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Abstract
To investigate the complex Pb-Cd exposure network in school-going children, a thorough investigation of the probable exposure
means (diet, water, and school micro-environments such as paint dust and school courtyard soil) and exposure route (ingestion,
inhalation and dermal) was carried out in a periurban area spanning three districts in southern Assam, India. Multivariate
statistical analysis was carried out to understand the complex data matrices, and the health risk assessments (carcinogenic and
non-carcinogenic) based onUS EPARisk Assessment models were alsomade.We found the median values to be 0.9–4.0 mg Pb/
kg and 0.21–6.2 mg Cd/kg in various food items. Groundwater also had Pb (0.13–0.48 mg/L) and Cd (0.11–0.29 mg/L). Pb
levels in paint dust were within the permissible limits, but 50% of the samples had higher than permissible levels of Cd.
Approximately 23% of the school courtyard soil had Pb above the global background levels, but all the samples had 4–27 times
elevated levels of Cd in them. School micro-environment contributed significantly to the metal load in children due to their
typical hand-to-mouth behavior and dietary intake (food and water) via ingestion was the most prominent route of exposure in
children. The evaluation of the estimated chronic daily intake and the hazard quotient indicated hazardous exposure over a
lifetime to both Pb and Cd, but only Cd posed a prominent cancer risk. It could be concluded that chronic insidious effects of
metals would be a noteworthy toxicological threat to children when exposed early on.
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Introduction

Toxic heavy metals such as lead (Pb) and cadmium (Cd) have
registered their ubiquitous presence in our environment due to
activities associated with industries, such as mining, smelting,
paint, pigment, and battery, or due to the natural sources or
agricultural activities such as the application of pesticides and
fertilizers and automobile exhausts (Liu et al. 2013a; Cao et al.

2015). These toxic metals are likely to enter into the human
via soil/dust, food, drinking water, and even air (Qian et al.
2010). Chronic exposures of Pb/Cd may damage the nervous,
skeletal, circulatory, enzymatic, endocrine, and immune sys-
tems of those exposed to it (Li et al. 2014). Cd (group 1) and
Pb (group 2B) have been classified by the International
Agency for Research on Cancer (IARC) to be potentially car-
cinogenic and hence a cause of concern, especially in urban
settings, where both these elements have registered their
prominent presence (Vainio et al. 2002).

School-going children between 6 and 16 years of age are the
most vulnerable group, Pb is often associated with low IQ,
while Cd is known to impair cognitive development in them
(Kippler et al. 2012; Liu et al. 2019). Pb and Cd can also be
carcinogenic, low Cd, and Pb intake from the diet over a period
of time was associated with the increased risk of cancer (Itoh
et al. 2014; Canaz et al. 2017). Children are also susceptible to
Pb and Cd due to explicit physiological and behavioral patterns
in them (Cao et al. 2015). In India, elevated maternal blood
levels of Pb (11μg/dl) and Cd (0.095μg/dl) have been reported
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that were associated with low birth weight and poor intelligence
in them (Dwivedi et al. 2013). In a quest to search the probable
Pb-Cd exposure network in children, several exposure net-
works have been proposed. Diet as well as the water is a major
source of toxic metal intake for much of the world’s population
(Liu et al. 2013b). The diet of Indian children consists of staples
such as rice, vegetables, fish, and egg, each of which might
contribute towards the oral entry of metals, owing to the great
amount of consumption. Reports on the presence of Cd and Pb
in rice (0.07 mg Cd/kg and 0.79 mg Pb/kg), vegetables (2.29–
23.5 mg Cd/kg and 0.8–2.9 mg Pb/kg), fish (0.004–0.85 mg
Cd/kg and 0.03–0.41 mg Pb/kg), eggs (0.15 mg Pb/kg),
groundwater (0.68–19.5 μg Pb/L and 0.02–1.28 μg Cd/L),
and soil (19.25 mg Cd/kg and 13.12 mg Pb/kg) from India
are available (Sharma et al. 2008; Tiwari et al. 2011; Giri and
Singh 2014, 2017; Kumar et al. 2019; Sharafi et al. 2019). On
average, Indian children between 6 and 16 years spend 800 and
1000 hours per academic year in school, which on average is
200 days (Rajadhyaksha 2014). The school environment,
where they inhabit or play, is an essential route of Pb/Cd expo-
sure in children due to their hand to mouth activities. The use of
Cd/Pb-based paint is still predominant in India, and hence, the
school environments in the perspective of paint dust and court-
yard soil should contribute towards Pb-Cd body-burden.

The human health risk assessments, modeled by the US
Environmental Protection Agency, associated with non-
carcinogenic and carcinogenic risks due to heavy metal expo-
sures have been successfully adopted all over the world to
establish risks based on oral, dermal, and inhalation pathways
(US EPA 2001; Mao et al. 2019). By this method, the proba-
bility of deleterious health effects in humans who might be
exposed to chemicals in contaminated environments is esti-
mated. Such type of predictive model-based assessments has a
practical value as it provides quantitative evaluations of risks
where there is a lack of data in human due to ethical and
financial reasons.

