
Introduction
Children are one of the most vulnerable groups within our 
society. They are exposed to higher doses of pollutants in 
any given environment, including low-level exposures 
occurring during fetal development and in early postnatal 
life that increase the lifelong risk of chronic disease. In 
many circumstances, children do not have equitable access 

to health care services or social protection mechanisms 
[1–3].

As highlighted by the recent Lancet Commission on 
Pollution and Health [3], pollution was responsible for 
16% of global deaths in 2015, or approximately 9 million, 
which was three times more than deaths from AIDS, 
tuberculosis, and malaria combined. These deaths were 
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not evenly distributed, with around 92% occurring in 
low- and middle-income countries (LMICs). Children are 
among the most vulnerable members of the population 
for both death and disability. Even low-level exposures 
occurring during fetal development and in early postnatal 
life increase the lifelong risk of chronic disease [3].

The World Health Organization (WHO) Department of 
Public Health, Environment, and Social Determinants 
of Disease is improving awareness of the health conse-
quences of pollution and other adverse environmental 
exposures by establishing a series of WHO Collaborating 
Centres (WHOCCs) that work on various aspects of chil-
dren’s environmental health (CEH). These centres have 
formed a network [4] coordinated by the WHOCC for 
Environmental Health Sciences, located at the National 
Institute of Environmental Health Sciences in Research 
Triangle Park, North Carolina, United States. The network 
has been active in promoting awareness of CEH through 
publications [1, 5, 6] and has a focus on in low- and mid-
dle-income countries (LMICs) [7–9].

The Network of WHO collaborating centres for CEH 
proactively broadened its reach beyond formal WHOCCs 
by holding regional workshops [8], with the most 
recent workshop held in conjunction with the 17th 
International Conference of the Pacific Basin Consortium 
for Environment and Health in New Delhi in November 
2017.  The purpose of the workshop was to gauge the 
state of CEH in South and Southeast Asian countries.  
Child populations in these countries vary considerably 
in size and also contribute substantially to the burden of 
disease in terms of mortality and disability-adjusted life 
years (Table 1). Delegates from several of these countries 
(India, Bangladesh, Nepal, Bhutan, Vietnam, Thailand, and 
Sri Lanka) attended the workshop and included represent-
atives from government ministries, academia, national 
institutes of occupational and environmental health and 
sciences, and nongovernmental organizations. This paper 
summarises the reports presented at this workshop by the 
represented countries.

CEH in India
There are a number of health threats to children in India 
related to the environment. Indoor and outdoor air pol-
lution from industries, traffic, and biomass fuel burning 
increase exposures. Small-scale industries emit dangerous 
nanoparticles from their processes. Electricity generators, 
including those used domestically, release diesel exhaust 
particulates. Children also constitute a substantial section 
of the informal labour workforce in Indian cities, engaging 
in garbage collection, segregation and disposal, electronic 
waste recycling, and several other occupations that expose 
them to hazardous environmental pollutants. Pollutants 
in water bodies, often the only source of drinking water 
for many sections of society in India, are major sources of 
waterborne diseases.

Other sources of environmental pollutants that Indian 
children are exposed to are landfill sites. Families from 
lower socioeconomic strata live on these sites and earn 
a living from rummaging around the landfills all day 
and picking out waste that have financial value. Whole 

families collect waste together, in poor living conditions 
near or on dumping sites that have toxins, chemicals, 
and other hazards. There is an added social dynamic 
where children and families move as large groups and 
are territorial about their areas of collection. Working 
on these landfill sites, children—in utero or in postna-
tal life—are exposed to a toxic cocktail of chemicals due 
to lack of personal protection equipment, such as over-
all clothes, gloves, masks, goggles, and footwear. This 
results in eye, skin, and finger-prick injuries; respiratory 
and gastrointestinal disorders; and often poor intellec-
tual and cognitive development. The National Institute 
of Occupational Health (NIOH) is conducting a study of 
“rag pickers” in Bangalore as part of their effort to col-
lect exposure and health outcome data on children in 
the informal waste disposal and recycling sector. Some 
Indian studies have reported that these children have 
poor hygiene and nutrition, are exposed to waste mate-
rials, and commonly have leg injuries, gastrointestinal 
infections, worm infestation, scabies, skin diseases, 
pediculosis, and rabies (because of stray dogs) [10, 11]. 
Other research has found polychlorinated dibenzodiox-
ins (PCDDs) and polychlorinated dibenzofurans (PCDFs) 
at dumping sites at levels that exceed guidelines [12]. 
The risk of cancer, particularly due to polycyclic aromatic 
hydrocarbons (PAHs) and other carcinogens and leachate 
from landfills, is high [13, 14]. An increased risk of tuber-
culosis, bronchitis, asthma, and pneumonia has been 
reported [11].

