by age range of cases confirmed by pesticide poisoning.

Notification health regions Total of notifications Total of confirmed cases

Alagoinhas 18 7

Barreiras 101 53

Brumado 81 46

Camaçari 2 1

Cruz das Almas 11 7

Feira de Santana 155 140

Guanambi 92 68

Ibotirama 1 —

Ilhéus 13 9

Irecê 57 33

Itaberaba 27 17

Itabuna 29 20

Itapetinga 7 2

Jacobina 29 11

Jequié 80 37

Juazeiro 234 165

Paulo Afonso 114 93

Porto Seguro 51 29

Ribeira do Pombal 23 17

Salvador 268 238

Santa Maria da Vitória 78 55

Santo Antônio de Jesus 35 16

Seabra 8 6

Senhor do Bonfim 24 20

Serrinha 21 11

Teixeira de Freitas 56 21

Valença 38 26

Vitória da Conquista 18 7

TOTAL 1.671 1.155

Table 2. 
Distribution of cases of exogenous poisoning by pesticides in the state of Bahia, during the period from  
2007 to 2017.
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According to the area of residence of individuals with confirmed cases of 
pesticide poisoning in the state of Bahia from 2007 to 2017, the urban area had the 
highest number, approximately 647 confirmed cases, followed by the rural area 
(473) and ignored (27), lastly, the peri-urban area (8). Figure 3 shows the percent-
ages by area of residence.

The last epidemiological profile observed was education. For this parameter, the 
ignored criterion was the one that had the highest number of confirmed cases (622), 

Figure 1. 
Epidemiological profile of pesticide poisoning distributed by sex in the state of Bahia from 2007 to 2017.

Figure 2. 
Epidemiological profile of pesticide poisoning distributed by age group in the state of Bahia from 2007 to 2017.

Figure 3. 
Epidemiological profile of pesticide poisoning distributed by area of residence in the state of Bahia from  
2007 to 2017.
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followed by complete/incomplete elementary school (334), complete/incomplete 
high school (103), illiteracy (28), and higher education (8). Figure 4 addresses the 
percentage by the education of the aforementioned data.

4. Discussion

The use of pesticides is a serious problem for human health and the environ-
ment. Brazil, in turn, increased the consumption of pesticides in agricultural 
sectors and insect vector control programs. With these determining factors, the 
number of records of human poisoning by pesticides is increasing [3, 14]. The 
release of pesticides in 2019 by the government of Brazil totaled, until July, 290 
active ingredients. Despite these alarming decisions, the present study refers to a 
retrospective study in the state of Bahia (2007 to 2017). At the time, there was still 
such a large number of licenses to use these compounds. However, this information 
does not make it any less relevant, as the number of pesticides released and cases of 
reported poisoning were already alarming.

According to data from the main cities in the state of Bahia, the largest number 
of cases of pesticide poisoning occurred in Salvador, Juazeiro, Feira de Santana, and 
Paulo Afonso. The findings of the present study suggest that males are the main vic-
tims of pesticide poisoning in the state of Bahia, with about 65% of cases confirmed 
in the period studied, which corroborates those of Rebelo et al., (2011) and Matos, 
(2013), who found that males represented a higher percentage of pesticide poisoning.

This data is directly linked to the figure of the man in the handling and use of pes-
ticides in agricultural work, thus being more exposed to these chemicals [8, 10, 11] 
Regarding the age range, the most affected are concentrated mainly between 20 and 
39 years (51%), followed by aged 40 to 59 years (24%). According to these data, the 
number of pesticide poisonings is increasing mainly in individuals of economically 
active age groups, as previously described [14, 15].

The results referring to the area of residence (urban, rural, peri-urban, and 
ignored) in the state of Bahia, demonstrate an important aspect mainly between the 
rural and urban areas, in which the urban obtained a percentage of 56% of confirmed 
cases and the rural (41%). It is worth mentioning that the number of confirmed cases 
in agricultural (rural) regions can be even higher. However, structural problems in 
health services hamper the efficiency of services, actions, and even the notifications 
of these individuals. According to LONDON, (2012), these problems have been 
previously reported, which reappear in the present work demonstrating that they 
persist, and that is necessary more effective administrative action by the health sectors 
to change and prevent this situation.

Figure 4. 
Percentage by schooling of confirmed cases by pesticides poisoning in the state of Bahia from 2007 to 2017. 
*Complete/incomplete.
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The data resulting from schooling address mainly that white/ignored had a 
higher percentage (54%) of confirmed cases, and complete/incomplete elementary 
education (29%). Complete/incomplete higher education a have a smaller number 
of individuals affected by pesticide poisoning, since this data is possibly related to 
the age of education, since, individuals with low education do not have the habit of 
using Personal Protective Equipments (PPEs) [16].

It is important to address the limitations of the present study of a large number of 
ignored, mainly in the epidemiological profile by education, which produces a pos-
sible bias regarding the notifications of confirmed cases of pesticide poisoning. Also, 
notifications must be made insightfully and correctly when diagnosing these indi-
viduals, since, the WHO makes the following estimate that for each case record of 
exogenous poisoning by pesticides, there are about 50 other unregistered cases [14].

5. Conclusion

The results of the present study of exogenous poisoning by pesticides show that 
there was an increase in reported and confirmed cases in the state of Bahia from 
2007 to 2017, mainly from the year 2011. The health regions most affected were 
Salvador, Feira de Santana, Juazeiro, and Paulo Afonso that cover other respective 
municipalities in which the affected individuals reside. According to the epidemio-
logical profile of the risk group with the highest percentages of confirmed cases, 
the male sex, the age groups of 20 to 39 and 40 to 59 years old, individuals with 
low schooling, and individuals living in the urban area are the most expressive. 
However, it is worth mentioning that these data are directly related to deficiencies 
in the structuring of the health system and the registration of notifications in the 
rural area when compared to the urban area.

Finally, it is suggested to expand research on the topic in the investigated 
state, as well as in other states in the region, in order to assess the causes of these 
pesticide poisonings, besides to encouraging the training of health professionals 
to carry out the diagnosis, clinical notification, and treatment of the individual 
affected by pesticide poisoning. Also, it is extremely important to develop and 
strengthen public policies with surveillance actions to reduce the indiscriminate 
use of pesticides and, thus, improve the health promotion of the population and 
the environment.
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Chapter 8

Potential Use of Agro/Food Wastes 
as Biosorbents in the Removal of 
Heavy Metals
Faizan Ahmad and Sadaf Zaidi

Abstract

The production of large quantities of agro/food wastes from food processing 
industries and the release of pollutants in the form of heavy metals from various 
metallurgical industries are the grave problems of the society as well as serious 
threats to the environment. It is estimated that approximately one–third of all 
food that is produced goes to waste, meaning thereby that nearly 1.3 billion tonnes 
of agro/food wastes are generated per year. This readily available and large amount 
waste can be utilized for the removal of toxic metals obtained from metallurgical 
industries by converting it into the adsorbents. For example, mango peel showed 
adsorption capacity of 68.92 mg/g in removing cadmium II ions. Similarly, coco-
nut waste showed a higher adsorption capacity of 285 and 263 mg/g in removing 
cadmium and lead ion, respectively. Biosorption and bioaccumulation are recom-
mended as novel, efficient, eco-friendly, and less costly alternative technologies 
over the conventional methods such as ion exchange, chemical precipitation, and 
membrane filtration, etc. for the removal of toxic metal ions. Because of the pres-
ence of metal-binding functional groups, the industrial by-products, agro-wastes 
and microbial biomass are considered as the potential biosorbents. Thus they can 
be used for the removal of toxic metal ions. This chapter highlights the available 
information and methods on utilizing the agro/food waste for the eradication of 
toxic and heavy metal ions. Furthermore, this chapter also focuses on the sorption 
mechanisms of different adsorbents as well as their adsorbing capacities.

Keywords: agro/food wastes, heavy metals, adsorption, biosorption, wastewater

1. Introduction

The generation of large quantities of agro/food wastes by various means of 
food processing industries and the release of high amount of heavy metals into 
the environment through various industrial activities such as refining ores, metal 
plating, fertilizer industries, batteries, mining, and tanneries, etc. are very serious 
increasing problems of the society as well as they are grave threats to the environ-
ment [1–3]. It is estimated that worldwide, around 39% of food is wasted in the food 
manufacturing industries and this is expected to rise to about 126 million tonnes 
by 2020 if proper prevention polices are not put in place [2, 4]. Similarly in India a 
large amount of agro/food wastes are generated every year. Nearby about 20% of 
the produced fruits and vegetables are wasted because, India is the second larg-
est producer of fruits, vegetables, groundnut, sugarcane, rice, wheat and cotton. 
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As the production increased, it also increased the percentage of wastes generated 
from them [5, 6]. This readily available, cheap, and large amount of waste could be 
utilized for the removal of heavy metals from the effluents as bioadsorbents either in 
their natural form or in modified form. So the idea of utilization of agro/food wastes 
for the removal of heavy metals can suppress both the aforementioned problems 
to a great extent. Some of the industries such as paper, electroplating, metallurgy, 
textiles, batteries, metal plating, dyes, pesticides, and fertilizers, etc. are the major 
contributors of heavy metals into the wastewater [7]. These industries directly or 
indirectly discharge the heavy metals into the environment, especially in developing 
countries. The discharge of heavy metals like mercury (Hg), iron (Fe), chromium 
(Cr), lead (Pb), nickel (Ni), cadmium (Cd), cobalt (Co), zinc (Zn), copper (Cu), 
arsenic (As) etc. from industries is hazardous to humans [8]. These heavy and toxic 
metals are a serious concern and are threats to environment due to their toxicity, 
persistence in nature, and bio-accumulation tendency [9]. Several reputed and 
standard organizations have set the limits for the release of toxic metals into the 
water streams. But the addition of heavy metals into the aquatic stream at a higher 
concentration is increasing day by day by the various industrial activities, thus it 
increases the human health hazards and environmental pollution. Two tragedies 
namely, Minamata and Itai-Itai (Jintsu River) occurred in Japan because of the 
contamination of methyl-mercury and cadmium in aquatic streams [3, 10].

In the past several years various conventional techniques have been used for the 
eradication of toxic metal ions such as ultrafiltration, reverse osmosis, oxidation, 
ion exchange, chemical precipitation, reduction, and electrodialysis [11]. But these 
conventional methods are mainly associated with certain limitations, such as they 
produce large amount of sludge, are less efficient, are sensitive in operating condi-
tions and are of costly disposal [12]. Thus, the use of agro/food wastes material and 
by-products of fruits and vegetables such peel, pomace and seeds as a bioadsorbents 
for the eradication of toxic metals is an emerging and potentially alternative method 
and in the recent years this method has gained much attention. This technique has 
several advantages over the conventional method such as low cost, high efficiency, 
produces less sludge, and regenerates biosorbents [13]. Various types of agro/food 
waste materials such as sugarcane bagasse, wheat bran, rice bran, rice husk, orange 
peels, coffee beans, hazelnut shells, groundnut shells, wheat husk, waste tea leaves, 
maize corn cob, apple peels, banana peels, coconut shells, sugar beet pulp, soybean 
hulls, cotton stalks etc. have been tried by several researchers for the eradication of 
heavy metals [14–16]. The agro/food waste materials, especially those containing 
cellulose, show a high biosorption capacity. Their components such as lignin, hemi-
cellulose, starch, lipids, proteins, hydrocarbons and other functional groups expe-
dite metal complexation that helps in the removal of heavy metals [17]. Because of 
the several advantages that are associated with the agricultural waste as mentioned 
above it seems to be a viable option for the removal of heavy metals. These readily 
available, low cost, promising agro/food waste materials can be effectively utilized 
for the eradication of various toxic metal ions either in their natural form or after 
some modifications [18].

2. Conventional methods for the eradication of toxic metal ions

Several conventional methods are readily available for the removal of heavy 
metal ions present in effluents that come from different sources. These conven-
tional methods can be classified as physical, chemical, and biological [19]. In the 
past several years, various industries were extensively using physical and chemi-
cal methods, but nowadays, they do not prefer these traditional methods due to 
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several reasons associated with them such as high cost and disposal problems. 
Membrane filtration, gravity concentration, adsorption, flotation, mechanical 
screening, and magnetic separation are some of the physical methods. Membrane 
filtration can be further classified as electrodialysis, reverse osmosis, ultrafiltra-
tion, and nanofiltration. In comparison to membrane filtration and adsorption, 
adsorption has been considered the appropriate and effective method for the 
removal of heavy metals because most of the times membrane separation is 
associated with several problems such as fouling. Chemical methods include 
electrochemical processes, coagulation, electro kinetic coagulation, irradiation, 
and electroflotation [20]. These chemical methods are efficient for removing the 
heavy metals from the effluent but they are very expensive and commercially 
unattractive. Like physical methods, these chemical methods are also associated 
with several limitations such as; they require high energy and high consumption 
of chemical reagents. Several studies have reported that both the physical and 
chemical methods are not much effective and economical towards the removal of 
heavy metals especially when the metals are present in low concentration [21, 22]. 
Some of the researchers have also used metal and metal oxide nanoparticles for 
water decontamination and purification [23]. Biological methods or bio removal 
is one of the alternative methods which can effectively reduce the concentration 
of heavy metals to environmentally tolerable levels at a reasonable cost [24]. In the 
past several years a large number of studies were conducted for the eradication 
of toxic metal ions from the waste water by utilizing the various products and 
by-products of plants [18, 25, 26]. They have also confirmed the efficacy of agri-
cultural products or by-products as sorbents for the removal of metals. Further, 
they have recommended that this process is a good and efficient alternative for 
the removal of heavy metal but only if the adsorbents are inexpensive and do not 
require any pre-treatment before the application. Besides the several advantages 
of biological method, various other authors have also highlighted its drawbacks 
such as, it requires large area and has less design flexibility and lesser modes of 
operation. Further, it has also been recommended that this process is not favour-
able for the handling of large amount of effluent [27]. In order to overcome the 
drawbacks associated with the above mentioned techniques, several researchers 
have recommended the biosorption method as an economical and environmental 
friendly method. Biosorption is not only a method for the eradication of heavy 
metals but it is also an example of the potential use of bio waste (agro/food 
waste). Formation of adsorbent by using agro/food waste is a cheap, economical, 
environmental friendly, and simple to design method and moreover it does not 
produce any toxic and dangerous material [18].

3. Biosorption and its classification

It is a process that utilizes the biological material or components as adsorbents 
for the eradication of toxic metal and non-metal ions, and small particulates 
from the wastewater, which come from numerous industries such as ore refining, 
metallurgic, fertilizer, paper, batteries, etc. The biological materials that are used 
as adsorbents in the process of biosorption are called as biosorbents. They can be 
classified as natural, biological, and waste oriented as shown in Figure 1. Some of 
the natural adsorbents that are having the good properties of an adsorbent are clay, 
zeolite, and siliceous material and they are easily available in the ecosystem [28]. 
Most of the biological adsorbents emanate from microorganisms which include 
bacteria, fungi, algae, and yeast [20]. Other than these, some of the biological 
adsorbents obtained from biological sources such as chitin and chitosan, peat, and 



Emerging Contaminants

130

As the production increased, it also increased the percentage of wastes generated 
from them [5, 6]. This readily available, cheap, and large amount of waste could be 
utilized for the removal of heavy metals from the effluents as bioadsorbents either in 
their natural form or in modified form. So the idea of utilization of agro/food wastes 
for the removal of heavy metals can suppress both the aforementioned problems 
to a great extent. Some of the industries such as paper, electroplating, metallurgy, 
textiles, batteries, metal plating, dyes, pesticides, and fertilizers, etc. are the major 
contributors of heavy metals into the wastewater [7]. These industries directly or 
indirectly discharge the heavy metals into the environment, especially in developing 
countries. The discharge of heavy metals like mercury (Hg), iron (Fe), chromium 
(Cr), lead (Pb), nickel (Ni), cadmium (Cd), cobalt (Co), zinc (Zn), copper (Cu), 
arsenic (As) etc. from industries is hazardous to humans [8]. These heavy and toxic 
metals are a serious concern and are threats to environment due to their toxicity, 
persistence in nature, and bio-accumulation tendency [9]. Several reputed and 
standard organizations have set the limits for the release of toxic metals into the 
water streams. But the addition of heavy metals into the aquatic stream at a higher 
concentration is increasing day by day by the various industrial activities, thus it 
increases the human health hazards and environmental pollution. Two tragedies 
namely, Minamata and Itai-Itai (Jintsu River) occurred in Japan because of the 
contamination of methyl-mercury and cadmium in aquatic streams [3, 10].

In the past several years various conventional techniques have been used for the 
eradication of toxic metal ions such as ultrafiltration, reverse osmosis, oxidation, 
ion exchange, chemical precipitation, reduction, and electrodialysis [11]. But these 
conventional methods are mainly associated with certain limitations, such as they 
produce large amount of sludge, are less efficient, are sensitive in operating condi-
tions and are of costly disposal [12]. Thus, the use of agro/food wastes material and 
by-products of fruits and vegetables such peel, pomace and seeds as a bioadsorbents 
for the eradication of toxic metals is an emerging and potentially alternative method 
and in the recent years this method has gained much attention. This technique has 
several advantages over the conventional method such as low cost, high efficiency, 
produces less sludge, and regenerates biosorbents [13]. Various types of agro/food 
waste materials such as sugarcane bagasse, wheat bran, rice bran, rice husk, orange 
peels, coffee beans, hazelnut shells, groundnut shells, wheat husk, waste tea leaves, 
maize corn cob, apple peels, banana peels, coconut shells, sugar beet pulp, soybean 
hulls, cotton stalks etc. have been tried by several researchers for the eradication of 
heavy metals [14–16]. The agro/food waste materials, especially those containing 
cellulose, show a high biosorption capacity. Their components such as lignin, hemi-
cellulose, starch, lipids, proteins, hydrocarbons and other functional groups expe-
dite metal complexation that helps in the removal of heavy metals [17]. Because of 
the several advantages that are associated with the agricultural waste as mentioned 
above it seems to be a viable option for the removal of heavy metals. These readily 
available, low cost, promising agro/food waste materials can be effectively utilized 
for the eradication of various toxic metal ions either in their natural form or after 
some modifications [18].

2. Conventional methods for the eradication of toxic metal ions

Several conventional methods are readily available for the removal of heavy 
metal ions present in effluents that come from different sources. These conven-
tional methods can be classified as physical, chemical, and biological [19]. In the 
past several years, various industries were extensively using physical and chemi-
cal methods, but nowadays, they do not prefer these traditional methods due to 

131

Potential Use of Agro/Food Wastes as Biosorbents in the Removal of Heavy Metals
DOI: http://dx.doi.org/10.5772/intechopen.94175

several reasons associated with them such as high cost and disposal problems. 
Membrane filtration, gravity concentration, adsorption, flotation, mechanical 
screening, and magnetic separation are some of the physical methods. Membrane 
filtration can be further classified as electrodialysis, reverse osmosis, ultrafiltra-
tion, and nanofiltration. In comparison to membrane filtration and adsorption, 
adsorption has been considered the appropriate and effective method for the 
removal of heavy metals because most of the times membrane separation is 
associated with several problems such as fouling. Chemical methods include 
electrochemical processes, coagulation, electro kinetic coagulation, irradiation, 
and electroflotation [20]. These chemical methods are efficient for removing the 
heavy metals from the effluent but they are very expensive and commercially 
unattractive. Like physical methods, these chemical methods are also associated 
with several limitations such as; they require high energy and high consumption 
of chemical reagents. Several studies have reported that both the physical and 
chemical methods are not much effective and economical towards the removal of 
heavy metals especially when the metals are present in low concentration [21, 22]. 
Some of the researchers have also used metal and metal oxide nanoparticles for 
water decontamination and purification [23]. Biological methods or bio removal 
is one of the alternative methods which can effectively reduce the concentration 
of heavy metals to environmentally tolerable levels at a reasonable cost [24]. In the 
past several years a large number of studies were conducted for the eradication 
of toxic metal ions from the waste water by utilizing the various products and 
by-products of plants [18, 25, 26]. They have also confirmed the efficacy of agri-
cultural products or by-products as sorbents for the removal of metals. Further, 
they have recommended that this process is a good and efficient alternative for 
the removal of heavy metal but only if the adsorbents are inexpensive and do not 
require any pre-treatment before the application. Besides the several advantages 
of biological method, various other authors have also highlighted its drawbacks 
such as, it requires large area and has less design flexibility and lesser modes of 
operation. Further, it has also been recommended that this process is not favour-
able for the handling of large amount of effluent [27]. In order to overcome the 
drawbacks associated with the above mentioned techniques, several researchers 
have recommended the biosorption method as an economical and environmental 
friendly method. Biosorption is not only a method for the eradication of heavy 
metals but it is also an example of the potential use of bio waste (agro/food 
waste). Formation of adsorbent by using agro/food waste is a cheap, economical, 
environmental friendly, and simple to design method and moreover it does not 
produce any toxic and dangerous material [18].

3. Biosorption and its classification

It is a process that utilizes the biological material or components as adsorbents 
for the eradication of toxic metal and non-metal ions, and small particulates 
from the wastewater, which come from numerous industries such as ore refining, 
metallurgic, fertilizer, paper, batteries, etc. The biological materials that are used 
as adsorbents in the process of biosorption are called as biosorbents. They can be 
classified as natural, biological, and waste oriented as shown in Figure 1. Some of 
the natural adsorbents that are having the good properties of an adsorbent are clay, 
zeolite, and siliceous material and they are easily available in the ecosystem [28]. 
Most of the biological adsorbents emanate from microorganisms which include 
bacteria, fungi, algae, and yeast [20]. Other than these, some of the biological 
adsorbents obtained from biological sources such as chitin and chitosan, peat, and 



Emerging Contaminants

132

biomass. Waste oriented adsorbents include, bagasse, nutshells, sawdust, sugar 
beet pulp, bamboo and cassava peel, rice husk, orange and banana peels, egg shell, 
corn stack, etc. to name a few that come from solid waste, agricultural waste, waste 
from fruits and vegetables peels, and industrial waste [28]. Some of the examples of 
natural, biological and waste oriented bioadsorbents are indicated in Figure 1.

4. Biosorbents from agro and food waste

Agricultural waste, pulp, peels and seeds of fruits and vegetables are the dis-
carded waste material and due to its several properties it may have a wide range of 
application in the removal of heavy metal ions. Generally, the agricultural waste 
having cellulose shows a high metal biosorption capacity. The ingredients of agricul-
tural waste such as proteins, lipids, lignin, hemicelluloses, starch, hydrocarbons, 
and functional groups facilitate metal complexation which helps in the removal of 
heavy metals [29]. Several studies reveal [20, 26, 30] that this low cost, readily avail-
able, renewable, efficient, and eco-friendly waste material seems to be a feasible 
option for the removal of toxic metal ions. In the past several years, research has 
been carried out for the eradication of toxic metal ions using several bioadsorbents 
that come from agro and food waste such as wheat bran, rice bran, coconut shells, 
wheat husk, rice husk, saw dust of various plant, maize corn cob, arjun nuts, black 
gram husk, sugar cane bagasse, coffee beans, apple peels, banana peels, orange 
peels, sugar beet pulp, and grapes stalks etc. [12, 14, 18, 28, 31]. They have been 
used either in their natural form or after some modification (may be physical or 
chemical).

5. Biosorption mechanisms

The mechanism of biosorption is a complex process which involves the binding of 
sorbate onto the biosorbent [17]. Various materials that are found natural including 
agricultural wastes can be used as biosorbents which involve the binding of metal 
ions by several mechanisms including chelation, complexation, ion exchange, chemi-
sorption, reduction, precipitation, and adsorption on the surface and pores [32, 33]. 
Figure 2 shows the different mechanisms involved in the biosorption phenomenon. 
Bisorbents especially made from agro and food waste contain several compounds 

Figure 1. 
Classification of bioadsorbents and their examples.
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such as starches, cellulose, simple sugar, hemicellulose, lignin, proteins, hydro-
carbons and various functional groups such as carbonyl, amine, amide, sulfonate, 
carbonyl, phenolic, carboxyl groups, alcohols, and esters that can attract and isolate 
the metal ions. In the past several years many researchers have confirmed the pres-
ence of the aforementioned functional groups in the biosorbents and furthermore, 
they have also reported their complexation with heavy metals during the biosorption 
process [34, 35]. Some of the factors that help in controlling and characterizing the 
mechanism of biosorption are given in Figure 3.

5.1 Chelation

It is a mechanism in which an organic complex agent (chelate) binds the metal 
ions at more than one place at a time in order to form a ring structure. The molecules 
on an organic compound that form these types of coordination are called as ligands 
and the ligands—metal association is referred as coordination complex [36]. An 
increase in the coordination complexes on mineral surfaces weakens the bond 
of the metal or cation to the crystal lattice resulting in the dissolution. Chelates 
form several binding with the metal ion at more than one place as compared to the 
complexes, therefore, chelates are more stable. In the past several years various 
studies have reported the application of this mechanism for the eradication of toxic 
metal ions from the waste water that was obtained from different sources [17]. For 
example, in one study, for the eradication of Cd (II) from the wastewater rice straw 
has been used successfully as a potential biosorbent [37].

Figure 2. 
Various mechanisms involved in bioadsorption process.
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sorbate onto the biosorbent [17]. Various materials that are found natural including 
agricultural wastes can be used as biosorbents which involve the binding of metal 
ions by several mechanisms including chelation, complexation, ion exchange, chemi-
sorption, reduction, precipitation, and adsorption on the surface and pores [32, 33]. 
Figure 2 shows the different mechanisms involved in the biosorption phenomenon. 
Bisorbents especially made from agro and food waste contain several compounds 

Figure 1. 
Classification of bioadsorbents and their examples.
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such as starches, cellulose, simple sugar, hemicellulose, lignin, proteins, hydro-
carbons and various functional groups such as carbonyl, amine, amide, sulfonate, 
carbonyl, phenolic, carboxyl groups, alcohols, and esters that can attract and isolate 
the metal ions. In the past several years many researchers have confirmed the pres-
ence of the aforementioned functional groups in the biosorbents and furthermore, 
they have also reported their complexation with heavy metals during the biosorption 
process [34, 35]. Some of the factors that help in controlling and characterizing the 
mechanism of biosorption are given in Figure 3.

5.1 Chelation

It is a mechanism in which an organic complex agent (chelate) binds the metal 
ions at more than one place at a time in order to form a ring structure. The molecules 
on an organic compound that form these types of coordination are called as ligands 
and the ligands—metal association is referred as coordination complex [36]. An 
increase in the coordination complexes on mineral surfaces weakens the bond 
of the metal or cation to the crystal lattice resulting in the dissolution. Chelates 
form several binding with the metal ion at more than one place as compared to the 
complexes, therefore, chelates are more stable. In the past several years various 
studies have reported the application of this mechanism for the eradication of toxic 
metal ions from the waste water that was obtained from different sources [17]. For 
example, in one study, for the eradication of Cd (II) from the wastewater rice straw 
has been used successfully as a potential biosorbent [37].

Figure 2. 
Various mechanisms involved in bioadsorption process.
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5.2 Complexation

It is a process in which two or more species are associated and they form a 
complex. When the complexes of metal ions and the ligands are formed in such a 
way that the single metal atom enjoys the central position then it is called a mono-
nuclear complexes. When more than one metal ion is present in the centre they 
form a polynuclear complex [38]. During the formation of polynuclear complexes, 
on the basis of number of binding ligands involved the metal atom may hold a 
positive, negative, or neutral charge. Several studies have confirmed that the 
formation of complexes by the mononuclear ligands is more desirable than poly-
nuclear ligands because the latter contains multiple ligands results multiple species 
binding.

5.3 Chemisorption

Chemical adsorption is also known as chemisorption. It is a process of adsorp-
tion which involves a chemical reaction between the surface and the adsorbate. 
Mainly, it occurs when the adsorbate and adsorbent are attracted via a chemical 
bond or due to the chemical forces of attraction [39]. During the process of chemi-
sorption only a single layer of adsorbate on adsorbent is formed and this process has 
high enthalpy of adsorption. With a rise in temperature, the rate of the process of 
chemisorption first increases and then decreases.

Figure 3. 
Factor affecting the mechanism of bioadsorption.
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5.4 Ion exchange

This process also plays a vital role in adsorption. During the biosorption process 
it exchanges the binary metal ions with the counter ions present on the surface of 
the biosorbent. Various systems that are readily available for the purification of 
water, work on the ion exchange mechanism. The process of ion exchange gener-
ally takes place either by cation or anion exchange. Amino groups are one of the 
good examples of anion exchangers while carboxyl groups represent the cation 
exchangers [28]. Several studies have reported the ion exchange mechanism of 
biosorption using various agro/food waste such as watermelon rind, rice straw etc. 
for the eradication of toxic metal ions such as chromium, Cu (II), Zn (II), Pb (II), 
and cadmium [17, 40].

5.5 Surface precipitation

It is a process in which the metal ions present in the aqueous solution form pre-
cipitates with the functional groups that are present on the surface of the microbial 
cells due to which the metal ions remain intact with the microbial cell. Organic and 
inorganic metal precipitates are generally formed during the process of adsorption. 
Use of microbial cells forms the organic metal precipitates, that occur due to the 
excretion of extracellular polymeric substances. In several other cases, insoluble 
inorganic metal precipitates are also formed. Several studies have reported the 
involvement of surface precipitation mechanism using the husk of green tomato, 
soybean meal, and watermelon rind for the eradication of Cu (II), Cu (III), Pb (II), 
Zn (II), Fe and Mn [41, 42].

5.6 Reduction

Reduction is also an important mechanism of adsorption that plays a vital role 
in the biosorption of various heavy metals such as gold and palladium. During 
the process of reduction the metal connects with the functional group, gets 
reduced, and undergoes the growth of crystals. The metal that is reduced binds 
the biosorbent at various places. The eradication of numerous heavy metals such 
as chromium, gold, palladium etc. can be done easily by the process of reduction. 
For example, by using the process of biosorption, removal of Cr (VI) can be done 
easily by reducing it into Cr (III) from the aqueous solution [17].

6. Involvement of functional groups in adsorption process

Several types of functional groups are generally involved in the process of 
adsorption namely, hydroxyl, amino and carboxyl groups [43]. These groups play 
an influential role in the metal adsorption process. The heavy metals are more 
efficiently absorbed by the phenolic, lactonic, and oxygen functional groups as 
compared to the other groups. During the formation of adsorbent the temperature 
and high degree carbonization majorly affects the mechanism of these functional 
groups but the other factors such as porosity, surface area, increase in pH, etc. do 
not alter the mechanism of these groups [28]. Several authors have confirmed the 
potential role of functional groups in the adsorption process by using the FTIR 
(Fourier Transform Infrared Spectroscopy) [44]. Low temperature pyrolysis 
retains the functional groups inside the sample whereas, an increase in temperature 
during the pyrolysis may lead to the loss of the functional group. For example, 
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ally takes place either by cation or anion exchange. Amino groups are one of the 
good examples of anion exchangers while carboxyl groups represent the cation 
exchangers [28]. Several studies have reported the ion exchange mechanism of 
biosorption using various agro/food waste such as watermelon rind, rice straw etc. 
for the eradication of toxic metal ions such as chromium, Cu (II), Zn (II), Pb (II), 
and cadmium [17, 40].

5.5 Surface precipitation

It is a process in which the metal ions present in the aqueous solution form pre-
cipitates with the functional groups that are present on the surface of the microbial 
cells due to which the metal ions remain intact with the microbial cell. Organic and 
inorganic metal precipitates are generally formed during the process of adsorption. 
Use of microbial cells forms the organic metal precipitates, that occur due to the 
excretion of extracellular polymeric substances. In several other cases, insoluble 
inorganic metal precipitates are also formed. Several studies have reported the 
involvement of surface precipitation mechanism using the husk of green tomato, 
soybean meal, and watermelon rind for the eradication of Cu (II), Cu (III), Pb (II), 
Zn (II), Fe and Mn [41, 42].
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Reduction is also an important mechanism of adsorption that plays a vital role 
in the biosorption of various heavy metals such as gold and palladium. During 
the process of reduction the metal connects with the functional group, gets 
reduced, and undergoes the growth of crystals. The metal that is reduced binds 
the biosorbent at various places. The eradication of numerous heavy metals such 
as chromium, gold, palladium etc. can be done easily by the process of reduction. 
For example, by using the process of biosorption, removal of Cr (VI) can be done 
easily by reducing it into Cr (III) from the aqueous solution [17].

6. Involvement of functional groups in adsorption process

Several types of functional groups are generally involved in the process of 
adsorption namely, hydroxyl, amino and carboxyl groups [43]. These groups play 
an influential role in the metal adsorption process. The heavy metals are more 
efficiently absorbed by the phenolic, lactonic, and oxygen functional groups as 
compared to the other groups. During the formation of adsorbent the temperature 
and high degree carbonization majorly affects the mechanism of these functional 
groups but the other factors such as porosity, surface area, increase in pH, etc. do 
not alter the mechanism of these groups [28]. Several authors have confirmed the 
potential role of functional groups in the adsorption process by using the FTIR 
(Fourier Transform Infrared Spectroscopy) [44]. Low temperature pyrolysis 
retains the functional groups inside the sample whereas, an increase in temperature 
during the pyrolysis may lead to the loss of the functional group. For example, 
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when the wood and grass feedstock biomass is heated below 100–200°C then its 
FTIR spectra shows no prominent change in their functional groups [45]. Some 
of the external parameters such as pH change the complexity of functional groups 
when they undergo certain mechanisms. The carboxyl group works efficiently in 
the adsorption process at the pH range 3–4. Beyond this pH the carboxyl group of 
biosorbent forms a complex with the positively charged metals after deprotonation. 
Several authors [17, 33, 35] have observed the changes in the functional groups of 
adsorbent before and after the adsorption of metals. Various interactions such as 
complexation, precipitation, cation exchange, electrostatic interaction and chemi-
cal reduction have an intrinsic effect to make the process of eradication of heavy 
metal successful. The functional groups like hydroxyl (-OH) and carboxylate 
(-COOH) available on the surface of bio char have strong interaction with heavy 
metals [28].

7.  Role of agro/food waste as biosorbents for the eradication of toxic 
metal ions

Utilization of agro and food waste as biosorbents for the eradication of toxic 
metal ions from the wastewater and aqueous streams is a promising and innovative 
technology [35]. In the past several years, this promising technology has gained 
more attention because these waste materials have shown a higher efficacy towards 
the removal of heavy metals and the other reasons include low cost, and easy 
availability. The efficacy of agro/food waste depends upon its phsico-chemical 
nature, capacity of adsorption and affinity. A lot of research has already been car-
ried out for the removal of heavy metals such as arsenic, lead, mercury, cadmium, 
chromium, nickel, cobalt, etc. by using various types of biosorbents namely rice 
husk, wheat bran, peels of apple and banana, etc. [14, 46–48]. They have used 
biosorbents either in the natural form or in modified form by thermal and chemical 
treatment to increase their sorption capacities.

7.1 Removal of cadmium

Cadmium metal and its ions are the most severe pollutants because they are 
highly soluble in water as compared to the other toxic metal ions. Therefore, they 
are easily mobile in soil and have a higher tendency to bioaccumulate. Some of the 
basic sources that produce cadmium into the environment include solid waste, sew-
age irrigation, plastics, application of fertilizer, mining, plating on steel, etc. [49]. 
If the human body is exposed to cadmium for a long time it may result in severe 
diseases such as bone damage, kidney and lung cancer [50]. Rice husk, rice bran, 
wheat bran, black gram husk, rice polish, fig leaves, jack fruit, and orange peels, 
are some of the waste materials that have shown the excellent efficiency towards 
the removal of Cd. Several studies have been tried using these materials for the 
eradication of Cd either in their natural form or in the modified form. In addition, 
potato peels, olive branches, Musa paradisiacal peels, and coconut waste have also 
been extensively used for the removal of Cd. The adsorption capacity of coconut 
waste for the removal of Cd (II) was found to be 285.70 mg/g while, the adsorption 
capacities of other material such as potato peels, olive branches, and Musa paradi-
siacal peels, were found to be 125, 38.17, 10.0 mg/g, respectively [15]. Therefore, 
coconut waste has shown the highest adsorption capacity as compared to the potato 
peels, olive branches, and Musa paradisiacal peels. Some of the waste materials have 
shown higher adsorption capacity when they were used at acidic pH namely, fig 
leaves, medlar peels, beans, and jack fruits [51, 52]. Some of the research work that 
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has already been done for the removal of Cd using various agricultural wastes is 
presented in Table 1.

7.2 Removal of Chromium

Chromium is a naturally occurring heavy metal found in the earth’s crust. It can 
be released into the environment either through the natural process or by manmade 
industrial activities. Industrial activities include wood preservation, tanning, textile 
manufacturing, pigments, paints, and dyes manufacturing. Chromium is generally 
found in a number of oxidation states but Cr (III), and Cr (VI) are the largest threat 
to the environment [42, 84]. In the last two decades, a lot of researches have been 
done by using various agricultural wastes such as orange, lemon and banana peels, 
soybean and rice hulls, hazelnut and peanut shells for the removal of chromium 
metals and ions from different types of wastewater [26, 85]. These waste materials 
have shown significant chromium removal efficiency as shown in Table 1. Other 
than these waste materials, neem leaves powder, cactus leaves, coconut shell fiber, 
and pine needles have also shown a promising efficiency in the range 90–100% 
for the removal of chromium at optimum pH [71]. Wheat brans have showed the 
highest adsorption capacity for Cr (VI) at 310.58 mg/g whereas, rice bran is a lesser 
effective adsorbent for the removal of Cr with only up to 50% efficiency [86]. 
Saw dust, bagasse, rice husk, and mustard oil cake have also been tried by numer-
ous researchers for the removal of chromium and they have reported significant 
efficiencies in literature [85].

7.3 Removal of nickel

The removal of nickel is also of great interest due to its high toxicity and its 
presence in various types of industrial wastewater and effluents. Nickel may enter 
into the environment by natural and industrial sources. Some of the industrial 
sources include batteries, coloured ceramics, nickel plating, power plants and trash 
incinerators [87]. Nickel and its compounds have no taste and odour. Various types 
of agricultural waste materials such as saw dust of maple, hazelnut and groundnut 
shell, and waste tea leaves, etc. have been used for the removal of nickel from the 
effluents either in natural or modified form. These waste materials have shown a 
very promising and significant efficacy for the removal of nickel. For example, the 
bagasse of sugarcane showed more than 80% removal efficiency in its natural form 
for nickel [88]. Similarly, other agro and food wastes such as corncobs, soybeans, 
cotton seeds, and coir fibers have also been tried by various researchers for the 
eradication of nickel in their modified form [78, 83]. Acacia leucocephalabark has 
shown the highest adsorption capacity for nickel at 294.10 mg/g and Cassia fistula 
biomass in its natural form has shown the removal efficiency of 99–100% for 
nickel [15, 73].

7.4 Removal of lead

Various activities such as finishing of tools, steel and cable reclamation, man-
ufacturing of plastics, formation of cathode ray tubes, ceramics and soldering are 
the major sources of lead discharge into the environment [89]. Large exposure 
of lead results in various harmful biological effects and it strongly binds itself 
with the particles of oil, sediments, and sewage sludge due to which its removal 
has gained much attention. Various types of agro/food waste materials have been 
used for the removal of lead such as orange peel, chitosan, rice husk, walnut 
shells, peanut, lemon grass (Cymbopogoncitratus), groundnut (Arachishypogaea), 



Emerging Contaminants

136

when the wood and grass feedstock biomass is heated below 100–200°C then its 
FTIR spectra shows no prominent change in their functional groups [45]. Some 
of the external parameters such as pH change the complexity of functional groups 
when they undergo certain mechanisms. The carboxyl group works efficiently in 
the adsorption process at the pH range 3–4. Beyond this pH the carboxyl group of 
biosorbent forms a complex with the positively charged metals after deprotonation. 
Several authors [17, 33, 35] have observed the changes in the functional groups of 
adsorbent before and after the adsorption of metals. Various interactions such as 
complexation, precipitation, cation exchange, electrostatic interaction and chemi-
cal reduction have an intrinsic effect to make the process of eradication of heavy 
metal successful. The functional groups like hydroxyl (-OH) and carboxylate 
(-COOH) available on the surface of bio char have strong interaction with heavy 
metals [28].

7.  Role of agro/food waste as biosorbents for the eradication of toxic 
metal ions

Utilization of agro and food waste as biosorbents for the eradication of toxic 
metal ions from the wastewater and aqueous streams is a promising and innovative 
technology [35]. In the past several years, this promising technology has gained 
more attention because these waste materials have shown a higher efficacy towards 
the removal of heavy metals and the other reasons include low cost, and easy 
availability. The efficacy of agro/food waste depends upon its phsico-chemical 
nature, capacity of adsorption and affinity. A lot of research has already been car-
ried out for the removal of heavy metals such as arsenic, lead, mercury, cadmium, 
chromium, nickel, cobalt, etc. by using various types of biosorbents namely rice 
husk, wheat bran, peels of apple and banana, etc. [14, 46–48]. They have used 
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Cadmium metal and its ions are the most severe pollutants because they are 
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are easily mobile in soil and have a higher tendency to bioaccumulate. Some of the 
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and pine needles have also shown a promising efficiency in the range 90–100% 
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Heavy 
Metal Ion

Agro/Food Waste Efficiency References

Cd (II) Wheat bran >82% [16]

Bagasse 90–95% [53]

Green coconut shell powder 98% [54]

Rice bran >80% [55]

Black gram husk 99% [56]

Rice husk 80–97% [57]

Papaya wood 98% [58]

Wheat bran 87.15% [59]

Rice polish >90% [59]

Bagasse fly ash 90% [60]

Pb (II) Rice bran >80% [55]

Waste tea leaves 92% [12]

Apple residue waste Nearly 80% [61]

Orizasativa husk 98% [62]

Black gram husk Nearly 93% [63]

Maple saw dust 80–90% [64]

Saw dust of rubber wood 85% [35]

Activated carbon of peanut shells Nearly 75% [65]

Cr (III) Oat biomass >80% [66]

Jatropha oil cake, maize corn cob and sugarcane 
bagasse,

Up to 97% [9]

Cr (VI) Wheat bran >82% [16]

Raw rice bran 40–50% [67]

Rubber wood saw dust 60–70% [68]

Beech saw dust 100% [69]

Coconut shell fibers >80% [70]

Neem leaf powder >96% [71]

Bagasse fly ash 96–98% [72]

Ni (II) Sugarcane bagasse >80% [9]

Casia fistula biomass 100% [73]

Saw dust of oak 70–90% [74]

black gram husk Nearly 93% [63]

Tea waste 86% [75]

Maple saw dust 75% [76]

Waste tea leaves 92% [12]

Mustard oil cake Nearly 94% [77]

Defatted rice bran 57% [78]

Cu (II) Mango saw dust 60% [79]

Wheat shell 99% [80]

As (III) Charred saw dust 80% [81]

Rice hush Nearly 71% [82]
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Heavy 
Metal Ion

Agro/Food Waste Efficiency References

Zn (II) Coir fiber >70% [83]

Black gram husk Near about 
93%

[63]

Defatted rice bran 87% [78]

Rice bran >80% [55]

Bagasse Near about 
95%

[53]

Papaya wood 67% [58]

Table 1. 
Performance of several agricultural wastes for the removal of toxic metal ions.

Toxic Metal 
Ions

Agro/Food Waste Adsorption Capacity 
(mg/g)

References

Cr (VI) Almond shell 3.40 [85]

Banana peel 131.56 [14]

Walnut shell 1.33, 8.01 [85]

Hazelnut shell 8.28 [85]

Coconut waste (puresorbe) 285.70 [30]

Nut shell 1.47 [92]

Pea waste 21.2 [93]

Saw dust 10.01, 16.05 [20]

Pinusroxburghii bark 4.15 [94]

Groundnut husk 7.0 [95]

Bael fruit 17.27 [96]

Wheat bran (Chemically modified) 93.00 [16]

Wheat bran 310.58 [28]

Groundnut husk (Ag coated) 11.40 [95]

Wheat straw (Chemically modified) 322.58 [97]

Wheat straw 21.34 [97]

Cd (II) Rice husk 73.96 [98]

Banana peel 35.52, 5.71 [99, 100]

Rice husk (H3PO4 treated) 102.00 [47]

Wheat bran 22.78, 21.00, 15.82 [101, 102]

Wheat bran (Ultrasonic treated) 51.58 [102]

Wheat straw 39.22, 21.00,14.56, 11.60 [103, 104]

Wheat straw (Urea treated) 4.25 [103]

Orange peel 47.60 [105]

Mango peel 68.92 [106]

Tea waste 11.29 [35]

Rice husk (Alkali treated) 125.94 [98]

Orange peel (chemically modified) 136.05 [105]

Raw coffee powder 15.65 [35]
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Heavy 
Metal Ion

Agro/Food Waste Efficiency References
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Coconut shell fibers >80% [70]

Neem leaf powder >96% [71]

Bagasse fly ash 96–98% [72]

Ni (II) Sugarcane bagasse >80% [9]

Casia fistula biomass 100% [73]

Saw dust of oak 70–90% [74]

black gram husk Nearly 93% [63]

Tea waste 86% [75]

Maple saw dust 75% [76]

Waste tea leaves 92% [12]

Mustard oil cake Nearly 94% [77]

Defatted rice bran 57% [78]

Cu (II) Mango saw dust 60% [79]

Wheat shell 99% [80]

As (III) Charred saw dust 80% [81]

Rice hush Nearly 71% [82]
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Heavy 
Metal Ion

Agro/Food Waste Efficiency References

Zn (II) Coir fiber >70% [83]

Black gram husk Near about 
93%

[63]

Defatted rice bran 87% [78]

Rice bran >80% [55]

Bagasse Near about 
95%

[53]

Papaya wood 67% [58]

Table 1. 
Performance of several agricultural wastes for the removal of toxic metal ions.