Multivariate statistical analysis (MVA) is a collection of
statistical tools that can help in better understanding and inter-
pretation of complex data matrices and allows for their group-
ing based on similarities between them (Shrestha and Kazama
2007). The tool has been successfully applied to understand
the water quality of rivers, in pollution monitoring, as well as
in risk identification associated with metals and organic micro
contaminants in vegetables (Shrestha and Kazama 2007;
Margenat et al. 2019).

The present investigation is a 2-year study around a
periurban area in Assam in India that has high incidences of
cancer (Phukan et al. 2001). Aizawl, at a distance of 172.0 km
from the study site, has the world’s highest incidence of can-
cers in the lower pharynx (11.5/100,000 people) and tongue
(7.6/100,000 people) and also India’s highest rate of stomach
cancer among men (Mudur 2005). Although some studies
point towards smoking as a probable cause, pollution, as a

decisive factor, could not be ruled out. Further, low IQ in
school-going children is a prominent cause of concern in this
zone (Dwivedi et al. 2013). In this backdrop, it would be
extremely important to study the complex Pb-Cd exposure
network in children via ingestion, inhalation, and dermal con-
tact pathways and estimate the probable non-carcinogenic and
carcinogenic risks associated with these potentially toxic
metals, Pb and Cd, that have been reported to be present in
agrochemicals (Tiwari et al. 2011). Also, there has been sev-
eral industrial activities in the form of cement factory, a re-
cently closed paper mill, several brick kilns, and moderate to
high road traffic, in this region that are the probable sources of
Pb/Cd in the area (Das and Choudhury 2016).

The objectives of the present study were to (1) measure the
concentrations of Pb and Cd in food (rice, vegetables, fish,
egg), water, and paint dust from school and school courtyard
soil; (2) estimate the exposure levels and contributions from
each medium by multivariate statistical analysis; and (3) esti-
mate potential non-carcinogenic and carcinogenic health risks
in children due to Pb/Cd from each medium using predictive
risk assessment model based on US EPA.

Materials and methods

Study area

The study site is located in the Barak river valley in Assam
(north-eastern India) covering an area of 7494.4 km2 and 3
districts (Cachar, Karimganj, and Hailakandi) with a popula-
tion of 4.27 million. The region is agriculture based; rice and
tea crops are grown extensively here. The samples were col-
lected from the periurban areas of each district. The

Fig. 1 The geographical locations of the sampling sites
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geographical location of the study area was provided in Fig. 1,
and detailed information regarding the sampling sites was
provided in Supplementary Tables S1, S2, and S3.

Sample collection

A total of 8 commonly consumed vegetable varieties (n =
160), 16 rice varieties (n = 102), 17 different fish varieties (n
= 144), and 7 different varieties of poultry eggs (n = 90) were
collected from various markets during the study period 2017–
2019 (Tables 1 and S1). Paint dust was collected from a total
of 60 schools in the urban area (30 fromCachar district and 15
each from Karimganj and Hailakandi district, n = 180)
(Table S2). The paint dust was scrapped from the classroom
wall by flint paper and dusted off by brush and collected in
paper bags. From the same schools, a total of 300 samples (60
samples, each with 5 random subsamples) were collected.
Within the same sampling unit, the subsamples were pooled
for an individual composite value. In the school courtyard, a 5
× 5 grid was created, and five subsamples, one from each
corner and 1 at the center, were pooled to create a composite
sample. Each sample had 3 replicates. Top 15-cm soil was dug
using stainless steel shovel, placed in sample pouch, and
transported back to the laboratory. Groundwater samples (n
= 90) were collected from 30 tube wells (24–75-m depth) that
were within 1–2-km radius of the schools (Table S3). The
hand pumps that were used for drinking and domestic pur-
poses were selected. Before sampling, water was pumped
for 10 min to remove the standing water. Approximately 1 L
of water was collected from each site in clean laboratory grade
polypropylene bottles, placed in an ice box, and transported to
the laboratory.

Sample pre-treatment

All the food samples were washed thoroughly with de-
ionized water several times. Samples were chopped into
small pieces (wherever necessary) and oven-dried until
the constant weight was achieved. Small fish (< 7 cm)
were kept intact as they are generally eaten whole, while
~ 20 g flesh of large fish was taken. Dried samples were
powdered with a stainless steel blender and passed
through a 2-mm size sieve. Egg samples were opened
carefully to separate the eggshell from egg content. The
egg contents were homogenized and were kept for drying
in an oven at 70 °C for 72 h and then ground with mortar
to a fine powder (Giri and Singh 2017). A 50-mL ground-
water sample was acidified by adding 2–3 drops of 6 M
nitric acid before analysis. Soil samples were air-dried at
room temperature for 3 days and sieved with a 2-mm
mesh. Paint dust samples were oven-dried at 65 °C for 2
days and stored until further analysis.

