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Abstract
Endocrine-disrupting chemicals (EDCs) are a prime concern for the environment and health globally. Research shows that 
in developing countries such as India both the environment and human populations are severely exposed to EDCs and conse-
quently experience rising incidents of adverse health effects such as diabetes and cancers. In this paper, we discuss the current 
EDC management approach in India, critically assess its limitations, and describe opportunities for potential improvements. 
Foremost, current EDC management actions and interventions in India are fragmented and outdated, and far behind the 
modern and comprehensive approaches adopted in the European Union and other developed countries. Strong and well-
planned actions are required on various fronts of science, policy, commerce, and public engagement. These actions include 
the adoption of a dedicated and modern regulatory framework for managing EDCs, enhancing capacity and infrastructure 
for EDC monitoring in the environment and human population, employing public–private partnership programs for not only 
managing EDCs but also in the sectors that indirectly contribute toward the mismanagement of EDCs in the country, and 
raising awareness on EDCs and promoting health-preserving consumption habits among the public. As India hosts a large 
proportion of the global human population and biodiversity, the success or failure of its actions will substantially affect the 
direction of global efforts to manage EDCs and set an example for other developing countries.

Keywords Endocrine-disrupting chemicals · Chemical management policy · Environmental governance reform · Human 
health · Developing countries · India

Introduction

Endocrine-disrupting chemicals (EDCs) are ubiquitous 
in the environment, human food, and consumer products 
(Wong and Durrani 2017; Vaccher et al. 2020; Ostad-Ali-
Askari 2022). Thousands of chemicals have been found to 
have the potential to impair at least one of the three endo-
crine pathways (oestrogen, androgen, and thyroid) (Kahn 
et  al. 2020), and the United Nations Environment Pro-
gramme (UNEP) lists 45 chemicals as EDCs as the result 
of being screened through at least one “thorough scientific 
assessment” (UNEP 2017).

EDCs are responsible for adverse health outcomes that 
can emerge over the entire human lifespan (Johansson et al. 
2017; Street et al. 2018; Kahn et al. 2020; Nesan and Kur-
rasch 2020). Susceptibility to EDC-induced conditions is 
not uniform across the world population, but is more pro-
nounced among disadvantaged groups (Bornman et al. 2017; 
Ruiz et al. 2018b; Daniels et al. 2018; Attina et al. 2019; 
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Quirós-Alcalá et al. 2020), especially those in develop-
ing countries in Sub-Saharan Africa (556 million), South 
Asia (533 million), and Latin America and the Caribbean 
(38 million). India alone accounts for 369 million multidi-
mensionally poor people suffering from deprivation in health 
care, education, and living conditions (UNDP and OPHI 
2020). Reducing EDC exposure and minimizing health con-
sequences across the globe is paramount for achieving the 
Sustainable Development Goals (SDGs) (WHO 2016). This 
can be achieved by making chemicals- and health-related 
policies (and their implementation) in developing coun-
tries more effective, also by looking at what has and has not 
worked in industrialized countries.

While international harmonization of the scientific and 
technical approach to regulating and managing EDCs is a 
requirement, approaches should still be tailored to the local 
environment, political system, economy, and culture in 
developing countries. This paper describes and examines 
India’s current approach to managing EDCs, evaluates the 
existing management system’s strengths and limitations, and 
provides recommendations to endorse better public health 
protection from EDCs.

Needs of EDC Management in Developing 
Countries: India’s Context

A large body of scientific evidence provides clear insights 
into the causal link between EDC exposure and health 
outcomes. Over the last two decades, Multilateral Envi-
ronmental Agreements (MEAs) have emerged to protect 
human health and the environment from the adverse effects 
of particularly hazardous chemicals, such as Persistent 
Organic Pollutants (POPs) and Mercury. Even though these 
MEAs contingently encompass several EDCs, EDCs are 
not included as such (UNEP 2019; Escobar-Pemberthy and 
Ivanova 2020). The success of MEAs largely depends on 
how and to what extent their requirements are met in devel-
oping countries, particularly in those experiencing rapid eco-
nomic and industrial transition, acting as significant emitters 
of hazardous chemicals (Evers et al. 2016).

India’s economy has grown tremendously in recent 
times (accounting for US$ 3.12 trillion in the financial year 
2021–22) and with a heavy toll on the environment. The 
rapid economic transition and associated fast industrializa-
tion (particularly of the Indian chemical industry) and urban-
ization in India have triggered multifaceted environmental 
and social challenges including rising greenhouse gas emis-
sions, depletion of natural resources, and surge in concen-
trations of various synthetic chemical contaminants in the 
atmosphere and water resources. In the last two decades, 
the cost of damage done by pollution and natural disasters 
in India has risen from $14 to $80 billion annually, close 

to 6% of the gross domestic product (GDP) (Managi and 
Jena 2008; The World Bank 2013). In the European Union 
(EU) and the United States (US), the estimates of the burden 
and disease cost of EDCs reached up to €163 million and 
$340 million, respectively, even though only a small subset 
of EDCs and associated health outcomes was taken into con-
sideration (Kassotis et al. 2020). Similar calculations have 
not been made for India. However, fragmentary data on EDC 
levels in human and environmental samples in India suggest 
that pressure from these contaminants is similar to Europe 
and the US (Sharma et al. 2014a; Fång et al. 2015; Breivik 
et al. 2016; Katsikantami et al. 2016). Moreover, poverty, 
malnutrition, illiteracy, poor living conditions, and limited 
access to healthcare by a substantial fraction of the popu-
lation are likely to make India more susceptible to severe 
social and health impacts of EDCs.

A review of data on prioritized EDCs (e.g. dichlorodi-
phenyltrichloroethane (DDT), lindane, polychlorinated 
biphenyls (PCBs), etc.) reported elevated concentrations in 
the Indian environment and human population (compared 
to the international context including emerging economies 
like China) (Sharma et al. 2014a). Similarly, a recent global 
survey measuring selected EDCs (in particular DDT) in 
breastmilk, carried out by WHO and UNEP, highlighted that 
Indian women and infants are among the most exposed in the 
world (Berg et al. 2017). A recent nationwide pilot study has 
reported the widespread occurrence of per- and polyfluoro-
alkyl substances (PFASs) in humans from different loca-
tions across India including those residing along the pristine 
areas of the Indian Himalayas (Ruan et al. 2019). Another 
study focusing on pregnant women and their offspring from 
Southern India detected phenolic EDCs including parabens, 
bisphenol-A (BPA), and triclosan, at concentrations com-
parable to those detected in populations from developed 
countries like Japan and Spain (Shekhar et al. 2017). Simi-
larly, recent studies have reported widespread exposure to 
phthalates across different locations in India (Babu-Rajen-
dran et al. 2018; Mukherjee Das et al. 2022). Furthermore, 
recent studies have also linked elevated EDC burden in the 
Indian population to adverse health effects such as childhood 
obesity, which is a major risk factor for other health issues 
including type 2 diabetes in later life stages (Xue et al. 2015; 
Dutta and Khadgawat 2015). However, all these pilot studies 
do not really provide a comprehensive assessment of EDC 
human exposure in India as compared to well-planned, sys-
tematic, and comprehensive national human biomonitoring 
(HBM) programs in Europe and North American countries. 
Nevertheless, one important conclusion from these studies 
is that the Indian population is exposed (in some cases to a 
similar degree as in developed countries) to both legacy pes-
ticidal and industrial chemicals as well as modern emerging 
pollutants falling under the classifications of EDCs. Data on 
other groups of EDCs are scarce or entirely missing.
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This hypothesis that in India there are increasing health 
impacts from EDC pressure on the human population is cor-
roborated by data on diseases like diabetes and some cancers 
that have been linked to EDCs (Rachoń 2015; Lind and Lind 
2018). Diabetes incidence in India increased from 26 million 
in 1990 to 65 million in 2016 compared to the population 
growth of about 50% during the same period (Pandey and 
Sharma 2018; Tandon et al. 2018). Similarly, the number of 
total deaths and disability-adjusted life-years (DALY) due 
to cancer doubled in India between 2009 and 2016 (Dhillon 
et al. 2018). Concurrently, there is documented evidence 
of increased EDC occurrence in both consumer products 
(reflecting global trends) and in the environment (Sharma 
et al. 2014a, 2021). Poor pollution control and chemical 
management combined with the rapidly changing socio-
economic conditions in India certainly play a role in exac-
erbating negative impacts (Kaveeshwar and Cornwall 2014; 
Mallath et al. 2014; Sharma et al. 2014b; Dutta and Khad-
gawat 2015).

Challenges for Managing EDCs in India

A scientifically informed assessment and management of 
risk is the main pillar of advanced chemical regulatory 
frameworks. In the EU, the regulation on Registration, 
Evaluation, Authorisation and Restriction of Chemicals 
(REACH) and the General Food Law (focused on the risk 
posed by plant protection product residues, artificial food 
additives, and contaminants in food) are examples of regula-
tions that centralize risk analysis relevant also for EDCs and 
human health (Majcen 2017). These regulations consider 
risk assessment, risk management, and risk communication 
as three distinct, yet interdependent elements of the risk 
analysis framework whereby risk assessment is informed 
through a holistic analysis that considers all available data 
and knowledge (including technical data on the compounds, 
data on the usage of chemicals, knowledge, and data on their 
behaviour and fate during the life cycle, knowledge on expo-
sure pathways and effects at a different level of biological 
organizations). Risk management is the set of measures 
adopted to effectively keep risks for humans and the environ-
ment under control. Finally, risk communication is essential 
for the effective implementation of risk management actions 
and involves all principal societal actors (industry and trade 
organizations, environmental and health organizations, 
customer associations, etc.). These regulations also intro-
duce the precautionary principle in risk management as the 
norm to address any substances for which available data and 
knowledge are currently insufficient for drawing a robust 
assessment of risk.

EDC criteria are not yet fully embodied in the REACH 
and the General Food Law, mostly due to the challenge of 

short-listing substances for prioritization. However, the EU 
is currently making substantial progress in assimilating the 
latest research advances to define and apply EDC criteria 
for regulatory use. Efforts to systematically collect data on 
human biomonitoring of EDCs and associated health risks 
are ongoing, too (Choi et al. 2015; Apel et al. 2020).