Toxic Metal 
Ions

Agro/Food Waste Adsorption Capacity 
(mg/g)

References

Cr (VI) Almond shell 3.40 [85]

Banana peel 131.56 [14]

Walnut shell 1.33, 8.01 [85]

Hazelnut shell 8.28 [85]

Coconut waste (puresorbe) 285.70 [30]

Nut shell 1.47 [92]

Pea waste 21.2 [93]

Saw dust 10.01, 16.05 [20]

Pinusroxburghii bark 4.15 [94]

Groundnut husk 7.0 [95]

Bael fruit 17.27 [96]

Wheat bran (Chemically modified) 93.00 [16]

Wheat bran 310.58 [28]

Groundnut husk (Ag coated) 11.40 [95]

Wheat straw (Chemically modified) 322.58 [97]

Wheat straw 21.34 [97]

Cd (II) Rice husk 73.96 [98]

Banana peel 35.52, 5.71 [99, 100]

Rice husk (H3PO4 treated) 102.00 [47]

Wheat bran 22.78, 21.00, 15.82 [101, 102]

Wheat bran (Ultrasonic treated) 51.58 [102]

Wheat straw 39.22, 21.00,14.56, 11.60 [103, 104]

Wheat straw (Urea treated) 4.25 [103]

Orange peel 47.60 [105]

Mango peel 68.92 [106]

Tea waste 11.29 [35]

Rice husk (Alkali treated) 125.94 [98]

Orange peel (chemically modified) 136.05 [105]

Raw coffee powder 15.65 [35]
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Toxic Metal 
Ions

Agro/Food Waste Adsorption Capacity 
(mg/g)

References

Cu (II) Wheat bran 8.34 [80]

Rice husk (acid treated) 29.00 [89]

Orange peel 50.94 [105]

Peanut hull pellet 12.00 [107]

Sago husk ash 12.40 [108]

Orange peel (chemically modified) 70.67 [105]

Potato peel (ZnCl2 treated) 74.00 [109]

Peanut hull 21.25 [110]

Mango peel 46.09 [106]

Chestnut shell 12.56 [111]

Ni (II) Mango peel 39.75 [106]

Guava seed 18.05 [112]

Pomegranate peel 52.00 [113]

Orange peel 158.00 [114]

Tea waste 73.00 [12]

Pb (II) Wheat bran (chemically modified) 62.00 [16]

Hazelnut shell 28.18 [91]

Mango peel 99.05 [105]

Coconut (coir pith waste) 263.00 [90]

Rice husk (acid treated) 108.00 [89]

Wheat bran 87.00 [115]

Chitosan 8.30 [91]

Banana peel 2.18 [100]

Zn (II) Cicerarientinumseed 20.00 [116]

Wheat bran 16.40 [48]

Mango peel 28.21 [106]

Tea waste 8.90 [117]

Table 2. 
Biosorption capacities of different agricultural waste and plant products for the eradication of toxic metal ions.

and coir pith waste of coconut [15, 89]. The absorption capacity of coir pith waste 
of coconut and chitosan is found to be 263.0 mg/g and 8.3 mg/g respectively as 
shown in Table 2 [90, 91]. Biosorption capacities of various other agro/food 
wastes against the removal of toxic heavy metal ions are presented in Table 2.

8. Conclusions

The existing physical and chemical methods for the removal of heavy metals 
have severe limitations such as they require various chemicals, are energy intensive, 
costly to operate, produce large quantities of sludge whose disposal is a big problem 
etc. Therefore, there is a need of some alternative method which can attractively 
remove the toxic metal ions in the best possible way. In this regard biosorption is 
an attractive alternative method to remove the toxic metal ions effectively from 
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utilization of huge quantities of agro/food waste. The use of agricultural wastes 
as bioadsorbent is recommended because of their sustainability, easy availability, 
low cost, and high affinity towards the removal of heavy metals. Numerous studies 
have recommended the use of several agro and food wastes such as wheat bran, 
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lead, etc. In literature very few details are available regarding the modification and 
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Abstract

There are many definitions of emerging contaminants (ECs). They are not 
usually new chemicals and could be substances that have stayed long in the envi-
ronment with their presence and importance being recognized now. They may be 
chemicals or microorganisms which are not usually monitored in the environment 
but with known or suspected potential to cause ecological damage or adverse 
human effects. Some natural products and those transformed through biochemi-
cal processes from synthetic chemicals may be formed in the environment as ECs. 
Emerging Agricultural Contaminants are released to the environment or enter 
indirectly to the soil during the application of manure, fertilizers, biosolids or 
other solid waste materials. Once they enter the soil, they may be transported 
by leaching, runoff and drainage processes to water bodies. The extent of the 
transport is dependent on the persistence of the EC and on how it interacts with 
soil and air. These ECs contribute to global warming through the emissions 
of Greenhouse gases. The largest source of GHG emission from Agriculture is 
Nitrous oxide (N2O) and it accounts for 38% of the total global emission through 
the process of nitrification and denitrification, anthropogenic activities (use of 
nitrogen fertilizer, production of nitrogen-fixing crops and forages, retention 
of crop residues, application of managed livestock manure) which are either 
through direct additions and/or through indirect additions (atmospheric deposi-
tion of applied nitrogen). The natural digestive processes in ruminants otherwise 
known as enteric fermentation account for the key source of methane production 
under livestock production hence the second largest source of total agricultural 
emission with 34% global share and rice cultivation being the third with 11%. 
The three important greenhouse gases (Methane, Carbon dioxide and Nitrous 
oxide) are not harmful in naturally occurring quantities for their atmospheric 
presence helps in sustaining life on the planet when they trap heat energy near 
the surface of the earth. Concentration of greenhouse gases from both the natural 
and human factors have been increasing and contributing to Global Warming and 
Climate Change. Increase in greenhouse gases may cause tremendous changes to 
our civilization positively or negatively but the total impact is uncertain. Climate 
change comes as a result of a warming planet which can affect the weather 
adversely in many ways. So, as climate changes, extreme weather activities release 
severe threats on human society. Indicators of global warming include sea surface 
temperature, temperature over land, snow cover on hills, temperature over land 
and humidity. It is expected that climate change may cause more floods, storms, 
droughts, heatwaves and other extreme weathers activities. IPCC estimated that 
temp may rise from 2 to 6°C within 2021. Mitigation of greenhouse effect could 
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be achieved through Biochemical methods on enteric fermentation, development 
of good environmental policies even Methanotrophs also aid in recycling the 
atmospheric Methane.

Keywords: emerging contaminants, pesticides, fertilizers, livestock, manure,  
global warming

1. Introduction

Global warming: The temperature of the earth since 1950 has been increasing 
above average temperature. This can also be referred to as climate change. Both 
climate change and Global warming refer to increase in average global temperature. 
Climate change involves a change in climate measured using statistical properties 
such as mean surface temperature which can range from months to millions of 
years. One of the facets of climate change is global warming as it has been described 
as an average increase in global surface temperature. The causes of Global warming 
are both from natural and human events. One of the natural factors is Greenhouse 
effect. This effect is a blanketing one by which greenhouse gases keep the surface of 
the earth warm [1]. The human influenced greenhouse gases (CO2, CH4, and N2O) 
are also essential in climate change [2]. The energy that gets to the earth is absorbed 
by earth’s surface and later re-radiated back as heat energy towards the space. 
Greenhouse gases equally and importantly trap this re-radiated energy within the 
atmosphere hence increase the temperature of earth’s surface [3].

Climate change occurs as a result of high concentration of greenhouse gases 
(GHG) like carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4), sulfur 
dioxide (SO2) etc. [4]. The increase in high GHG emissions are associated with eco-
nomic activity especially as related to industry, energy, transport and methods of 
land use (Agricultural production and deforestation [5]. Greenhouse gases are still 
building up in the atmosphere and prompting shifts across the globe in the climate.

Agriculture is a well-known source of global emission of greenhouse gases. 
Rearing of livestock and application of fertilizers and other related land clearing 
affects the levels of both GHG in the atmosphere and the possibilities of carbon 
sequestration and storage. Agricultural pollutants are the contaminants that are 
released into the environment as a by-product from growing and raising of food 
crops and livestock. However, these pollutants are biotic and abiotic by-products 
of farming practices (pesticides, fertilizers and livestock manure) that result in 
degradation or contamination of the environment and ecosystem hence leading 
to injury in humans and their economic interests. There has been an increasing 
concern over the emerging and growing increase in emission of Greenhouse gases 
such as CH4, CO2 and N2O, etc. as they have detrimental impact on the environ-
ment leading to global warming which results in climate change and environmental 
degradation [6, 7].

1.1 Sources of emerging contaminants

Different routes of release of emerging contaminants can be summed-up into 
3 major categories as follows:

1. Use of Livestock: This includes manure and flatulent gas (methane) being 
released directly from animals and their compost-releasing Methane gas into 
the atmosphere, artificial fertilizers, hormones used in livestock and all other 
veterinary composts.
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2. Plant Protection Activities: These include mainly nanomaterials designed 
as “smart” chemicals or “smart” pesticides that have the ability for selective 
toxicities. Unfortunately, these nanomaterials enter the ecological system 
virtually undetected. Pesticides which include Rodenticides, Fungicides, 
bactericides, weed toxins, zootoxins which kill small animals like rodents, 
phycotoxins which inhibit the growth of algae, different personal and 
household use products, all that have the ability to produce other compounds 
that are consequently released directly or indirectly into the environment 
especially through air and wastewater as emerging contaminants.

3. Human Use Activities: These include chemicals such as new chemical com-
pounds and pharmaceuticals synthesized by humans that are released directly 
and indirectly. These compounds usually pass into wastewater treatments to land 
resulting in sludge and biosolids, and or from irrigation to waste-water effluent. 
Pesticides which may be released as nanoparticles are also part of this group with 
increased absorption ability, increased solubilities, or increased toxicities.

2. Emerging contaminants from agrochemicals

Contaminants refer to biological, chemical, physical or radiological substances 
found in considerable concentrations that can adversely affect human beings 
through soil, food contamination and air. For a long time now Contaminants from 
Agricultural practices have been known to be as a result of human activities both 
man-made and natural. Their increasing effect on the ecological system including 
resultant Green-House effects poses a disturbing concern.

What are the emerging agricultural contaminants? Agricultural contaminants 
can generally be grouped into some major classifications, but a major source of 
concern for the environment is the emergence of animal waste and its release of 
Methane gas (CH4) into the atmosphere. Another growing source of concern is the 
emergence of pharmaceutical wastes as contaminants which manifests typically in 
run-off water in the agricultural watersheds. Although there are many definitions 
of what constitutes “emerging contaminants” it is of paramount importance to 
explain the word “emerging” attached to the contaminants as chemical compounds 
which have not been known to be in existence or have not been extensively studied. 
Again, emerging contaminants can be classified into chemical compounds which 
have been known previously but whose impacts on health and environment have 
not been fully comprehended. The definitions of emerging contaminants are 
numerous and vary from region to region of the world. They may be chemicals that 
have been shown to be threatening to the environment or public health through 
different routes without enough data to assess their risk levels. Those with poten-
tial health and environmental threat without regulatory standards also fall into 
emerging contaminants just as chemicals or substances that penetrate the environ-
ment through different routes but lack not only risk stratification, but inadequate 
detection capabilities. Although detecting emerging contaminants can be more 
challenging, they can penetrate the environment causing adverse biological and 
ecological effects [8]. The United States Geological Survey describes emerging 
contaminants as chemicals or microorganisms which are not usually monitored in 
the environment but with known or suspected potential to cause ecological damage 
or adverse human effects. New Synthetic chemicals or changes in use and disposal 
of existing ones can also be referred to as a means of creating emerging contami-
nants. Emerging contaminants in another way is defined as chemical substances or 
compounds that are characterized by a perceived challenge to human health or the 
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be achieved through Biochemical methods on enteric fermentation, development 
of good environmental policies even Methanotrophs also aid in recycling the 
atmospheric Methane.
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compounds that are characterized by a perceived challenge to human health or the 
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environment lacking published health criteria. They may also be identified from 
sources that are unknown, new exposure to humans, or a new detection approach or 
technology [9]. Emerging contaminants (ECs) are not usually new chemicals. They 
could be substances or chemicals that have stayed long in the environment with 
their presence and importance being recognized now. There are many proposed 
and contradictory definitions of “Emerging Contaminants”. Boxall [10] defines it 
as a contaminant from a chemical class that has not been studied extensively where 
either there is a concern from scientists, Regulators, NGOs or other Stakeholders 
that the contaminant class may be having an impact on human health or envi-
ronment or where there is a concern that an existing environmental assessment 
 paradigms are not appropriate for the contaminant class.

Recently, there has been a great concern on the environmental challenges caused 
by Emerging contaminants. These ECs emanate from by-products of a variety of 
materials such as paints and coatings, pharmaceuticals, personal care products, 
agrochemicals, veterinary medicines etc. Some natural products and those trans-
formed through biochemical processes from synthetic chemicals may be formed in 
the environment as ECs.

2.1 Emerging contaminants from agricultural activities

Emerging Contaminants are released to the agricultural environment via 
different pathways. They may be released to the environment directly (veterinary 
medicines that are used in the treatment of animals at pasture) or enter indirectly 
to the soil during the application of manure, biosolids or other solid waste materi-
als. Once they enter the soil, they may be transported by leaching, runoff and 
drainage processes to water bodies. The extent of the transport is dependent on the 
 persistence of the EC and on how it interacts with soil and air.

2.1.1 Agricultural soils

The largest source of GHG emission from Agriculture is Nitrous oxide (N2O) 
and it accounts for 38% of the total global emission. Through the process of nitrifi-
cation and denitrification, it is produced naturally from soil. Agricultural activity 
which is anthropogenic may add nitrogen directly or indirectly to soils. The use of 
nitrogen fertilizer, production of nitrogen-fixing crops and forages, retention of 
crop residues, application of managed livestock manure, sewage sludge and cultiva-
tion of soils with high organic matter content are the direct additions. Through 
indirect additions are surface runoff and leaching of applied nitrogen into surface 
and ground water, volatilization and atmospheric deposition of applied nitrogen 
[11]. Other anthropogenic sources of GHG emissions from agriculture include 
manufacture of equipment, pesticides, fertilizers, on-farm use of fuels and the 
transport of agricultural products [12]. Emissions of GHG from agricultural soils 
(N2O) and enteric fermentation and management of manure (CH4) linked with 
livestock production contribute to the largest share in agricultural sector. So, from 
agricultural sector, sources of GHG emissions are accounted for as follows: Residue 
burning/forest cleaning (13%), Methane and Nitrous oxide from Management of 
manure (7%), Methane from Rice cultivation (11%), Nitrous oxide from fertilizers 
(37%) and Methane from Livestock (32%) [11]. These emissions are expected to 
increase in future due to high demand for agricultural products and enhanced 
nutrition [13]. The direct addition of both synthetic and organic nitrogen contain-
ing fertilizers will possibly be a key source of rise in emission of N2O with the 
highest coming from developing countries that are seen using 36 million tons more 
than the developed nations [14].
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2.1.2 Livestock

Emissions from Livestock constitute 9% of CO2 equivalent obtained from all 
human related activities and produces 65% of human-related nitrous oxide, and 37 
percent of human induced methane, and 64% ammonia especially from manure. 
Considering agriculture sector, livestock account for nearly 80% of all emissions [15]. 
All these emissions from livestock make it a major target for mitigation options. Feed 
produced locally such as grass and other roughage, together with wastes that are rich 
in nutrient from farms and households when replaced with feed manufactured from 
feed mills containing some secondary plant metabolites able to reduce the emission 
of methane gas could lead to negative climate impact.

The natural digestive processes in ruminants otherwise known as enteric 
fermentation in sheep and cattle account for the key source of methane production 
under this category hence the second largest source of total agricultural emission 
with 34% global share and rice cultivation being the third with 11%. Other domes-
ticated animals that also emit methane (methanogenesis) as a by- product of enteric 
fermentation include Horses, swine and poultry. The estimates of enteric methane 
from ruminants produced globally are about 80,000 Gg [16].

2.1.3 Management of manure

Handling, treatment and storage (Management of manure) of manure account 
for 7% of emissions from agriculture. Anaerobic breakdown of manure produces 
methane (methanogenesis) while aerobic handling of manure produces nitrous oxide 
(Nitrification) and then anaerobically (denitrification) hence often increased when 
the available nitrogen exceeds that of plant requirements [12]. Due to high demand 
expected for beef and dairy products globally especially from the developing world, 
methane emissions from enteric fermentation are expected to increase by 32% [11].

3. Impact of emerging agricultural contaminants on global warming

The three important greenhouse gases (Methane, Carbon dioxide and Nitrous 
oxide) are not harmful in naturally occurring quantities for their atmospheric 
presence helps in sustaining life on the planet when they trap heat energy near 
the surface of the earth. Concentration of greenhouse gases from both the natural 
and human factors have been increasing and contributing to Global Warming and 
Climate Change.

Increase in greenhouse gases may cause tremendous changes to our civilization 
positively or negatively but the total impact is uncertain. Climate change comes as 
a result of a warming planet which can affect the weather adversely in many ways. 
So, as climate changes, extreme weather activities release severe threats on human 
society. Indicators of global warming include ocean heat content, sea ice, sea level, 
sea surface temperature, temperature over ocean, temperature over land, tropo-
spheric temperature, snow cover on hills, temperature over land and humidity. It is 
expected that climate change may cause more floods, storms, droughts, heatwaves 
and other extreme weathers activities. IPCC estimated that temp may rise from 2 to 
6°C within 2021 [4].

Industrial Agriculture is one of the causes of climate change with the 
 practices having impact on it. The currently practiced industrial agriculture with 
Agrochemicals and monocultures globally is a key contributor to climate change 
for it causes the emission of Green House Gases (GHG) via changes in land use and 
soil degradation or losses, via technologies in agriculture and from livestock [17]. 
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2.1.2 Livestock

Emissions from Livestock constitute 9% of CO2 equivalent obtained from all 
human related activities and produces 65% of human-related nitrous oxide, and 37 
percent of human induced methane, and 64% ammonia especially from manure. 
Considering agriculture sector, livestock account for nearly 80% of all emissions [15]. 
All these emissions from livestock make it a major target for mitigation options. Feed 
produced locally such as grass and other roughage, together with wastes that are rich 
in nutrient from farms and households when replaced with feed manufactured from 
feed mills containing some secondary plant metabolites able to reduce the emission 
of methane gas could lead to negative climate impact.

The natural digestive processes in ruminants otherwise known as enteric 
fermentation in sheep and cattle account for the key source of methane production 
under this category hence the second largest source of total agricultural emission 
with 34% global share and rice cultivation being the third with 11%. Other domes-
ticated animals that also emit methane (methanogenesis) as a by- product of enteric 
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methane emissions from enteric fermentation are expected to increase by 32% [11].

3. Impact of emerging agricultural contaminants on global warming

The three important greenhouse gases (Methane, Carbon dioxide and Nitrous 
oxide) are not harmful in naturally occurring quantities for their atmospheric 
presence helps in sustaining life on the planet when they trap heat energy near 
the surface of the earth. Concentration of greenhouse gases from both the natural 
and human factors have been increasing and contributing to Global Warming and 
Climate Change.

Increase in greenhouse gases may cause tremendous changes to our civilization 
positively or negatively but the total impact is uncertain. Climate change comes as 
a result of a warming planet which can affect the weather adversely in many ways. 
So, as climate changes, extreme weather activities release severe threats on human 
society. Indicators of global warming include ocean heat content, sea ice, sea level, 
sea surface temperature, temperature over ocean, temperature over land, tropo-
spheric temperature, snow cover on hills, temperature over land and humidity. It is 
expected that climate change may cause more floods, storms, droughts, heatwaves 
and other extreme weathers activities. IPCC estimated that temp may rise from 2 to 
6°C within 2021 [4].

Industrial Agriculture is one of the causes of climate change with the 
 practices having impact on it. The currently practiced industrial agriculture with 
Agrochemicals and monocultures globally is a key contributor to climate change 
for it causes the emission of Green House Gases (GHG) via changes in land use and 
soil degradation or losses, via technologies in agriculture and from livestock [17]. 
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According to Food and Agriculture Organization (FAO), Livestock production 
sector as the major emitter of all the greenhouse gases is responsible for about 18% 
on one fifth of human-induced greenhouse gas emissions [18]. For instance, in 
almost every step of egg, meat and milk production in agriculture, greenhouse gases 
that cause climate change are released into the atmosphere disturbing temperature, 
weather and health of ecosystem. Mitigating these problems will require changes in 
agricultural practices and livestock consumption.

Livestock Production as one of the Agricultural food-based industries has been 
described as leading or major contributor of the anthropogenic source of CH4 and 
CO2 greenhouse gases [19]. They contribute immensely to global warming, pollu-
tion and environmental degradation because of the large amount of greenhouse 
gases produced during the ruminal fermentation of feeds. For instance, anytime 
a cow burps or passes out gas, it puffs out a little methane which wafts into the 
atmosphere. Each of these puffs from the cow put together can result to a big effect 
on climate because methane as a potent greenhouse gas is about 25 times more pow-
erful in trapping heat and increasing earth’s global warming than Carbon dioxide 
on equal mass basis. The livestock sector therefore accounts for about 18% of CH4 
and 9% of CO2 of all the greenhouse gases emissions [20] hence methane accounts 
for 50–60% of emitted gases during livestock production [21]. A lot of proposals 
have been focused on soil and plant production for the reduction of emission from 
agriculture leaving livestock production which accounts for major amounts of CH4, 
N2O, CO2 and NH3 emissions.

Several gases cause chemical reactions that can result in producing other green-
house gases among other effects and some trap heat energy better than others. 
Considering the lifetime of greenhouse gases, some persist in the atmosphere for 
different durations of time and some contribute to global warming due to their long 
duration [22].

4. Mitigation

There are differences in Global Warming Potential (GWP) and lifetime of 
greenhouse gases in the atmosphere. One GWP has been assigned to CO2 and the 
warming potential of other gases are based and expressed relative to CO2 GWP 
[23]. For instance, 1 tonne of CH4 has a warming effect of about 25 and 72 tons of 
CO2 over 100- and 20 year periods respectively according to IPCC. Studies have 
shown that CH4 is more potent than CO2, so reducing CH4 emission will show more 
immediate and significant impact on mitigating changes in climate than reducing 
CO2 emissions [24] Another potent greenhouse gas is N2O for it remains in the 
atmosphere for 114 years [25, 26]) and 298 times as potent as CO2 over 100 years 
[27] (see Table 1 below).

Increased Industrial agriculture is proposed to be a solution to the problems of 
climate change which is a contributor without its impact being addressed. In the 

GHG Atmospheric lifetime GWP GWP (100 years)

CO2 Centuries to Millenia 1 1

CH4 About 10 years 72 25

N2O 114 years 289 298

Source: [27].

Table 1. 
Global Warming Potential (GWP) and lifetime of greenhouse gases in the atmosphere.
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negotiation for a new climate treaty that has been negotiated to follow the Kyoto 
protocol in 2012, agricultural practices have been proposed to be a means for 
climate change mitigation and partly for carbon trading [17].

Livestock farming in Agriculture is one of the largest sources of water con-
taminant and this contamination maybe the easiest route of emerging agricultural 
contamination in getting to humans and the eco-system. Animal dung production 
helps in releasing massive amount of Methane into the environment hence posing 
challenging situations as intensive farming serves in meeting global food challenges. 
Also, Algae and Fungi bloom intensifies methane release into the environment, thus 
having adverse effects on Green-house gases. To mitigate emerging contaminants 
the following can be employed:

1. Development of good environmental policies to mitigate unwarranted release 
of emerging contaminants such as standards for water policy, improved testing 
on pollution and emission, assessments on environmental impact of farms and 
irrigation systems.

2. Enhancing the intake of digestible forage will mitigate GHG emissions from 
rumen fermentation and stored manure (For example, to reduce enteric 
methane emission replace corn silage with grass silage in diet, apply dietary 
lipids, use legume over grass as it contains more fiber in addition to replacing 
inorganic fertilizer) [28].

3. Release of pollutants at the source of production should be reduced because 
of its easy entrance to vulnerable environment.

4. Reduction of the application of fertilizers and pesticides and introduction of 
natural pest-control methods should be encouraged.

5. Restoration of degraded pastureland by utilization of traditional approaches or 
techniques.

6. Methanotrophs otherwise known as the methane-eating bacteria found in the 
ecosystem where methane is produced ensures the conversion of methane into 
substances such as sugars before being released into the atmosphere. In this 
way, the methanotrophs help in recycling methane all over the globe.

7. Biochemical method of mitigation of Greenhouse gases: This is the employment 
of feed supplements that have the potential of reducing methane emission. The 
bulk of complex molecules contained in ruminant feeds are broken down dur-
ing fermentation by microbes releasing energy and other chemical compounds 
[7]. Plant Natural Products (PNP) are engaged to aid in the challenges observed 
in livestock production where there is wastage of nutrient caused by excess 
excretion and poor or inefficient digestibility of feeds, emission of CO2 and CH4 
that results to 2–12% loss of feed energy [29]. These PNPs include Saponins, 
terpenoids, tannins, flavonoids, phenols, glycosides, alkaloids and essential 
oils These challenges brought the attention of Biochemists, Nutritionists and 
Microbiologists to look into the PNP application [30], yeasts [31] and enzymes 
as additives to feed. This incorporation as additives is meant to modify fermen-
tation kinetics in ruminants and manipulate microbial ecosystems. The primary 
purpose of these modifications is to improve the utilization of animal feed and 
digestibility of fibrous feeds, decrease degradability of protein [32], inhibit the 
proliferation of pathogenic bacteria in the gastrointestinal tract [33] enhance 
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performance of animals, reduce loss of dietary energy during  fermentation in 
rumen and mitigate CH4 and CO2 productions. PNPs have been found to be 
natural and safer feed additives as they demonstrate vital role in mitigating 
methane and carbon dioxide productions without affecting fermentation in 
 rumen during their production [6].

5. Conclusion

Emerging Agricultural Contaminants play both positive and negative roles in 
global warming which leads to the change in climate. The impact can be reduced 
through mitigation of the underlying causes such as the events that result in high 
emissions of the greenhouse gases. Climate change is serious and may likely worsen 
leading to land loss and unpredictable changes that will emanate from natural 
growing conditions.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 10

Pharmaceutical Antibiotics at a 
Significant Level in Nature: From 
Hospitals, Livestock, and Plants to 
Soil, Water, and Sea
Mauricio Corredor and Amalia Muñoz-Gómez

Abstract

Antibiotics were the world’s great therapeutic hope after the Second World War, 
but today, unmonitored use has become one of the greatest risks for humanity.  
Without overestimation, one of the last scientific books on antibiotics was entitled: 
Antibiotics, the perfect storm. Before to environmental contamination by anti-
biotics, the pathogens got resistant to them. Because of the radical changes that 
antibiotics have brought about, they can generate new resistant bacteria in the 
environment that were previously harmless. These microorganisms will be exposed 
to concentrations of antibiotics never reached or will be exposed to unknown 
molecules that, for many of them, in certain environments, have never been 
exposed before. Initially, many of these antibiotics did not penetrate soils with high 
agricultural production, but in the following decades, they were even interspersed 
into crops. Nowadays, hundreds of tons of antibiotics are dumped into rivers 
and the sea. Many hospitals have water treatment facilities to prevent significant 
contamination, but not all companies, farms, and hospitals in developed, emerging, 
or poor countries apply wastewater treatment. Antibiotics are incorporated into 
wild microorganisms and plants, triggering a broad “unnatural” resistance, which 
will rapidly incorporate this information into the genome of other pathogenic 
microorganisms by horizontal transfer. On the other hand, antibiotics could be 
incorporated into drinking water and water intended for human or agricultural 
consumption that travels without being detected or monitored. This review covers 
the most important aspects of environmental pollution by antibiotics.

Keywords: antibiotics, water, hospitals, farms, livestock, soil, sea

1. Introduction

Antibiotics exist in normal (low) concentration in nature [1–3]. Bacteria, fungi 
in general all organisms develop and metabolize these molecules to survive [4]. The 
discovery of penicillin split the history of humanity in two and that magnificent 
discovery is only comparable to the handling of electricity, atomic energy, space 
travel, and anesthesia, among others [5]. The penicillin and antibiotics brought 
about the saving of millions of lives, but their use and application were exaggerated 
and misguided to the point that antibiotics are used as food supplements in the 
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livestock, poultry, swine, and crop industries [6–9]. However, pharmaceutical anti-
biotics at a significant level in nature and different environments has been detected 
in previous studies and monitoring in plains, valleys, coast, and mountains, when 
were monitored in hospital wastewater, farms, rivers, and coastal water [10–13]. 
Antibiotics emerge as new environment contaminants as plastics, pesticides, among 
others. The main risk and concern as the pesticides are microbial antibiotics and 
multidrug resistance. The human being is developing littles Frankenstein, likely 
by carelessness and naivety, contrary to genetically modified organisms (GMOs) 
opinion, the scare of gene manipulation, and its ethical reflection by the Scientifics 
and public [14, 15]. The consumer has scary to GMOs, but without laboratory use, 
the human being is making GMOs resistant to antibiotics. The controversy is rising, 
why the public is concerned by artificial experiments but carefree by antibiotics 
pollutants? This environmental risk goes in the same way as global warming.

Probably some natural antibiotic-resistant bacteria in soil gain multidrug resis-
tance consequence by human practices as livestock or water activities. However, 
antibiotics come to the soil by wastewater from human or animal feces together 
with the selection of antibiotic-resistant microbiome [16]. Antibiotics and bacteria 
remain in the soil until water carries them to stream or rivers or are transferred by 

Figure 1. 
Water carries on antibiotics. Water from hospitals and farms could pass through sewage treatment, but in 
many countries, those health and environmental rules are not applied or respected, especially in developing 
countries by poor investment and low budget. Water is used for human consummation, livestock, poultry, swine, 
and soil irrigation to crop grass and agriculture plants. But lockdown animals, cattle, and others get sick and 
must be under antibiotic treatment. Then, this sanitary water passes directly to the sewer rarely treated and 
directly deposed in the streams and rivers. Antibiotics are used in some countries to yield more muscular biomass 
of livestock, poultry, and swine. This practice increases the level of antibiotics in soil, humans, flora, and fauna. 
Likely, some soils intersperse antibiotics in roots, stems, leaves, and fruits for human consummation. Even, 
antibiotics in the soil are absorbed by bacteria, fungi, protists, and invertebrates. Soils stock, pick up, and pour 
antibiotics in streams, then to rivers and finally to the sea. The pharmaceutical antibiotics were poured into the 
sea for 70 years. Surely the antibiotics levels in nature and water were not the same before the pharmaceutical 
antibiotic’ revolution and production. This image is an actual case in South America, where some hospitals lack 
the budget to invest in the sewage treatment plant. Near this real example, there are other little villages where its 
hospital has two water treatment plants, one for human consummation and the other for sewage. In that case, 
contaminated hospital water never goes back to flow, however, many farms invest weakly in the water treatment 
process, ejecting polluted water to the environment with antibiotics and pesticides.
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roots in plants reaching leaves, which will be consumed by insects, incorporating 
new molecular information to wild species (Figure 1).

2. Antibiotics real state consummation and biodegradability

Tons of pharmaceutical antibiotics have been produced by the industry. The 
worldwide production of antibiotics is estimated to be in the order of 100.000 tons 
per year [17], and 73% in the world and 80% in the United States is used for live-
stock consummation [18]. Different from the European Union, where the amount 
of antibiotic used is 60% for humans and 40% for animals and crops [19]. The 
great threat as warned by the WHO is to increase the resistance to antibiotics not 
only by pathogens but also by environmental organisms, which can lead to possible 
environmental damage (https://www.who.int/news/item/07-11-2017-stop-using-
antibiotics-in-healthy-animals-to-prevent-the-spread-of-antibiotic-resistance). 
Now WHO is recommending avoiding the use of antibiotics in healthy animals.

Antibiotics were approved in the USA in the next order: sulfonamides in 1935, 
penicillin in 1941, aminoglycosides in 1944, cephalosporins in 1945, chlorampheni-
col in 1949, tetracyclines in 1950, macrolides/lincosamides/streptogramins in 1952, 
glycopeptides in 1956, rifamycins in 1957, nitroimidazoles in 1959, quinolones in 
1962, trimethoprim in 1968, oxazolidinones in 2000, lipopeptides in 2003 [20]. 
Table 1 relates the antibiotics with their molecular functional group and in the last 
column their resistance model in microorganisms. Another problem is that antibiot-
ics are not used alone and come with stimulators and enhancers, such as clavulanic 
acid which helps overcome β-lactam resistance.

Class Example(s) Functional group or whole molecule Model(s) of 
resistance

β-Lactams Penicillins 
(ampicillin), 
cephalosporins 
(cephamycin), 
penems 
(meropenem), 
monobactams 
(aztreonam)

Hydrolysis, efflux, 
altered target

Aminoglycosides Gentamicin, 
streptomycin, 
spectinomycin

Phosphorylation, 
acetylation, 
nucleotidylation, 
efflux, altered 
target

Glycopeptides Vancomycin, 
teicoplanin

Reprogramming 
peptidoglycan 
biosynthesis
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Class Example(s) Functional group or whole molecule Model(s) of 
resistance

Tetracyclines Minocycline, 
tigecycline

Monooxygenation, 
efflux, altered 
target

Macrolides Erythromycin, 
azithromicin

Hydrolysis, 
glycosylation, 
phosphorylation, 
efflux, altered 
target

Lincosamides Clindamycin Nucleotidylation, 
efflux, altered 
target

Streptogramins Synercid C-O lyase (type B 
streptogramins), 
acetylation (type A 
streptogramins), 
efflux, altered 
target

Oxazolidinones Linezolid Efflux, altered 
target

Phenicols Chloramphenicol Acetylation, efflux, 
altered target

Quinolones Ciprofloxacin Acetylation, efflux, 
altered target

Pyrimidines Trimethoprim Efflux, altered 
target
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Currently, animal production practices are linked with the routine use of 
antibiotics, and the selection pressure on bacteria is increasing the potential 
resistance [18]. For example, at the United States, the antibiotics use is broadly 
applied for animals and crops. This has been a controversial topic for over 30 years. 
A 1998 report from the prestigious Institute of Medicine of the National Academy 
of Sciences noted that about 4 million pounds (2000 tons) of antibiotics were used 
to treat sick farm animals and another 16 million pounds (8000 tons) were used as 
growth promotions (low doses of antibiotics usually included in animal feed) for 
animals every year [3]. Worldwide, in 2010, livestock consumed at least 63,200 tons 
of antibiotics, more than all human consumption [18].

Many investigations pointed out to de biodegradation of antibiotics, but some 
ones are biodegradable and other ones are accumulative in soil and water  
[21, 23, 24]. However, this concern is poorly studied today, for example 
Erythromycin, nystatin and sulfomethoxazole,

Class Example(s) Functional group or whole molecule Model(s) of 
resistance

Sulfonamides Sulfamethoxazole Efflux, altered 
target

Rifamycins Rifampin ADP-ribosylation, 
efflux, altered 
target

Lipopeptides Daptomycin Altered target

Cationic Colistin Altered target, 
efflux

Nystatin Mycostatin Ergosterol pathway 
Efflux

The most used pharmaceutical antibiotics, showing class, examples, functional group or whole molecule and models 
of resistance. Base on from the Gartiser et al. [21], Davies and Davies [22], Li & Zhang [23] and Zhi et al. [24].

Table 1.  
Biodegradability and resistance.
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Class Example(s) Functional group or whole molecule Model(s) of 
resistance

Tetracyclines Minocycline, 
tigecycline

Monooxygenation, 
efflux, altered 
target

Macrolides Erythromycin, 
azithromicin

Hydrolysis, 
glycosylation, 
phosphorylation, 
efflux, altered 
target

Lincosamides Clindamycin Nucleotidylation, 
efflux, altered 
target

Streptogramins Synercid C-O lyase (type B 
streptogramins), 
acetylation (type A 
streptogramins), 
efflux, altered 
target

Oxazolidinones Linezolid Efflux, altered 
target

Phenicols Chloramphenicol Acetylation, efflux, 
altered target

Quinolones Ciprofloxacin Acetylation, efflux, 
altered target

Pyrimidines Trimethoprim Efflux, altered 
target

167

Pharmaceutical Antibiotics at a Significant Level in Nature: From Hospitals, Livestock…
DOI: http://dx.doi.org/10.5772/intechopen.95368

Currently, animal production practices are linked with the routine use of 
antibiotics, and the selection pressure on bacteria is increasing the potential 
resistance [18]. For example, at the United States, the antibiotics use is broadly 
applied for animals and crops. This has been a controversial topic for over 30 years. 
A 1998 report from the prestigious Institute of Medicine of the National Academy 
of Sciences noted that about 4 million pounds (2000 tons) of antibiotics were used 
to treat sick farm animals and another 16 million pounds (8000 tons) were used as 
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3. Level detection in water and soil and new antibiotics

Various studies have evaluated the presence of antibiotics in soil and water  
[21, 25–27], as it will see below. Some authors have measured bacterial activity, 
through the bacterial resistance causes by them or evaluating its concentration in 
fruits or leaves caused by plants translocation [25, 28]. Besides, others have used 
direct methods to assess their presence in the environment, using techniques such 
as HPLC, LCMS, or gas chromatography. As a reference work, we will mention the 
research of Christian et al., (2003), who evaluated many antibiotics, among which 
the following stand out 11 β-lactams, 8 macrolides, 3 Sulfonamides, 2 fluoroquino-
lones, and 4 tetracyclines.

A remarkable review of the last decade with data from the last century is the 
work of Thiele-Bruhn, [29], but Cristian et al. [19] publish laboratory data in the 
same year. However, [29], summarized chemistry data such as solubility, molecular 
weight, polarity or not, etc., as follows. We plotted the data from both European 
outstanding publish, see Figure 2.

4. New antibiotics synthetic molecules

In the race for the discovery of antibiotics some molecules paid a high price since 
they never reached the consumer, others on the contrary were the panacea to fight 
hundreds of pathogens [30]. However, the development of resistance from patho-
gens to antibiotics and their irresponsible use have led to the discouragement of 
production by pharmaceutical companies [31], while bioaccumulation and biodeg-
radation are the new challenges added to new antibiotics [32]. In addition to fight-
ing the same pathogens, new antibiotics shall aim to preserve soil and water quality 
and will prevent their accumulation and bioaccumulation. It is likely that the same 
active principle is used [33], perhaps better than synthesizing new molecules that 
are more complex to degrade. Anyway, new antibiotics must also fight against the 
same pathogens; nonetheless, they must also preserve soil and water quality, avoid-
ing its accumulation and bioaccumulation, and perhaps that will be the hardest 
task, but it is worth it. “Even with more appropriate prescribing, it seems likely that 

Figure 2. 
Level of some antibiotic’s detection. The detection level of certain antibiotics in ng/L evaluated in soil by 
[19] work. The data from [29] report is not diagrammed, only penicillin and macrolides were in the highest 
concentration for the detection, which would leave [19]’s data almost at baseline.
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antibacterial resistance will continue to accumulate in many pathogens and settings, 
especially in hospitals” [34].

5. Antibiotics in wastewater from hospital

As emphasized in Figure 1, some hospitals around the world have their waste-
water treatment plant (WWTP). However, the vast majority in the world in both 
developed [35] and developing countries [36] or in poor countries [37], hospitals 
water goes directly into the sewers, which in many cases reach the rivers and the 
sea carrying a huge load of antibiotics. Even, the larger hospitals in many towns 
dumped antibiotics are into the sewers. Recently, Bansal [38] published an excellent 
review about hospital effluents, proposing finally bioremediation for control and 
lowing the multidrug-resistant bacteria, and author concludes with the sentence: 
“Antibiotic compounds have a suspicious reputation among the class of pollut-
ants referred to as ‘emerging contaminants’ as the biological activity of antibiotics 
is an intrinsic characteristic of their functional design”. Then actually, there are 
two concerns: first the resistant bacteria [39] and second the antibiotic pollutant. 
Consequently, both problems would be repaired by not throwing more antibiotics 
into the environment.

The Antibiotics’ ecotoxicological risks over the effluent discharge on the aquatic 
ecosystem is the main concern. Aydin et al. [36] found azithromycin, clarithro-
mycin, and ciprofloxacin as most abundant in WWTP with seasonal differences 
ranged from 21.2 ± 0.13 to 4886 ± 3.80 ng/L in summer and from 497 ± 3.66 to 
322,735 ± 4.58 ng/L in winter analyzing WWTP from some hospitals in Turkey. The 
total antibiotic load to the influent in those WWTP was 3.46 g/day in summer and 
303.2 g/day in winter.

Hocquet et al. [40] say that in France and worldwide a few countries demand 
or recommend previous treatment of hospital effluents before discharge into the 
main wastewater stream for treatment at municipal WWTP. There are well-known 
cases such as those of the city of Montreal related at the St. Lawrence River [41]. 
In Norway Langford & Thomas [42] study by LCMS two antibiotics (clotrimazole 
and other not specified) among 38 pharmaceutical compounds, showing that 
perhaps the use of antibiotics in that country has already begun to be discouraged 
or used with responsibly in hospitals, not being the case for most of the remaining 
compounds. Santos et al. [43] made a biggest elaborated work where they found 
in WWTP 4 antibiotics as follow: fluoroquinolone, macrolide, sulfamethoxazole, 
trimethoprim calculated by mg per day per 1000 inhabitant were ranged between 
19 and 1337,24–53, 75–199, and n.d.–43 respectively. The total antibiotics calculated 
by mg per day per 1000 inhabitant was ranged between 174 and 1612 and other 
antibiotics were ranged between 2 and 67.

6. Antibiotics in drinking water, farm water, and aquifers

Perhaps one of the most worrisome issues with non-treatment of hospital water 
is that water with antibiotics can reach farms and/or water for human or animal 
consumption and even plant irrigation. In Kumasi, a big city in Ghana, the hospital 
wastewater and effluents from waste stabilization ponds, are directly discharged 
as low-quality water into nearby streams which are eventually used to irrigate 
vegetables. The presence of 12 commonly used antibiotics was detected: metro-
nidazole, ciprofloxacin, erythromycin, trimethoprim, ampicillin, cefuroxime, 
sulfamethoxazole, amoxicillin, tetracycline, oxytetracycline, chlortetracycline, 
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hundreds of pathogens [30]. However, the development of resistance from patho-
gens to antibiotics and their irresponsible use have led to the discouragement of 
production by pharmaceutical companies [31], while bioaccumulation and biodeg-
radation are the new challenges added to new antibiotics [32]. In addition to fight-
ing the same pathogens, new antibiotics shall aim to preserve soil and water quality 
and will prevent their accumulation and bioaccumulation. It is likely that the same 
active principle is used [33], perhaps better than synthesizing new molecules that 
are more complex to degrade. Anyway, new antibiotics must also fight against the 
same pathogens; nonetheless, they must also preserve soil and water quality, avoid-
ing its accumulation and bioaccumulation, and perhaps that will be the hardest 
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antibacterial resistance will continue to accumulate in many pathogens and settings, 
especially in hospitals” [34].

5. Antibiotics in wastewater from hospital

As emphasized in Figure 1, some hospitals around the world have their waste-
water treatment plant (WWTP). However, the vast majority in the world in both 
developed [35] and developing countries [36] or in poor countries [37], hospitals 
water goes directly into the sewers, which in many cases reach the rivers and the 
sea carrying a huge load of antibiotics. Even, the larger hospitals in many towns 
dumped antibiotics are into the sewers. Recently, Bansal [38] published an excellent 
review about hospital effluents, proposing finally bioremediation for control and 
lowing the multidrug-resistant bacteria, and author concludes with the sentence: 
“Antibiotic compounds have a suspicious reputation among the class of pollut-
ants referred to as ‘emerging contaminants’ as the biological activity of antibiotics 
is an intrinsic characteristic of their functional design”. Then actually, there are 
two concerns: first the resistant bacteria [39] and second the antibiotic pollutant. 
Consequently, both problems would be repaired by not throwing more antibiotics 
into the environment.

The Antibiotics’ ecotoxicological risks over the effluent discharge on the aquatic 
ecosystem is the main concern. Aydin et al. [36] found azithromycin, clarithro-
mycin, and ciprofloxacin as most abundant in WWTP with seasonal differences 
ranged from 21.2 ± 0.13 to 4886 ± 3.80 ng/L in summer and from 497 ± 3.66 to 
322,735 ± 4.58 ng/L in winter analyzing WWTP from some hospitals in Turkey. The 
total antibiotic load to the influent in those WWTP was 3.46 g/day in summer and 
303.2 g/day in winter.

Hocquet et al. [40] say that in France and worldwide a few countries demand 
or recommend previous treatment of hospital effluents before discharge into the 
main wastewater stream for treatment at municipal WWTP. There are well-known 
cases such as those of the city of Montreal related at the St. Lawrence River [41]. 
In Norway Langford & Thomas [42] study by LCMS two antibiotics (clotrimazole 
and other not specified) among 38 pharmaceutical compounds, showing that 
perhaps the use of antibiotics in that country has already begun to be discouraged 
or used with responsibly in hospitals, not being the case for most of the remaining 
compounds. Santos et al. [43] made a biggest elaborated work where they found 
in WWTP 4 antibiotics as follow: fluoroquinolone, macrolide, sulfamethoxazole, 
trimethoprim calculated by mg per day per 1000 inhabitant were ranged between 
19 and 1337,24–53, 75–199, and n.d.–43 respectively. The total antibiotics calculated 
by mg per day per 1000 inhabitant was ranged between 174 and 1612 and other 
antibiotics were ranged between 2 and 67.

