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Endocrine DisrupƟon In 
Fish   Due   To 
Environmental 
ContaminaƟon 
Abstract 
 Environmental contamination by industrial 

chemicals, pesticides, pharmaceuticals, and heavy 
metals has become a major concern for aquatic 
ecosystems. Many of these contaminants act as 
endocrine-disrupting chemicals (EDCs) that interfere 
with the hormonal regulation systems of fish. Endocrine 
disruption can alter growth, metabolism, reproduction, 
and development in aquatic organisms. Fish are 
particularly vulnerable to endocrine disruptors because 
they live in direct contact with contaminated water and 
sediments. Exposure to endocrine-disrupting pollutants 
may lead to feminization of males, impaired 
reproductive capacity, altered sex ratios, and 
developmental abnormalities. Several contaminants 
such as pesticides, plasticizers, pharmaceutical residues, 
and heavy metals have been reported to disrupt 
endocrine signaling pathways in fish. These chemicals 
may mimic natural hormones, block hormone receptors, 
or interfere with hormone synthesis and metabolism. 
The ecological consequences include reduced fish 
populations, impaired reproductive success, and 
disruption of aquatic food webs. Understanding 
endocrine disruption mechanisms is essential for 
assessing ecological risks and protecting aquatic 
biodiversity. This chapter reviews major sources of 
endocrine-disrupting chemicals, their mechanisms of 
action, physiological effects on fish, and ecological 

implications for aquatic ecosystems. 
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Introduction 

Aquatic ecosystems are increasingly threatened by a wide range of environmental 

contaminants originating from industrial discharge, agricultural runoff, municipal 

wastewater, and pharmaceutical residues. The rapid expansion of human activities has 

significantly increased the release of chemical pollutants into rivers, lakes, and coastal 

environments. Many of these pollutants possess endocrine-disrupting properties and can 

interfere with the hormonal regulation systems of aquatic organisms (Diamanti-Kandarakis, 

Bourguignon, Giudice, Hauser, Prins, Soto, Zoeller, & Gore, 2009). Among aquatic 

organisms, fish are particularly sensitive to endocrine disruption because their physiological 

processes are strongly regulated by hormonal signaling pathways that are easily influenced by 

environmental contaminants (Sumpter & Johnson, 2005). The endocrine system in fish is 

responsible for regulating several essential biological processes, including reproduction, 

growth, metabolism, osmoregulation, and stress responses. Hormonal interactions between 

the hypothalamus, pituitary gland, and peripheral endocrine organs coordinate these 

physiological functions (Norris & Carr, 2013). Environmental contaminants may disrupt 

these hormonal interactions by mimicking natural hormones, blocking hormone receptors, or 

altering hormone synthesis and metabolism. Such chemicals are collectively known as 

endocrine-disrupting chemicals (EDCs), and they have the potential to cause adverse 

developmental, reproductive, and physiological effects in aquatic organisms (Tyler & 

Jobling, 2008). The concept of endocrine disruption gained significant scientific attention 

during the late twentieth century when researchers observed abnormal reproductive 

characteristics in fish populations inhabiting polluted rivers and lakes. One of the earliest 

indications of endocrine disruption in fish was the detection of intersex conditions in wild 

fish populations exposed to wastewater effluents (Jobling, Nolan, Tyler, Brighty, & Sumpter, 

1998). In such cases, male fish developed female reproductive tissues within the testes, 

indicating severe disturbances in hormonal regulation. These findings highlighted the 

ecological significance of endocrine-disrupting pollutants and their potential to affect aquatic 

biodiversity. Endocrine-disrupting chemicals originate from multiple anthropogenic sources. 

Agricultural activities contribute significantly to aquatic contamination through the runoff of 

pesticides, herbicides, and fertilizers into nearby water bodies (Carpenter, Caraco, Correll, 

Howarth, Sharpley, & Smith, 1998). Several commonly used pesticides such as atrazine, 



ISBN NO. 978-81-971444-7-9 137 

 

chlorpyrifos, and endosulfan have been shown to interfere with endocrine signaling pathways 

in fish and amphibians (Hayes, Collins, Lee, Mendoza, Noriega, Stuart, & Vonk, 2002). 