Currently, India is updating its regulatory approach 
toward managing chemicals by drafting a new regulation, the 
Chemical (Management and Safety) Rules (CMSR). These 
rules are intended to replace two existing regulations—the 
Manufacture, Storage and Import of Hazardous Chemical 
Rules and the Chemical Accidents (Emergency Planning. 
Preparedness and Response) Rules. The CMSR aligns with 
the concept of the EU REACH regulation and is also termed 
“Indian REACH”, which requires manufacturers, import-
ers, or authorized representatives to notify new or existing 
substances and register specific substances. Taking these 
EU regulations as a term of comparison, several challenges 
exist for India (and other rapidly industrializing developing 
countries) to lift EDC management and health protection 
to the state-of-the-art. These are discussed in the following 
subsections:

EDC Management Overshadowed by Other 
Environmental and Public Health Emergencies

India and many other developing countries are still facing 
multiple basic environmental and health issues. Implications 
of several underlying environmental and public health issues 
are more discernible and, as a result, they are prioritized 
over and receive more resources, infrastructure, and capacity 
for management than the very specific and technical issue 
of EDC pollution in many developing countries including 
India. The major recognized environmental and health chal-
lenges are air pollution, vehicular emissions, industrial emis-
sions and wastes, water scarcity, sanitation, intensive mining 
activities, waste management (urban, rural, and biomedical), 
vector-borne diseases, child mortality and morbidity, hunger, 
malnutrition, etc. (Chandra 2015; Narain 2016; Ostad-Ali-
Askari et al. 2017). In addition, open burning of dumped 
waste is a major source of atmospheric emission of several 
EDCs all over India (Chakraborty et al. 2021a) (Fig. 1). 
Air pollution in India has been associated with 1.67 mil-
lion deaths (17% of the total deaths in the country) in 2019 
(Pandey et  al. 2021). Approximately 91 million people 
in India lack safe access to clean water (Water.org 2021). 
These challenges are exacerbated by other issues such as 
climate-change-driven environmental disasters, COVID-19 
pandemic, and widespread poverty. India is among the top-
ten countries in terms of absolute monetary damages caused 
by natural disasters, accounting for an average annual eco-
nomic loss of $2.9 billion from 1990 to 2015 (Panwar and 
Sen 2020). A pre-COVID-19 estimate suggests that climate 
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change-driven events can push 50 million Indians into pov-
erty (Hallegatte et al. 2016). At the same time, these funda-
mental environmental and health issues overburden existing 
mechanisms and resources for handling EDCs in the country. 
For instance, the COVID-19 pandemic caused unexpected 
changes in the waste composition and constraints to the 
capacity of waste-pickers and informal waste collectors in 
manual sorting and recycling of waste (Sharma et al. 2020). 
Additionally, the COVID-19 crisis set off reverse migra-
tion from urban to rural areas within the country (United 
Nations Environment Programme 2020; Ranjan 2021), 
fostering populations to turn back to farming for both food 
and income, which may drive high pesticide consumption 
to meet the expectation of higher crop yield. Moreover, 
sewage treatment plants and wastewater treatment plants in 
India are non-functional at several places leading to direct 
discharge of waste and wastewater into the water bodies 
leading to EDC contaminations (Chakraborty et al. 2021b; 
Ostad-Ali-Askari and Shayannejad 2021). Apart from prime 
environmental and health issues, rapid expansion of megaci-
ties in India has resulted in a complete mismatch between 
waste production and processing capacity, for both munici-
pal solid waste and industrial hazardous waste (Dutta and 
Jinsart 2020), ultimately contributing to burgeoning release 

of EDCs to the environment and their mismanagement. 
Expanding megacities further contribute to EDC pollution 
and human exposure by altering the food-supply chain and 
causing a shift from traditional, not chemical intensive, to 
modern and chemical-intensive food production, processing, 
and consumption system in developing countries like India 
(FAO 2019). Furthermore, the modern lifestyle in megacities 
directly exposes humans to EDCs including those present in 
consumer and personal care product and household products 
such as carpets, flooring, cleaning products, etc.

Scarce or Unavailable Data from Monitoring, Trade, 
and Stockpiles of EDCs

Despite the evidence of increased exposure to EDCs, par-
ticularly to those used extensively in the past (Sharma et al. 
2014b), there is no systematic and comprehensive National 
(or States-wide) HBM program in India. Available data are 
fragmented and primarily focus on pollution hotspots, which 
may disguise the actual EDC human exposure situation in 
the country (Sharma et al. 2014a). Reported EDCs in HBM 
studies from India typically include legacy pesticides (e.g. 
dichlorodiphenyltrichloroethane (DDT), hexachlorocy-
clohexane (HCH), industrial chemicals (e.g. polychlorinated 

Fig. 1  Major sources for EDCs exposure in the Indian population and the environment; and an overview of essential actions towards effective 
management of EDC pollution and exposure in India
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biphenyl (PCB), solvents and heavy metals (Sharma et al. 
2021). In contrast, data on a large set of extensively used 
EDCs including BPA, phthalates, polybrominated diphenyl 
ethers (PBDEs), PFASs, etc. are scarce or missing (Xue et al. 
2015; Yadav et al. 2015; Shekhar et al. 2017; Pednekar et al. 
2018; Toxics Link 2018a, b; Babu-Rajendran et al. 2018; 
Ruan et al. 2019; Malik et al. 2021; Mukherjee Das et al. 
2022). In this direction, unlike in many developed coun-
tries where EDC human biomonitoring programs are well-
established, the role of public health institutions has not been 
essentially explored in monitoring EDCs and their health 
consequences for the general Indian population. Primarily, 
the capacity of available Indian public health infrastruc-
ture has been mostly deployed to tackle fundamental health 
issues rather than the complex EDC health emergency.

Beyond HBM data, substance prioritization and risk 
assessment require data on environmental and food basket 
contamination. India is home to a vast agro-ecological diver-
sity and is among the world’s top food producers (including 
packaged food) (Deloitte 2018). Despite the large export 
potential of the Indian food industry, there is no dedicated 
and comprehensive routine monitoring program for residues 
of contaminants in Indian food produce. Poor control of pes-
ticidal residues in Indian food has already caused a rejection 
of export to the EU (Kumar 2016).

Risk analysis requires a focus on the full life cycle of 
a substance. There has been no requirement in India for 
industry or importers to report data on the volumes and 
uses. While this is likely to be a feature of the new CMSR, 
covering a few of the identified EDCs, there is a need to 
fill past and existing gaps. For this, collecting information 
on chemical stockpiles, import, manufacturing, sector-wise 
usage, and waste management will be necessary to estimate 
emissions and exposure scenarios to EDCs. Lack of such 
information challenges the government’s capability of for-
mulating and effectively implementing chemical regulations 
and health protection measures in the country (Steindal and 
Grung 2021). With such data scarcity, the policymakers 
will have to rely on international data, which may have lim-
ited relevance to the conditions in India. Furthermore, even 
though consultations are carried out when establishing new 
regulations, data scarcity will restrict key stakeholders such 
as civil society and independent, non-governmental bodies 
from participating constructively in improving current pol-
icy and management systems. Consequently, the absence of 
adequate and publicly available data on EDCs impedes the 
design of effective and targeted chemical policies and man-
agement practices that are relevant to the Indian situation.

Fragmented Chemical Regulations

With the expansion of the global chemical market, chemical 
manufacturing and processing activities, which were once 

centered mainly in the developed industrialized countries, 
have substantially relocated into the developing countries 
over the last two decades (UNEP 2019). This combined with 
increasing purchasing power and an expanding domestic 
market and in a context of weak environmental and chemi-
cal regulation and management, has contributed to increased 
penetration and use of chemical-intensive products (e.g. 
personal care products, textile, electronics, building mate-
rial, toys, processed food, etc.) into the markets of many 
developing countries (UNEP 2012, 2019), possibly shifting 
exposure patterns towards areas hosting particularly vulner-
able populations.

In India, there are dozens of regulations that directly or 
indirectly deal with various aspects of managing toxic chem-
icals at different stages of manufacturing, use, and trade, 
with a debatable level of efficacy (Sharma et al. 2014b). 
They are generally framed through an “ad hoc” approach 
through an “implicit framework” where the chemical assess-
ment and risk management are activated only after advo-
cation based on strong evidence of adverse effects, and 
whereby the main drivers of exposure are often only partially 
managed. For instance, to protect children from the adverse 
health effects of BPA, the Bureau of Indian Standards (BIS) 
prohibits BPA use in feeding bottles for babies (Mahamuni 
and Shrinithivihahshini 2017). On the other hand, there are 
no measures for BPA content in toys, baby-care products, 
and food and beverage cans, which may contribute to BPA 
exposure in infants or growing children (Snoj Tratnik et al. 
2019).

The existing Indian chemical management regulations 
policy framework can be divided into four domains: envi-
ronmental protection, consumer safety, occupational health 
and safety, and commerce (manufacture, storage, and trade) 
(Table 1). These include more than a dozen Acts or Rules. 
None of these regulations specifically addresses or includes 
a definition of EDCs. Clear frames for prioritizing a sub-
stance as an EDC are missing in Indian regulation, although 
endocrine disruption is suggested as a hazard category in the 
upcoming CMSR.

The implementation of these acts and rules tends to be 
mainly based on adopting safety thresholds established in 
other countries, which may not be adequate for the local 
context, due to several reasons (population physiology, 
consumption and exposure patterns, exposure conditions, 
susceptibility of vulnerable groups, etc.) (James-Todd et al. 
2016; Ruiz et al. 2018a; Hass et al. 2019; La Merrill et al. 
2020).

Several regulatory and implementing institutions are 
responsible for India’s fragmented chemical policy frame 
at the national, state, and local levels, each concerning 
and covering various parts of overall chemical manage-
ment. This complexity leads to a lack of integration, 
unclear jurisdictions, and grey areas resulting in delayed or 



846 B. M. Sharma et al.

1 3

incomplete implementation and cost overrun. For example, 
in the Kodaikanal mercury poisoning case, where several 
tonnes of mercury from a mercury-containing thermom-
eter factory were illegally dumped in a forest causing 
intoxication of workers and locals, conflicting judgments 
on health impacts were given by the Ministry of Labour 
and Employment and a five-member committee constituted 
by the Madras High Court. Similarly, after the endosul-
fan tragedy in Kasargod in Kerala, whereby rural work-
ers were deliberately and systematically exposed to the 
regular aerial spray of endosulfan over two decades, the 
State government prohibited such a practice in 2005. Yet, 
the use of endosulfan continued in other parts of India 
until the nationwide ban imposed in 2011 by an interim 
order of the Supreme Court of India (Dileep Kumar and 
Jayakumar 2019).

Fragmentation of regulation and jurisdiction may also 
trigger lax implementation and enforcement of law. For 
instance, in 2016 The Ministry of Environment, Forest, 
and Climate Change (MoEFCC) passed the notification to 
ban the use of lead (a toxic metal with EDC characteristics) 
in paints exceeding 90 ppm. However, recent studies have 
found alarmingly high levels of lead (up to 4 orders of mag-
nitude higher than the legal threshold) in paints from differ-
ent manufacturers (Toxics Link 2018c, 2019a). Similarly, in 
2015, BPA was banned as a plastic additive in baby feeding 
bottles but studies have shown that this substance is still 
present in bottles labeled as BPA free (Toxics Link 2019b).