6. Antibiotics in drinking water, farm water, and aquifers

Perhaps one of the most worrisome issues with non-treatment of hospital water 
is that water with antibiotics can reach farms and/or water for human or animal 
consumption and even plant irrigation. In Kumasi, a big city in Ghana, the hospital 
wastewater and effluents from waste stabilization ponds, are directly discharged 
as low-quality water into nearby streams which are eventually used to irrigate 
vegetables. The presence of 12 commonly used antibiotics was detected: metro-
nidazole, ciprofloxacin, erythromycin, trimethoprim, ampicillin, cefuroxime, 
sulfamethoxazole, amoxicillin, tetracycline, oxytetracycline, chlortetracycline, 
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and doxycycline [44]. The authors reported 15 μg/L for ciprofloxacin in hospital 
wastewater, and after the antibiotic concentration in irrigation water was up from 
0.2 μg/L to 200 ng/L; these quantities lead us to think or almost elucubrating a 
refined method to purify and reuse those antibiotic as the recycling urine to purify 
drink water at International Station at the space. Seriously, we imagine that astro-
nauts did not consume antibiotics before (https://asgardia.space/en/news/Drugs-
in-Space-What-Can-Get-an-Astronaut-High) [45]. Peculiar because everybody on 
the Earth consumes antibiotics without prescription, for instance in one preschool 
in Hong Kong, 31 children were detected veterinary antibiotics in urine, not human 
antibiotics. Norfloxacin and penicillin were the main antibiotics detected (48.4% 
and 35.5%, respectively), with median concentrations of 0.037 and 0.13 ng/mL, 
respectively [46]. In the same study enrofloxacin, penicillin, and erythromycin 
were the most detected veterinary antibiotics in raw and cooked food.

In many countries, farm irrigation water is already a vehicle for various anti-
biotics causing bioaccumulation in crop plants such as tomatoes and wheat crops 
[25, 47]. However, the bioaccumulation of antibiotics on tomatoes irrigated with 
wastewater is no consistent and depends on the high concentration of antibiotics 
on soil [25]. But researches reveal that hazardous quotidian (HQ ) values show that 
the consumption of fruits harvested from tomato plants irrigated for long period 
with the wastewater applied for irrigation under field conditions in this study 
represents a low risk to human health [25]. On the other hand, in wheat plants that 
were spray-irrigated with wastewater treatment plant effluent, ofloxacin was found 
throughout the plant, with higher concentrations in the straw (10.2 ± 7.05 ng/g) 
and lower concentrations in the grain (2.28 ± 0.89 ng/g). Trimethoprim was found 
only on grain or straw surfaces, whereas carbamazepine and sulfamethoxazole were 
concentrated within the grain (1.88 ± 2.11 and 0.64 ± 0.37 ng/g, respectively). These 
findings demonstrate that pharmaceuticals and personal care products (PPCPs) can 
be taken up into wheat plants and adhere to plant surfaces when WWTP effluent is 
spray-irrigated [47].

Identical to what happened with pesticides, cyanide, and mercury, one of the 
biggest pollution problems today is that of aquifers. Wang et al. [48] evaluated 
the presence of antibiotics in groundwater up to 50 meters of aquifers, finding 
seasonal differences in spring, summer, and winter an average value of 1.60 μg/L, 
0.772 μg/L, and 0.546 μg/L respectively. The predominant antibiotics were fluoro-
quinolones and tetracyclines, but the highest risk probably will be erythromycin for 
algae in surface waters and in deep waters, where ciprofloxacin would be the most 
concentrated among the 14 antibiotics.

7. Antibiotics in agricultural practices in farms

A disturbing issue today in farms and ranches as industry type is that in these 
places the handling of antibiotics is on a large scale even in higher quantities than 
in hospitals. There is overestimation since we mention before that in the United 
States the 80% of antibiotics are used for livestock consummation [18], which must 
be very similar in many countries in which these levels are allowed, or where there 
is not even a single rule about it. We previously mentioned the irrigation of tomato 
and wheat with water contaminated with antibiotics [25, 47], that is, in an indirect 
relationship to antibiotic management. We will now talk about the direct handling 
of antibiotics by the farms and what consequences this has brought to their soil and 
water. No, the issue is another, for example, many farms have their aqueducts or 
crop irrigation systems. There are very few studies on pesticide and antibiotic com-
position, and except for supported studies, where health and environment are the 
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concerns and priority. From those studies is possible to collect valuable information. 
It is important to emphasize that some veterinary antibiotics have been handled 
as dietary supplements or as a supplement for spraying crops. This is the case of 
Chung et al. [49], who investigates veterinary antibiotics in soil experimentally 
contaminated by chlortetracycline, enrofloxacin, and sulphathiazole and translo-
cated and bioaccumulates in roots and leaves of radish. They established that the 
concentration of chlortetracycline was lower than 2.73%, for enrofloxacin ranged 
0.08–3.90%, and sulphathiazole lower than 1.64%. In another study in north China 
[50], the authors look at antibiotics in manure, soil, vegetables, and groundwater. 
This interesting work mentioned the complex antibiotic translocation from manure 
to the soil, establishing residual rate (RR) of antibiotics (mg/kg ha yr). The antibi-
otics used were sulfamethoxazole (SMZ), sulfadoxine (SDO), sulfachlorpyridazine 
(SCP) and chloramphenicol (CAP), oxytetracycline (OTC), tetracycline (TC), 
chlortetracycline (CTC), lincomycin (LIN), ofloxacin (OFL), ciprofloxacin (CIP). 
They conclude that with the application of manure containing antibiotics to organic 
vegetable bases, the residues of antibiotics in soil, vegetables, and groundwater were 
widely detected, mainly OTC, TC, CTC, and SCP with RR from 1,6 to 43% and 
the range of antibiotics in vegetable was 0.1-532 mg/kg using radish, rape, celery, 
coriander, which not all antibiotics were detectable. An interesting large study in 
northeastern China [51] using feces from chicken, pig, and dairy cow, 14 veterinary 
antibiotics such as tetracycline, oxytetracycline, chlortetracycline, ciprofloxacin, 
sulfaguanidine (SG), sulfanilamide(SA), sulfamethoxazole, sulfamonomethoxine 
(SMM), sulfamerazine (SMR), sulfachlorpyridazine (SCP), norfloxacin (NOR), 
enrofloxacin (ENR), difloxacin (DIF), and tylosin (TYL) were detected by HPLC, 
which six antibiotics (OTC, CTC, TC, TYL, SCP, and SMZ) were assessed using 
the hazard quotient (HQ ). The 14 veterinary antibiotics detected in three types of 
animal feces the authors found that antibiotics occurred 7,41 to 57,41% inside 54 
samples, and the levels ranged from 0,08 to 56.81 mg/kg. TCs were predominant 
with a maximum level of 56.81 mg/kg mostly detected in pig feces. SAs were com-
mon and detected with the highest concentration of 7.11 mg/kg. Fluoroquinolones 
were more widely detected in chicken feces rather than in pig or dairy cow manure, 
which contained the dominant antibiotic ENR [51].

Other interesting studies in Waseca and Staples, Minnesota USA, used chlortet-
racycline, monensin, sulfamethazine, tylosin, and virginiamycin evaluated in 11 
vegetable crops in two different soils fertilized with raw versus composted turkey 
and hog manure or inorganic fertilizer [52], the authors conclude that all antibiotics 
in vegetable tissues were generally less than the limits of quantification were less 
than 10 μg/kg, and radish peel and spinach leaf were the vegetables that bioaccu-
mulated more antibiotics than others ranging from 4 to 6 μg/kg. In other research, 
the authors evaluated the transfer of five different antibiotics such as tetracycline, 
sulfamethazine, norfloxacin, erythromycin, and chloramphenicol (CAP) evaluated 
in carrot, tomato, and lettuce under two levels of antibiotic-contaminated waste-
water irrigation and animal manure fertilization [53]. TC, NOR, and CAP were 
accumulated at higher levels in the shoots/leaves than the other two compounds, 
except for CAP in carrot. Likewise, this work concludes that the levels of antibiot-
ics are in acceptable daily intake (ADI), indicating that the main problem is not 
bioaccumulation in plants or animals, but bioaccumulation in multi-drug resistant 
bacteria related to environmental contamination.

As it was previously mentioned, Sulfonamides (SAs) are one of the most per-
sistent antibiotics in soil and water, but especially bioaccumulate, and more than 
three tons of SM are used annually in Europe for swine production [54]. Li et al. 
[54] evaluated SAs in pakchoi cabbage such as sulfadiazine (SDZ), sulfamethazine 
(SM2), and SMZ. The three antibiotics are spiked in soil could be taken up by 
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and doxycycline [44]. The authors reported 15 μg/L for ciprofloxacin in hospital 
wastewater, and after the antibiotic concentration in irrigation water was up from 
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drink water at International Station at the space. Seriously, we imagine that astro-
nauts did not consume antibiotics before (https://asgardia.space/en/news/Drugs-
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the Earth consumes antibiotics without prescription, for instance in one preschool 
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and 35.5%, respectively), with median concentrations of 0.037 and 0.13 ng/mL, 
respectively [46]. In the same study enrofloxacin, penicillin, and erythromycin 
were the most detected veterinary antibiotics in raw and cooked food.

In many countries, farm irrigation water is already a vehicle for various anti-
biotics causing bioaccumulation in crop plants such as tomatoes and wheat crops 
[25, 47]. However, the bioaccumulation of antibiotics on tomatoes irrigated with 
wastewater is no consistent and depends on the high concentration of antibiotics 
on soil [25]. But researches reveal that hazardous quotidian (HQ ) values show that 
the consumption of fruits harvested from tomato plants irrigated for long period 
with the wastewater applied for irrigation under field conditions in this study 
represents a low risk to human health [25]. On the other hand, in wheat plants that 
were spray-irrigated with wastewater treatment plant effluent, ofloxacin was found 
throughout the plant, with higher concentrations in the straw (10.2 ± 7.05 ng/g) 
and lower concentrations in the grain (2.28 ± 0.89 ng/g). Trimethoprim was found 
only on grain or straw surfaces, whereas carbamazepine and sulfamethoxazole were 
concentrated within the grain (1.88 ± 2.11 and 0.64 ± 0.37 ng/g, respectively). These 
findings demonstrate that pharmaceuticals and personal care products (PPCPs) can 
be taken up into wheat plants and adhere to plant surfaces when WWTP effluent is 
spray-irrigated [47].

Identical to what happened with pesticides, cyanide, and mercury, one of the 
biggest pollution problems today is that of aquifers. Wang et al. [48] evaluated 
the presence of antibiotics in groundwater up to 50 meters of aquifers, finding 
seasonal differences in spring, summer, and winter an average value of 1.60 μg/L, 
0.772 μg/L, and 0.546 μg/L respectively. The predominant antibiotics were fluoro-
quinolones and tetracyclines, but the highest risk probably will be erythromycin for 
algae in surface waters and in deep waters, where ciprofloxacin would be the most 
concentrated among the 14 antibiotics.

7. Antibiotics in agricultural practices in farms

A disturbing issue today in farms and ranches as industry type is that in these 
places the handling of antibiotics is on a large scale even in higher quantities than 
in hospitals. There is overestimation since we mention before that in the United 
States the 80% of antibiotics are used for livestock consummation [18], which must 
be very similar in many countries in which these levels are allowed, or where there 
is not even a single rule about it. We previously mentioned the irrigation of tomato 
and wheat with water contaminated with antibiotics [25, 47], that is, in an indirect 
relationship to antibiotic management. We will now talk about the direct handling 
of antibiotics by the farms and what consequences this has brought to their soil and 
water. No, the issue is another, for example, many farms have their aqueducts or 
crop irrigation systems. There are very few studies on pesticide and antibiotic com-
position, and except for supported studies, where health and environment are the 
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concerns and priority. From those studies is possible to collect valuable information. 
It is important to emphasize that some veterinary antibiotics have been handled 
as dietary supplements or as a supplement for spraying crops. This is the case of 
Chung et al. [49], who investigates veterinary antibiotics in soil experimentally 
contaminated by chlortetracycline, enrofloxacin, and sulphathiazole and translo-
cated and bioaccumulates in roots and leaves of radish. They established that the 
concentration of chlortetracycline was lower than 2.73%, for enrofloxacin ranged 
0.08–3.90%, and sulphathiazole lower than 1.64%. In another study in north China 
[50], the authors look at antibiotics in manure, soil, vegetables, and groundwater. 
This interesting work mentioned the complex antibiotic translocation from manure 
to the soil, establishing residual rate (RR) of antibiotics (mg/kg ha yr). The antibi-
otics used were sulfamethoxazole (SMZ), sulfadoxine (SDO), sulfachlorpyridazine 
(SCP) and chloramphenicol (CAP), oxytetracycline (OTC), tetracycline (TC), 
chlortetracycline (CTC), lincomycin (LIN), ofloxacin (OFL), ciprofloxacin (CIP). 
They conclude that with the application of manure containing antibiotics to organic 
vegetable bases, the residues of antibiotics in soil, vegetables, and groundwater were 
widely detected, mainly OTC, TC, CTC, and SCP with RR from 1,6 to 43% and 
the range of antibiotics in vegetable was 0.1-532 mg/kg using radish, rape, celery, 
coriander, which not all antibiotics were detectable. An interesting large study in 
northeastern China [51] using feces from chicken, pig, and dairy cow, 14 veterinary 
antibiotics such as tetracycline, oxytetracycline, chlortetracycline, ciprofloxacin, 
sulfaguanidine (SG), sulfanilamide(SA), sulfamethoxazole, sulfamonomethoxine 
(SMM), sulfamerazine (SMR), sulfachlorpyridazine (SCP), norfloxacin (NOR), 
enrofloxacin (ENR), difloxacin (DIF), and tylosin (TYL) were detected by HPLC, 
which six antibiotics (OTC, CTC, TC, TYL, SCP, and SMZ) were assessed using 
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As it was previously mentioned, Sulfonamides (SAs) are one of the most per-
sistent antibiotics in soil and water, but especially bioaccumulate, and more than 
three tons of SM are used annually in Europe for swine production [54]. Li et al. 
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pakchoi cabbage. SM2 and SMZ were accumulated more easily by pakchoi cabbage 
than SDZ. The dissipation half-lives of SMZ (16.8 d) and SM2 (16.7 d) in soil were 
significantly longer than SDZ (10.8 d).

In a study in an agricultural-livestock region of Japan, loads of veterinary 
antibiotic oxytetracycline (OTC) in stream waters were investigated [55]. OTC was 
detected in the concentration range of 2 ng/L to 68 μg/L. An increase in daily OTC 
loads was observed during the winter as a result of the common veterinary practice 
of using higher doses of antibiotics as prophylaxis in the prevention of winter 
diseases. Also, OTC concentrations were observed in stream water near one of the 
cattle farms. According to the authors, the daily OTC load rate was in a reasonable 
range to the number of animals, but it was not looked at the antibiotic loads in soil 
or the associated resistant bacteria.

As we mentioned in the last section the antibiotic accumulation is the second 
main concern after natural pathogen bacteria. Osterman et al. [56] elaborate one 
investigation about veterinary antibiotics leached in calcareous Chinese croplands. 
They found that in daily farm practice, sulfamethazine was constantly detected 
in the leachate up to 120 ng/L, and conclude that the overall substances were still 
detected in the soil after 53 days, suggesting that there was no overall rapid and 
complete dissipation, indicating that strong lixiviation under rainfall does not 
eliminate the totality of antibiotics and its incomplete dissipation increases risks of 
their accumulation in soil. Other Chinese work developed antibiotics detection in 
the agricultural soils from the Yangtze River Delta [57], among which five antibiot-
ics were prevalent in 241 soil samples with a 100% detection rate and total concerta-
tion ranging from 4.55 to 2010 ng/g dry weight. The concentrations were as follow: 
quinolones with mean 48.8 ng/g, tetracyclines with mean 34.9 ng/g, sulfonamides 
with mean 2.35 ng/g, ciprofloxacin with mean 27.7 ng/g, and oxytetracyclines with a 
mean of 18.9 ng/g, being the most prevalent the two last ones.

Sarkar et al. [58] did an excellent review of antibiotics in the farm, livestock, 
aquaculture, and plants, and they concluded that the indiscriminate use of veteri-
nary and human antibiotics not only created multidrug resistant human or animal 
bacteria, but plant resistant bacteria. Complex and jeopardy manipulation because 
the human being was transformed the overall bacteria species multidrug-resistant 
without suspecting. On the other hand, it is not to make the studies unsettling or 
reassuring that human or livestock antibiotics concentration is an acceptable level 
when we have to transform rapidly the species and filling the Earth with antibiot-
ics. The most important now is to make clever decisions such as those discussed 
by Kuppusamy et al. [59]. They comment in their critical review that precisely the 
veterinary antibiotics are usually poorly sorbed in the animal gut, and the majority 
is excreted unchanged or as their recalcitrant metabolites in feces and urine.

8. Antibiotics in livestock, poultry, and swine

Antibiotics are very important in the prescription and treatment, to recover the 
health of the animals. However, there is no logical explanation for antibiotics as a 
supplementary feed, except to clarify that the animal biomass increases. There is no 
scientific explanation about the use and human health of the consumption of beef, 
chicken or pork fed with no antibiotic supplement. There is a valuable review in 
these topics especially antibiotics in livestock [58, 60, 61].

There are three main concerns about antibiotics in livestock, which could be in 
poultry and swine: 1- the high antibiotic concentration in treatment [62], 2- the 
high concentration in supplementary foods [63], and 3- the extra antibiotics pick 
out by livestock from water or grass [64]. And a final concern will be, what is the 
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final concentration of antibiotics in the beef after cooking or treatment in the 
sausage or deli process. However, most of the antibiotics consumed by livestock are 
found in the feces [65], indicating poor assimilation, overuse, and uselessness, or 
little control over their management. If the farmer gives to the animal too much or 
little antibiotics, it will heal and fatten [61]. Therefore, the excessive cost of anti-
biotics and their great management on farms is almost unjustifiable, saving a lot of 
money in the decrease of management that could preserve the health of the troop 
and the environment by eliminating multi-resistant bacteria from its environment 
decontaminated [66].

There is no difference in antibiotics panorama in poultry and swine [67]. For 
example, Zheng et al. [68] determined the presence of 15 sulfonamides in livestock 
and poultry manure standardizing a new technique with UPLC-MS/MS plus Fe3O4-
MWCNTs. The SAs recovered oscillated from 89 to 119% and the limit of detection 
of the method was reached 0,5 to 1 μg/kg dry weight, and the limit of quantification 
was between 1 and 3 μg/kg dry weight. Swine manure contains up to 12 antibiotics, 
was detected by Rasschaert et al. [69] work. The most frequent antibiotic detected 
were doxycycline, sulfadiazine, and lincomycin. Doxycycline was found in the 
highest concentration in manure with a mean of 1476 μg/kg from 8 to 13632 μg/kg, 
tylosin was found in manure with mean concentrations of 784 μg/kg from 17 to 5599 
μg/kg, oxytetracycline was found in manure with mean concentrations of 482 μg/kg 
from 11 to 3865 μg/kg, lincomycin, was found in manure with mean concentrations 
of 177 μg/kg manure from 9 to 3154 μg/kg. The remained 18 antibiotics were found 
in manure with mean concentrations of less than 100 μg/kg.

9. Antibiotics in aquaculture or fish-farming

Aquaculture is another prominent fish and meat business and veterinary anti-
biotics are also used in aquaculture for the preservation of Salmonidae, and other 
large-scale cultured species. Currently, aquaculture almost reaches the same level 
of production as fishing, and likely it will exceed the production of world fisheries 
in the coming years (FAO) (http://www.fao.org/faostat/en/#data/CL). Chen et al. 
[70], investigate the bioaccumulation of ciprofloxacin and enrofloxacin in some 
tissues of culture grass carp such as plasma, bile, liver, and muscle tissues, They 
calculated the mean values of log bioaccumulation factors (Log BAFs) for these 
antibiotics and main results were for plasma in the range of 0,43-3,70, for bile in the 
range 0,36-4,75, for liver in the range − 0,31-4,48, and for muscle in the range 0,23-
4,33. This work also calculated hazard quotients, human health risk evaluation, 
however, the authors state that those grass carp do not pose risk for human health 
and clarifying that very little has been published in this regard.

Sankar et al. [58] reviewed other previous articles reporting that Kurunasagar 
et al. [59], published the use and application of cotrimoxazole, chloramphenicol, 
streptomycin, erythromycin being already a habit in fish aquaculture in India. 
But as declared Burridge et al. [71], “the use and potential effects of these com-
pounds are herein summarized for the four major salmon producing nations: 
Norway, Chile, UK and Canada” and state that around 75 percent of the antibiot-
ics fed to fish are excreted into the water. On the other hand, Romero et al. [72], 
looked the effect of oxytetracycline by HSP70:GFP expression in fish larvae after 
48 hours, and how oxytetracycline-triggered the stress and the immune response. 
In consequence, they believe that is possible new alternative practices for the 
prevention in aquaculture due to the use, overuse, or abuse of antibiotics, which 
promote the contamination of the environment and rise resistant bacteria. They 
consider alternative solutions such as developing strict regulations controlling 
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the use of antibiotics and having led to only a few antibiotics being licensed for 
use in aquaculture and preventing the high proportions of antibiotic-resistant 
bacteria which still persist in sediments and farm surroundings and suggesting 
the implementation of rearing practices that reduce the level of stress from fish 
larvae to adult, which could reduce the likelihood of infections requiring antibi-
otic treatment.

10. Antibiotics in soil

Probably one of the main concerns about antibiotic contamination is their 
accumulation in soil, by the effect on resistant bacteria and direct consequence 
in human and animal health. Likely the easier indirect antibiotic detection is to 
calculate the concentration in crops [73, 74], as was mentioned by Christou et al. 
[25] reporting antibiotics in tomatoes from the soil. This work elaborated during 
three years shows that the accumulation of DCF, SMX, and TMP in the soil detected 
by MeOH-NaOH solution and Chromatography MS/MS, The results show an 
imminent physical translocation as we shown in Figure 1, and show great variabil-
ity in the accumulation of the three antibiotics during those 3 years, with increases 
or decreases depending on the irrigation using wastewater and depending on the 
duration of irrigation and the origin of the wastewater applied. Other authors 
monitoring sulfonamides and tetracyclines over 18 years from an agricultural field 
site in Lower Saxony, Germany [75]. SAs and TCs are largely fixed in the upper soil 
layer. The analysis showed a strong decrease below the sampling depth of 30 cm 
which is the depth of the plow and below other antibiotics such as SG and SMZ were 
detected up to 90 cm, TC was shown to persist >100 μg/kg in topsoil, however this 
antibiotic no leachate in deeper soil segments or groundwater. They conclude that 
some SAs disappeared, but other veterinary antibiotics are even more persistent 
than expected.

In Kenia, Africa Yang et al. [76] analyzed four soils in the suburban area of 
Narok. Over 12 antibiotics analyzed they found that SMX, SMZ, OTC, and ENR 
were the major antibiotics that polluted those soils among 12 antibiotics monitored 
and the highest average value was for Narok 43,64 μg/kg dry weight, and the other 
three average values were Mai Mahiu 26.70 μg/kg dry weight, Juja 24.41 μg/kg dry 
weight, and Mount Suswa Conservancy 12,21 μg/kg dry weight. They advise more 
attention to reduce the misuse of SAs. Pan and Chu [27], investigated TC, NOR, 
SM2, CAP, Erythromycin (EM), antibiotics in agricultural soils, and was probably 
the first study. The Persistence and environmental risk profile of the five antibiotics 
were TC > NOR>EM > CAP>SM2, but “the study suggests that the adsorption of 
antibiotics in soil depends on the physicochemical properties of both antibiotics 
and soil”. Probably this study was the first to develop a model for predict antibiotic 
persistence in soil.

11. Antibiotics in crops plants

Antibiotics for plants were used since the 1950s to control certain bacterial dis-
eases the most common used are oxytetracycline and streptomycin. In the United 
State antibiotics for plants represent 0,5% of total antibiotics used in this country. 
However, the emergence of antibiotic resistance of Xanthomonas campestris, Erwinia 
amylovora, and Pseudomonas spp., and has blocked the control of their diseases 
[77]. Then plants could pick up three kinds of antibiotics: antibiotics plants, human 
antibiotics [44], and veterinary antibiotics [78].
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Some, but not many countries have rules for quality plant irrigation, but that 
concern is complex because WWPTs have some low load of antibiotics. The other 
side of the problem is irrigating plants directly with WW [25, 28]. As mentioned 
above, different antibiotics were detected in crops plant [58, 79, 80], those research 
emphasize the low risk for human health as daily intake, forgetting the drug charge 
in the environment and the resistant bacteria even now for control pathogen of 
the plant.

12. Antibiotics in rivers and sea

Finally, we arrive at the climax where all the antibiotics will finally be deposited 
if their degradation does not occur or if the increase of antibiotics continues its 
course as if such substances do not represent a risk for all the species in nature that 
has learned to fight diseases with evolution as antibiotic resistance [81]. Rivers and 
the sea are the final deposits of antibiotics and or following studies and many others 
that we cannot all cite shown that biodegradation, degradation, and bioaccumula-
tion can once again put the health of the planet at risk.

The previous data show that antibiotics degradation is not totally in agreement 
with antibiotics in soils, farms, and WWTPs. We know today the antibiotic loads 
in pristine rivers as Amazona, Niger, Congo, Zambezi, Lena, Amour, and Yenisei 
carrying low concentrations of antibiotics, but the remaining rivers of the world-
wide receive greater loads of antibiotics [41, 73, 82]. We could again make the list 
of antibiotics and see that they follow the same comparison of antibiotics and all 
effluents from WWTPs [81], the main technical solution will be the degradation 
of antibiotics before reach the river stream. About this concern, some researchers 
begin to develop this challenge [48, 83, 84].

As Zang et al., [85], mentioned,” the ocean is an important sink of land-based 
pollutants”, and exactly as crop plants allow detection of antibiotics, marine food 
will be the best way to follows the study of bioaccumulation of antibiotics  
[86, 87]. Liu et al. [86], found 9 SAs, TMP, 5 FQ, and 4 ML, which were in gill, 
muscle, kidney, and liver tissues of seven wild fish species collected from Laizhou 
Bay, North China. As previous famous works with mercury accumulation of marine 
fish, now there are antibiotics reports in tissue fish in higher concentrations than 
aquaculture fish.

Alga will be another antibiotic “bio-accumulator” to detect antibiotics in rivers 
and sea. Seoane et al. [88] developed an experimental evaluation of chlorampheni-
col (CHL), florfenicol (FLO), and oxytetracycline (OTC) in marine microalga 
Tetraselmis suecica, showing that three antibiotics inhibited the growth after 96 h 
with IC50. Finally, we think that in the future it will be necessary to look for antibi-
otics in river and sea sediments. But these first works are already beginning to fill 
the research data worldwide and to conclude without doubts that antibiotics are the 
“new emergent pollutants of Earth”. Pioneer work from Fernandes et al., [89] in 
Portugal found azithromycin in Leça river at 2819 ng/g in water but in sediments at 
43,2 ng/g.

13. Strategies to change all previous practices, challenges, and hopes

Table 2 is not a summary of this review of all articles. It is a simple exercise 
to verify that perhaps no antibiotic has disappeared from industrial production 
and it generates a contradictory taste associated with the fact that pharmaceutical 
companies are discouraged from manufacturing new antibiotics, but the sale and 
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Tetraselmis suecica, showing that three antibiotics inhibited the growth after 96 h 
with IC50. Finally, we think that in the future it will be necessary to look for antibi-
otics in river and sea sediments. But these first works are already beginning to fill 
the research data worldwide and to conclude without doubts that antibiotics are the 
“new emergent pollutants of Earth”. Pioneer work from Fernandes et al., [89] in 
Portugal found azithromycin in Leça river at 2819 ng/g in water but in sediments at 
43,2 ng/g.

13. Strategies to change all previous practices, challenges, and hopes

Table 2 is not a summary of this review of all articles. It is a simple exercise 
to verify that perhaps no antibiotic has disappeared from industrial production 
and it generates a contradictory taste associated with the fact that pharmaceutical 
companies are discouraged from manufacturing new antibiotics, but the sale and 
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large scale production is not a compromise. This alone is one of the most profit-
able businesses in the pharmaceutical industry with a high cost of sacrifice from 
nature to our food. The bioaccumulation and accumulation of antibiotics in all our 
activities is already a risk rather than a fact. We did not do the review of antibiot-
ics in food, but several authors who have reviewed other practices independent of 
human health have realized that there will be no health if the whole environment 
is contaminated to our food. We did not do the review of antibiotics in food, but 
several authors who have reviewed other practices independent of human health 
have realized that there will be no health if the whole environment is contaminated 
to our food.

A prime candidate as a bioaccumulator of antibiotics and other contaminants is 
milk and is perhaps one of the best-monitored foods in the world. In a pioneer study 
in the north of Italy Chiesa et al. [93] developed the detection by LC-HRMS veteri-
nary antibiotics in milk. The researcher detected Lincomycin 30 samples (17,29 ppm 
the mean) from 254 raw milk samples and oxytetracycline in three samples and 
two samples with cefapirin and spiramycin. Part per million is the of an antibiotic 
is a negligible amount when absorbed by humans, however, the remaining concern 

Figure 3. 
Practice and management of antibiotics, milk, and lactic acid bacteria. The practice of antibiotics 
(penicillin molecule example on diagram) treatment of mastitis in cattle has generated problems for the milk 
elaboration and consumer. Antibiotics were found in the milk in enough concentrations to inhibit dairy starter 
microorganisms and cause economic losses to the cheese and fermented milk industries from the sixties years 
[94]. Today this practice is monitored in many farms and countries, however, is not extensively applied in every 
country or farm, therefore, dairy industries are obliged and encouraged by national health and food institutions 
to monitoring antibiotics levels in milk. Other interesting studies with lactic acid bacteria [95], show that 
bacteria had developed important levels of antibiotic resistance. Confinement of cattle and water treatment 
will prevent new emergent antibiotic-resistant bacteria in soil and water and that will be the first step to lower 
the level of pharmaceutical antibiotics in nature. Programs for monitoring antibiotic-resistant wild bacteria 
must rise in each country in the next years.
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is whether the trace amount is a stimulator of resistance in lactic acid bacteria. 
An excellent measure will be to continue monitoring if lactic acid bacteria in milk 
are developing resistance to antibiotics. Assimilating antibiotic-resistant bacteria 
from our microbiome may have future consequences that we cannot yet measure. 
Therefore, the work of Chiesa et al., [93] serves us to predict the possible exposure 
of lactic acid bacteria to veterinary antibiotics. See Figure 3.

14. Conclusions

Perhaps we never imagined that after successful treatment with antibiotics that 
allowed us to leave the hospital, our true and lasting health was associated with 
them. The hospital’s water will end up watering our food, which will end up on our 
plates as we have already seen to the satiety. The institutes and ministries of health, 
agriculture, and the environment, now have the same role and associated with 
the ministries of economy, education. If we do not realize the damage caused, will 
continue to save publications to demonstrate that there is no risk with antibiotics, 
and hospitals and farms will never change their irrational practices of consuming 
antibiotics as food.

Antibiotics monitoring will be a challenge in the future, and elimination will be 
a sustainable economic future. We cannot advise: “stopping the use of antibiotics 
for human or animal disease treatment”, never, we do not have a better option. But 
we are sure that the rational application of good practices goes on to help the rapid 
elimination or accumulation of antibiotics in every environment as soil or sea. 
Biodegradation and bioremediation are an excellent opportunity. Firstly, antibiotics 
are metabolized rapidly by millions of microorganism, while as long as the antibi-
otic load in nature is reasonable, in other words, an antibiotic load low or close to 
the natural concentration; secondly the chemical, microbiological and mechanical 
techniques to eliminate antibiotics in nature will contribute to decontaminate the 
environments and to lower their indiscriminate use.

Several authors are assuring the risk if we do not stop [96, 97]. New alternatives 
and innovations will be promising new research since demonstrating a low risk of 
bioaccumulation will not eliminate practices that have led to the filling of soil and 
water in the rivers and sea with antibiotics. Many of us believe that detection tech-
niques and new practices will change the future, such as those suggested by Behera 
et al. [98]. Decreasing antibiotic use will be the only way to decontaminate soil and 
water and reduce antibiotic-resistant bacteria.
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Abstract

Due to their mass production and intense consumption in human medicine, 
veterinary, and aquaculture, antibiotics have been widely detected in different 
ecosystems, leading to a growing worldwide concern. These and their byproducts 
are being continuously discarded in natural ecosystems via excretion of human and 
animal urine and feces, also domestic and hospital effluents. Residues of these drugs 
can persist in natural environments through bioaccumulation due to their difficult 
biodegradation. Also, they have a gradual deposition in sediments, aquatic surfaces, 
and groundwater. Studies have shown the presence of these drugs in aquatic envi-
ronments, which can trigger severe changes in the composition and structure of the 
bacterial community, such as the ability to develop and propagate genes resistant 
to these pollutants. In this context, this review aims to address the effects of the 
antibiotics on microorganisms present in impacted aquatic environments.

Keywords: bacteria, resistance genes, pollutants

1. Introduction

Water, as an essential resource for the maintenance of life, must be ingested 
in significant amounts daily. However, when this substance does not correspond 
to levels suitable for human consumption, it can represent a means of transmit-
ting diseases [1]. According to the World Health Organization – WHO (2016) [2], 
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veterinary, and aquaculture, antibiotics have been widely detected in different 
ecosystems, leading to a growing worldwide concern. These and their byproducts 
are being continuously discarded in natural ecosystems via excretion of human and 
animal urine and feces, also domestic and hospital effluents. Residues of these drugs 
can persist in natural environments through bioaccumulation due to their difficult 
biodegradation. Also, they have a gradual deposition in sediments, aquatic surfaces, 
and groundwater. Studies have shown the presence of these drugs in aquatic envi-
ronments, which can trigger severe changes in the composition and structure of the 
bacterial community, such as the ability to develop and propagate genes resistant 
to these pollutants. In this context, this review aims to address the effects of the 
antibiotics on microorganisms present in impacted aquatic environments.
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1. Introduction

Water, as an essential resource for the maintenance of life, must be ingested 
in significant amounts daily. However, when this substance does not correspond 
to levels suitable for human consumption, it can represent a means of transmit-
ting diseases [1]. According to the World Health Organization – WHO (2016) [2], 
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approximately half of the developing world population will be affected by infections 
directly related to water outside the quality standards either-or with lack of adequate 
or even non-existent sanitation.

The inappropriate disposal of residential waste, industrial, and agricultural 
effluents cause an imbalance in natural aquatic ecosystems. The amount of pol-
lutants interferes with the proper functioning of the fauna and flora of these 
environments and, consequently, cause damage to the man himself [3]. Among the 
polluting agents of these ecosystems are pharmaceutical products, which are called 
emerging contaminants, of which antibiotics have been the subject of studies [4, 5].

Antibiotics are natural, synthetic, or semi-synthetic compounds developed and 
widely prescribed for therapeutic and prophylactic use against microbial infections 
in humans and animals [6, 7]. Besides, they have been widely used to stimulate 
the growth and production of animal [8–10]. The consumption of these drugs has 
increased considerably in recent decades, which is considered an emerging con-
taminant increasingly present in several environments, such as water [11, 12].

Despite being found in low concentrations in aquatic environments, data from 
the literature show that the presence of these contaminants causes negative impacts 
on several non-target organisms, such as microbial populations [13–15]. Changes in 
these populations can affect the maintenance of biological processes and change the 
structure of the entire ecosystem [16].

These drugs are considered the main source of changes in natural environ-
ments and influence a diversity of processes, including the development of anti-
biotic resistance and the spread of genes through horizontal gene transfer (HGT) 
[12, 17, 18]. Thus, the aquatic environment is considered efficient for the selection 
of bacterial populations resistant to antimicrobials, through mobile genetic ele-
ments [8]. Increased resistance to antimicrobials is often associated with a high 
adaptive capacity of microorganisms, with bacteria being more susceptible to 
changes and gene acquisition [19, 20].

Constant monitoring of bacterial communities is a tool that can lead to an under-
standing of the complexity of this phenomenon and the impact of human activities 
on natural environments [21]. In this context, this review aims to address the effects 
of antibiotics on microorganisms present in impacted aquatic environments.

2. Antibiotics

Antibiotics can be either from chemical compositions, derived from natural 
sources, or synthetic or semi-synthetic formulations. Compounds capable of 
inhibiting the growth of the invading microorganism, are classified as bacteriostatic. 
However, those that promote their microbial destruction are bactericidal [22]. 
The most appropriate antibiotics for the treatment of infections, by any infectious 
agents, are those that exert their respective mechanisms of action, directly on the 
pathogen without causing damage to the host, in other words, they present selective 
toxicity. However, all of these medications can have side effects [23].

They are usually classified according to their respective spectra and mechanisms 
of action. Through the description and synthesis of new compounds, it was neces-
sary to organize them into the following groups: inhibitors of cell wall synthesis, 
inhibitors of cytoplasmic membrane synthesis, protein synthesis inhibitors in 
ribosomes, alteration of nucleic acid synthesis, and alteration of cellular metabo-
lism [24]. The main targets of antibiotic action can be seen in Figure 1.

Its prescription, often, considers the symptoms presented by the patients and 
has no basis in more accurate clinical diagnoses that indicate the need for certain 
antibiotics or the appropriate dosages for each case [25]. Generally, there are several 
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independent factors associated with non-compliance with the guidelines for antimi-
crobial prophylaxis, such as the lack of well-defined protocols, the lack of knowledge 
and updating, the lack of communication or disagreement between the prescribing 
professionals and the absence of tax audits [26]. For this reason, all health institu-
tions and clinical analysis laboratories must use the same procedures and interpretive 
criteria, especially in the case of bacteria producing carbapenemases [27].

The discovery of antibiotics, initially penicillin by Alexander Fleming in 1928, 
was a milestone in the history of medicine and represented one of the most important 
therapeutic interventions for the control of diseases caused by bacteria. Thus, until the 
early 1960s, more than 20 classes of antibiotics were marketed worldwide. However, 
since that period, only two new classes were added to this group of drugs [28].

Thus, the obtention of new effective active ingredients capable of reaching 
different bacterial targets has been significantly reduced, so that new therapeutic 
approaches are essential to minimize the damage generated to human health [29, 30]. 
Also, The search for new molecules that have at least one synergistic mechanism in 
association with drugs already known, thus enhancing their effects, have been high-
lighted and may help the therapy of infections caused by microorganisms [31, 32].

The diversity of resistance genes identified in pathogenic bacteria, it is pointed 
out as one of the main causes of the growing increase in antibiotic resistance. 
However, the prevalence of bacterial resistance both regionally and on a global scale 
is highly attributed to the mechanisms of dissemination of virulent bacteria, which 
can colonize and adapt in various environments, including the aquatic [33, 34].

3. Antibiotics in aquatic environments

The extensive and continuous consumption of antibiotics is directly related to 
their presence in the environment, and for this reason, they have aroused a growing 
worldwide concern [12, 35]. Also, it estimated that a few thousand tons of these 
drugs are produced annually, and part of them is introduced into various ecosystems, 
including aquatic ones [36–38].

It is known that antibiotics can occur naturally in the environment. However, 
anthropogenic activities are considered the major source of these pollutants. 
Among these activities, the use in human and veterinary medicine for the treatment 
and prevention of bacterial infections stands out [7, 39].

Figure 1. 
Classifying scheme of the action mechanisms of antibiotics.
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After the administration of these drugs, they are not fully metabolized and absorbed 
by the body of the human or animal, there about 90% of the residues of each dose is 
excreted in the urine, and 75% of the remainder eliminated in the feces [40, 41]. These 
non-metabolized compounds are discarded in domestic and hospital effluents, and they 
can be partially disposed of in water treatment plants, following until they reach natural 
aquatic environments, such as rivers, lakes, seas, and groundwater [42, 43].

Another important source of environmental contamination by these drugs is 
through aquaculture, which also contributes to the contamination of the surface, 
groundwater, and sediment due to the use of antibiotics as fish food additives to 
promote growth and prevent disease [44, 45]. The pharmaceutical industry can also 
be considered a relevant source due to the disposal of effluents generated during the 
synthesis, processing, and filing of these compounds [46–48].

The dynamics of these compounds in the environment is determined by various 
physical-chemical and biological processes in soil-water systems, being dependent 
on structural characteristics of antibiotics, properties of soil and water, as well 
as environmental parameters, such as geographic location, temperature, and 
pH [10, 49–52]. In aquatic environments, antibiotics are being detected in low 
concentrations (ng/L e μg/L) [53–55]. However, some of these drugs can persist in 
the environment due to their low biodegradation. Consequently, they trigger their 
bioaccumulation and biomagnification [46, 56].

The presence of antibiotics in the natural environment, even in low concentra-
tions, can affect the survival, reproduction, metabolism of populations of organisms, 
in addition to changing the structure of communities and ecological functions of 
ecosystems [57–59]. In this context, several studies have shown that these drugs trig-
ger toxic, acute, either-or chronic effects in organisms of different trophic levels, such 
as bacteria, fungi, algae, invertebrates, and fish [60–62].

4. Effects of antibiotics on microorganisms in aquatic environments

Antibiotics were strategically developed to act against pathogenic microorgan-
isms, and their advantages for the control and treatment of infectious diseases are 
indisputable [62]. However, its bioactive properties, the increase in its presence in 
the environment, and its toxicity on non-target organisms have aroused growing 
concern worldwide [15, 63].

Among the different groups of organisms, microorganisms are considered 
the most sensitive and most affected by the action of these drugs [61, 64]. Their 
bactericidal and bacteriostatic effects can trigger changes in the structure of 
microbial populations and their ecological functions in the environment. Microbial 
biodiversity is essential for the maintenance of biological processes in aquatic and 
terrestrial environments, including biogeochemical cycles [16].

Studies have shown that the presence of antibiotics, even at low concentrations, 
can cause changes in essential microbial processes for the ecosystems, such as 
nitrogen transformation, methanogenesis, sulfate reduction, nutrient cycle, and 
degradation of organic matter [16, 59, 65].

Another widely discussed effect of this class of drugs on the environment, it is 
the contribution to the emergence of antibiotic-resistant bacteria (ARB), and genes 
of resistance to antibiotics (GRA) [66]. Antibiotic resistance may occur naturally in 
the environment, but the increase has been reported due to the overuse and inappro-
priate disposal of these drugs. According to WHO, the occurrence of BRA and GRA 
is recognized as one of the most worrying public health problems of the century, 
with GRA being considered an emerging environmental pollutant [12, 67].
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Among the different ecological niches, the aquatic environment is considered 
the most efficient for the selection of resistant bacterial populations. This environ-
ment is prone to constant changes that can apply selective pressure, favoring the 
evolution of these microorganisms regarding the adaptation process to various 
antimicrobial agents [68].

Literature data have been reporting the presence of antibiotic-resistant oppor-
tunistic pathogens such as Escherichia coli, Klebsiella pneumoniae, Acinetobacter spp., 
Pseudomonas spp., Shigella spp. [69–71], in several urban rivers, lakes, and streams, 
which receive an untreated effluent discharge domestic, hospital, and industrial, or 
inefficient water treatment plants [72–74].

Studies have shown that ARBs are introduced in these environments mainly 
by contamination by enteric bacteria that are exposed to high concentrations of 
antibiotics in the gastrointestinal tract of humans and animals [75]. Among various 
sources of these bacteria, urban water treatment stations stand out due to their high 
microbial density and the high presence of contaminants such as antibiotic residues, 
pharmaceuticals, heavy metals, among others. The combination of these substances 
puts selective pressure on these microorganisms, amplifying the development of 
resistance and its dissemination [76–78].

These bacteria act as a source of resistance in natural environments and can 
spread GRAs present in the environment [79]. Literature data suggest that the 
increase in the frequency of resistant bacteria in the water is influenced by the 
spread of GRAs among bacterial populations through vertical gene transfer (VGT) 
and horizontal gene transfer (HGT). VGT is parental genetic transmission via 
reproduction, and mutations in bacterial DNA can occur. On the other hand, HGT 
consists of the exchange of genes between microorganisms, intra or inter-specific, 
through mobile genetic elements, such as plasmids and transposons encoding 
antimicrobial resistance [80–82].

As mentioned above, microorganisms present in these impacted aquatic envi-
ronments can develop different resistance mechanisms to adapt to the stress caused 
by various contaminants, such as heavy metals. Studies suggest that contamination 
by metals in the natural environment may play an important role in maintaining 
and proliferating resistance to antimicrobials [83–85]. In these environments, the 
selective pressure exerted by metals can select resistant isolates in a similar way 
to antibiotics, since both resistance genes are often located in the same moving 
 elements [86, 87].

Martins et al. [88] observed that P. aeruginosa isolate, obtained from a con-
taminated river in southeastern Brazil, presented a conjugative plasmid with 
co-resistance to tetracycline and copper, reinforcing that resistance to antibiotics 
can be induced by the selective pressure of heavy metals in the environment. 
Rasmussen and Sorensen [89] demonstrated an increase in the occurrence of 
conjugative plasmids in contaminated sites. They observed that the mercury and 
tetracycline resistance genes were located on the same plasmid. This data that cor-
roborates with the study carried out by Araújo et al. [90], who verified genes for 
resistance to mercury and tetracycline in isolates of K. pneumoniae obtained from 
an impacted urban stream in Pernambuco, Brazil.

In this way, not only the indiscriminate use of antibiotics but also environmental 
contamination by other substances can pose risks and damage to the environ-
ment and human health, since resistance genes can be transferred horizontally 
from environmental microorganisms to human commensals [91, 92]. Given this 
problem, there is a clear need to develop research and technologies for monitoring 
and removing these substances in the aquatic environment, in order to reduce their 
impact on the environment and public health.
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5. Conclusion

The presence of antibiotics in aquatic ecosystems, although considered less than 
other contaminants, can alter the microbiota of these environments and favor the 
emergence of multi-resistant bacterial populations. Considering the importance of 
water bodies for human subsistence and due to the risk of bacterial spread, strate-
gies for controlling the disposal of these contaminants must be evaluated, as well as 
the other agents that impact aquatic environments.
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5. Conclusion

The presence of antibiotics in aquatic ecosystems, although considered less than 
other contaminants, can alter the microbiota of these environments and favor the 
emergence of multi-resistant bacterial populations. Considering the importance of 
water bodies for human subsistence and due to the risk of bacterial spread, strate-
gies for controlling the disposal of these contaminants must be evaluated, as well as 
the other agents that impact aquatic environments.
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Abstract

Environmental pollution has been a challenging phenomenon in most developing 
countries, due to the weak enforcement of environmental regulations. As a result, 
humans and animals are exposed to different environmental pollutants, which 
threaten their very existence. Some of the emerging pollutants of great concern are 
polybrominated diphenyl ethers (PBDEs) since they are categorized as probable 
human carcinogens and are also known to bioaccumulate in fatty tissues of animals 
and humans, reaching toxic levels upon continued exposure. Monitoring of these 
pollutants is therefore paramount as it contributes to addressing the problem of 
human exposure and environmental pollution. Their monitoring involves sample 
preparation methods followed by quantification with various detection techniques. 
Sample preparation methods that aim at reducing matrix interferences, enriching 
analytes and transfer of analytes to a desirable solvent, have evolved from conven-
tional methods to advanced methods that facilitate the detection of these chemicals 
at very low concentrations. Likewise, detection techniques have advanced from 
chromatographic detection techniques to miniaturized systems that involve sensors. 
This chapter discusses PBDEs as emerging pollutants, their sources, and toxicologi-
cal implications on humans, as well as advances in sample preparation methods and 
detection techniques in the determination of PBDEs.