Industrial activities also release a wide range of chemical compounds into aquatic 

environments, including plasticizers, solvents, and persistent organic pollutants such as 

polychlorinated biphenyls (PCBs) and dioxins. Many of these chemicals exhibit hormone-

like activity and can disrupt endocrine function in aquatic organisms (Diamanti-Kandarakis et 

al., 2009). In addition to agricultural and industrial pollutants, pharmaceutical and personal 

care products have emerged as an important source of endocrine-disrupting chemicals in 

aquatic environments. Modern wastewater treatment plants are often unable to completely 

remove pharmaceutical residues from sewage, allowing hormonally active substances to enter 

natural water systems (Daughton & Ternes, 1999). Synthetic hormones such as 17α-

ethinylestradiol, widely used in oral contraceptives, have been detected in wastewater 

effluents at concentrations capable of affecting fish reproduction. Experimental studies have 

demonstrated that exposure to extremely low concentrations of synthetic estrogen can lead to 

feminization of male fish and collapse of fish populations (Kidd, Blanchfield, Mills, Palace, 

Evans, Lazorchak, & Flick, 2007). The biological effects of endocrine-disrupting chemicals 

on fish can be diverse and far-reaching. One of the most commonly used biomarkers for 

detecting estrogenic endocrine disruption is the induction of vitellogenin, a yolk precursor 

protein normally produced in female fish during egg development. Under natural conditions, 

male fish do not produce significant amounts of vitellogenin. However, exposure to estrogen-

like pollutants can stimulate vitellogenin synthesis in male fish, indicating disruption of 

normal endocrine regulation (Sumpter & Johnson, 2005). Elevated vitellogenin levels in male 

fish have been widely reported in contaminated aquatic environments and are considered a 

reliable indicator of exposure to estrogenic endocrine disruptors. Endocrine disruption can 

also affect the reproductive physiology of fish in several ways. These effects include reduced 

fertility, altered sex ratios, impaired gamete production, and abnormal gonadal development 

(Tyler & Jobling, 2008). In severe cases, endocrine-disrupting pollutants may cause complete 

reproductive failure within fish populations. Such reproductive impairments can significantly 

affect fish population dynamics and ecosystem stability. The ecological consequences may 

extend beyond individual species and influence entire aquatic food webs. Another important 

concern related to endocrine disruption is the long-term exposure of aquatic organisms to low 

concentrations of hormonally active substances. Unlike acute toxicity, endocrine disruption 

often occurs at very low contaminant levels that may not cause immediate mortality but can 
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produce subtle physiological changes over time (Matthiessen, 2013). Chronic exposure to 

endocrine disruptors may lead to cumulative effects that gradually reduce reproductive 

success and population viability. Recent research has also highlighted the complexity of 

endocrine disruption in natural ecosystems due to the presence of chemical mixtures. In real 

environmental conditions, fish are exposed to multiple contaminants simultaneously rather 

than individual chemicals. These mixtures may interact synergistically or additively, making 

it difficult to predict their combined biological effects (Diamanti-Kandarakis et al., 2009). 

Environmental factors such as temperature, salinity, and nutrient availability may further 

influence the toxicity and bioavailability of endocrine-disrupting chemicals. Advances in 

environmental toxicology and molecular biology have significantly improved the ability of 

scientists to detect endocrine disruption in aquatic organisms. Biomarkers such as 

vitellogenin induction, gonadal histopathology, hormone level analysis, and gene expression 

profiling are widely used to evaluate endocrine-related toxicity in fish (Norris & Carr, 2013). 

These techniques provide valuable insights into the mechanisms through which 

environmental contaminants affect endocrine regulation and reproductive health in aquatic 

species. Overall, endocrine disruption caused by environmental contamination represents a 

major environmental issue affecting aquatic ecosystems worldwide. The widespread 

occurrence of endocrine-disrupting chemicals in aquatic environments poses significant risks 

to fish populations and aquatic biodiversity. Understanding the sources, mechanisms, and 

ecological consequences of endocrine disruption in fish is therefore essential for developing 

effective environmental management strategies and protecting aquatic ecosystems from the 

harmful effects of chemical pollution. 

2. Sources of Endocrine-Disrupting Chemicals in Aquatic Environments 

Endocrine-disrupting chemicals (EDCs) enter aquatic ecosystems through multiple 

anthropogenic activities and environmental pathways. Rapid industrialization, intensive 

agriculture, urban development, and increasing pharmaceutical consumption have 

significantly increased the presence of hormonally active compounds in rivers, lakes, and 

coastal waters. These pollutants may originate from point sources such as industrial effluents 

and wastewater treatment plants, as well as non-point sources including agricultural runoff 

and atmospheric deposition (Diamanti-Kandarakis et al., 2009). Once released into aquatic 

environments, these chemicals can persist in water and sediments, accumulate in aquatic 

organisms, and disrupt endocrine systems in fish and other wildlife. 