Inefficacy of risk communication to societal stakeholders 
and the general population also represents a serious hin-
drance to risk management in India, where a large segment 
of producers, vendors, and consumers are not recipients of 
information on the chemical risk inherent to the products 
they handle, and on the related regulatory provisions inher-
ent to trade, use and waste handling (Tarannum et al. 2018). 
Moreover, the information on existing chemical management 
regulations that is publicly available and the correspond-
ing compliance with such regulations may at times be too 
complex, extensive, and overwhelming, thereby making it 
inaccessible to these actors (Bhaduri and Sharma 2014; Jain 
2020). In such a case, the influence and capacity of public 
opinion and civil society in shaping environmental protec-
tion in general and EDC management in specific will be 
impeded (Kala et al. 2020; Islam et al. 2021).

The CMSR under development in India has the ambition 
to face these challenges and lift chemical management and 
health protection (including from EDCs) to the highest inter-
national standard, which is a challenging task. The CMSR 
will set a more comprehensive list of priority substances 
harvesting from existing international inventories, including 
the list of restricted substances or the candidate list of Sub-
stances of Very High Concern under REACH. It will foresee 
a registration process for substances produced or imported 
into the country based on the classifications of the United 
Nations Globally Harmonized System of Classification and 
Labelling of Chemicals (UNGHS). Notably, the current draft 

Table 1  Current Indian regulations relevant for managing EDCs

Regulatory domain Implementation Area Relevant Indian regulations

Environment Water The Water (Prevention and Control of Pollution) Act 1974 and 
Rules 1975; the Environment (Protection) Act and Rules 1986

Soil The Environment (Protection) Act and Rules 1986
Air The Air (Prevention and Control of Pollution) Act 1981 and Rules 

1982; the Environment (Protection) Act and Rules 1986
Waste The Hazardous Waste (Management, Handling and Transboundary 

Movement) Rules 1989; the Bio-Medical Waste (Management 
and Handling) Rules 1998; the Municipal Solid Waste (Manage-
ment and Handling) Rules 2000; the E-waste (Management and 
Handling) Rules 2011; the Batteries (Management and Handling) 
Rules 2001

Consumer safety Food packaging and additives The Food Safety and Standards (Packaging) Regulations 2006
Consumer products (inc. toys etc.) The Consumer Protection Act 1986; the Public Liability Insurance 

Act and Rules 1991
Occupational health and safety Workplace safety The Chemical Accidents (Emergency Planning, Preparedness, and 

Response) Rules 1996; the Factories Act 1948
Manufacturing, consumption, and trade Import The Manufacture, Storage, and Import of Hazardous Chemical 

Rules 1989; the Customs Act 1962; the Merchant Shipping Act 
1958; the Indian Ports Act 1958

Chemical related regulations The Insecticides Act 1968 and Rules 1971; the Pesticides Manage-
ment Act 2020; the Indian Drugs and Cosmetic Act 1940; Central 
Insecticide Board and Registration Committee’s guidelines for 
biocides
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list of priority substances does not yet include many prior-
ity EDCs such as PBDEs, PFASs, diethyl-meta-toluamide 
(DEET), or synthetic hormones such as progesterone which 
have been prioritized in chemical regulations in the EU and 
the USA (Gore et al. 2015).

Lacking Risk Analysis Capacity in India

There are several institutions currently engaged in actions 
for chemical management in India. The CSIR-National 
Environmental Engineering Institute (NEERI) in India con-
ducts research and development (R&D) studies for solving 
environmental pollution problems, including those involv-
ing some of the EDCs. The institute is also the regional 
centre of the Stockholm Convention for capacity building 
and technology transfer for managing POPs in the Asian 
region (CSIR_NEERI 2019). In addition, other laboratories, 
institutions [e.g., Food Safety and Standards Authority of 
India (FSSAI), Central Pollution Control Board (CPCB), 
State Pollution Control Boards (SPCBs)], and university 
centres produce independent research on the occurrence, 
effects, and impacts of EDCs. A key challenge is the lack 
of infrastructure for creating a knowledge management sys-
tem connecting knowledge and data provided by different 
actors to a central, independent risk assessment authority. 
The European Chemical Agency and the European Food 
Safety Authority (with clear distinctions and jurisdiction) are 
devoted to this central role in the European risk analysis sys-
tem. They serve as recipients and coordinating institutions 
for the work conducted by national authorities in EU mem-
ber states. From this perspective, establishing knowledge 
and data flows linking the key actors, including independent 
experts, is a priority for the establishment of the CMSR.

Disconnected R&D efforts are not ideal for production 
and necessary synthesis for operational risk analysis. It leads 
to widening the knowledge transfer gap within various sec-
tors, cooperation between different stakeholders, and the 
general public. It further impedes unequivocal, trustable, 
and authoritative risk communication. Lack of adequate 
financing and of a harmonized R&D system for designing 
risk analysis infrastructure have traditionally been major 
limitations in India in the chemical management sector. The 
Indian government allocated to the Environment ministry 
(MoEFCC), $385 million in 2021 compared to $295 mil-
lion in 2011 (1 USD = 74.46 INR), not even compensating 
for the inflation rate that ranged between 3 and 11% over 
these years. A major portion of this budget is assigned to 
managing basic environmental issues like air quality man-
agement in Indian cities, National Mission on Green India, 
wildlife conservation, National Coastal Mission, etc. (Min-
istry of Finance; McKinsey Global Institute 2020). At the 
same time, the financial contribution of the private sector 
to overall environmental management is also minimal. It 

concentrates on sectors where direct and immediate financial 
returns are foreseen such as in the sustainable energy and 
waste management sectors (GIZ 2015).

If confronted with the need for a modern and comprehen-
sive risk-analysis-based chemical management, the Indian 
institutional and infrastructural system appears poorly ade-
quate. In this context, the risk management area is the most 
deficient. In the waste management sector, for instance, an 
estimated 90% of the waste generated in India is dumped 
in public spaces instead of being disposed of at engineered 
landfill sites (Kumar et al. 2017). Even in large metropolitan 
cities like Delhi, waste-to-energy (WTE) plants and landfill 
sites are out of capacity and located close to densely popu-
lated residential areas (Kumar et al. 2017; Randhawa et al. 
2020; Ahmed et al. 2020). In rural and semi-urban areas, 
the state of infrastructure for waste management is often 
worse than in cities, lacking the basic capacity to collect, 
segregate, and appropriately manage and dispose of, leav-
ing room for open burning and diffuse sources of hazardous 
substances (including several EDCs) to the environment 
(Sutar and Gawande 2013; Chakraborty et al. 2019). Besides 
municipal waste, the agriculture sector accounts for poorly 
controlled management of plant protection products that can 
directly drive human exposure. Several currently used pesti-
cides are confirmed or suspected EDCs. The Integrated Pest 
Management (IPM) adopted by the Ministry of Agriculture 
and Farmers Welfare (MoAFW) of the Government of India 
acts as a cardinal principle and main plank of plant pro-
tection and aims to minimize environmental contamination 
and occupational poisoning. However, in practice, the execu-
tion of the rules set by the MoAFW on the ground is below 
the safety standard since indiscriminate use and disposal 
of chemical pesticides are still serious issues of concern in 
India (Sharma et al. 2015; Devegappanavar 2020).

India also lacks expertise and experience in remediating 
designated “contaminated sites”, even though the MoEFCC 
through the CPCB and SPCBs ensures appropriate actions 
against the responsible party [Central Pollution Control 
Board (CPCB) 2020]. There are about 280 contaminated 
sites in India, including industrial production areas, land-
fills, dumps, waste storage, and treatment sites, and chemical 
waste handler and storage sites. This number is remarkably 
low compared to for instance the figures for Norway (907) 
and Switzerland (4000) (Federal Office for the Environment 
FOEN 2021; Miljøstatus 2021). Such a difference likely 
reflects insufficient monitoring and inventory capacity to 
correctly identify and characterize pollution hot spots. Con-
taminated sites in India raise serious issues of multi-faceted 
health and environmental problems along with environmen-
tal injustice as often populations living close to these sites 
are socio-economically underprivileged or belong to ethnic 
minorities (Chatham-Stephens et al. 2013).
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Finally, investments are required to establish risk com-
munication infrastructures. Risk communication and stake-
holder engagement are key for policy implementation and 
regulatory frame development, assimilation by societal 
actors, and acceptance. Identification of the institutional 
actors responsible for risk communication, the definition of 
transparent and inclusive rules of engagement with stake-
holders, and the establishment of an efficient information 
infrastructure for risk communication are vital steps that 
India needs to take.

A Way Forward: Opportunities for Effective 
EDC Management

Enhance EDC Monitoring and Prioritization in India

Establishing a comprehensive and nation-wide monitoring 
and control system for EDCs in environmental (including 
food) and human samples is the key to addressing baseline 
exposure, evaluating the effectiveness of chemical manage-
ment, and addressing an early-stage possible emergency 
such as those caused by new pollution hotspots. Monitor-
ing should initially prioritize and focus on legacy and prior-
ity EDCs, such as those included in international conven-
tions and regulations. In a subsequent phase, it should be 
directed towards those EDCs that will be prioritized based 
on newly available and diversified sources of information, 
such as those provided by the registration process in the 
future CMSR and results from the application of risk assess-
ment models on these substances. This will lead to cali-
brating monitoring efforts towards the specific needs of the 
Indian society. Such a monitoring system will also contrib-
ute to the compilation of priority lists of EDCs in the Indian 
context and help to create knowledge bases that support 
research aiming to identify EDCs or potential EDCs rel-
evant in India. The system should comprise expertise from 
environmental, health-related, social, and economic dimen-
sions to tackle multi-directional impacts of EDC pollution 
and human exposure.

Establishing human cohort studies that integrate expo-
some analysis, human biomonitoring, and health outcome 
records is vital to address the link between exposure and 
health outcomes specifically in the Indian context. These 
cohorts should adequately include all the different segments 
of the Indian population, including vulnerable groups. These 
cohorts should subsequently monitor various indicators of 
EDC exposure as well the medical history and the physi-
cal environment of the target population so that the EDC 
exposure levels are linked with the health outcomes, disa-
bility-adjusted life year (DALY), under the influence of con-
founding factors such as socio-economic status, etc. Along 

with developing an EDC monitoring network, it is essential 
to create a national repository of EDC exposure data from 
short-term pilot studies and long-term systematic studies and 
make them available to stakeholders from different sectors.