Sample digestion and metal analysis

A 0.5 g of samples (food/soil) was digested with HNO3 and
H2O2 using US EPA Method 3050B on a hot block. After
completion of the digestion and adequate cooling, solutions
were filtered through Whatman No. 42 and diluted to 50 mL
with deionized water and kept at room temperature for further
analysis of heavy metals. Acidified water samples were direct-
ly analyzed. A 0.1-g paint dust sample was ashed for 1 h at
500 °C in a furnace. A 4 mL of 7.5 M HNO3 was added, and
the contents were heated to boiling and until reduced to half.
The contents were transferred quantitatively to a 50-mL vol-
umetric flask using distilled water and centrifuged to get clear
supernatant (Searle et al. 1969). The determination of Pb and
Cd in the samples was achieved by Graphite Furnace Atomic
Absorption Spectrometry (GFAAS, model Vario 6,
Analytikjena).

QA/QC

In the event of sample collection, transport, and storage, ut-
most care was ensured to minimize cross-contamination. All
glassware was soaked with 10% HNO3 and HCl overnight
and then rinsed with double DI-water before use. For calibra-
tion of GFAAS, the standard solution of 1, 3, and 5 ppm
nitrate salts of Pb and Cd (Merck, Germany) were used.
Procedural blanks and spiked internal standard every 20 sam-
ples were added to check machine stability. Standard refer-
ence materials (SRM-1570, DORM-2) were provided by
Sophisticated Analytical Instrumentation Facility, North
Eastern Hill University, Shillong. The results were found to
be within 2% of certified values.

Risk assessment

The estimated chronic daily intake (ECDI) of Pb and Cd (mg/
kg/day) by school-going children (ages 6 to 16) was calculat-
ed as per US EPA (2001). The ECDI was predicted to cause
non-carcinogenic risks in them. Since all the three exposure
routes (ingestion, inhalation, and dermal) would be responsi-
ble for Pb/Cd build up in them, three separate ECDIs for each
exposure route were calculated as per the following formula:

ECDIingestion ¼ C� Ring� EF� ED� CF

BW� AT
ð1Þ

ECDIinhalation ¼ C� Rinh� EF� ED

PEF� BW� AT
ð2Þ

ECDIdermal ¼ C� SA� SL� ABS� EF� ED� CF

BW� AT
ð3Þ

For ECDI of water by dermal contact, a minor modification
of Eq. 3 was performed (Mohammadi et al. 2019):
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ECDIdermal waterð Þ ¼ C� SA� Kp� ABS� ET� EF� ED� CF

BW� AT
ð4Þ

where C is the concentration of Pb/Cd in food, soil or
dust (mg/kg), or water (mg/L); Ring is the ingestion rate
(rice = 0.2 kg/d; vegetables = 0.345 kg/d; fish = 0.04 kg/
d; egg = 0.0075 kg/d; soil = 0.0001 kg/d; dust = 0.0002

kg/d; water = 2 L/d); Rinh is the inhalation rate (5 m3/d);
PEF is the particle inhalation factor (1.36 × 109 m3/kg);
SA is the surface area of the skin exposed to pollutants
(18,000 cm2); SL is the skin adherence factor (0.2 mg/
cm2/d); ABS is the dermal absorption factor (0.001); EF
is the exposure frequency (for food items and water, 365

Table 1 Food samples analyzed
for metals collected from various
markets

Common name/variety Scientific name Family

Vegetable (n = 160)

Ridged gourd Luffa acutangula (L.) Roxb Cucurbitaceae

Okra Abelmoschus esculentus (L.) Moench Malvaceae

Spiny gourd Momordica dioica Roxb. ex Willd. Cucurbitaceae

Brinjal Solanum melongena L. Solanaceae

Bitter gourd Momordica charantia L. Cucurbitaceae

Bottle gourd Lagenaria siceraria (Molina) Standl. Cucurbitaceae

Sponge gourd Luffa cylindrical (L.) M. Roem Cucurbitaceae

Papaya Carica papaya L. Caricaceae

Fish (n = 144)

Pool barb Puntius sophore (F. Hamilton, 1822) Cyprinidae

Gangetic hairfin anchovy Setipinna phasa (Hamilton, 1822) Engraulidae

Striped dwarf catfish Mystus vitatus (Bloch, 1794) Bagridae

Climbing perch Anabas testudineus (Bloch, 1792) Anabantidae

Bombay duck Harpadon nehereus (F. Hamilton, 1822) Synodontidae

Pomfret Brama brama (Bonnaterre, 1788) Bramidae

Razorbelly minnow Salmostoma acinaces (Valenciennes, 1844) Cyprinidae

Butter catfish Callichrous bimaculatus (Bloch, 1794) Siluridae

Garfish Xenentodon cancila (F. Hamilton, 1822) Belonidae

Shad Gudusia chapra (F. Hamilton, 1822) Clupeidae

Prawn Fenneropenaeus indicus (H. Milne-Edwards, 1837) Penaeidae

Mullet Mugil hamiltonii (F. Day, 1870) Mugilidae

Eel Mastacembelus armatus (Lacepède, 1800) Mastacembelidae

Mola Amblypharyngodon mola (Hamilton, 1822) Cyprinidae

Loach Lepidocephalichthys annandalei (Chaudhuri, 1912) Cobitidae

Morari Aspidoparia morar (Hamilton, 1822) Cyprinidae

Glassfish Ambassis ranga (Hamilton, 1822) Ambassidae

Rice (n = 102)

16 varieties:

Oryza sativa L.

