Tropical Aquatic and
Soil Pollution
Review

Volume 4(2), 2024, 100-110
https://doi.org/10.53623/tasp.v4i2.489

Endocrine-Disrupting Compounds in Urban Soils of
Malaysia: Occurrence, Contamination, and Impacts
on Health and the Environment

Michael Liet, Joseph Kasongo?, Elias Mtui®, Rubiyatno*+, Jovale Vincent Tongco®

Envirotech Engineering, Kuala Lumpur, 59200 Malaysia

2Faculty of Science, University of Kinshasa, B.P. 190, Kinshasa, XI, Democratic Republic Congo.
3College of Engineerning and Technology, University of Dar es Salaam, Dar es Salaam, Tanzania.

“Graduate Faculty of Interdisciplinary Research, University of Yamanashi, 4-3-11 Takeda, Kofu, Yamanashi 400-8511, Japan
5Department of Forest, Rangeland and Fire Sciences, University of Idaho, Moscow, ID, USA

*Correspondence: yrubi@yamanashi.ac.jp

SUBMITTED: 4 September 2024; REVISED: 4 October 2024; ACCEPTED: 7 October 2024

ABSTRACT: Endocrine-disrupting compounds (EDCs) have garnered increasing concern in
recent years due to their association with severe health issues and significant environmental
impacts. EDCs, which can interfere with endogenous hormone systems, are diverse in structure
and are often characterized by low molecular mass and halogen substitutions. Their presence
in the environment, originating from both natural and synthetic sources, has been well-
documented in water bodies, but studies on their occurrence in soils remain limited. This
review provides a comprehensive overview of the occurrence, contamination, and impacts of
EDCs in the urban soils of Malaysia. The paper discusses the primary sources of EDCs,
including pharmaceuticals, pesticides, industrial chemicals, and combustion byproducts, and
examines the pathways through which these compounds enter the soil. Health risks associated
with exposure to EDCs, as well as their ecological consequences, are also explored. The review
highlights the current status of EDCs contamination in Malaysian soils, identifies gaps in
research, and outlines the challenges in monitoring and mitigating these contaminants.
Understanding the dynamics of EDCs in soil is crucial for developing effective strategies to
protect human health and the environment in urban settings.

KEYWORDS: Endocrine-disrupting compounds (EDCs); urban soils; Malaysia;
environmental impacts

1. Introduction

In recent years, concern over endocrine-disrupting compounds (EDCs) has been rising due to
the increasing occurrence of severe and wide-ranging diseases, such as abnormal endocrine
function and adverse environmental impacts linked to EDCs [1]. EDCs are defined as
exogenous compounds that interfere with endogenous hormones, affecting their production,
release, transport, metabolism, binding, action, or elimination. EDCs are often difficult to

100


https://doi.org/10.53623/tasp.v4i2.489
mailto:yrubi@yamanashi.ac.jp

Tropical Aquatic and Soil Pollution 4(2), 2024, 100-110

predict or detect as they do not share similar structures and typically have low molecular
masses, though they frequently contain halogen groups, such as chlorine or bromine. The
number of suspected EDCs has been increasing over time, from 881 in 2011 to 1,419 in 2017,
due to advances in research aimed at identifying potential EDCs [2]. EDCs in the environment
can be of natural or synthetic origin, and humans can be exposed to them through ingestion,
inhalation, or direct skin contact. Fauna can also be affected through the consumption of
contaminated food and water. EDCs are commonly found in pharmaceuticals, pesticides,
industrial chemicals, combustion byproducts, phytoestrogens, and hormones excreted by
humans and animals, and they can escape into the environment through chemical leakage or
spillage, wastewater discharge, pesticide and herbicide use, and waste burning [3, 4]. Natural
EDCs include 17f-estradiol and estrone, while synthetic EDCs include nonylphenol,
bisphenol-A, diethylstilbestrol, and others. Although extensive research has been conducted on
the effects and removal of EDCs, most studies focus on water bodies, with limited attention
paid to soil [5, 6]. Thus, the focus of this paper is to provide an overview of EDCs in the urban
soils of Malaysia, including their health and environmental impacts, occurrence and
contamination, current status, and associated challenges.