Keywords: polybrominated diphenyl ethers, persistent organic pollutants, pollution, 
emerging pollutants, detection techniques

1. Introduction

The preservation and conservation of the environment are of great signifi-
cance for healthy living. However, efforts to conserve the environment have been 
futile due to escalated pollution from biogenic and anthropogenic sources, which 
constantly release pollutants to the environment [1]. In the recent past, increased 
industrial and agricultural activities have immensely contributed to the pollution 
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of aquatic environments such as rivers and streams, which pose major detrimental 
environmental problems to humans [2]. It is evident that industrial development 
has generated a myriad of new chemicals produced and applied in daily activity, 
which is becoming a major concern for citizens, the research community, and 
authorities [3]. Among the pollutant chemicals that have been introduced into 
the environment are polybrominated diphenyl ethers (PBDEs). PBDEs are toxic, 
lipophilic, hydrophobic, and persistent artificial chemicals characterized by high 
physical and chemical stability [4]. They are commonly applied as flame retardants 
in polymer products such as electronics, plastics, textiles, and building materials 
[5, 6]. PBDEs have become a growing concern over the last two decades due to their 
ubiquity, persistence and accumulation capacity in the environment, as well as their 
potential risks to human health and wildlife [7, 8]. PBDEs are normally additive 
compounds, meaning they are not covalently bound to the polymeric products 
[9]. Therefore, they may leach out into the surrounding environment during their 
production, usage, disposal, or recycling process [10]. PBDEs can be transported 
away from their sources for long-ranges through aqueous and/or terrestrial envi-
ronmental compartments [11, 12]. In this context, monitoring and assessment of 
environmental pollution by these compounds are very important.

Their determination involves a series of steps from sample pre-treatment to 
quantification of analytes using various detection systems. Different sample prepa-
ration strategies that range from conventional to advanced strategies have been 
applied for the determination of PBDEs in environmental samples. Some of the 
conventional sample enrichment methods include Soxhlet extraction [13, 14] and 
liquid-liquid extraction (LLE) [15]. More recently, ultrasound-assisted extraction 
(UAE) [16, 17], pressurized liquid extraction (PLE) [18, 19], microwave-assisted 
extraction (MAE), solid-phase extraction (SPE), and solid-phase microextrac-
tion (SPME) have exhibited successful extraction of PBDEs from environmental 
samples [20, 21]. The application of SPE and SPME has advanced from conven-
tional adsorbent formats to the most improved formats which allow easy transfer 
of analytes from their complex matrices. This has been achieved by using novel 
adsorbent materials to replace conventional silica-based adsorbents which exhibit 
low selectivity towards targeted analytes [22]. Similarly, analytical techniques 
for the qualitative and quantitative determination of PBDEs have advanced from 
well-known gas chromatography-electron capture detection (GC-ECD) to sensor-
based techniques that are more advantageous in terms of excellent selectivity, 
with opportunities for in-situ application. The following sections provide detailed 
information on PBDEs, advances in sample pre-treatment methods and detection 
techniques with a view of providing the current state-of-the-art as far as their 
monitoring is concerned.

2. Polybrominated diphenyl ethers

2.1 The chemistry of PBDEs

PBDEs comprise of two halogenated aromatic rings bonded by an ester bond 
and are classified in relation to the number and position of bromine atoms in a 
particular molecule [23]. They have a general molecular formula of C12H(10 - x) 
BrxO, where x is the number of bromine atoms in a molecule with numerical values 
[x = 1, 2, 3, …, 10 = m + n] (Figure 1). Substitution of bromine atoms can take 
place at 10 possible positions on the two benzene rings resulting in 209 possible 
congeners [24].
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Different congeners are easily identified by their corresponding IUPAC numbers 
ranging from 1 to 209. In this case, 2,2′,4,4′-tetrabromodiphenyl ether is BDE-47, 
with bromine atoms in ortho and para positions on the first and second benzene 
rings, respectively (Figure 2).

Molecules with one to four bromine atoms are classified as low molecular mass 
PBDEs, whereas the ones with five to ten bromine atoms are categorized as high 
molecular mass PBDEs. Less brominated PBDEs are more persistent and toxic than 
highly brominated diphenyl ethers [25]. The substitution pattern also affects the 
physicochemical properties of PBDEs, whereby the solubility of PBDEs decreases 
significantly with an increase in bromine substitution. The aqueous solubility (SW) 
of low molecular mass PBDEs at room temperature ranges from 6.57 × 10−7 to 7.82 × 
10−11 mol L−1 while those of high molecular mass have aqueous solubility values lower 
than 7.82 × 10−11 mol L−1 [26]. A wide range of PBDE congeners exhibit high lipophilic 
capacity and high resistance to degradation; a property that makes them bioaccumu-
late and magnify in biota [7]. PBDEs are also associated with high octanol-air parti-
tion coefficients (KOA) with values ranging between 9.3 and 12.0 from BDE-17 to -126, 
which is approximately 1 to 2 orders of magnitude greater than PCBs [27]. Therefore, 
PBDEs are easily transported through air from one point to another, increasing their 
chances of exposure to humans. Dissolved organic matter has shown a high tendency 
to interact with hydrophobic compounds such as PBDEs, which hinders their mobility 
and degradation in the environment [28]. Reported binding coefficients of PBDEs 
(log KDOC) towards organic matter range from 5.1 to 7.14, which implicates the high 
capability of PBDEs to adsorb and partition on organic matter [29].

2.2 Global production and regulation of PBDEs

PBDEs were commercially produced in three technical mixtures, typically 
known as pentaBDE, octaBDE, and decaBDE, basing on the number of bromine 
atoms [10]. By early 2000, the global production of commercial PBDE formula-
tions was approximately 67,000 tons in the ratio 1:1.98:14.8 for octa-BDE, penta-
BDE, and deca-BDE respectively, of which the United States production was 

Figure 1. 
General structural formula of PBDEs.

Figure 2. 
Chemical structure of 2,2′,4,4′-tetrabromodiphenyl ether (BDE 47).
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Different congeners are easily identified by their corresponding IUPAC numbers 
ranging from 1 to 209. In this case, 2,2′,4,4′-tetrabromodiphenyl ether is BDE-47, 
with bromine atoms in ortho and para positions on the first and second benzene 
rings, respectively (Figure 2).

Molecules with one to four bromine atoms are classified as low molecular mass 
PBDEs, whereas the ones with five to ten bromine atoms are categorized as high 
molecular mass PBDEs. Less brominated PBDEs are more persistent and toxic than 
highly brominated diphenyl ethers [25]. The substitution pattern also affects the 
physicochemical properties of PBDEs, whereby the solubility of PBDEs decreases 
significantly with an increase in bromine substitution. The aqueous solubility (SW) 
of low molecular mass PBDEs at room temperature ranges from 6.57 × 10−7 to 7.82 × 
10−11 mol L−1 while those of high molecular mass have aqueous solubility values lower 
than 7.82 × 10−11 mol L−1 [26]. A wide range of PBDE congeners exhibit high lipophilic 
capacity and high resistance to degradation; a property that makes them bioaccumu-
late and magnify in biota [7]. PBDEs are also associated with high octanol-air parti-
tion coefficients (KOA) with values ranging between 9.3 and 12.0 from BDE-17 to -126, 
which is approximately 1 to 2 orders of magnitude greater than PCBs [27]. Therefore, 
PBDEs are easily transported through air from one point to another, increasing their 
chances of exposure to humans. Dissolved organic matter has shown a high tendency 
to interact with hydrophobic compounds such as PBDEs, which hinders their mobility 
and degradation in the environment [28]. Reported binding coefficients of PBDEs 
(log KDOC) towards organic matter range from 5.1 to 7.14, which implicates the high 
capability of PBDEs to adsorb and partition on organic matter [29].

2.2 Global production and regulation of PBDEs

PBDEs were commercially produced in three technical mixtures, typically 
known as pentaBDE, octaBDE, and decaBDE, basing on the number of bromine 
atoms [10]. By early 2000, the global production of commercial PBDE formula-
tions was approximately 67,000 tons in the ratio 1:1.98:14.8 for octa-BDE, penta-
BDE, and deca-BDE respectively, of which the United States production was 

Figure 1. 
General structural formula of PBDEs.

Figure 2. 
Chemical structure of 2,2′,4,4′-tetrabromodiphenyl ether (BDE 47).
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approximately 50% of the global production [30]. Several governmental regulations 
and international environmental agencies have restricted and completely banned 
the use and production of some PBDE congeners [31]. In 2004, the European Union 
phased out the use and production of penta-BDE and octa-BDE. Consequently, 
in December 2004, Great Lakes Chemical Corporation, a sole manufacturer of 
penta-BDE and octa-BDE in North America, voluntarily phased out the produc-
tion of these BDE formulations [32]. These efforts were boosted by the Stockholm 
Convention in 2012 when it listed commercial octa-BDE and penta-BDE among 
persistent organic pollutants that need to be eliminated. Despite the ban in the 
production of most PBDEs, they are still reported in air, soil and aquatic environ-
ments, which is attributed to their stability and subsequent release from techno-
ecosystems, and production of deca-BDE, which still continues to be produced in 
some countries [33, 34].

2.3 PBDEs in the environment and their toxicological implications

There are diverse pathways by which PBDEs enter the environment. Major 
environmental sources of PBDE pollution comprise of leakage from consumer 
products and industrial facilities that synthesize PBDEs or PBDE-containing 
products [5]. Besides, PBDEs may enter the aquatic environment from illegal 
disposal of obsolete electrical appliances and electronic devices flame-retarded with 
PBDEs or other PBDEs-containing products [7]. They can also enter the aquatic 
environment through raw sewage and into the surrounding air through volatiliza-
tion from products containing PBDEs and toxic fumes from e-waste recycling 
plants [35]. Since the first discovery of PBDEs in the aquatic environment on the 
West coast of Sweden in 1981, several studies have reported the presence of PBDEs 
in the environment [36]. This is despite the strict regulatory measures imposed by 
some governments and international environmental agencies to phase out some 
PBDE congeners and subsequent reduction in the production of particular PBDEs. 
BDE-47, 99, 100, and 153 are the ones that are frequently investigated because they 
are primary components of commercial mixtures, therefore, their ratios in the 
environment are expected to be significantly high. Moreover, less substituted BDE 
congeners such as BDE-28 and 47 are more toxic and non-biodegradable, hence 
their investigation in the environment and biota is of great significance in the moni-
toring of these pollutants [37]. Soil and sediment harbour higher concentrations of 
PBDEs, which is attributed to the organic carbon content, which makes them a sink 
for most organic pollutants [38]. Elevated levels of PBDEs have since been reported 
in agricultural soils after the application of sewage sludge at a concentration of 21 
to 690 ng g−1 dry weight (dw) [39]. From statistics, human beings spend more than 
70% of their lifetime indoors, in occupational offices, homes, learning institutions, 
and transport vehicles, and are therefore exposed to an array of contaminants from 
indoor dust [40]. The highest levels of PBDEs in dust samples have been reported 
in major industrialized cities in China and Europe at a concentration of 397–40,236 
ng g−1 and 950–54,000 ng g−1, respectively [41, 42], with comparably lower levels of 
1710 ng g−1 in African regions [43]. Table 1 presents a summary of reported PBDE 
levels in selected environmental matrices.

The principal route for PBDE exposure to humans was thought to be through 
food consumption [58]. However, inhalation of contaminated indoor and outdoor 
dust is also a significant pathway via which human beings may be exposed to 
PBDEs [46, 59]. Dermal absorption is another potential route for PBDE exposure 
[60]. Numerous studies have reported levels up to 160.3 ng g−1 of PBDEs in human 
samples, such as serum and milk. Increased application of PBDEs in electronics has 
significantly aroused more research work on the concentration of these pollutants 
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in the blood of workers in e-waste processing plants and other exposed populations 
[61]. BDE 47, 153, and 209 are the most predominant congeners reported in human 
serum and milk [55, 62]. The toxicity of PBDEs is backed up by numerous epidemi-
ological studies. Scientific research has linked PBDE exposure to an array of adverse 
health effects [63]. To mention a few, penta- and octa-BDEs at a concentration of 
10,000 ng g−1 have been associated with disruption of thyroid hormone homeosta-
sis [7]. Moreover, penta- and tetra-BDEs, within the range of 8000–18,000 ng g−1, 
have been reported to affect the neurodevelopment of mice [64]. Exposure to high 
levels of deca-BDEs is likely to cause breast cancer [7]. PBDEs have been linked 
to developmental neurotoxicity and hence leading to severe effects on cognitive 
ability, behaviour, and health of both animals and humans [65, 66]. Several studies 
have also linked PBDEs with adverse effects on the human reproductive system. 
In particular, BDE-47, BDE-153, and BDE-154 in the range of 0.2–1.6 ng g−1 have 
been confirmed to have negative impacts on testosterone, luteinizing hormone, and 
estradiol [67]. Therefore, there is a need to have robust, accurate and reproducible 
methods to quantify PBDEs in different environmental matrices. The sections that 
follow will discuss these aspects with a particular focus on aquatic media.

3. Sample pre-treatment methods

Sample pre-treatment steps such as pre-concentration and clean-up are para-
mount before instrumental analysis [2, 68]. These steps ensure that analytes are 
enriched and converted into the right form/state to achieve their detection and any 
matrix that may interfere with the determination of the analytes is removed [69].  

Country Sample matrix Concentration Reference

South Africa River water 2.60–4.83 ng L−1 [44]

North America River water 0.00013–0.01 ng L−1 [45]

Great Britain Indoor dust 950–54,000 ng g−1 [46]

South Africa Home dust
Office dust

1710 ng g−1

1520 ng g−1

[43]

Nigeria Indoor dust 3700–19,000 ng g−1 [47]

China Indoor dust 397–40,236 ng g−1 [41]

Uganda Air 0.00340–0.00984 ng m−3 [48]

Kenya Soil 0.19–35.64 ng g−1 [49]

China Soil 4.8–533 ng g−1 [50]

China Sediment 0.03- 5.22 ng g−1 [51]

China Sediment 0.13–1.98 ng g−1 [52]

Sweden Sewage sludge nd-450 ng g−1 [53]

Spain Sewage sludge 197–1185 ng g−1 [39]

Kuwait Sewage sludge 52.5–377* ng g−1 [54]

USA Serum 5.0–27.9 [55]

South Africa Tigerfish 5.8 [56]

Uganda Breast milk 0.59–8.11 [57]

nd, not detected.
*Mean concentration.

Table 1. 
Levels of PBDEs reported in the environment and biota from different locales worldwide.



Emerging Contaminants

210

approximately 50% of the global production [30]. Several governmental regulations 
and international environmental agencies have restricted and completely banned 
the use and production of some PBDE congeners [31]. In 2004, the European Union 
phased out the use and production of penta-BDE and octa-BDE. Consequently, 
in December 2004, Great Lakes Chemical Corporation, a sole manufacturer of 
penta-BDE and octa-BDE in North America, voluntarily phased out the produc-
tion of these BDE formulations [32]. These efforts were boosted by the Stockholm 
Convention in 2012 when it listed commercial octa-BDE and penta-BDE among 
persistent organic pollutants that need to be eliminated. Despite the ban in the 
production of most PBDEs, they are still reported in air, soil and aquatic environ-
ments, which is attributed to their stability and subsequent release from techno-
ecosystems, and production of deca-BDE, which still continues to be produced in 
some countries [33, 34].

2.3 PBDEs in the environment and their toxicological implications

There are diverse pathways by which PBDEs enter the environment. Major 
environmental sources of PBDE pollution comprise of leakage from consumer 
products and industrial facilities that synthesize PBDEs or PBDE-containing 
products [5]. Besides, PBDEs may enter the aquatic environment from illegal 
disposal of obsolete electrical appliances and electronic devices flame-retarded with 
PBDEs or other PBDEs-containing products [7]. They can also enter the aquatic 
environment through raw sewage and into the surrounding air through volatiliza-
tion from products containing PBDEs and toxic fumes from e-waste recycling 
plants [35]. Since the first discovery of PBDEs in the aquatic environment on the 
West coast of Sweden in 1981, several studies have reported the presence of PBDEs 
in the environment [36]. This is despite the strict regulatory measures imposed by 
some governments and international environmental agencies to phase out some 
PBDE congeners and subsequent reduction in the production of particular PBDEs. 
BDE-47, 99, 100, and 153 are the ones that are frequently investigated because they 
are primary components of commercial mixtures, therefore, their ratios in the 
environment are expected to be significantly high. Moreover, less substituted BDE 
congeners such as BDE-28 and 47 are more toxic and non-biodegradable, hence 
their investigation in the environment and biota is of great significance in the moni-
toring of these pollutants [37]. Soil and sediment harbour higher concentrations of 
PBDEs, which is attributed to the organic carbon content, which makes them a sink 
for most organic pollutants [38]. Elevated levels of PBDEs have since been reported 
in agricultural soils after the application of sewage sludge at a concentration of 21 
to 690 ng g−1 dry weight (dw) [39]. From statistics, human beings spend more than 
70% of their lifetime indoors, in occupational offices, homes, learning institutions, 
and transport vehicles, and are therefore exposed to an array of contaminants from 
indoor dust [40]. The highest levels of PBDEs in dust samples have been reported 
in major industrialized cities in China and Europe at a concentration of 397–40,236 
ng g−1 and 950–54,000 ng g−1, respectively [41, 42], with comparably lower levels of 
1710 ng g−1 in African regions [43]. Table 1 presents a summary of reported PBDE 
levels in selected environmental matrices.

The principal route for PBDE exposure to humans was thought to be through 
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serum and milk [55, 62]. The toxicity of PBDEs is backed up by numerous epidemi-
ological studies. Scientific research has linked PBDE exposure to an array of adverse 
health effects [63]. To mention a few, penta- and octa-BDEs at a concentration of 
10,000 ng g−1 have been associated with disruption of thyroid hormone homeosta-
sis [7]. Moreover, penta- and tetra-BDEs, within the range of 8000–18,000 ng g−1, 
have been reported to affect the neurodevelopment of mice [64]. Exposure to high 
levels of deca-BDEs is likely to cause breast cancer [7]. PBDEs have been linked 
to developmental neurotoxicity and hence leading to severe effects on cognitive 
ability, behaviour, and health of both animals and humans [65, 66]. Several studies 
have also linked PBDEs with adverse effects on the human reproductive system. 
In particular, BDE-47, BDE-153, and BDE-154 in the range of 0.2–1.6 ng g−1 have 
been confirmed to have negative impacts on testosterone, luteinizing hormone, and 
estradiol [67]. Therefore, there is a need to have robust, accurate and reproducible 
methods to quantify PBDEs in different environmental matrices. The sections that 
follow will discuss these aspects with a particular focus on aquatic media.

3. Sample pre-treatment methods

Sample pre-treatment steps such as pre-concentration and clean-up are para-
mount before instrumental analysis [2, 68]. These steps ensure that analytes are 
enriched and converted into the right form/state to achieve their detection and any 
matrix that may interfere with the determination of the analytes is removed [69].  
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The choice of sample pre-treatment step is dependent on the physicochemical 
properties of the targeted analytes, their concentration in the environment, and 
the complexity of matrix interference [70, 71]. Soxhlet extraction, a traditional 
liquid-solid extraction method, has been used for decades in the extraction of 
analytes from their complex solid matrices. With the combination of polar and non-
polar solvents, the Soxhlet extraction strategy has been proved to be efficacious, 
achieving extraction efficiencies greater than 70% [72, 73]. However, this method 
is hindered by several factors such as long extraction duration, excessive solvent 
consumption, and the need for subsequent clean-up steps [74]. With increasing 
demand for economical and fast sample extraction strategies with high enrichment 
factors, coupled with SPE clean-up procedures, techniques such as UAE, PLE, 
MAE, and supercritical fluid extraction (SFE) have been adopted in enrichment of 
analytes from solid matrices.

UAE encompasses the introduction of a finely divided sample contained in 
a sample holder in an ultrasonic bath with solvent and subjected to ultrasonic 
radiation. UAE is a vital technique in achieving sustainable green chemistry and 
is primarily employed in the extraction of analytes from solid sample matrices 
[75, 76]. This technique can achieve complete extraction with high reproducibility 
within a short duration. Moreover, small quantities of extraction solvents are 
used as compared to conventional Soxhlet extraction [77]. Methanol, acetonitrile, 
ethanol, and acetone are typical extractants used in this method in minimal volume. 
UAE based on ultrasound assisted-dispersive solid phase extraction (UAE-DSPE) 
coupled to GC-MS has been reported to achieve exemplary limits of detection and 
extraction efficiencies for 7 BDE congeners from dust samples collected from air 
conditioning filters in the range of 1.4–8.4 ng g−1 and 90–102%, respectively [78]. 
Some of the benefits of UAE include faster kinetics and an increase in extraction 
yield. Ultrasound can also reduce the operating temperature allowing the extraction 
of thermally labile compounds [79].

Unlike traditional Soxhlet extraction that consumes a large volume of solvent, 
PLE, also referred to as pressurized solvent extraction, has been of great interest 
due to its extraction effectiveness. Extraction of analytes from their environmental 
matrices is achieved via a synergistic mechanism that proceeds through liquid 
solvents at elevated temperature and pressure, which altogether enhance extraction 
throughput as compared with other techniques performed at ordinary atmospheric 
conditions [80]. PLE is viewed as another 'green' option for traditional sample 
extraction methods. High temperature accomplishes a higher dispersion rate, while 
high pressure keeps the extraction solvent below its boiling point. During the deter-
mination of brominated flame retardants in e-waste samples, PLE and UAE were 
evaluated in regard to extraction efficiencies. PLE demonstrated high extraction 
efficiencies of 95–100% as compared to 10–50% for UAE [81]. When contrasted 
with the conventional methods, PLE shows a decrease in extraction time and a 
significant decrease in the overall consumption of organic solvents [82].

Another type of extraction technique that enables a three-fold reduction in 
extraction time and solvent is MAE. This is a sample extraction method that 
employs microwave energy to extract analytes from solid sample matrices in 
contact with extraction solvents. Microwave energy directly generates heat which 
initiates molecular motion of the analytes in the solid-solvent complex mixture, 
hence facilitating the mass transfer of the target analyte from the solid matrix to 
the extracting solvent [83, 84]. MAE has been reported to achieve good recoveries 
of 80–106%, 72.4–108.4%, and 80–110% in the extraction/pre-concentration of 
PBDEs from airborne particulate matter [85], e-waste materials [86], and sewage 
sludge samples [87], respectively. Compared with Soxhlet extraction, MAE achieves 
better recoveries and uses small amounts of solvents (30 mL versus 200 mL for 
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Soxhlet extraction), at the same time allowing control of extraction parameters, 
such as extraction time and temperature [88]. However, MAE has some shortcom-
ings, whereby the extracted sample usually contains some matrix interferences, 
such as lipids and lipophilic compounds, therefore, filtration and clean-up steps are 
required, which subsequently consume extra organic solvents.

Supercritical fluid extraction (SFE) is another method employed to extract 
PBDEs from solid matrices. Supercritical CO2 is often used as an extracting solvent, 
which has the capability of attaining recoveries above 97%. Moreover, the extrac-
tion efficiency of SFE can be further improved by the use of modifiers such as 
acetonitrile, toluene, and tetrahydrofuran [89]. A successful application of SFE in 
the extraction of PBDEs from polymeric materials was reported by Peng et al. [90]. 
The authors used supercritical CO2 as a solvent and SFE operating parameters such 
as temperature and pressure were optimized at 65°C and 20 MPa, respectively, 
achieving 97.6% extraction efficiency. This technique is a greener alternative to 
other techniques that use a large volume of solvents.

Numerous methodologies have been adopted in the determination of PBDE pol-
lutants in liquid matrices. SPE and conventional LLE have been embraced as routine 
extraction techniques for PBDEs in liquid samples. The extractive capability of 
LLE is based on the transfer of analytes from an aqueous polar phase to a non-polar 
organic phase [91]. LLE coupled with GC-MS has been applied in the determination 
of 13 PBDEs and their metabolites in water, with recoveries of 77%-102% [92]. LLE 
has also been a desirable extraction method in the preparation of biota samples for 
the determination of PBDEs. Recently, a study aimed at assessing in utero exposure 
of 24 tri- to deca- BDE congeners on primiparous mothers in Kampala, Uganda 
reported a successful application of LLE, with appreciable recoveries of 81–91% 
[93]. However, LLE has some shortcomings; it suffers from low recovery, poor 
selectivity, high matrix interference in chromatographic analysis and increased 
sample loads [94]. In addition, the extraction of PBDEs from water samples requires 
extremely large volumes of solvents due to their hydrophobic character and low 
concentration in water, thus limiting its applications [95]. To overcome these 
challenges, different configurations of SPE have been adopted in sample enrich-
ment strategies. SPE is a modern sample pre-treatment technique employed to 
concentrate analytes from liquid samples and to remove matrix interferents during 
the clean-up step, achieving exemplary recoveries and reproducible results over 
LLE [96, 97]. SPE protocols are usually performed by the use of a small column or 
separation cartridge packed with an appropriate sorbent material [98, 99]. Target 
analytes are adsorbed by the sorbent materials and later eluted with a solvent that 
has a greater affinity for the analytes. The chemistry behind this separation is based 
on intermolecular forces between the analytes, active sites of the adsorbent, and 
the liquid phase of the matrix [100]. SPE can be performed through an on-line or 
off-line approach. The on-line SPE configuration, which may enable automation, 
is directly coupled with specific analytical systems such as gas chromatography 
(GC) or high-performance liquid chromatography (HPLC). Whereas in the off-line 
protocol, a pre-concentration step is done separately using cartridges and further 
eluting the adsorbed analyte with an appropriate solvent for eventual chromato-
graphic analysis [101]. Because of its robustness and flexibility, SPE has been widely 
employed in different analytical procedures in pre-concentration and clean-up 
steps in the determination of PBDEs [96, 102].

While SPE continues to be used because of its affordability and ease of use, 
other formats that offer high enrichment factors and shorter extraction times, such 
as SPME, stir-bar sorptive extraction (SBSE) and dispersive solid-phase extraction 
(DSPE), have been introduced [103]. SPME is an innovation and improvement of 
conventional SPE. Its stationary phase comprises of fused-silica fibers coated with a 
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ment strategies. SPE is a modern sample pre-treatment technique employed to 
concentrate analytes from liquid samples and to remove matrix interferents during 
the clean-up step, achieving exemplary recoveries and reproducible results over 
LLE [96, 97]. SPE protocols are usually performed by the use of a small column or 
separation cartridge packed with an appropriate sorbent material [98, 99]. Target 
analytes are adsorbed by the sorbent materials and later eluted with a solvent that 
has a greater affinity for the analytes. The chemistry behind this separation is based 
on intermolecular forces between the analytes, active sites of the adsorbent, and 
the liquid phase of the matrix [100]. SPE can be performed through an on-line or 
off-line approach. The on-line SPE configuration, which may enable automation, 
is directly coupled with specific analytical systems such as gas chromatography 
(GC) or high-performance liquid chromatography (HPLC). Whereas in the off-line 
protocol, a pre-concentration step is done separately using cartridges and further 
eluting the adsorbed analyte with an appropriate solvent for eventual chromato-
graphic analysis [101]. Because of its robustness and flexibility, SPE has been widely 
employed in different analytical procedures in pre-concentration and clean-up 
steps in the determination of PBDEs [96, 102].

While SPE continues to be used because of its affordability and ease of use, 
other formats that offer high enrichment factors and shorter extraction times, such 
as SPME, stir-bar sorptive extraction (SBSE) and dispersive solid-phase extraction 
(DSPE), have been introduced [103]. SPME is an innovation and improvement of 
conventional SPE. Its stationary phase comprises of fused-silica fibers coated with a 
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polydimethylsiloxane (PDMS) layer which are reusable. With this new formulation, 
the application of SPE has become versatile such that it can accommodate small 
volumes of samples. Furthermore, SPME has been considered an almost solvent-
free extraction technique and can be easily automated as compared to conventional 
SPE [104, 105]. A miniaturized SPME has been applied in the extraction of PBDEs 
in environmental water samples followed by GC-MS quantitation, with low limits 
of detection and appreciable recoveries of 76.5–125.4% [106]. SBSE is a similar 
technique to SPME that has been adopted in the enrichment of PBDEs in liquid 
samples due to its improved extraction efficiency. The stir bars are coated with a 
thinner PDMS layer, as opposed to a thicker layer in SPME, a factor that allows 
improved enrichment efficiency [107, 108]. DSPE is another format of SPE based on 
the dispersion of solid sorbent materials in liquid samples to facilitate the isolation 
and extraction of target analytes from the complex sample matrix. In this process, 
matrix interferences remain embedded in the supernatant, which is later discarded 
while the target analyte is bound to the sorbent material and which is eventually 
eluted with a viable solvent [109]. DSPE has been employed in the enrichment and 
determination of PBDEs with recoveries within the range of 60–140% [110].

3.1 Advances in SPE sorbents

Complexity and matrix interferences encountered during sample preparation 
steps have attracted the invention of more selective sorbents to replace conventional 
silica sorbents that are associated with a number of drawbacks, such as instability at 
extreme pHs and low extraction efficiencies [111]. The new sorbents that include, 
nanocomposite materials, metal-organic frameworks, and molecularly imprinted 
polymers, among others, are characterized with high sensitivity and selectivity 
towards various environmental organic pollutants. They achieve fast dispersion and 
efficient recycling when applied in complex sample matrices [112, 113]. Reported 
nanocomposite sorbents in SPE for PBDE-containing samples include carbon 
nanotubes, graphene oxide (GO) [114, 115], and magnetic nanocomposite materi-
als [113]. However, nanocomposite sorbents in classical SPE schemes have been 
associated with various drawbacks. A few of these challenges have been described 
in flow as well as batch systems, which originate from a slow flow rate of the sample 
through the packed SPE column and difficulty in separating the sorbent from the 
large volume of aqueous sample [113].

Other sorbent materials with fascinating properties are metal-organic frameworks 
(MOFs). These are hybrids of organic and inorganic materials characterized by a 
porous structure, large surface area, uniform nanoscale cavities, high adsorption 
capacity, and high thermal and chemical stability. Due to these advantageous proper-
ties, this class of materials has recently attracted enormous attention in the field of 
sample preparation [116]. The development of MOF adsorbents is still at its infancy 
stages, therefore, a limited number of studies have reported their application particu-
larly in enrichment and determination of environmental PBDEs. A zirconium-based 
metal-organic framework material (UiO-66-OH) is a good example of a MOF. It has 
been synthesized and successfully applied as an adsorbent in SPME for enrichment 
and detection of 5 BDE congeners in milk samples using GC-MS, with low limits of 
detection in the range of 0.15–0.35 ng L−1 and excellent recoveries of 74.7%–118.0% 
[117]. A contrast study using silica-based sorbents in SPE for determination of 12 
PBDEs in human serum, achieved mean recoveries of 64–95% and limits of detection 
in the range of 0.1–4.0 ng g−1 by using GC-MS [102], an evidence that MOF sorbents 
offer promising analytical results as compared with conventional sorbents.

With growing interest in sorbents that offer extraordinary extractive capability 
in SPE, molecularly imprinted polymers (MIPs) have been extensively explored 
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as attractive options due to their robustness and selectivity towards particular 
target analytes providing exemplary substitute sorbents in sample clean-up and 
pre-concentration steps, especially in SPE and SPME [118]. MIPs are synthesized 
through molecular imprinting technology that involves polymerizing functional and 
cross-linking monomers in the presence of a target analyte, followed by the removal 
of the analyte to leave behind analyte-specific cavities. Their selectivity enables 
substantive removal of matrix interferents during the sample pre-treatment step 
[119]. MIP-based sorbents are readily available substitutes to silica-based adsorbents, 
which are reported to suffer from matrix interference, low selectivity, and sensitivity 
towards organic pollutants and may involve multiple steps that are labour-intensive 
for complete removal of interferences [120]. For example, commercial molecularly 
imprinted solid-phase extraction (MISPE) cartridges alongside alkaline extraction 
have been applied in aqueous enrichment and quantitation of PBDEs using GC-MS 
[121]. The extraction of PBDEs using MISPE gave recoveries above 60% compared to 
alkaline extraction which was below 60%. This confirms the selectivity capability of 
MIPs towards PBDEs from a complex environmental matrix. A more recent study has 
also reported recoveries of 60–87% in clean-up of soil and sediment samples using 
dummy molecularly imprinted polymers as SPE sorbent materials during determina-
tion of BDE-47 and BDE-99 [122].

Sample 
preparation 
technique

PBDE congeners Sample 
analyzed

Analytical 
technique

% 
Recoveries

Reference

SPE BDE-28, 47, 49, 
66, 85, 99, 100, 
138, 153, 154,  

183 & 209

Human 
serum

GC-ECD 64–95 [102]

BDE-47 and 99 Soil and 
bottom 

sediment

GC-MS 60–87 [125]

PLE BDE-28, 47, 99, 
100, 153, 154  

& 183

Soil GC-MS 95 ± 9 [68]

BDE-28, 47, 99, 
100, 154, 155 & 

183

Soil and 
sediment

GC-MS 84–103 [92]

LLE BDE-17, 28, 47, 
66, 71, 85, 99, 

100, 138, 153, 154, 
183 & 190

Soil and 
sediment

GC-MS 85–103 [92]

Soxhlet 
extraction

42 mono- to 
deca-BDEs

Indoor dust 
sample

GC-MS ≥ 70 [72]

UAE BDE-1, 3, 7, 8,  
28 & 47

Industrial 
effluent

HPLC 98.7 [126]

SPME BDE-49, 99, 100, 
153 & 154

Milk and 
water

GC-ECD 90–119 [127]

MAE BDE-47, 99, 100, 
138, 153, 154, 184 

& 209

Sewage 
sludge

GC-MS 80–110 [87]

Table 2. 
Examples of sample preparation strategies.
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However, a wide range of limitations still exist in MIPs, especially their poor 
water compatibility. Consequently, since MIPs and target analytes mainly interact 
through hydrogen-bonding, their recognition capability would be easily disturbed 
by polar solvents such as water. Therefore, the adsorption process is normally per-
formed in non-polar or low-polar solvents such as dichloromethane and n-hexane 
rather than polar solvents. Additionally, polar solvents have a tendency to occupy 
binding sites, which affects the recognition capacity for the target analytes. In this 
context, it is necessary to continually invent new synthesis strategies for water-
compatible MIPs [123, 124]. A summary of some of the sample pre-concentation 
strategies and their extraction efficiencies is presented in Table 2.

4. Analytical techniques for the detection of PBDEs

Sample pre-treatment steps are followed by quantification of the analytes 
using various detection systems. The choice of detection system depends on the 
physicochemical properties of the target analyte and the required detection levels. 
Detection techniques for quantification of PBDEs have evolved from liquid chro-
matography to gas chromatography and recently, miniaturized systems that involve 
the use of sensors. For chromatographic techniques, it’s important to optimize 
the operational parameters to actualize reliable instrumental results. It is highly 
recommended to use a sample injector with programmed temperature vaporiza-
tion (PTV) to avoid degradation of thermally labile BDE congeners. Additionally, 
the temperature of injection should be accurately defined, especially when using 
a split/splitless injector, which minimizes chances of thermal degradation of 
higher BDEs congers as well as discrimination of lower brominated congeners 
[95, 128]. The choice of a column is another important aspect in the analysis of 
PBDEs where lower brominated congeners are well separated on longer columns, 
whereas higher brominated congeners are well separated on shorter columns. In 
the case of a mixture comprising of a wide range of BDE congeners, a short column 
is highly recommended, which well separates nona- and deca-BDEs [129]. HPLC 
coupled with mass spectrometry (MS), is one of the chromatographic techniques 
which has rarely been applied in the quantification of some PBDE congeners. The 
HPLC separation is hindered by several factors such as poor solubility of highly 
brominated diphenyl ethers in the polar solvents of the mobile phase, especially 
in reversed-phase, and, thus, requiring the sample to be enriched with an organic 
modifier. Normal phase HPLC has offered better separation of some PBDEs though 
it still results in incomplete separation, especially when an electrospray ionization 
detector is incorporated [130]. One group used an automated on-line sample pre-
concentration device coupled with HPLC-MS to determine decabrodiphenyl ether 
in human serum samples. This method achieved detection limits of 26.0 ng L−1 
[130]. Otherwise, better detection limits of 0.2-25 ng L−1 were tenable when similar 
samples were analyzed for 12 PBDEs including decabromodiphenyl ether using gas 
chromatography-electron capture detection (GC-ECD) [102]. However, GC-ECD 
exhibits low selectivity and suffers from matrix interferences originating especially 
from halogenated species, as compared to GC-MS, which overcomes these chal-
lenges [131]. Fontana et al. [16] employed a coupled system, ultrasound-assisted 
emulsification microextraction-GC-MS (UAEMA-GC-MS) to determine PBDEs 
in water samples, with appreciably low detection limits of 1–2 ng L−1. Moreover, 
lower limits of detection are achievable when tandem-mass spectrometry (MS2) is 
utilized. For example, GC-MS2 has been reported to achieve detection limits within 
the range of 0.002–0.0136 ng g−1 lipid weight (lw) in the determination of PBDEs 
in breast milk and serum samples [132].
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With the recent technological revolution, a more sensitive mass spectrometer, 
a high-resolution mass spectrometer (HRMS), has been found to be a promising 
alternative to a conventional mass spectrometer as it identifies the analyte without 
mass fragmentation and at the lowest mass unit [133]. With this new format of 
detection, very low detection limits of 0.000262–0.046 ng g−1 for 23 PBDEs in dust 
samples were achieved [134]. However, GC-HRMS is more expensive than conven-
tional GC-MS, compelling researchers to often rely on GC-MS since it is less expen-
sive and readily available. Besides, the demand for techniques that provide rapid 
results at minimal cost has resulted in the introduction of sensor technology in the 
determination of PBDEs. In this context, various detection systems have been fabri-
cated and shown a discerning capability in the detection of PBDEs. For instance, an 
immunoassay detection system based on graphene oxide-polydimethylsiloxane has 
demonstrated desirable limits of detection of 0.018 ng g−1 for PBDEs in a standard 
solution and environmental water samples [135]. Similarly, a novel electrochemical 
immunoassay sensor used for the detection of BDE-28, 47, 99, 100, 153, and 154 
in food samples, achieved a detection limit of 0.00018 ng L−1 [136]. These limits 
are comparable with those obtained by HPLC, GC-MS, or GC-HRMS. A surface-
enhanced Raman scattering-based sensor is another detection system that has been 
successfully applied for rapid detection of BDE 47 in aqueous media, with detection 
limits of 0.0364 ng L−1 [137]. The use of sensory techniques is cheaper and a low 
concentration of contaminants can be detected. Moreover, the analysis duration is 
reduced from 10 minutes to 3 minutes. Thus, these sensor methods offer scope for 
further evaluation.

5. Conclusion

This chapter has discussed PBDEs as emerging environmental pollutants, their 
sources, and toxicological implications on humans and their determination in the 
environment. Sample pre-concentration methods for PBDE-containing samples 
that include UAE, PLE, UAME, PLE, SFE, SPE, SPME, SBSE, and DSPE have been 
critically reviewed as preferred alternatives to LLE and Soxhlet extraction due to 
their enhanced extraction efficiency. Novel SPE and SPME sorbents that provide 
the desired selectivity in the determination of PBDEs have also been discussed. 
Though these sorbents are promising, their application in MISPE in the determina-
tion of PBDEs has been scantly employed and its dynamics are still at its infancy 
stages. Therefore, there is room for continuous introduction of highly selective 
materials for the quantification of PBDEs in the environment. Alongside the evolu-
tion of sample pre-treatment techniques for the detection of PBDEs, rapid sensor-
based techniques that achieve the desired figures of merit similar to traditional 
instrumentation techniques have demonstrated great potential.
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Abstract

Over the past decade, enhanced scientific interest has produced an expanding 
knowledge base for microplastics. The highest abundance of microplastics is typically 
associated with coastlines and oceans but the fate of these microplastics is elusive. 
Microplastics sink following fragmentation which is further ingested by marine 
biota thus imposes threat to them. Thus, the present review focuses on properties 
and sources of microplastics, its impact on environment, the bioaccumulation and 
trophic transfer of microplastics and its impact on living biota. This study would be 
helpful for the development and implementation of risk management strategies for 
managing the disposal of microplastics.

Keywords: microplastics, sources, accumulation, toxicity, aquatic organisms

1. Introduction

Due to the permanence and robustness, plastic has infiltrated every aspect of life 
like in clothing, electronics, cleaning products as well as in building materials [1]. 
World production of synthetic organic polymer plastic has skyrocketed from 1950 
to 2013, showing an escalation from 1.5 to 299 million tons. Around 8-16 million 
tons plastic waste invades sea and oceans annually, substantial section of which 
comes from land borne sources [1, 2]. In the very beginning more attentiveness was 
towards large plastic debris; however prevalence of smaller plastic particles in the 
marine environment elucidated in early 1970’s [3, 4]. Due to minuscule proportion 
of microplastics they are ingested by protozoans to marine mammals and by many 
filter feeders [5]. Amphipods, polychaete worms, barnacles and sea cucumber 
ingest microplastic which gets accumulated in food web [6]. According to Setälä 
et al. [7] and Green et al. [8] microplastics are omnipresent in nature and possess 
high potential to interrelate with environment (biotic and abiotic) thus menacing 
with biogenic domain of flora and fauna. Presences of microplastics were perceived 
more in aquatic ecosystems, surface waters, sediments and water column. Deep 
seas and mountain lakes were also sullied by the presence of microplastics and thus 
scrutinized as global pollutant [9, 10]. Worldwide pollution provoked by plastic 
is dispersed maximum across seas and oceans. Longevity and buoyancy are some 
properties that have led these pollutants fall under the category of hazardous waste 
[11–13]. In the environment microplastics are present in heterogeneous group, 
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according to varying size and shape, specific density and composition. Prodigious 
plastic wastes are easily perceptible [14, 15]. Although microplastics are incon-
spicuous, their dissemination into the oceans has profound repercussions leading to 
cumulative effect in the food chain [16].

Microplastics may pose a risk to aquatic environments due to their documented 
ubiquity in marine ecosystems, long residence time, and propensity to be ingested 
by biota. As Microplastics from different sources ultimately reaches water bodies 
and from here microplastics disperse into surface water, underground water, and 
benthic sediment, etc. and their bioavailability gets affected [17]. After consumption 
or ingestion, microplastics can remain in the digestive tracts of aquatic organisms for 
periods of days to weeks before excretion. The more time of excretion likely allows 
the transfer of microplastics both up the food web and to new geographic locations. 
Exposure of individual aquatic organisms to microplastics may negatively impact 
feeding, growth, reproductive capabilities, or survival [18]. While studies and 
reviews on plastic pollution in the marine environment are increasingly common, 
to date, few studies have assessed the sources, fate and impact of microplastics in 
freshwater as well as marine environment. Thus, the present article has been made 
in order to fill the lacuna in this regard.

2. Types of microplastics

Two primary or foremost types of microplastics are: primary and secondary 
microplastics. According to Sundt et al. [19] plastics that are instantaneously 
propagated into the environment compose primary microplastics. They are 
produced in relatively micro size. Secondary microplastics pioneered from the 
deterioration or fragmentation of larger plastics.

2.1 Primary microplastics

Plastic ranging between size of 1 μm and 5 mm are considered primary micro-
plastics. Microplastics are affixed to certain products due to their discrete functions. 
They are also operated as mordant in cosmetics and soap products and also act as 
conveyor of pigments. Plastic powder, granulates, pellets are some examples of 
primary microplastics [1, 20]. Primary microplastics are also used as exfoliates. 
They are the main protagonist of several day to day products like hand cleaners, 
toothpastes, face washes [20]. Primary microplastics are also used in dental polishes. 
If they are not discarded in the efficient way possible, they end up blemishing the 
environment. Primary microplastics also possess diverse industrial implementations 
like for gas and oil analysis they are required as drilling fluids, for cleaning metal 
surfaces to eliminate the paint, rinsing of engines etc. [21–23]. Microplastics like 
polystyrene, acrylic, polyester are used in industries [24].

2.2 Secondary microplastics

Repudiated plastic bags or fishing nets, household items and discarded plastics 
undergo weathering and photo degradation process and get transfigured into 
smaller plastic particles, thus constituting secondary microplastics. Abrasion of 
plastics is manifested by UV light at soil surface and by ocean waves. Secondary 
microplastics are also fabricated by washing machines [24, 25]. It also includes 
fragments of textile fiber originated from synthetic fibers, and released during 
the laundering process [26]. The root sources of secondary microplastics are 
discarded plastic debris from household items and industrial products. Secondary 
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microplastics are considered to be the most dominating microplastics [27, 28]. 
Their copiousness in water bodies increases with elevating discharge of plastic 
debris and its continuous transformation into secondary microplastics. Textile 
industry products, tires, decorative paints all contribute to the genesis of secondary 
microplastics [20].

