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Abstract

Pharmaceutical and personal care items are endangering human health and harming the environment.
River and surface water bodies are the main contaminated resources as they include a variety of polluting
residues, including those from antibiotics, synthetic hormones, analgesics, antimicrobials, and cosmetic
items. Very high pharmaceutical concentrations (in the order of mg/l) have been found in industrial
effluents in China, India, Israel, Korea, and the USA. India is also one of the top 5 pharmaceutical
manufacturers in the world. As a result, these waste residues exist in freshwater in trace amounts and can
enter our systems through drinking water or the food chain. By attaching to receptors, it has an impact on
the endocrine system in both humans and animals, causing both agonistic and antagonistic effects.
Numerous ailments and diseases have been reported in humans, animals, and aquatic species as a result.
These compounds give birth to a new class of pollutants known as Emerging Contaminants (EC).

Therefore, it is crucial to assess the effects of PPCP residue in surface water on human health.

*Corresponding Author: Prashanthi Devi Marimuthu P4 prashanthidevi@bdu.ac.in
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Introduction

Personal care products (PPCPs) are a class of organic
compounds used to improve the quality of daily life,
whereas pharmaceutical drugs are used to prevent or
treat human and animal diseases (veterinary medicine)
(Boxall et al., 2012). There is extensive use of PPCPs and
veterinary medicine, which results in their continuous
release into the environment (Nikolaou et al., 2007). By
2020, there were 4.5 trillion doses of utilized
medication consumed worldwide, with almost 50% of
people taking more than one dose day (Quintiles IMS
Global, 2020). According to Balakrishna et al. (2017),
drugs used for human and veterinary applications are
not completely absorbed by the body, and as a result,
approximately 10 to 90 percent of administered doses
are excreted from the human body, with the
remainder being eliminated as metabolites or in
conjugated forms. Ultimately, these unabsorbed

residues end up in sewage water.

When sewage sludge is put as a fertilizer to agricultural
land, the sewage effluent is utilized as irrigation for crops
and landscaping (Ternes et al, 2004; Kinney et al.,
2006). The conventional sewage /wastewater treatment
has its limitations and cannot remove these organic
compounds allowing them to re-enter the stream, river
and water bodies to the food chain.

These cause hormonal

imbalance in

contaminations mainly
animals and humans and called
Endocrine-disrupting compounds. EDC are derived
from during water disinfection processes, released
from industry and livestock activity, or therapeutic
drugs released into sewage (Andressa et al., 2020).
These byproduct compounds can bind with body
receptors very easily and inhibits normal endocrine
function (Sharma et al., 2009; Zoeller et al., 2012)
and finally alter the product in the body. Therefore, it
has become a major concern for water quality due to
untreated effluent in many areas of the world

(Nikolaou et al., 2007).

To review pharmaceutical and personal care
product and their residues in surface water and

health impact on animals and humans.

Pharmaceutical industry in India

India is the second-largest populated country
which has 1.38 billion human densities. It ranks
world’s 3rd largest pharmaceutical industry by
volume and 14th largest in terms of value. It is also
the largest provider of generic drugs globally
(Annual Report 2020-21). Accordingto the
Federation of Indian Chambers of Commerce and
Industry (2005 report), the Indian pharmaceutical
industry is valued at approximately US $8 billion
globally. The research and manufacturing of Indian
drugs were estimated at US $532 million and
Contract manufacturing was approximately 84%.
In India, only 29% of wastewater is treated out of

38 billion litres of municipal wastewater.
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Fig. 1. CPCB; comprehensive environmental

pollution index (CEPI) scores for industrial areas

monitored in 2018

However, 80% of surface water is polluted in India.
The central pollution control board use CEPI score
to analyze the critically polluted industrial area in
the context of air, water, land and health-related
statistics. According to the central pollution control
board in 2017-2018, 100 polluted industrial areas
were identified of which 38 were critically polluted,

31 were severely polluted and remaining as other
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polluted areas (CPBC, 2018). Some critically water
polluted industrial areas lie in Maharashtra, Delhi,

Uttar Pradesh, Gujarat and Haryana (Fig. 1).

PPCP compounds
Pharmaceutical and personal care products are organic

compounds in emerging environmental contamination.

Table 1. Common PPCPs categories (Liu and Wong, 2013)

It includes a diverse group of compounds such as anti-

biotic, hormones, anti-inflammatory drugs,

antiepileptic drugs, blood lipid regulators, p-blockers,
contrast media, and cytostatic drugs for
pharmaceuticals; and antimicrobial agents, synthetic
musk’s, insect repellents, preservatives, and sunscreen

UV filters for personal care products (Table 1).

PPCPs categories Subcategory Reference
Pharmaceuticals Antibiotics Sui et al., 2015
Analgesics Oliveira et al., 2015

Antimalarial drugs
Antiseptics & hormones

Steroid and endocrine-disrupting products
Anti-inflammatory &antifungal
Antiepileptic and antianxiety drugs

Cytotoxic drugs
Anticancer drugs
Cytostatic drugs

Beta-blockers, oestrogen, lipid regulators

Anticonvulsants
Personal care product

Sunscreen, detergents

Disinfectants

Preservatives

Fragrances and perfumes

Moisturizers, hair colours, deodorants, toothpastes

Tella et al., 2018),
Peng et al., 2014

Yu et al., 2011
Guerra et al., 2014),
Kathleen, 2010.),
Al-Farsi et al., 2017),
Xie, 2012

Prasanna et al., 2015
Zheng and Li, 2013
Cizmas et al., 2015)
Boxall et al., 2012
Juliano and Magrini, 2017
Zhang et al., 2014
Archer et al., 2017
Zheng and Li, 2013

Table 2. Common PPCPs compounds found in environment

PPCPs Subgroup

Representative compounds

Reference

Pharmaceuticals Antibiotics

Macrolides (e.g. erythromycin, roxithromycin),

Heberer, 2002

sulfonamides (e.g. sulfamethoxazole,
sulfadimethoxine), and fluoroquinolones (e.g.
norfloxacin, ciprofloxacin)

Hormones Estrone (E1)

Estradiol (E2)

Heberer, 2002

Ethinylestradiol (EE2)

Analgesics and anti-
inflammatory drugs
Antiepileptic drugs
Blood lipid regulators
B-blockers

Contrast media
Cytostatic drugs

Antimicrobial
agents/Disinfectants
Synthetic
musk’s/Fragrances
Insect repellents
Preservatives
Sunscreen UV filters

Personal care
products

Diclofenac and ibuprofen; blood lipid regulators
(such as clofibrate and gemfibrozil)
Carbamazepine and primidone)

Clofibrate and gemfibrozil

Metoprolol and propanolol)

Iopromide and diatrizoate)

Ifosfamide

Cyclophosphamide

Triclosan

Triclocarban

Galaxolide (HHCB)

Toxalide (AHTN)

N,N-diethyl-m-toluamide (DEET)

Parabens (alkyl-p-hydroxybenzoates)
2-ethyl-hexyl-4-trimethoxycinnamate (EHMC) 4-
methyl-benzilidine-camphor (4MBC) s

Heberer, 2002

Heberer, 2002
Heberer, 2002
Heberer, 2002
Heberer, 2002
Heberer, 2002

Heberer, 2002
Heberer, 2002

Heberer, 2002
Heberer, 2002

Brausch and Rand,

2011

The Table 1 categorizes the PPCPs into two major

groups i.e.,

products providing examples for each category. In the

pharmaceuticals sector, antibiotics

pharmaceuticals and personal care

have special
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2015 levels) (Van Boeckel et al., 2015). Continuous
exposure to antibiotics can result in the emergence of
resistant bacteria strains with public health concerns
(Zhang et al., 2009b). Synthetic steroid hormones are
believed to be connected with the endocrine-
disrupting effects of polluted water bodies (Lai et al,,
Other

analgesics and anti-inflammatory drugs (Table 2).

2002). pharmaceutical groups include

Table 2 lists out the various PPCPs detected in the
environment, their subgroups and the representative
compounds, which is important to assess the possible

impact on the ecosystem and human exposure.

Route of entry of PPCPs into the environment

The major route of pharmaceutical residues entering
the aquatic environment is probably by wastewater
effluents from sewage treatment plants that contain
the excreta

of patients undergoing pharma

treatments. Most of the medications or the
pharmaceutical substances are unused in the body
(not metabolised) which may be then excreted in
biologically active form, usually via the urine or are
washed off through bathing showers or sink drains

(Dey et al., 2019).

Furthermore, many pharmaceutical substances are
not fully taken up by the intestine (following oral
administration in patients) into their blood stream.
The fraction not taken up into the blood stream will
remain in the gut and eventually be excreted via the
faeces. Hence, both urine and faeces from treated
patients contain pharmaceutical residues. Between 30
and 90% of the orally administered dose is generally

excreted as active substance via urine.

The improper disposal practice of dumping the
expired or unused medicines and other personal
care products along with the thrash onto open
lawns and barren grounds or flushing down in the
toilets all end up on the soil bed finally leached into
the water bodies (Nikolaou et al., 2007). Fig. 2
Depicts the PPCPs usage and their transport into
the environment through wastewater, landfills,

leachates and agriculture that may ultimately reach

humans via drinking water and through food web.
Understanding these pathways is vital for assessing
the potential health risks and implementing

mitigation strategies.