2.1 Agricultural Runoff 
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Agricultural activities represent one of the major sources of endocrine-disrupting chemicals 

in freshwater ecosystems. Modern agricultural practices involve extensive use of pesticides, 

herbicides, fungicides, and fertilizers to improve crop productivity. However, these chemicals 

often enter nearby water bodies through surface runoff, soil leaching, and irrigation drainage 

(Carpenter et al., 1998). Many pesticides have been identified as potential endocrine 

disruptors capable of interfering with hormonal regulation in aquatic organisms. One of the 

most widely studied endocrine-disrupting pesticides is atrazine, a herbicide commonly used 

for weed control in maize and other crops. Research has shown that atrazine exposure can 

disrupt endocrine signaling and affect reproductive development in aquatic organisms (Hayes 

et al., 2002). Similarly, organochlorine pesticides such as endosulfan and DDT derivatives 

have been associated with endocrine disruption due to their ability to mimic or interfere with 

steroid hormones. These compounds may alter sex differentiation and reproductive 

physiology in fish species. In addition to pesticides, fertilizers contribute indirectly to 

endocrine disruption by promoting eutrophication in aquatic ecosystems. Excessive nutrient 

input can lead to algal blooms that produce biologically active compounds capable of 

influencing hormonal processes in aquatic organisms. Therefore, agricultural runoff 

represents a complex mixture of contaminants that may collectively affect fish endocrine 

systems. 

2.2 Industrial Effluents 

Industrial activities are another major source of endocrine-disrupting chemicals in aquatic 

environments. Industries such as plastics manufacturing, chemical production, textile 

processing, and petroleum refining release a variety of synthetic compounds into wastewater 

streams. Many of these chemicals exhibit estrogenic or anti-androgenic activity and can 

disrupt hormonal regulation in aquatic organisms (Diamanti-Kandarakis et al., 2009). 

One important group of industrial endocrine disruptors includes plastic additives such as 

bisphenol A (BPA) and phthalates. These compounds are widely used in the production of 

plastics, food packaging materials, and consumer products. BPA has been shown to mimic 

estrogen and bind to estrogen receptors, thereby altering hormonal signaling pathways in fish 

and other vertebrates. Laboratory and field studies have demonstrated that exposure to BPA 

can lead to reproductive abnormalities, altered gonadal development, and reduced fertility in 

fish populations. Another group of industrial pollutants associated with endocrine disruption 

is persistent organic pollutants (POPs), including polychlorinated biphenyls (PCBs), dioxins, 

and polybrominated diphenyl ethers (PBDEs). These chemicals are highly stable and resistant 
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to environmental degradation, allowing them to persist in aquatic ecosystems for long 

periods. Because of their lipophilic nature, POPs accumulate in the tissues of aquatic 

organisms and may biomagnify through food webs. Chronic exposure to these pollutants has 

been linked to endocrine disruption, immune suppression, and reproductive impairment in 

fish species. 

 

2.3 Pharmaceutical and Personal Care Products 

Pharmaceuticals and personal care products (PPCPs) have emerged as an important class of 

contaminants in aquatic environments over the past few decades. These substances include 

synthetic hormones, antibiotics, analgesics, antidepressants, and cosmetic ingredients that are 

widely used in human and veterinary medicine. After consumption, many pharmaceutical 

compounds are excreted from the body and enter wastewater systems. Conventional 

wastewater treatment plants are not specifically designed to remove these compounds 

completely, allowing them to be discharged into rivers and lakes (Daughton & Ternes, 1999). 

Among pharmaceutical contaminants, synthetic estrogens such as 17α-ethinylestradiol are 

particularly potent endocrine disruptors. Even at extremely low concentrations, these 

compounds can significantly affect fish reproduction. Experimental studies conducted in 

freshwater lakes demonstrated that long-term exposure to synthetic estrogen resulted in the 

collapse of fish populations due to severe reproductive impairment (Kidd et al., 2007). Such 

findings highlight the ecological risks associated with pharmaceutical pollutants in aquatic 

ecosystems. 

Personal care products such as detergents, shampoos, and cosmetic ingredients may also 

contain hormonally active compounds. For example, nonylphenol and octylphenol, which are 

degradation products of industrial surfactants, exhibit estrogen-like activity and have been 

detected in many aquatic environments worldwide. These compounds can accumulate in fish 

tissues and interfere with endocrine regulation. 