Children in rural areas often work in agriculture, fre-
quently as unpaid labor for their own family. Pesticide 
exposure, particularly when it is prepared as well as used 
within the home, is a major health risk [15]. Children also 
work in supposedly nonhazardous roles, such as picking 
flowers. This requires that children be in fields before they 
attend school later in the day. This sometimes coincides 
with early morning pesticide applications and thus expo-
sures. Children often don’t use protective apparel and 
therefore have dermal pesticide exposure, which is com-
pounded by taking their food with them and not washing 
hands before eating. The resultant exposure can cause 
neurological disorders, even at low doses [16].

Another NIOH study looking at sheep farming reported 
on two more exposures. Sheep wool (used for carpets) 
expose nearby children through inhalation of dust and 
proteins from sheep wool. The study team also found 
dichlorodiphenyltrichloroethane (DDT) and other pesti-
cides on the persons of the farming families, including 
their children.

Brick kilns remain a major health and occupational 
safety challenge in India in terms of emissions and heat 
stressors associated with these industries [17–19]. The 
government banned child labour in the brick industry, 
except for children working with their family in the indus-
try. Children also work in extremely dangerous stone quar-
ries [20], or parents have to bring the children to work 
with them, exposing nonworking children to high levels 
of silica dust in the vicinity of the quarries [21]. Mining 
and quarries are very noisy areas, and noise-induced hear-
ing loss is common, even in children. 
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CEH in Bangladesh
Air pollution is a serious issue in Bangladesh. It gets the 
most attention in the major cities, but rural air pollution 
remains poorly understood and might also be a major 
problem, especially for mothers and children who are 
impacted the most by indoor air pollution [22, 23].

The collection and disposal of waste in Bangladesh pre-
sents a major problem for the population and the munici-
pal authorities [24]. Collected waste is disposed mostly in 
landfills. Child waste pickers are often at the landfills, with 
significant adverse health outcomes common [25, 26].

Lead poisoning from lead paint remains a major issue 
in many parts of the world, including Asian countries 
[27]. Elevated blood lead levels is a problem for children 
in Bangladesh [28, 29]. In 2012, seven different organi-
zations in Asia started Switchasia [30], a lead-free paint 
promotion project with Bangladesh, Nepal, Sri Lanka, the 
Philippines, India, and Indonesia being part of the pro-
ject. Many manufacturers in these countries have reduced 
the lead content and are moving to zero lead-containing 
paint. Regulating the content of paint to reduce exposure 
is commendable, but enforcement remains a problem.  
Moreover, the issue of “legacy lead” in the environment 
will remain a problem unless adequate remediation is 
undertaken [27].

Toxic toys are an underreported issue but are of increas-
ing recognition and importance [31, 32]. Tests of toys sold 
in Bangladesh have found it to contain lead, cadmium, 
bromine, and chromium—some at levels more than 97% 
above the EU ceiling [33]. In one test, a Rubik’s cube 
from Bangladesh was found to have OctaBDE, a chemi-
cal banned under the Stockholm Convention. Most of the 
unsafe toys are produced in China, Thailand, and India. 
The products are spreading all over Asia, beyond coun-
tries where the toys are produced. Children’s cosmetics 
and toy jewellery may also have elevated levels of harm-
ful substances. The Environment and Social Development 
Organization found arsenic in baby lotion and titanium 
dioxide in children’s jewellery [33].

Diarrhea, one of the leading causes of death in chil-
dren younger than five years, accounted for 9% of 5.8 
million global deaths and 6% of 0.119 million deaths in 
Bangladesh in 2015 [34].