Plants and their products

|
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Fig. 2. Impact of PPCPs in surface water and human
health

Surface water

PPCP residues have been detected in surface water,
groundwater and the oceanic environment in the
last 20 years (WHO, 2011; Klosterhaus et al., 2013;
Luo et al, 2014). The concentration level of
pharmaceutical chemicals found in nanometre in
the lower organism and in lesser extent in drinking
water but the presence of these compounds at low
concentration has more concern regarding
potential risks to living organism due to persistent
nature in the water (Heberer et al., 1998). It has
been reported in UK, USA and Australia that
pharmaceuticals compounds are mainly present in
drinking water at high concentrations (More than -
1000-folds). In several European countries and the
United States pharmaceutical substances are more
than 100 in an aquatic environment. Western
Europe consisted of 30 pharmaceutical substances
and Asia-Pacific Group, Africa Group, and Eastern
Europe Group, 30 different pharmaceutical
substances or fewer have been detected (Beek et

al., 2016).
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Fig. 3. Emerging contaminants in aquatic

environment in India (Gani and Khazm,i 2016)

Emerging Contaminants (ECs) have been detected in
many water bodies across India (Fig. 3). EC are
present in surface water, groundwater, stormwater,
treated wastewater, treated industrial effluent, and
bottled water. Several studies have ascertained the
presence of Active Pharmaceutical Ingredients (API),
Personal Care Products (PCP), pesticides, Endocrine-
(EDC) and Artificial

Sweeteners (ASW) in surface water bodies.

Disrupting  Chemicals

PPCP contamination in Indian river

Most of the Indian rivers mainly contaminated by
untreated sewage and industrial effluent which highly
contain micro-polluting compounds. The Delhi-based
non-profit Centre for Science and Environment (CSE)
reports that 78 per cent of the sewage generated in
India remains untreated and is discharged in rivers,
groundwater or lakes (CSE, 2016). But here minor
information and research is existed on the occurrence

of PPCP in water bodies in India.

Fig. 3 graphically represents the presence of emerging

contaminants in percentage in India’s aquatic

ecosystems. It highlights higher percentage of
pesticides followed by pharmaceuticals, surfactants,
personal care products and phthalates, indicating
their distribution and impacts on India’s water
bodies; this shows the growing concern of these

contaminants in the nation’s aquatic environment.

Table 3. Predominate pharmaceutical and

cosmetic residues in Indian river

Active pharmaceutical Class of drug Conc. Location Reference
ingredients (API) (ug/L)
Carbamazepine (CBZ) Antiepileptic 13.00 Kaveri, TN Ramaswamy et al. (2011)
15.14 Tamiraparani, TN Ramaswamy et al. (2011)
2.67 Vellar, TN Ramaswamy et al. (2011)
6.65 Pichavarom, TN Ramaswamy et al. (2011)
0.113 Ahar River, Udaipur William et al. (2019)
0.02 River Ganga, UP Lapworth et al. (2018)
0.016 Stretch of River Ganga Sharma et al. (2019)
Sulfamethoxazole Antibiotic 0.82  Ahar River, Udaipur William et al. (2019)
0.1 River Ganga, UP Lapworth et al. (2018)
0.028 Stretch of River Ganga Sharma et al. (2019)
Trimethoprim Antibiotic 0.05 Ahar River, Udaipur William et al. (2019)
Azithromycin Antibiotic 0.99 Ahar River, Udaipur William et al. (2019)
Ampicillin Antibiotic, Penicillin  13.75 Yamuna River, Delhi Mutiyar and Mittal (2014)
Ciprofloxacin Antibiotic 14000 Isakavagu-Nakkavagu River, Fick et al. (2009)
fluoroquinolone Hyderabad
0.029 Stretch of River Ganga Sharma et al. (2019)
Sparfloxacin Antibiotic, 2.09 Yamuna River, Delhi Mutiyar and Mittal (2014)
fluoroquinolone
Cefuroxime Antibiotic 1.7  Yamuna River, Delhi Mutiyar and Mittal (2014)
Gatifloxacin Antibiotic, 0.48 Yamuna River, Delhi Mutiyar and Mittal (2014)
fluoroquinolone
Naproxen Non-Steroidal Anti- 0.24 Ahar River, Udaipur William et al. (2019)
inflammatory drug Sharma et al. (2019)
(NASID) 0.003 Stretch of River Ganga Sharma et al. (2019)
Personal care product
Triclosan, Preservative in 0.04 Kaveri rivers Ramaswamy et al. 2011
cosmetics, 0.009 Vellar Ramaswamy et al. 2011
Antibacterial 0.14 Tamiraparani Ramaswamy et al. 2011
0.005 Stretch of River Ganga Sharma et al. (2019)
Triclocarban Antibacterial 1.12 Kaveri Vimalkumar et al. (2018)
0.17 Tamiraparani Vimalkumar et al. (2018)
0.10 Vellar Vimalkumar et al. (2018)
0.003 Stretch of River Ganga Sharma et al. (2019)
Caffeine Cosmetic, 37.5 Ahar river, Udaipur Williams et al. (2019)
Psychoactive drug 0.743 Stretch of River Ganga Sharma et al. (2019)

5|Mathewset al.



J. Bio. & Env. Sci. | 2025

Table 4. Effluent showing pharmaceutical contamination (ng/L) in WTP, in India

Contaminants Effluent (ng/L) WTP Place Reference
Antischizophrenics
Quetiapine 20 Udupi, Karnataka Subedi et al., 2017
5.2 Mangalore, Karnataka Subedi et al., 2017
6.32 Beur, Bihar Subedi et al., 2015a
16.6 Coimbatore, Tamil Nadu Subedi et al., 2015a
22.4 Manipal, Karnataka Subedi et al., 2015a
Noquetiapine 4.04 Saidpur, Bihar Subedi et al., 2015a
10.1 Coimbatore, Tamil Nadu Subedi et al., 2015a
1.92 Udupi, Karnataka Subedi et al., 2015a
6.50 Manipal, Karnataka Subedi et al., 2015a
Aripiprazole 71 Udupi, Karnataka Subedi et al., 2017
0.4 Mangalore, Karnataka Subedi et al., 2017
Dehydroaripiprazole 2.20 Saidpur, Bihar Subedi et al., 2015a
Sedatives-hypnotics-anxiolytics
Lorazepam 23 Udupi, Karnataka, Subedi et al., 2017
12 Mangalore, Karnataka Subedi et al., 2017
19.1 Saidpur, Bihar Subedi et al., 2015a
27.4 Beur, Bihar Subedi et al., 2015a
Alprazolam 33 Udupi, Karnataka, Subedi et al., 2017
25 Mangalore, Karnataka Subedi et al., 2017
6.9 Saidpur, Bihar Subedi et al., 2015a
5.72 Beur, Bihar Subedi et al., 2015a
2.52 Manipal, Karnataka Subedi et al., 2015a
a-hydroxyalprazolam 8.48 Saidpur, Bihar Subedi et al., 20152
Diazepam 36 Udupi, Karnataka, Subedi et al., 2017
9.5 Mangalore, Karnataka -
8.20 Saidpur, Bihar Subedi et al., 2015a
47.0 Beur, Bihar Subedi et al., 2015a
24.6 Udupi, Karnataka Subedi et al., 2015a
238 Manipal, Karnataka Subedi et al., 2015a
Oxazepam 85 Udupi, Karnataka, Subedi et al., 2017
50 Mangalore, Karnataka Subedi et al., 2017
38.2 Coimbatore, Tamil Nadu Subedi et al., 2015a
17.0 Udupi, Karnataka Subedi et al., 2015a
17.0 Manipal, Karnataka Subedi et al., 2015a
Nordiazepam 85 Udupi, Karnataka Subedi et al., 2017
50 Mangalore, Karnataka Subedi et al., 2017
10.5 Saidpur, Bihar Subedi et al., 2015a
6.70 Beur, Bihar Subedi et al., 2015a
8.56 Coimbatore, Tamil Nadu Subedi et al.,2015a
3.08 Udupi, Karnataka Subedi et al., 2015a
5.96 Manipal, Karnataka Subedi et al., 2015a
Carbamazepine 580 Udupi, Karnataka Subedi et al., 2017
480 Mangalore Karnataka Subedi et al., 2017
88 Saidpur, Bihar Subedi et al., 2015a
236 Beur, Bihar Subedi et al., 2015a
900 Coimbatore, Tamil Nadu Subedi et al., 2015a
147 Udupi, Karnataka Subedi et al., 2015a
318 Manipal, Karnataka Subedi et al., 2015a
Antimicrobial
Triclocarban 540 Udupi, Karnataka Subedi et al., 2017
260 Mangalore, Karnataka Subedi et al., 2017
22.4 Saidpur, Bihar Subedi et al., 2015a
457 Beur, Bihar Subedi et al., 2015a
5860 Coimbatore, Tamil Nadu Subedi et al., 2015a
48.4 Udupi, Karnataka Subedi et al., 2015a
375 Manipal, Karnataka Subedi et al., 2015a
Triclosan 3500 Nagpur Archana et al., 2016
2500 Coimbatore, Tamil Nadu Subedi et al., 2015a
202 Udupi, Karnataka Subedi et al., 2015a
Antibiotics/fungicides
Trimethoprim 25 Mangalore, Karnataka Subedi et al., 2017
8,1,3 Southern India Prabhasankar et al., 2016
34.8 Beur, Bihar Subedi et al., 2015a
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38.0 Beur, Bihar
103 Coimbatore, Tamil Nadu
2080 Manipal, Karnataka
Sulfamethoxazole 260 Udupi, Karnataka
25 Mangalore, Karnataka
13,27,9 Southern India
70.2 Beur, Bihar
318 Coimbatore, Tamil Nadu
228 Udupi, Karnataka
206 Manipal, Karnataka
Ampicilin 12.68 Okhla, Delhi,
Ciprofloxacin 8 Okhla, Delhi,
11676 Nagpur
Erythromycin 2,1,9 Southern India
Gatifloxacin 1.22 Okhla, Delhi,
Sparfloxacin 0.14 Okhla, Delhi,
Cefuroxime 0.22 Okhla, Delhi,
Ofloxacin 0—212 Southern India
Clindamycin 25 Mangalore, Karnataka
48.0 Saidpur, Bihar
6.96 Beur, Bihar
17.5 Coimbatore, Tamil Nadu
63.8 Udupi, Karnataka
952 Manipal, Karnataka
Lincomycin 430 Udupi, Karnataka
130 Mangalore, Karnataka
53.0 Saidpur, Bihar
17.5 Beur, Bihar
3.92 Coimbatore, Tamil Nadu
187 Udupi, Karnataka
43.0 Manipal, Karnataka
Miconazole 8.0 Udupi, Karnataka
25 Mangalore, Karnataka
17.8 Saidpur, Bihar
8.92 Beur, Bihar
1020 Coimbatore, Tamil Nadu
17.0 Manipal, Karnataka
Tiabendazole 79 Udupi, Karnataka
25 Mangalore, Karnataka

Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2017
Subedi et al., 2017
Prabhasankar et al., 2016
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Mutiyar and Mittal, 2014
Mutiyar and Mittal, 2014
Archana et al., 2016
Prabhasankar et al., 2016
Mutiyar and Mittal, 2014
Mutiyar and Mittal, 2014
Mutiyar and Mittal, 2014
Akiba et al., 2015

Subedi et al., 2017
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2017
Subedi et al., 2017
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2017
Subedi et al., 2017
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2015a
Subedi et al., 2017
Subedi et al., 2017

Here it has been given the high levels of API in water
matrices which is frequently detectable in Indian
River (Table 3).

Carbamazepine (CBZ) concentration is high in
Cauvery and Tamiraparani River. It uses as an
anthropogenic indication of sewage contamination in
freshwater bodies (Kumar et al., 2016) and it is poorly
removed by the conventional wastewater treatment
plants (WWTP). It is often used to treat bipolar
disorder, neurologists, and pain specialists by causing
inhibition of sodium gated channel (VGSC) and

decrease synaptic nerve (Gambeta et al., 2020).

Caffeine is a xanthine alkaloid compound found in
coffee, tea, or caffeinated soft drinks and also in
condiments, tobacco and medications which

stimulates the central nervous system. The average

consumption of caffeine found to be between 80 and
400 mg per person per day globally (Gokulakrishnan
et al., 2005). In humans, it is metabolized by the liver
and excreted about 0.5 to 10 % through urine and
faeces (Berthou et al., 1992; Seiler et al., 1999; Knee
et al., 2010; Rodriguez del Rey et al., 2012). Improper
disposal of coffee into household drainage system
contribute to hundreds of milligrams of caffeine to
surface waters and thus flow to streams, rivers or
ponds that finally deposits into the aquatic

environment (Seiler et al., 1999).

It also affects environmental parameters in the ocean
such as a change in temperature, pH and bleaching of
coral reefs (Pollack et al,, 2009). In this period, we
have depended on antibiotic medicine or habituated
to intake for fast response. In the world, consumption

of antibiotic lies between 100,000 and 200,000 ton
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per annum in which nearly 50% used for veterinary
drugs (Van Boeckel et al., 2014). In the world, India
was the fifth -largest consumer of antibiotics in food
animals (poultry, pigs, and cattle) in 2010, after
China, the United States, Brazil, and Germany, based
on livestock density (Van Boeckel et al., 2014).

The markets of India in Cosmetic and beauty products
are increasing day by day which is categorized into five
major categories - body care, face care, hair care, hand
care and color cosmetics (Report on Indian Cosmetics
Industry). The use of PCPs varies from geographical
region, sex and age difference. It estimated that female
uses approximately 12 products while male uses 6
product (Leonard, 2010) which contains 168 chemicals.
As result female uses more personal product than male.
In personal care products, various chemicals are prone
to be such as UV filters, some preservatives (parabens,

Phthalates, triclosan), and microplastics.

According to classification, cosmetics can be divided into
leave-on (eg, perfumes, face cream and antiperspirants)
and rinse-off products (shampoos, soaps, shower gels,
and toothpaste). Some of these compounds are shown as
bioaccumulated  in

bioactive,  persistent and

environment (Brausch et al., 2011).

Therefore, some chemicals such as synthetic musks
(Carballa et al., 2004), perfluoroalkyl compounds
(Campo et al., 2014), some organic UV-filters (Ramos
et al., 2016) and microplastics (Browne et al., 2004)
do not always remove by wastewater treatment plants
(WTP) because their efficiency of removal of
pharmaceutical contamination through existing WTP
is about 112.5% to 100% (Santos et al., 2007; Luo et
al., 2014). Surface water contamination is mainly
caused by wastewater treatment outlets (Daughton
and Ternes, 1999). Various drugs have been detected
at higher concentrations in wastewater from Indian
WTPs such as Aripiprazole, Carbamazepine in Udupi
WTP, Karnataka, Diazepam Manipal, Karnataka to
treat anxiety and mental illness. For antimicrobial
drugs, Triclocarban and Triclosan concentration is
high in Udupi, Karnataka and Nagpur wastewater

treatment plants.

Antibiotics such as Trimethoprim (Manipal, Karnataka),
Sulfamethoxazole (Manipal, Karnataka), Lincomycin,
Miconazole (Udupi, Karnataka) and Ofloxacin (Southern
India) have been found in WTPs (Table 4).

Hormone Hormor%' Hormone mimic Hormone Hormone blocker

o
L
)
=3
g
D
@
8
g
o
-3

Natural response

Agonistic response

Antagonistic response
(inhibited effect)

Fig. 4. Endocrine disruption process (Birklett, 2003)

Endocrine disrupting compounds (EDC)

The United States Environmental Protection Agency
(USEPA) states that any agents or chemical that
interfere the natural hormone in their ‘interfere with the
synthesis, secretion, transport, binding, or elimination of
natural hormones in the body that are responsible for
regulate biological process, maintain homeostasis,
reproduction process, adulthood development and
sexual behavior in the body (Birklett, 2003). A group of
steroid hormones includes both natural and synthetic
drug such as alkylphenols, pesticides, organic oxygen
compounds, polyaromatic hydrocarbons (PAHs) and
dioxins which comes under EDC (Fig. 4). These
compounds may act as hormone mimics which binds to
target cell to activate response is called agnostic
response and also act as a blocker or no response termed
as an antagonistic response. EDC and PPCPs
compounds have an undesired effect, present in trace
concentration in water. These compounds are almost
ubiquitous in municipal sewage treatment plant (STP)
effluents and finally, these residues go for drinking water
treatment plants (Snyder et al, 2005). Many studies
have shown that conventional treatment systems
perform poorly in removing these chemicals from
drinking water (Snyder et al., 2003; Westerhoff, 2003;
Stackelberg et al., 2004).

EDC occurrence in water

EDC includes pesticides, bisphenols, phthalates,
synthetic and natural hormones, and polychlorinated
biphenyls compounds (Gore et al., 2014). The waste
residues of these compounds generally found in the

water bodies (Table 5).
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Table 5. Concentrations of main antibiotic and steroid hormone (EDC) in different water matrices

Water matrix Types of EDC Concentration Country Reference
Fresh water Lamivudine 167,100 Kenya Fekadu et al., 2019
Paracetamol 106,970 Kenya Fekadu et al., 2019
Naproxen 59,300 South Africa Fekadu et al., 2019
Sulfamethoxazole 53,828 Mozambique  Fekadu et al., 2019
Ibuprofen 17,600 South Africa Fekadu et al., 2019
1440 Spain Fekadu et al., 2019
Zidovudine 17,410 Kenya Fekadu et al., 2019
Ciprofloxacin 14,331 South Africa Fekadu et al., 2019
Trimethoprim 11,383 Kenya Fekadu et al., 2019
Valsartan 6260 Spain Fekadu et al., 2019
Erythromycin 5300 Croatia Fekadu et al., 2019
Metformin 3100 Germany Fekadu et al., 2019
Carbamazepine-10,11-epoxide 1670 Spain Fekadu et al., 2019
Azithromycin 1500 Croatia Fekadu et al., 2019
Sulfadiazine 1100 Croatia Fekadu et al., 2019
Steroid hormone
Progesterone 1000 Croatia Fekadu et al., 2019
Testosterone 0.23-13.7 Hungary Fekadu et al., 2019
Estrone(E1) 2.6-3 Ttaly Fekadu et al., 2019
Estrone(E1) 0.1-69 Europe Fekadu et al., 2019
Estriol(E3) 1.5-7.2 Portugal Rocha et al., 2019
Estriol(E3) 45,550 South Africa  Fekadu et al., 2019
Estriol(E3) 2.38 France Fekadu et al., 2019
Estradiol(E2) 510—45,500 Africa Fekadu et al., 2019
Estradiol(E2) 0.33-5 Hungary Fekadu et al., 2019
Estradiol(E2) 15,700 South Africa Fekadu et al., 2019
Ethinylestradiol (EE2) 0.8-1.7 Portugal Rocha et al., 2019
Ethinylestradiol (EE2) 0.3-0.5 Portugal Rocha et al., 2019
Wastewater Antibiotic
Nordiazepam 0.6 Greece Papageorgiou et al.,
2016
Carbamazepine 6822 Greece Papageorgiou et al.,
2016
9-OH risperidone 0.4 Greece Papageorgiou et al.,
2016
Octylphenol 1.9 Serbia Papageorgiou et al.,
2016
Indomethacine 297 Greece Papageorgiou et al.,
2016
Ketoprofen 793 Greece Papageorgiou et al.,
2016
Meloxican 648 Greece Papageorgiou et al.,
2016
Naproxen 3581 Greece Papageorgiou et al.,
2016
Diclofenac 4869 Greece Papageorgiou et al.,
2016
Nimesulide 2452 Greece Papageorgiou et al.,
2016
Paracetamol 27.7 Greece Papageorgiou et al.,
2016
Phenazone 44.9 Greece Papageorgiou et al.,
2016
Piroxicam 1192 Greece Papageorgiou et al.,
2016
Ampicillin 1805 Greece Papageorgiou et al.,
2016
Ciproflaxicin 591 Greece Papageorgiou et al.,
2016
Erythromycin 320 Greece Papageorgiou et al.,
2016
Lincomycin 281 Greece Papageorgiou et al.,
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Metronidazole 64.7 Greece Papageorgiou et al.,
2016