2. Sources of EDCs’ Exposure and their Health Impacts

The main health impact of EDCs is through disruption of the endocrine and reproductive
systems by altering natural hormonal and homeostatic mechanisms, leading to inappropriate
system functioning or development. The specific effects depend on the type of compound [4].
EDCs are present in many everyday products, such as plastics, lubricants, personal care
products (PCPs), pesticides, herbicides, solvents, and paints. Although safety exposure limits
for various EDCs have been established, the effects can vary among individuals. Therefore, the
health impacts of EDCs remain a significant challenge for authorities when setting threshold
limits in consumer products [7].

2.1. Bisphenol A.

Bisphenol A (BPA) is a widely used industrial chemical synthesized from acetone and phenol.
It serves as an additive in the production of polycarbonates (PCs), epoxy resins, and other
polymeric plastic materials. In 2015, 64% of the total BPA demand was driven by PCs
production, with a projected increase of 3% over the next five years. BPA is found in many
common products, including plastic bottles, food storage containers, food can linings, dental
fillings, car dashboards, and lenses [8]. During plastics production, chemicals such as
antioxidants, thermal stabilizers, plasticizers, and clarifiers are often added, but they are not
chemically bound to the polymerized monomer backbone, allowing unpolymerized BPA to
leach from the final product [9]. Humans can be exposed to BPA through water, food, air, and
dust, with ingestion being the primary source. The rate of leaching from containers can be
amplified by heating, exposure to low or high pH substances, improper handling, overuse, and
microwave exposure [10, 11]. BPA can interact with estrogen receptors, leading to disorders
such as infertility, precocious puberty, hormone-dependent cancers, and metabolic disorders.
Case studies have linked elevated BPA levels in urine to obesity, reduced sperm quality in men,
and impaired oocyte yield, maturation, and fertilization in women [8, 12].
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2.2 Phthalates.

Phthalates are esters of 1,2-benzenedicarboxylic acid, produced by reacting alcohols with
phthalic anhydride in the presence of a catalyst. High molecular weight phthalates like
diethylhexyl phthalate (DEHP), diisononyl phthalate (DINP), and dioctyl phthalate (DNOP)
are used as plasticizers in flexible vinyl manufacturing, commonly found in consumer products
such as flooring, food packaging, medical devices, and toys [13]. Low molecular weight
phthalates, such as diethyl phthalate (DEP) and dibutyl phthalate (DBP), are used in personal
care products, pharmaceuticals, varnishes, and as solvents and additives. Phthalates do not form
strong chemical bonds with the main polymer backbones, allowing them to easily leach into
the environment through evaporation, abrasion, and leaching. Phthalates have been detected in
various environmental matrices, including soil, air, water, and dust. They can enter the human
body via ingestion, skin absorption, and inhalation, with children and toddlers being more
vulnerable than adults. Phthalates can damage the liver, kidneys, and reproductive system and
act as weak EDCs. Studies have linked phthalate exposure to childhood obesity, diabetes,
allergies, asthma, and autism spectrum disorders [14, 15]. In women, phthalates can impair
reproductive health by affecting oocyte yield and increasing the risk of pregnancy loss, while
in men, they can cause DNA damage in sperm [15, 17].

3. Environmental Impacts

Aside from human health, it is also known that EDCs can affect the environment and impact
the health of wildlife. The global chemical industry exceeded 5 trillion USD in 2017, and the
size was projected to double by 2030 due to rapid increases in consumption and production
trends [18]. Consequently, pollutant discharge could increase, associated with the rise in
hazardous chemical usage, leading to environmental pollution and causing toxicity to
accumulate in the food chain. The routes through which EDCs enter the environment are
mainly through improper waste management, industrial discharge, construction and
agricultural activities, transportation, and other sources (details will be discussed in the next
section). Similar to humans, some EDCs cause health damage to wildlife by disrupting
behavior patterns and affecting species survivability. Several impacts on wildlife, such as sex
changes, thinning of eggshells, thyroid function disorders, and disruptions to mental, physical,
reproductive, and immune systems, have been observed due to EDC exposure [19].