Aizon, Basmati, Bao, Bao-boil, Boro, Birain,
Damchera, Joha, Juri, Kalijira, Murali,
Musari, Punjab, Ranjit, Ratna, Tapaswini

Poaceae

Egg (n = 90)

Farm reared

Broiler hen Gallus gallus domesticus (Linnaeus, 1758) Phasianidae

Country reared/backyard
grown

Swan Cygnus atratus (Latham, 1790) Anatidae

Quail Coturnix coturnix (Linnaeus, 1758) Phasianidae

Duck Anas platyrhynchos domesticus (Linnaeus, 1758) Anatidae

Country hen Gallus gallus domesticus (Linnaeus, 1758) Phasianidae

Dove Streptopelia chinensis (Scopoli, 1768) Columbidae

Pigeon Columba livia domestica (Gmelin, 1789) Columbidae
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d/ year; for water via dermal route on bathing, 350 d/year;
for paint dust, 200 d/year, the average annual school days
in India); ED is the exposure duration (10 years duration
of school years); CF is the conversion factor (10-6 kg/mg);
Kp is the permeability coefficient (0.001 cm/hour); ET
(0.58 hour/event) is the exposure time; BW is the body
weight (15 kg, default for children); and AT is the aver-
age time (3650 days for non-carcinogenic risk and 25,550
days for carcinogenic risk). All the values in parenthesis
are child specific and obtained from standard literature
(US EPA 1997, 2001; WHO 1998; Bhuyan et al. 2017;
Lin et al. 2017; NAPEP 2017; Mao et al. 2019;
Mohammadi et al. 2019).

Hazard quotient (HQ), the measure of a lifetime hazard
from metal, can be calculated as per the following equation
(US EPA 2011a):

HQ ¼ ECDI
RfD

ð5Þ

where RfD is the reference dose (RfDing and RfDinh = 3.5 ×
10-3 mg Pb/kg; 1.0 × 10-3 mg Cd/kg. RfDderm = 5.25 × 10-4

mg Pb/kg; 5.0 × 10-5 mg Cd/kg) (Lin et al. 2017).
To measure the overall potential non-carcinogenic effects

from both Pb and Cd, a summation of individual hazards was
assumed:

HI ¼ ∑HQ ð6Þ

Potential lifelong cancer risk (ILCR) of Pb and Cd, in chil-
dren, was calculated as

ILCR ¼ ECDI� CSF ð7Þ
where CSF is the cancer slope factor (CSFPb = 8.5 × 10-3and
CSFCd = 3.8 × 10-1). Risks in the range of 1.0 × 10-6 to 1.0 ×
10-4 are acceptable (US EPA 2011b).

Statistical analysis

Data normality (by Kolmogorov-Smirnov test), descrip-
tive statistics, Kruskal-Wallis H test, and multivariate
statistical analysis (PCA and FA) were performed using
the SPSS software (ver. 18). FA was performed on the
PCs by the maximum likelihood method and correspond-
ing rotated component matrix (varimax with Kaiser
Normalization), variable loadings, and explained variance
were calculated. PCA was carried out to identify the
dimensionality of a data set while endeavoring to keep
the relationships in the original data intact (Jung et al.
2016). Kruskal-Wallis H test was performed to ascertain
whether or not significant difference existed between
mean Pb/Cd in various components.

