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Cross-sectional study protocol to assess the environmental exposure

of endocrine-disruptive chemicals: bisphenol A and heavy metals in children
Protokét badar przekrojowych do oceny narazenia $rodowiskowego na zwiazki chemiczne
zaburzajace gospodarke hormonalna: bisfenol A i metale ciezkie u dzieci
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Abstract

Introduction: Endocrine-disruptors are exogenous compounds that interfere with the human biological system. Bisphenol-A and
toxic elemental mixtures (e.g. As, Pb, Hg, Cd, and U) are major endocrine-disruptive chemicals documented by the USEPA. Clobally
obesity is a major health problem with increasing fast-food intake among children. The use of food packaging material is rising glob-
ally, becoming a primary source of chemical migration from food contact materials.

Material and methods: This protocol is a cross-sectional study, and the primary outcome is to assess the various dietary and non-di-
etary exposure sources of endocrine-disruptive chemicals (bisphenol A and heavy metals) through a questionnaire, and quantification
of urinary bisphenol A and heavy metals using LC-MS/MS and ICP-MS, respectively, among children. In this study, anthropometric
assessment, socio-demographic characteristics, and laboratory investigations will be performed. Exposure pathway assessment will be
done using questions about household characteristics, surroundings, food and water sources, physical/dietary habits, and nutritional
assessment.

Results: An exposure pathway model will be developed based on the questions on source, pathway/exposure, and receptor (child),
of those exposed to or potentially exposed to the endocrine-disruptive chemicals.

Conclusions: The children who are exposed or potentially exposed to the chemical migration sources need intervention through
local bodies, school curriculum, and training programs. Also, methodological points of view implication of regression models and the
LASSO approach will be assessed to identify the emerging risk factors of childhood obesity and even reverse causality through multi-

pathway exposure sources. The feasibility of the current study outcome can be implicated in developing countries.
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Introduction

Obesity is a health crisis with adverse health effects world-
wide. In 2005, globally, the 33% prevalence rate of (1.3 billion
people) overweight and obesity was estimated to reach 58.8%
(8.3 billion people) by 2030 [1]. Concern over obesity develop-
ment from childhood to adolescence has been raised [2]. The
global burden of the body mass index (BMI) group of WHO
suggests higher weight gain prevalence as a greater risk factor
than undernutrition worldwide [3]. The rise in industrial activity
was reported to cause a rise in obesity prevalence due to the
accumulation of chemicals (endocrine-disruptive) in the human
body linked with the obesity epidemic [4]. Adverse effects of
toxic chemicals on lipid metabolism and adipogenesis have
been reported [5] and termed obesogens. Bisphenol A (BPA),

polyfluoroalkyl chemicals (PFCs), polybrominated biphenyl
ethers (PBDEs), organochlorine (OC) pesticides, polychlorin-
ated biphenyls (PCBs), some solvents, and phthalates have
been reported as possible obesogens causing weight gain and
neural sensitivity [6]. Concern over bisphenol A occurrence in
the environment has been increasing because it is ubiquitous
in resins and plastics to protect food, and being a well-known
endocrine-disruptive chemical (EDC).

“There is no packaging that is perfect”, and there is a rising
trend of using packaged/processed food in both developing
as well as developed countries. These compounds packed in
different kinds of containers comprise “plastic bottles, foil re-
tort pouches, glass jars, jar lids, metal cans, paperboard boxes
with polyethylene liner bags, liquid paperboard, greaseproof
wrappers, offset migration, and microwave use” [7].
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In previous studies disorders related to picky eating behav-
iour among children [8] and binge-eating disorders among col-
lege students [9] have been reported. Such eating behaviours
can be influenced by the various dietary and non-dietary expo-
sure sources, which might be linked to the picky eating behav-
iour. In another study, habituation and reinforcing the value of
food have been linked with energy intake and body weight [10].
Similarly, disordered eating was linked with mean R wave am-
plitude, a cardiac biomarker [11].