3.1. Wildlife’s reproductive system.

In terms of female reproductive health, organochlorines such as polychlorinated biphenyls
(PCBs) were found to cause uterine fibroids in marine mammals such as seals, sea lions, and
whales. There was a 60% reduction in pregnancy in female ringed seals exposed to PCB
contamination. Additionally, the thinning of eggshells in several predator species was
identified in the 1950s due to organochlorine pesticide exposure, though this condition
recovered after the banning of dichloro-diphenyl-trichloroethane (DDT) pesticide in North
America and Europe [20]. In a study by Kamarudin et al. [21], Javanese medaka (O. javanicus)
collected from Sungai Pelek, located in Sepang, Selangor, showed that higher Diuron exposure
decreased gonadal staging and germ cell maturity in female medaka during oogenesis. For male
wildlife, feminizing disorders were discovered, likely due to EDC exposure. Cryptorchidism
was reported across species of domestic and farmed mammals such as horses, sheep, cattle,
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and dogs. Studies also found that around 42% of sludge-exposed rams showed major
spermatogenic abnormalities. Male amphibians and fish species were also vulnerable to EDC
exposure, with cases such as intersex and feminization reported at polluted sites. Intersex
incidents in cricket frogs were highest during industrialization and heavy use of
organochlorines, while feminization of male fish has been frequently found near sewage
treatment plant outfalls [4, 20, 22].

3.2. Hormonal cancers.

EDCs, which also carry carcinogenic properties, can cause hormone-related cancers in both
humans and wildlife. Although the rates of endocrine cancers in domestic and wild animals
were much lower compared to humans, reports have increased in some populations. A case
study reported that beluga whales in the St. Lawrence estuary had a higher cancer rate,
including hormonal cancers, among cetacean species. Endocrine cancers such as leiomyomas,
adrenal, and thyroid cancers were observed. While no direct evidence has proven that EDCs
caused the cancer in belugas, carcinogenic polycyclic aromatic hydrocarbons (PAHSs) were
detected in the environment, likely ingested by the animals. Most studies suggested that cancers
in belugas could be a joint effect of multiple factors, including PAH exposure [20].
Additionally, epidemics of liver cancer were found in 16 species of fish from 25 polluted spots,
including both freshwater and saltwater environments, with the same tumor also reported in
bottom-feeding fish species from heavily industrialized and urbanized areas along the Canadian
Atlantic and Pacific coasts [20, 23]. Research by Ylitalo et al. [24] found that wild California
sea lions diagnosed with carcinoma had higher mean concentrations of PCBs (>85%) and
DDTs (30%) compared to those without cancer. Tumors and intraductal hyperplasias were also
found in rodents such as rats exposed to high doses of BPA (Soto & Sonnenschein, 2010). In
addition to the diseases mentioned, other harmful effects of EDCs on wildlife include metabolic
disorders such as obesity and diabetes, bone disorders, and thyroid-related disorders [25, 26]..

4. Occurrence and Contamination in Soil

As mentioned earlier, EDC pollution in soil has not been extensively studied compared to
pollution in water. However, runoff from soils is a major factor contributing to EDC pollutants
in water bodies. The main causes of land and soil pollution include poor agricultural practices,
inefficient irrigation, improper solid waste management, and industrial activities. EDCs used
in fertilizers and pesticides at agricultural sites, as well as those present in sludge disposed of
on land from wastewater treatment plants due to poor removal by conventional treatment
methods, can be transported to nearby water bodies (rivers, seas, aquifers, etc.) via stormwater
runoff [22, 23, 27].

4.1. Dumpsite.

In 2010, Malaysia had 290 dumpsites, with 114 closed and 176 still in operation. About 50%
of these landfills practiced open dumping with minimal environmental protection measures,
such as leachate management, gas collection, and surface runoff management [28, 29]. The
numbers do not include illegal dumping grounds and small open dumpsites, so the actual
number of landfills may be higher. The number of illegal and open dumping grounds is believed
to have increased as developed countries began exporting waste to Southeast Asia after China
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banned waste imports in January 2018. Around half a million tons of plastic waste were
imported to Malaysia from January to July 2018, most of which was not processed properly.
Possible sources of EDCs in waste include plastic (13.2%), diapers (12.1%), metal (2.7%),
rubber waste (1.8%), Tetra Pak (1.6%), and hazardous waste (1.3%), accounting for 32.7% of
total waste [31]. Estrogens such as BPA, bisphenol S (BPS), and octylphenol are the major
EDC compounds in plastic waste, while phthalates and parabens are common in diapers and
sanitary products. Metals like zinc (Zn), arsenic (As), cadmium (Cd), and lead (Pb) are present
in some waste, and benzothiazole derivatives can be found in rubber [4, 31]. Greenpeace
conducted research on soils from several unregulated dumpsites and nearby water bodies.
Samples were taken from 10 locations, including six at Pulau Indah, Klang, one in Kapar,
Klang, one in Kampung Sri Cheeding, Kuala Langat, and two in Sungai Muda, Kedah. Heavy
metals and metalloids (antimony, Cd, Pb, etc.) were found at all points, with PAHSs present in
soil and sediment, and organic compounds and volatile organic compounds found in the water
bodies of Pulau Indah, Klang. These findings suggest that PAHs and heavy metals near illegal
dumping grounds pose a threat to nearby residents, workers, and wildlife [32, 33].