The development of open data infrastructure should be 
accompanied by a sufficient data collection capacity to make 
data available to the national and international research 
community. Participation of the academic sector can boost 
India’s capacity of prioritizing risk analysis actions.

Defragmenting the EDC Regulatory Framework

The upcoming CMSR is expected to enter into force later 
in 2022 and may represent an important turning point for 
chemical management in India. The CMSR will provide risk 
assessment and management of both individual substances, 
intermediaries, and mixtures. It will require that any sub-
stance manufactured, imported, or placed on the market, 
above 1 tonne per annum, will have to be registered. The 
registry will provide a basis for further labelling, handling, 
and evaluating risk to human health and the environment. 
In cases of unacceptable risk, restrictions or prohibitions 
may be warranted. Furthermore, the CMSR may provide a 
novel opportunity to strengthen the existing regulations for 
effective EDC management in India.

On paper, the introduction of the CMSR addresses several 
of the challenges described previously for risk analysis in 
India, for instance, by resolving regulatory and institutional 
jurisdiction fragmentations and by introducing a prospec-
tive risk management approach (in contrast to the current 
reactive risk management approach). However, an inherent 
challenge for the success of this new policy is to ensure 
the capacity for its effective implementation. Therefore, a 
serious effort for monitoring the enforcement and, when 
necessary, introduce corrective actions already in an early 
stage is required. Public access to the CMSR database and 
data transparency for research purposes and for civil soci-
ety actors are essential for a well-functioning and a societal 
relevant registry.

Developing and Promoting Health‑Preserving 
Consumption Habits Through Risk Communication

Simply enforcing regulatory mechanisms such as prohi-
bitions or restrictions of EDCs and products containing 
EDCs may not be the most effective way to rapidly lower 
EDC pressure on public health. The other avenue is through 
effective and inclusive risk communication to stakeholders 
and the public, provided by an independent, trustable, and 
authoritative institutional voice.

Considering that the major source of exposure to EDCs in 
the general population is through diet, public awareness-rais-
ing, behavioural change, and responsible consumption can 
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be important contributing factors in reducing EDC exposure 
and the risk of related health consequences. In several devel-
oped countries, there are both institutional and independent 
programs to promote the consumption of organically grown 
products, better dietary choices, or safer articles (including 
among others food contact materials), also supported by sci-
ence communication organizations such as the Food Packag-
ing Forum Foundation (https:// www. foodp ackag ingfo rum. 
org/) (Melovic et al. 2020). Currently, North America and 
Europe account for 90% of the global demand for organic 
food (Sahota 2019). On the other hand, the potential scope of 
behavioural change and responsible consumption for mini-
mizing EDC exposure in developing countries like India has 
not been fully explored. Unlike developed countries, tra-
ditional lifestyles, farming, and food in many developing 
economies are still not entirely replaced by modern indus-
trially processed food production systems and thus presents 
greater opportunities for the implementation of strategies 
for responsible consumption and reducing number of chemi-
cals in consumer products (Lee and You 2020; Fenner and 
Scheringer 2021).

The promotion of organic farming in India started very 
recently in 2014–15 under the National Mission for Sustain-
able Agriculture by the MoAFW, which shows that India’s 
organic farming land comprises only about 2% of the total 
agricultural land in the country (Khurana and Kumar 2020). 
Dedicated programs are still required in raising awareness 
among consumers, train farmers, and officials responsible 
for the ground-level implementation of government schemes 
supporting organic farming, and improvising marketing 
strategies at retail and e-commerce platforms (Raghuveer 
Singh et al. 2014; Sondhi 2014).

In addition to the farming processes, food-contact mate-
rials (packing) also contribute to EDC content in the food 
(Geueke et al. 2022). Food contact materials are an impor-
tant area of food safety and health protection regulation in 
Europe and beyond. India is estimated to be the world’s 
third-biggest packaged food market with sales reaching 
47 million tonnes in 2020. It is a timely opportunity to for-
mulate and implement clear safety and quality standards 
for food packaging, incentivize producers and consumers 
towards sustainable and healthy packaging, and promote 
investment in the application and R&D of green packaging 
materials. One important benchmark for regulating EDCs 
in food-contact material in India can be the implementa-
tion of the European Regulation (EC) No 1935/2004, which 
requires food-contact material to be safe, not to transfer com-
ponents into food in quantities that could endanger human 
health, and to be traceable throughout the production chain. 
The regulation also mandates that food contact material 
must be authorized by the European Food Safety Authority 
(EFSA) before being placed on the market, a process that is 
based on the risk analysis approach.

Food industries should invest in promoting the consump-
tion of healthy and safe food. Regularly monitoring the qual-
ity of food products for EDCs and other toxic contents and 
transparently making these results available for consumers 
would be essential in that regard. For instance, some of the 
food brands in developed countries provide information on 
whether their products (e.g. fish oils) contain any highly 
toxic chemicals such as mercury, lead, PCBs, etc. In this 
direction, a new Low-Endocrine-Disruptor (LED) food qual-
ity labelling can be adopted to foster the creation of a market 
niche for safer and healthy food and promote sustainable 
agro- and food business. Similarly, transparent declaration 
of toxic content in products such as toys, food containers, 
cosmetics, etc., which are used by vulnerable populations, 
should be practiced by the manufacturers, particularly on 
products sold in local open markets in rural and semi-urban 
areas. Those vulnerable populations are usually unaware 
of the EDC exposure and related adverse health impacts. 
Regulatory authorities should strictly monitor and incentiv-
ize such practices of declaring harmful content in products. 
Furthermore, transparent implementation of these actions 
has the potential for reducing the risk of rejects in food and 
feed export and for increasing the international market share 
of Indian food products in the future.

In the direction of developing and promoting health-pre-
serving consumption habits and minimizing health risk from 
EDC exposure, there are several areas where, apart from 
the research and legislative institutions, non-governmental 
organizations (NGOs) have a notable role. In particular, the 
foremost role of NGOs in India is foreseen in publicizing 
the issue of EDCs to the general public, especially those 
living in rural, semi-urban, and underprivileged societies in 
megacities, simplifying the complex EDC research findings, 
and presenting the societal perspective on EDC management 
to policymakers and researchers. In 2022, 51 million people 
(about 4% of the total population) in India lived in extreme 
poverty (The Global Statistics 2022) and can be suspected 
of disproportionate exposure to EDCs as compared to the 
population with higher income. This is partially because 
low family income compels them to reside in proximity of 
active sources of EDC release including areas in vicinity of 
industries, e-waste handling sites, municipal waste dump-
sites and landfills, open waste burning sites, or in slums. 
Populations residing in these areas in India have been found 
with elevated body burdens of EDCs (Devanathan et al. 
2012; Eguchi et al. 2012). NGOs can take an active role 
in educating such communities about EDCs and associated 
health impacts, and to help them relocate to safer locations 
and identify ways to minimize EDC exposure.

https://www.foodpackagingforum.org/
https://www.foodpackagingforum.org/
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Public–Private Partnership

In recent years, voluntary public–private partnerships (PPPs) 
have come to play an essential role in different sectors con-
tributing toward attaining SDGs globally. In India, the focus 
of PPP programs has been primarily on the infrastructure, 
health, and education sectors (Kudtarkar 2020). PPP pro-
grams can overcome the public sector’s capital deficit and 
bring the private sector’s competencies and skills to create 
and manage infrastructure. As a result, possibilities to extend 
PPP projects to other sectors are constantly being explored 
(Dolla and Laishram 2020). In recent years, increased 
involvement of PPP has been observed in various infrastruc-
tural projects related to municipal solid waste management 
in India, in some ways contributing to managing EDCs and 
other chemical pollutants (Yeboah-Assiamah et al. 2017; 
Pinupolu and Kommineni 2020). Nevertheless, there is no 
direct involvement of PPP in EDC management in India, 
even though there are plenty of opportunities available to 
support sustainable production and consumption through 
PPP models. For instance, efficient PPP models can be used 
to ensure high-quality infrastructure in the food processing 
sector in India and minimize trade barriers to meet the grow-
ing demand for healthy and local food (KPMG 2021). In the 
same context, the involvement of PPP models is a timely 
means for modernizing the Indian agricultural sector through 
building market infrastructure, knowledge, and technology 
transfer to farmers on sustainable production, etc. (Rankin 
and Rizzo 2016). In addition, PPP models can help effective 
adoption of green chemistry metrics in industrial sectors, 
including the pharmaceuticals and personal care products 
(PPCP) industry that relies heavily on emerging and priority 
EDCs, and not least with the important task of developing 
safer chemical substitutes to EDCs and other chemicals with 
hazardous properties (Ruiz Sierra et al. 2021). Preliminary 
steps in this direction are to identify and determine the EDCs 
for whose management PPP may be a suitable response and 
accordingly develop PPP supporting capacity-building activ-
ities. Overall, there are multidimensional opportunities for 
using PPP models in minimizing EDC exposure and pollu-
tion in India, and their effectiveness will rely on various fac-
tors including adequate openness, transparency, monitoring, 
and effective stakeholder engagement. However, it is pivotal 
that any such PPP should be framed under clear conditions 
of accountability, transparency, inclusiveness, and above 
all be inspired/driven by an independent and objective risk 
assessment and risk communication.

Take Account of Lessons from Developed Countries

Rapid growth is expected in the Indian chemical indus-
try over the present decade, with increases in sales from 
$178 billion in 2020 to $300 billion by 2025 alone (US 

Department of Trade 2022). The CMSR will provide a cru-
cial framework for exposure at the workplace and of the 
general public, as it is estimated that 70% of the chemical 
production is for use within India. The US and EU represent 
important case studies in effective (EU) and less effective 
(US) approaches to regulating this growing industry. A risk-
based framework (US) has multiple limitations in its capac-
ity to protect public health, while the hazard-based approach 
in the EU is superior in multiple respects. Researchers have 
even acknowledged that despite decades of chemical leg-
islation, the chemical governance in the US has not been 
really successful in protecting human and environmental 
health (Chiapella et al. 2019). A major issue is that data are 
lacking to support risk-based approaches, hampering other 
regulatory actions (Vandenberg et al. 2017). In addition, the 
lag from identifying new exposures to completing human 
studies of effects is even more problematic (Kassotis et al. 
2020). Because non-monotonic exposure–response relation-
ships exist for many EDCs (Birnbaum 2012; Vandenberg 
et al. 2012), it is difficult to extrapolate from doses that cause 
harm to lower doses that are safe (Birnbaum 2012).