3. Sources of microplastics

3.1 Personal care products

According to Leslie [29] plastic microbeads are utilized as additives in countless 
cosmetics and personal care products. They act as sorbent as well as exfoliators. 
Plastic microbeads are incorporated in several cosmetic products such as 350,000 
plastic particles were observed in a facial scrub tube in USA [20]. A study from USA 
also evaluated the presence of 1700-6400 particles of plastic per g in toothpaste [1]. 
According to Strand [30] toothpaste contains 0.1-0.4% microbeads in accordance 
with weight, facial scrubs contain around 1.6-3.0%. Facial scrub possesses 0.9-4.2%, 
exfoliating scrub contains 10.6% and shower gel around 0.5-3.0%. One of the plastic 
types that are frequently perceived in microplastics is polyethylene (PE). In European 
country PE plastic microbeads were considered most dominating, with around 4073 
tons usage.

3.2 Blasting abrasives and cleaning products

For cleansing surfaces primary microplastics are used as abrasive. Plastic 
such as polyester, polycarbonate, polyamide is used in blast media. Main purpose 
of blasting abrasives is in cleansing of rims, removal of paints and cleansing of 
ships. These abrasives are also used in marine industries for cleaning the tanks. 
Blasting is done in different cabins, closed or semi-closed. Area must be encrusted 
properly. Emission rate are quite high if done in open premises. Turbines blades 
are cleansed by this process; this leads to release of primary microplastics in 
aquatic environment. Microplastics are even used in maintenance and cleaning 
products as abrasive material. To remove grease, paints, oil from hands primary 
microplastics are used [20].

3.3 Synthetic textile and tyres

Browne et al. [25] assorted that process of laundries in household and industries 
leads to mass production of primary microplastics via scraping and dispersion of 
fibers, which was then emitted out in sewage water and culminates in the ocean 
[31]. Tyres contain profuse mixture of several synthetic polymers in addition 
with natural rubber. Tyres get deteriorated when used and tyre dust that contains 
synthetic rubber circulated by wind or swiped away by rain. Large segments of such 
particles were reported to congregate in the sea [19, 23].

3.4 Paint and wood preservatives

Primary microplastics are appended to paint and preservative. This gives matting 
effect and acts as color amplifier. This improves longevity of wood, provides hardened 
and abrasion resistance. It is also used to diminish the density of paints [20]. A study 
done by Poulsen et al. [32] stated that 8-30% of waste generation is triggered by paint 
spillage and other paint jobs. Approximately 65-97% of waste culminates as solid 
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plastic wastes are easily perceptible [14, 15]. Although microplastics are incon-
spicuous, their dissemination into the oceans has profound repercussions leading to 
cumulative effect in the food chain [16].

Microplastics may pose a risk to aquatic environments due to their documented 
ubiquity in marine ecosystems, long residence time, and propensity to be ingested 
by biota. As Microplastics from different sources ultimately reaches water bodies 
and from here microplastics disperse into surface water, underground water, and 
benthic sediment, etc. and their bioavailability gets affected [17]. After consumption 
or ingestion, microplastics can remain in the digestive tracts of aquatic organisms for 
periods of days to weeks before excretion. The more time of excretion likely allows 
the transfer of microplastics both up the food web and to new geographic locations. 
Exposure of individual aquatic organisms to microplastics may negatively impact 
feeding, growth, reproductive capabilities, or survival [18]. While studies and 
reviews on plastic pollution in the marine environment are increasingly common, 
to date, few studies have assessed the sources, fate and impact of microplastics in 
freshwater as well as marine environment. Thus, the present article has been made 
in order to fill the lacuna in this regard.

2. Types of microplastics

Two primary or foremost types of microplastics are: primary and secondary 
microplastics. According to Sundt et al. [19] plastics that are instantaneously 
propagated into the environment compose primary microplastics. They are 
produced in relatively micro size. Secondary microplastics pioneered from the 
deterioration or fragmentation of larger plastics.

2.1 Primary microplastics

Plastic ranging between size of 1 μm and 5 mm are considered primary micro-
plastics. Microplastics are affixed to certain products due to their discrete functions. 
They are also operated as mordant in cosmetics and soap products and also act as 
conveyor of pigments. Plastic powder, granulates, pellets are some examples of 
primary microplastics [1, 20]. Primary microplastics are also used as exfoliates. 
They are the main protagonist of several day to day products like hand cleaners, 
toothpastes, face washes [20]. Primary microplastics are also used in dental polishes. 
If they are not discarded in the efficient way possible, they end up blemishing the 
environment. Primary microplastics also possess diverse industrial implementations 
like for gas and oil analysis they are required as drilling fluids, for cleaning metal 
surfaces to eliminate the paint, rinsing of engines etc. [21–23]. Microplastics like 
polystyrene, acrylic, polyester are used in industries [24].

2.2 Secondary microplastics

Repudiated plastic bags or fishing nets, household items and discarded plastics 
undergo weathering and photo degradation process and get transfigured into 
smaller plastic particles, thus constituting secondary microplastics. Abrasion of 
plastics is manifested by UV light at soil surface and by ocean waves. Secondary 
microplastics are also fabricated by washing machines [24, 25]. It also includes 
fragments of textile fiber originated from synthetic fibers, and released during 
the laundering process [26]. The root sources of secondary microplastics are 
discarded plastic debris from household items and industrial products. Secondary 
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microplastics are considered to be the most dominating microplastics [27, 28]. 
Their copiousness in water bodies increases with elevating discharge of plastic 
debris and its continuous transformation into secondary microplastics. Textile 
industry products, tires, decorative paints all contribute to the genesis of secondary 
microplastics [20].

3. Sources of microplastics

3.1 Personal care products

According to Leslie [29] plastic microbeads are utilized as additives in countless 
cosmetics and personal care products. They act as sorbent as well as exfoliators. 
Plastic microbeads are incorporated in several cosmetic products such as 350,000 
plastic particles were observed in a facial scrub tube in USA [20]. A study from USA 
also evaluated the presence of 1700-6400 particles of plastic per g in toothpaste [1]. 
According to Strand [30] toothpaste contains 0.1-0.4% microbeads in accordance 
with weight, facial scrubs contain around 1.6-3.0%. Facial scrub possesses 0.9-4.2%, 
exfoliating scrub contains 10.6% and shower gel around 0.5-3.0%. One of the plastic 
types that are frequently perceived in microplastics is polyethylene (PE). In European 
country PE plastic microbeads were considered most dominating, with around 4073 
tons usage.

3.2 Blasting abrasives and cleaning products

For cleansing surfaces primary microplastics are used as abrasive. Plastic 
such as polyester, polycarbonate, polyamide is used in blast media. Main purpose 
of blasting abrasives is in cleansing of rims, removal of paints and cleansing of 
ships. These abrasives are also used in marine industries for cleaning the tanks. 
Blasting is done in different cabins, closed or semi-closed. Area must be encrusted 
properly. Emission rate are quite high if done in open premises. Turbines blades 
are cleansed by this process; this leads to release of primary microplastics in 
aquatic environment. Microplastics are even used in maintenance and cleaning 
products as abrasive material. To remove grease, paints, oil from hands primary 
microplastics are used [20].

3.3 Synthetic textile and tyres

Browne et al. [25] assorted that process of laundries in household and industries 
leads to mass production of primary microplastics via scraping and dispersion of 
fibers, which was then emitted out in sewage water and culminates in the ocean 
[31]. Tyres contain profuse mixture of several synthetic polymers in addition 
with natural rubber. Tyres get deteriorated when used and tyre dust that contains 
synthetic rubber circulated by wind or swiped away by rain. Large segments of such 
particles were reported to congregate in the sea [19, 23].

3.4 Paint and wood preservatives

Primary microplastics are appended to paint and preservative. This gives matting 
effect and acts as color amplifier. This improves longevity of wood, provides hardened 
and abrasion resistance. It is also used to diminish the density of paints [20]. A study 
done by Poulsen et al. [32] stated that 8-30% of waste generation is triggered by paint 
spillage and other paint jobs. Approximately 65-97% of waste culminates as solid 



Emerging Contaminants

232

waste and around 35% ended up in sewer system. 1.0-5.3 t/y is the estimated amount 
of microplastics release from paints, out of which 0.1-0.5 t/y is the guesstimate 
amount of primary microplastics in paints that ends up in aquatic environment.

3.5 Synthetic waxes and oil-gas industry

According to Essel et al. [23] synthetic waxes are scrutinized as primary micro-
plastics. They are used in dyeing, food coating, as lubricants and also in processing of 
plastics. Synthetic waxes are also used to coat papers they are extensively operative 
in textile processing by providing smoother surface. Polytetrafluroethylene (PTFR) 
is used for drilling purpose. Drilling fluids composed of microbeads, used in oil-gas 
industry [19, 32]. This chemical gets directly discharge into the oceans, contributing 
to microplastics accumulation.

3.6 Plastic pellets manufactures

Pellets are the primary form of many plastics around 2.55 mm in diameter. These 
pellets are used to generate plastic products. These pellets, spherules contribute 
to 79.4% of total plastic debris in the water of river Danube [33, 34]. According to 
Dhodapkar et al. [35], in addition to pellets, plastic dust also gets accumulated during 
manufacturing process or generated due to relocation and transportation [20]. 
Pellets contain certain perilous additives like plasticizers and flame retardants that 
promote the eco toxicity. These additives mixed prior to the production or added 
during conversion. These pellets are often termed as nibs and nurdles [19].

3.7 Weathering and abrasion

Metropolitan environment often encounters with city dust. Synthetic cooking 
utensils abrasion, footwear soles abrasion, infrastructure abrasion, blasting abrasives 
all culminates into city dust. Independently importance of these factors is insignifi-
cant but together they are accountable for sizeable losses in the country [20, 31]. For 
the advancements of roads, road markings are administered. Thermoplastic, paint, 
polymer tapes are preferred in this process. Weathering by vehicles induces microplas-
tics loss, which is washed off by rain or wind and ultimately outstretched to oceans 
[20]. Coatings of boats are done by various anticorrosive paints, mostly polyurethane, 
lacquers and vinyl [36].

3.8 Packaging material and litter

Higher preference is given to packaging materials as a source of microplastics. 
It contributes to about 62% of all plastic collected. It usually involves secondary 
microplastics. Plastic bags, soft drink bottles all culminates into it [1]. Packaging 
materials constitutes major portion of litter. Toys, cutlery, shoes, clothing are other 
forms of litter [15]. Litter from agricultural plastics is non-biodegradable, although 
biodegradable plastics are also prevalent nowadays. Addition of preservatives in such 
plastics make them less biodegradable, and these plastics get perished into smaller 
fragments, eventually via nearby streams microplastics enters surface water [1].

3.9 Domestic items, food stuffs and toys

According to United Nations Environment Programme (UNEP), 2014 [15], 
domestic items are considered as the mighty source of pollution in the sea. Items 
like cups, plastic cutlery, bottles and straws are present in abundance in oceans. 
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Food stuffs and snacks also contribute to microplastics. Chewing gum contains 
microplastics fillers. A study done at Dutch coast revealed the presence of 105 
particles of microplastics per gram in mussels and for oyster it reaches up to 87 
microplastics particles per gram [37]. Party items like balloons, confetti firework 
wastes, fragments of toys all culminate to waterborne litter. Loom bracelets contain 
microplastics which can adulterate the environment via surface runoff [38].

3.10 Medical resources

In medical sector, microplastics are profoundly used [23]. Microplastics treat 
the reverse flow of gastric juices. Aluminum coated compounds tend to possess 
deleterious effect on human health. They are replaced by microplastics. Nappies, 
sanitary towels, plasters constitute litter. Capsules used in the edicine field contain 
plastic. Spectacles, contact lenses are one of the define sources of microplastics [1].

4. Microplastics in marine ecosystems

The pollution of microplastics varies geographically with location because as 
the consumption of plastic increases, there is increase in production of MP. Marine 
life is more disturbed by this plastic waste because ocean become a dump yard for 
running water system either directly via riverine system as river ultimately end 
up meet up with the ocean or indirectly as waste water treatment plant dispose of 
their waste directly in the ocean or in river which end up by meeting the marine 
water body. However, the size of sediment and distribution of MP is influenced 
by oxidative degradation (either photo- or thermal initiated), friction and bio-
degradation [39, 40]. The typical shape of microplastics consists of pellets, fibers 
and fragments but according to literature, majority of microplastics in Oceans are 
microfibers [41, 42]. Distribution and abundance of microplastics is chiefly deter-
mined by environmental [42–44] and anthropogenic factors [45]. Environmental 
factors include runoff, infiltration, river discharge, wind action, ocean currents, 
cyclones, river hydrodynamics, wave current, tides and movement/dispersion of 
animals. On the other hand, anthropogenic activities either they are for industrial 
or tourism or transport purpose which further led to accumulation of plastic debris 
in environment. According to literature, these environmental factors play vital role 
in determining the distribution of microplastics more intensely than anthropogenic 
activities, however anthropogenic activities are the core source of production of 
these plastic wastes.

Abundance of microplastics in oceans distribute across various strata of Ocean. 
In the sediments- water systems, microplastics only sink and accumulate in the 
sediment when their density exceed seawater (>1.02 g/cm3); otherwise it tends to 
float on the sea surface or in the water column [46], hence low density microplastics 
float on surface layer of ocean water whereas high density microplastics sinks down 
to benthos layer [5]. Buoyancy of microplastics can depend on befouling in which 
former biomass accumulation led to increase in microplastics density and later can 
decrease microplastics density which is responsible for sinking, neutral or floating 
action of microplastics. But in case of High density microplastics, there distribution 
depends on other factors also like change in tidal fronts, high flow rates or larger 
surface area of High density microplastics.

Beaches are a reservoir of highly fragmented plastic debris that transport 
microplastics back to costal water and finally to open ocean [47]. It is based on 
observation of Wang et al. [48] that concentration of microplastics is usually 
higher in upper layer i.e. epipelagic layer than the immediate lower mesopelagic 
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waste and around 35% ended up in sewer system. 1.0-5.3 t/y is the estimated amount 
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plastics. Synthetic waxes are also used to coat papers they are extensively operative 
in textile processing by providing smoother surface. Polytetrafluroethylene (PTFR) 
is used for drilling purpose. Drilling fluids composed of microbeads, used in oil-gas 
industry [19, 32]. This chemical gets directly discharge into the oceans, contributing 
to microplastics accumulation.

3.6 Plastic pellets manufactures

Pellets are the primary form of many plastics around 2.55 mm in diameter. These 
pellets are used to generate plastic products. These pellets, spherules contribute 
to 79.4% of total plastic debris in the water of river Danube [33, 34]. According to 
Dhodapkar et al. [35], in addition to pellets, plastic dust also gets accumulated during 
manufacturing process or generated due to relocation and transportation [20]. 
Pellets contain certain perilous additives like plasticizers and flame retardants that 
promote the eco toxicity. These additives mixed prior to the production or added 
during conversion. These pellets are often termed as nibs and nurdles [19].

3.7 Weathering and abrasion

Metropolitan environment often encounters with city dust. Synthetic cooking 
utensils abrasion, footwear soles abrasion, infrastructure abrasion, blasting abrasives 
all culminates into city dust. Independently importance of these factors is insignifi-
cant but together they are accountable for sizeable losses in the country [20, 31]. For 
the advancements of roads, road markings are administered. Thermoplastic, paint, 
polymer tapes are preferred in this process. Weathering by vehicles induces microplas-
tics loss, which is washed off by rain or wind and ultimately outstretched to oceans 
[20]. Coatings of boats are done by various anticorrosive paints, mostly polyurethane, 
lacquers and vinyl [36].

3.8 Packaging material and litter

Higher preference is given to packaging materials as a source of microplastics. 
It contributes to about 62% of all plastic collected. It usually involves secondary 
microplastics. Plastic bags, soft drink bottles all culminates into it [1]. Packaging 
materials constitutes major portion of litter. Toys, cutlery, shoes, clothing are other 
forms of litter [15]. Litter from agricultural plastics is non-biodegradable, although 
biodegradable plastics are also prevalent nowadays. Addition of preservatives in such 
plastics make them less biodegradable, and these plastics get perished into smaller 
fragments, eventually via nearby streams microplastics enters surface water [1].

3.9 Domestic items, food stuffs and toys

According to United Nations Environment Programme (UNEP), 2014 [15], 
domestic items are considered as the mighty source of pollution in the sea. Items 
like cups, plastic cutlery, bottles and straws are present in abundance in oceans. 
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Food stuffs and snacks also contribute to microplastics. Chewing gum contains 
microplastics fillers. A study done at Dutch coast revealed the presence of 105 
particles of microplastics per gram in mussels and for oyster it reaches up to 87 
microplastics particles per gram [37]. Party items like balloons, confetti firework 
wastes, fragments of toys all culminate to waterborne litter. Loom bracelets contain 
microplastics which can adulterate the environment via surface runoff [38].

3.10 Medical resources

In medical sector, microplastics are profoundly used [23]. Microplastics treat 
the reverse flow of gastric juices. Aluminum coated compounds tend to possess 
deleterious effect on human health. They are replaced by microplastics. Nappies, 
sanitary towels, plasters constitute litter. Capsules used in the edicine field contain 
plastic. Spectacles, contact lenses are one of the define sources of microplastics [1].

4. Microplastics in marine ecosystems

The pollution of microplastics varies geographically with location because as 
the consumption of plastic increases, there is increase in production of MP. Marine 
life is more disturbed by this plastic waste because ocean become a dump yard for 
running water system either directly via riverine system as river ultimately end 
up meet up with the ocean or indirectly as waste water treatment plant dispose of 
their waste directly in the ocean or in river which end up by meeting the marine 
water body. However, the size of sediment and distribution of MP is influenced 
by oxidative degradation (either photo- or thermal initiated), friction and bio-
degradation [39, 40]. The typical shape of microplastics consists of pellets, fibers 
and fragments but according to literature, majority of microplastics in Oceans are 
microfibers [41, 42]. Distribution and abundance of microplastics is chiefly deter-
mined by environmental [42–44] and anthropogenic factors [45]. Environmental 
factors include runoff, infiltration, river discharge, wind action, ocean currents, 
cyclones, river hydrodynamics, wave current, tides and movement/dispersion of 
animals. On the other hand, anthropogenic activities either they are for industrial 
or tourism or transport purpose which further led to accumulation of plastic debris 
in environment. According to literature, these environmental factors play vital role 
in determining the distribution of microplastics more intensely than anthropogenic 
activities, however anthropogenic activities are the core source of production of 
these plastic wastes.

Abundance of microplastics in oceans distribute across various strata of Ocean. 
In the sediments- water systems, microplastics only sink and accumulate in the 
sediment when their density exceed seawater (>1.02 g/cm3); otherwise it tends to 
float on the sea surface or in the water column [46], hence low density microplastics 
float on surface layer of ocean water whereas high density microplastics sinks down 
to benthos layer [5]. Buoyancy of microplastics can depend on befouling in which 
former biomass accumulation led to increase in microplastics density and later can 
decrease microplastics density which is responsible for sinking, neutral or floating 
action of microplastics. But in case of High density microplastics, there distribution 
depends on other factors also like change in tidal fronts, high flow rates or larger 
surface area of High density microplastics.

Beaches are a reservoir of highly fragmented plastic debris that transport 
microplastics back to costal water and finally to open ocean [47]. It is based on 
observation of Wang et al. [48] that concentration of microplastics is usually 
higher in upper layer i.e. epipelagic layer than the immediate lower mesopelagic 
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layer this may be due to preferential flow or animal movement. Even, mesoscale 
ocean dynamics have impact on distribution of plastic debris at sea surface 
within subtropical gyres [49]. Usually, sea platforms and marine trafficking are 
responsible for microplastics in far off Ocean, whereas microplastics in near shore 
originate mostly from waste water, runoffs, rivers etc. [50, 51]. However terrestrial 
environment also determines the concentration of microplastics as harbor and 
industries add huge amount of plastic debris either directly or indirectly which add 
up to the acumen concentration of microplastics in the ocean. The dire situation 
of disturbance in aquatic ecosystem is becoming huge day by day as these not only 
affect flora but fauna as well; even coral beds are not far away from disturbance. 
This plastic debris also includes mesoplastics accumulation. Use and through 
plastic items are becoming huge threat to the aquatic organisms hence number of 
reports are increasing in this area of research which indicate the negative impact 
of microplastics and is alarming accumulation rate in ecosystem which is also eye 
catching for researchers and environmentalists.

5. Microplastics in freshwater ecosystem

To understand the impact of microplastics pollution in freshwater environ-
ment, various aspects are to be analyzed i.e. source, distribution, type and effect of 
microplastics. Source of freshwater pollution is usually synthetic textile, personal 
care products, industrial raw material, whereas the main source of microplastics 
in riverine system are wastewater discharge which may be industrial or household 
untreated waste water disposal. Microplastics are of serious concern because their 
accumulation potential increases with decreasing size [52]. It is also noted that, 
there may be change of composition of MP as they accumulate with waterborne 
contaminates which includes metals and persistent, bioaccumulative and toxic com-
pounds this is possible due to larger surface-to-volume ratio. Studies by Engler [53] 
showed relationship between plastic debris and PBTs (e.g. PCBs and DDT) similarly 
a number of studies exist for polycyclic aromatic hydrocarbons [54–56]. Since the 
spectrum of contaminants is different between freshwater and marine system. In 
stagnant riverine system like ponds and lakes water pollution is more severe problems  
because of the irresponsible behavior of the inhabitants or by various tourism 
related activities which disturb the ecosystem due to accumulation of degradable 
or non- degradable waste. They float in the surface water and stay in the water sink 
into sediments of lake. For stagnant system rate of accumulation of microplastics is 
higher, since there is no efflux. Therefore, it can be concluded that there is a direct 
correlation between distance of contamination source and microplastics pollution 
levels in sediments [57]. Various studies confirmed the presence of microplastics 
in drinking water system which makes it a serious issue [58]. Research about river 
system and watersheds can provide the knowledge to the people to understand the 
alarming situation of microplastics accumulation in freshwater system [59]. Further 
the flow of river plays significant role in removal of plastic fragments. It is also 
observed that after precipitation high amount of MP is observed in sediments and 
running water [60]. Eventually, freshwater system also contributes to the pollutant 
content of marine ecosystems because ultimately riverine merge with the ocean 
resulting merger of mineral, sediments, soil content as well as pollutants. Hence 
the fact that freshwater system act as strong source of microplastics to marine 
ecosystem cannot be neglected. Although distribution of microplastics in freshwater 
system is not uniform, it depends on nearby source of waste water disposal.

It is observed that the condemnation in water is observed higher in riverine near 
industrial area as compared to the residential area. However waste water treatment 
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plants are established by organizations but they remove large plastic waste more 
efficiently than meso and micro plastic waste, as various technologies are installed to 
remove large size particle but these are not specified to retain microplastics [61, 62]. 
Discharge from waste water treatment plant contain may hazardous compounds along 
with micro –and Nano- plastic particles which enter the food web and cause diverse 
effect in biotic ecosystem.

6. Fate of microplastics

The threat of microplastics is rapidly increasing, and as the global plastic pro-
duction projected to reach an accumulative 25 billion tons by 2050, things are going 
to be worse [63]. Although these plastic materials are key factors for innovation and 
development of various fields such as healthcare, energy generation, aerospace, 
automotive industries, construction, electronics, packaging, textile and many 
others [64]. However, instead of recycling or incineration or utilizing any other way 
of removing unused or discarded plastic from environment, these plastic wastes 
enters the environment from year to year and it is accumulated in Marine, fresh-
water and terrestrial ecosystem worldwide, even from densely populated countries 
like India and China to cold desert like Antarctica. And this became a matter of 
concern for scientists across the world. The reliance on plastic for huge number of 
consumer products, many of them being single-use, results in continuous entry into 
environment.

No doubt, with due course of time via biotic and abiotic degradation pathway, 
plastic loose its mechanical integrity but it may take several years to degrade 
completely. With gradual degradation this immortal plastic emits smaller size 
particle in environment i.e. macroplastics, mesoplastics and microplastics. Plastic 
particles <5 mm size are considered Microplastic, although there are efforts to 
redefine them as <1 mm in size, as recommended by [65]. However minimum size 
of Microplastics has not yet been specified and it depends on the sampling and 
processing as well as on the applied method for Microplastics identification.

7. Effect of microplastics on aquatic biota

Microplastics are of special concern because they can be ingested throughout 
the food web more readily than larger particles. It is to be noted that the impact of 
microplastics on public health and aquatic ecosystems is not yet fully understood, 
but there is increasing number of reports which indicate negative impact of micro-
plastics on marine and freshwater biota.

With increased focus on microplastics debris, several groups have studied the 
influence of microplastics uptake by different organisms. As microplastics invasion 
appear to occur across all ecosystem from terrestrial to marine environment in dif-
ferent trophic level not only invertebrates but vertebrates also seem to be affected by 
their presence [66, 67]. Organism ingests these microplastics debris while swallowing 
their food. And with due course of time bioaccumulation of microplastics results 
in diverse negative impact on various organism like disruption of organ system, 
rupturing of digestive system, weakening of immune system, impotency, various 
respiratory and circulatory problems, even failure of organ and in extreme cases led 
to death of organism [51, 68, 69]. However, continuous accumulation of these deadly 
microplastics in various systems of the body is possible through food chain via inges-
tion as well as by accumulation around gill aperture (or around respiratory apertures) 
and appendages of body by diverse aquatic organisms [70, 71]. However, situation 
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layer this may be due to preferential flow or animal movement. Even, mesoscale 
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catching for researchers and environmentalists.

5. Microplastics in freshwater ecosystem

To understand the impact of microplastics pollution in freshwater environ-
ment, various aspects are to be analyzed i.e. source, distribution, type and effect of 
microplastics. Source of freshwater pollution is usually synthetic textile, personal 
care products, industrial raw material, whereas the main source of microplastics 
in riverine system are wastewater discharge which may be industrial or household 
untreated waste water disposal. Microplastics are of serious concern because their 
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spectrum of contaminants is different between freshwater and marine system. In 
stagnant riverine system like ponds and lakes water pollution is more severe problems  
because of the irresponsible behavior of the inhabitants or by various tourism 
related activities which disturb the ecosystem due to accumulation of degradable 
or non- degradable waste. They float in the surface water and stay in the water sink 
into sediments of lake. For stagnant system rate of accumulation of microplastics is 
higher, since there is no efflux. Therefore, it can be concluded that there is a direct 
correlation between distance of contamination source and microplastics pollution 
levels in sediments [57]. Various studies confirmed the presence of microplastics 
in drinking water system which makes it a serious issue [58]. Research about river 
system and watersheds can provide the knowledge to the people to understand the 
alarming situation of microplastics accumulation in freshwater system [59]. Further 
the flow of river plays significant role in removal of plastic fragments. It is also 
observed that after precipitation high amount of MP is observed in sediments and 
running water [60]. Eventually, freshwater system also contributes to the pollutant 
content of marine ecosystems because ultimately riverine merge with the ocean 
resulting merger of mineral, sediments, soil content as well as pollutants. Hence 
the fact that freshwater system act as strong source of microplastics to marine 
ecosystem cannot be neglected. Although distribution of microplastics in freshwater 
system is not uniform, it depends on nearby source of waste water disposal.

It is observed that the condemnation in water is observed higher in riverine near 
industrial area as compared to the residential area. However waste water treatment 
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plants are established by organizations but they remove large plastic waste more 
efficiently than meso and micro plastic waste, as various technologies are installed to 
remove large size particle but these are not specified to retain microplastics [61, 62]. 
Discharge from waste water treatment plant contain may hazardous compounds along 
with micro –and Nano- plastic particles which enter the food web and cause diverse 
effect in biotic ecosystem.

6. Fate of microplastics

The threat of microplastics is rapidly increasing, and as the global plastic pro-
duction projected to reach an accumulative 25 billion tons by 2050, things are going 
to be worse [63]. Although these plastic materials are key factors for innovation and 
development of various fields such as healthcare, energy generation, aerospace, 
automotive industries, construction, electronics, packaging, textile and many 
others [64]. However, instead of recycling or incineration or utilizing any other way 
of removing unused or discarded plastic from environment, these plastic wastes 
enters the environment from year to year and it is accumulated in Marine, fresh-
water and terrestrial ecosystem worldwide, even from densely populated countries 
like India and China to cold desert like Antarctica. And this became a matter of 
concern for scientists across the world. The reliance on plastic for huge number of 
consumer products, many of them being single-use, results in continuous entry into 
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particles <5 mm size are considered Microplastic, although there are efforts to 
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become direr for the predators and humans which directly or indirectly consume 
microplastics affected aquatic organisms [72]. As reported by Wright et al. [5], there 
are various consequences from ingestion of plastics and MPs by various species such 
as planktons, copepods, zooplanktons, crabs, small fishes, turtles, fish larvae, sea 
birds and mammals.

7.1 Effect of microplastics on marine ecosystem

Marine microplastics debris is a global threat because of its abundance, persis-
tence and mobility across scale, with subsequent widespread distribution potential, 
geophysical and biological impact [73]. Across the globe, research on the ingestion of 
microplastics by biota has predominantly focused on wide range of marine species 
with different feeding strategies [74–76]. As microplastics have been shown to obstruct 
feeding appendages and limit food intake, physical injury and oxidative stress, reduced 
energy allocation in various aquatic organisms and in some cases damages in the 
alimentary canal were also observed [77]. Alteration in the feeding behavior of some 
group of crustaceans was also studied such as in copepods which feed on algae, 
but when these copepods feed on natural assemblage of algae with the addition 
of polystyrene microbeads they showed a significant decrease in herbivory which 
further results in decrease in growth rate of organism [5, 78]. However, it is not 
just growths which microplastics injection can disrupt, but also observable change 
in physical development of organism. An alternation was observed in life cycle 
of sea urchin Paracentrotus lividus which depicted alterations in shape of pelagic 
planktotrophic pluteus larva when Microplastics were ingested [79]. Another study 
of Kaposi et al. [80] by examining short term exposure of Polyethylene on the sea 
urchin Tripneustes gratilla, which was done by using fluorescent labels green PE 
Microspheres having diameter 10-45 μm, with exposure of time ranged between 
15 min to 5 d. There was decrease in injection rate even when phytoplankton food 
was provided.

While some of the chemicals associates with microplastics, which possess 
endocrine disruptive activity and are responsible for the hormonal imbalance in 
organisms [81]. In a study by Sussarellu et al. [82] on Oysters which is a keystone 
species with high ecological and economic value. When adult oysters were exposed 
to microplastics polystyrene of diameter about 2 μm during a critical point of their 
reproductive stage adults were preparing for production of gametes. And after the 
exposure, there was an alteration in the feeding as well as absorption efficiency of 
food. Reproductive changes were also observed that there is reduction in the quality 
of oocytes and sperm swimming speed as well as fecundity. Moreover, these impacts 
had clear carryover effect on offspring quality and further reduced growth in their 
larval progeny. Similar effects were observed in planktonic copepods when exposed 
to micropolystyrene for prolonged period followed by reduced food consumption 
and resulting in reduced reproductive outputs [83].

However, Corals which occur in both deep sea and Antarctic system are not 
untouched by the effect of microplastics as some of the corals known to ingest 
microplastics and demonstrably negatively impact occurs both in terms of energy 
level, growth and pathogen frequency of reefs [84, 85].

7.2 Effect of microplastics on fresh water ecosystem

It’s is not only marine wildlife that can take up microplastics, bioavailability 
of microplastics for freshwater fauna (for both invertebrates and fishes) has 
also been observed. Although there are few freshwater studies so far, A study 
by Rehse et al. [86] shows that immobilization has occurred in freshwater 
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zooplankton (Daphnia magna) after ingestion of polyethylene microplastics of 
about 1 mm, however due to the smaller size of this freshwater zooplankton, it was 
not able to engulf microplastics of more than 1 mm size. It is also observed that 
small size microplastics usually possess large surface area to volume ratio which 
differentiates the property of microplastics from meso and macroplastics.

In freshwater habitat, the different POPs (persistent organic pollutants) that is 
PCBs (polychlorinated biphenyls), HCBs (hexachlorobenzenes), PBDEs (polybro-
minated diphenyl ethers) and metals are present in significantly higher concentra-
tions. And the adsorption ratio of POPs to microplastics is different in freshwater 
as compared to marine ecosystems due to the proximity to the sources and use of 
these chemicals. As organism in freshwater ecosystem are more exposed to POPs 
and microplastics due to occurrence of industrial and populous area nearby. Study 
by Rochman et al. [87] revealed that freshwater fishes experience hepatic stress 
due to ingestion of polyethylene which ultimately led to bioaccumulation and 
toxicity in fishes. A significant amount of POPs to microplastics could accumulate 
in adult zebrafish gills and zebra fish embryos [88]. Another observation in the 
study of European perch Perca fluviatilis by Lönnstedt and Eklöv [89], suggested 
the effect of microplastics when larva of European perch were exposed to different 
concentrations of 10,000 or 80,000 particles/meter which resulted in inhibition 
of hatching and reduced growth rates. There were alterations in the feeding and 
innate behavior as compared to normal individuals which were not exposed with 
microplastics.

Microplastics can also act as an artificial substrate for microorganisms. This 
has raised concern about the potential ecological effect on freshwater habitat, 
which is utilized for anthropogenic activities as well as by the wildlife organisms. 
Microplastics form biofilms by providing surface for microorganisms and rafting 
the colonized organisms over long distances. It has also been shown that biofilms 
containing potentially pathogenic microorganisms which can develop on plastic in 
the marine system. Some microorganisms in the biofilm are assumed to be poten-
tially opportunistic (human) pathogens, for example, members of the genus Vibrio 
have been found on the particles and making microplastics vector for pathogens, 
toxic algae, bacteria and invasive species. Various studies are performed on differ-
ent rivers for the estimation of assimilation of microplastics by aquatic organisms. 
A study conducted by McGoran et al. [90], in the river Thames, revealed that up to 
75% of sampled European flounder (Platichthys flesus) has plastic fibers in their gut 
compared to 20% of European smelt (Osmeruseperlanus) however it is estimated 
that this huge difference in the concentration is due to the feeding habitats of 
both the fishes as European flounder are benthic feeders while European smelt are 
pelagic feeder and these observations also suggested the relative distribution of 
microplastics in different strata of riverine system [91].

In study of microplastics in freshwater, Au et al. [92], investigated the ingestion 
and effects of PE (fluorescent blue PE microplastics particles, 10–27 μm) and PP 
(black polypropylene microplastics fibers from marine rope, 20–75 mm in length) on 
the growth and mortality of the freshwater amphipod Hyalella azteca. The LC50 of 
PE and PP in H. azteca after a 10-d exposure were 4.6 × 104 and 71 microplastics/mL 
respectively. The effects of chronic exposure to PE and its influence on the reproduc-
tion of amphipods were analyzed. Chronic exposure of H. azteca to PP fibers, even at 
a low concentration, significantly decreased growth and reproduction.

7.3 Toxic effects of microplastics shown by trophic transfer

To evaluate the process of trophic transfer and toxicological effects of micro-
plastics at different trophic levels, a number of factors need to be considered that 
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exposure, there was an alteration in the feeding as well as absorption efficiency of 
food. Reproductive changes were also observed that there is reduction in the quality 
of oocytes and sperm swimming speed as well as fecundity. Moreover, these impacts 
had clear carryover effect on offspring quality and further reduced growth in their 
larval progeny. Similar effects were observed in planktonic copepods when exposed 
to micropolystyrene for prolonged period followed by reduced food consumption 
and resulting in reduced reproductive outputs [83].

However, Corals which occur in both deep sea and Antarctic system are not 
untouched by the effect of microplastics as some of the corals known to ingest 
microplastics and demonstrably negatively impact occurs both in terms of energy 
level, growth and pathogen frequency of reefs [84, 85].
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of microplastics for freshwater fauna (for both invertebrates and fishes) has 
also been observed. Although there are few freshwater studies so far, A study 
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zooplankton (Daphnia magna) after ingestion of polyethylene microplastics of 
about 1 mm, however due to the smaller size of this freshwater zooplankton, it was 
not able to engulf microplastics of more than 1 mm size. It is also observed that 
small size microplastics usually possess large surface area to volume ratio which 
differentiates the property of microplastics from meso and macroplastics.

In freshwater habitat, the different POPs (persistent organic pollutants) that is 
PCBs (polychlorinated biphenyls), HCBs (hexachlorobenzenes), PBDEs (polybro-
minated diphenyl ethers) and metals are present in significantly higher concentra-
tions. And the adsorption ratio of POPs to microplastics is different in freshwater 
as compared to marine ecosystems due to the proximity to the sources and use of 
these chemicals. As organism in freshwater ecosystem are more exposed to POPs 
and microplastics due to occurrence of industrial and populous area nearby. Study 
by Rochman et al. [87] revealed that freshwater fishes experience hepatic stress 
due to ingestion of polyethylene which ultimately led to bioaccumulation and 
toxicity in fishes. A significant amount of POPs to microplastics could accumulate 
in adult zebrafish gills and zebra fish embryos [88]. Another observation in the 
study of European perch Perca fluviatilis by Lönnstedt and Eklöv [89], suggested 
the effect of microplastics when larva of European perch were exposed to different 
concentrations of 10,000 or 80,000 particles/meter which resulted in inhibition 
of hatching and reduced growth rates. There were alterations in the feeding and 
innate behavior as compared to normal individuals which were not exposed with 
microplastics.

Microplastics can also act as an artificial substrate for microorganisms. This 
has raised concern about the potential ecological effect on freshwater habitat, 
which is utilized for anthropogenic activities as well as by the wildlife organisms. 
Microplastics form biofilms by providing surface for microorganisms and rafting 
the colonized organisms over long distances. It has also been shown that biofilms 
containing potentially pathogenic microorganisms which can develop on plastic in 
the marine system. Some microorganisms in the biofilm are assumed to be poten-
tially opportunistic (human) pathogens, for example, members of the genus Vibrio 
have been found on the particles and making microplastics vector for pathogens, 
toxic algae, bacteria and invasive species. Various studies are performed on differ-
ent rivers for the estimation of assimilation of microplastics by aquatic organisms. 
A study conducted by McGoran et al. [90], in the river Thames, revealed that up to 
75% of sampled European flounder (Platichthys flesus) has plastic fibers in their gut 
compared to 20% of European smelt (Osmeruseperlanus) however it is estimated 
that this huge difference in the concentration is due to the feeding habitats of 
both the fishes as European flounder are benthic feeders while European smelt are 
pelagic feeder and these observations also suggested the relative distribution of 
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In study of microplastics in freshwater, Au et al. [92], investigated the ingestion 
and effects of PE (fluorescent blue PE microplastics particles, 10–27 μm) and PP 
(black polypropylene microplastics fibers from marine rope, 20–75 mm in length) on 
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respectively. The effects of chronic exposure to PE and its influence on the reproduc-
tion of amphipods were analyzed. Chronic exposure of H. azteca to PP fibers, even at 
a low concentration, significantly decreased growth and reproduction.

7.3 Toxic effects of microplastics shown by trophic transfer

To evaluate the process of trophic transfer and toxicological effects of micro-
plastics at different trophic levels, a number of factors need to be considered that 
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are involved in ingestion, bioaccumulation and biomagnification of microplastics 
and their associated chemicals.

Resemblance in shape and size of microplastics with many species of planktons 
and other type of food particles is usually observed. Hence sometimes microplastics 
are normally ingested by aquatic filter feeders along with some associated contami-
nants led to bioaccumulation and trophic transfer to higher organisms [93]. The 
size and shape of plastic particles are the two most important parameters which 
determine the extent of microplastics retention. This is because smaller particles are 
more likely to be ingested and particles with angular shapes may be harder to egest. 
The available body of evidence indicated that trophic transfer of microplastics 
may occur [94, 95]. Hence, pollutants may be transferred along with microplastics 
by means of oral ingestion as well as other pathways, which include ventilation or 
simple microplastics attachment and resuspension into the water column [88, 96].

Setälä et al. [7], observed the trophic transfer of polystyrene microplastics 
to macrozooplankton occurred after only 3 hrs of exposure to mesozooplaktons 
that had previously infested PS microplastics. Studies also revealed that uptake of 
microplastics can be influenced by the surface characteristics of plastic particles. 
As MP that was neutrally or positively charged had a higher binding affinity for 
algal cell wall than negatively charged microplastics. And hence they adhere to 
surface of seaweeds like Fucus vesiculosus, resulting in their consumption by grazing 
gastropods which further eventually led to trophic transfer of microplastics [97]. 
Microplastics are ingested by organism at lower trophic level and are further trans-
ferred to higher trophic level and ultimately results in bioaccumulation in higher 
organism and causes ill effects which may be life threating for them.

The impact of microplastics on humans is not yet fully understood, however 
many studies depict that there are many chemicals that are used in plastic production 
show toxic effect on living organism some of these chemicals are bisphenol A (BPA), 
polybrominated diphenyl ethers (PBDE), and tetrabromobisphenol (TBBPA). 
Studies have already detected these chemicals in human tissues and biological fluids 
[27]. It has also been reported that additives, for example, di(2-ethylhexyl)phthalate 
(DEHP), can leach from medical supplies made of PVC and accumulate in the blood 
of hemodialysis patients [98]. Moreover, the presence of microplastics in seafood, for 
example, bivalves cultured for human consumption has already been shown [28, 99]. 
It should be further investigated whether beverage or food products act as possible 
microplastics sources which is can further enter food web and results in bioaccumu-
lation in living organism.

8. Management of microplastics

To get the problem under control, the society has to take initiatives which includes 
significantly curtailing unnecessary single-use plastic items such as water bottles, 
plastic shopping bags, straws and utensils, stringent policies should be implemented 
by the governments ensuring the need to strengthen garbage collection and recycling 
systems to prevent waste from leaking into the environment to improve recycling 
rates. New ways to break plastic down into its most basic units, which can be rebuilt 
into new plastics or other materials should be considered.

9. Conclusion

Production and applications of microplastics resulted to an enhanced incidence 
of plastics debris and microplastics, in the aquatic environment. Not only one 
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mechanism such as the weathering-related fracturing and surface embrittlement 
of plastics in beach environments is the root cause of generation of microplastics 
but industrial waste also constitute the major sources of them. As microplastics are 
recalcitrant in nature, only small fraction of the microplastics present in aquatic body 
imposes a serious threat to aquatic life. As microplastics are potentially ingestible by 
aquatic organisms including micro and nano plankton species, the delivery of toxins 
across trophic levels via this mechanism is very common. The efficiency of such 
transfer will depend on the bioavailability of microplastics and the residence time 
of meso or microplastics in the organisms. Endocytosis of plastic nanoparticles by 
micro- or nanofauna can also result in adverse toxic endpoints. As aquatic species 
constitute the very foundation of the aquatic food web, any threat to these can have 
serious and far-reaching effects in the world oceans. There is an urgent need to 
quantify the magnitude of these potential outcomes and assess the future impact of 
increasing microplastics levels on the world’s aquatic bodies.
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Chapter 14

Screening and Potential Uses of 
Contaminated Spent Mushroom 
(Pleurotus spp.)
Mathipriya Shanmugavelu and Ganesan Sevugaperumal

Abstract

The commercial production of mushrooms generates a co-product, a virtually 
inexhaustible supply of spent mushroom substrate (SMS). It represents an ideal 
growth medium for plants and plant disease suppressive quality. Here we discussed 
about the contaminated microbial flora of SMS, potential antifungal and plant 
growth promoting activities, the results of these findings were also discussed 
in relation to the usage of SMS as a potential product for organic farming. SMS 
contained moisture content 72%, EC 1.75 mmho.cm−1 and had pH of 6.1. The 
cellulose and hemicellulose content of paddy straw substrate were 30.25%, 23.18% 
and 15.31% dry weight respectively. Growth in terms of root and shoot weight 
of the seedlings of green gram, black gram, tomato and chili were significantly 
higher when grown in 60% SMS amended soil. Spent mushroom compost from 
Pleurotus eous used in this study harbored bacterial population including, Bacillus 
sp., Clostridium sp., Pseudomonas sp. and E. coli. Bacterial isolate B1 was identified 
as Bacillus sp., isolate B2 was identified as Clostridium sp., isolate B3 as Pseudomonas 
sp. and B4 as Escherichia coli. These bacterial strains showed significant antagonistic 
activity against soil borne pathogenic fungi viz., Fusarium sp., Alternaria sp., 
Phytophthora sp. and Aspergillus sp.

Keywords: SMS, Pleurotus, antifungal activity, contaminants

1. Introduction

Mushrooms have been recognized as the alternate source of good quality protein. 
They are capable of producing the highest quantity of protein per unit area and time 
from agro-wastes which are available to the tune of more than 300 million tons per 
annum in India. Many species of mushrooms are cultivated world-wide. Seventy 
percent of the global mushroom production is derived from three mushroom groups, 
Agaricus bisporus, Pleurotus spp., and Lentinula edodes. The remaining mushroom 
volume is generated by at least a dozen species [1].

Edible mushrooms commonly have insignificant lipid level with higher propor-
tion of polyunsaturated fatty acids. All these result in low calorific yield from 
mushroom foods. Mushrooms do not have cholesterol. Instead, they have ergosterol 
that acts as a precursor for Vitamin D synthesis in human body. Similarly, ergosterol 
in button mushroom is converted in to vitamin D2 when exposed to UV radiation 
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Abstract

The commercial production of mushrooms generates a co-product, a virtually 
inexhaustible supply of spent mushroom substrate (SMS). It represents an ideal 
growth medium for plants and plant disease suppressive quality. Here we discussed 
about the contaminated microbial flora of SMS, potential antifungal and plant 
growth promoting activities, the results of these findings were also discussed 
in relation to the usage of SMS as a potential product for organic farming. SMS 
contained moisture content 72%, EC 1.75 mmho.cm−1 and had pH of 6.1. The 
cellulose and hemicellulose content of paddy straw substrate were 30.25%, 23.18% 
and 15.31% dry weight respectively. Growth in terms of root and shoot weight 
of the seedlings of green gram, black gram, tomato and chili were significantly 
higher when grown in 60% SMS amended soil. Spent mushroom compost from 
Pleurotus eous used in this study harbored bacterial population including, Bacillus 
sp., Clostridium sp., Pseudomonas sp. and E. coli. Bacterial isolate B1 was identified 
as Bacillus sp., isolate B2 was identified as Clostridium sp., isolate B3 as Pseudomonas 
sp. and B4 as Escherichia coli. These bacterial strains showed significant antagonistic 
activity against soil borne pathogenic fungi viz., Fusarium sp., Alternaria sp., 
Phytophthora sp. and Aspergillus sp.