4.2. Agriculture activities.

In the early development of Malaysia, the agricultural sector played a crucial role. In 1970,
agriculture contributed 30.8% to the nation’s Gross Domestic Product (GDP), the highest in
history (Alam et al.,, 2012). However, its contribution has been declining since 1975,
accounting for only 7.3% in 2018 [34, 35]. Although the sector’s economic contribution is now
overshadowed by industrialization, it still plays an important role in food security, sustainable
development, and wealth creation. Among the sector, oil palm holds the highest share (37.9%),
followed by other agricultural activities (25.1%), livestock farming (14.9%), fisheries (12.5%),
forestry and logging (6.9%), and rubber production (2.8%) [35]. Although most agricultural
activities occur in rural areas, urban populations can still be exposed to EDCs through
agricultural runoff and agrotourism, while workers are directly exposed in the field. In
Malaysia, Diuron is a commonly used herbicide for weed control in the agricultural sector,
inhibiting photosynthesis by blocking electron transfer and oxygen production (Antoniou et al.,
2014). Other common pesticides with endocrine-disrupting effects include organophosphates,
pyrethroids, glyphosate, and 2,4-D-dimethylammonium. Beyond pesticides, large amounts of
estrogens are present in livestock manure from cows, swine, chickens, and ducks, potentially
polluting nearby land and water bodies if not managed properly [36, 37].

In Malaysia, Diuron was widely used in oil palm plantations to control weeds and grasses,
and its persistence in soil depends on the physico-chemical properties of the soil. Studies have
shown that the coastal waters of Johor, Klang, and Kemaman had significantly high
concentrations of Diuron, with the main sources of leaching and runoff likely coming from
nearby agricultural lands. A study conducted at an oil palm plantation in Sepang found that
Diuron remained in the soil for up to 90 days after application, increasing the exposure risk for
plantation workers [36, 38]. Previous study also detected organochlorine pesticide residues in
the Bertam and Terla Rivers in Cameron Highlands, despite the prohibition of these pesticides
in Malaysia. Some residues were even found in tap water in the town of Brinchang, posing a
threat to the local community. As Cameron Highlands is a highly developed agricultural area,
these residues likely originated from nearby farmlands, with the continued use of banned
pesticides attributed to their low cost, effectiveness, and easy availability. Due to the area's
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popularity for agrotourism, people other than farm workers may also be exposed to EDCs
through direct contact with plants and soil during visits [39].

4.3. Industrialization & urbanisation.

Industrial development in Malaysia began in earnest after independence, when the government
adopted the Import Substitution Industrialization (ISI) strategy. Later, the Export Oriented
Industrialization (EOI) strategy was implemented due to its significant contribution to the
economy. The rapid industrialization spurred urbanization, as labor demands in industrial areas
attracted large populations, resulting in urban development [40, 41]. However, this rapid
development also led to severe pollution of land, air, and water due to the discharge of
pollutants, including EDCs, from various sources. Compared to rural areas, urban and
industrialized regions have higher concentrations and varieties of EDCs, with human
populations in cities facing greater exposure [42].

In urban areas, EDC pollution originates from multiple sources, including road and
impermeable paved surfaces (PAHs, chromium), building materials (heavy metals, PCBs,
nonylphenols (NPs), Diuron), transportation (PAHSs, heavy metals, phthalates), and industrial
and construction activities [31]. Ruiz et al. (2018) found that nitrogen dioxide (NO:) exposure
in large metropolitan areas is higher compared to smaller urban areas in the United States due
to increased traffic [43].