Bisphenol A and heavy metals are endocrine disruptors.
When heated to high temperatures, these products tend to be
released from the material, and they are commonly used in con-
sumer products, such as food cans, soda bottles, polyester-
styrene, polycarbonate plastics, and baby bottles [12, 13]. The
presence of bisphenol A has been reported in thermal printing
papers, cash register receipts [14], protective coatings, flame
retardants [15, 16], supply pipes, water storage tanks [17],
some dental sealants [18], and fillings [19].

According to the U.S. and European authorities, the
evidence is increasing for bisphenol A and heavy metals as
emerging endocrine-disruptive chemicals, which warrants the
removal of chemical migration from food contact materials [20,
21]. The USA has abandoned the manufacturer and use of bi-
sphenol A in baby bottles, infant-formula packaging, and baby
bottles [22], as well as other countries: Canada, Malaysia, Chi-
na, South Africa, the European Union, Argentina, Ecuador, and
Brazil [23]. Similarly, France has recently implemented a ban on
bisphenol A that comes into contact with food [24].

The mechanism underlying the role of toxic chemicals

in childhood obesity

Heavy metals, bisphenol A, phthalates, and some solvents
are reported to increase weight gain by controlling the lipid ho-
meostasis resulting in developmental programming and obe-
sity [25]. Exposure to endocrine-disrupting chemicals in early life
may have adverse health effects [26], including succeeding gen-
erations [27]. Obesogens can affect leptin, ghrelin, and inhibit-
ing aromatases [28, 29] or through modification of the expres-
sion mechanism [30]. Exposure to obesogen has been reported
to alter the serum levels of metabolic hormones, leading to an
increase in weight gain [30] and an effect on pro-inflammatory
cytokines [31-33], leading to metabolic syndrome and diabetes
in paediatric age groups. The influence of chemical exposure on
intrauterine growth retardation, low birth weight, and prematurity
are documented as risk factors for obesity [34-36]. There are
a growing number of epidemiological links between environmen-
tal exposure and obesity. However, rapid changes in lifestyle hab-
its, increased energy intake of fast food, and decreased physical
activity are considered the leading causes of weight gain.

Material and methods

To date, relatively few studies have reported the obesity as-
sociation with BPA and heavy metals. It is evident that bisphenol
A and heavy metals are endocrine-disruptive chemicals pres-
ent in our lifestyle. This raises the question about health risks
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because these compounds pose childhood health problems.
The present study determines bisphenol A and heavy metals in
biological fluid (urine and blood) using LC-MS/MS and ICPMS.
The current study was designed to assess the exposure level of
bisphenol A and heavy metals among North Indian non-obese,
obese, and underweight children. Individual and combined as-
sociation between urinary bisphenol A and heavy metals will
also be assessed among non-obese, obese, and underweight
children. A hypothesized model will be designed to evaluate the
exposure pathway from different dietary and non-dietary expo-
sure causes of bisphenol A and heavy metals from North India.

Study design
Cross-sectional (observational study).

Setting

Study participants will be included from the nearby com-
munity as well as the Paediatric Endocrinology/obesity Clinic,
Paediatric Growth Lab, Paediatric Biochemistry Lab, Advanced
Paediatric Centre, and PGIMER Chandigarh India.

Sample size estimation

We hypothesized that the mean bisphenol A levels in nor-
mal-weight children would be 2.8 ng/ml (a cut-off level in the US
children for 2" quartile bisphenol A levels) and 5.4 ng/ml (a cut
off level for 4" quartile in US children) for the present study [37].
Their corresponding SD values of 6 and 8 were taken from In-
dian data [38]. Considering an alpha level of 5% and power
of 80%, we calculated the required sample size of 93 children
(rounding to 100) in each group will be recruited, giving us a to-
tal sample size of 300 children.

Participants

Children aged > 6 — < 16 years and measurement of BMI per-
centile for the age of CDC 2000, growth standards. Controls will
be age-matched non-obese (normal and overweight) children
with BMI > 5" and < 95" percentiles and underweight < 5" per-
centile according to age and sex-specific 2000 CDC Growth
Charts following the enrolment strategy (Fig. 1). Any acute in-
fection, hereditary or systemic inflammatory disease, inborn
errors of metabolisms and genetic disorders associated with
dyslipidaemia and hypertension, and diabetes/regular medica-
tions were excluded from the study.