The occupational hazards of child labour are another 
major issue in Bangladesh [35]. For instance, children 
who work in tanneries are exposed to heavy metals (lead, 
cadmium, mercury) [36]. Bangladesh has 50,000 children 
working in informal electronic waste (e-waste) recycling. 
Shipbreaking is a major industry in Bangladesh, but the 
shipbreaking yard is a “killing field.” Many children work-
ing there are exposed to toxic heavy metals from e-waste 
and scrap materials from the ships [37, 38].

CEH in Nepal
Indoor and outdoor air pollution are major risks for chil-
dren [3]. Use of solid and biomass fuel is a problem in 
Nepal; 64% of indoor cooking is done with firewood, and 
10% of households burn cow dung. This is particularly 
problematic in the mountainous areas of the country, 
where there is limited or no ventilation in the home due 

to cold outdoor temperatures [39], resulting in prolonged 
exposure to high levels of PM10 and PM2.5. These exposures 
result in increased rates of eye and respiratory ailments 
[40]. Ambient air pollution, particularly in Kathmandu, 
is a major challenge and problem [41]. Pollution comes 
from brick laying, construction projects, and vehicles. The 
pollution is so hazardous that a government campaign 
encourages people not to walk in the mornings in the 
Kathmandu Valley. This pollution is particularly a threat 
to children walking to school in the mornings.

Water, sanitation, and hygiene (WASH) challenges are 
major threats to CEH. Although 48% of households have 
safe drinking water, 38% have unimproved sanitation, and 
15% practice open defecation or have no sanitation facil-
ity. There is limited systemic monitoring of water quality, 
and many studies have found varying levels of contami-
nants, making the water unsafe to use [42]. In schools, 
government policy requires one toilet for every 50 stu-
dents, however the reality is that there are, on average, 
127 students per toilet. Lack of toilet facilities has been 
shown to reduce female school attendance and therefore, 
female literacy. There is a correlation between toilets in 
schools and female literacy across Nepal. 

Additional exposures and risks to children in Nepal 
include child labour in brick laying and similar industries, 
lead pollution, and climate change [43]. All five major 
vector-borne diseases are now endemic in Nepal, and 
there has been an observed shift in the range of vectors 
to more than 2,000 meters above sea level. Cold waves 
are a new issue in Nepal, with an observed 5% increase in 
the incidence of acute respiratory illnesses (ARI) in cold 
months. Deaths from ARI have increased by 2.68% for 
every one degree Celsius decrease in the daily minimum 
temperature.

In terms of CEH policies in Nepal, health is noted in the 
2016 constitution. The National Health Policy of 2014 and 
National Water Supply and Sanitation Policy of 2014 are 
relevant to CEH issues. Nepal has had a climate change 
policy since 2011, and national improvement plans for 
WASH and for the health sector have been established. 
Implementation of most policies is overseen by the 
Ministry of Health, however child welfare is governed by 
the Ministry of Women, Children, and Social Welfare. 

The challenges to improving CEH in Nepal are mainly 
a lack of coordination among government organizations 
and a lack of, or weak, implementation and enforcement 
of existing policies. Some health interventions require a 
change in cultural practices and behavior, such as the rela-
tionship between preferred household design and indoor 
cookstove use. Geographic challenges make delivery of 
care difficult and compound the complexity of disasters, 
deforestation, and climate change. 

CEH in Bhutan
The total population of Bhutan is less than 1 million 
people. Seventy percent of the country is forested, with 
a constitutional mandate to maintain a 60% forest cover; 
58% of the population is dependent on agriculture; 
99.5% of households have access to improved drinking 
water; and 92% have access to improved sanitation [44]. 
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The leading causes of disease in children under five years 
in Bhutan are ARI, skin diseases, diarrhea, and digestive 
system diseases. 

Although population access to electricity is very high, 
air pollution-related diseases remain in the top 10 dis-
eases among children [44]. While 95% of the population 
has access to electricity for cooking, around 20% uses 
solid fuels for cooking. There is a preference for wood-
style cooking for the flavor imparted to the food. This is 
particularly common in rural areas, where solid fuel is 
used by more than 33% of the population. In many of 
these homes, women carry the children on their back 
when cooking, thus increasing cooking-related indoor air 
exposures. Wood combustion for winter heating is used 
in traditional homes and in rural areas. Some urban areas 
continue to use traditional stoves and kerosene heaters 
during winter. 