2.4 Municipal Wastewater and Sewage Effluents 

Municipal wastewater is one of the most significant sources of endocrine-disrupting 

chemicals entering aquatic environments. Wastewater treatment plants receive complex 

mixtures of contaminants originating from domestic households, hospitals, industries, and 

urban runoff. Although treatment processes remove many pollutants, certain endocrine-active 

compounds can persist and be discharged into receiving water bodies (Sumpter & Johnson, 

2005). 
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Wastewater effluents often contain estrogenic substances derived from human and animal 

excretion. Natural hormones such as estradiol and estrone are excreted in urine and feces and 

enter sewage systems. When these hormones reach aquatic environments, they may influence 

the reproductive physiology of fish species. Field studies conducted in rivers receiving 

wastewater effluents have reported widespread occurrence of intersex fish, indicating 

significant endocrine disruption in wild populations (Jobling et al., 1998). In addition to 

natural hormones, wastewater effluents may contain industrial chemicals, pharmaceutical 

residues, and household detergents that exhibit endocrine-disrupting properties. The 

combined effects of these contaminants can lead to complex biological responses in aquatic 

organisms. 

2.5 Emerging Contaminants and Microplastics 

In recent years, emerging contaminants such as microplastics and nanomaterials have gained 

attention as potential sources of endocrine disruption in aquatic ecosystems. Microplastics 

originate from the breakdown of larger plastic debris or from direct release of microbeads 

used in consumer products. These particles can adsorb various chemical pollutants, including 

endocrine-disrupting compounds, and transport them within aquatic environments. 

Fish may ingest microplastics either directly or indirectly through the food chain. Once 

ingested, microplastics can release associated chemicals that may interfere with endocrine 

signaling pathways. Although research in this field is still developing, recent studies suggest 

that microplastic-associated pollutants may contribute to endocrine disruption in aquatic 

organisms. 

2.6 Environmental Persistence and Bioaccumulation 

A key characteristic of many endocrine-disrupting chemicals is their environmental 

persistence and potential for bioaccumulation. Lipophilic compounds such as PCBs, dioxins, 

and certain pesticides can accumulate in the fatty tissues of aquatic organisms and 

biomagnify through food chains. Predatory fish species often exhibit higher concentrations of 

these contaminants due to trophic transfer. 

Bioaccumulation increases the likelihood that endocrine disruptors will reach biologically 

active concentrations within organisms. Chronic exposure to such pollutants may lead to 

long-term endocrine disturbances that affect growth, reproduction, and survival of fish 

populations. Consequently, understanding the environmental sources and pathways of 

endocrine-disrupting chemicals is essential for effective pollution control and ecological risk 

assessment. 
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Mechanisms of Endocrine Disruption in Fish 

Endocrine-disrupting chemicals (EDCs) affect aquatic organisms by interfering with 

hormonal signaling pathways that regulate vital physiological processes. In fish, the 

endocrine system is responsible for controlling reproduction, growth, metabolism, 

development, and stress responses. Hormonal regulation in fish primarily involves complex 

interactions between the hypothalamus, pituitary gland, and peripheral endocrine organs such 

as the gonads and thyroid glands. These interactions collectively form the hypothalamic–

pituitary–gonadal (HPG) axis and other endocrine pathways that maintain physiological 

balance (Norris & Carr, 2013). Environmental contaminants capable of interfering with these 

pathways can disrupt endocrine homeostasis and produce a wide range of physiological and 

developmental abnormalities. 

Endocrine disruption occurs when chemicals interfere with hormone production, transport, 

metabolism, receptor binding, or signal transduction. These mechanisms can mimic, block, or 

alter the natural actions of hormones, leading to abnormal biological responses (Diamanti-

Kandarakis et al., 2009). In aquatic ecosystems, fish are exposed to various endocrine-active 

substances such as pesticides, plasticizers, heavy metals, and pharmaceutical residues that can 

alter hormonal signaling pathways. 

Table.1- Major Endocrine-Disrupting Chemicals and Their Effects on Fish 

Endocrine 

Disrupting 

Chemical 

Major Source Mechanism of 

Action 

Effects on Fish References 

Bisphenol A 

(BPA) 

Plastic products, 

food packaging, 

industrial waste 

Mimics 

estrogen and 

binds to 

estrogen 

receptors 

Feminization of 

males, altered 

reproductive 

hormones, reduced 

fertility 

Flint et al., 

2012 

Nonylphenol Industrial 

detergents, 

wastewater 

effluents 

Estrogenic 

activity and 

endocrine 

receptor 

interaction 

Vitellogenin 

induction in male 

fish, reproductive 

disruption 

Sumpter & 

Johnson, 

2005 

17α- Pharmaceutical Strong estrogen Feminization of Kidd et al., 
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Ethinylestradiol 