Sample preservation

Blood samples (5 ml) will be obtained after overnight fast-
ing in clean and mineral-free tubes for heavy metal analysis,
blood sugar, and lipid profile, as well as thyroid profile. Study
participants will be asked to collect the morning urine samples
in the container provided to them, and the containers will be
stored at —80°C until the analysis by LC-MS/MS.

Study procedure

Anthropometric assessments will be conducted in the Pae-
diatric Endocrinology clinic and Growth clinic of Advanced
Paediatric Centre, PGIMER Chandigarh, India. Weight will be
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Children, North Indian (> 6 to < 16 years of age)
(n = 300, 100 Obese/overweight, 100 Non-obese/control, and 100 underweight)

Complete

| Clinical/physic

al examination |

Meets
A A
| Inclusion criteria | | Exclusion criteria |
Yes Yes
A A
| Included for study | | Excluded for study |
Sign / Fill
\
| Consent/Asent |
v Yes v No
| Included for study | Excluded for study
Enrollment
| Study participant |
BMI Classification
\ ¢ ¢

Overweight (BMI > 85" — < 95t
and obese > 95™ percentiles)
Overweight/obese (7 = 100)

> 25" to 85" percentiles
Non-obese/control (7 = 100)

< 5" percentiles
Underweight (7 = 100)

A

Plain vacutainer: serum for biochemical profile and elemental analysis

Lactate vacutainer: plasma for glucose

EDTA vacutainer: whole blood for elemental analysis

| EDTA vacutainer: plasma for thyroid profile |

Urine container: urine for bisphenol A and creatinine

Figure 1. Enroliment strategy

measured on electronic scales to the nearest 50 g with children
barefoot and with minimal clothing. Height will be measured
with a stadiometer to the nearest 1 mm. Body mass index (BMI)
will be calculated as weight in kilograms divided by height in
metres squared and expressed as kg/m?. Waist (above the bel-
ly button and below the rib cage) and hip (over the largest part
of buttocks) circumference (WC and HC) will be measured to

the nearest 0.1 cm by using standardized anthropometric tech-
niques. The waist-to-hip ratio (WHR) will be calculated. Based
on the BMI, children will be grouped as simple overweight
(BMI > 85" and < 95" percentiles) and obese (BMI > 95" per-
centiles), non-obese (BMI > 5" and < 85" percentiles), and
underweight (BMI < 5" percentile). Informed consent from par-
ents or primary caregivers and assent from the child will be
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taken before inclusion in the study. All the procedures followed
during the study will be in accordance with the Helsinki Decla-
ration of 1975, as revised in 2008.

Socio-demographic characteristics

Family education level, occupation, and monthly income
will be assessed as per the Kuppuswamy scale [39] because
this scale is applicable in both rural and urban settings.

Laboratory assessment

Biochemical Investigations: Levels of glucose, total cho-
lesterol (TC), HDL, LDL, VLDL, triglycerides (Tg), and hs-CRP
will be quantified using an ADVIA 1800 clinical chemistry analy-
ser (SIEMENS). The concentration of LDL-C will be calculated
using the Friedwald formula as LDL-C = TC-HDL-(TG/5). Thy-
roid profile T3, T4, and TSH will be quantified by ADVIA Centaur
XP chemiluminescence immunoassay.

Quantification of blood heavy metals: Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) validated multi-element
method will be performed for metals analysis. Agilent 7700x
ICP-MS with collision cell technology will be used, which oper-
ates on Helium (He) collision mode, to remove all polyatomic
interferences using a single set of conditions, giving lower levels
of interference and better long-term stability. Whole blood and
serum samples (200 ul) will be taken, followed by the addition
of 2 mL of nitric acid, 0.5 ml of hydrogen peroxide, and 10 ul of
gold solution (10 ug/l) in a microwave digestion tube [40].