Drinking water and sanitation coverage has improved 
throughout the country, however diarrhea and waterborne 
diseases remain a leading cause of under-five mortality 
and morbidity. A preference for open defecation remains 
in some areas, despite the availability of improved sanita-
tion facilities. 

The health of children in Bhutan has been steadily 
improving [45, 46] Stunting in children has decreased sig-
nificantly but remains in rural areas and the eastern region 
of the country. Anemia remains common in children 
under five in Bhutan. Although rates have declined, more 
than 43% of children are anemic. Pregnant women have 
good health coverage, with many attending prenatal visits 
and with anemia rates lower than those of nonpregnant 
women, however only 52% of pregnant women receive 
prenatal care in the first trimester. Breastfeeding rates 
are high, with nearly half of women reporting exclusive 
breastfeeding. Upon weaning from breastfeeding, there is 
reported low dietary diversity for introduced complemen-
tary foods, with a low percentage of children being given 
iron-rich foods at ages 6–23 months. The Ministry of Health 
is seeking to distribute nutrition powder to health centres, 
particularly where iron-rich foods are less available.

Waste generation and disposal is an emerging problem, 
especially in urban areas. There is no separation of waste 
in Bhutan [47]. Informal waste collectors sort and resell 
scraps from waste. The capital, Thimphu, generates nearly 
50 tons of waste per day, which is disposed of into one 
landfill 12 kilometers from the city. None of the wastes are 
segregated, sorted, or recycled. Leaching of chemicals and 
fires (accidental and intentional) at landfills contribute to 
water and air pollution, respectively.

Very few chemicals are manufactured in the coun-
try, with most products imported from India. Pesticides 
are used often, and asbestos is commonly used in many 
areas. Legislation to deal with carcinogenic chemicals is 
nonexistent, with no regular monitoring or awareness of 
carcinogens. 

CEH in Vietnam
There are increasing health disparities between the Kinh 
majority and ethnic minorities, between urban and rural 
residents, and between those in mountainous areas of 

the country compared to the lower delta areas [48, 49]. 
Forty percent of poor children live in rural areas, with 
child poverty especially high in the northern mountains. 
Approximately 50% of rural children attend preschool, 
whereas 75% of urban children do.

The under-5 mortality rate in Vietnam is 20.2 per 1,000 
live births, and diarrhea is the leading cause of under-5 
death [50]. Additional diseases commonly impacting chil-
dren include dengue fever and hand, foot, and mouth 
disease. A high proportion of Vietnamese children do not 
have access to clean drinking water, reaching upward of 
80% in the Highlands and Mekong River Delta. More than 
half (53%) of schools don’t provide drinking water for 
students during school hours. Although 73% of schools 
have latrines, more than 50% are estimated to not meet 
adequate sanitation standards [51, 52].

Neglected tropical diseases, including soil transmit-
ted helminthiasis (STH), are a major threat to children’s 
health. Sixty-seven million people live in STH-endemic 
areas, and the most at risk are school-age children. In 
some areas, infection is as high as 86% of the popula-
tion. Leading contributors to these high rates are lack of 
adequate sanitation, use of composted human waste in 
agriculture, barefoot walking, and consumption of raw 
vegetables [53, 54].

Lead poisoning in children remains a problem in 
Vietnam [55]. Sources of lead exposure include lead mines, 
industrial production, recycling “villages” (where a major-
ity of their industries are those that dismantle lead batter-
ies), the use of traditional drugs which can include lead, 
and lead paint in toys. Lead battery recycling used to be 
common in residential areas, however new policies have 
moved activities to an industrial zone. A study in the recy-
cling village of Dong Mai found blood levels of children in 
excess of 45 ug/dL (which usually is treated with chelation) 
[56]. After an intervention in the village, no children were 
found to have levels in excess of 45 ug/dL and the aver-
age level was reduced to under 15 ug/dL. Children’s blood 
levels have also been found to be elevated near lead mines 
in the country. There is a continued need to reduce lead 
poisoning in children. In doing so, efforts must include 
education, worker protection, and continued monitoring 
of interventions. Research is still needed in villages with 
issues similar to those in Dong Mai to explore preventative 
measures that may prevent children’s exposure.