Results and discussion

Concentrations of Pb and Cd in food items

A person’s diet is a regular and important exposure source of
toxic heavy metals (Liu et al. 2013a). Chronic, insidious ef-
fects of metals have been a prominent toxicological threat to
humans who are exposed to dietary toxic elements early on
(Cao et al. 2015). In the present study, the median Pb values
were between 0.9 and 4.0 mg/kg in various food items, with
the first and the third quartiles between 0.23 and 1.12 mg/kg
and 1.08 and 10.7mg/kg, respectively. The median Pb follow-
ed the pattern: vegetables>rice>fish>egg. For Cd, median
values were between 0.21 and 6.2 mg/kg in various food
items, with the first and the third quartiles between 0.152
and 4.55 mg/kg and 0.31 and 12.4 mg/kg, respectively. The
median Cd values followed the pattern: vegetables>egg>
fish> rice. Except for Cd contents in fish, Pb and Cd in all
the food items exceeded the maximum acceptable concentra-
tion set for the respective food items (Table 2). The metal
contents above guideline values suggested a potential risk in
terms of food safety and human health. Vegetables generally
have high concentrations of heavy metals such as Pb or Cd,
when grown in polluted soils or from aerial deposits during
growing, packaging, transportation, or selling stages.
Vegetables collected from polluted agricultural soil (12.2 to
13.9 mg Pb/kg and 1.6 to 2.3 mg Cd/kg) in Pakistan had high
Pb (1.8–11 mg/kg) and Cd (0.2–1.6 mg/kg) (Rehman et al.
2017). From India, Pb ranged from 0.8 to 2.9 mg/kg, and Cd
ranged from 0.1 to 11.2 mg/kg in various vegetables (Sharma
et al. 2008). Also, the uptake of metals is dependent upon the
physiological properties of crop plants (Zwolak et al. 2019). In
the Indian study, cauliflower was maximally contaminated by
heavy metals followed by the lady’s finger and spinach
(Sharma et al. 2008). Similarly, cucumber, radish, and tomato
from China had lower concentrations of Cd in their edible
parts than leek and carrots (Yang et al. 2009). Our findings
also showed variation in metal contents in vegetables, the
median value of which followed the pattern: ridged gourd
(14.4 mg/kg) > sponge gourd (10.4 mg/kg) > okra (9 mg/kg)
> brinjal (7.3 mg/kg) > papaya (4.2 mg/kg) > spiny gourd (2.6
mg/kg) > bitter gourd (1.1 mg/kg) > bottle gourd (0.84 mg/kg)
for Pb and ridged gourd (6.7 mg/kg) > okra (3.5 mg/kg ) >
sponge gourd (2.65 mg/kg) > papaya (2.36 mg/kg) > brinjal
(2.0 mg/kg) > spiny gourd (0.63 mg/kg) > bitter gourd (0.54
mg/kg) > bottle gourd (0.30 mg/kg) for Cd (Fig 2a).

Rice imposed another prominent threat in terms of Pb.
Although Cd is more mobile in rice-soil complex, higher Pb
in rice grains reflected greater Pb contamination. However,
the rice varieties in our study still had a higher value than
the global median of 0.019 mg Cd/kg (Shi et al. 2020). The
locally grown Assamese varieties such as the winter rice va-
rieties Boro, Joha, and Bao had median Pb and Cd
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concentration to be 0.26 mg Pb/kg and 0.20 mg Cd/kg,
1.24 mg Pb/kg and 0.40 mg Cd/kg, and 7.58 mg Pb/kg and
0.28 mg Cd/kg, respectively, and the summer rice variety
Mahsuri had 8.5 mg Pb/kg and 0.06 mg Cd/kg (Fig. 2b). In
the varieties from agri-intensive areas of the country, Pb and
Cd enter into food crops via rampant utilization of pesticides
and fertilizers (Roberts 2014).

Eggs are protein-rich wholesome food, the national per
capita consumption of which in India has recently been ele-
vated to 69 eggs (NAPEP 2017). We estimated metals from
both farm-reared and country-reared poultry eggs, commonly
consumed in the locality. Eggs from the farm-reared hen had a
median value of 0.9 mg Pb/kg and 1.26 mg Cd/kg, while
backyard-raised country hen had 1.2 mg Pb/kg and 6.8 mg
Cd/kg. Similarly, backyard-raised duck and swan also had
high metals, while dove and pigeon egg had the lowest levels
of both the metals (Fig. 2c). Reports on the presence of Pb (4.0
mg/kg) and Cd (0.33 mg/kg) in farm-reared duck egg are also
available from Thailand (Aendo et al. 2019) as well as from
India (0.15 mg Pb/kg) (Giri and Singh 2017). It is predicted
that the occurrence of Pb/Cd in poultry feed or additives could
contribute towards the elevated levels of metals above the
FAO/WHO limits found in our study (Aendo et al. 2019).
High Pb and Cd in the country birds raised in the backyards
indicated that the background soil of this region had higher
levels of toxic metals, which is a matter of concern and needed
further investigation. As the foraging hens could pick up
metals from the soil along with food, consumption of such
eggs raises considerable concern.

Bioaccumulation of Pb/Cd in fish tissue has been a major
concern due to serious food safety-related issues in consumers
(Das and Choudhury 2016). Eleven percent of the fish tested
in our study had Cd levels higher than the permissible limits,

while 1.5–5 times higher Pb concentrations over the permis-
sible limit of 0.5 mg Pb/kg were observed in all the fish.
Glassfish, Ambassis ranga, had the highest median Cd (4.5
mg/kg) and shad, Gudusia chapra, had the highest median
value for Pb (2.69 mg/kg) (Fig 2d). Pb and Cd accumulation
in fish primarily depends on their levels in the habitat that
includes water, sediment, food, and also its elimination kinet-
ics in fish (Ture et al. 2020). Several Indian fish have high
contents of metals in them owing to their polluted habitat (Giri
and Singh 2014). Indian freshwater systems often serve as
sinks to industrial effluents that contained heavy metals which
end up in fish and eventually in humans, who consume such
fish (Das and Choudhury 2016). Thus, accumulation of Pb/Cd
in the edible tissues raise substantial concern.