If a risk-based regulatory approach prevails in India, it is 
especially crucial for decision-makers to know how chemi-
cals are being used, and to develop robust biomonitoring 
programs so that exposures can be evaluated for possible 
mitigation. Researchers have proposed an International 
Agency for Research in Endocrine Disruptors to fill data 
gaps, which describes the state of the evidence for the effects 
of chemicals on the endocrine system, applying principles 
similar to those used in systematic reviews (Vandenberg 
et al. 2016). The agency should delineate processes to estab-
lish globally harmonized criteria and mechanisms for iden-
tifying EDCs, which can be a substantial support (both in 
terms of saving financial and intellectual resources) towards 
managing EDCs in developing and lower- and middle-
income countries. Together with advances and acceleration 
in testing of new and existing chemicals for EDCs, the policy 
framework in India can become more evidence-based and 
serve as a model for emerging economies with less capac-
ity for oversight. It is extremely important that India, while 
strengthening its domestic science basis, also lean on inter-
national science and data on EDC research. The resources 
that the EU has spent over the last decade for developing 
its EDC framework (still in progress) are tremendous. Not 
leaning on the experiences (for example of EU and USA) 
would imply that India—with its emerging economy and 
infrastructure—would have to invest a substantial cost to 
reach the same level of action towards EDC management. 
In the direction of strengthening India’s EDC management 
actions, both Indian (relevant) data and international expe-
riences/data, without undermining one of them, should go 
hand on hand.
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Conclusion

EDC pollution in India and several other developing coun-
tries is a prime concern in managing EDCs and attaining 
the SDGs globally. EDC pollution in India has not been 
as comprehensively and systematically documented as in 
many developed countries. However, this does not imply 
that EDC pollution and its health and economic conse-
quences in India are any less severe than those in devel-
oped countries. The amplitude of health and economic 
implications of EDC pollution in India is compounded by 
other primary health and environmental issues. Consider-
ing the need to protect the health of more than 1.3 billion 
people and the uniquely rich biodiversity in India, a new 
multifaceted approach is required. Instead of fully relying 
on the regulations, this approach requires actions upon 
various aspects of overall chemical management. Fore-
most, the new chemical-focused regulation, the CMSR, 
should regulate chemicals (and their products) also based 
on EDC criteria, and not only based on criteria for persis-
tence (including “very persistent”) and bioaccumulative 
(including “very bioaccumulative”) and toxicity or for car-
cinogenicity, mutagenicity, and toxicity for reproduction 
(CMR). Second, to complement the new chemical-focused 
regulation, emphasis should be placed on building capacity 
and infrastructure for comprehensive and systematic moni-
toring of EDCs, and developing and promoting health-
preserving and safe consumption behaviour to minimize 
EDC exposure. Furthermore, the option of public–private 
partnerships should be explored for managing sectors that 
directly or indirectly contribute towards EDC pollution 
and exposure in India including waste management, green 
chemicals, organic farming, and food production. Such 
an ambitious approach can be effectively realized with a 
transparent involvement of different sectors such as sci-
ence, policy, governance, NGO, and the private sector. 
India can take advantage of developed countries’ experi-
ence in managing EDCs and set an example for developing 
countries.

Author Contributions BMS conceptualized and prepared the first draft 
of the paper which was further developed with inputs from MS, PC, 
GKB, EHS, MS, LT, and LN. All authors contributed ideas, reviewed, 
and edited the manuscript of the paper.

Funding The authors acknowledge the Research Council of Norway 
(contract 274580) for funding the research project EDIFY (Endocrine 
Disruptors in Indian Food: minimizing children’s exposure and foster-
ing a safer space for agriculture and food market). This research was 
also supported by the RECETOX research infrastructure (the Czech 
Ministry of Education, Youth and Sports: LM2018121), the CETO-
COEN PLUS project (CZ.02.1.01/0.0/0.0/15_003/0000469) and the 
CETOCOEN Excellence project (CZ.02.1.01/0.0/0.0/17_043/000963
2) financed by the Czech Ministry of Education, Youth and Sports. This 
work was supported by the European Union’s Horizon 2020 research 

and innovation programme under grant agreement No 857560. This 
publication reflects only the author’s views, and the European Commis-
sion is not responsible for any use that may be made of the information 
it contains. The content of this paper is solely the responsibility of the 
authors and does not necessarily represent the official views of their 
institutional affiliations.

Data availability statemen Data availability statemen

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Ahmed S, Joshi R, Kumar S (2020) Seasonal variation of leachate qual-
ity at active landfill sites in Delhi, India. Proc Inst Civ Eng Munic 
Eng 173:157–170. https:// doi. org/ 10. 1680/ jmuen. 17. 00039

Apel P, Rousselle C, Lange R et al (2020) Human biomonitoring ini-
tiative (HBM4EU)—strategy to derive human biomonitoring 
guidance values (HBM-GVs) for health risk assessment. Int J 
Hyg Environ Health 230:113622. https:// doi. org/ 10. 1016/j. ijheh. 
2020. 113622

Attina TM, Malits J, Naidu M, Trasande L (2019) Racial/ethnic dis-
parities in disease burden and costs related to exposure to endo-
crine-disrupting chemicals in the United States: an exploratory 
analysis. J Clin Epidemiol 108:34–43. https:// doi. org/ 10. 1016/j. 
jclin epi. 2018. 11. 024

Babu-Rajendran R, Preethi G, Poopal RK et al (2018) GC–MS determi-
nation of phthalate esters in human urine: a potential biomarker 
for phthalate bio-monitoring. J Chromatogr B 1079:15–24. 
https:// doi. org/ 10. 1016/j. jchro mb. 2018. 01. 039

Bhaduri S, Sharma A (2014) Public understanding of participation in 
regulatory decision-making: the case of bottled water quality 
standards in India. Public Underst Sci 23:472–488. https:// doi. 
org/ 10. 1177/ 09636 62512 452231

Birnbaum LS (2012) Environmental chemicals: evaluating low-dose 
effects. Environ Health Perspect. https:// doi. org/ 10. 1289/ ehp. 
12051 79

Bornman MS, Aneck-Hahn NH, de Jager C et al (2017) Endocrine 
disruptors and health effects in Africa: a call for action. Environ 
Health Perspect 125:085005-1-085005–10

Breivik K, Armitage JM, Wania F et al (2016) Tracking the global dis-
tribution of persistent organic pollutants accounting for e-waste 
exports to developing regions. Environ Sci Technol 50:798–805. 
https:// doi. org/ 10. 1021/ acs. est. 5b042 26

Central Pollution Control Board (CPCB) Status of Contaminated Sites 
in India (2020). https:// cpcb. nic. in/ overa ll- status/

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1680/jmuen.17.00039
https://doi.org/10.1016/j.ijheh.2020.113622
https://doi.org/10.1016/j.ijheh.2020.113622
https://doi.org/10.1016/j.jclinepi.2018.11.024
https://doi.org/10.1016/j.jclinepi.2018.11.024
https://doi.org/10.1016/j.jchromb.2018.01.039
https://doi.org/10.1177/0963662512452231
https://doi.org/10.1177/0963662512452231
https://doi.org/10.1289/ehp.1205179
https://doi.org/10.1289/ehp.1205179
https://doi.org/10.1021/acs.est.5b04226
https://cpcb.nic.in/overall-status/


852 B. M. Sharma et al.

1 3

Chakraborty P, Sampath S, Mukhopadhyay M et al (2019) Baseline 
investigation on plasticizers, bisphenol A, polycyclic aromatic 
hydrocarbons and heavy metals in the surface soil of the informal 
electronic waste recycling workshops and nearby open dumpsites 
in Indian metropolitan cities. Environ Pollut 248:1036–1045. 
https:// doi. org/ 10. 1016/J. ENVPOL. 2018. 11. 010

Chakraborty P, Gadhavi H, Prithiviraj B et al (2021a) Passive air 
sampling of PCDD/Fs, PCBs, PAEs, DEHA, and PAHs from 
informal electronic waste recycling and allied sectors in Indian 
megacities. Environ Sci Technol 55:9469–9478. https:// doi. org/ 
10. 1021/ acs. est. 1c014 60

Chakraborty P, Shappell NW, Mukhopadhyay M et al (2021b) Sur-
veillance of plasticizers, bisphenol A, steroids and caffeine in 
surface water of River Ganga and Sundarban wetland along the 
Bay of Bengal: occurrence, sources, estrogenicity screening and 
ecotoxicological risk assessment. Water Res 190:116668. https:// 
doi. org/ 10. 1016/j. watres. 2020. 116668

Chandra M (2015) Environmental concerns in India: problems and 
solutions. J Int Bus Law 15:1–1

Chatham-Stephens K, Caravanos J, Ericson B et al (2013) Burden of 
disease from toxic waste sites in India, Indonesia, and the Philip-
pines in 2010. Environ Health Perspect 121:791–796. https:// doi. 
org/ 10. 1289/ ehp. 12061 27

Chiapella AM, Grabowski ZJ, Rozance MA et al (2019) Toxic chemical 
governance failure in the United States: key lessons and paths 
forward. Bioscience 69:615–630. https:// doi. org/ 10. 1093/ biosci/ 
biz065

Choi J, Aarøe Mørck T, Joas A, E. Knudsen L, (2015) Major national 
human biomonitoring programs in chemical exposure assess-
ment. AIMS Environ Sci 2:782–802. https:// doi. org/ 10. 3934/ 
envir onsci. 2015.3. 782

CSIR_NEERI (2019) CSIR-NEERI annual report 2018–19. Nagpur, 
India

Daniels SI, Chambers JC, Sanchez SS et al (2018) Elevated levels of 
organochlorine pesticides in South Asian immigrants are associ-
ated with an increased risk of diabetes. J Endocr Soc 2:832–841. 
https:// doi. org/ 10. 1210/ JS. 2017- 00480

Deloitte (2018) Industry 4.0 in food industry. India Food Report, 
Bangalore

Devanathan G, Subramanian A, Sudaryanto A et al (2012) Bromi-
nated flame retardants and polychlorinated biphenyls in human 
breast milk from several locations in India: potential contami-
nant sources in a municipal dumping site. Environ Int 39:87–95. 
https:// doi. org/ 10. 1016/j. envint. 2011. 10. 005

Devegappanavar G (2020) Occupational health: farmers knowledge 
on pesticide usage and its harmful effects on human health in 
rural areas of South India. J Ecophysiol Occup Heal 20:108–113. 
https:// doi. org/ 10. 18311/ jeoh/ 2020/ 25130

Dhillon PK, Mathur P, Nandakumar A et al (2018) The burden of can-
cers and their variations across the states of India: the global bur-
den of disease study 1990–2016. Lancet Oncol 19:1289–1306. 
https:// doi. org/ 10. 1016/ S1470- 2045(18) 30447-9