Chronic arsenic contamination is common in many 
provinces and the main source of exposure is from con-
taminated groundwater [57]. There continues to be a 
need for sanitation and water in remote areas, but efforts 
to provide water from groundwater sources must address 
natural arsenic contamination as well, which makes the 
provision more difficult. A study on the effects of arse-
nic exposure on physical development, mental health in 
children, and genetic polymorphisms related to arsenic 
metabolism would be welcomed [58–60].

CEH in Thailand
Neonatal and child mortality is low in Thailand, with a 
neonatal mortality rate of 3.5 per 1,000 live births and 
an under-5 mortality rate of 8.6 per 1,000 live births. 
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Eight percent of live births are diagnosed with congenital 
anomalies, with the five most common birth defects in 
Thailand are congenital heart defects, limb abnormali-
ties, cleft lip and palate, Down syndrome, and congenital 
hydrocephalus [61].
Thai women don’t breastfeed at the rates of many other 
neighboring countries, and they often breastfeed for a 
shorter duration of time [62]. An estimated 16% of chil-
dren are stunted [63], yet Thailand has the fastest increas-
ing rate for childhood obesity in the world [64]. There is 
a high prevalence of junk food consumed (food high in 
calories and fat), and soft drinks and sugary coffee are 
common in children’s diets. 

Pesticides are commonly used on fruits and vegeta-
bles because growers like to protect crops from insects. 
Glyphosate and paraquat are commonly used in agricul-
ture and have been found in high levels in maternal and 
foetal serum [65].

Flooding is a major threat to children’s health. In addi-
tion to threats usually associated with floods, schools 
often don’t have clean water after floods and thus, if 
open, are not safe for children. Chronic kidney disease 
of unknown aetiology (CKDu) is a growing problem, and 
the relationship between CKDu and exposures in water is 
being investigated [66].

Children’s exposure to toxic chemicals is a public health 
concern because children are one of the most susceptible 
groups in the population for exposure to environmental 
toxicants. The Chulabhorn Research Institute (CRI) has 
conducted research on children’s health impacts of expo-
sure to environmental pollutants, such as traffic-related 
air pollutants, e-waste, and in utero exposure to arsenic. 
The potential health effects of urban air pollution related 
to traffic, particularly carcinogenic compounds including 
benzene, 1,3 butadiene, and PAHs, on children aged 9–13 
years old was investigated through the use of various 
biomarkers. CRI studies clearly showed that children in 
Bangkok who were concurrently exposed to significantly 
higher levels of benzene, 1,3-butadiene, and PAHs had sig-
nificantly higher levels of DNA damage, observed as ele-
vated levels of 8-hydroxydeoxyguanosine (8-OHdG) and 
DNA strand breaks, and significantly lower DNA repair 
capacity compared to those of rural children [67, 68].

The developing foetus is extremely vulnerable to effects 
of chemicals when exposure occurs in utero. A study in 
a Thai cohort has shown that arsenic exposure in utero 
increased expression of genes involved in various bio-
logical networks such as apoptosis, stress responses, 
and inflammation [69], and DNA damage in newborns, 
observed as increased levels of urinary 8-nitroguanine, 
which significantly correlated with increased expression 
of inflammatory genes (COX2, EGR1, and SOCS3) in cord 
blood [60]. A follow-up study in these prenatally arsenic-
exposed children showed an increase in oxidative and 
nitrative DNA damage, represented by increased levels of 
8-OHdG and 8-nitroguanine [60, 70], as well as decreased 
expression of human 8-oxoguanine DNA glycosylase 1 
(hOGG1), suggesting a defect in the repair of 8-OHdG. 

Taken together, these results suggest that indi-
viduals with prenatal to early childhood exposure to 

environmental carcinogens are at a higher risk for 
developing disease and cancer later in life. The knowledge 
gained from these studies will lead to the establishment 
of national policies for the protection of health and the 
minimization of children’s health risk.