(EE2) 

residues, 

contraceptive 

pills 

receptor 

agonist 

male fish, 

reproductive 

failure, population 

decline 

2007 

Atrazine Agricultural 

herbicide runoff 

Disrupts 

steroid 

hormone 

synthesis and 

aromatase 

activity 

Altered gonadal 

development and 

endocrine 

imbalance 

Hayes et al., 

2002 

Polychlorinated 

Biphenyls 

(PCBs) 

Industrial 

chemicals and 

persistent organic 

pollutants 

Interfere with 

hormone 

metabolism 

and receptor 

signaling 

Thyroid 

disruption, 

developmental 

abnormalities 

Kloas et al., 

2009 

Phthalates Plasticizers, 

consumer 

products 

Anti-

androgenic 

activity 

Reduced 

testosterone levels, 

reproductive 

impairment 

Flint et al., 

2012 

Dioxins Industrial 

combustion and 

chemical 

manufacturing 

Alters steroid 

hormone 

signaling 

pathways 

Developmental 

toxicity and 

immune 

suppression 

Diamanti-

Kandarakis et 

al., 2009 

Heavy metals 

(Cd, Hg, Pb) 

Industrial 

effluents, mining 

activities 

Interfere with 

endocrine 

enzymes and 

hormone 

synthesis 

Growth inhibition, 

reproductive 

abnormalities 

Matthiessen, 

2013 

Alkylphenols Industrial 

chemicals and 

surfactants 

Estrogen 

receptor 

activation 

Intersex condition 

and reproductive 

dysfunction 

Tyler & 

Jobling, 2008 

Table 1. Major endocrine-disrupting chemicals and their mechanisms and effects on fish 

physiology and reproduction. 
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Various environmental contaminants such as pesticides, industrial chemicals, plasticizers, 

pharmaceuticals, and heavy metals can interfere with hormonal regulation in fish. These 

endocrine-disrupting chemicals act through mechanisms including hormone mimicry, 

receptor antagonism, and disruption of steroidogenesis, resulting in reproductive 

abnormalities and physiological disturbances. 

 

Figure 1. Sources of endocrine-disrupting chemicals in aquatic ecosystems 
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Major sources of endocrine-disrupting chemicals entering aquatic ecosystems include 

agricultural runoff containing pesticides and fertilizers, industrial effluents releasing synthetic 

chemicals and heavy metals, municipal wastewater carrying hormones and pharmaceuticals, 

plastic pollutants such as bisphenol A, and urban runoff. These contaminants accumulate in 

water bodies and affect endocrine regulation in fish. 

Figure 2. Hypothalamic–Pituitary–Gonadal (HPG) axis regulation in fish 

The hypothalamic–pituitary–gonadal axis regulates reproductive processes in fish. The 

hypothalamus releases gonadotropin-releasing hormone (GnRH), which stimulates the 

pituitary gland to release gonadotropins (FSH and LH). These hormones regulate steroid 

hormone production and gamete development in the gonads. Environmental endocrine 

disruptors may interfere with this hormonal pathway. 

Figure 3. Mechanisms of endocrine disruption in fish 

Endocrine-disrupting chemicals affect hormonal regulation through multiple mechanisms 

including hormone mimicry, receptor antagonism, disruption of steroidogenesis, alteration of 

hormone metabolism, and interference with endocrine signaling pathways. These 

mechanisms disturb normal physiological processes in fish. 

Figure 4. Effects of endocrine disruption on fish physiology and reproduction 

Exposure to endocrine-disrupting chemicals may lead to feminization of male fish, 

development of intersex gonads, reduced fertility, altered sex ratios, behavioral changes, and 

developmental abnormalities. Long-term exposure may result in population decline and 

ecological imbalance in aquatic ecosystems. 

Figure 5. Biomarkers used to detect endocrine disruption in fish 

Several biomarkers are used to identify endocrine disruption in fish populations, including 

vitellogenin induction in male fish, gonadal histopathology, hormone level alterations, gene 

expression changes, and secondary sexual characteristics. These biomarkers help assess 

environmental contamination. 

Figure 6. Ecological consequences of endocrine disruption in aquatic ecosystems 

Endocrine disruption may affect fish population dynamics and aquatic ecosystem stability. 

Reduced reproductive success, altered species composition, and disruption of aquatic food 

webs may ultimately threaten biodiversity and ecological balance in freshwater 

environments. 

3.1 Hormone Mimicry (Agonistic Effects) 
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One of the most common mechanisms of endocrine disruption involves hormone mimicry. 

Certain environmental contaminants can imitate the structure and function of natural 

hormones and bind to hormone receptors in target tissues. These chemicals are often referred 

to as hormone agonists because they activate receptor-mediated signaling pathways similar to 

endogenous hormones (Tyler & Jobling, 2008). 