Dileep Kumar AD, Jayakumar C (2019) From precautionary principle 
to nationwide Ban on Endosulfan in India. Bus Hum Rights J 
4:343–349

Dolla T, Laishram B (2020) Factors affecting public-private partnership 
preference in Indian municipal waste sector. Int J Constr Manag 
20:567–584. https:// doi. org/ 10. 1080/ 15623 599. 2019. 17030 85

Dutta A, Jinsart W (2020) Waste generation and management status 
in the fast-expanding Indian cities: a review. J Air Waste Man-
age Assoc 70:491–503. https:// doi. org/ 10. 1080/ 10962 247. 2020. 
17382 85

Dutta D, Khadgawat R (2015) Endocrine disruptors: can it be the miss-
ing link explaining the diabetes epidemic in India? J Soc Heal 
Diabetes 03:016–021. https:// doi. org/ 10. 4103/ 2321- 0656. 140878

Eguchi A, Nomiyama K, Devanathan G et al (2012) Different profiles 
of anthropogenic and naturally produced organohalogen com-
pounds in serum from residents living near a coastal area and 
e-waste recycling workers in India. Environ Int 47:8–16. https:// 
doi. org/ 10. 1016/j. envint. 2012. 05. 003

Escobar-Pemberthy N, Ivanova M (2020) Implementation of multi-
lateral environmental agreements: rationale and design of the 
environmental conventions index. Sustainability 12:7098. https:// 
doi. org/ 10. 3390/ su121 77098

Evers DC, Keane SE, Basu N, Buck D (2016) Evaluating the effec-
tiveness of the minamata convention on mercury: princi-
ples and recommendations for next steps. Sci Total Environ 
569–570:888–903

Fång J, Nyberg E, Winnberg U et al (2015) Spatial and temporal trends 
of the Stockholm convention POPs in mothers’ milk—a global 
review. Environ Sci Pollut Res 22:8989–9041. https:// doi. org/ 10. 
1007/ s11356- 015- 4080-z

FAO (2019) The state of the World’s biodiversity for food and agri-
culture. Italy, Rome

Federal Office for the Environment FOEN (2021) Contaminated sites: 
In brief. https:// www. bafu. admin. ch/ bafu/ en/ home/ topics/ conta 
minat ed- sites/ in- brief. html. Accessed 22 Oct 2021

Fenner K, Scheringer M (2021) The need for chemical simplification 
as a logical consequence of ever-increasing chemical pollution. 
Environ Sci Technol 55:14470–14472. https:// doi. org/ 10. 1021/ 
ACS. EST. 1C049 03/ ASSET/ IMAGES/ ACS. EST. 1C049 03. 
SOCIAL. JPEG_ V03

Geueke B, Groh KJ, Maffini MV et al (2022) Systematic evidence on 
migrating and extractable food contact chemicals: most chemi-
cals detected in food contact materials are not listed for use. 
Crit Rev Food Sci Nutr. https:// doi. org/ 10. 1080/ 10408 398. 2022. 
20678 28

GIZ (2015) The role of the private sector to scale up climate finance 
in India

Gore AC, Chappell VA, Fenton SE et al (2015) EDC-2: the endocrine 
society’s second scientific statement on endocrine-disrupting 
chemicals. Endocr Rev 36:E1–E150. https:// doi. org/ 10. 1210/ 
ER. 2015- 1010

Hallegatte S, Bangalore M, Bonzanigo L et al (2016) Shock waves: 
managing the impacts of climate change on poverty. World Bank, 
Washington, DC

Hass U, Christiansen S, Andersson A-M, et al (2019) Report on inter-
pretation of knowledge on endocrine disrupting substances 
(EDs)—What is the risk ?

Islam MT, Huda N, Baumber A et al (2021) A global review of con-
sumer behavior towards e-waste and implications for the circu-
lar economy. J Clean Prod. https:// doi. org/ 10. 1016/J. JCLEP RO. 
2021. 128297

Jain S (2020) Emergence, adherence and proliferation of industry level 
standards: a case study of Aligarh padlock industry, India. Afri-
can J Sci Technol Innov Dev. https:// doi. org/ 10. 1080/ 20421 338. 
2020. 17716 70

James-Todd TM, Chiu Y-H, Zota AR (2016) Racial/ethnic disparities 
in environmental endocrine disrupting chemicals and women’s 
reproductive health outcomes: epidemiological examples across 
the life course. Curr Epidemiol Reports 3:161–180. https:// doi. 
org/ 10. 1007/ S40471- 016- 0073-9

Johansson HKL, Svingen T, Fowler PA et al (2017) Environmental 
influences on ovarian dysgenesis—developmental windows sen-
sitive to chemical exposures. Nat Rev Endocrinol 13:400–414. 
https:// doi. org/ 10. 1038/ nrendo. 2017. 36

Kahn LG, Philippat C, Nakayama SF et al (2020) Endocrine-disrupting 
chemicals: implications for human health. Lancet Diabetes Endo-
crinol 8:703–718

https://doi.org/10.1016/J.ENVPOL.2018.11.010
https://doi.org/10.1021/acs.est.1c01460
https://doi.org/10.1021/acs.est.1c01460
https://doi.org/10.1016/j.watres.2020.116668
https://doi.org/10.1016/j.watres.2020.116668
https://doi.org/10.1289/ehp.1206127
https://doi.org/10.1289/ehp.1206127
https://doi.org/10.1093/biosci/biz065
https://doi.org/10.1093/biosci/biz065
https://doi.org/10.3934/environsci.2015.3.782
https://doi.org/10.3934/environsci.2015.3.782
https://doi.org/10.1210/JS.2017-00480
https://doi.org/10.1016/j.envint.2011.10.005
https://doi.org/10.18311/jeoh/2020/25130
https://doi.org/10.1016/S1470-2045(18)30447-9
https://doi.org/10.1080/15623599.2019.1703085
https://doi.org/10.1080/10962247.2020.1738285
https://doi.org/10.1080/10962247.2020.1738285
https://doi.org/10.4103/2321-0656.140878
https://doi.org/10.1016/j.envint.2012.05.003
https://doi.org/10.1016/j.envint.2012.05.003
https://doi.org/10.3390/su12177098
https://doi.org/10.3390/su12177098
https://doi.org/10.1007/s11356-015-4080-z
https://doi.org/10.1007/s11356-015-4080-z
https://www.bafu.admin.ch/bafu/en/home/topics/contaminated-sites/in-brief.html
https://www.bafu.admin.ch/bafu/en/home/topics/contaminated-sites/in-brief.html
https://doi.org/10.1021/ACS.EST.1C04903/ASSET/IMAGES/ACS.EST.1C04903.SOCIAL.JPEG_V03
https://doi.org/10.1021/ACS.EST.1C04903/ASSET/IMAGES/ACS.EST.1C04903.SOCIAL.JPEG_V03
https://doi.org/10.1021/ACS.EST.1C04903/ASSET/IMAGES/ACS.EST.1C04903.SOCIAL.JPEG_V03
https://doi.org/10.1080/10408398.2022.2067828
https://doi.org/10.1080/10408398.2022.2067828
https://doi.org/10.1210/ER.2015-1010
https://doi.org/10.1210/ER.2015-1010
https://doi.org/10.1016/J.JCLEPRO.2021.128297
https://doi.org/10.1016/J.JCLEPRO.2021.128297
https://doi.org/10.1080/20421338.2020.1771670
https://doi.org/10.1080/20421338.2020.1771670
https://doi.org/10.1007/S40471-016-0073-9
https://doi.org/10.1007/S40471-016-0073-9
https://doi.org/10.1038/nrendo.2017.36


853Unlocking India’s Potential in Managing Endocrine‑Disrupting Chemicals (EDCs): Importance,…

1 3

Kala K, Bolia NB (2020) Waste management communication policy for 
effective citizen awareness. J Policy Model 42:661–678. https:// 
doi. org/ 10. 1016/J. JPOLM OD. 2020. 01. 012

Kassotis CD, Vandenberg LN, Demeneix BA et al (2020) Endocrine-
disrupting chemicals: economic, regulatory, and policy implica-
tions. Lancet Diabetes Endocrinol 8:719–730. https:// doi. org/ 10. 
1016/ S2213- 8587(20) 30128-5

Katsikantami I, Sifakis S, Tzatzarakis MN et al (2016) A global assess-
ment of phthalates burden and related links to health effects. 
Environ Int 97:212–236. https:// doi. org/ 10. 1016/j. envint. 2016. 
09. 013

Kaveeshwar SA, Cornwall J (2014) The current state of diabetes mel-
litus in India. Australas Med J 7:45–48. https:// doi. org/ 10. 4066/ 
AMJ. 2014. 1979

Khurana A, Kumar V (2020) State of organic and natural farming: 
challenges and possibilities. New Delhi

KPMG (2021) Indian food processing industry: growth opportunities 
post the Covid-19 pandemic

Kudtarkar SG (2020) Resetting PPP in infrastructure model in india 
post-COVID-19 pandemic. Indian Econ J 68:365–382. https:// 
doi. org/ 10. 1177/ 00194 66220 976678

Kumar S, Smith SR, Fowler G et al (2017) Challenges and opportuni-
ties associated with waste management in India. R. Soc. Open 
Sci. 4:160764

Kumar N (2016) Sensitivity of India’s agri-food exports to the euro-
pean union: an institutional perspective. EconPapers

La Merrill MA, Vandenberg LN, Smith MT et al (2020) Consensus 
on the key characteristics of endocrine-disrupting chemicals as 
a basis for hazard identification. Nat Rev Endocrinol 16:45–57. 
https:// doi. org/ 10. 1038/ s41574- 019- 0273-8

Lee M, You M (2020) Safety behaviors to reduce risk of using chem-
ical household products: an application of the risk perception 
attitude framework. Int J Environ Res Public Health. https:// 
doi. org/ 10. 3390/ ijerp h1705 1528

Lind PM, Lind L (2018) Endocrine-disrupting chemicals and 
risk of diabetes: an evidence-based review. Diabetologia 
61:1495–1502

Mahamuni D, Shrinithivihahshini ND (2017) Need for regulatory 
policies in India, on the use of bisphenol A in food contact 
plastic containers. Curr Sci 113:861–868. https:// doi. org/ 10. 
18520/ cs/ v113/ i05/ 861- 868

Majcen Š (2017) Evidence based policy making in the European 
Union: the role of the scientific community. Environ Sci Pollut 
Res 24:7869–7871. https:// doi. org/ 10. 1007/ s11356- 016- 6247-7