Concentrations of Pb and Cd in groundwater, paint
dust from school, and courtyard soil

The median Pb and Cd values in the groundwater collected
from tube wells were 0.27 and 0.148 mg/L, respectively, low-
er than the Indian limits for respective metals in groundwater
(Table 3). In India, groundwater is widely used for drinking,
bathing, domestic usages, and irrigation (Kumar et al. 2019).
Apart from the geogenic presence of several metals/metalloids
in Indian aquifers, rapid contamination of the same from an-
thropogenic sources was noted (Kumar et al. 2017). The data
obtained were lower than some Indian studies for Pb (0.9–130
mg/L) and Cd (0.08–9.1 mg/L) (reviewed in Kumar et al.
2019). Thus, groundwater seemed to be a poor threat in gen-
eral. But if we look into the hot and humid weather conditions
of the area where drinking water by people is considerably
more, consequently greater metal burden might build in the
body in the long run.

Table 2 Descriptive statistical analysis for Pb and Cd concentrations (mg/kg) in various foods

Rice (n = 102) Vegetable (n = 160) Fish (n = 144) Egg (n = 90)

Pb Cd Pb Cd Pb Cd Pb Cd

Range 0–18.9 0.05–1.8 0.05–90.5 0.02–41.2 0.54–2.87 0.16–5.35 0.26–2.06 0–7.12

Mean 4.48* 0.31* 9.4* 3.9* 1.44* 0.534* 0.973* 1.54*

5th prtl 0.0 0.065 0.185 0.03 0.655 0.186 0.312 0.01

25th prtl 0.23 0.152 1.12 0.23 1.11 0.240 0.750 0.45

Median 2.1 0.210 4.05 1.1 1.45 0.310 0.900 0.62

75th prtl 7.6 0.31 10.7 4.7 1.69 0.457 1.08 1.24

95th prtl 17.9 1.58 29.7 13.8 2.31 2.04 1.91 6.78

Sd 5.6 0.362 14.6 6.8 0.469 0.867 0.386 2.1

P (K-S) 0.000 0.000 0.000 0.000 0.098 0.000 0.000 0.000

Regulatory limit 0.2a 0.1a 2.5b 1.5b 0.5b 0.5b 0.1a 0.05a

prtl percentile, sd standard deviation, p value of Kolmogorov-Smirnov test among a particular food. aWHO/FAO (2003); b Indian Standard (Awasthi
2000). * indicated significant difference as tested by Kruskal-Wallis H-Test [χ2 (7) = 336.7; p = 0.000]
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To phase out Pb in paints by 2020, initiated by UNEP/
WHO (2012), the presence of Pb compounds or additives in
paint in excess of 90 ppm has been prohibited in India with
effect from 2016 (The Gazette of India 2016). In this study,
the median value for Pb was found to be 13.9 mg/kg (ranged
between 1.35 and 76.8 mg/kg), which was below the permis-
sible limit. On the other hand, 50% of the paint samples had
Cd above the permissible limit of 100 mg/kg, with a median
value of 108.6 mg Cd/kg (Table 3). Our paint dust had lower
levels of Pb/Cd compared to that found in Nigerian paints
(170–3231 mg Pb/kg and 98–1999 mg Cd/ kg) (Apanpa-
Qasim et al. 2016) or in England, where extremely high me-
dian Pb of 451 mg/kg (max.152,000 mg/kg) and Cd of 252
mg/kg (max. 771mg/kg) was reported from playground paints
(Turner et al. 2016). Also, high levels of these metals were
reported from nursery and primary schools in China (Chen
et al. 2014). It was understood that risks from paint dust

associated metal toxicity would be higher in worn-out paint-
coats that deteriorate over time and metals become more mo-
bilized into the environment (Turner et al. 2016). Therefore,
regular monitoring of painted surfaces from public places,
especially areas frequented by children, is recommended.

High levels of contaminants in the background soils are a
major concern these days, predominantly due to their untrace-
able origin that occurs mainly from the non-point sources.
Generally, 0.41 mg Cd/kg and 27 mg Pb/kg have been con-
sidered to be background levels in most unpolluted soils
(Kabata-Pendias 2011). Twenty-three percent of the school
courtyard soil sample in our study had Pb values above this
level, and all the samples had 4–27 times elevated levels of Cd
in them. The median value for Pb (21.3 mg/kg) and Cd (6.7
mg/kg) also reflected this (Table 3). Further, for all the expo-
sure network/ sources of Pb/Cd, the Kruskal-Wallis H test

Fig. 2 Concentrations of Pb and Cd in different food samples. Plots show the median, 1st, and 3rd quartile percentiles as vertical boxes with error bars
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indicated significant differences (p < 0.05) in the mean values
(Tables 2 and 3).