Quantification of urinary bisphenol A: In a glass tube,
a urine sample (400 ul) and 10 ul internal standard (bisphenol
A d6, 100 ng/ml) will be taken followed by the addition 5 ul of
> 100,000 units of beta-glucuronidase enzyme and vortexed.
Glass tubes will be placed in a water bath for 16 hours at 37°C.
Methy! tertiary butyl ether (MTBE) 2 ml will be taken for liquid-
liquid extraction. An upper organic layer will be taken and evap-
orated at 40°C. Finally, a dried sample will be reconstituted in
a 200 ul buffer solution (mobile phase) and transferred to an au-
tosampler vial [41]. A liquid chromatography-mass spectrometer
(TMS) (ABSCIEX 4500) will be used to measure bisphenol A. The
chromatographic separations will be carried out using an HPLC
column equipped with a guard column. The HPLC system is cou-
pled to a triple quadrupole instrument (APl 4500; AB Sciex, Ger-
many) equipped with a turbo electrospray source. The analyte is
detected in positive-ion mode at a vaporization temperature of
500°C with an ion-electrospray voltage of 4.5 kV and analysed in
multiple reactions monitoring (MVRM) mode. Analyst software ver-
sion (ABI Sciex) will be used in the handling of the data.

Exposure pathway assessment

Today, we all are surrounded by packaged food items, from
consumer goods to foodstuffs. Although packaging prevents
spoilage and works as a safeguard during transportation,
sometimes these valuable containers may leach chemicals and
other compounds, which may come into the food and drinks.
Such contamination is ubiquitous in the environment and can
happen in all types of packaging (e.g. plastic bottles, glass,
and metal cans). Children at an early stage are prone to eases,
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and exposure to environmental chemicals may cause serious
health consequences in the later stage of life. There are chanc-
es of such chemical exposure to any population in any stage
of life through anthropogenic activity from application to crops,
transport of chemicals, and food packaging to protect it from
the external environment.

In this study, we developed a set of questions to assess the
different exposure sources to bisphenol A and heavy metals as
mentioned below.

Household characteristics: Housing is a significant risk
factor for children to have exposure to bisphenol A and heavy
metals. Efforts have been made in this study to assess the level
of bisphenol A and heavy metals. The questionnaire includes
queries related to the type of housing, construction type,
source of lighting, whether a kitchen is separate or not, any
wallpaper in the house, and crowding in the household. The
physical quality of the home will be assessed to identify any
structural defects that allow the entry of external chemicals into
the household environment causing acute intoxication.

Surroundings: Here, we have tried to gather children sur-
rounding area where they eat, live, play, drink, breathe and
sleep. There is emerging evidence that air quality in the home,
school, and coaching centres may impair children’s health [61].

Food and water: Special attention has been given to food,
water, and utensils as a source of transportation by ingestion, in-
halation, and drinking to children and impact on consumers, es-
pecially children. Focuses on heavy metals such as arsenic, lead,
cadmium, mercury, and chromium were made. These heavy
metals have been widely studied, and their roles in cancer of the
bladder, lung, skin, kidney, and liver have been documented.

The children’s physical/dietary habits and nutritional as-
sessment: Anthropometric examination is a mandatory tool to
assess the child’s growth. Anthropometric measurements are
useful in the nutritional assessment because each measure-
ment depends on adequate nutrition. Poor growth in children
indicates malnutrition. Physical measurements like body weight
and height of children have been extensively used to define
communities’ health and nutritional status. Based on the age,
body weight, and height, many indices such as weight for age,
weight for height, and BMI for age will be calculated. The in-
terviewer prepared a food frequency questionnaire, a detailed
questionnaire, including the list of foods and the child’s an-
swers as to how often each food he/she eats per week, which
will be noted down as exposure history.

Briefly, the following parameters will be used to assess
exposure pathway: source: e.g. (water, air, plastic containers,
utensils), pathway/exposure: e.g. (eating, drinking, breathing),
receptor: e.g. (subjects) who are exposed or potentially ex-
posed will be assessed for bisphenol A and heavy metals.

Measurements: Various exposure sources, uses frequen-
¢y, and duration of use are explained in Table |. Based on the
various exposure sources as listed in Table |, the major risk fac-
tor category (e.g. socio-demographic, air, water, diet, genetics,
and miscellaneous) is explained with the description of major
sources (Table ). This data will help us to develop a concep-
tual model (Fig. 2).
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Statistical approach

The main objective of this study is to compare the urinary
bisphenol A and heavy metals among obese, non-obese, and
underweight children and their relationship with childhood obe-
sity. To test associations, standard statistical methods will be
applied using R version 4.0.0 and SPSS version 25 to analyse
the data. All the data will be recorded in an MS Excel spread-
sheet for future use.