       Estrogenic endocrine disruptors are among the most widely studied hormone-mimicking 

chemicals in aquatic environments. Compounds such as bisphenol A (BPA), nonylphenol, 

and synthetic estrogens like 17α-ethinylestradiol can bind to estrogen receptors in fish and 

trigger estrogenic responses. This process can lead to abnormal activation of estrogen-

dependent pathways even in male fish. One notable consequence of this mechanism is the 

induction of vitellogenin, a yolk precursor protein normally produced only in female fish 

during egg development (Sumpter & Johnson, 2005). When male fish are exposed to 

estrogenic contaminants, they may begin producing vitellogenin, indicating endocrine 

disruption. Hormone mimicry can also affect androgenic pathways. Certain pollutants may 

act as androgen agonists or anti-androgens, interfering with normal testosterone signaling. 

These disruptions may affect sexual differentiation and reproductive behavior in fish 

populations. 

3.2 Hormone Receptor Antagonism 

Another important mechanism of endocrine disruption involves the blocking of hormone 

receptors. In this case, endocrine-disrupting chemicals bind to hormone receptors without 

activating them, preventing natural hormones from interacting with their receptors. These 

chemicals are referred to as hormone antagonists because they inhibit normal hormone action 

(Diamanti-Kandarakis et al., 2009). For example, certain pesticides and industrial pollutants 

can bind to androgen receptors and block the effects of testosterone. This interference may 

disrupt the development of male reproductive characteristics in fish. Similarly, some 

chemicals may inhibit estrogen receptor activity, thereby affecting reproductive processes 

controlled by estrogen signaling pathways. Receptor antagonism can also affect thyroid 

hormone receptors. Thyroid hormones play a crucial role in regulating fish development, 

metabolism, and metamorphosis. When endocrine disruptors block thyroid hormone 

receptors, they may impair normal developmental processes and physiological functions in 

fish species. 

3.3 Disruption of Hormone Synthesis (Steroidogenesis) 
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Endocrine-disrupting chemicals can also interfere with hormone synthesis by affecting 

enzymes involved in steroidogenesis. Steroid hormones such as estrogen, testosterone, and 

cortisol are synthesized through complex biochemical pathways that involve multiple 

enzymatic reactions. Environmental contaminants may inhibit or stimulate these enzymes, 

thereby altering hormone production (Matthiessen, 2013). whichone example is the herbicide 

atrazine, which has been shown to influence the activity of aromatase, an enzyme responsible 

for converting androgens into estrogens. Increased aromatase activity can elevate estrogen 

levels and disrupt normal sex differentiation in fish and amphibians (Hayes et al., 2002). 

Similarly, certain heavy metals and pesticides may inhibit enzymes involved in steroid 

hormone synthesis, resulting in reduced hormone production and impaired reproductive 

function. Alterations in steroidogenesis may have significant consequences for fish 

populations because steroid hormones regulate reproductive development, gamete formation, 

and secondary sexual characteristics. Disruption of these pathways may therefore affect 

fertility and reproductive success. 

3.4 Alteration of Hormone Transport and Metabolism 

Hormones in vertebrates are often transported in the bloodstream bound to carrier proteins. 

Endocrine-disrupting chemicals can interfere with these transport mechanisms by altering the 

binding capacity of hormone transport proteins. This interference may change the distribution 

and availability of hormones in different tissues (Norris & Carr, 2013). In addition to 

affecting hormone transport, certain pollutants can modify hormone metabolism. Hormones 

are normally metabolized and eliminated from the body through enzymatic processes in the 

liver and other tissues. Some endocrine disruptors may alter these metabolic pathways, 

leading to prolonged hormone activity or abnormal accumulation of hormone metabolites. 

Changes in hormone metabolism can significantly influence endocrine regulation because 

even small changes in hormone concentration may produce substantial physiological effects 

in fish. Such disturbances may affect growth, reproduction, and energy metabolism. 

3.5 Disruption of the Hypothalamic–Pituitary–Gonadal (HPG) Axis 

The hypothalamic–pituitary–gonadal axis plays a central role in regulating reproduction in 

fish. This endocrine pathway begins in the hypothalamus, which releases gonadotropin-

releasing hormone (GnRH). GnRH stimulates the pituitary gland to release gonadotropins 

such as luteinizing hormone (LH) and follicle-stimulating hormone (FSH). These hormones 

act on the gonads to regulate the production of sex steroids and gamete development (Norris 

& Carr, 2013). Endocrine-disrupting chemicals can interfere with multiple stages of the HPG 
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axis. For example, certain pollutants may inhibit GnRH secretion from the hypothalamus, 

thereby reducing the release of gonadotropins from the pituitary gland. Other contaminants 

may affect gonadal steroidogenesis by altering the activity of enzymes involved in hormone 

synthesis. These disruptions can lead to reduced gamete production, abnormal gonadal 

development, and impaired reproductive behavior in fish (Tyler & Jobling, 2008). 