Estimation of the exposure levels and contributions
from each medium by multivariate statistical analysis

Factor analysis on the principal components (PC) and corre-
sponding rotated component matrix (varimax with Kaiser
Normalization), variable loadings, and explained variance
was shown for the probable Pb-Cd exposure networks in chil-
dren (Table 4). Eigenvalues > 1.0 were considered significant.
After orthogonal rotation, each influencing factor was more
clearly defined. A total of five PCs explained 86.3% of the
total variance. PC1 explained 24.5% of the variance with high
factor loadings of > 0.8 for Pb and Cd in egg and paint dust.
PC 2 explained 20.9% of the variance with high factor load-
ings of > 0.7 for Pb and Cd in rice and Pb in soil. The same
component also included Pb in water with moderate factor
loading < 0.7–0.5 > and negative loadings for Cd in fish. PC
3 explained 14.88% of the variance with high factor loadings
of > 0.9 for Pb and Cd in vegetables. Similarly, PC 4 and 5
explained 14.85% and 11.0% of the total variance, respective-
ly. The applications of the multivariate statistical tool, such as
PCA and factor analysis, aid in the interpretation of complex
data matrices (Jung et al. 2016). The tool has been successful-
ly applied to understand the water quality of rivers, identify
the possible factors/sources that influence the quality, as well
as to monitor the ecological status of the studied systems to
find the rapid solution to pollution problems (Shrestha and
Kazama 2007). PCA analysis has also proven to be valuable
for source identification of heavy metals from wetland water
and sediment in India (Das and Choudhury 2016). The
varimax technique rotates the original factors such that the
factors are strongly correlated with a specific set of variables,

while weakly correlated with the others. As such, each vari-
able is generally associated with one factor simplifying the
interpretation of a complex data set (Jung et al. 2016). In our
study, the strongly correlated factors (Pb/Cd exposure path) in

Table 3 Descriptive statistical analysis for the Pb and Cd concentrations in water, soil and paint dust samples

Water (n = 90) (mg/L) Paint dust (n = 180) (mg/kg) Courtyard soil (n = 300) (mg/kg)

Pb Cd Pb Cd Pb Cd

Range 0.13–0.48 0.11–0.29 1.35–76.8 0–20,717 2.98–38.5 1.7–11.2

Mean 0.277* 0.161* 16.24* 1787.4* 20.8* 6.6*

5th prtl 0.146 0.112 1.43 0.010 10.3 3.1

25th prtl 0.210 0.121 4.2 57.4 12.9 4.9

Median 0.270 0.148 13.9 108.6 21.3 6.7

75th prtl 0.322 0.189 22.9 766 24.5 8.2

95th prtl 0.452 0.273 57.8 18,935 34.5 10.4

Sd 0.084 0.047 15.7 4968 8.2 2.15

P (K-S) 0.200 0.091 0.000 0.000 0.000 0.200

Regulatory limit 10a 3a 90b 100c 27d 0.41 d

prtl percentile, sd standard deviation; p value of Kolmogorov-Smirnov test among a particular parameter. a BIS (2012); b The Gazette of India (2016);
c Commission Regulation, EU (2016); d Kabata-Pendias (2011). * indicated significant difference as tested byKruskal-Wallis H-Test [χ2 (5) = 228.5; p =
0.000]

Table 4 Total variance and rotated varimax (five principal components
selected) for probable Pb-Cd exposure networks in children

Rotated component matrix (Varimax with Kaiser Normalization)

Parameters PC1 PC2 PC3 PC4 PC5

Pb in egg 0.848

Cd in egg 0.948

Pb in vegetable 0.977

Cd in vegetable 0.982

Pb in rice 0.883

Cd in rice 0.927

Pb in fish 0.904

Cd in fish -0.446 0.702

Pb in paint dust 0.804

Cd in paint dust 0.931

Pb in courtyard soil 0.775 0.412

Cd in courtyard soil 0.895

Pb in groundwater 0.655

Cd in groundwater 0.774

Total variance explained for 5 principal components (PC)

Eigenvalues (> 1) % Variance Cumulative %

3.4 24.57 24.57

2.9 20.93 45.51

2.0 14.88 60.39

2.0 14.85 75.25

1.0 11.09 86.34
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a component implied greater risk in children associated with
such means.