Moxifloxacin 773 Greece Papageorgiou et al.,
2016

Sulfadiazine 846 Greece Papageorgiou et al.,
2016

Sulfamethoxazole 507 Greece Papageorgiou et al.,
2016

Trimethoprim 200 Greece Papageorgiou et al.,
2016

Fluvoxamine 75.4 Greece Papageorgiou et al.,
2016

Drinking water ~ Antibiotic

Erythromycin 11 Taiwan Yang et al., 2014

Acetaminophen 7 Taiwan Yang et al., 2014

Steroid hormone

E1 5.9 Serbia Celi’cetal., 2020

E2 7.2 Serbia Celi’cetal., 2020

E3 4.9 Serbia Celi’cet al., 2020

E1-3-sulfate 4 Serbia Celi’cet al., 2020

E3-3-sulfate 6.6 Serbia Celi’cetal., 2020

Antibiotic concentration in WTP in India

One case has been reported that high level of
pharmaceutical compounds was found in effluent
treatment plant (ETP) in Patancheru in Medak
district, Andhra Pradesh (Table 6).

Table 6. Active pharmaceutical ingredients (Larsson

et al., 2007)

Drug Levels in pg/1
Ciprofloxacin 28,000-31,000
Losartan 2,400-2,500
Cetirizine 1,300-1,400
Metoprolol 800-950
Enrofloxacin 780-900
Citalopram 770-840
Norfloxacin 390-420
Lomefloxacin 150-300
Enoxacin 150-300
Ofloxacin 150-160
Ranitidin 90-160

In this given table Ciprofloxacin, Losartan and
Cetirizine are present in very high level in wastewater.
Ciprofloxacin is high spectrum fluoroquinolone
antibiotic drug and it orally administrated to humans
which is unmetabolized and excreted through urine
(44.7%) and 25% in feces (Fassse, 2017). Losartan is
an antihypertensive drug which decreases blood
pressure. It shows high bio concentration in the
aquatic organisms (US EPA, 2014). Cetirizine is used
to seasonal allergic rhinitis and 1is orally
administrated drug. It unmetabolized and 70 — 85%
are excreted through urine and 10-13% in faces
(NCBI, 2021). Furthermore, it has been estimated
that about 30-90% oral pharmaceutical administrated
drugs generally excreted via urine and faces as active

substances (BIO Intelligence Service, 2013).

Table 7. Hormonal disruption in vertebrate species due to water contamination

Species Health effect Environmental exposure/PPCP  References
contamination
Mosquito Fish Masculinization Exposure to androgenic Paper Howell et al. (1980),
mill effluents Sumpter (2005) and
Orlando and Guillette
(2007)
Rainbow trout Feminization (male fish  Ethinyl-estradiol (EE2) and Purdom et al. (1994)
producing eggs and alkylphenol ethoxylates present
female hormones such as in sewage treatment plant (STP)
vitellogenin) and sterility effluents
Alligators Reproductive tracts Organochlorines such as DDTs,  Guillette et al. (1994) and

disorder including
reduced penis size in
males and population
decrease

DDEs

safe (2000)

10 |Mathewset al.



Gulls, terns, herons Feminization and other
and other predatory  sexual abnormalities,
birds thin-walled eggshells
White-backed (Gyps
bengalensis) and long- death. These species are

Kidney failure leading to  Veterinary use of diclofenac

J. Bio. & Env. Sci. | 2025
Polychlorinated biphenyls Safe (2000) and Fry
(PCBs), DDTs, DDEs (2005)
Proffitt and Bagla (2004)

billed (Gyps indicus) on the verge of extinction
vultures in South Asia
Snails Imposex (altered sexual  Exposure to tributyltin (TBT) in  Lintelmann et al. (2003);
orientation) marine environment near ports  Sharpe and Irvine (2004) ;
Sumpter (2005)
Daphnia pulex Impaired reproduction  Simazine Falconer et al. (2006)
Ewes/sheep Infertility Observed in sheep that were Adams (2000)
grazed in clover pastures rich in
phytoestrogen. Formononetin in
clovers is primarily held
responsible
Impact of EDC in animals and turtles expose to EDCs (Gilbert and Wendall,

EDCs interferes with the hormonal control of
developing humans and wildlife. It adversely affects
the normal endocrine system functioning in wildlife
animals. Synthetic endocrine chemicals act like
natural hormones and reduce their production (Table
5). It controls organism development, behavior and
metabolism. Hermaphroditism (both male and
female reproductive organs in a single organism) and
impaired offspring survival and development have

been reported in frogs, salmon, oysters, newts, trout

2013). Estrogenic compounds like 17 beta-estradiol
(natural female hormones) and ethinylestradiol
(analogy of 17 beta-estradiol) have been shown to
cause reproductive and developmental effects in fish
1996).

chemical that

and amphibians (Kavlock and Daston,
Ethinylestradiol is a bioactive
bioaccumulates within an organism and 0.1 ng/L is
enough to produce vitellogenin (female egg protein)
in male trout (Purdom and Randall, 1998; Larsson et

al., 1999) (Table 7).

Table 8. Emergence compounds and their health effect in Humans

ED compound  Product Health effect References

Diethylstilbestrol Reproductive disorders, cognitive Birnbaum, 1994; Damgaard
impairment and miscarriage et al., 2002; Falconer et al.,

2006; Inadera, 2006

Industrial Early onset of puberty in girls, delayed Colon et al., 2000; Sharpe

chemicals and puberty in boys and impaired fertility in and Irvine, 2004; Snyder et

organochlorine men al., 2005).

pesticides

DDT Declined sperm counts, sperm quality and Allan et al., 1997; Safe, 2000;
sex ratios in Canada and the United States Mackenzie et al., 2005

High levels of Beauty and skin Puerto Rican girls with premature breast ~ Falconer et al., 2006

phthalate esters care products (such development (premature thelarche).

as shampoos,
lotions, makeup,
and perfume)

Prolonged or permanent neurological
injuries including cognitive impairment
and behaviour abnormalities may occur in

children, particularly to the foetus if
exposed to dioxins and PCBs

Phthalate esters (PE) may have an

Reddy et al., 2006

aetiological association with endometriosis.

Broad-spectrum
antimicrobial agent
Toothpastes,
Antiseptic soaps,
Mouthwash ,
Deodorant ,Hair
products
,Detergents,
Cosmetics
Antibacterial,

Triclosan

Triclocarban

Impact male and female hormones like
testosterone and estrogen, and may also
affect thyroid systems

Associated with lower levels of thyroid

(APUA) January 2011

Calafat et al., 2008;
Gee et al., 2008

UC Davis, 2014
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soaps, deodorants, hormone and testosterone, which could

detergents,
cleansing lotions,

result in altered behaviour, learning
disabilities, or infertility

Parabens Personal care Presence of Butylparaben in low Goswami et al., 2013
products, concentration cause breast tumors.84
cosmetics,
pharmaceutical
products and food.
Human health Eproductive/endocn'ne

According to Kasprzyk-Hordern et al. (2009), the
primary way that humans develop contact with
PPCP is through bioaccumulation in animals or in
naturally occurring freshwater resources (Table 8).
These compounds are hazardous even at ppb doses.
Numerous studies are being conducted to examine
the impact of their PPCPs on aquatic life, human
health, and all other associated living things (Boxall et
al., 2012). The widespread usage of PPCP has led to
an increase in human-related diseases and disorders.
UNEP, WHO (2012) Science of Endocrine Disrupting
Chemicals reports that up to 40% of young males
have reduced semen production. Over the past few
decades, there has been a rise in certain nations in the
number of children affected by neurobehavioral
disorders linked to disruptions of the thyroid. Over
the past 40—50 years, there has been an increase in
endocrine-related malignancies, including those of
the breast, endometrial, ovarian, prostate, testicular,
and thyroid. Worldwide rates of obesity and type 2

diabetes have skyrocketed in the previous 40 years.