Table I. Exposure sources, frequency of use, and duration of use

Discussion

This study protocol planned to analyse the association be-
tween various dietary and non-dietary exposure sources to bi-
sphenol A and heavy metals among North Indian children, and
their relationship with obesity. Similarly, recently a study proto-
col has been published in which multi-disciplinary approaches
among school-aged girls have been studied to weight manage-

S.No. Exposure sources Frequency of use Duration of use (years)
2.10.1  Chemical migration sources (No, daily, once a week, > 2-3 times in (0-2 years, 2-5 years,
* Plastic bottles a week, 10-15 days and monthly based 5-10 years, > 10 years)
* Foil retort pouches on children's response)
* Glass jar
* Metal cans
* Paperboard boxes with polyethylene
liner bags
¢ Liquid paperboard
* Greaseproof wrappers
e Ceramic migration
* Microwave food item
2.10.2 Household characteristics (0-2 years, 2-5 years,
e How long have/had been living (family) — * — 5-10 years, > 10 years)
 Type of housing * Independent or shared apartment
 Construction type * Pucca, Kuchcha, semi-pucca
* Main source of lighting * Electricity, lamp (diya)
* House recently painted * No, yes
* Separate kitchen * No, yes
e Crowding * < 3, > 3 person per room
 Plastic wallpapers in house * No, yes
2.10.3 Surroundings (0-2 years, 2-5 years,

* House floor covering
* Drinking water source

* House cleaning practice
* Smoky kitchen when cooking

* Boil water and store

* Home water damage

* Air makes it difficult to breathe child
¢ House near a major road

e Employment place parents

* House near waste

» Degrease tools, machines

e Children playing with toys

* A child has a habit of licking/sucking toys
 Use of juicer/mixer plastic container

Carpet, wood, tile, cement, marble,
Kuchcha/bricks, more than one types
Tap, underground, RO, bottled, more than
one type

Sweep, vacuum

No: have chimney/exhaust, yes: don't
have a chimney

In the plastic container, don'’t boil and store
No, yes

Never, at least sometimes

No, yes

Inside, outside

No, yes (hazardous waste, village dust,
dung, etc.

No, yes

No, yes

No, yes

No, yes

5-10 years, > 10 years)
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Table I. Exposure sources, frequency of use, and duration of use (cont.)

S. No.
2.10.4

Exposure sources

Food and water

Type of vessel to store water

Type of vessel to cook
Ever lived within a kilometre of

Use of mosquito repellents

Child use of canned food item
Expose water bottle/container directly
to the sunlight

Child visit to dental (filling)

Child lunch box

Use of aluminium foil/newspaper/
polythene to wrap food item

A child uses plastic/paper/thermocol
cups to drink hot tea/milk

Child consumes tetra pack milk/juice
Family habit of microwave container
change

Child history of taking any herbal
medicine

Child encounter second-hand tobacco

smoke

Family history of smoking

Family history of paint spray

Child consume fish

Child drinking water transport system
to school

Child encounter smoky dust/aerosols:

welding, automobile exhaust

Child habit of licking/sucking: pencils,
newspaper, chalk, pen parts, mobile
phone

Frequency of use

Plastic container: RO, paint bucket,
camper, Steel, aluminium, earthenware,
more than one type

Steel, aluminium, non-stick, more than
one type

Yes (Recycling site, automobile mechanic
shop, chemical/industry), not lived

No, yes: seasonal, others: smoke

No, yes

No, yes

No, yes
Plastic, steel
No, yes

No, yes

No, yes
No, yes

No, yes
No, yes

No, yes
No, yes
No, yes
Bottle type: plastic, steel, iron, school
supply/tank water, more than one type
No, yes

No, yes

Duration of use (years)