CEH in Sri Lanka
The total midyear population of Sri Lanka is 21.4 million 
people [71], and 77% of children live in rural areas [72]. 
The under-5 mortality rate is 10 per 1,000 live births and 
the infant mortality rate is 8 per 1,000 live births. It is 
important to note that although the infant mortality rate 
has declined, the majority of under-5 deaths are neonatal. 
Congenital malformations are the most significant cause 
of neonatal death [50], but there are no studies yet to 
understand the environmental associations in Sri Lanka.

Outdoor air pollution has increased in Sri Lanka, and 
the increase is correlated to an increase in private vehi-
cle sales [73]. Open burning of plastics emits dioxins due 
to lack of formal waste disposal, and it is a common con-
tributor to outdoor air pollution. Estimates have noted 
that indoor air pollution remains a larger threat than out-
door air pollution in Sri Lanka (as of 2014), however data 
specific to Sri Lanka is limited. Nearly 66% of the popu-
lation uses biomass fuel for indoor cooking in Sri Lanka 
[74, 75]. The highest use of biomass is in the estate sector 
(80%), followed by the rural sector where an estimated 
74% of the population uses firewood. Poor ventilation, the 
absence of chimneys, and the practice of using polythene 
(plastic bags, etc) to initiate a fire all contribute to indoor 
air pollution. Unlike other countries in the region, heat-
ing is rarely a contributor to indoor air pollution due to 
the warm natural climate. A World Bank study in Sri Lanka 
found that indoor air pollution was a predictor of diabetes 
among adults and is a predictor of stunting, underweight, 
and wasting in children under five [76].

Breastfeeding rates are excellent, with 90% of moth-
ers breastfeeding for six months. Almost all deliveries 
(>97%) are institutional. More than 10% of the popu-
lation has diabetes, and the proportion is expected to 
increase [77]. A recent study found that 38% of children 
aged between 10–14 years were obese, and 20% were 
overweight [78]. Increasing numbers of children are 
being exposed to dietary factors, sedentary behaviors, 
and unhealthy habits. There remains, however, a double 
burden of disease associated with nutritional problems 
in Sri Lanka because both malnutrition and obesity are 
increasing [79, 80].

There are gaps in industries in terms of waste and chem-
icals disposal. Inappropriate use of agricultural chemicals 
is common. More than 80% of agricultural workers in the 
country work in the informal sector and there is limited 
to no personal protective equipment use while synthetic 
pesticide usage, particularly herbicides, is increasing [81]. 
CKDu is a major problem that may be related to pesticide 
and chemical use [82].

Dengue remains a major problem; 30% of dengue 
patients in 2017 were 5–19 years old. In 2017, there were 
more than four times the number of cases compared to 
the 2010 and 2016 average.
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The country has seen an increase in floods, droughts, 
and landslides, and children and families are often forced 
to move due to these events.

Improved monitoring and surveillance are needed to 
capture baseline data, as is increased research on the envi-
ronment and children’s health, particularly understand-
ing of early exposures on adult health.

Summary and Conclusions
Children contribute substantially to the burden of 
disease in countries in South and Southeast Asia, as 
shown in Table 1. Taken as plausibly representative of 
the current status of CEH in these regions, the country 
reports summarized in this paper show a high degree 
of similarity. Most common are problems with out-
door and household air pollution, with solutions not 
immediately apparent or implementable. Children are 
also often exposed to heavy metals, industrial chemi-
cals, and pesticides. Despite advances in some coun-
tries, many children still do not have adequate access 
to clean water and improved sanitation. Infectious dis-
eases remain a problem, especially for children living in 
poverty. Child labour is still widely prevalent (too com-
mon), generally without adequate training or personal 
protective equipment, exposing the child labourers to 
occupational hazards. The children of these regions are 
now facing the dual problems of undernutrition and 
stunting on the one hand, and overnutrition and obe-
sity on the other. 

In conclusion, it is evident that some countries in these 
regions are doing better than others in varying areas of 
CEH.  By establishing and participating in regional net-
works, countries can learn from each other and harmonise 
their efforts to protect CEH so that all can benefit from 
closer interactions.
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