Malik VS, Ravindra K, Rattan P et al (2021) Environmental exposure 
to urinary Bisphenol-A in North Indian children aged between 
6 and 16 years and its association with body mass index. Envi-
ron Sci Pollut Res 28:29085–29095. https:// doi. org/ 10. 1007/ 
s11356- 021- 12555-z

Mallath MK, Taylor DG, Badwe RA et al (2014) The growing burden 
of cancer in India: epidemiology and social context. Lancet 
Oncol 15:205

Managi S, Jena PR (2008) Environmental productivity and Kuznets 
curve in India. Ecol Econ 65:432–440. https:// doi. org/ 10. 
1016/j. ecole con. 2007. 07. 011

McKinsey Global Institute (2020) Climate risk and response: physi-
cal hazards and socioeconomic impacts

Melovic B, Cirovic D, Dudic B et al (2020) The analysis of market-
ing factors influencing consumers’ preferences and acceptance 
of organic food products—recommendations for the optimiza-
tion of the offer in a developing market. Foods. https:// doi. org/ 
10. 3390/ FOODS 90302 59

Miljøstatus (2021) Forurenset grunn. https:// miljo status. miljo direk 
torat et. no/ tema/ forur ensni ng/ forur enset- grunn/. Accessed 22 
Oct 2021

Ministry of Finance G of I India Budget (2021). https:// www. india 
budget. gov. in/. Accessed 22 Jul 2021

Mukherjee Das A, Gogia A, Garg M et al (2022) Urinary concen-
tration of endocrine-disrupting phthalates and breast cancer 
risk in Indian women: a case-control study with a focus on 
mutations in phthalate-responsive genes. Cancer Epidemiol 
79:102188. https:// doi. org/ 10. 1016/j. canep. 2022. 102188

Narain JP (2016) Public health challenges in India: seizing the 
opportunities. Indian J Community Med 41:85. https:// doi. 
org/ 10. 4103/ 0970- 0218. 177507

Nesan D, Kurrasch DM (2020) Gestational exposure to common 
endocrine disrupting chemicals and their impact on neurode-
velopment and behavior. Annu Rev Physiol 82:177–202. 
https:// doi. org/ 10. 1146/ annur ev- physi ol- 021119- 034555

Ostad-Ali-Askari K (2022) Management of risks substances and sus-
tainable development. Appl Water Sci 12:65. https:// doi. org/ 
10. 1007/ s13201- 021- 01562-7

Ostad-Ali-Askari K, Shayannejad M (2021) Quantity and quality 
modelling of groundwater to manage water resources in Isfa-
han-Borkhar Aquifer. Environ Dev Sustain 23:15943–15959. 
https:// doi. org/ 10. 1007/ s10668- 021- 01323-1

Ostad-Ali-Askari K, Shayannejad M, Ghorbanizadeh-Kharazi H 
(2017) Artificial neural network for modeling nitrate pollu-
tion of groundwater in marginal area of Zayandeh-rood River, 
Isfahan. Iran KSCE J Civ Eng 21:134–140. https:// doi. org/ 10. 
1007/ s12205- 016- 0572-8

Pandey SK, Sharma V (2018) World diabetes day 2018: battling the 
emerging epidemic of diabetic retinopathy. Indian J Ophthalmol 
66:1652. https:// doi. org/ 10. 4103/ IJO. IJO_ 1681_ 18

Pandey A, Brauer M, Cropper ML et al (2021) Health and economic 
impact of air pollution in the states of India: the global burden 
of disease study 2019. Lancet Planet Heal 5:e25–e38. https:// doi. 
org/ 10. 1016/ S2542- 5196(20) 30298-9

Panwar V, Sen S (2020) Fiscal repercussions of natural disasters: styl-
ized facts and panel data evidences from India. Nat Hazards Rev 
21:04020011. https:// doi. org/ 10. 1061/ (asce) nh. 1527- 6996. 00003 
69

Pednekar P, Gajbhiye R, Patil A et al (2018) Estimation of plasma 
levels of bisphenol-A & phthalates in fertile & infertile women 
by gas chromatography-mass spectrometry. Indian J Med Res 
148:734. https:// doi. org/ 10. 4103/ ijmr. IJMR_ 2077_ 16

Pinupolu P, Kommineni H (2020) Best method of municipal solid waste 
management through public-private partnership for Vijayawada 
city. Mater Today Proc 33:217–222. https:// doi. org/ 10. 1016/J. 
MATPR. 2020. 03. 816

Quirós-Alcalá L, Hansel NN, McCormack M et al (2020) Exposure 
to bisphenols and asthma morbidity among low-income urban 
children with asthma. J Allergy Clin Immunol. https:// doi. org/ 
10. 1016/j. jaci. 2020. 05. 031

Rachoń D (2015) Endocrine disrupting chemicals (EDCs) and female 
cancer: Informing the patients. Rev Endocr Metab Disord 
16:359–364

Raghuveer Singh, N.K. Jat, N. Ravisankar SK, Yadav TR and RS 
(2014) Present status and future prospects of organic farming in 
India. In: Handbook of sustainable development: Second Edi-
tion. pp 517–531

Randhawa P, Marshall F, Kushwaha PK, Desai P (2020) Pathways for 
sustainable urban waste management and reduced environmental 
health risks in India: winners, losers, and alternatives to waste 
to energy in Delhi. Front Sustain Cities 2:14. https:// doi. org/ 10. 
3389/ frsc. 2020. 00014

Ranjan R (2021) Impact of COVID-19 on migrant labourers of India 
and China. Crit Sociol 47:721–726. https:// doi. org/ 10. 1177/ 
08969 20520 975074

Rankin M, Rizzo EGNPSNMC (2016) Public–private partnerships for 
agribusiness development. South Med J 62:1556

https://doi.org/10.1016/J.JPOLMOD.2020.01.012
https://doi.org/10.1016/J.JPOLMOD.2020.01.012
https://doi.org/10.1016/S2213-8587(20)30128-5
https://doi.org/10.1016/S2213-8587(20)30128-5
https://doi.org/10.1016/j.envint.2016.09.013
https://doi.org/10.1016/j.envint.2016.09.013
https://doi.org/10.4066/AMJ.2014.1979
https://doi.org/10.4066/AMJ.2014.1979
https://doi.org/10.1177/0019466220976678
https://doi.org/10.1177/0019466220976678
https://doi.org/10.1038/s41574-019-0273-8
https://doi.org/10.3390/ijerph17051528
https://doi.org/10.3390/ijerph17051528
https://doi.org/10.18520/cs/v113/i05/861-868
https://doi.org/10.18520/cs/v113/i05/861-868
https://doi.org/10.1007/s11356-016-6247-7
https://doi.org/10.1007/s11356-021-12555-z
https://doi.org/10.1007/s11356-021-12555-z
https://doi.org/10.1016/j.ecolecon.2007.07.011
https://doi.org/10.1016/j.ecolecon.2007.07.011
https://doi.org/10.3390/FOODS9030259
https://doi.org/10.3390/FOODS9030259
https://miljostatus.miljodirektoratet.no/tema/forurensning/forurenset-grunn/
https://miljostatus.miljodirektoratet.no/tema/forurensning/forurenset-grunn/
https://www.indiabudget.gov.in/
https://www.indiabudget.gov.in/
https://doi.org/10.1016/j.canep.2022.102188
https://doi.org/10.4103/0970-0218.177507
https://doi.org/10.4103/0970-0218.177507
https://doi.org/10.1146/annurev-physiol-021119-034555
https://doi.org/10.1007/s13201-021-01562-7
https://doi.org/10.1007/s13201-021-01562-7
https://doi.org/10.1007/s10668-021-01323-1
https://doi.org/10.1007/s12205-016-0572-8
https://doi.org/10.1007/s12205-016-0572-8
https://doi.org/10.4103/IJO.IJO_1681_18
https://doi.org/10.1016/S2542-5196(20)30298-9
https://doi.org/10.1016/S2542-5196(20)30298-9
https://doi.org/10.1061/(asce)nh.1527-6996.0000369
https://doi.org/10.1061/(asce)nh.1527-6996.0000369
https://doi.org/10.4103/ijmr.IJMR_2077_16
https://doi.org/10.1016/J.MATPR.2020.03.816
https://doi.org/10.1016/J.MATPR.2020.03.816
https://doi.org/10.1016/j.jaci.2020.05.031
https://doi.org/10.1016/j.jaci.2020.05.031
https://doi.org/10.3389/frsc.2020.00014
https://doi.org/10.3389/frsc.2020.00014
https://doi.org/10.1177/0896920520975074
https://doi.org/10.1177/0896920520975074


854 B. M. Sharma et al.

1 3

Ruan Y, Lalwani D, Kwok KY et al (2019) Assessing exposure to leg-
acy and emerging per- and polyfluoroalkyl substances via hair—
the first nationwide survey in India. Chemosphere 229:366–373. 
https:// doi. org/ 10. 1016/j. chemo sphere. 2019. 04. 195

Ruiz D, Becerra M, Jagai JS et al (2018a) Disparities in environmental 
exposures to endocrine-disrupting chemicals and diabetes risk in 
vulnerable populations. Diabetes Care 41:193–205. https:// doi. 
org/ 10. 2337/ DC16- 2765

Ruiz Sierra A, Zika E, Lange L et al (2021) The bio-based industries 
joint undertaking: a high impact initiative that is transforming 
the bio-based industries in Europe. N Biotechnol 60:105–112. 
https:// doi. org/ 10. 1016/J. NBT. 2020. 09. 003

Sahota A (2019) The global market for organic food & drink. In: Willer 
H, Lernoud J (eds) The world of organic agriculture: statistics 
& emerging trends

Sharma BM, Bharat GK, Tayal S et al (2014a) Environment and human 
exposure to persistent organic pollutants (POPs) in India: a sys-
tematic review of recent and historical data. Environ Int 66:48–
64. https:// doi. org/ 10. 1016/j. envint. 2014. 01. 022

Sharma BM, Bharat GK, Tayal S et al (2014b) The legal framework 
to manage chemical pollution in India and the lesson from the 
persistent organic pollutants (POPs). Sci Total Environ 490:733–
747. https:// doi. org/ 10. 1016/j. scito tenv. 2014. 05. 043

Sharma R, Peshin R, Shankar U et al (2015) Impact evaluation indi-
cators of an integrated pest management program in vegetable 
crops in the subtropical region of Jammu and Kashmir, India. 
Crop Prot 67:191–199. https:// doi. org/ 10. 1016/J. CROPRO. 2014. 
10. 014

Sharma HB, Vanapalli KR, Cheela VS et al (2020) Challenges, oppor-
tunities, and innovations for effective solid waste management 
during and post COVID-19 pandemic. Resour Conserv Recycl 
162:105052. https:// doi. org/ 10. 1016/J. RESCO NREC. 2020. 
105052