(0-2 years, 2-5 years,
5-10 years, > 10 years)

ment [42]. Previous studies reported a positive association be-
tween urinary bisphenol A and obesity in the USA [37] and Den-
mark [37, 43]. Similarly, nutrition and diet [44], genetic changes
[45], and hormonal imbalance [46] were also reported as obesity
risk factors [44] among children. Risks from socioeconomic sta-
tus, education, gender [47, 48], residence area [49], physical in-
activity [50], and watching TV [51] were also reported to be major
contributors of obesity among children at an early stage of life. In
this study, we planned to analyse the data using the implication
of LASSO considering the multiple variables in the study. Simi-
larly, in previous studies, generalized linear models for regression
analysis [52] and LASSO were applied for shrinkage and variable
selection to identify the chemical mixture components [53, 54].
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Rural locality was reported to be associated with a lower
body mass index [55]. Other studies suggest that urban areas
are more prone to stress and depression, affecting health and
the possibility of higher body mass index [56]. We also hypoth-
esized that the role of the chemical mixture has an association
with body mass index, because there is some emerging evi-
dence [57, 58].

Levels of individual metals have been found to be associ-
ated with obesity. An increase in iron absorption after weight
loss intervention among obese children has been reported [59].
Similarly, zinc has been associated with the developmental role
of metabolic syndrome, regulating cytokine expression and sup-
pressing inflammation [60].
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Table Il. Based on the above exposure pathway, the sub-heading questionnaire was categorized into their various exposure
sources, e.g. air, water, diet, genetics, and miscellaneous

Risk factor category

Socio-demographic

Description/sources

Education, income, and occupation

Air

Smokey kitchen when cooking, musty/mouldy odour in the home, air makes it difficult to breathe,
home near a major road, a house near hazardous waste, village dust, cow dung, etc., degrees
tools, machines, ever lived within a kilometre of (recycling site, automobile mechanic shop,
chemical/industry factory), type of mosquito repellents/smoke, encounter second-hand tobacco
smoke, family smoking habit, and encounter smoky dust/aerosols (welding, automobile exhaust).

Water

Drinking water source (tap, underground, RO, bottled, more than one type), boil water and store
in plastic containers, a house near hazardous waste, type of vessel to store water (e.g., plastic
container, RO, paint bucket, camper, steel, aluminium, earthenware, more than one type), water
transport system (plastic, steel, iron, school water tank/supply).

Soil/dust

Floor covering, e.g., carpet, wood, tile, cement, marble, bricks, more than one type, house
cleaning practice (sweep, vacuum), home water damage, parents' employment place,
construction type, crowding

Physical/dietary habit

Plastic bottles, foil retort pouches, glass jars, metal cans, paperboard boxes with polyethylene
liner bags, liquid paperboard, greaseproof wrappers, ceramic kitchenware, offset migration,
microwaved food item, type of vessel to cook (e.g., steel, aluminium, non-stick, more than one
type), use of canned food, type of lunch box, use of aluminium foil, newspaper, polythene to wrap
food item, use of plastic/paper/thermocol cups to drink hot tea/coffee/milk, take herbal medicine,
consume fish, a habit of licking/sucking pencils, newspaper, chalk, pen parts, mobile phones,
participate in sports, sleeping habit in the afternoon, diet habit, restaurant visit, take junk food, use
of mixer/juicer (plastic/metal), milk/milk products, vegetables, green leafy vegetables, fruits, egg,

non-veg, biscuits, chips, Instant food /noodle/cake/ice-cream others, cold drinks, fried foods,

and pizza/burger

Others/miscellaneous

How long have/had been living, type of housing, source of lighting, house recently painted,

separate kitchen, plastic wallpapers in the house

Genetics

Family history of diabetes, family history of obesity

A previous study shows that the Indian dietary pattern is
highly diverse and gives evidence of an association between
dietary pattern and health outcome of obesity as well as a car-
diovascular disorders. Future work would benefit from using
large food consumption data sets from different dietary and
non-dietary exposure sources to study the range of Indian di-
etary patterns to identify the crucial links between exposure
routes and disease.