Keywords: SMS, Pleurotus, antifungal activity, contaminants

1. Introduction

Mushrooms have been recognized as the alternate source of good quality protein. 
They are capable of producing the highest quantity of protein per unit area and time 
from agro-wastes which are available to the tune of more than 300 million tons per 
annum in India. Many species of mushrooms are cultivated world-wide. Seventy 
percent of the global mushroom production is derived from three mushroom groups, 
Agaricus bisporus, Pleurotus spp., and Lentinula edodes. The remaining mushroom 
volume is generated by at least a dozen species [1].

Edible mushrooms commonly have insignificant lipid level with higher propor-
tion of polyunsaturated fatty acids. All these result in low calorific yield from 
mushroom foods. Mushrooms do not have cholesterol. Instead, they have ergosterol 
that acts as a precursor for Vitamin D synthesis in human body. Similarly, ergosterol 
in button mushroom is converted in to vitamin D2 when exposed to UV radiation 
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or sunlight. The protein content of edible mushrooms is usually high, but varies 
greatly. The crude protein content of mushrooms varied from 12 to 35% dry weight 
depending upon the species. The free amino acids composition differs widely but 
in general they are rich in theronine and valine but deficient in sulfur containing 
amino acids (Methionine and cysteine) [2].

Antibiotic resistance has become a global concern [3]. The clinical efficacy 
of many existing antibiotics is being threatened by the emergence of multidrug 
resistant pathogens [4–6]. Already, a number of antibacterial compounds have been 
isolated from Basidiomycetes fungi, including Collybial and Frustulosin [7–9].

Pleurotus spp. are mushrooms which belong to the class basidiomycetes. They are 
generally understood to be called white rot fungi, because of their ability to degrade 
lignocellulosic materials. The oyster mushroom consists of a number of several edible 
Pleurotus species. This species represented 14% of the world production in 1997 [1]. 
Pleurotus mushrooms are edible with excellent flavor and taste. They have nutritional 
as well as medicinal properties [10]. They are low in calories, fats, sodium, carbo-
hydrates and cholesterol, while being rich in proteins, minerals, vitamins and fibers 
[11]. Pleurotus spp.is promising as medicinal mushrooms, exhibiting hematological, 
antiviral, antitumor, antibiotic, antibacterial, hypocholesterolic and immunomodu-
lation activities [12].

1.1 Spent mushroom substrate

After the cultivated mushroom have exhausted the nutrients within the sub-
strates, and there were no more fruitbodies harvest, the so called remains, regarded 
as “the useless material” is known as spent mushroom substrate (SMS) [13].

Several agro industrial wastes could be used to prepare mushroom composts. These 
growing substrates may be composed from different wastes materials such as sawdust, 
rice straw, bedded horse manure, cotton wastes, paper wastes, cocoa shells, wheat 
straw, maize husks and various other wastes [14]. Additives such as rice bran, calcium 
carbonate or wheat bran may be added to enhance mushroom fructification [15].

Compost is considered “spent substrate” when one full crop of mushroom has 
been taken and further extension becomes unremunerative [16–18]. Mushroom 
industry needs to dispose off more than 50 million tons of used mushroom compost 
each year called Spent Mushroom Substrate (SMS) [19]. Recently, the term spent 
compost or spent mushroom substrate has been replaced by a more appropriate 
term, “post mushroom substrate” because it is not “spent” and is ready to be further 
attacked by a new set of microorganisms. The large dumped piles of spent mush-
room substrate become anaerobic and give off offensive odor. The run-off from 
such piles contaminates nearby water sources and pollutes them [20]. Under normal 
circumstances, the spent mushroom substrate is discarded as waste without consid-
ering environmental repercussion.

The disease suppressive properties of composting materials are known for 
many decades and much scientific evidence have revealed favorable properties of 
composts for the management of plant diseases [21, 22]. Due to the unique chemi-
cal constitution and the microflora present in SMS, its application can be more 
diversified than what is normally predicted.

1.2 The Management of Spent Mushroom Substrate (SMS)

Actinomycetes, bacteria and fungi inhabiting the compost, not only play role 
in its further decomposition but also exert antagonism to the normal pathogens 
surviving and multiplying in the soil ecosystem.

249

Screening and Potential Uses of Contaminated Spent Mushroom (Pleurotus spp.)
DOI: http://dx.doi.org/10.5772/intechopen.93863

2. Review of literature

Mushroom is a macrofungus with a distinctive fruiting body, which can be 
either hypogeous or epigeous, large enough to be seen with the naked eye and to be 
picked by hand [23]. The number of mushroom species on the earth is estimated 
to be 1,40,000 suggesting that only 10% are known. Assuming that the proportion 
of useful mushrooms among the undiscovered and unexamined mushrooms will 
be 5%, which implies 7000 yet undiscovered species will be of possible benefit to 
mankind [24].

2.1 Pleurotus spp.

Mushrooms are considered as a functional food, which can provide health ben-
efits beyond the traditional nutrients they contain [25, 26]. Nowadays, several species 
of Pleurotus are cultivated commercially because of their rich mineral contents and 
medicinal properties, short life cycle, reproducibility in the recycling of certain 
agricultural and industrial wastes and low demand on resources and technology.

2.2 Anti-microbial activity of Pleurotus spp.

Water and alcoholic extracts from P. ostreatus mycelium have been used in 
studies on antimicrobial activities against numerous types of microbes. The highest 
potency was shown by water extract, especially towards fungi, Candida albicans, 
Cryptococcus humicola, Trichosporon cutaneum and bacteria Staphylococcus aureus and 
Escherichia coli [27, 28].

The antimicrobial properties of mushroom extracts and highlighted some of the 
active compounds identified, including low- and high-molecular weight compounds 
which showed antagonistic activity against gram positive bacteria. LMW compounds 
are mainly secondary metabolites, such as sesquiterpenes and other terpenes, 
steroids, anthraquinones, benzoic acid derivatives, and quinolines, but also primary 
metabolites such as oxalic acid. HMW compounds are mainly peptides and proteins.

2.3 Spent mushroom substrate (SMS)

After mushroom cultivation, the partially degraded paddy or wheat straw and 
other agricultural waste, which form as valuable by-products of edible mushroom 
cultivation, have been termed as Spent Mushroom Substrate (SMS). Antibacterial 
activity of H. erinaceus SMS against phyto-pathogenic bacteria and evaluated the 
role of this extract in improving plant defense and growth [29, 30].

2.4 Composition of SMS

The macro and micronutrients of the raw material and the initial and spent sub-
strates of Pleurotus ostreatus [31–33]. The mineral composition of the fruiting body 
varied with the substrates, which made possible the production of a fruiting body 
rich in K, P, Mg and Fe. Potassium was the mineral with the highest content in the 
fruiting body in all substrates tested. There was an increase in protein and mineral 
content in the spent substrate in relation to the initial one.

The pH of the compost was found to be 7.58 and the electrical conductivity of 
the compost was found to be 0.71 dms−1. Chemical analysis of the compost showed 
varying organic matter and nutrient content. The carbon to nitrogen (C: N) ratio of 
a product was 13:1 and the bioavailability of total potassium (2.64%), magnesium 
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or sunlight. The protein content of edible mushrooms is usually high, but varies 
greatly. The crude protein content of mushrooms varied from 12 to 35% dry weight 
depending upon the species. The free amino acids composition differs widely but 
in general they are rich in theronine and valine but deficient in sulfur containing 
amino acids (Methionine and cysteine) [2].

Antibiotic resistance has become a global concern [3]. The clinical efficacy 
of many existing antibiotics is being threatened by the emergence of multidrug 
resistant pathogens [4–6]. Already, a number of antibacterial compounds have been 
isolated from Basidiomycetes fungi, including Collybial and Frustulosin [7–9].

Pleurotus spp. are mushrooms which belong to the class basidiomycetes. They are 
generally understood to be called white rot fungi, because of their ability to degrade 
lignocellulosic materials. The oyster mushroom consists of a number of several edible 
Pleurotus species. This species represented 14% of the world production in 1997 [1]. 
Pleurotus mushrooms are edible with excellent flavor and taste. They have nutritional 
as well as medicinal properties [10]. They are low in calories, fats, sodium, carbo-
hydrates and cholesterol, while being rich in proteins, minerals, vitamins and fibers 
[11]. Pleurotus spp.is promising as medicinal mushrooms, exhibiting hematological, 
antiviral, antitumor, antibiotic, antibacterial, hypocholesterolic and immunomodu-
lation activities [12].

1.1 Spent mushroom substrate

After the cultivated mushroom have exhausted the nutrients within the sub-
strates, and there were no more fruitbodies harvest, the so called remains, regarded 
as “the useless material” is known as spent mushroom substrate (SMS) [13].

Several agro industrial wastes could be used to prepare mushroom composts. These 
growing substrates may be composed from different wastes materials such as sawdust, 
rice straw, bedded horse manure, cotton wastes, paper wastes, cocoa shells, wheat 
straw, maize husks and various other wastes [14]. Additives such as rice bran, calcium 
carbonate or wheat bran may be added to enhance mushroom fructification [15].

Compost is considered “spent substrate” when one full crop of mushroom has 
been taken and further extension becomes unremunerative [16–18]. Mushroom 
industry needs to dispose off more than 50 million tons of used mushroom compost 
each year called Spent Mushroom Substrate (SMS) [19]. Recently, the term spent 
compost or spent mushroom substrate has been replaced by a more appropriate 
term, “post mushroom substrate” because it is not “spent” and is ready to be further 
attacked by a new set of microorganisms. The large dumped piles of spent mush-
room substrate become anaerobic and give off offensive odor. The run-off from 
such piles contaminates nearby water sources and pollutes them [20]. Under normal 
circumstances, the spent mushroom substrate is discarded as waste without consid-
ering environmental repercussion.

The disease suppressive properties of composting materials are known for 
many decades and much scientific evidence have revealed favorable properties of 
composts for the management of plant diseases [21, 22]. Due to the unique chemi-
cal constitution and the microflora present in SMS, its application can be more 
diversified than what is normally predicted.

1.2 The Management of Spent Mushroom Substrate (SMS)

Actinomycetes, bacteria and fungi inhabiting the compost, not only play role 
in its further decomposition but also exert antagonism to the normal pathogens 
surviving and multiplying in the soil ecosystem.
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2. Review of literature

Mushroom is a macrofungus with a distinctive fruiting body, which can be 
either hypogeous or epigeous, large enough to be seen with the naked eye and to be 
picked by hand [23]. The number of mushroom species on the earth is estimated 
to be 1,40,000 suggesting that only 10% are known. Assuming that the proportion 
of useful mushrooms among the undiscovered and unexamined mushrooms will 
be 5%, which implies 7000 yet undiscovered species will be of possible benefit to 
mankind [24].

2.1 Pleurotus spp.

Mushrooms are considered as a functional food, which can provide health ben-
efits beyond the traditional nutrients they contain [25, 26]. Nowadays, several species 
of Pleurotus are cultivated commercially because of their rich mineral contents and 
medicinal properties, short life cycle, reproducibility in the recycling of certain 
agricultural and industrial wastes and low demand on resources and technology.

2.2 Anti-microbial activity of Pleurotus spp.

Water and alcoholic extracts from P. ostreatus mycelium have been used in 
studies on antimicrobial activities against numerous types of microbes. The highest 
potency was shown by water extract, especially towards fungi, Candida albicans, 
Cryptococcus humicola, Trichosporon cutaneum and bacteria Staphylococcus aureus and 
Escherichia coli [27, 28].

The antimicrobial properties of mushroom extracts and highlighted some of the 
active compounds identified, including low- and high-molecular weight compounds 
which showed antagonistic activity against gram positive bacteria. LMW compounds 
are mainly secondary metabolites, such as sesquiterpenes and other terpenes, 
steroids, anthraquinones, benzoic acid derivatives, and quinolines, but also primary 
metabolites such as oxalic acid. HMW compounds are mainly peptides and proteins.

2.3 Spent mushroom substrate (SMS)

After mushroom cultivation, the partially degraded paddy or wheat straw and 
other agricultural waste, which form as valuable by-products of edible mushroom 
cultivation, have been termed as Spent Mushroom Substrate (SMS). Antibacterial 
activity of H. erinaceus SMS against phyto-pathogenic bacteria and evaluated the 
role of this extract in improving plant defense and growth [29, 30].

2.4 Composition of SMS

The macro and micronutrients of the raw material and the initial and spent sub-
strates of Pleurotus ostreatus [31–33]. The mineral composition of the fruiting body 
varied with the substrates, which made possible the production of a fruiting body 
rich in K, P, Mg and Fe. Potassium was the mineral with the highest content in the 
fruiting body in all substrates tested. There was an increase in protein and mineral 
content in the spent substrate in relation to the initial one.

The pH of the compost was found to be 7.58 and the electrical conductivity of 
the compost was found to be 0.71 dms−1. Chemical analysis of the compost showed 
varying organic matter and nutrient content. The carbon to nitrogen (C: N) ratio of 
a product was 13:1 and the bioavailability of total potassium (2.64%), magnesium 
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(2.26%) and calcium (5.16%) were comparatively higher to the availability of total 
phosphorous (0.48%) and sodium (0.29%).

2.5 Anti-microbial activity of SMS

The uncontrolled use of antibiotics has caused serious problems in human and 
animal health, causing that pathogens develop resistance to them, so World Health 
Organization considered the infections caused by pathogens resistant to drugs as 
a public health problem; therefore, it is necessary to find new pharmacological 
strategies, among which we can find natural products such as plants and fungi.

The results showed that in the case of Escherichia coli, the greatest inhibition 
zone was of 12.66 mm at a concentration of 6 mg ml−1, with treatment of Lentinula 
edodes/cedar; Salmonella typhimurium showed a greatest inhibition zone of 
31.10 mm to a concentration of 5.12 mg mL-1, with treatment of Pleurotus ostreatus/
Barley straw.

2.6 Microbial flora of SMS

The bacterial diversity in SMC by using molecular techniques in order to reveal 
the origin of SMC microflora and its potential effect on soil microbial communities 
after incorporation into agricultural soils [30, 34, 35]. Fifty bacterial isolates were 
classified into 14 operational taxonomic units (OTUs) following ARDRA-PCR of 
the 16S rDNA gene. Sequencing of the 16S rDNA amplicon assigned 12 of the 14 
OTUs to Gram-positive bacteria, associated with the genera Bacillus, Paenibacillus, 
Exiguobacterium, Staphylococcus, Desemzia, Carnobacterium, Brevibacterium, 
Arthrobacter and Microbacterium of the bacterial divisions Firmicutes and 
Actinobacteria.

Objectives of the study.
With the background research and the literature review on spent mushroom 

substrate (SMS), an attempt was made to isolate, identify and characterize the 
microbial flora of spent mushroom substrate of Pleurotus eous. The research 
involved the followings objectives:

• Analysis of the composition and physicochemical properties of spent mush-
room substrate (SMS) of Pleurotus eous.

• Isolation of bacteria from SMS.

• Antimicrobial activity of the bacterial isolates against selected soil pathogenic 
fungi.

3. Materials and methods

Fresh Spent Mushroom Substrate (SMS) of Pleurotus eous was used for the 
present study. SMS was obtained by growing Pleurotus eous mushroom using paddy 
straw in the mushroom house at Post Graduate and Research Department of Botany, 
Thiagarajar College, Madurai. The spent paddy straw substrate after three yields of 
the mushroom P. eous was used fresh for characterization studies, dried in the sun 
and powdered for use in further analyses.

Laboratory tests measured the following properties: PH, EC, soluble salts, 
moisture, organic matter, carbon, nitrogen and phosphorus, potassium, 
Carbon:Nitrogen (C:N) ratio, cellulose and hemicelluloses.
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3.1 Growth studies

For pot culture studies, the powdered SMS was mixed with garden soil in different 
ratio as 20%,40%,60%80%100% and control.

Twenty seeds of green gram and black gram, fifty seeds of tomato and chili were 
sown in each pot containing garden soil with SMS in various concentrations. Pot 
contained only the garden soil was maintained as control for each treatment. The 
treatments were laid out in a completely randomized pattern with three replicates 
per treatment. Germination was performed under ambient conditions in the net 
house, and pots were irrigated daily. Growth was monitored up to 30 days after 
seeding.

3.2 Isolation of microbial flora from SMS

Sample of SMS of Pleurotus eous was mechanically stirred with distilled water. The 
SMS suspension was clarified by centrifugation, serially diluted (10−2 to 10−7) with 
sterile water and inoculated on potato dextrose agar medium (PDA) and nutrient 
agar (NA) medium. All the strains observed growing on plates were arbitrarily 
selected, transferred and maintained in new PDA or NA plates for further use.

A representative sample colony of each visually differentiable bacterium was 
selected using a sterile inoculating loop. Each colony was transferred by streaking 
an inoculating loop in parallel lines over four quadrants of NA plate. The plates were 
incubated at 37oc for twenty-four hour. The isolated colonies were used for initial 
observations about the shape, color, size and other visual properties of each isolate 
were recorded. The bacterial strains isolated from the SMS of Pleurotus eous were 
characterized and identified by using the standard procedures.

3.3 Antifungal activity of bacteria isolated from SMS in dual culture plate assay

The fungal pathogens viz., Fusarium sp., Alternaria sp., Phytophthora sp., and 
Aspergillus sp., were obtained from Biotechnology lab at Post Graduate and Research 
Department of Botany, Thiagarajar College, Madurai.

Antifungal activity of bacteria isolated from SMS of Pleurotus eous mushroom 
was evaluated in a dual plate assay against four fungal pathogens of plants viz., 
Fusarium sp., Alternaria sp., Phytophthora sp. and Aspergillus sp. The bacteria 
and fungi were cultured in opposing fashion on PDA plates. Bacterial isolate 
broth (100 μl) of approximately 108 cells/ml was inoculated on PDA plates using 
spread plate technique. Mycelial agar plugs of one day old culture of the test 
fungi and the bacterial isolate were inoculated opposite to each other. All the 
plates were maintained at room temperature and observed for the appearance of 
zone of inhibition surrounding the bacterial colony where the fungal mycelium 
failed to grow.

4. Observations and results

4.1 Composition of spent mushroom substrate (SMS)

The empirical data depicted in Tables 1 and 2 show the composition of Spent 
Mushroom Substrate (SMS) of Pleurotus spp., compared with the substrate, paddy 
straw. The cellulose and hemicellulose content of paddy straw substrate were 
30.25% and 23.18% and dry weight respectively. Cultivation of Pleurotus eous on 
the substrate had lowered the cellulose content by 24.89%. The hemicellulose 
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(2.26%) and calcium (5.16%) were comparatively higher to the availability of total 
phosphorous (0.48%) and sodium (0.29%).

2.5 Anti-microbial activity of SMS

The uncontrolled use of antibiotics has caused serious problems in human and 
animal health, causing that pathogens develop resistance to them, so World Health 
Organization considered the infections caused by pathogens resistant to drugs as 
a public health problem; therefore, it is necessary to find new pharmacological 
strategies, among which we can find natural products such as plants and fungi.

The results showed that in the case of Escherichia coli, the greatest inhibition 
zone was of 12.66 mm at a concentration of 6 mg ml−1, with treatment of Lentinula 
edodes/cedar; Salmonella typhimurium showed a greatest inhibition zone of 
31.10 mm to a concentration of 5.12 mg mL-1, with treatment of Pleurotus ostreatus/
Barley straw.

2.6 Microbial flora of SMS

The bacterial diversity in SMC by using molecular techniques in order to reveal 
the origin of SMC microflora and its potential effect on soil microbial communities 
after incorporation into agricultural soils [30, 34, 35]. Fifty bacterial isolates were 
classified into 14 operational taxonomic units (OTUs) following ARDRA-PCR of 
the 16S rDNA gene. Sequencing of the 16S rDNA amplicon assigned 12 of the 14 
OTUs to Gram-positive bacteria, associated with the genera Bacillus, Paenibacillus, 
Exiguobacterium, Staphylococcus, Desemzia, Carnobacterium, Brevibacterium, 
Arthrobacter and Microbacterium of the bacterial divisions Firmicutes and 
Actinobacteria.

Objectives of the study.
With the background research and the literature review on spent mushroom 

substrate (SMS), an attempt was made to isolate, identify and characterize the 
microbial flora of spent mushroom substrate of Pleurotus eous. The research 
involved the followings objectives:

• Analysis of the composition and physicochemical properties of spent mush-
room substrate (SMS) of Pleurotus eous.

• Isolation of bacteria from SMS.

• Antimicrobial activity of the bacterial isolates against selected soil pathogenic 
fungi.

3. Materials and methods

Fresh Spent Mushroom Substrate (SMS) of Pleurotus eous was used for the 
present study. SMS was obtained by growing Pleurotus eous mushroom using paddy 
straw in the mushroom house at Post Graduate and Research Department of Botany, 
Thiagarajar College, Madurai. The spent paddy straw substrate after three yields of 
the mushroom P. eous was used fresh for characterization studies, dried in the sun 
and powdered for use in further analyses.

Laboratory tests measured the following properties: PH, EC, soluble salts, 
moisture, organic matter, carbon, nitrogen and phosphorus, potassium, 
Carbon:Nitrogen (C:N) ratio, cellulose and hemicelluloses.
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3.1 Growth studies

For pot culture studies, the powdered SMS was mixed with garden soil in different 
ratio as 20%,40%,60%80%100% and control.

Twenty seeds of green gram and black gram, fifty seeds of tomato and chili were 
sown in each pot containing garden soil with SMS in various concentrations. Pot 
contained only the garden soil was maintained as control for each treatment. The 
treatments were laid out in a completely randomized pattern with three replicates 
per treatment. Germination was performed under ambient conditions in the net 
house, and pots were irrigated daily. Growth was monitored up to 30 days after 
seeding.

3.2 Isolation of microbial flora from SMS

Sample of SMS of Pleurotus eous was mechanically stirred with distilled water. The 
SMS suspension was clarified by centrifugation, serially diluted (10−2 to 10−7) with 
sterile water and inoculated on potato dextrose agar medium (PDA) and nutrient 
agar (NA) medium. All the strains observed growing on plates were arbitrarily 
selected, transferred and maintained in new PDA or NA plates for further use.

A representative sample colony of each visually differentiable bacterium was 
selected using a sterile inoculating loop. Each colony was transferred by streaking 
an inoculating loop in parallel lines over four quadrants of NA plate. The plates were 
incubated at 37oc for twenty-four hour. The isolated colonies were used for initial 
observations about the shape, color, size and other visual properties of each isolate 
were recorded. The bacterial strains isolated from the SMS of Pleurotus eous were 
characterized and identified by using the standard procedures.

3.3 Antifungal activity of bacteria isolated from SMS in dual culture plate assay

The fungal pathogens viz., Fusarium sp., Alternaria sp., Phytophthora sp., and 
Aspergillus sp., were obtained from Biotechnology lab at Post Graduate and Research 
Department of Botany, Thiagarajar College, Madurai.

Antifungal activity of bacteria isolated from SMS of Pleurotus eous mushroom 
was evaluated in a dual plate assay against four fungal pathogens of plants viz., 
Fusarium sp., Alternaria sp., Phytophthora sp. and Aspergillus sp. The bacteria 
and fungi were cultured in opposing fashion on PDA plates. Bacterial isolate 
broth (100 μl) of approximately 108 cells/ml was inoculated on PDA plates using 
spread plate technique. Mycelial agar plugs of one day old culture of the test 
fungi and the bacterial isolate were inoculated opposite to each other. All the 
plates were maintained at room temperature and observed for the appearance of 
zone of inhibition surrounding the bacterial colony where the fungal mycelium 
failed to grow.

4. Observations and results

4.1 Composition of spent mushroom substrate (SMS)

The empirical data depicted in Tables 1 and 2 show the composition of Spent 
Mushroom Substrate (SMS) of Pleurotus spp., compared with the substrate, paddy 
straw. The cellulose and hemicellulose content of paddy straw substrate were 
30.25% and 23.18% and dry weight respectively. Cultivation of Pleurotus eous on 
the substrate had lowered the cellulose content by 24.89%. The hemicellulose 
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utilization was less comparatively, showing a degradation rate of 3.35% from the 
initial content. The physico-chemical properties of SMS of Fresh SMS had an acidic 
pH 6.1 and its conductivity was 1.75 mmho.cm−1. It had 72% moisture content. 
The fresh SMS had 0.87% nitrogen, 0.26% phosphorus, 0.19% potassium and 15% 
organic carbon. The C/N ratio of fresh SMS was 17.24:1.

4.2 Growth studies

4.2.1 Green gram

The effect of different concentrations of SMS extract on seedling fresh weight 
and dry weight of green gram revealed that it is also concentration dependent, 
as in case of seed germination. Green gram seedlings grown in 60% w/v aqueous 
SMS extract showed the highest shoot weight (2.112 g). The lowest fresh weight of 
shoot was observed in 100% of SMS extract (0.621 g). The highest root fresh weight 
(0.498 g) was found in the green gram seedlings treated with 60% of SMS extract 
and the lowest root fresh weight (0.157 g) in 100% SMS extract treatment. In case 
of whole plant, fresh weight of the whole plant was also the highest in 60% of SMS 
treated seedlings and the lowest in 100% concentration of SMS extract. Control 
seedlings had 2.074 g as whole plant fresh weight.

The observations regarding the dry weight of shoot, root and whole plant of 
green gram showed the same response shown for fresh weight. i.e. the seedlings 
treated with 60% SMS extract produced the highest dry weight values of 0.234 g, 
0.056 g and 0.291 g for shoot, root and whole plant respectively. The lowest values 
of 0.069 g, 0.019 g and 0.069 g for shoot, root and whole plant respectively, 
were observed on 100% SMS extract treated seedlings. The control seedlings 
showed 0.187 g dry weight for shoot, 0.043 g for root and 0.230 g for whole plant 
(Table 3).

pH 6.1

EC 1.75 mmho.cm−1

Moisture content 72%

N 0.87%

P 0.26%

K 0.19%

Organic carbon 15%

C:N 17.24:1

Table 2. 
Physico chemical properties of fresh SMS.

Component Untreated substrate  
(paddy straw)

Spent mushroom substrate 
(paddy straw)

Degradation 
%

Cellulose  
(% dry wt.)

30.25 ±  0.73 23.97 ±0.65 24.89

Hemicellulose 
(% dry wt.)

23.18 ±0.43 22.23 ±0.64 3.35

Table 1. 
Biochemical properties of fresh SMS.

253

Screening and Potential Uses of Contaminated Spent Mushroom (Pleurotus spp.)
DOI: http://dx.doi.org/10.5772/intechopen.93863

A
qu

eo
us

 S
M

S 
co

nc
. (

%
) (

w
/v

)
Fr

es
h 

w
ei

gh
t (

g)
D

ry
 w

ei
gh

t (
g)

Sh
oo

t
Ro

ot
W

ho
le

 p
la

nt
Sh

oo
t

Ro
ot

W
ho

le
 p

la
nt

20
1.6

93
 ±

 0
.0

28
0.

43
0 

± 
0.

01
4

2.
12

4 
± 

0.
03

8
0.

18
8 

± 
0.

04
3

0.
04

6 
± 

0.
00

3
0.

23
4 

± 
0.

00
5

40
1.6

20
 ±

 0
.17

3
0.

44
5 ±

 0
.0

12
2.

06
6 

± 
0.

16
8

0.
18

0 
± 

0.
01

9
0.

04
9 

± 
0.

00
1

0.
22

9 
± 

0.
01

9

60
2.

11
2 

± 
0.

05
3

0.
49

8 
± 

0.
01

2
2.6

10
 ±

 0
.0

58
0.

23
4 

± 
0.

00
5

0.
05

6 
± 

0.
00

3
0.

29
1 ±

 0
.0

08

80
1.8

91
 ±

 0
.0

67
0.

45
3 

± 
0.

01
3

2.
34

4 
± 

0.
07

9
0.

21
0 

± 
0.

01
7

0.
04

9 
± 

0.
00

2
0.

25
9 

± 
0.

01
0

10
0

0.
62

1 ±
 0

.0
81

0.
15

7 ±
 0

.0
33

0.
77

8 
± 

0.
11

4
0.

06
9 

± 
0.

00
9

0.
01

9 
± 

0.
00

3
0.

06
9 

± 
0.

00
9

Co
nt

ro
l

1.6
83

 ±
 0

.0
20

0.
39

0 
± 

0.
00

7
2.

07
4 

± 
0.

01
6

0.
18

7 ±
 0

.0
02

0.
04

3 
± 

0.
00

2
0.

23
0 

± 
0.

00
1

Ta
bl

e 
3.

 
Ef

fec
t o

f S
M

S 
on

 se
ed

lin
g g

ro
w

th
 o

f g
re

en
 gr

am
.



Emerging Contaminants

252

utilization was less comparatively, showing a degradation rate of 3.35% from the 
initial content. The physico-chemical properties of SMS of Fresh SMS had an acidic 
pH 6.1 and its conductivity was 1.75 mmho.cm−1. It had 72% moisture content. 
The fresh SMS had 0.87% nitrogen, 0.26% phosphorus, 0.19% potassium and 15% 
organic carbon. The C/N ratio of fresh SMS was 17.24:1.

4.2 Growth studies

4.2.1 Green gram

The effect of different concentrations of SMS extract on seedling fresh weight 
and dry weight of green gram revealed that it is also concentration dependent, 
as in case of seed germination. Green gram seedlings grown in 60% w/v aqueous 
SMS extract showed the highest shoot weight (2.112 g). The lowest fresh weight of 
shoot was observed in 100% of SMS extract (0.621 g). The highest root fresh weight 
(0.498 g) was found in the green gram seedlings treated with 60% of SMS extract 
and the lowest root fresh weight (0.157 g) in 100% SMS extract treatment. In case 
of whole plant, fresh weight of the whole plant was also the highest in 60% of SMS 
treated seedlings and the lowest in 100% concentration of SMS extract. Control 
seedlings had 2.074 g as whole plant fresh weight.

The observations regarding the dry weight of shoot, root and whole plant of 
green gram showed the same response shown for fresh weight. i.e. the seedlings 
treated with 60% SMS extract produced the highest dry weight values of 0.234 g, 
0.056 g and 0.291 g for shoot, root and whole plant respectively. The lowest values 
of 0.069 g, 0.019 g and 0.069 g for shoot, root and whole plant respectively, 
were observed on 100% SMS extract treated seedlings. The control seedlings 
showed 0.187 g dry weight for shoot, 0.043 g for root and 0.230 g for whole plant 
(Table 3).

pH 6.1

EC 1.75 mmho.cm−1

Moisture content 72%

N 0.87%

P 0.26%

K 0.19%

Organic carbon 15%

C:N 17.24:1

Table 2. 
Physico chemical properties of fresh SMS.

Component Untreated substrate  
(paddy straw)

Spent mushroom substrate 
(paddy straw)

Degradation 
%

Cellulose  
(% dry wt.)

30.25 ±  0.73 23.97 ±0.65 24.89

Hemicellulose 
(% dry wt.)

23.18 ±0.43 22.23 ±0.64 3.35

Table 1. 
Biochemical properties of fresh SMS.
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4.2.2 Black gram

The results on the effect of SMS extracts on biomass of black gram are given 
and shown in Table 4. In shoot, the fresh weight, 1.824 g was the highest in 
60% of SMS treated seedlings and the lowest fresh weight, 1.4 g was observed 
in 100% concentration of SMS extract. Similarly 60% SMS extract treated 
seedlings produced the highest fresh root weight value (0.536 g) and 100% of 
SMS extract treatment showed the least value (0.353 g). The highest whole plant 
fresh weight value (2.361 g) was found in the seedlings treated with 60% of SMS 
extract and the lowest value of whole plant fresh weight (1.753 g) was observed 
in 100% SMS extract treatment compared with the untreated control  
experiments (1.917 g).

In case of the dry weight of black gram seedlings, the seedlings treated with 40% 
SMS extract produced the highest dry weight values of 0.212 g and 0.265 g for shoot 
and whole plant respectively. In root, 0.059 g was found as the highest dry weight in 
seedlings treated with 60% of SMS extract, followed by 0.053 g in 40% SMS extract 
treatment. The lowest values of 0.155 g, 0.039 g and 0.194 g for shoot, root and 
whole plant respectively, were observed on 100% SMS extract treated seedlings. 
The control seedlings showed 0.171 g dry weight value for shoot, 0.041 g value for 
root and 0.213 g for whole plant (Table 4).

4.2.3 Tomato

Table 5 presents the results of the effect of aqueous extract of SMS in different 
concentrations on biomass of tomato. The highest shoot fresh weight value (4.446 g) 
was found in the seedlings treated with 60% of SMS extract, followed by 4.048 g 
in 80% SMS extract treated seedlings. Control seedlings had the lowest value of 
fresh weight (1.259 g). 1.108 g of root fresh weight was found as the highest in 60% 
of SMS treated seedlings and 0.301 g as the lowest root fresh weight in control. The 
60% SMS treated seedlings produced the highest whole plant fresh weight value 
(5.554 g) followed by 80% treated seedlings (5.061 g) compared to the control 
seedlings (1.560 g).

Tomato seedlings, the seedlings treated with 60% of SMS extract produced the 
highest dry weight values of 0.264 g, 0.065 g and 0.330 g for shoot, root and whole 
plant respectively. The lowest dry weight values of 0.129 g in shoot of 100% SMS 
extract treated seedling, 0.039 g and 0.173 g for root and whole plant seedlings 
respectively, were observed in the seedlings treated as control. (Table 5).

4.2.4 Chili

Table 6 show the results on the effect of aqueous extract of SMS in different 
concentrations on biomass of chili. The highest shoot fresh weight value (8.887 g) 
was found in the seedlings treated with 60% of SMS extract, followed by 5.560 g 
in 40% treated seedlings and the lowest value of shoot fresh weight (0.779 g) 
in control. 1.488 g of root fresh weight was found as the highest in 60% of SMS 
treated seedlings and 0.253 g as the lowest fresh weight of root in control. The 60% 
SMS extract treated seedlings produced the highest whole plant fresh weight value 
(10.375 g) followed by 40% treated seedlings (6.848 g). The lowest fresh weight of 
shoot was observed in control seedlings (1.033 g).

The seedlings treated with 60% SMS extract produced the highest dry weight 
values of 1.903 g, 0.297 g and 2.200 g for shoot, root and whole plant respectively. 
The lowest values of 0.086 g, 0.028 g and 0.114 g for shoot, root and whole plant 
respectively, were observed for the seedlings treated as control (Table 6).
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4.2.2 Black gram

The results on the effect of SMS extracts on biomass of black gram are given 
and shown in Table 4. In shoot, the fresh weight, 1.824 g was the highest in 
60% of SMS treated seedlings and the lowest fresh weight, 1.4 g was observed 
in 100% concentration of SMS extract. Similarly 60% SMS extract treated 
seedlings produced the highest fresh root weight value (0.536 g) and 100% of 
SMS extract treatment showed the least value (0.353 g). The highest whole plant 
fresh weight value (2.361 g) was found in the seedlings treated with 60% of SMS 
extract and the lowest value of whole plant fresh weight (1.753 g) was observed 
in 100% SMS extract treatment compared with the untreated control  
experiments (1.917 g).

In case of the dry weight of black gram seedlings, the seedlings treated with 40% 
SMS extract produced the highest dry weight values of 0.212 g and 0.265 g for shoot 
and whole plant respectively. In root, 0.059 g was found as the highest dry weight in 
seedlings treated with 60% of SMS extract, followed by 0.053 g in 40% SMS extract 
treatment. The lowest values of 0.155 g, 0.039 g and 0.194 g for shoot, root and 
whole plant respectively, were observed on 100% SMS extract treated seedlings. 
The control seedlings showed 0.171 g dry weight value for shoot, 0.041 g value for 
root and 0.213 g for whole plant (Table 4).

4.2.3 Tomato

Table 5 presents the results of the effect of aqueous extract of SMS in different 
concentrations on biomass of tomato. The highest shoot fresh weight value (4.446 g) 
was found in the seedlings treated with 60% of SMS extract, followed by 4.048 g 
in 80% SMS extract treated seedlings. Control seedlings had the lowest value of 
fresh weight (1.259 g). 1.108 g of root fresh weight was found as the highest in 60% 
of SMS treated seedlings and 0.301 g as the lowest root fresh weight in control. The 
60% SMS treated seedlings produced the highest whole plant fresh weight value 
(5.554 g) followed by 80% treated seedlings (5.061 g) compared to the control 
seedlings (1.560 g).

Tomato seedlings, the seedlings treated with 60% of SMS extract produced the 
highest dry weight values of 0.264 g, 0.065 g and 0.330 g for shoot, root and whole 
plant respectively. The lowest dry weight values of 0.129 g in shoot of 100% SMS 
extract treated seedling, 0.039 g and 0.173 g for root and whole plant seedlings 
respectively, were observed in the seedlings treated as control. (Table 5).

4.2.4 Chili

Table 6 show the results on the effect of aqueous extract of SMS in different 
concentrations on biomass of chili. The highest shoot fresh weight value (8.887 g) 
was found in the seedlings treated with 60% of SMS extract, followed by 5.560 g 
in 40% treated seedlings and the lowest value of shoot fresh weight (0.779 g) 
in control. 1.488 g of root fresh weight was found as the highest in 60% of SMS 
treated seedlings and 0.253 g as the lowest fresh weight of root in control. The 60% 
SMS extract treated seedlings produced the highest whole plant fresh weight value 
(10.375 g) followed by 40% treated seedlings (6.848 g). The lowest fresh weight of 
shoot was observed in control seedlings (1.033 g).

The seedlings treated with 60% SMS extract produced the highest dry weight 
values of 1.903 g, 0.297 g and 2.200 g for shoot, root and whole plant respectively. 
The lowest values of 0.086 g, 0.028 g and 0.114 g for shoot, root and whole plant 
respectively, were observed for the seedlings treated as control (Table 6).
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4.3 Isolation of microbial flora from SMS

In this study, four different bacteria were isolated from the fresh spent mush-
room substrate after Pleurotus spp., cultivation. The colony morphological varia-
tions among the four bacterial isolates of the bacterial strain 1 (B1) were irregular in 
shape with a colony size of 1.2 cm dia. The colonies had eros type margin rough or 
dry texture and were white in color. Cells of bacterial isolate B2 showed a diameter 
of 0.7 cm. The margin of B2 colonies were entire with smooth texture, mucoid 
consistency and cream in color. Colony morphology of B3 isolate showed irregular 
shaped colonies of 0.5 cm dia. B3 isolate colonies showed serrated margin with 
smooth or glistening texture and cream color. The B4 bacterial isolate had circular 
shaped colonies of size 0.2 cm with entire margin and yellow in color. The cellular 
morphology of B1, B2 and B3 isolates was observed as rods while B4 isolate had 
short rod shaped cells.

The biochemical properties of four bacterial strains isolated from the SMS 
obtained after P. eous cultivation showed significant variations in the biochemical  
characteristics studied. Based on the observations and results obtained by 
subjecting the bacterial colonies in different identification techniques, bacterial 
isolate B1 was identified as Bacillus sp., isolate B2 was identified as Clostridium 
sp., isolate B3 as Pseudomonas sp. and B4 as Escherichia coli. The findings on anti-
fungal activity of four bacterial strains isolated from SMS are shown in Table 7 
and Figure 1.

Bacterial isolate* Inhibition zone (cm)

Fusarium sp. Phytophthora sp. Alternaria sp. Aspergillus sp.

B1 0.45 1.17 1.12 1.66

B2 0.77 1.4 1.00 1.51

B3 1.05 1.25 0.75 0.82

B4 0.95 1.02 0.69 1.05

*Bacterial isolates - B1, B2, B3 and B4.

Table 7. 
Antifungal activity of bacteria isolated from SMS in dual culture plate assay.

Figure 1. 
Antifungal activity of bacteria isolated from SMS in dual culture plate assay. F1 - Fusarium sp.  
F2 - Alternaria sp. F3 - Phytophthora sp. F4 - Aspergillus sp.
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5. Discussion

Mushroom growing is an ecofriendly activity as it utilizes the waste from 
agriculture, horticulture, poultry, brewery etc. for its cultivation. However, piling 
up of “spent mushroom substrate” released after mushroom crop harvesting may 
cause various environmental problems, including ground water contamination and 
nuisance [20, 36].

Production of 1 kg of mushrooms will generate 5 kg of spent residual material 
called spent mushroom substrate (SMS). An average farm discards about 24 t of 
SMS per month [37]. In Ireland, approximately 254,000 t of SMS is generated each 
year [38] and in The Netherlands, more than 800,000 t of SMS is produced per 
year [39].

In some countries, waste management of SMS is a major problem faced by 
farmers. Apparently, the obvious solution is to increase the demand for SMS 
through exploration of new applications for utilization. It would be more 
economical and favorable if SMS is to be recycled and reused. Considering the 
high organic matter of SMS, rapid advances have been made and the number of 
scientific research has increased in the past few years.

5.1 Composition of spent mushroom substrate (SMS)

Potting medium is an important factor for the production of crop in containers, 
and component and properties of the potting media are very crucial for higher 
and quality yields of potted plants. Chemical properties of growth media are very 
crucial from the point of view of nutrient availability to the plants. SMS used in 
our study in Tables 1 and 2 showed that pH range 6.10 and EC range 1.75 dsm−1 are 
suitable for normal growth of plant. The average moisture content of SMS in our 
study has been measured as 72% which was also reported. [40].

Ability to provide essential nutrients to plants is one of the most fundamental 
criteria while judging the suitability of a growth medium [41]. Primary nutrients 
like nitrogen, phosphorus, and potassium are more available at pH 5.5–6.5 for 
substrates of organic and mineral origins [42]. Moreover, with the increasing pH, 
the solubility of many nutrients is reduced and some nutrients are precipitated as 
solid materials that plant cannot use [43]. In contrast many researchers reported 
high salinity of SMS, which is mostly responsible for the limited use of SMS as a 
potting media [9].

Results of our study showed that SMS had 0.87% nitrogen, 0.26% phosphorus 
content, 0.19% of potassium. SMS has been shown to increase the nutrient avail-
ability of growth media [44]. In general, most mushroom substrates have low N 
content, typically in the 1% to 3% range [45]. The overall nutrients of SMS were not 
enough to support normal plant growth without external fertilizer application. It is 
well known that physical properties of soil were directly related to crop yield [46]. 
SMS by maintaining high organic matter content in the soil and by providing the 
three primary nutrients e.g. nitrogen, phosphorus and potassium helps to provide 
soil fertility [41, 47].

5.2 Effect of SMS on growth and biomass of selected plants

Growth of root and shoot weight of the seedlings of green gram, black gram, 
tomato and chili were significantly higher when grown in 60% SMS mended soil 
than the control (Tables 3–6). Higher nutrient availability provided by SMS might 
have contributed to the better growth in 60% amended soil. Spent mushroom 
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compost (SMC) of Pleurotus ostreatus improved the agronomic characters and yield 
(pod no, fresh weight and dry weight) when it was added as soil conditioner to 
soybean at different levels of its concentrations [14].

Reason for poor root and shoot growth of the seedlings of the selected plants in 
100% SMS may be that the paddy straw based. SMS may only be used as an amend-
ment and not as a basic growth medium. While growth on straw, Pleurotus releases 
humic acids like fractions which when added to soil would increase its fertility. In 
addition, humic substances may affect the plant biochemical process [48]. Present 
findings confirm the efficacy of SMS in growth promotion in terms of seedling 
shoot and root weight.

SMS from Agaricus bisporus, Hericium erinaceus and Pleurotus ostreatus are effec-
tive to the growth promotions of pea, pepper and tomato plants respectively [29, 36].

The results of the present study revealed that the compost has a good impact in 
promoting better growth and yield. Further in order to promote growth and yield, 
it becomes imperative to optimize the usage of organic manure according to the 
crop requirement.

5.3 Characterization of bacterial strains isolated from SMS

Four bacteria species were isolated from spent mushroom substrate used in this 
study. They were coded isolate B1, B2, B3 and B4. These microorganisms were iden-
tified and characterized as Bacillus, Clostridium, Pseudomonas, and Escherichia coli.

The isolation of these bacteria from composting agricultural substrates suggests 
that a form of fermentation had taken place during the composting process. Addition 
of straw in the soil caused an increase in the number of total bacteria, actinomycetes 
and fungi of the rhizosphere [49].

Different substrate harbor different kind and number of microorganisms and 
the variation in microbial population in different substrates is due to nutritional or 
chemical composition of the substrate.

Similar isolation of Bacillus and Clostridium species were reported from ferment-
ing cocoa beans [50, 51]. The presence of Pseudomonas sp. (Isolate B3) in the ferment-
ing SMS may be related to its ability to survive in vast number of habitats. From the 
results obtained, it can be concluded that various bacteria genera were involved in the 
decomposition of further microbial SMS. The pure cultures of these bacteria could be 
incorporated into agricultural wastes in a controlled fermentation unit.

Effect of rice straw compost on soil microbial population reported that, compost 
application resulted in marked increase of organic matter content in the soil in rela-
tion to initial value of plain sandy soil which affirmatively exaggerated the bacterial 
and fungal populations and that microbial population increased with the increase in 
dosage of compost [52].

Similar results were reported in maize by using Agaricus bisporus spent mush-
room compost [53] using recomposted button mushroom spent substrate with 
wheat crop and with Pleurotus florida spent substrate on tomato crop.

5.4 Anti-fungal activity of bacterial strains isolated from SMS extracts

Spent mushroom compost from Pleurotus sp., used in this study harbored 
bacterial population including, Bacillus, Clostridium, Pseudomonas and E. coli. This 
is in support of the findings on the microbial composition of spent mushroom 
compost of Pleurotus sp. [53]. SMS used for soil amendment has been found to be 
more efficient than commercial fungicides and nematicide in controlling soil borne 
pathogens like Meloidogyne sp. in tomato, Venturia inaequalis in apple [53]. Some of 
these microorganisms have been reported to possess antagonistic property in several 
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studies [54] and this was confirmed in this study from the result obtained from the 
dual culture assay involving the SMS microbial isolates and plant pathogenic fungi.