In Malaysia, the soils of Klang district were found to contain clusters of heavy metals
such as chromium (Cr), cobalt (Co), cadmium (Cd), lead (Pb), zinc (Zn), copper (Cu), iron
(Fe), and aluminum (Al). Among them, neurotoxins such as Pb, Cd, and Zn were present, with
Pb and Cd concentrations exceeding standard guidelines [44, 45]. These heavy metals are
primarily of anthropogenic origin, sourced from port and shipping activities, as well as rapid
urbanization and industrial processes. The discharge from factories contributed to high levels
of heavy metals in the Klang River and surrounding soils. Zinc, in particular, was emitted from
vehicle tires, and the heavy traffic in the Klang area resulted in contamination along major
roads and highways [44].

In another study focusing on PAH runoff, Zakaria et al. (2002) found that sediments from
rivers passing through heavily industrialized areas or major cities like Port Klang, Penang,
Malacca, and Johor Bahru contained high concentrations of PAHSs. This was largely attributed
to the use of crankcase oil in motor vehicles. Urban areas with higher densities of vehicles led
to increased use of crankcase oil, which then contributed to runoff into soils and rivers. The
main sources of contamination were improper disposal and poor management of crankcase oil
by garages and service centers, as well as oil leaks from poorly maintained vehicles that mixed
with street dust and stormwater runoff [46].

5. Challenge Faced in Controlling EDCs

The general pollution hierarchy consists of several stages: reduction, replacement, reuse,
recycling, recovery, treatment, and finally, disposal. Controlling EDC pollution can generally
follow this trend, with source reduction being the top priority for pollution prevention.
Legislation enforcement can be an effective way to reduce the use of EDCs in various
industries. In Malaysia, certain EDCs have been banned due to health and environmental
concerns. For example, the use of BPA in baby feeding bottles was prohibited in 2012 under
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the Malaysian Food Regulations of 1985 [1, 3], and organochlorine pesticides like DDT, aldrin,
and heptachlor were banned under the Pesticides Act of 1974.

However, it is unlikely that the use of EDCs can be entirely eliminated due to various
restrictions. One of the major challenges in regulating EDCs is the lack of convincing data and
comprehensive knowledge regarding their impacts on human health and the environment. The
threshold limits for different populations and wildlife species may also vary. Research on the
potential impacts of EDCs is ongoing to provide more specific information [47]. Although the
Department of Environment (DOE) Malaysia has listed EDCs as a monitoring parameter under
the Environmental Quality (Industrial Effluent) Regulations of 2009, no specific list of EDCs
is provided for reference. This lack of specific legislation makes controlling EDCs at the source
difficult. Additionally, weak enforcement may lead to the illegal use of banned EDCs.
Pesticides like DDT and endosulfan, which are restricted or banned, continue to be widely used
on crops in Malaysia, including strawberries, guava, eggplant, and long beans, and have been
detected in rivers in Cameron Highlands [48].

6. Conclusion

Malaysia faces significant environmental challenges due to the widespread use of endocrine-
disrupting chemicals (EDCSs) in both agricultural and industrial sectors. Pesticides like Diuron,
once heavily used in oil palm plantations, have demonstrated persistence in soils for extended
periods, increasing the risk of exposure to workers and potentially affecting surrounding
ecosystems. Despite the ban on certain organochlorine pesticides, residues continue to appear
in rivers and even tap water, particularly in regions like Cameron Highlands, where agricultural
practices remain intense. The illegal use of banned pesticides is partly driven by their low cost
and easy availability, which poses ongoing threats to both local communities and tourists. The
rapid industrialization and urbanization of Malaysia have compounded these issues,
introducing a variety of EDC pollutants such as PAHs, heavy metals, and plasticizers. The
Klang district, for example, has experienced high levels of heavy metal contamination in soil
and water due to industrial discharges and vehicular emissions. The improper handling and
disposal of materials like crankcase oil have further exacerbated pollution in urban areas. These
pollutants accumulate in rivers and soils, particularly in regions with heavy industrial and
traffic activities, making them significant contributors to environmental degradation. Efforts to
regulate EDC pollution are hampered by the absence of a comprehensive legal framework and
a definitive list of EDCs for targeted regulation. While certain EDCs like BPA in baby bottles
and some organochlorine pesticides have been banned, the lack of enforcement and continued
use of restricted chemicals highlight gaps in regulatory practices. Moreover, the ongoing need
for more research and data on EDC impacts underscores the difficulty in establishing effective
controls. To mitigate EDC pollution, stronger legislation, better enforcement, and broader
awareness of their environmental and health risks are necessary for long-term sustainability.
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