3.6 Effects on the Thyroid Endocrine System 

In addition to reproductive hormones, endocrine disruptors may also affect thyroid hormone 

regulation in fish. Thyroid hormones are essential for regulating metabolism, growth, and 

developmental processes. Some environmental pollutants such as polychlorinated biphenyls 

and flame retardants have been shown to interfere with thyroid hormone synthesis and 

receptor binding (Diamanti-Kandarakis et al., 2009). Disruption of thyroid hormone signaling 

may impair larval development and metamorphosis in fish species. Because thyroid 

hormones are involved in energy metabolism, disturbances in thyroid function may also 

influence growth rates and physiological performance. 

3.7 Combined Effects of Chemical Mixtures 

In natural aquatic environments, fish are often exposed to complex mixtures of contaminants 

rather than individual chemicals. These mixtures may produce additive or synergistic effects 

that enhance endocrine disruption. For example, combinations of estrogenic compounds may 

produce stronger biological responses than individual chemicals acting alone (Matthiessen, 

2013). The combined effects of multiple pollutants make it challenging to predict ecological 

outcomes of endocrine disruption. Environmental factors such as temperature, salinity, and 

nutrient availability may further influence the toxicity and bioavailability of endocrine-active 

compounds. 

Effects of Endocrine Disruption on Fish Physiology and Reproduction 

Endocrine-disrupting chemicals (EDCs) can significantly affect the physiological and 

reproductive processes of fish. Because hormonal regulation plays a central role in growth, 

metabolism, development, and reproduction, interference with endocrine signaling pathways 

can lead to widespread biological consequences. Numerous studies have demonstrated that 

exposure to endocrine-active pollutants may result in reproductive abnormalities, altered sex 

differentiation, impaired fertility, and behavioral changes in fish populations (Tyler & 

Jobling, 2008). These disruptions not only affect individual organisms but may also influence 

population dynamics and ecosystem stability. 

4.1 Feminization of Male Fish 
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One of the most widely documented effects of endocrine disruption in fish is the feminization 

of male individuals. Feminization occurs when male fish develop female-like physiological 

or morphological characteristics due to exposure to estrogenic contaminants. These 

contaminants include synthetic hormones, industrial chemicals, and certain pesticides that 

mimic the action of natural estrogens (Sumpter & Johnson, 2005). A key biomarker used to 

detect feminization is the production of vitellogenin in male fish. Vitellogenin is an egg yolk 

precursor protein that is normally synthesized in the liver of female fish under the influence 

of estrogen hormones during oogenesis. Under normal conditions, male fish produce 

negligible levels of this protein. However, exposure to estrogen-like endocrine disruptors can 

stimulate vitellogenin synthesis in male fish, indicating disruption of normal hormonal 

regulation (Tyler & Jobling, 2008). Field studies conducted in rivers receiving wastewater 

effluents have frequently reported elevated vitellogenin levels in male fish populations. Such 

observations provide strong evidence that environmental estrogenic pollutants are capable of 

altering endocrine function in wild fish species. In some cases, the degree of feminization 

may be severe enough to impair reproductive capability. 

4.2 Intersex Condition in Fish 

Another important consequence of endocrine disruption is the development of intersex 

conditions in fish. Intersexuality refers to the presence of both male and female reproductive 

tissues within a single individual. In many cases, male fish exposed to endocrine-disrupting 

chemicals develop oocytes within their testes, a condition known as testicular oocytes 

(Jobling et al., 1998). Intersex conditions have been widely reported in fish populations 

inhabiting polluted aquatic environments. Studies conducted in European rivers revealed that 

male roach fish exposed to wastewater effluents frequently exhibited intersex gonads. The 

presence of estrogenic substances in sewage effluents was identified as the primary cause of 

this phenomenon (Jobling et al., 1998). Similar observations have been reported in various 

freshwater fish species worldwide. Intersexuality can significantly affect reproductive success 

because the development of mixed gonadal tissues may impair normal gamete production. In 

severe cases, affected fish may become infertile, leading to reduced reproductive output 

within populations. 