Fungal pathogens such as Fusarium oxysporum and Phytophthora cause severe 
plant diseases, limiting plant yields as well as the quality of the products. Moreover, 
they have wide host spectra, causing diseases in economically important agricul-
tural crops worldwide [55]. These fungal phytopathogens are difficult to control not 
only because of their wide host spectra, but also because of their soil borne nature 
[56]. Aspergillus flavus is the most deleterious fungus in stored rice grains, and it 
receives particular attention because of its ability to produce potent carcinogenic 
aflatoxins [57].

Alternaria solani, Alternaria alternata, Fusarium solani, Phytophthora megasperma 
and Verticillium dahlia are ubiquitous and cosmopolitan phytopathogens causing 
severe diseases in wide range of crops [58, 59].

The findings on antifungal activity of four bacterial strains Bacillus sp., 
Clostridium sp., Pseudomonas sp. and E. coli isolated from SMS are shown in Table 7  
and Figure 1. Using antibiotic producing bacteria to control plant fungal diseases 
is a popular topic and has extensively been studied [60]. Compared with chemical 
biocides, many antibiotics produced by antagonistic strains have the advantage of 
being easily decomposed in nature, leaving no harmful residues behind. The results, 
of the present study on the in vitro sensitivity of phytopathogenic fungi to antago-
nistic bacteria revealed that the isolates of B. subtilis were suppressive, though with 
different degrees, to the tested isolates of phytopathogenic fungi, are consistent with 
those obtained by others [61, 62].

Bacillus and Pseudomonas sp. show antifungal effect against soil borne plant 
pathogenic fungi c, Fusarium solani and Fusarium oxysporum [63].

Bacillus subtilis showed strong ability against many common plant fungal 
pathogens in vitro [61]. The investigation of bio control activity of the strains in 
this study revealed that they could produce extracellular secondary metabolites 
with antifungal activity against the tested fungi. These strains inhibited the mycelial 
growth of the fungus in dual-culture assays. The Pseudomonas isolates obtained 
from soil were shown to reduce growth of Aspergillus niger, Fusarium sp., Alternaria 
solani, Drechslera oryzae etc., [64].

Our results on the antifungal activity of the microbes isolated from SMS 
(Table 7 and Figure 1) which showed that the culture filtrates of bacterial strains, 
Bacillus megaterium KU143, Microbacterium testaceum KU313, and Pseudomonas 
protegens significantly inhibited the growth of A. flavus.

The SMS isolate of Pseudomonas sp. was tested positive for antifungal activity 
against Phytophthora sp. (Table 7 and Figure 1). Similarly this bacterium was found 
efficient in inhibiting the mycelial growth and the antifungal compounds extracted 
were found inhibitory to the growth of Rhizoctonia sp., Phytophthora parasitica,  
P. palmivora and Fusarium solani.

The inhibitory properties of spent mushroom substrate remained unaffected 
even after autoclaving and filter sterilization of extract [54]. Unsterilized spent 
mushroom compost had a better inhibition potential than sterilized compost, this 
suggested that the pathogen inhibitory properties of spent mushroom compost 
could be more due to the biotic components than the abiotic components, i.e., 
more due to the activities of the inherent microorganisms rather than the chemical 
properties or the organic matter content. Similar views were reported [65].

The results of the present study confirm that spent mushroom substrate contains 
a large number of indigenous beneficial microbes capable of suppressing soil-borne 
pathogens. This character of the SMS can be utilized as an alternate substrate for 
the in mass production of biocontrol agents for field application which may lead to 
suppression of diseases leading to increased crop productivity.
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Chapter 15

Determination of Concentration 
for Some Priority Substances in 
Paddy Fields of Ergene River, 
Meriç River, and Yenikarpuzlu 
Dam, Turkey
Barış Can Körükçü and Cemile Ozcan

Abstract

This study was intended in paddy (rice husk and rice), sediment, and  irrigation 
water samples taken from the paddy fields of Ergene River, Meriç River, and 
Yenikarpuzlu Dam reservoir which are frequently grown in the river basin in Thrace 
region and endosulfan (EN) and PAHs were investigated. For analysis, EN and 
PAHs were studied by GC-MS. The data obtained as a result of the analyses were 
compared with the results of the standard reference items, and the accuracy of the 
results was determined. The standard addition method was used to prove the accu-
racy of EN and PAHs. The recovery parameters on the extraction efficiency of EN 
and PAHs were optimized, and the recoveries ranged from 82 to 105%. The methods 
showed good linearity for EN and PAHs, and the LOD and LOQ for methods were 
found 0.03–63.1 and 0.1–210 μg kg−1, respectively.

Keywords: Thrace region, paddy, sediment, water, endosulfan, PAHs

1. Introduction

Industrial and agricultural activities along with increasing industrialization are 
polluted very quickly of water and soil resources. When these sources of pollution 
are taken into consideration, it is necessary to follow the industrial and agricultural 
residues. These pollutants, which are used in agriculture and industry, interfere 
with the natural environment and threaten the ecological environment. Some pol-
lutants can be found in the environment even after years of prohibition, and others 
can be transported over long distances. Pollutants are spread to the environment as 
industrial, agricultural and domestic sources [1, 2].

Direct transport of pesticides on the soil surface or on the plant play a role factors 
such as evaporation, surface flow, soil penetration and adsorption. Evaporation is on 
the soil, water and plant surface and the most important factor affecting the evapora-
tion of pesticide is its evaporation pressure. In addition, high temperature, low relative 
humidity and air movement are environmental factors that accelerate evaporation. 
Pesticides strongly absorbed by soil particles are much less likely to evaporate [3–5].

Endosulfan (EN) is an organochlorine and acaricide group. Acute toxicity is a 
colorless, solid agricultural chemical prohibited due to its bioaccumulative potential 
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Chapter 15

Determination of Concentration 
for Some Priority Substances in 
Paddy Fields of Ergene River, 
Meriç River, and Yenikarpuzlu 
Dam, Turkey
Barış Can Körükçü and Cemile Ozcan

Abstract

This study was intended in paddy (rice husk and rice), sediment, and  irrigation 
water samples taken from the paddy fields of Ergene River, Meriç River, and 
Yenikarpuzlu Dam reservoir which are frequently grown in the river basin in Thrace 
region and endosulfan (EN) and PAHs were investigated. For analysis, EN and 
PAHs were studied by GC-MS. The data obtained as a result of the analyses were 
compared with the results of the standard reference items, and the accuracy of the 
results was determined. The standard addition method was used to prove the accu-
racy of EN and PAHs. The recovery parameters on the extraction efficiency of EN 
and PAHs were optimized, and the recoveries ranged from 82 to 105%. The methods 
showed good linearity for EN and PAHs, and the LOD and LOQ for methods were 
found 0.03–63.1 and 0.1–210 μg kg−1, respectively.

Keywords: Thrace region, paddy, sediment, water, endosulfan, PAHs

1. Introduction

Industrial and agricultural activities along with increasing industrialization are 
polluted very quickly of water and soil resources. When these sources of pollution 
are taken into consideration, it is necessary to follow the industrial and agricultural 
residues. These pollutants, which are used in agriculture and industry, interfere 
with the natural environment and threaten the ecological environment. Some pol-
lutants can be found in the environment even after years of prohibition, and others 
can be transported over long distances. Pollutants are spread to the environment as 
industrial, agricultural and domestic sources [1, 2].

Direct transport of pesticides on the soil surface or on the plant play a role factors 
such as evaporation, surface flow, soil penetration and adsorption. Evaporation is on 
the soil, water and plant surface and the most important factor affecting the evapora-
tion of pesticide is its evaporation pressure. In addition, high temperature, low relative 
humidity and air movement are environmental factors that accelerate evaporation. 
Pesticides strongly absorbed by soil particles are much less likely to evaporate [3–5].

Endosulfan (EN) is an organochlorine and acaricide group. Acute toxicity is a 
colorless, solid agricultural chemical prohibited due to its bioaccumulative potential 
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and endocrine disrupting effects [4–6]. EN residues in nature are also known to 
remain in the soil for at least 6 years [7, 8]. Therefore, it requires examination of the 
soil contaminated with EN, the product grown in soil, sediment and the water used. 
Polycyclic systems occur when one ring is sharing two carbons with another ring, or 
the rings are connected to each other by a C▬C bond [9]. PAHs are from the group 
of compounds which show unsaturation in molecular formulas and do not give 
addition reactions which are characteristic for them. In the cyclic structure, PAHs 
from the class of planar molecules are resistant to oxidation. In addition, PAHs can 
be found in petrochemical, rubber, plastic, mineral oil, rust oil, paint, leather and 
other products. Rubber and plastic materials are high-risk materials containing PAH. 
In the Ergene Basin, where the industry is intense, these compounds are likely to be 
found. As the molecular weights of PAHs increase, their solubility in water decreases. 
However, their toxic and carcinogenic properties increase [9–12]. Contaminated soil, 
air and aquatic products may also contain PAH. The cooking meat or other food on 
the grill or at high temperatures increases the amount of PAH in food [11]. In this 
study, analysis of EN and PAHs compounds shown in Figure 1 was performed.

The organic components (PAHs and EN) we analyzed are considered among the 
primary pollutants [9, 13–17]. When the pesticides in our ecological environment 
are taken in high concentration, they can cause deformations on the biological 
structure of the organism. In the event of prolonged exposure to certain pesticides, 
cancer can be seen or short-term exposure may result in direct death [13, 15–19].

The extensively used high sensitivity analytical techniques for the deter-
mination of EN and PAHs at low concentrations in environmental samples are 

Figure 1. 
Structural formulas of analyzed compounds.
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GC-MS [6, 8, 20, 21], HPLC-MS [10, 22]. The separation and preconcentration 
techniques for pesticides are solid phase extraction (SPE) [21, 23, 24], solid phase 
micro extraction (SPME) [21, 22, 25] and sonication [22, 26], which are used to 
solve these problems in analysis of EN and PAHs.

The aim of this study was intended in paddy (rice husk and rice), sediment, and 
irrigation water samples taken from the paddy fields of Ergene River, Meriç River, 
and Yenikarpuzlu Dam reservoir which are frequently grown in the river basin in 
Thrace region and EN and PAHs were investigated. Thrace region is a place where 
industry and agriculture are intense, so the analysis with real examples will be per-
formed of great importance here. For this reason, EN and PAHs, which developed 
method validation, were studied by GC-MS.

2. Materials and methods

Within the scope of this study, the paddy production areas in the agricultural areas 
of Thrace Region, direct irrigation from Ergene-Meriç rivers and dam ponds, Ergene 
and Meriç Basin were evaluated and three regions were determined as the study area. 
The sampling points are shown in Figure 2. Endosulfan and PAH analyses were made 
in paddy plant, sediment and irrigation water samples taken from paddy fields, which 
irrigated from the Ergene River, the Meriç River, and the Yenikarpuzlu Dam Reservoir, 
considering the distinction of irrigation resources in the rice plants often grown in 
river basins in the Thrace region. In the Yenikarpuzlu village of Edirne province, 
around Sığırcı Dam, and from the irrigated area from Edirne-İpsala-Yenikarpuzlu, 
Edirne-Merkez-Üyüklütatar and Edirne-Uzunköprü-Muhacirkadı Village were 
collected the paddy, sediment and paddy irrigation water (Figure 2). Endosulfan and 
PAH analysis were performed method validation by GC-MS.

Agilent GC-MS was used in the determination phase for all studies. The instru-
ment used is the HP-5 MS UI capillary column (30 m × 250μm × 0.25 μm) and the 
5990C (Agilent) inert MSD mass detector with 7890A (Agilent) model GC-MS. The 
electron ionization (EI) system with 70 eV ionization energy in GC-MS, and the He 
gas was used as carrier gas.

Figure 2. 
Representation of the sampling points on the map.



Emerging Contaminants

268

and endocrine disrupting effects [4–6]. EN residues in nature are also known to 
remain in the soil for at least 6 years [7, 8]. Therefore, it requires examination of the 
soil contaminated with EN, the product grown in soil, sediment and the water used. 
Polycyclic systems occur when one ring is sharing two carbons with another ring, or 
the rings are connected to each other by a C▬C bond [9]. PAHs are from the group 
of compounds which show unsaturation in molecular formulas and do not give 
addition reactions which are characteristic for them. In the cyclic structure, PAHs 
from the class of planar molecules are resistant to oxidation. In addition, PAHs can 
be found in petrochemical, rubber, plastic, mineral oil, rust oil, paint, leather and 
other products. Rubber and plastic materials are high-risk materials containing PAH. 
In the Ergene Basin, where the industry is intense, these compounds are likely to be 
found. As the molecular weights of PAHs increase, their solubility in water decreases. 
However, their toxic and carcinogenic properties increase [9–12]. Contaminated soil, 
air and aquatic products may also contain PAH. The cooking meat or other food on 
the grill or at high temperatures increases the amount of PAH in food [11]. In this 
study, analysis of EN and PAHs compounds shown in Figure 1 was performed.

The organic components (PAHs and EN) we analyzed are considered among the 
primary pollutants [9, 13–17]. When the pesticides in our ecological environment 
are taken in high concentration, they can cause deformations on the biological 
structure of the organism. In the event of prolonged exposure to certain pesticides, 
cancer can be seen or short-term exposure may result in direct death [13, 15–19].

The extensively used high sensitivity analytical techniques for the deter-
mination of EN and PAHs at low concentrations in environmental samples are 

Figure 1. 
Structural formulas of analyzed compounds.

269

Determination of Concentration for Some Priority Substances in Paddy Fields of Ergene River…
DOI: http://dx.doi.org/10.5772/intechopen.93383

GC-MS [6, 8, 20, 21], HPLC-MS [10, 22]. The separation and preconcentration 
techniques for pesticides are solid phase extraction (SPE) [21, 23, 24], solid phase 
micro extraction (SPME) [21, 22, 25] and sonication [22, 26], which are used to 
solve these problems in analysis of EN and PAHs.

The aim of this study was intended in paddy (rice husk and rice), sediment, and 
irrigation water samples taken from the paddy fields of Ergene River, Meriç River, 
and Yenikarpuzlu Dam reservoir which are frequently grown in the river basin in 
Thrace region and EN and PAHs were investigated. Thrace region is a place where 
industry and agriculture are intense, so the analysis with real examples will be per-
formed of great importance here. For this reason, EN and PAHs, which developed 
method validation, were studied by GC-MS.

2. Materials and methods

Within the scope of this study, the paddy production areas in the agricultural areas 
of Thrace Region, direct irrigation from Ergene-Meriç rivers and dam ponds, Ergene 
and Meriç Basin were evaluated and three regions were determined as the study area. 
The sampling points are shown in Figure 2. Endosulfan and PAH analyses were made 
in paddy plant, sediment and irrigation water samples taken from paddy fields, which 
irrigated from the Ergene River, the Meriç River, and the Yenikarpuzlu Dam Reservoir, 
considering the distinction of irrigation resources in the rice plants often grown in 
river basins in the Thrace region. In the Yenikarpuzlu village of Edirne province, 
around Sığırcı Dam, and from the irrigated area from Edirne-İpsala-Yenikarpuzlu, 
Edirne-Merkez-Üyüklütatar and Edirne-Uzunköprü-Muhacirkadı Village were 
collected the paddy, sediment and paddy irrigation water (Figure 2). Endosulfan and 
PAH analysis were performed method validation by GC-MS.

Agilent GC-MS was used in the determination phase for all studies. The instru-
ment used is the HP-5 MS UI capillary column (30 m × 250μm × 0.25 μm) and the 
5990C (Agilent) inert MSD mass detector with 7890A (Agilent) model GC-MS. The 
electron ionization (EI) system with 70 eV ionization energy in GC-MS, and the He 
gas was used as carrier gas.

Figure 2. 
Representation of the sampling points on the map.



Emerging Contaminants

270

2.1 Preparation of standard solutions

Dilution for Endosulfan (EN) was carried out on pure standard (SIGMA-
ALDRICH, Product: 45852, EN solution 100 ng μL−1 in n-hexane, PESTANAL®). 
As a standard for PAHs, Dr. Ehrenstorfer 2095009 product PAH-mix 9 was used. 
In the standard, there are mixtures of 16 polycyclic aromatic hydrocarbons 
(PAHs); naphthalene (NAP), acenaphthalene (ACE), acenaphtylene (ACY), 
fluorene (FLU), phenantherene (PHN), anthracene (ANT), fluoranthene (FLR), 
pyrene (PYR), benz(a)anthracene (BaA), chrysene (CRY), benzo(b)fluoranthene 
(BbF), benzo(k)fluoranthene (BkF), benzo(a)pyrene (BaP), dibenz(a,h)anthra-
cene (DahA), benzo(g,h,i)perylene (BghiP) and indeno(1,2,3,c,d)pyrene (IcdP). 
Optimum conditions of EN and PAHs were shown in Tables 1 and 2. According 
to the mass spectra of the chromatograms of the EN and PAH pesticides, column 
retention times and ion inputs were studied in SIM mode. Pesticide standards 
were prepared (0.1, 0.25, 0.5, 1, 2, 2.5, 5, 7.5, 10, 25, 50, 100, 250, 500, 750 and 
1000 μg L−1) and measurements were taken. PAH-mix 9 of 16 polycyclic aromatic 
hydrocarbon compounds in standard contented NAP, ACE, ACY, FLU, PHN, ANT, 
FLR, PYR, BaA, CRY, BbF, BkF, BaP, DahA, BghiP and IcdP, and the dilution made 
out of from standard mixture was prepared standards of 1, 5, 10, and 25 μg L−1. 
The methods applied in GC–MS for EN and PAHs are given in Tables 1 and 2, 
respectively.

The retention times (RT), SIM fragmentation ions, chromatogram program-
ming times of PAHs are given in Table 3. The TICs of EN and PAHs were shown in 
Figures 3 and 4.

GC injection conditions

Applied method Splitless

Injection volume 1 μL

Temperature 250°C

He gas flow rate 1 mL/min

Total flow rate 64 mL/min

Septum cleaning flow 3 mL/min

Temperature program 250°C for 1 min

Cleaning flow for split vent 60 mL/min throughout 2.5 min

Transfer line temperature program 150°C for 0 min, runtime 30 min
280°C for 0 min, runtime 30 min

Column oven temperature program MS information

Collection mode Scan

Rate (°C/min) Temperature (°C) Standby 
time (min)

Solvent delay (min) 10.00

Gain factor 5.00

45 (initial) 1 EM voltage obtained 2271

21 150 5 MS source 
temperature (°C)

230

4 220 0 MS Quad (°C) 150

300 (post run) 3 Scanned mass range 100–279

Table 1. 
The optimum GC-MS conditions applied for endosulfan.
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Pesticides RT 
(min)

Target 
ion

Ion 1 Ion 2 Programming 
time (min)

Naphthalene (NAP) 7.584 128.00 129.00 — 6.00

Acenaphthalene (ACE) 12.394 152.00 153.00 — 8.00

Acenaphtylene (ACY) 13.017 153.00 154.00 — 12.67

Fluorene (FLU) 14.694 166.00 165.00 — 13.50

Phenantherene (PHN) 17.846 178.00 176.00 179.00 15.00

Anthracene (ANT) 17.994 178.00 176.00 179.00 17.91

Fluoranthene (FLR) 21.850 202.00 200.00 203.00 18.10

Pyrene (PYR) 22.556 202.00 200.00 203.00 22.15

Benz(a)anthracene (BaA) 26.650 228.00 226.00 229.00 23.00

Chrysene (CRY) 26.879 228.00 226.00 229.00 26.71

Benzo(b)fluoranthene (BbF) 30.281 252.00 250.00 253.00 26.90

Benzo(k)fluoranthene (BkF) 30.376 252.00 250.00 253.00 30.33

Benzo(a)pyrene (BaP) 37.713 252.00 250.00 253.00 35.65

Benzo(g,h,i)perylene (BghiP) 31.539 276.00 138.00 277.00 31.70

Dibenz(a,h)anthracene (DahA) 38.082 276.00 278.00 279.00 37.95

Indeno(1,2,3,c,d)pyrene (IcdP) 39.436 276.00 274.00 277.00 38.50

Table 3. 
The retention times (RT), SIM fragmentation ions, and chromatogram programming times of PAHs.

GC injection conditions

Applied method Splitless

Injection volume 1 μL

Inlet temperature 70°C

He gas flow rate 1 mL/min

Total flow rate 64 mL/min

Septum cleaning flow 3 mL/min

Temperature program 300 °C for 1 min

Cleaning flow for split vent 60 mL/min throughout 2.0 min

Transfer line temperature program 150°C for 0 min, runtime 42.43 min
280°C for 0 min, runtime 41.43 min

Column oven temperature program MS information

Collection mode Scan

Rate (°C/min) Temperature (°C) Standby 
time (min)

Solvent delay (min) 0.00

Gain factor 5.00

70 (initial) 1 EM voltage obtained 2329

10 120 1 MS source 
temperature (°C)

230

7 270 13 MS Quad (°C) 150

300 (post run) 3 Scanned mass range 100–279

Table 2. 
Optimum GC-MS conditions for PAHs.
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The standards (EN and PAHs) were prepared in certain concentrations and 
readings were made in the device and the calibration graphs were plotted to calcu-
late the amounts in the actual samples (Figures 5 and 6).

The linear regression, correlation coefficient, the detection limit (LOD) indicat-
ing the performance of the method in the method validation [14], the determina-
tion limit (LOQ ), relative standard deviation percentage (RSD) and recovery 
calculations of the pesticides analyzed by GC-MS were shown in Table 4.

2.2 Collection of samples and preparation for analysis

For each point determined, twice samples were sampled in the months of July 
(sowing period) and September (harvesting period) in the periods of paddy sowing 

Figure 3. 
GC chromatograms of Endosulfan compound.

Figure 4. 
GC chromatograms of PAH compounds.
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and harvesting. In the paddy pan, selected for sampling, three points were deter-
mined to represent each of the ceilings and pan water, soil and plant samples were 
made from these points. Since there were no paddy in the sowing period, only in 
the harvesting period of soil and water “at the latest 5 days before the harvest” were 
done every triple sampling. The pan water, sediment samples, rice grains and rice 
husk samples from the paddy samples were coded with the abbreviation “w,” “sd,” 
“r,” and “rh,” respectively. The coordinates of the locations, code and sampling dates 
are given in Table 5.

Water samples prepared for analysis of EN and PAHs are enriched in the solid 
phase extraction system and prepared for analysis by GC-MS. Plant and sediment 

Figure 5. 
The calibration graph of Endosulfan compound.

Figure 6. 
The calibration graphs of PAHs compounds.
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samples were enriched with modified QuEChERS method and prepared for analysis 
by GC-MS. The contents of the solid phase extraction and modified QuEChERS 
methods are given in Figure 7.

Coordinates Sowing period Harvest period

Code Sampling 
date

Watering 
source

Code Sampling 
date

Watering 
source

40°48′25.0″N 
26°18′58.9″E

1-w 20.07.2016 Dam Lake 11-w 22.09.2016 Dam Lake

11-sd

1-sd 11-r

11-rh

41°32′19.7″N 
26°36′14.4″E

2-w 27.07.2016 Meriç 
River

22-w 23.09.2016 Meriç River

22-sd

2-sd 22-r

22-rh

41°20′17.8″N 
26°52′31.6″E

3-w 02.08.2016 Ergene 
River

33-w 21.09.2016 Ergene 
River

33-sd

3-sd 33-r

33-rh

Table 5. 
Sampling’s coordinates, codes, and dates.

Figure 7. 
The enrichment of samples with the solid phase extraction and modified QuEChERS methods.
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samples were enriched with modified QuEChERS method and prepared for analysis 
by GC-MS. The contents of the solid phase extraction and modified QuEChERS 
methods are given in Figure 7.

Coordinates Sowing period Harvest period

Code Sampling 
date

Watering 
source

Code Sampling 
date

Watering 
source

40°48′25.0″N 
26°18′58.9″E

1-w 20.07.2016 Dam Lake 11-w 22.09.2016 Dam Lake

11-sd

1-sd 11-r

11-rh

41°32′19.7″N 
26°36′14.4″E

2-w 27.07.2016 Meriç 
River

22-w 23.09.2016 Meriç River

22-sd

2-sd 22-r

22-rh

41°20′17.8″N 
26°52′31.6″E

3-w 02.08.2016 Ergene 
River

33-w 21.09.2016 Ergene 
River

33-sd

3-sd 33-r

33-rh

Table 5. 
Sampling’s coordinates, codes, and dates.

Figure 7. 
The enrichment of samples with the solid phase extraction and modified QuEChERS methods.
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3. Results and discussion

Along with the developments in industrialization, it has made it necessary to 
determine organo-contaminant at major and minor levels in the settlements where 
there is a large amount of factories. In this study, The analysis of EN, NAP, ACE, 
ACY, FLU, PHN, ANT, FLR, PYR, BaA, CRY, BbF, BkF, BaP, DahA, BghiP and 
IcdP were performed in paddy, sediment and water samples taken during paddy 
planting and harvesting from the places such as Yeni Karpuzlu Dam, Muhacirkadı 
Village (Ergene River) and Üyüklütatar Village (Meriç River). These analyses were 
performed by using GC-MS. The results of the analysis of EN and PAHs in samples 
were given in Tables 6–8.

Large scale accumulation or pollution of pesticide chemicals or natural chemi-
cals is a source of concern for our global world. Due to the incorporation of these 
substances into the condensation and evaporation cycle, our natural life creates 
constant exposure with rain, snow and fog [26]. Soil pollution is closely related to 
industrial activities, destruction of municipal and industrial waste or environmen-
tal accidents. Soil is a complex and heterogeneous matrix with a porous structure 
containing inorganic and natural organic components [1, 2].

PAH components, which come out from the chemical production factories 
and vehicles’ exhausts along the Ergene River, constitute a serious source of 
pollution. In the Ergene Basin is located in petrochemical, rubber, plastic, min-
eral oil, rust oil, paint, leather and other products. Rubber and plastic materials 
including PAHs are high-risk materials. For this reason, EN and PAHs analyses 
of the samples collected from rice cultivated areas in the basin selected as clean 
region (Yeni Karpuzlu Dam), dirty region (Muhacirkadı Village) and less dirty 
region (Üyüklütatar Village) were determined. As the molecular weights of PAHs 
increase, their solubility in water decreases and accumulation in the sediment 
also increases. When the results obtained are examined, it can be seen that PAHs 
accumulate in the sediment.

Sampling during the sowing period and harvest period were made classifications 
as for proximity to the road, and irrigation channel, or proximity to the dam with 
code of 1B-1 and 11B-1, intermediate zones of 1B-2 and 11B-2, and the more distant 
area of 1B-3 and 11B-3.

The recoveries for EN and PAHs were ranged from 82.5 to 105%, respectively. 
The LOD and LOQ for EN and PAHs were found 0.03–63.1 and 0.1–210 μg kg−1, 
respectively.

The amount of EN, NP, ACE, ACY, FLU, PHN, ANT, FLR, PYR, BaA, CRY, 
BbF, BkF, BaP and IcdP in sediment samples were found to be 17.5–44.9 mg kg−1, 
219–417 μg kg−1, 41.1–64.1 μg kg−1, 176–264 μg kg−1, Nd–70.5 μg kg−1, 66.7– 
318 μg kg−1, 20.3–485 μg kg−1, 137–273 μg kg−1, 790–1867 μg kg−1, 
113–1549 μg kg−1, Nd–1190 μg kg−1, Nd–1775 μg kg−1g, Nd–1436 μg kg−1, 
Nd–2478 μg kg−1 and Nd–968 μg kg−1, respectively. The pesticide concentra-
tions of BghiP and DahA in sediment samples were found below the limit of 
determination.

The amount of EN, NP, ACE, ACY, FLU, PHN, ANT, FLR, PYR, BaA, and CRY 
in water samples were found to be Nd–11.1 mg L−1, 38.3–105 μg L−1, Nd–10.3 μg L−1, 
8.30–14.8 μg L−1, 6.73–10.6 μg L−1, 44.8–104 μg L−1, 18.7–152 μg L−1, 16.2–65.4 μg L−1, 
45.0–92.4 μg L−1, 19.4–88.3 μg L−1and Nd–85.4 μg L−1, respectively. The sample 
chromatograms of EN and PAHs in sediment, water, rice and rice husk are shown 
in Figures 8 and 9. Except for the clean area, EN was determined above the limit of 
detection in other sampling areas. The amount of EN in the dirty area was deter-
mined as ND-11.1 μg L−1. In the Harvest period for the polluted region were found 
7.85, 7.99, and 8.64 μg L−1, respectively.
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3. Results and discussion

Along with the developments in industrialization, it has made it necessary to 
determine organo-contaminant at major and minor levels in the settlements where 
there is a large amount of factories. In this study, The analysis of EN, NAP, ACE, 
ACY, FLU, PHN, ANT, FLR, PYR, BaA, CRY, BbF, BkF, BaP, DahA, BghiP and 
IcdP were performed in paddy, sediment and water samples taken during paddy 
planting and harvesting from the places such as Yeni Karpuzlu Dam, Muhacirkadı 
Village (Ergene River) and Üyüklütatar Village (Meriç River). These analyses were 
performed by using GC-MS. The results of the analysis of EN and PAHs in samples 
were given in Tables 6–8.

Large scale accumulation or pollution of pesticide chemicals or natural chemi-
cals is a source of concern for our global world. Due to the incorporation of these 
substances into the condensation and evaporation cycle, our natural life creates 
constant exposure with rain, snow and fog [26]. Soil pollution is closely related to 
industrial activities, destruction of municipal and industrial waste or environmen-
tal accidents. Soil is a complex and heterogeneous matrix with a porous structure 
containing inorganic and natural organic components [1, 2].

PAH components, which come out from the chemical production factories 
and vehicles’ exhausts along the Ergene River, constitute a serious source of 
pollution. In the Ergene Basin is located in petrochemical, rubber, plastic, min-
eral oil, rust oil, paint, leather and other products. Rubber and plastic materials 
including PAHs are high-risk materials. For this reason, EN and PAHs analyses 
of the samples collected from rice cultivated areas in the basin selected as clean 
region (Yeni Karpuzlu Dam), dirty region (Muhacirkadı Village) and less dirty 
region (Üyüklütatar Village) were determined. As the molecular weights of PAHs 
increase, their solubility in water decreases and accumulation in the sediment 
also increases. When the results obtained are examined, it can be seen that PAHs 
accumulate in the sediment.

Sampling during the sowing period and harvest period were made classifications 
as for proximity to the road, and irrigation channel, or proximity to the dam with 
code of 1B-1 and 11B-1, intermediate zones of 1B-2 and 11B-2, and the more distant 
area of 1B-3 and 11B-3.

The recoveries for EN and PAHs were ranged from 82.5 to 105%, respectively. 
The LOD and LOQ for EN and PAHs were found 0.03–63.1 and 0.1–210 μg kg−1, 
respectively.

The amount of EN, NP, ACE, ACY, FLU, PHN, ANT, FLR, PYR, BaA, CRY, 
BbF, BkF, BaP and IcdP in sediment samples were found to be 17.5–44.9 mg kg−1, 
219–417 μg kg−1, 41.1–64.1 μg kg−1, 176–264 μg kg−1, Nd–70.5 μg kg−1, 66.7– 
318 μg kg−1, 20.3–485 μg kg−1, 137–273 μg kg−1, 790–1867 μg kg−1, 
113–1549 μg kg−1, Nd–1190 μg kg−1, Nd–1775 μg kg−1g, Nd–1436 μg kg−1, 
Nd–2478 μg kg−1 and Nd–968 μg kg−1, respectively. The pesticide concentra-
tions of BghiP and DahA in sediment samples were found below the limit of 
determination.

The amount of EN, NP, ACE, ACY, FLU, PHN, ANT, FLR, PYR, BaA, and CRY 
in water samples were found to be Nd–11.1 mg L−1, 38.3–105 μg L−1, Nd–10.3 μg L−1, 
8.30–14.8 μg L−1, 6.73–10.6 μg L−1, 44.8–104 μg L−1, 18.7–152 μg L−1, 16.2–65.4 μg L−1, 
45.0–92.4 μg L−1, 19.4–88.3 μg L−1and Nd–85.4 μg L−1, respectively. The sample 
chromatograms of EN and PAHs in sediment, water, rice and rice husk are shown 
in Figures 8 and 9. Except for the clean area, EN was determined above the limit of 
detection in other sampling areas. The amount of EN in the dirty area was deter-
mined as ND-11.1 μg L−1. In the Harvest period for the polluted region were found 
7.85, 7.99, and 8.64 μg L−1, respectively.
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Pesticides strongly absorbed by soil particles are much less likely to evapo-
rate [1, 2, 24]. Since pesticides are more adsorbed in sediment samples, their 
transition to water decreases. The results were confirmed this. Sodium was 

Figure 8. 
Endosulfan chromatograms of samples taken from the paddy grown area.

Figure 9. 
PAH chromatogram of samples taken from the paddy grown area.
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Pesticides strongly absorbed by soil particles are much less likely to evapo-
rate [1, 2, 24]. Since pesticides are more adsorbed in sediment samples, their 
transition to water decreases. The results were confirmed this. Sodium was 

Figure 8. 
Endosulfan chromatograms of samples taken from the paddy grown area.

Figure 9. 
PAH chromatogram of samples taken from the paddy grown area.
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found in higher concentrations than sediment samples because of its high 
solubility in water. This increases the electrical conductivity and reduces the 
water quality.

The amount of EN, NP, ACE, ACY, FLU, PHN, ANT, FLR, PYR, BaA, CRY, BbF, 
BkF and IcdP in rice samples were found to be 17.7–60.1 mg kg−1, 220–514 μg kg−1, 
55.0–77.0 μg kg−1, 194–336 μg kg−1, 51.0–294 μg kg−1, 79.3–518 μg kg−1, 39.6–
859 μg kg−1, 125–228 μg kg−1, 798–1349 μg kg−1, 895–1871 μg kg−1, 752–1247 μg kg−1, 
Nd–1255 μg kg−1, Nd–1403 μg kg−1 and 843–1531 μg kg−1, respectively. The pesticide 
concentrations of BaP, BghiP, DahA in rice samples were found below the limit of 
determination. The amount of PAHs in the polluted region was more than twice 
that of the clean region.

The amount of EN, NAP, ACE, ACY, FLU, PHN, ANT, FLR, PYR, BaA, CRY, 
BbF, BkF and IcdP in the rice husk samples were found to be 41.6–46.7 mg kg−1,  
327–882 μg kg−1, 74.9–265 μg kg−1, 313–444 μg kg−1, 59.1–268 μg kg−1, 145– 
259 μg kg−1, 52.1–416 μg kg−1, 145–378 μg kg−1, 779–2576 μg kg−1, 1900–4258 μg kg−1,  
1247–2562 μg kg−1, 294–1303 μg kg−1, 537–1722 μg kg−1 and 1426–2343 μg kg−1, 
respectively.

The amount of PAHs in the rice husk samples was found twice the amount of 
rice. Except for rice and water samples, PAHs accumulation was determined in 
sediment and rice husk samples.

If we summarize briefly, the BghiP and DahA pesticides in the sediment 
samples in Dam Basin, Meriç-Üyüklütatar Village and the Muhacirkadı-Ergene 
Basin was be bellowed of limit of detection. It was below the limit of detection of 
BbF, BkF, BaP, BghiP, DahA and IcdP pesticides content in water samples in the 
Dam Basin, Meriç-Üyüklütatar Village and the Muhacirkadı-Ergene Basin. It was 
below the limit of detection the BaP, BghiP and DahA pesticides in the rice and rice 
husk samples in the Dam Basin, Meriç-Üyüklütatar Village and the Muhacirkadı-
Ergene Basin.

When the results were examined, it was determined that the amounts of pes-
ticides were higher in the samples taken near the Ergene river, but the amounts in 
the edible section were less than in the rice husk. Rice husk has shown a very good 
adsorbent and reduced the transport of EN and PAHs in of food. EN and PAHs 
levels in samples taken from river, stream, or near the canal were found to be higher 
than the samples taken from the inner sides.

4. Conclusion

Ergene River Basin surroundings were selected for this study: one heavily con-
taminated sites, moderately contaminated sites, and one less contaminated refer-
ence sites. The modified QuEChERS method used in this study was practical for 
mixtures found in environmental samples. This technique performs well, exhibiting 
good sensitivity, selectivity, and precision in the range of concentrations appropri-
ate for the determination of target analytes. Our study investigated to the Ergene 
River Basin in sediment, rice, rice husk and water were analyzed for trace organic 
pollutants. However, the sediment and plant (rice and husk) had measurable and 
sometimes high levels of PAHs, even though no industrial sources of pollution were 
known. Other sources of PAH contamination may include runoff from paved roads 
and exhaust from farm machinery, and factory wastes immediate of the sampling 
stations. Therefore, in the alives feeding with husk of rice, there may be bioaccu-
mulation of EN and PAHs. Ecological risk assessments for the sediment efficacies 
concluded that response actions were necessary for the sediment and husk, except 
for water and rice.
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Chapter 16

Reducing Emerging Contaminants 
Ensuing from Rusting of Marine 
Steel Installations
Karima Hanini, Sameh Boudiba and Merzoug Benahmed

Abstract

Marine steel installations are usually subject to biocorrosion due to their 
immersing in seawater. Biocorrosion-causing microorganisms, such as bacteria 
and fungi, often form biofilms on materials, inducing chemical changes in these 
materials and in the surrounding liquid medium. The formed biofilms resulting 
from this phenomenon are considered as emerging contaminants. In this work, 
in addition to the realization of the electrodeposition of zinc on a steel in chloride 
bath with various concentrations of Taxus baccata extracts as additives using a 
direct courant supply, the study of the corrosion of the obtained substrates was 
performed in seawater as an aggressive environment. The efficiency against 
corrosion was evaluated by potentiodynamic polarizations and weight loss 
measurements. The coated surface morphology was analyzed using brightness 
meter, thickness meter and adhesion tests. The experimental results showed that 
all tested extracts performed the quality of the zinc deposits and their efficiency 
against corrosion indicating that coated samples in the presence of the extracts 
were more resistant minimizing the emerging contaminants in seawater.

Keywords: Taxus baccata, biocorrosion, emerging contaminant, inhibition, 
electrodeposition
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protection, it is a suitable, fast and cost-effective way to improve the surface hard-
ness, anti-corrosion properties and wear resistance…etc. [5]. The electrodeposi-
tion consists principally in the immersion of a steel as an electrode in a container 
containing an electrolyte and a zinc as a counter electrode. The electrodeposition 
electrolytes usually contain metal salts, species to increase electrolyte conductiv-
ity and additives, added to improve leveling metal and to optimize the properties 
of the deposited metal (hardness, brightness, corrosion resistance, roughness, 
porosity, grains size …..) [6]. The clear problem with these additives is that they 
are all synthetic, toxic, high cost and they have a significant negative impact on 
the environment, such as furfurale and thiourea [7–11]. To resolve this problem, 
the new trend in the current research is focused on replacing synthetic additives 
with less expensive, biodegradable and effective natural products such as extracts 
obtained from natural products as Manihot esculenta [12], Saccharum officinarum, 
Ananas comosus [13], Taxus baccata [14] and Daphne gnidium L. [15].

In this work, two main objectives are targeted. Firstly, we are focused on the 
use of plant extracts obtained from a plant belonging to Algerian flora (Taxus 
baccata), as additives in chloride baths for the zinc plating of a mild steel (E24–2). 
Secondly, we will evaluate the effect of the addition of the investigated extracts as 
additives, namely on the quality of the zinc deposit, on one hand and on the other 
hand, on the resistance of the deposit against corrosion, therefore the decrease of 
the emerging contaminants effect.

2. Emerging contaminants

Emerging contaminants are synthetic or naturally occurring chemicals or any 
microorganisms that are not commonly monitored in the environment but have the 
potential to penetrate in the environment and thereby causing known or suspected 
adverse ecological and/or human health effects. These contaminants consist of 
pesticides, pharmaceuticals, personal care compounds, industrial additives by-
products, food additives, water treatment by-products and nanomaterials including 
metal oxides, zero-valent metals, quantum dots, dendrimers, composites and 
nanosilver [16].

According to the previous definitions, the products resulting from steel cor-
rosion in marine environment such as biofilms and iron oxides are considered as 
emerging contaminants.

3. Corrosion

Corrosion is the spontaneous destruction of metals and alloys caused by chemical, 
biochemical and electrochemical interactions between materials and their environ-
ments. These environments can be humidity, oxygen, inorganic and organic acids, 
high pressures, temperature, chlorides, etc. During corrosion, metals tend to convert 
to more thermodynamically stable compounds [17].

4. Zinc electroplating

Zinc electroplating provides corrosion resistance by acting as a barrier and 
sacrificial coating. Because zinc is more reactive that steel, the zinc coating corrodes 
first, protecting the steel substrate. The rate of corrosion of zinc is at least 10 times 
slower than that of steel, thus a thin coating of zinc can protect steel for long time.
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Electroplating is an electrochemical process, which takes place according to a 
certain number of elementary stages of electrolytic crystallization leading to the 
reduction of the dissolved species M+n into metal atoms M, and to the incorpora-
tion of these atoms into the crystal lattice of the substrate. In general, for a coating, 
we have to make the cathode the object to be coated, the anode is then made of the 
metal, which we want to coat and the electrolyte will contain a solution of a salt of 
this metal. Species to increase electrolyte conductivity and additives are added to 
improve leveling metal and to optimize the properties of the deposited metal [11].

5. Additives

The development of coatings requires when using a direct current, the addition 
in small quantities of certain organic or inorganic additives to the electrolysis bath. 
These additives will modify the mechanisms of electrodeposition by selectively 
affecting the rate of germination and/or growth of deposited species. The use of 
additives in electrolysis baths is expressed by a reduction in surface roughness, an 
increase in hardness and an improvement in both deposits gloss and morphology [6].

6. Experimental

6.1 Plant extracts

The stems and leaves of Taxus baccata were harvested in April 2016 in Babor 
(altitude 2000 m), in little kabylia (northern end of the wilaya of Sétif, in Algeria). 
The aerial parts were cut into small pieces, they were then subjected to an extrac-
tion procedure by maceration in a lukewarm methanol–water mixture (7/3:V/V) for 
24 hours. This operation was repeated three times. The various recovered fractions 
were then combined and evaporated under reduced pressure at a temperature 
below 70° C until a syrupy residue was obtained. The latter phase was taken up by 
boiling water, decanting for one nights to eliminate the chlorophyll. The filtered 
mixture was subjected to liquid–liquid extraction using several solvents separately 
in a sequence of increasing polarity, starting from dichloromethane (MDE), ethyl 
acetate (EAE) and n-butanol (BE), where the organic phase was recovered for each 
solvent. The latter solutions were evaporated to dryness using a rotary evaporator to 
obtain the desired extracts [18].

6.2 Materials

The tests were carried out on a mild steel of grade E24–2, having a chemical 
composition in % by weight (C, 0.17; Mn, 0.6; P, 0.035; S, 0.035; Si, 0.04; Al, 0.02 
to 0.05; N, 0.01; Fe remaining). Plates of 2 cm x 6 cm x 0.1 cm in dimension were 
coated with epoxy resin leaving a single exposure surface. The substrates were 
plated with a pure zinc (99.91%). Prior to each experiment, the surfaces of all 
samples were mechanically abraded using different types of silicon carbide emery 
paper, cleaned with acetone, rinsed with distilled water then dried with air.

6.3 Electrodeposition bath

The chloride solution for the coating was a mixture of ZnCl2 (65 g/l), KCl 
(200 g/l), H3BO3 (20 g/l) and different concentrations of Taxus baccata extracts 
(1 g/l to 1.6 g/l) [19].
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6.4 Experimental conditions

All experiments were carried out in an aerated medium, pH = 5 and current of 
0.04 A. The steel sample represents the anode of the electrochemical cell, while 
the zinc plate represents the cathode leaving a distance of 1 cm between them. The 
zinc plating of the steel was carried out for 30 min, with gentle stirring, by partially 
immersing the steel sample and the zinc electrode in the chloride bath. To deter-
mine the weight of deposited zinc on surfaces, all substrates were weighed before 
and after electroplating. At the end of the process, the samples were removed from 
the bath, cleaned with distilled water and air dried [14].

6.5 Quality of the deposited zinc layer

The thickness of the deposited zinc layer was measured with an Elektro-Physik 
(eXacto) apparatus and the adhesion of the coated zinc to the substrate was exam-
ined by the ASTM D3359 method [20]. For the adhesion test, an “X” was etched 
on the film and an attached adhesive tape was applied to the samples, and then 
removed strongly. This test is macroscopic and more qualitative. The gloss of the 
zinc deposits was measured using a Poly Gloss meter with a large beam of white 
light at a measuring angles of 20°, 60° and 85°. Calibration was performed auto-
matically using a highly polished black standard built into the gloss meter. The final 
gloss values were the average of three measurements taken for each coating.

6.6 Potentiodynamic polarization measurements

Potentiodynamic polarization measurements were performed in seawater with 
the coated samples as working electrode, a platinum rod as counter electrode and a 
saturated calomel electrode (SCE) as a reference electrode. A controlled computer 
(Voltalab PGZ 301) instrument with Voltamaster 4 software was employed for this 
purpose. The measurements were applied in the potential range of ±1500 mV at a 
sweep rate of 1 mV/s.

6.7 Gravimetric measurements

To evaluate the corrosion resistance of the electrodeposited substrates, weight 
loss measurements were made. Each sample coated in chloride baths containing dif-
ferent concentrations of the extracts was partially immersed in seawater (corrosive 
medium). Measurements were collected every five days for a month and the Eq. (1) 
was used to determine the corrosion rate [21]:

 =
wCR
At

 (1)

w: average weight loss.
A: total area of one mild steel specimen.
t: immersion time.