While measuring emerging pollutant levels in biological
samples, a cautious interpretation between fasting and non-
fasting state samples is warranted because the associations
are not always linear. Other risk factors can be linked to obese
and undernourished children. The penalized regression ap-
proach shows multiple significant associations between the
obese, non-obese, and undernourished categories of both
fasting and non-fasting states. Qualitative assessment of di-
etary and non-dietary exposure sources must be included in

future environmental or occupational health risk assessment
studies for emerged and emerging pollutants.

Recommendations

Risk assessment studies could also be done in the form
of a survey of bisphenol A concentrations in infant formula (if
packed in metal cans), bisphenol A migration from recycled
food packing paper, and biomonitoring studies in pregnant
women to reduce bisphenol A exposure, because it is a well-
known endocrine-disruptive chemical and is widely used.

Targeted intervention studies should be done for different
exposure routes of bisphenol A and heavy metals from dietary
and non-dietary sources because this will be helpful for the
policymakers to implement the intervention to reduce the dis-
ease burden among children. Guidelines to minimize the bi-
sphenol A and heavy metals exposure should be formulated as
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Air: C4: Smokey kitchen when cooking, C7: musty/moldy odor in home, C8: air makes it difficult to breath, C9: home near major road, C11: house near
hazardous waste, village dust, cow dung etc., C12: degrees tools, machines, D3: ever lived within a kilometer of recycling site, automobile mechanic shop,
chemical/industry factor, D4: type of mosquito repellents/smoke, D14: encounter second hand tobacco smoke, D15: family smoking habit, D19: encounter
smoky dust/aerosols (welding, automobile exhaust)

Water: C2: drinking water source (tap, underground, RO, bottled, more than one type), C5: boil water and store in plastic containers, C11: house near
hazardous waste, D1: type of vessel to store water (e.g. plastic container, RO, paint bucket, camper, steel, aluminium, earthen ware, more than one type),
D18: water transport system (plastic, steel, iron, school water tank/supply)

Soil/Dust: C1: floor covering (e.g. carpet, wood, tile, cement, marble, bricks, more than one type), C3: house cleaning practice (sweep, vacuum), C6: home
water damage, G10: parents employment place, B3: construction type, B7: crowding

Physical/dietary habit: A1: plastic bottle, A2: foil retort pouches, A3: glass jars, A4: metal cans, A5: paperboard boxes with polyethylene liner bags, A6: liquid
paperboard, A7: greaseproof wrappers, A8: ceramic kitchenware, A9: offset migration, A10: microwaved food item, D2: type of vessel to cook (e.g. steel,
aluminium, nonstick, more than one type), D5: use of canned food, D8: type of lunch box, D9: use of aluminium foil, newspaper, polythene to wrap food item),
D10: use of plastic/paper/thermocol  cups to drink hot tea/coffee/milk, D13: take herbal medicine, D17: consume fish, D20: habit of licking/sucking pencils,
newspaper, chalk, pen parts, mobile phones, E1: participate in sport, E2: sleeping habit in afternoons, E3: diet habit, E4: restaurant visit, E5: take junk food,
C15: use of mixer/juicer (plastic/metal), FG1: milk/milk products, FG2: vegetables, green leafy vegetables, FG3: fruits, FG4: egg, non-veg, FG5: biscuits,

FG6: kurkure/chips, FG7: maggi/noodle/cake/ice-cream others, FG8: cold drinks, fried foods, and pizza/burger

Others/miscellaneous: B1: how long have/had been living, B2: type of housing, B4: source of lighting, BS: house recently painted, B6: separate kitchen,
B8: plastic wallpapers in house, E6: family history of diabetes, E7: family history of obesity

Figure 2. Conceptual model for bisphenol A and metal exposure pathway and health risk assessment
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a preventive measure. Policymakers and local bodies (school,
individual, and household level) should educate the population
about emerging pollutants and their risks. Recycling codes 3 or
7 indicate the presence of bisphenol A, and consumers should
be taught ‘how to read’ the bottom of the products to assess
bisphenol A presence in different chemical migration sources.
A warning to the users to avoid boiling liquid in containers with
bisphenol A should be appropriately displayed.

Availability of data and materials

The spreadsheets generated from this study are not public-
ly available due to the need to protect the participant’s privacy.
However, the quantitative data of urinary bisphenol A and heavy
metals from North Indian children will be published.
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