Human urine sample
120%

100%

80% -

60%

40% ® Urine sample
20%

0%

Bisphenol Paraben Triclosan
Phthalates

percentage

Compounds

Fig. 5. PCPs concentration in human urine sample

Immune/autoimmune
-Susceptibility to  infections

- Breast/prostate cancer
| - Endometriosis
} - Infertility

- Autoimmune disease
— Diabetes/metabolic syndrome
- Early puberty I:P CPs ™
- Obesity l ‘

disruption of

! human health ‘

Cardiopulmonary
-Asthma

Brain/nervous system ‘

-Alzheimer disease }

- Heart disease/hypertension - Parkinson disease J
_ Stroke - ADHD/learning disabilities

Fig. 6. Diseases induced by exposure to EDCs during
development in animal model and human studies
(UNEP, WHO; 2012)

A WHO analysis estimates that between 1980 and
2008, the number of adults worldwide with type 2
diabetes grew from 153 million to 347 million and
that 1.5 billion persons worldwide are overweight.
While cosmetic items mostly contain bisphenol B,
triclosan, triclocarban, and parabens, personal care
When these
compounds are used, they are absorbed by the body

products also contain phthalates.

and may, with minimal exposure, accumulate in
bodily tissues. For example, methylparaben builds up
in human breast tissues (Darbre et al, 2004).
According to a report, the following PCPs were found
in high concentrations in human urine: bisphenol
(Calafat et al., 2008), triclocarban (Antonia et al,
2008), phthalates (Ying et al., 2011), and parabens
(Ye et al., 2006) (Fig. 5 &6).
Pharmaceutical by-products excreted by usage of
ethinylestradiol (birth control pill), menopause
thyroid replacements, and
which leads

Significant relations have been identified between

treatments, cancer

therapies hormonal disruption.
endocrine disrupters and prostate and breast cancer

(Cizmas et al., 2015)
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Conclusion
In nature, PPCPs are abundant and have the ability
to linger, bioaccumulate, and contaminate
freshwater resources. There is a possible risk of
drinking water pollution since PPCP is not entirely
removed by the sewage treatment system,
particularly in metropolitan locations where there
are high sewage wastewater outputs and low surface
water inputs. We need multiple wastewater
treatment methods, which likely require water
treatment goals since there isn't a single treatment
technique that can remove all toxins from water.
Developing nations have a markedly increased risk
of endocrine disruption from chemical exposure. We
know India is fast growing in the pharmaceutical
industry and has ranked under the top five globally
but there is limited research and data for the
presence of PPCP contamination in Indian water. In
this review we conclude result that pharmaceutical
compounds such as carbamazepine, ciprofloxacin,
erythromycin and cetirizine are used extensively in
India as well as their waste residues found in high
concentration in wastewater treatment plant and
Wherein

triclosan,

rivers also. personal care

products phthalate, triclocarban and
parabens are found in high concentrations in Indian
water. So therefore’ emission of PPCP residues in
surface water can be an imminent threat to the
freshwater resources and increase human health
burden. With concern to the scientific knowledge
and awareness on the potential adverse impact of

EDCs and their handling technologies.

Future research and measurement needs for

PPCPs

To effectively address the challenges posed by

Pharmaceuticals and Personal Care Products

(PPCPs), future research and policy measures

should focus on the following key areas:

1. Appropriate attention from the government and
other concerned agencies regarding PPCP.

2. Establishment of concerted international as well
as local policies to ensure minimal exposure to
EDCs, and also their limited and appropriate

usage.

3. Appropriate drug disposal practices,
minimizing the overuse and inappropriate use of
pesticides and drugs.

4. Manufacturing herbal drug-like estrogens
to replace synthetic steroid hormones.

should be

undertaken to monitor high-risk groups to identify

5. Collaborative research
the pathways of exposure and potential adverse
impacts.

6. Establishment of minimum permissible
limits of pharmaceuticals in wastewater and
implementation of new policy in India.

7. Sustainable and cost-effective research for
pharmaceutical removal strategies in wastewater

treatment plants.

Acknowledgments

The authors are grateful to the RUSA 2.0 Biological
Sciences Grant, Govt. of India, provided to
Bharathidasan University for funding the present

study.

References

Adams C, Asce M, Wang Y, Loftin K, Meyer
M. 2002. Removal of antibiotics from surface and
distilled water in conventional water treatment

processes. J. Environ. Eng. 128(3), 253—-260.

Aker AM, Ferguson KK, Rosario ZY,
Mukherjee B, Alshawabkeh AN, Calafat AM,
Cordero JF, Meeker JD. 2019b. A repeated
measures study of phenol, paraben and
Triclocarban urinary biomarkers and circulating
maternal hormones during gestation in the Puerto

Rico PROTECT cohort. Environ Health 18, 28.

Aker AM, Ferguson KK, Rosario ZY, Mukherjee
B, Alshawabkeh AN, Cordero JF, Meeker JD.
2019a. The associations between prenatal exposure to
triclocarban, phenols and parabens with gestational age

and birth weight in northern Puerto Rico. Environ. Res.

169, 41-51.

13 |Mathewset al.



J. Bio. & Env. Sci. | 2025

Akiba M, Senba H, Otagiri H, Prabhasankar V,
Taniyasu S, Yamashita N, Lee K, Yamamoto T,
Tsutsui T, Ian Joshua D, Balakrishna K, Bairy I,
Iwata T, Kusumoto M, Kannan K, Guruge K.
2015. Impact of wastewater from different sources on
the prevalence of antimicrobial-resistant Escherichia
coli in sewage treatment plants in South India.
Ecotoxicol. Environ. Saf. 115, 203—208.

Alfhili MA, Weidner DA, Lee MH. 2019. Disruption
of erythrocyte membrane asymmetry by triclosan is
preceded by calcium dysregulation and p38 MAPK and
RIP1 stimulation. Chemosphere 229, 103-11.

Allan BB, Brant R, Seidel JE, Jarrell JF. 1997.
Declining sex ratios in Canada. Can. Med. Assoc. J.
156(1), 37-41.

Archana G, Dhodapakar R, Kumar A. 2016.
Offline solid-phase extraction for preconcentration of
pharmaceuticals and personal care products in
simultaneous

environmental water and their

determination using the reversed phase high
performance liquid chromatography method. Environ.

Monit. Assess. 188, 512—522.

Barber LB, Buxton HT. 2002. Pharmaceuticals,
hormones, and other organic wastewater contaminants
in U.S. streams, 1999-2000: A national reconnaissance.
Environmental Science & Technology 36(6), 1202-1211.

Beek T, Weber FA, Bergmann A, Hickmann S,
Ebert I, Hein A, Kiister A. 2015. Pharmaceuticals
in the

environment—global occurrences and

perspectives.  Environmental = Toxicology  and

Chemistry 35(4), 823-835.

Berger K, Eskenazi B, Balmes J, Kogut K,
Holland N, Calafat AM, Harley KG. 2019b.
Prenatal high molecular weight phthalates and
bisphenol A and childhood respiratory and allergic
outcomes. Pediatr. Allergy Immunol. 30, 36-46.

Berger K, Gunier RB, Chevrier J, Calafat AM,
Ye X, Eskenazi B, Harley KG. 2018a. Associations
of maternal exposure to triclosan, parabens, and
other phenols with prenatal maternal and neonatal

thyroid hormone levels. Environ. Res. 165, 379-86.

BIO Intelligence Service. 2013. Study on the
environmental risks of medicinal products, final report
prepared for Executive Agency for Health and
Consumers, BIO Service,  Paris.
https://ec.europa.eu/health/sites/health/files/files/envi

ronment/study_environment.pdf

Intelligence

Birklett JW. 2003. Scope of the problem. In:
Endocrine Disruptors in Wastewater and Sludge
Treatment Processes. Lewis Publishers, Boca Raton,
Florida.

Birnbaum LS. 1994. Endocrine effects of prenatal
exposure to PCBs, dioxins and other xenobiotics:
implications for policy and future research. Environ.

Health Perspect. 102(8), 676—679.

Bornehag CG, Sundell J, Weschler CJ,
Sigsgaard T, Lundgren B, Hasselgren M,
Hiagerhed-Engman L. 2004. The association
between asthma and allergic symptoms in children
and phthalates in house dust: a nested case-control

study. Environ. Health Perspect. 112, 1393-7.

Boxall ABA, Rudd MA, Brooks BW, Caldwell DJ,
Choi K, Hickmann S, Innes E, Ostapyk K,
Staveley JP, Verslycke T, Ankley GT, Beazley KF,
Belanger SE, Berninger JP, Carriquiriborde P,
Coors A, DeLeo PC, Dyer SD, Ericson JF, Van
Der Kraak G. 2012. Pharmaceuticals and personal care
products in the environment: what are the big
questions? Environmental Health Perspectives 120(9),
1221-1229.

Brausch JM, Rand GM. 2011. A review of personal
environment:

toxicity.

care products in the aquatic

environmental concentrations and

Chemosphere 82, 1518—-1532.

Browne MA, Galloway T, Thompson R. 2009.
Microplastics- an emerging contaminant of potential

concern. Integr. Environ. Assess. Manag. 3, 559—561.

Calafat AM, Ye X, Wong LY, Reidy JA,
Needham LIL.
population to bisphenol A and 4-tertiary-octylphenol:

2008. Exposure of the U.S.

2003-2004. Environ. Health Perspect. 116, 39-44.

14 |Mathewset al.



J. Bio. & Env. Sci. | 2025

Calafat AM, Ye X, Wong LY, Reidy JA,
Needham LL. 2008. Urinary concentrations of
triclosan in the U.S. population: 2003-2004.

Environmental Health Perspectives 116(3), 303—307.