7. Results and discussion

7.1 Quality of electrodeposited zinc

The quality of the electrodeposited zinc was observed through the deposit 
parameters as the brightness, the strength adhesion and the thickness. The obtained 
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results are presented in Table 1 for MDE, Table 2 for EAE and Table 3 for BE. 
Where: + adhesion is strong, ++ adhesion is very strong.

Via Tables 1–3 we noted that there is an increase in the deposited mass, thick-
ness and adhesion when increasing the concentration of MDE (1.6 g/l). However, 
for EAE and BE, these parameters reached a maximum value at 1.2 g/l and then 
decreased, indicating that the better deposit (nucleation and growth) is found in 
these concentrations. The obtained results may be related to two considerations: 
the first one is that the adsorption of additives on the surface, leads to a partial 
coating of the steel, thus blocking the active sites and causing a decrease in the 
nucleation rate. The second consideration is that the additive will complex with one 
of the electroactive species in the solution, therefore the step of dissociation of the 
complex introduces a new kinetic constant before the redox reaction of the electro-
active species at the electrode surface [22]. Furthermore, and according to ASTM 
D 523 [23] regulations, we observed that the deposits obtained with the addition of 
the extracts were matt. However, when adding different concentrations (1.2; 1.4 and 
1.6 g/l) of BE, the deposits were semi-gloss. In addition, all measured thicknesses 
were in agreement with ASTM A879 and ASTM B633 [24].

7.2 Potentiodynamic polarization measurement

The corrosion resistance of the electrodeposited mild steel was tested in sea-
water at 298 K to evaluate the effect of adding extracts to the chloride baths. The 
electrochemical parameters such as Ecorr, icorr and CR are collected in Table 4 for 
MDE, Table 5 for EAE and Table 6 for BE.

From Tables 4–6, it can be seen that the addition of the investigated extracts as 
additives gave rise to significant decreases in current densities as well as the corrosion 
rate compared to the sample obtained without extracts addition. This indicates that 
the studied extracts strongly modified the quality of the deposit producing coatings 
more resistant to corrosion and therefore lessening the formation of biofilms, which 
represent one of emerging contaminants. It is also noted that the dependence of the 

C (g/l) Mass deposited (g) Thickness (μm) Adhesion Brightness (GU)

Without extracts 0.0423 15 + Matt 05.30

1 0.0248 8.67 + Matt 14.15

1.2 0.0395 13.92 + Matt 02.30

1.4 0.0424 15.12 ++ Matt 01.75

1.6 0.0481 17.15 ++ Matt 19.10

Table 1. 
Mass, thickness, brightness and strength adhesion of the deposited zinc layer in the presence of MDE.

C (g/l) Mass deposited (g) Thickness (μm) Adhesion Brightness (GU)

Without extracts 0.0423 15 + Matt 05.30

1 0.0450 15.99 ++ Matt 08.60

1.2 0.0551 19.60 ++ Matt 14.65

1.4 0.0477 16.20 ++ Matt 19.40

1.6 0.0366 12.11 + Matt 09.70

Table 2. 
Mass, thickness, brightness and strength adhesion of the deposited zinc layer in the presence of EAE.
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results are presented in Table 1 for MDE, Table 2 for EAE and Table 3 for BE. 
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density of the corrosion current and the additive concentration in the electroplating 
bath was not linear, probably due to the fact that in each electroplating process there is 
an optimum additive concentration, whereby the deposit quality is the best [25].

7.3 Gravimetric measurements

Figure 1 shows the corrosion rate curves of the mild steel in the absence and in 
the presence of optimal concentrations of Taxue baccata extracts used as additives 
during their immersion in seawater for one month.

Table 7 gathers the values of the corrosion rate in the absence and in the pres-
ence of optimal concentrations of Taxue baccata extracts tested separately as 
additives in zinc baths.

The examination of Table 7 and Figure 1 displayed a better corrosion resistance 
for all plated samples in the presence of optimal concentration of extracts as addi-
tives than those plated in their absences. Furthermore, the plated sample without 
additives recorded a corrosion rate value of 0.0052 (mg cm−2 h−1) during one month 
of immersion time in seawater. In contrary, the corrosion rate values for plated 
specimens with additives were in the range of 0.0025 and 0.0018 mg cm−2 h−1.  

Cencentration (g/l) Mass deposited (g) Thickness (μm) Adhesion Brightness (GU)

Without extracts 0.0423 15 + Matt 05.30

1 0.0467 16.10 ++ Matt 13.40

1.2 0.0685 24.83 ++ Semi bright 32.85

1.4 0.0405 14.36 ++ Semi bright 31.45

1.6 0.0393 13.40 + Semi bright 31.75

Table 3. 
Mass, thickness, brightness and strength adhesion of the deposited zinc layer in the presence of BE.

MDE extract C (g/l) -Ecorr (V/SCE) icorr (mAcm−2) CR (mm/y)

Without extract / 923.8 0.6514 9.791

With extract 1 1064.4 0.4653 5.442

1.2 1176.4 0.3220 4.840

1.4 1095.3 0.1427 2.145

1.6 1136.4 0.1411 1.650

Table 4. 
Polarization parameters for corrosion of electroplated mild steel without and with different concentrations of 
MDE at 293 K.

EAE extract C (g/l) -Ecorr (V/SCE) icorr (mAcm−2) CR (mm/y)

Without extract / 923.8 0.6514 9.791

With extract 1 787.8 0.000967 0.01131

1.2 159.2 0.000184 0.002158

1.4 699.2 0.000347 0.005219

1.6 618 0.005706 0.06674

Table 5. 
Polarization parameters for corrosion of electroplated mild steel without and with different concentrations of 
EAE at 293 K.
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The obtained values of corrosion rate for the specimen plated in the presence of 1.6 
g/l of MDE and 1.2 g/l of EAE and BE were lower than the others. This ascertain-
ment is in good agreement with that obtained from potential polarization.

8. Conclusion

As part of the challenge against emerging contaminants, the use of three extracts 
obtained from Taxus baccata as additives in electrdeposition of zinc was evaluated. 
The obtained results leads to the following points:

BE extract C (g/l) -Ecorr (V/SCE) icorr (mAcm−2) CR (mm/y)

Without extract / 923.8 0.6514 9.791

With extract 1 1107.6 0.2283 3.431

1.2 1076.4 0.1287 1.933

1.4 1143.6 0.2631 3.955

1.6 1124 0.3574 5.371

Table 6. 
Polarization parameters for corrosion of electroplated mild steel without and with different concentrations of 
BE at 293 K.

Substrate C (g/l) Time 
(Days)

5 10 15 20 25 30

Unplated / CR (mg/
cm2.h)

0.015 0.0077 0.0054 0.0057 0.0059 0.0056

Blank / 0.0072 0.0061 0.0052 0.0054 0.0053 0.0052

Plated with 
MDE

1.6 0.0039 0.0043 0.003 0.0026 0.0028 0.0025

Plated with 
EAE

1.2 0.0035 0.003 0.0026 0.003 0.0027 0.0023

Plated with 
BE

1.2 0.0033 0.0024 0.002 0.0019 0.0021 0.0018

Table 7. 
Corrosion parameters obtained from weight loss measurements of the electroplated mild steel using optimal 
concentrations of MDE, EAE and BE.

Figure 1. 
Variation of the corrosion rate versus exposure time for unplated and zinc plated mild steel samples without 
and with optimal concentration of MDE, EAE and BE.
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density of the corrosion current and the additive concentration in the electroplating 
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Table 4. 
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1.4 699.2 0.000347 0.005219
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Table 5. 
Polarization parameters for corrosion of electroplated mild steel without and with different concentrations of 
EAE at 293 K.
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Chemical Mechanical 
Planarization-Related to 
Contaminants: Their Sources and 
Characteristics
Jihoon Seo

Abstract

Chemical mechanical planarization (CMP) process has been widely used to 
planarize a variety of materials including dielectrics, metal, and semiconductors 
in Si-based semiconductor devices. It is one of the most critical steps to achieve 
the nanolevel wafer and die scale planarity. However, various contaminants are 
observed on the wafer surfaces after the CMP process, and they become the most 
critical yield detractor over many generations of rapidly diminishing feature sizes 
because they have the most direct impacts on device performance and reliability. 
This book chapter provides (1) CMP consumables-induced contaminants such as 
residual particles, surface residues, organic residues, pad debris and metallic impu-
rities, pad contamination, watermark, etc., (2) brush-induced cross-contamination 
during post CMP cleaning, (3) post-CMP cleaning for removing these contami-
nants. Fundamental understanding of the formation of various types of CMP 
contaminants and their characteristics will significantly benefit the development of 
next-generation CMP slurries and post-CMP cleaning solutions.

Keywords: semiconductor manufacturing process, chemical mechanical 
planarization (CMP), defects, contaminants, cleaning, post-CMP

1. Introduction

Chemical mechanical planarization (CMP) is a critical and enabling process to 
achieve nanolevel local and global planarization across 300 mm wafer in integrated 
circuit (IC) manufacturing [1–3]. There are three main applications of the CMP 
process in the semiconductor device manufacturing: the formation of the transis-
tors (front-end-of-line, FEOL), the local connections between transistors (middle-
of-line, MOL), and the interconnect structures (back-end-of-line, BEOL). FEOL 
processes form the transistors and build the device architecture. One of the impor-
tant FEOL CMP processes is the shallow trench isolation (STI) CMP. STI CMP uni-
formly polishes the step height of SiO2, formed by the gap-filling process, and stops 
on an underlying Si3N4 film [4–6]. MOL CMP processes include the necessary steps 
to connect the individual transistors by mainly polishing W contact metal/liner 
and interlayer dielectric (ILD) layer [7, 8]. BEOL processes enable the multilevel 
interconnect network where Cu lines are isolated by the dielectric materials [9]. 
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1. Introduction

Chemical mechanical planarization (CMP) is a critical and enabling process to 
achieve nanolevel local and global planarization across 300 mm wafer in integrated 
circuit (IC) manufacturing [1–3]. There are three main applications of the CMP 
process in the semiconductor device manufacturing: the formation of the transis-
tors (front-end-of-line, FEOL), the local connections between transistors (middle-
of-line, MOL), and the interconnect structures (back-end-of-line, BEOL). FEOL 
processes form the transistors and build the device architecture. One of the impor-
tant FEOL CMP processes is the shallow trench isolation (STI) CMP. STI CMP uni-
formly polishes the step height of SiO2, formed by the gap-filling process, and stops 
on an underlying Si3N4 film [4–6]. MOL CMP processes include the necessary steps 
to connect the individual transistors by mainly polishing W contact metal/liner 
and interlayer dielectric (ILD) layer [7, 8]. BEOL processes enable the multilevel 
interconnect network where Cu lines are isolated by the dielectric materials [9]. 
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CMP process is mainly utilized to achieve the desired removal rates, rate selectivity 
between exposed materials, uniformity, etc. by the synergistic interplay of chemical 
and mechanical interactions. During this process, the wafer is pressed against a pol-
ishing pad under the applied down pressure. The slurry is applied onto the center 
of the pad and is transported into the pad/wafer gap through the pores and grooves 
of the polishing pad while rotating the pad at high speed, which generates various 
chemical and mechanical actions at the slurry/pad-wafer interface (Figure 1) [1]. 
Many factors including CMP consumables (slurry, pad, wafer, conditioner, retainer 
ring, etc.) and their process/tool conditions can have an influence on the polishing 
performances (Figure 1) [1, 10, 11].

As CMP technology has grown by leaps and bounds over the past several 
decades, considerable progress has been made. However, the presence of CMP-
induced defects that can cause device failure and the severe yield loss has become 
a major concern in the modern semiconductor manufacturing process [3, 12, 13]. 
Removable defects (residual particles, organic residues, foreign materials, metallic 
impurities, etc.) and non-removable defects (scratches, corrosion, dishing, erosion, 
delamination, etc.) are presented on the polished wafer surfaces. The remov-
able defects, also known as CMP-related to contaminants, should be completely 
removed in the subsequent cleaning process while minimizing the further forma-
tion of non-removable defects [14, 15]. CMP consumables themselves can be the 
source of the contaminants during polishing and cleaning [13]. CMP slurries for the 
dielectric process are mainly composed of abrasive particles, pH adjuster, disper-
sant, passivation agent for high selectivity, and deionized water (DIW) [16] Metal 
CMP slurries contain the additional chemical reagents like oxidizer, chelating agent, 
corrosion inhibitor, etc. to control the electrochemical behaviors of metal films 
during polishing [16, 17]. Typical CMP slurry components are listed in Table 1 [1]. 

Figure 1. 
Schematic of a typical CMP process and CMP consumables and conditions associated with CMP performances. 
Reprinted from Ref. [1] with permission from the Journal of Materials Research.
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Considerable effort has been devoted to minimizing the formation of contaminants 
during polishing by optimizing CMP consumables and their process/tool condi-
tions. As the minimum feature size has shrunk below 7 nm and beyond, the devices 
require more stringent conditions to achieve a smooth defect-free wafer surface. 
Thus, the demand for understanding of the origin of CMP-related to contaminants 
and their characteristics is increasing in both industrial and academic research. This 
chapter provides an overview of the origin and characteristics of various CMP-
related to contaminants that can be generated or presented on the wafer surfaces 
after CMP and post-CMP cleaning process. It also provides important insights into 
the cleaning chemistry to remove these contaminants during post-CMP cleaning. 
The challenges related to post-CMP cleaning solutions are highlighted.

2. CMP consumables-induced contaminants

Some of the CMP related to contaminants, such as residual particles, surface 
residues, organic residues, and metallic impurities, are common to most CMP 
processes, which are directly associated with CMP consumables [3, 12, 13]. Various 
types of CMP-related to contaminants and their impacts in the semiconductor 
manufacturing process were summarized in Table 2 [18]. These contaminants are 
presumably attributed to the chemical reactions of slurry components at the slurry/
pad-wafer interface. The sources and characteristics of the contaminants listed in 
Table 2 will be discussed in this section.

2.1 Residual abrasive particles

Abrasive particle is not only one of the main components in CMP slurries 
(Table 1) [16, 17], but also a common contaminant observed after all CMP pro-
cesses (Figure 2a) [13]. Silica and ceria have been widely employed as abrasive 
particles for CMP processes [16]. The adsorption of silica abrasives on the films is 
driven by the electrostatic attractive forces between abrasives and films in a certain 

Applications Slurry components

Dielectric CMP: SiO2, Si3N4, Poly-Si, SiC, 
SiCN, etc.

Abrasive: Ceria/Silica

pH adjusting agents such as HNO3, KOH, NH4OH, etc. and 
buffers

Dispersant & Surfactants.

Chemical agents for high selectivity (PAA, amino acids, 
etc.)

Other chemical agents for high polish rates and better 
performance.

Metal CMP: Cu, W, Co, Ta, TaN, Ti, Ru, etc. Abrasive: Silica/Alumina.

pH adjusting agent such as HNO3, KOH, NH4OH, etc. and 
buffers.

Oxidizer: H2O2, KIO3, Fe(NO3)3, K2S2O8, etc.

Complexing agents: glycine, citric acid, etc.

Corrosion inhibitors: Azole and its derivatives.

Table 1. 
Typical CMP slurry components. Reprinted from Ref [1] with permission from the Journal of Materials 
Research.
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CMP process is mainly utilized to achieve the desired removal rates, rate selectivity 
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and mechanical interactions. During this process, the wafer is pressed against a pol-
ishing pad under the applied down pressure. The slurry is applied onto the center 
of the pad and is transported into the pad/wafer gap through the pores and grooves 
of the polishing pad while rotating the pad at high speed, which generates various 
chemical and mechanical actions at the slurry/pad-wafer interface (Figure 1) [1]. 
Many factors including CMP consumables (slurry, pad, wafer, conditioner, retainer 
ring, etc.) and their process/tool conditions can have an influence on the polishing 
performances (Figure 1) [1, 10, 11].
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Figure 1. 
Schematic of a typical CMP process and CMP consumables and conditions associated with CMP performances. 
Reprinted from Ref. [1] with permission from the Journal of Materials Research.
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Considerable effort has been devoted to minimizing the formation of contaminants 
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(Table 1) [16, 17], but also a common contaminant observed after all CMP pro-
cesses (Figure 2a) [13]. Silica and ceria have been widely employed as abrasive 
particles for CMP processes [16]. The adsorption of silica abrasives on the films is 
driven by the electrostatic attractive forces between abrasives and films in a certain 
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Typical CMP slurry components. Reprinted from Ref [1] with permission from the Journal of Materials 
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pH range. The pHIEP of silica abrasive is about pH 2.5 [22], so the silica particles 
show a negative surface charge at above pH 2.5 and lead to the contamination of 
positively charged films that have higher pHIEP values. The preferential adsorp-
tion of silica abrasives on Cu and Co films was observed after the Cu CMP process 
when Co is used as the liner (Figure 2b) [20]. As expected, the IEPs of Cu and 
Co species are much higher than those of TaN and SiO2 films (Table 3). W films 
are covered with a passivation layer in acidic pH range according to the Pourbaix 
diagram [32]. So, the silica abrasives can remain on the polished W films due to 
their electrostatic attraction (The pHIEP of WOx is 0.5 as listed in Table 3) [24]. In 
some cases, the alumina particles (pHIEP ~ 7) are used as the abrasive for W CMP, 
and they are observed on the W films after polishing due to its positive charge in the 
acidic medium [13, 24]. Co films and other metal films can also be contaminated 
with the silica abrasive during polishing [14, 15]. These particle contaminants can 
be controlled by the chemical reactions between slurry components and films 
being polished. Moreover, silica abrasives are weakly bound to the films and can be 
easy to be removed by under-cut and particle lift-off or their combination during 
cleaning [15].

Ceria-based slurry has been widely used for STI CMP to uniformly polish the 
step height of SiO2, formed by the gap-filling process, and stop on an underlying 
Si3N4 film [4–6]. Residual ceria abrasives are discovered after STI CMP process 
(Figure 2c) [21, 33]. In contrast with a silica abrasive, ceria abrasive is more 
strongly coupled with the dielectric materials (in particular, SiO2 film) via the 
formation of strong Ce-O-Si bonding [4, 34]. It is well known that the surface Ce3+ 
species are the active sites for the formation of strong Ce-O-Si bonds with SiO2 
films during polishing [4, 21]. Various ceria abrasives such as smaller particles with 
higher surface Ce3+ concentrations [35], the core/shell type Ce3+ rich ceria [36], 
and metal-doping or coated ceria abrasive [37] have been investigated to improved 
SiO2 removal rates, but making their removal during cleaning more difficult. Since 
the pHIEP of the ceria abrasive, SiO2, and Si3N4 films are 7.3, 2.5, and ~ 5.0 (Table 3) 

Contaminants Dielectric CMP Metal CMP Effects

Particulate Silica or ceria, fine 
fragments of film 
or pad, etc.

Silica or alumina, metal 
hydroxide precipitates, 
fine fragments of film or 
pad, etc.

1.  Cause local roughness an block 
photolithography

2.  Pinholes in new grown films: 
metal precipitates leads to 
metallic contamination

3. Shorts by conductive particles

Organic Buffers, 
surfactants, etc.

Buffers, surfactants, 
inhibitors, etc.

1.  Affects wettability and 
cleanability

2. Outgassing
3.  Poor adhesion of deposited layers

Metallic Na+, K+,Ca2+, etc. WxOy, Cu2+, Al3+, Fe3+, 
IO4−, I−/I2, Fe(CN)6

3−, 
Fe(CN)6

4−, etc.

1.  Alkali metal ions: high 
mobility influences electrical 
characteristics

2. Copper: fast diffuser in Si
3.  Many metals can form silicide, 

and/or affect the oxidation
4.  Noble metal ions cause etching 

of Si

Table 2. 
Some CMP-related to contaminants and their effects in the semiconductor manufacturing process. Modified 
and reprinted with permission from Ref. [18], American Vacuum Society.
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[38], respectively, the particles can effectively interact with the SiO2 films due to 
the electrostatic attractions between them. The surface charges of ceria abrasive are 
different depending on the nature of additives (e.g., dispersant, passivation agent 
for high selectivity, etc.) and the slurry pH [33]. Positively charged ceria particles, 
dispersed with amino acid, led significant contamination of negatively charged SiO2 
films while negatively charged ceria particles, dispersed with a weak organic acid or 
poly(acrylic acid), showed a higher level of contamination of Si3N4 films [33]. Thus, 
cleaning of ceria particles from the wafer surfaces has become more challenging. 
The pHIEP of abrasive particles, films to be polished, CMP consumables, and organic 
residues are listed in Table 3.

These residual particles cause not only an increase in local roughness but also 
poor photolithography results by blocking the UV light (Table 2) [18]. Residual 
particles on the wafer surfaces can also lead to pinholes in the subsequently depos-
ited film [18]. In some cases, just two residual abrasives on the surfaces can make 
the device bad [9]. The particle larger than ½ the minimum feature size becomes a 
“killer defect” [39].

Figure 2. 
(a) Residual abrasive particles on the wafer surfaces after the CMP process. (b) Atomic force microscopy 
(AFM) images of adsorbed three different sized ceria particles on the SiO2 films and the corresponding number 
of particles before and after SC1 cleaning. (c) Topographic AFM images of Cu, Co, TaN, and SiO2 films 
contaminated with silica slurry at pH 10. Reprinted with permission from Ref. [3]. Copyright 2010 American 
Chemical Society. Used with the permission of HongJin Kim [19]. Reproduced with permission from  
Refs. [20, 21]. Copyright 2019 IOP Publishing.
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diagram [32]. So, the silica abrasives can remain on the polished W films due to 
their electrostatic attraction (The pHIEP of WOx is 0.5 as listed in Table 3) [24]. In 
some cases, the alumina particles (pHIEP ~ 7) are used as the abrasive for W CMP, 
and they are observed on the W films after polishing due to its positive charge in the 
acidic medium [13, 24]. Co films and other metal films can also be contaminated 
with the silica abrasive during polishing [14, 15]. These particle contaminants can 
be controlled by the chemical reactions between slurry components and films 
being polished. Moreover, silica abrasives are weakly bound to the films and can be 
easy to be removed by under-cut and particle lift-off or their combination during 
cleaning [15].

Ceria-based slurry has been widely used for STI CMP to uniformly polish the 
step height of SiO2, formed by the gap-filling process, and stop on an underlying 
Si3N4 film [4–6]. Residual ceria abrasives are discovered after STI CMP process 
(Figure 2c) [21, 33]. In contrast with a silica abrasive, ceria abrasive is more 
strongly coupled with the dielectric materials (in particular, SiO2 film) via the 
formation of strong Ce-O-Si bonding [4, 34]. It is well known that the surface Ce3+ 
species are the active sites for the formation of strong Ce-O-Si bonds with SiO2 
films during polishing [4, 21]. Various ceria abrasives such as smaller particles with 
higher surface Ce3+ concentrations [35], the core/shell type Ce3+ rich ceria [36], 
and metal-doping or coated ceria abrasive [37] have been investigated to improved 
SiO2 removal rates, but making their removal during cleaning more difficult. Since 
the pHIEP of the ceria abrasive, SiO2, and Si3N4 films are 7.3, 2.5, and ~ 5.0 (Table 3) 
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[38], respectively, the particles can effectively interact with the SiO2 films due to 
the electrostatic attractions between them. The surface charges of ceria abrasive are 
different depending on the nature of additives (e.g., dispersant, passivation agent 
for high selectivity, etc.) and the slurry pH [33]. Positively charged ceria particles, 
dispersed with amino acid, led significant contamination of negatively charged SiO2 
films while negatively charged ceria particles, dispersed with a weak organic acid or 
poly(acrylic acid), showed a higher level of contamination of Si3N4 films [33]. Thus, 
cleaning of ceria particles from the wafer surfaces has become more challenging. 
The pHIEP of abrasive particles, films to be polished, CMP consumables, and organic 
residues are listed in Table 3.

These residual particles cause not only an increase in local roughness but also 
poor photolithography results by blocking the UV light (Table 2) [18]. Residual 
particles on the wafer surfaces can also lead to pinholes in the subsequently depos-
ited film [18]. In some cases, just two residual abrasives on the surfaces can make 
the device bad [9]. The particle larger than ½ the minimum feature size becomes a 
“killer defect” [39].

Figure 2. 
(a) Residual abrasive particles on the wafer surfaces after the CMP process. (b) Atomic force microscopy 
(AFM) images of adsorbed three different sized ceria particles on the SiO2 films and the corresponding number 
of particles before and after SC1 cleaning. (c) Topographic AFM images of Cu, Co, TaN, and SiO2 films 
contaminated with silica slurry at pH 10. Reprinted with permission from Ref. [3]. Copyright 2010 American 
Chemical Society. Used with the permission of HongJin Kim [19]. Reproduced with permission from  
Refs. [20, 21]. Copyright 2019 IOP Publishing.
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2.2 Organic residues and pad debris

The polished wafers are also contaminated with organic residues (Figure 3a), 
which are originated from the slurry components such as dispersants, additives for 
the selectivity, complexing agents, corrosion inhibitors, etc. (Table 1). One of the 
main sources of organic residues is insoluble metal complexes. Azole derivatives 
(more specifically, benzotriazole (BTA)) have been widely used as corrosion inhibi-
tors for metal films during polishing. BTA can strongly chemisorb onto the metal 
film by forming a chemical bond with a surface metal ion through the nitrogen lone 
pair electrons [41]. For example, each Cu+ ion can coordinate with two nitrogen 
ligands of BTA− during the Cu CMP process, which forms a polymeric product 
with the BTA− acting as bridging ligands (Figure 3b) [40, 41]. The third nitrogen 
atom in BTA− of Cu-BTA complexes can bind to Cu surfaces, resulting in the 
polymeric protecting layer on the Cu films [41]. Recently, Seo et al. [20] reported 
that Cu and Co ions dissolved from Cu and Co films, respectively, can react with 
BTA and form 4-15 nm Cu-BTA/Co-BTA particles when Co is used as the liner in 
Cu interconnect structures (Figure 3c). These particles adsorb on only Cu surface, 
not Co film at pH 10 [20]. Since the zeta-potentials of both particles at pH 10 are 
close to ~0 mV (Table 3), there is a negligible electrostatic interaction of Cu-BTA/
Co-BTA particles with Cu and Co films. They suggested that the adsorption of these 
particles on Cu film is not only attributed to the hydrophobic interaction between 
particles and Cu film but also the chemisorption via the lone pair electrons on the 
nitrogen atoms in the Cu-BTA/Co-BTA particles [20, 40]. Other organic additives 
can also be adsorbed on the films via van der Waals and hydrophobic interactions. 
In some cases, these may convert hydrophilic to hydrophobic of the film surfaces. 

Materials pHIEP

Abrasive  
particles

Silica 2.5 [22]

Ceria 7.3 [23]

Alumina ~7.0 [24]

Dielectric  
CMP

SiO2 2.5 [25]

Si3N4 ~5.0 [26]

Poly-Si ~3.3 [27]

Metal CMP Cu The IEPs of CuO and Cu(OH)2 are 8.5 and 9.5,  
respectively [24].

Co The IEPs of CoO, Co3O4, and Co(OH)2 particles are 9.2, 9.5, 
and 11.4, respectively [24].

W ~0.5 [24] (WOx)

TaN/TiN ~4.0 [27]/~3.6 [28]

Ru 4.2-5.2 [29] (RuOX)

Consumables Polishing pad The IEPs of IC1000 and Politex are ~ 3.2 and 4,  
respectively [30].

PVA brush ~2.5 [15]

Organic residues Cu-BTA ~10 [20]

Co-BTA ~10 [31]

Table 3. 
The pHIEP of abrasive particles, films to be polished, CMP consumables, and organic residues.
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The hydrophobic nature of the film surfaces can attract water droplets containing 
organic contaminants, leading to the watermarks and more organic residues [42]. 
These adsorbed organic contaminants affect the wettability and cleanability of 
the wafer surface, resulting in the poor adhesion of subsequently deposited layers 
(Table 2).

Most polishing pads are made of polymeric materials such as polyurethane. 
During polishing, the pad is conditioned with a diamond conditioner to regen-
erate the pad asperities and remove the accumulated particles on the pad, but 
generating 0.2 to 300 μm pad debris [43]. Although in-situ conditioning enables 
a higher removal rate and better planarity by maintaining stable pad surface 
properties, it can cause more pad debris compared to ex-situ conditioning [43]. 
Most of the pad debris is in the range of 0.2 to 0.3 μm. Some of the large pad 
debris (20-300 μm) are not only very irregular shapes, but also covered by abra-
sive particles [44]. This pad debris is known as a source of micro-scratches, and 
it should be completely removed during cleaning. Both hybrid clean (i.e., acidic 
plus alkaline cleans) and alkaline-clean processes are effective in removing pad 
debris from the wafer surfaces by the electrostatic repulsion between them in the 
alkaline medium [45].

2.3 Metallic impurities

The CMP process leaves metallic impurities in the concentrations of 1011-1012 
atoms/cm2. These contaminants may originate from the abraded metal lines, 
metal ions in the slurries, the environment of the CMP tool [15]. During the metal 
CMP process, chelating agents are able to form a metal complex with metal ions 
on metal surfaces (Cu, W, Co, Ta, TaN, Ti, Ru, etc.). Metal ions dissolved from 

Figure 3. 
(a) Organic residues generated from pad materials and others during polishing. (b) The formation of Cu-BTA 
complexes during polishing; TEM images of samples collected from the wafer surfaces after the exposure to the 
slurry components containing hydrogen peroxide, glycine, and BTA. (c) Topographic AFM images of Cu films 
contaminated with Cu-BTA (upper figure) and Co-BTA complexes (lower figure) at pH 10 in a scan area of 
5 × 5 μm2. AFM profiles show the height of Cu-BTA/Co-BTA particles adsorbed on the Cu films. Reprinted 
with permission from Refs. [3, 40]. Copyright 2010 and 2009 American Chemical Society. Reproduced with 
permission from Ref. [20]. Copyright 2019 IOP Publishing.
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which are originated from the slurry components such as dispersants, additives for 
the selectivity, complexing agents, corrosion inhibitors, etc. (Table 1). One of the 
main sources of organic residues is insoluble metal complexes. Azole derivatives 
(more specifically, benzotriazole (BTA)) have been widely used as corrosion inhibi-
tors for metal films during polishing. BTA can strongly chemisorb onto the metal 
film by forming a chemical bond with a surface metal ion through the nitrogen lone 
pair electrons [41]. For example, each Cu+ ion can coordinate with two nitrogen 
ligands of BTA− during the Cu CMP process, which forms a polymeric product 
with the BTA− acting as bridging ligands (Figure 3b) [40, 41]. The third nitrogen 
atom in BTA− of Cu-BTA complexes can bind to Cu surfaces, resulting in the 
polymeric protecting layer on the Cu films [41]. Recently, Seo et al. [20] reported 
that Cu and Co ions dissolved from Cu and Co films, respectively, can react with 
BTA and form 4-15 nm Cu-BTA/Co-BTA particles when Co is used as the liner in 
Cu interconnect structures (Figure 3c). These particles adsorb on only Cu surface, 
not Co film at pH 10 [20]. Since the zeta-potentials of both particles at pH 10 are 
close to ~0 mV (Table 3), there is a negligible electrostatic interaction of Cu-BTA/
Co-BTA particles with Cu and Co films. They suggested that the adsorption of these 
particles on Cu film is not only attributed to the hydrophobic interaction between 
particles and Cu film but also the chemisorption via the lone pair electrons on the 
nitrogen atoms in the Cu-BTA/Co-BTA particles [20, 40]. Other organic additives 
can also be adsorbed on the films via van der Waals and hydrophobic interactions. 
In some cases, these may convert hydrophilic to hydrophobic of the film surfaces. 
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The hydrophobic nature of the film surfaces can attract water droplets containing 
organic contaminants, leading to the watermarks and more organic residues [42]. 
These adsorbed organic contaminants affect the wettability and cleanability of 
the wafer surface, resulting in the poor adhesion of subsequently deposited layers 
(Table 2).

Most polishing pads are made of polymeric materials such as polyurethane. 
During polishing, the pad is conditioned with a diamond conditioner to regen-
erate the pad asperities and remove the accumulated particles on the pad, but 
generating 0.2 to 300 μm pad debris [43]. Although in-situ conditioning enables 
a higher removal rate and better planarity by maintaining stable pad surface 
properties, it can cause more pad debris compared to ex-situ conditioning [43]. 
Most of the pad debris is in the range of 0.2 to 0.3 μm. Some of the large pad 
debris (20-300 μm) are not only very irregular shapes, but also covered by abra-
sive particles [44]. This pad debris is known as a source of micro-scratches, and 
it should be completely removed during cleaning. Both hybrid clean (i.e., acidic 
plus alkaline cleans) and alkaline-clean processes are effective in removing pad 
debris from the wafer surfaces by the electrostatic repulsion between them in the 
alkaline medium [45].

2.3 Metallic impurities

The CMP process leaves metallic impurities in the concentrations of 1011-1012 
atoms/cm2. These contaminants may originate from the abraded metal lines, 
metal ions in the slurries, the environment of the CMP tool [15]. During the metal 
CMP process, chelating agents are able to form a metal complex with metal ions 
on metal surfaces (Cu, W, Co, Ta, TaN, Ti, Ru, etc.). Metal ions dissolved from 

Figure 3. 
(a) Organic residues generated from pad materials and others during polishing. (b) The formation of Cu-BTA 
complexes during polishing; TEM images of samples collected from the wafer surfaces after the exposure to the 
slurry components containing hydrogen peroxide, glycine, and BTA. (c) Topographic AFM images of Cu films 
contaminated with Cu-BTA (upper figure) and Co-BTA complexes (lower figure) at pH 10 in a scan area of 
5 × 5 μm2. AFM profiles show the height of Cu-BTA/Co-BTA particles adsorbed on the Cu films. Reprinted 
with permission from Refs. [3, 40]. Copyright 2010 and 2009 American Chemical Society. Reproduced with 
permission from Ref. [20]. Copyright 2019 IOP Publishing.
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metal surfaces or metal residues may be the main source for metallic contaminants 
(Table 2). These metallic cations not only are affected by the surface charge, 
but also can be precipitated on the surface of Si devices, which is expressed by 
≡Si-OH(s) + Men+(aq) ↔ ≡ SiOMe(n−1)+ (s) + H+(aq). Heavy metals (Cu, Fe, Ni, 
Cr, Co, and Mo) that deposited on the wafer surface by the galvanic reaction can 
diffuse into the Si devices during heat treatments and cause excessive leakage 
currents, resulting in the device degradation and reliability problems [46]. Other 
metals (Al, group II metals, and Ti) may have much lower diffusivities and may 
not diffuse significantly into the Si devices [39]. Metal ions such as Cu, Co, Fe, 
Al, Zn, and Mg can hydrolyze in the alkaline based cleaning solution and form 
insoluble metal hydroxides that are remained on the wafer surfaces [15]. Cu 
electromigration occurs through the movement of Cu atoms or Cu ions when there 
is a strong electrical current [47]. The undesirable metallic particles can cause 
short circuits between metal lines, whereas the metal hydroxides may cause open 
circuits [39].

Mobile ions such as alkaline metals (Na+ and K+) originated from the slurry 
components such as salts and NaOH/KOH (pH adjuster) [18] (Table 2) can cause 
flatband shifts and surface-related leakage currents due to their electrical char-
acteristics of high mobility [39]. Fe ions have been used as a catalyst for W CMP 
slurry [8]. Fe ions (Fe3+, Fe(CN)6

3−, Fe(CN)6
4−, etc.) and FeOx caused from W CMP 

slurries are observed on the polished wafers (Table 2) [18, 48]. Acidic cleaning 
solutions are useful for removing metallic impurities and suppressing the adsorp-
tion of metallic species. Critical metallic impurities on the Si device continue to 
decrease as the device feature shrinks down. For the current technology nodes, the 
acceptable metallic contaminants are less than 108 atoms/cm2 and approach the 
limit of detection [46].

Some metallic contaminants directly come from the metal interconnect lines. 
After the Cu CMP process, pyramid-shaped Cu particles (Cu, CuO, and CuOH) 
detached from the Cu films are discovered on the surface [49] Metal flakes such as 
Ti or W-Ti on the top of the replace metal gate (RMG) after W RMG CMP process 
are observed [50, 51]. Metals at partially filled can be broken during the RMG CMP 
process, and they are a source of metal flake. These metal flakes are trapped inside 
the brush and re-deposit to the wafer surface by the cross-contamination process. 
In some cases, the delamination of metal films is occurred at the wafer edge due to 
the edge over erosion or a poor adhesion between metal and barrier film, which is 
another source of metal flakes [50, 51]. These metal flakes are known as a potential 
killer defect in the current RMG technologies.

2.4 Pad contamination

In some cases, the by-products are generated during the metal CMP process, and 
they are discovered on the pad surface [52, 53]. Han et al. observed the large stain 
on the pad after the polishing of Cu films [52]. The brown-colored by-products are 
formed and accumulated on the pores and grooves of the polishing pad, which is 
able to disturb the slurry transportation during polishing. These contaminants are 
caused by the chemical reactions between the slurry components and Cu films. 
They suggested that an additional pad cleaning step will be required to remove 
these by-products from the polishing pad and improve the pad lifetime [52]. Later, 
Lu et al. reported the pink by-products remained on the polishing pad after Co CMP 
process [53]. They compared Raman spectroscopy of by-products with that of the 
precipitates (Co-BTA particles) made from a mixture of Co(NO3)2 and BTA. Both 
samples showed the same Raman peaks, indicating that by-products observed on 
the polishing pad are Co-BTA particles.
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2.5 Watermarks

When water evaporates from the hydrophobic surfaces, it leaves the residues 
containing organic residues, particles, and metallic impurities that were present 
in the evaporation water layer, which is known as “watermark”. Watermarks are 
observed in hydrophobic regions or Mixed hydrophobic and hydrophilic areas 
[32, 54]. During the Si CMP and cleaning process, the oxidation of Si occurs in 
the presence of O2 in the water (Si + O2 → SiO2), and it is dissolved into water 
(SiO2 + H2O → H2SiO3 → H+ HSiO3

−). The dissolved species may precipitate to form 
the residues containing Si and O. Watermarks that may contain organic residues 
and Cu oxide particles have also been one of the challenges for Cu CMP and clean-
ing process. Such watermarks tend to cause significant degradation in device 
performance [15]. IPA-based Marangoni drying process was proposed and used 
to eliminate watermarks [55]. The addition of surfactants that can convert hydro-
phobic to hydrophilic of the films will prevent the formation of watermarks after 
drying [42].

3. Brush-induced cross-contamination during post CMP cleaning

The abrasive particles are removed from the wafer surfaces by the direct contact 
between wafers and PVA brushes during post CMP cleaning. The brush is com-
pressed to the wafer surfaces, and then the particle contaminants are removed by 
the physical force of the compressed brush. However, the surface and inside the 
pore structure of PVA brushes are contaminated with the particles, organic resi-
dues, and pad debris (Figure 4a), which can be transported to the next wafers and 
cause cross-contamination of the wafers during the brush scrubbing [56, 58]. More 
cross-contamination is observed on the wafer surfaces when the contact pressure 
and contact area between the brush and the wafer increase [59]. Also, the longer 
brush contact time (lower brush rotation speed) results in more cross-contaminated 
particles on the wafers. Before brush scrubbing, brush soaking treatment and 
break-in and their optimized process may be useful to reduce the cross-contami-
nation and improve the cleaning efficiency [58]. Also, the ultrasonication method 
with DIW was very effective in removing the contaminants from the PVA brushes 
without damage [56].

The ring-shaped CuO residue is rarely observed at the wafer center region after 
the Cu barrier CMP process with acid-based slurries [60]. Chelating agents in the 
acidic medium are able to effectively form water-soluble complexes with Cu ions 
and pull them into the slurries. More polymers or corrosion inhibitors are added at 
lower pH slurry, which may lead to conductive organic residues during polishing. 
These organic residues can be dissolved in the cleaning solutions and move between 
the brush and wafer surfaces during cleaning when there is a direct solid–solid 
contact between them, making an electrical circuit [60]. Cu2+ ions released from 
the Cu films during cleaning can transfer to the brush, and they react with oxygen 
in the ambient environment to convert to CuO residue where the electro circuit is 
provided by the organic residues [60].

Particle contaminants at the backside surface of wafers are also reported 
(Figure 4b) [57]. The wafer backside surface contacts with the slurries during 
polishing and cleaned with brush scrubbing and nozzle. Cleaning solutions are 
dispensed from an overhead nozzle onto the wafer backside. The locations of the 
wafer backside ring signature are well-matched with the inner ring, outer ring, and 
clean nozzle, which means that the polishing and the downstream surface cleaning 
process make the wafer backside ring signature [57].
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wafer backside ring signature are well-matched with the inner ring, outer ring, and 
clean nozzle, which means that the polishing and the downstream surface cleaning 
process make the wafer backside ring signature [57].
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4. Post-CMP cleaning for removing CMP-related to contaminants

Table 4 shows traditional post-CMP cleaning solutions that have been widely 
used to remove CMP-related to contaminants over the past several decades [46]. 
SC-1 solution is a mixture of NH4OH (29 wt%)/H2O2 (30 wt%)/DIW, which is very 
useful for removing particles, organic residues, and some metallic contaminants 
from the water surface through under-cut and particle lift-off or their combination 
[46]. SC-2 solution consisting of HCl (37%)/H2O2 (30 wt%)/DIW is very effective 
in removing metallic contaminants via the formation of soluble metal complexes 

Figure 4. 
(a) Scanning electron microscopy (SEM) images of initial PVA brush and contaminated PVA brush. (b) Wafer 
backside signature after CMP and cleaning process. Reproduced with permission from Ref. [56]. Copyright 2019 
IOP Publishing. Used with the permission of HongJin Kim [57].
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with Cl− ions [46]. Sulfuric acid-peroxide mixture (SPM) of H2SO4 (96 wt%)/H2O2 
(30 wt%) is able to remove photoresist and other organic residues by forming a very 
strong oxidizing agent, which can be expressed as H2SO4 + H2O2 → H2SO5 (Caro’s 
acid) + H2O [61]. Caro’s acid can easily dissolve the organic residues during clean-
ing. Hydrofluoric acid (HF) diluted with H2O (DHF) is useful to remove the oxide 
layer from the wafers. These traditional cleaning solutions have been modified to 
meet the post-CMP cleaning process requirements for advanced technology nodes.

Some equimolar solutions containing NH4OH and H2O2 (4.20 and 4.13 mol/L, 
respectively) to remove even 10 nm ceria particles (~99% cleaning efficiencies) 
from SiO2 films were proposed by Seo et al. [21]. Non-traditional cleaning solutions 
composed of a bond-breaking reagent, complexing reagent, cleaning additive and 
pH adjuster were proposed for post STI CMP cleaning process [62, 63]. For post-
metal CMP cleaning, the contaminants need to be completely removed while mini-
mizing the individual corrosion of metals, localized pitting, and bimetallic/galvanic 
corrosion. Many cleaning compositions consisting of oxidizers, complexing agents, 
cleaning agents, and pH adjuster have been developed so far [20, 31]. However, 
there are still several cleaning challenges for the future technology nodes, while 
considerable progress has been made [57]; (1) improvement of cleaning efficiency, 
(2) the removal of smaller particles from the films, (3) the prevention of cross-con-
tamination by brush scrubbing, (4) the removal of new-types contaminants-very 
thin metal flake, (5) wafer backside cleaning, (6) universal cleaning solution, (7) 
environmentally friendly post-CMP cleaning, (8) TMAH-free cleaning solution.

5. Toxicity issues and safety considerations

Toxic gases (e.g., PH3, AsH3) and the III–V containing liquid (in particular, 
As) can be generated during the polishing of III–V materials such as GaAs, 
InGaAs, InAs, and InP, which poses an environment, health, and safety (EHS) 
risk. Exposure to inorganic As can cause irritation of the stomach and intestines, 
decrease in the production of red and white blood cells, skin changes and lung 
irritation [64, 65]. Hence, one of the goals of the CMP processes of III–V materials 
is to achieve high planarity without generating toxic by-products. Also, Ru film can 
be converted to highly volatile RuO4 (a toxic gas) in the acidic pH during polish-
ing. Compounds of Ru stain the skin very strongly, and the ingested Ru is retained 
strongly in bones. The addition of chelating agents may help to reduce the forma-
tion of highly volatile RuO4 during polishing. The formation of toxic by-products 
during polishing must be avoided by controlling slurry chemistry such as oxidizer, 
complexing agent, corrosion inhibitor, and the slurry pH.

Cleaning 
solution

Compositions and conditions Contaminant removal

SC-1 NH4OH (29 wt%)/H2O2 (30 wt%)/H2O,  
1:1:5-1:1:100 at 40-75°C

Particles, organics, and some metallic 
contaminants

SC-2 HCl (37%)/H2O2 (30 wt%)/H2O, 1:1:6-1:1:50 at 
40-75°C

Metallic contaminants

SPM H2SO4 (96 wt%)/H2O2 (30 wt%), 2:1-4:1 at 
90-40°C

Organic residues

DHF HF, 1:10-1:200 at 25°C Sacrificial oxide removal and native 
oxide removal

Table 4. 
Traditional cleaning solutions and their conditions.
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ing. Compounds of Ru stain the skin very strongly, and the ingested Ru is retained 
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6. Conclusions

As the performances of devices at 7 nm node and beyond have become very 
sensitive to contaminants and defects, there has been a growing interest in under-
standing the sources and characteristics of CMP-related contaminants. An overview 
of various contaminants generated during the CMP process and their characteristics 
were discussed in this book chapter. There has been significant progress in under-
standing the fundamental science and technology of the sources of CMP-induced 
contaminants and their characteristics for the past several decades. Nevertheless, 
a more fundamental understanding of various chemical and mechanical reactions 
that occur between slurry components, polishing pad, and wafer surfaces will help 
us to propose new strategies and novel concepts of CMP slurries to minimize the 
formation of the contaminants during polishing. As expected, Post-CMP cleaning 
has become more important than ever to eliminate many of these CMP-induced 
contaminants. A close collaboration between the consumables manufacturers and 
the fab end-users is required to overcome many challenges and some issues related 
to the contaminants in the CMP and post-CMP cleaning process.
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