4.3 Impaired Reproductive Capacity 

Endocrine disruption can directly affect the reproductive capacity of fish by interfering with 

hormone-regulated processes such as gametogenesis, spawning behavior, and sexual 

maturation. Sex steroid hormones such as estrogen and testosterone play a crucial role in 
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regulating reproductive development in fish. Disruption of these hormonal pathways may 

lead to reduced fertility, abnormal gonadal development, and altered reproductive cycles 

(Norris & Carr, 2013). Exposure to endocrine disruptors can reduce the production of viable 

eggs and sperm, thereby lowering reproductive success. In addition, hormonal disturbances 

may delay or inhibit sexual maturation, preventing fish from reaching reproductive maturity 

at the appropriate time. Such effects may ultimately reduce population growth rates and affect 

the long-term sustainability of fish populations. Experimental studies have demonstrated that 

exposure to synthetic estrogens can severely impair fish reproduction. For example, long-

term exposure of fish populations to low concentrations of synthetic estrogen has been shown 

to cause dramatic declines in reproductive success and population collapse (Kidd et al., 

2007). These findings highlight the ecological significance of endocrine-disrupting pollutants 

in aquatic ecosystems. 

4.4 Altered Sex Ratios 

Another important effect of endocrine disruption in fish is the alteration of sex ratios within 

populations. Many fish species exhibit hormone-dependent sex differentiation during early 

developmental stages. Exposure to endocrine-disrupting chemicals during these sensitive 

developmental periods may influence the process of sex determination and lead to skewed 

sex ratios (Matthiessen, 2013). Estrogenic pollutants may promote the development of female 

characteristics in genetically male individuals, resulting in female-biased populations. 

Conversely, exposure to androgenic compounds may produce male-biased sex ratios. Such 

imbalances can significantly affect reproductive dynamics and population stability. Altered 

sex ratios may reduce the availability of reproductively viable individuals within a 

population. Over time, this imbalance may lead to decreased reproductive success and 

population decline. 

4.5 Developmental Abnormalities 

Endocrine disruptors can also interfere with early developmental processes in fish. Hormones 

play an essential role in regulating embryonic development, larval growth, and 

metamorphosis. Disruption of hormonal signaling during early life stages may produce 

developmental abnormalities that affect survival and fitness (Diamanti-Kandarakis et al., 

2009). For example, exposure to certain endocrine-disrupting pollutants may cause 

abnormalities in gonadal differentiation, skeletal development, and organ formation. Such 

abnormalities may reduce the ability of fish to survive and reproduce in natural environments. 
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Developmental toxicity caused by endocrine disruptors may have long-term consequences for 

fish populations because early life stages are particularly sensitive to chemical exposure. 

4.6 Behavioral Changes 

Hormones also play a crucial role in regulating fish behavior, including courtship, mating, 

territorial defense, and parental care. Endocrine-disrupting chemicals may alter these 

behaviors by interfering with hormonal signaling pathways (Tyler & Jobling, 2008). Changes 

in reproductive behavior may significantly affect mating success. For example, male fish 

exposed to estrogenic pollutants may exhibit reduced courtship activity or fail to compete 

effectively for mates. Similarly, altered hormone levels may affect nest-building behavior or 

parental care in species that exhibit such behaviors. Behavioral disruptions may reduce 

reproductive success even in cases where physical reproductive structures remain unaffected. 

4.7 Population-Level Effects 

Although many studies focus on physiological effects at the individual level, endocrine 

disruption can also produce significant population-level consequences. Reduced fertility, 

altered sex ratios, and impaired reproductive behavior may collectively reduce population 

growth rates (Matthiessen, 2013). One of the most striking examples of population-level 

endocrine disruption was observed in a Canadian freshwater lake where long-term exposure 

to synthetic estrogen resulted in the near collapse of a fish population (Kidd et al., 2007). 

This study demonstrated that even extremely low concentrations of endocrine-active 

pollutants can produce profound ecological effects. Population declines may also affect 

ecosystem functioning because fish play important roles in aquatic food webs. Changes in 

fish populations may alter predator-prey relationships and nutrient cycling processes within 

aquatic ecosystems. 

4.8 Long-Term Ecological Consequences 

The ecological impacts of endocrine disruption extend beyond individual species. Because 

fish occupy various trophic levels within aquatic food webs, disruptions in fish populations 

may influence the structure and functioning of entire ecosystems. Reduced fish abundance 

may affect predator species such as birds and mammals that rely on fish as a food source. 

Furthermore, endocrine disruptors may accumulate in aquatic organisms and transfer through 

food chains, potentially affecting higher trophic levels. Long-term exposure to endocrine-

active pollutants may therefore threaten aquatic biodiversity and ecosystem stability. 
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