Campo J, Masia A, Pic6 Y, Farré M, Barcelo D.
2014. Distribution and fate of perfluoroalkyl
substances

in Mediterranean Spanish sewage

treatment plants. Sci. Total Environ. 472, 912—922.

Carballa M, Omil F, Lema JM, Llompart M,
Garcia-Jares C, Rodriguez I, Gomez M, Ternes
T. 2004. Behavior of pharmaceuticals, cosmetics and
hormones in a sewage treatment plant. Water Res.

38, 2018—2926.

Celi¢ M, Skrbié¢ BD, Insa S, Zivanéev J, Gros
M, Petrovi¢ M. 2020. Occurrence and assessment
of environmental risks of endocrine-disrupting
compounds in drinking, surface, and wastewaters in

Serbia. Environ. Pollut. 262, 114344.

Chakraborty P, Mukhopadhyay M, Sampath S,
Ramaswamy BR, Katsoyiannis A, Cincinelli A,
Snow D. 2019. Organic micropollutants in the
surface riverine sediment along the lower stretch of
the transboundary river Ganga: occurrences, sources,
and ecological risk assessment. Environ. Pollut. 249,

1071-80.

Cizmas L, Sharma VK, Gray CM, McDonald
TJ. 2015. Pharmaceuticals and personal care
products in waters: occurrence, toxicity, and risk.

Environment Chemistry Letters 13(4), 381—394.

Colon I, Caro D, Bourdony CJ, Rosario O.
2000. Identification of phthalate esters in the serum
of young Puerto Rican girls with premature breast
development. Environ. Health Perspect. 108(9),
895—900.

IN, Main KM,
Skakkebaek NE. 2002. Impact of exposure to

Damgaard Toppari J,
endocrine disrupters in utero and in childhood on
adult reproduction. Best Pract. Res. Cl. En. 16(2),
289—3009.

Darbre PD, Aljarrah A, Miller WR, Coldham
NG, Sauer MJ, Pope GS. 2004. Concentrations of
parabens in human breast tumors. J. Appl. Toxicol.

24, 5-13.

Daughton C, Ternes T. 1999. Pharmaceuticals and
personal care products in the environment: agents of
subtle change? Environ. Health Perspect. 107, 907—
938.

Dey S, Bano F, Malik A. 2019. Pharmaceuticals
and personal care product (PPCP) contamination—a
global discharge inventory. Pharmaceuticals and
Personal Care Products: Waste Management and

Treatment Technology 1, 1—26.

Dodson RE, Nishioka M, Standley LJ,
Perovich LJ, Brody JG, Rudel RA. 2012.
Endocrine  disruptors and asthma-associated
chemicals in consumer products. Environ. Health

Perspect. 120, 935-43.

Falconer IR, Chapman HF, Moore MR,
Ranmuthugala G. 2006. Endocrine-disrupting
compounds: a review of their challenge to sustainable
and safe water supply and water reuse. Environ.

Toxicol. 10(1002), 181-191.

Fekadu S, Alemayehu E, Dewil R, Van der
Bruggen B. 2019. Pharmaceuticals in freshwater
aquatic environments: A comparison of the African
and European challenge. Sci. Total Environ. 654,

324-337-

Fick J, Soderstrom H, Lindberg RH, Phan C,
Tysklind M, Larsson DGJ. 2009. Contamination of
surface, ground, and drinking water from
pharmaceutical production. Environmental Toxicology

and Chemistry 28(12), 2522-2527.

Fry DM. 1995. Reproductive effects in birds exposed to
pesticides and industrial chemicals. Environ. Health
Perspect. 103(7), 165—171.

Gambeta E, Chichorro JG, Zamponi GW. 2020.

Trigeminal neuralgia: An overview from
pathophysiology to pharmacological treatments. Mol

Pain 16, 1744806920901890.

15| Mathewset al.



J. Bio. & Env. Sci. | 2025

Gani KM, Kazmi AA. 2016. Contamination of
emerging contaminants in Indian aquatic sources: first
overview of the situation. J. Hazard. Toxic Radioact.
Waste 04016026, 1-12.

Gee RH, Charles A, Taylor N, Darbre PD. 2007.
Oestrogenic and androgenic activity of triclosan in breast

cancer cells. Journal of Applied Toxicology 28(1), 78—91.

Geer LA, Pycke BFG, Waxenbaum J, Sherer DM,
Abulafia O, Halden RU. 2017. Association of birth
outcomes with fetal exposure to parabens, triclosan, and
triclocarban in an immigrant population in Brooklyn,

New York. J. Hazard. Mater. 323, 177-83.

Gilbert M, Masters W, Ela P. 2013. Introduction to
Environmental Engineering and Science (3rd ed.),

Chapter Water Pollution, Page 195.

Gokulakrishnan S, Chandraraj K, Guammadi SN.
2005. Microbial and enzymatic methods for the removal

of caffeine. Enz. Micro. Technol. 37(2), 225—232.

Gonsioroski A, Mourikes VE, Flaws JA. 2020.
Endocrine disruptors in water and their effects on the

reproductive system. Int. J. Mol. Sci. 21(6), 1929.

Gore AC, Crews D, Doan LL, La Merrill M,
Patisaul H, Zota A. 2014. Introduction to
endocrine disrupting chemicals (EDCs)—A guide for
public interest organizations and policy-makers.

Endocr. Soc. J. 99, 21—22,

Goswami P, Kalita JC. 2013. Endocrine disrupting
effects of butylparaben - a review. International

Research Journal of Pharmacy 4(1).

Government of India Ministry of Chemicals &
Fertilizers Department of Pharmaceuticals.

2020-21. Annual report.

Guillette LJ Jr, Gross TS, Masson GR, Matter
JM, Percival HF, Woodward AR. 1994.
Developmental abnormalities of the gonad and
abnormal sex hormone concentrations in juvenile
alligators from contaminated and control lakes in
Florida. Environ. Health Perspect. 102(8), 680—-688.

Gunnarsson L, Kristiansson E, Rutgersson C,
Sturve J, Fick J, Forlin L, Joakim Larsson DG.
2009. Pharmaceutical industry effluent diluted 1:500
affects global gene expression, cytochrome P450 1A
activity, and plasma phosphate in fish. Environ.

Toxicol. Chem. 28, 2639—2647.

Guo Y, Alomirah H, Cho H-S, Minh TB, Mohd
MA, Nakata H, Kannan K. 2011. Occurrence of
phthalate metabolites in human urine from several
Asian countries. Environ. Sci. Technol. 45(7), 3138-
3144. https://doi.org/10.1021/es103879m.

Harley KG, Berger KP, Kogut K, Parra K,
Lustig RH, Greenspan LC, Calafat AM, Ye X,
Eskenazi B. 2018. Association of phthalates,
parabens, and phenols found in personal care
products with pubertal timing in girls and boys. Hum.
Reprod. 34, 109-17.

Hashemipour M, Kelishadi R, Amin MM,
Ebrahim K. 2018. Is there any association between
phthalate exposure and precocious puberty in girls?
Environ. Sci. Pollut. Res. 25, 13589-96.

Heberer T, Schmidt-Biumler K, Stan HJ. 1998.
Occurrence and distribution of organic contaminants in
the aquatic system in Berlin. Part II: Substituted phenols
in Berlin surface water. Acta Hydrochimica et

Hydrobiologica 26, 272—278.

Heberer T. 2002. Occurrence, fate, and removal of
pharmaceutical residues in the aquatic environment: a

review of recent research data. Toxicol. Lett. 131, 5—17.

Howell WM, Black DA, Bortone SA. 1980.
Abnormal expression of second-order sex characters in a
population of mosquitofish, Gambusia affinis holbrooki:
induced

evidence from environmentally

masculinization. Copeia 4, 676—681.

Huang S, Li J, Xu S, Zhao H, Li Y, Zhou Y, Fang
J, Liao J, Cai Z, Xia W. 2019. Bisphenol A and
bisphenol S exposures during pregnancy and gestational
age — A longitudinal study in China. Chemosphere 237,
124426.

16 | Mathewset al.



J. Bio. & Env. Sci. | 2025

Inadera H. 2006. The immune system as a target for
environmental chemicals: Xenoestrogen and other

compounds. Toxicol. Lett. 164, 191—206.

Jackson-Browne MS, Papandonatos GD, Chen
A, Yolton K, Lanphear BP, Braun JM. 2019.
Early-life triclosan exposure and parent-reported
behavior problems in 8-year-old children. Environ.
Int. 128, 446-56.

Jayashree, Murugaragavan. 2021. Impact of
personal care products on human health. Sabujeema: An
International Multidisciplinary 1(5).

Jiang Y, Zhao H, Xia W, Li Y, Liu H, Hao K,
Chen J, Sun X, Liu W, Li J, Peng Y, Hu C, Li C,
Zhang B, Lu S, Cai Z, Xu S. 2019. Prenatal exposure
to benzophenones, parabens and triclosan and
neurocognitive development at 2 years. Environ. Int.

126, 413-21.

Jones OAH, Voulvoulis N, Lester JN. 2003.
Potential impact of pharmaceuticals on environmental
health. Bull. World Health Org. 81(10), 401—427.

Kang H, Kim S, Lee G, Lee I, Lee JP, Lee J, Park
H, Moon HB, Park J, Kim S, Choi G, Choi K.
2019. Urinary metabolites of dibutyl phthalate and
benzophenone-3 are potential chemical risk factors of
chronic kidney function markers among healthy women.
Environ. Int. 124, 354-60.