Sharma BM, Bharat GK, Chakraborty P et al (2021) A comprehensive 
assessment of endocrine-disrupting chemicals in an Indian food 
basket: levels, dietary intakes, and comparison with European 
data. Environ Pollut 288:117750. https:// doi. org/ 10. 1016/J. 
ENVPOL. 2021. 117750

Shekhar S, Sood S, Showkat S et al (2017) Detection of phenolic endo-
crine disrupting chemicals (EDCs) from maternal blood plasma 
and amniotic fluid in Indian population. Gen Comp Endocrinol 
241:100–107. https:// doi. org/ 10. 1016/j. ygcen. 2016. 05. 025

Snoj Tratnik J, Kosjek T, Heath E et al (2019) Urinary bisphenol A in 
children, mothers and fathers from Slovenia: overall results and 
determinants of exposure. Environ Res 168:32–40. https:// doi. 
org/ 10. 1016/j. envres. 2018. 09. 004

Sondhi N (2014) Assessing the organic potential of urban Indian 
consumers. Br Food J 116:1864–1878. https:// doi. org/ 10. 1108/ 
BFJ- 04- 2013- 0098

Steindal EH, Grung M (2021) Management of PFAS with the aid of 
chemical product registries—an indispensable tool for future 
control of hazardous substances. Integr Environ Assess Manag 
17:835–851. https:// doi. org/ 10. 1002/ ieam. 4380

Street ME, Angelini S, Bernasconi S et al (2018) Current knowledge 
on endocrine disrupting chemicals (EDCs) from animal biol-
ogy to humans, from pregnancy to adulthood: highlights from a 
national Italian meeting. Int J Mol Sci. https:// doi. org/ 10. 3390/ 
ijms1 90616 47

Sutar SA, Gawande SM (2013) Solid waste management in rural areas 
emerging towards growth centre through GIS system-Mahalung, 
Solapur. Int J Sci Res 4:2319–7064

Tandon N, Anjana RM, Mohan V et al (2018) The increasing burden 
of diabetes and variations among the states of India: the global 
burden of disease study 1990–2016. Lancet Glob Heal 6:e1352–
e1362. https:// doi. org/ 10. 1016/ S2214- 109X(18) 30387-5

Tarannum F, Kansal A, Sharma P (2018) Understanding public percep-
tion, knowledge and behaviour for water quality management of 
the river Yamuna in India. Water Policy 20:266–281. https:// doi. 
org/ 10. 2166/ WP. 2018. 134

The Global Statistics (2022) Poverty Rate in India Statistics 2022 | 
Poorest State in India. https:// www. thegl obals tatis tics. com/ pover 
ty- in- india- stati stics- 2021/#: ~: text= Accor ding to World Poverty 
Clock in 2022%2C roughly 6%25 or,population are living in pov-
erty. Accessed 6 Sep 2022

The World Bank (2013) Diagnostic assessment of select environmental 
challenges: valuation of biodiversity and ecosystem services in 
India

Toxics Link (2018a) Persistent organic pollutants (POPs) in India: 
country situation report.

Toxics Link (2018b) Endocrine disruptor: review of Indian research.
Toxics Link (2018c) Lead in paints in India: concerns and challanges. 

New Delhi
Toxics Link (2019a) Study on lead in paints in India 2019a. New Delhi
Toxics Link (2019b) Bottles can be toxic: an investigative study on 

migration of Bisphenol A (BPA) in baby feeding bottles and 
sippy cups in India. New Delhi

UNDP, OPHI (2020) Global Multidimensional Poverty Index 2021: 
unmasking disparities by ethnicity, caste and gender

UNEP (2012) Global chemicals outlook: towards sound management 
of chemicals

UNEP (2017) Overview Report II: an overview of current scientific 
knowledge on the life cycles, environmental exposures, and 
environmental effects of select endocrine disrupting chemicals 
(EDCs) and potential EDCs

UNEP (2019) Global chemicals outlook II
United Nations Environment Programme (2020) Covid-19, the envi-

ronment, and food systems: Contain, cope, and rebuild better. 
Geneva

US Department of Trade (2022) India—Country Commercial Guide—
Chemical Industry

Vaccher V, Ingenbleek L, Adegboye A et al (2020) Levels of persistent 
organic pollutants (POPs) in foods from the first regional Sub-
Saharan Africa total diet study. Environ Int 135:105413. https:// 
doi. org/ 10. 1016/j. envint. 2019. 105413

van den Berg M, Kypke K, Kotz A et al (2017) WHO/UNEP global 
surveys of PCDDs, PCDFs, PCBs and DDTs in human milk and 
benefit–risk evaluation of breastfeeding. Arch Toxicol 91:83–96. 
https:// doi. org/ 10. 1007/ s00204- 016- 1802-z

Vandenberg LN, Colborn T, Hayes TB et al (2012) Hormones and 
endocrine-disrupting chemicals: low-dose effects and nonmono-
tonic dose responses. Endocr Rev 33:378–455. https:// doi. org/ 
10. 1210/ er. 2011- 1050

Vandenberg LN, Ågerstrand M, Beronius A et al (2016) A proposed 
framework for the systematic review and integrated assessment 
(SYRINA) of endocrine disrupting chemicals. Environ Heal 
15:74. https:// doi. org/ 10. 1186/ s12940- 016- 0156-6

Vandenberg LN, Blumberg B, Antoniou MN et al (2017) Is it time 
to reassess current safety standards for glyphosate-based herbi-
cides? J Epidemiol Community Health 71:613–618. https:// doi. 
org/ 10. 1136/ jech- 2016- 208463

Water.org (2021) Water in India—India’s water crisis & sanitation 
issues. https:// water. org/ our- impact/ where- we- work/ india/. 
Accessed 4 Apr 2022

WHO (2016) The public health impact of chemicals: knowns and 
unknowns. Geneva

Wong KH, Durrani TS (2017) Exposures to endocrine disrupting 
chemicals in consumer products—a guide for pediatricians. Curr 
Probl Pediatr Adolesc Health Care 47:107–118. https:// doi. org/ 
10. 1016/j. cppeds. 2017. 04. 002

Xue J, Wu Q, Sakthivel S et al (2015) Urinary levels of endocrine-dis-
rupting chemicals, including bisphenols, bisphenol A diglycidyl 

https://doi.org/10.1016/j.chemosphere.2019.04.195
https://doi.org/10.2337/DC16-2765
https://doi.org/10.2337/DC16-2765
https://doi.org/10.1016/J.NBT.2020.09.003
https://doi.org/10.1016/j.envint.2014.01.022
https://doi.org/10.1016/j.scitotenv.2014.05.043
https://doi.org/10.1016/J.CROPRO.2014.10.014
https://doi.org/10.1016/J.CROPRO.2014.10.014
https://doi.org/10.1016/J.RESCONREC.2020.105052
https://doi.org/10.1016/J.RESCONREC.2020.105052
https://doi.org/10.1016/J.ENVPOL.2021.117750
https://doi.org/10.1016/J.ENVPOL.2021.117750
https://doi.org/10.1016/j.ygcen.2016.05.025
https://doi.org/10.1016/j.envres.2018.09.004
https://doi.org/10.1016/j.envres.2018.09.004
https://doi.org/10.1108/BFJ-04-2013-0098
https://doi.org/10.1108/BFJ-04-2013-0098
https://doi.org/10.1002/ieam.4380
https://doi.org/10.3390/ijms19061647
https://doi.org/10.3390/ijms19061647
https://doi.org/10.1016/S2214-109X(18)30387-5
https://doi.org/10.2166/WP.2018.134
https://doi.org/10.2166/WP.2018.134
https://www.theglobalstatistics.com/poverty-in-india-statistics-2021/#:~:text=According
https://www.theglobalstatistics.com/poverty-in-india-statistics-2021/#:~:text=According
https://doi.org/10.1016/j.envint.2019.105413
https://doi.org/10.1016/j.envint.2019.105413
https://doi.org/10.1007/s00204-016-1802-z
https://doi.org/10.1210/er.2011-1050
https://doi.org/10.1210/er.2011-1050
https://doi.org/10.1186/s12940-016-0156-6
https://doi.org/10.1136/jech-2016-208463
https://doi.org/10.1136/jech-2016-208463
https://water.org/our-impact/where-we-work/india/
https://doi.org/10.1016/j.cppeds.2017.04.002
https://doi.org/10.1016/j.cppeds.2017.04.002


855Unlocking India’s Potential in Managing Endocrine‑Disrupting Chemicals (EDCs): Importance,…

1 3

ethers, benzophenones, parabens, and triclosan in obese and non-
obese Indian children. Environ Res 137:120–128. https:// doi. org/ 
10. 1016/j. envres. 2014. 12. 007

Yadav IC, Devi NL, Syed JH et al (2015) Current status of persistent 
organic pesticides residues in air, water, and soil, and their pos-
sible effect on neighboring countries: a comprehensive review of 
India. Sci Total Environ 511:123–137. https:// doi. org/ 10. 1016/j. 
scito tenv. 2014. 12. 041

Yeboah-Assiamah E, Asamoah K, Kyeremeh TA (2017) Decades of 
public-private partnership in solid waste management: a lit-
erature analysis of key lessons drawn from Ghana and India. 
Manag Environ Qual an Int J 28:78–93. https:// doi. org/ 10. 1108/ 
MEQ- 05- 2015- 0098

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.envres.2014.12.007
https://doi.org/10.1016/j.envres.2014.12.007
https://doi.org/10.1016/j.scitotenv.2014.12.041
https://doi.org/10.1016/j.scitotenv.2014.12.041
https://doi.org/10.1108/MEQ-05-2015-0098
https://doi.org/10.1108/MEQ-05-2015-0098

	Unlocking India’s Potential in Managing Endocrine-Disrupting Chemicals (EDCs): Importance, Challenges, and Opportunities
	Abstract
	Introduction
	Needs of EDC Management in Developing Countries: India’s Context
	Challenges for Managing EDCs in India
	EDC Management Overshadowed by Other Environmental and Public Health Emergencies
	Scarce or Unavailable Data from Monitoring, Trade, and Stockpiles of EDCs
	Fragmented Chemical Regulations
	Lacking Risk Analysis Capacity in India

	A Way Forward: Opportunities for Effective EDC Management
	Enhance EDC Monitoring and Prioritization in India
	Defragmenting the EDC Regulatory Framework
	Developing and Promoting Health-Preserving Consumption Habits Through Risk Communication
	Public–Private Partnership
	Take Account of Lessons from Developed Countries

	Conclusion
	References