Kasprzyk-Hordern B, Dinsdale RM, Guwy AJ.
2009. The removal of pharmaceuticals, personal care
products, endocrine disruptors and illicit drugs during
wastewater treatment and its impact on the quality of

receiving waters. Water Res. 43, 363-380.

Kavlock RJ, Daston GP. 1996. Research needs for
the risk assessment of health and environmental effects
of endocrine disruptors: A report of the U.S. EPA-
sponsored workshop. Environ. Health Perspect.

194(supplement 4), 715-740.

Kinney CA, Furlong ET, Werner SL. 2006.
Presence and distribution of wastewater-derived
pharmaceuticals in soil irrigated with reclaimed water.

Environ. Toxicol. Chem. 25(2), 317-26.

Klosterhaus SL, Grace R, Hamilton MC, Yee D.
2013. Method validation and reconnaissance of
pharmaceuticals, personal care products, and alkyl
phenols in surface waters, sediments, and mussels in an

urban estuary. Environ. Int. 54, 92—99.

Kolpin DW, Furlong ET, Meyer MT, Thurman
EM, Zaugg SD, Barber LB, Buxton HT. 2002.
Pharmaceuticals, hormones, and other organic
wastewater contaminants in U.S. streams, 1999-2000: A
national reconnaissance. Environ. Sci. Technol. 36(6),

1202-1211.

Kumar A, Batley GE, Nidumolu B, Hutchinson
TH. 2016. Derivation of water quality guidelines for
priority pharmaceuticals. Environ. Toxicol. Chem. 35,

1815-1824.

Lapworth DJ, Das P, Shaw A, Mukherjee A,
Civil W, Petersen JO, Gooddy DC, Wakefield
O, Finlayson A, Krishan G, Sengupta P,
MacDonald AM. 2018. Deep urban groundwater
vulnerability in India revealed through the use of
emerging organic contaminants and residence time
tracers. Environ. Pollut. 240, 938-949.

Larsson D. 2014. Pollution from drug
manufacturing: review and perspectives. Philos.

Trans. R. Soc. B. 369(1656).

Larsson DGJ, Adolfsson-Erici M, Parkkonen
J, Pettersson M, Berg AH, Olsson PE, Forlin L.

1999.
contraceptive? Aquat. Toxicol. 45(2-3), 91—97.

Ethinyloestradiol — an undesired fish

Larsson DGJ, de Pedro C, Paxeus N. 2007.
Effluent from drug manufacturers contains extremely

high levels of pharmaceuticals. J. Hazard. Mater.

148(3), 751-755.

Lemus JA, Blanco G, Grande J, Arroyo B,

Garcia-Montijano M, Martinez F. 2008.
Antibiotics threaten wildlife: circulating quinolone
residues and disease in avian scavengers. PLoS One

3.

17 |Mathewset al.



J. Bio. & Env. Sci. | 2025

LiH, Zhao Y, Chen L, Su Y, Li X, Jin L, Ge RS.
2017. Triclocarban and triclosan inhibit human
aromatase via different mechanisms. Biomed. Res.
Int. 8284097.

Lim S, Yoon JH. 2019. Exposure to environmental
pollutants and a marker of early kidney injury in the
general population: Results of a nationally
representative cross-sectional study based on the
Korean National Environmental Health Survey
(KoNEHS) 2012—2014. Sci. Total Environ. 681, 175-

82.

Lintelmann J, Katayama A, Kurihara N, Shore
L, Wenzel A. 2003. Endocrine disruptors in the
environment. Pure Appl. Chem. 75(5), 631—681.

Liu H, Ma L, Zhao J, Liu J, Yan J, Ruan J,
Hong F. 2008. Biochemical toxicity of nano-anatase
TiO2 particles in mice. Biol. Trace Elem. Res. 129(1—
3), 170—180.

Lu S, YuY, Ren L, Zhang X, Liu G, Yu Y. 2018.
Estimation of intake and uptake of bisphenols and
triclosan from personal care products by dermal

contact. Sci. Total Environ. 621, 1389-96.

Luo Y, Guo W, Ngo HH, Nghiem LD, Hai FI,
Zhang J, Liang S, Wang XC. 2014. A review on
the occurrence of micropollutants in the aquatic
environment and their fate and removal during
wastewater treatment. Sci. Total Environ. 473—474,
619—641.

LvY,LuS,DaiY, Rui C,Wang Y, Zhou Y, LiY,
Pang Q, Fan R. 2017. Higher dermal exposure of
cashiers to BPA and its association with DNA
oxidative damage. Environ. Int. 98, 69-74.

Mackenzie CA, Lockridge A, Keith M. 200s5.
Declining sex ratio in a First Nation community.

Environ. Health Perspect. 113(10), 1295-1298.

Milosevi¢ N, Mili¢ N, Zivanovi¢ Bosié D,
Bajkin I, Perci¢ I, Abenavoli L, Medié
Stojanoska M.

2017. Potential influence of

phthalates on normal liver function and
cardiometabolic risk in males. Environ. Monit.

Assess. 190, 17.

Mishra K, Sharma RC. 2011. Contamination of
aquatic system by chlorinated pesticides and their
spatial distribution over North-East India. Toxicol.

Environ. Health Sci. 3(3), 144-155.

Mohamed Abou-Elwafa Abdallah. 2017.
Pharmaceuticals and personal care products (PPCPs)

in the freshwater aquatic environment, 1-16.

Mutiyar P, Mittal A. 2014. Occurrences and fate of
selected human antibiotics in influents and effluents
of sewage treatment plant and effluent-receiving river
Yamuna in Delhi (India). Environ. Monit. Assess.

186, 541-557.

Nikolaou AS, Meric D, Fatta. 2007. Occurrence
patterns of pharmaceuticals in water and wastewater

environments. Anal. Bioanal. Chem. 387, 1225-1234.

Oaks JL, Gilbert M, Virani MZ, Watson RT,
Meteyer CU, Rideout BA, Shivaprasad HL,
Ahmed S, Chaudhry MJI, Arshad M,
Mahmood S, Ali A, Khan AA. 2004. Diclofenac
residues as the cause of vulture population decline in

Pakistan. Nature 427, 630—3.

Orlando EF, Guillette LJ. 2007. Sexual dimorphic
responses in wildlife exposed to endocrine-disrupting

chemicals. Environ. Res. 104(1), 163—173.

Papageorgiou M, Kosma C, Lambropoulou D.
2016. Seasonal occurrence, removal, mass loading,
and environmental risk assessment of 55
pharmaceuticals and personal care products in a
municipal wastewater treatment plant in Central

Greece. Sci. Total Environ. 543, 547—-569.

Parada H, Gammon MD, Ettore HL, Chen J,
Calafat AM, Neugut AI, Santella RM, Wolff
MS, Teitelbaum SL. 2019. Urinary concentrations
of environmental phenols and their associations with
breast cancer incidence and mortality following

breast cancer. Environ. Int. 130, 104890.

18 |Mathewset al.



J. Bio. & Env. Sci. | 2025

Parrott JL, Blunt BR. 2005. Life-cycle exposure of
fathead minnows (Pimephales promelas) to an
ethinyl estradiol concentration below 1 ng/L reduces
egg fertilization success and demasculinizes males.

Environ. Toxicol. 20, 131-141.

Pollack AZ, Buck Louis GM, Chen Z, Sun L,
Trabert B, Guo Y, Kannan K. 2015. Bisphenol A,
benzophenone-type ultraviolet filters, and phthalates
in relation to uterine leiomyoma. Environ. Res. 137,

101-7.

Pollack K, Balazs K, Ogunseitan O. 20009.
Proteomic assessment of caffeine effects on coral

symbionts. Environ. Sci. Technol. 43(6), 2085-91.

Pomati F, Netting AG, Calamari D, Neilan BA.
2004. Effects of erythromycin, tetracycline, and
ibuprofen on the growth of Synechocystis sp. and
Lemna minor. Aquat. Toxicol. 67, 387—396.

Prabhasankar V, Joshua D, Balakrishna K,
Siddiqui I, Taniyasu S, Yamashita N, Kannan
K, Akiba M, Praveen Kumar Reddy Y, Guruge
K. 2016. Removal rates of antibiotics in four sewage
treatment plants in South India. Environ. Sci. Pollut.
Res. 23, 8679—8685.

Proffitt F, Bagla P. 2004. Circling in on a vulture

killer. Science 306, 223.

Purdom CE, Hardiman PA, Bye VJ, Eno NC,
Tyler CR, Sumpter JP. 1994. Estrogenic effects of
effluents from sewage treatment works. Chem. Ecol.

8, 275—285.

Purdom IFH, Randall GLP. 1998. Natural and

anthropogenic  environmental oestrogens: the
scientific basis for risk assessment: principles of risk

assessment. Pure Appl. Chem. 70(9), 1671-1683.

Quintiles IMS. 2020. Global medicines use in
2020: Outlook and implications. Available online:
https://pt.slideshare.net/IMSHealth1/global-

medicines-use-in-2020-outlook-and-implications.

Ramaswamy BR, Shanmugam G, Velua G,
Rengarajan B, Larsson DGJ. 2011. GC-MS
analysis and ecotoxicological risk assessment of
triclosan, carbamazepine, and parabens in Indian

rivers. J. Hazard. Mater. 186, 1586-1593.

Ramos S, Homem V, Alves A, Santos L. 2016. A
review of organic UV-filters in wastewater treatment

plants. Environ. Int. 86, 24—44.

Reddy BS, Rozati R, Reddy BVR, Raman
NVVSS. 2006. Association of phthalate esters with
endometriosis in Indian women. Int. J. Obstet.

Gynaecol.

Report on Indian Cosmetics Industry. Ministry of
Economy and Industry (Foreign Trade Administration),
Consulate General of Israel, Mumbai Economic
Department.

Rocha MJ, Madureira TV, Venade CS, Martins I,
Campos J, Rocha E. 2019. Presence of estrogenic
endocrine disruptors in three European estuaries in
Northwest Iberian Peninsula (Portugal). Toxicol.
Environ. Chem. 101, 244—264.

Sackaria M, Elango L. 2019. Organic micropollutants
in groundwater of India—A review. Water Environ. Res.

92, 504-23.

Safe SH. 2000. Endocrine disruption and human
health: is there a problem? An update. Environ. Health
Perspect. 108(6), 487—493.

Safe SH. 2000. Endocrine disruption and human
health: Is there a problem? An update. Environ. Health
Perspect. 108(6), 487—493.

Santos J, Aparicio I, Alonso E. 2007. Occurrence
and risk assessment of pharmaceutically active
compounds in wastewater treatment plants. A case

study: Seville city (Spain). Environ. Int. 33, 596—601.

Scinicariello F, Buser MC. 2016. Serum testosterone
concentrations and urinary bisphenol A, benzophenone-
3, triclosan, and paraben levels in male and female
children and adolescents: NHANES 2011-2012. Environ.
Health Perspect. 124, 1898-904.

19 |Mathewset al.



J. Bio. & Env. Sci. | 2025

Seiler RL, Steven ZD, Thomas JM, Howcroft DL.
1999. Caffeine and pharmaceuticals as indicators of

wastewater contamination in wells. Ground Water.

37(3), 405—410.

Sharma BM, Becanova J, Scheringer M, Sharma
A, Bharat GK, Whitehead PG, Klanova J,
Nizzetto L. 2019. Health and ecological risk
assessment of emerging contaminants (pharmaceuticals,
personal care products, and artificial sweeteners) in
surface and groundwater (drinking water) in the Ganges

River Basin, India. Sci. Total Environ. 646, 1450—1467.

Sharma VK, Anquandah GAK, Nesnas N. 20009.
Kinetics of the oxidation of endocrine disruptor
nonylphenol by ferrate(VI). Environ. Chem. Lett. 7,
115-119.

Sharpe RM, Irvine DS. 2004. How strong is the
evidence of a link between environmental chemicals
and adverse effects on human reproductive health?

Brit. Med. J. 328, 447—451.

Skarha J, Minguez-Alarcéon L, Williams PL,
Korevaar TIM, de Poortere RA, Broeren MAC,
Ford JB, Eliot M, Hauser R, Braun JM. 2019.
Cross-sectional  associations between  urinary
triclosan and serum thyroid function biomarker

concentrations in women. Environ. Int. 122, 256-62.

Smarr MM, Honda M, Kannan K, Chen Z, Kim
S, Louis GMB. 2018. Male urinary biomarkers of
antimicrobial exposure and bi-directional
associations with semen quality parameters. Reprod.

Toxicol. 77, 103-8.

Snyder EM, Pleus RC, Snyder SA. 200s5.
Pharmaceuticals and EDCs in the US water industry:
An update. J. Am. Water Works Assoc. 97(11), 32—36.

Snyder SA, Adham S, Redding AM, Cannon
FS, Decarolis J, Oppenheimer J, Wert EC,
Yoon Y. 2006. Role of membranes and activated
carbon in the removal of endocrine disruptors and

pharmaceuticals. Desalination 202, 156—181.

Snyder SA, Westerhoff P, Yoon Y, Sedlak DL.
2003. Pharmaceuticals, personal care products, and
endocrine disruptors in water: implications for the

water industry. Environ. Eng. Sci. 20(5), 449—469.

Stackelberg PE, Furlong ET, Meyer MT, Zaugg
SD, Henderson AK, Reissman DB. 2004.
Persistence of pharmaceutical compounds and other
organic wastewater contaminants in a conventional

drinking water treatment plant. Sci. Total Environ.
329, 99-113.

Subedi B, Balakrishna K, Joshua DJ, Kannan

K. 2017. Mass loading and removal of

pharmaceuticals and personal care products

including psychoactives, antihypertensives, and
antibiotics in two sewage treatment plants in

Southern India. Chemosphere 167, 429—437.

Subedi B, Balakrishna K, Sinha R, Yamashita
N, Balasubramanian V, Kannan K. 2015a. Mass
loading and removal of pharmaceuticals and personal
care products, including psychoactive and illicit drugs
and artificial sweeteners, in five sewage treatment
plants in India. J. Environ. Chem. Eng. 3, 2882—
2801.

Sumpter JP. 2005. Endocrine disruptors in the
aquatic environment: an overview. Acta Hydroch.

Hydrob. 33(1), 9—16.

Taggart MA, Senacha KR, Green RE, Cuthbert
R, Jhala YV, Meharg AA, Mateo R, Pain DJ.
2009. Analysis of nine NSAIDs in ungulate tissues
available to critically endangered vultures in India.

Environ. Sci. Technol. 43, 4561—4566.

Ternes TA, Joss A, Siegrist H. 2004. Scrutinizing
pharmaceuticals and personal care products in

wastewater treatment. Environ. Sci. Technol. 38(20),
392A-399A.

U.S. Environmental Protection Agency (EPA).
2007. Senior Policy Council. Nanotechnology White
Paper.
http://www.epa.gov/osa/pdfs/nanotech/epananotec
hnology-whitepaper-0207.pdf.

20 |[Mathews et al.



J. Bio. & Env. Sci. | 2025

UC Davis. 2014. Anti-bacterial personal hygiene
products may not be worth potential risks. UC Davis

Health System Feature Story.

UNEP, WHO. 2012. State of the science of
endocrine disrupting chemicals. ISBN: 978-92-807-
3274-0 (UNEP) and 978-92-4-150503-1 (WHO).

Urinary Concentrations of Triclosan in the
U.S. Population: 2003-2004. 2008. Environ.
Health Perspect. 116(3), 303—307. Published online
2007 Dec 7. https://doi.org/10.1289/ehp.10768.

Van Boeckel TP, Brower C, Gilbert M, Grenfell
BT, Levin SA, Robinson TP, Teillant A,
Global
antimicrobial use in food animals. Proc. Natl. Acad.

Laxminarayan R. 2015. trends in

Sci. 112(18), 5649—5654.

Watkins DJ, Ferguson KK, Anzalota Del Toro
LV, Alshawabkeh AN, Cordero JF, Meeker JD.
2015. Associations between urinary phenol and
paraben concentrations and markers of oxidative
stress and inflammation among pregnant women in

Puerto Rico. Int. J. Hyg. Environ. Health. 218, 212-9.

Wei L, Qiao P, Shi Y, Ruan Y, Yin J, Wu Q,
Shao B. 2017. Triclosan/triclocarban levels in
maternal and umbilical blood samples and their
association with fetal malformation. Clin. Chim. Acta.
466, 133-7.

Westerhoff P.

disruptors, pharmaceuticals,

2003. Removal of endocrine
and personal care
products during water treatment. Southwest Hydrol.
2(6), 18—19.

Williams M, Kookana RS, Mehta A, Yadav SK,
Tailor BL, Maheshwari B. 2019. Emerging
contaminants in a river receiving untreated
wastewater from an Indian urban centre. Sci. Total

Environ. 647, 1256-1265.

Woodrow Wilson International Center of
Scholars (WWIC). 2010. Consumer products. The
Project on

Emerging Nanotechnologies.

http://www.nanotechproject.org/inventories/consumer/

World Health

Pharmaceuticals in drinking-water. 1—49.

Organization. 2011.

Yang GC, Yen CH, Wang CL. 2014. Monitoring
and removal of residual phthalate esters and
pharmaceuticals in the drinking water of
Kaohsiung City, Taiwan. J. Hazard. Mater. 277,

53—61.

Yazdankhah SP, Scheie AA, Heoiby EA,
Lunestad B-T, Heir E, Fotland TG, Naterstad
K, Kruse H. 2006. Triclosan and antimicrobial
resistance in bacteria: an overview. Microb. Drug

Resist. 12, 83-90.

Ye J, Zhu W, Liu H, Mao Y, Jin F, Zhang J.
2018. Environmental exposure to triclosan and
polycystic ovary syndrome: a cross-sectional study
in China. BMJ 8, e019707.

Ye X, Bishop AM, Reidy JA, Needham LL,
Calafat AM.

biomarkers of exposure in humans. Environ.

2006. Parabens as urinary

Health Perspect. 114, 1843-6.

Zhou Y, Yao Y, Shao Y, Qu W, Chen Y, Jiang

Q. 2019.
concentrations and biomarkers of oxidative DNA

Urinary  bisphenol  analogues
and RNA damage in Chinese school children in
East China: a repeated measures study. Environ.

Pollut. 254, 112921.

Zhou Z, Lei Y, Wei W, Zhao Y, Jiang Y,
Wang N, Li X, Chen X. 2019. Association
between prenatal exposure to bisphenol A and
birth outcomes: a systematic review with meta-

analysis. Medicine (Baltimore) 98, e17672.

Zoeller RT, Brown TR, Doan LL, Gore AC,
Skakkebaek NE, Soto AM, Woodruff TJ, Saal
FSV. 2012. Endocrine-disrupting chemicals and
public health protection: a statement of principles
from The Endocrine Society. Endocrinology 153,
4097-4110.

21 |Mathewset al.