Estimated chronic daily intake

The provisional tolerable daily intake (PTDI) has been set at
0.0035mg Pb/kg BW/day and 0.00066mgCd/kg BW/day for
children (JECFA 1987). The ECDI for Pb and Cd exceeded
the safe PTDI values owing primarily from the ingestion
route; both Pb and Cdwere taken in chiefly via food and water
sources. Besides, ingested Cd from school paint dust is also a
major concern. The median Pb/Cd levels in the ECDI of var-
ious food items such as rice (0–0.253 mg Pb/kg/d and 0.0006–
0.024 mg Cd/kg/d), vegetables (0.001–2.0 mg Pb/kg/d and
0.0004–0.947 mg Cd/kg/d), and fish (0.001–0.007 mg Pb/
kg/d and 0.0004–0.014 mg Cd/kg/d) along with groundwater
(0.017–0.064 mg Pb/L/d and 0.014–0.038 mg Cd/L/d) dem-
onstrated a health risk to children on a daily basis. Further, Cd
ingestion from paint dust was in the range of 0–0.151 mg/kg/
d; its median value was well above the permissible PTDI
value (Fig. 3). Diet as well as the water is a major source of
toxic metal intake for much of the world's population (Liu
et al. 2013a). Rice, vegetable, and fish are considered a major
staple for Assamese people.Water consumption is also high in
this area owing to hot and humid weather conditions.
Therefore, a considerable presence of Pb/Cd in these items
posed substantial health threats. Further, Cd in paint dust is
yet another concern that needed to be addressed, especially
when Pb levels in paint has been regulated, similar guidelines
needed to be applied for Cd in India as well.

Estimated non-carcinogenic and carcinogenic health
risks in children due to Pb/Cd

Estimation of HQ is a reliable predictor of non-carcinogenic
risk, which is the comparison of the estimated daily intake of
toxicants and the reference dose (Yu-Jun et al. 2011). HQ > 1

indicated the considerable chronic non-cancer risk to the
health of the young school-going children. It seemed that in-
gestion was the most dominant contributor of metal exposure
in children; median HQ for Pb and Cd from all ingestion
sources (diet, groundwater, school courtyard soil, and paint
dust) were 2.67 and 5.2, respectively. Inhalation (only from
the paint dust) and dermal routes were of nominal threat. For
Pb and Cd, > 98% intake via the ingestion route was observed.
Inhalation pathway contributed a nominal share in the overall
risk and dermally; only 0.11% Pb and 1.89% Cd could enter
the system. When several chemicals from a similar source or
exposure pathway are encountered, a summation of the risk
could be predicted. HI value of > 1 was, thus, an estimate of
cumulative hazards from both Pb and Cd from all sources, as
found here (HI = 7.9) (Table 5). In children, > 50% absorption
of Pb via the ingestion pathway was also noted in a prior study
(Markowitz 2000). Since both Pb and Cd are nonessential in
mammals, their gastrointestinal (GI) uptake is associated with
other essential elements. The GI uptake of Pb is associated
with Fe-carrier protein, DMT1, and Cd with zinc transporter,
ZIP8 protein (Bannon et al. 2002; Himeno et al. 2009).
Interestingly, anemia, as well as dietary inadequacies, espe-
cially Zn-deficiency has been shown to increase gastrointesti-
nal absorption of both Cd and Pb in children (McCarty 2012).
This is a major cause of concern as the childhood Fe-
deficiency anemia in Indian students has been associated with
dietary inadequacies; ~ 60% of the school-going children are
anemic (Swaminathan et al. 2019). Once in the system, the
biological half-life of Pb in the blood is approximately a
month and in bones, 20–30 years; their half-lives in the afore-
mentioned tissues may be longer in children (ATSDR 2007).
Similarly, the half-life of Cd is > 10 years; its level builds up in
the body, predominantly in the kidneys and bones, with very
little (~ 0.01–0.02%) excretion rate (ATSDR 2008).
Therefore, chronically, both Cd and Pb could cause brittle
bone and decreased bone density (Schoeters et al. 2006). Pb
has effects on fertility, reproduction, and development, along
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with hypertension (JECFA 2011). On a long-term basis, daily
intake over 3.5 × 10-3 mg Pb/kg was associated with a de-
crease of IQ point by 3 points in children, while prenatal-
maternal exposure of Cd was associated with 1.7– 2.7-point
reductions IQ in children from Bangladesh (Kippler et al.
2012). Cd is nephrotoxic, teratotoxic, and has effects on fer-
tility, reproduction, and development in children exposed to it
early on (Schoeters et al. 2006). Therefore, exposure of both
Pb and Cd in early developmental ages poses a threat to their
overall well-being.

Pb and Cd are carcinogen, low Cd, and Pb intake from the
diet over a period of time was associated with the increased
risk of cancer (Itoh et al. 2014; Canaz et al. 2017). The total
ILCR for Pb from all exposure pathways was slightly more
than 1 × 10-4, the stipulated maxima for cancer risk (Table 6).
If individual exposure pathway was to be considered, inges-
tion alone was responsible for this value as both dermal and
inhalation pathway contributed nominally. Hence, it could be
inferred that Pb might not be a carcinogenic threat in school
children in the study area. However, the ILCR from Cd expo-
sure from the ingestion pathway was 69 times higher than the
carcinogenic threat limit. Similar to Pb, the dermal and inha-
lation pathway had very little role to play in the augmentation
of carcinogenic risks. Chronic Cd exposure in mammal led to
DNA instability in repair and recombination, impacted the cell
cycle regulation, and interfered with signal transduction, acti-
vating cellular proto-oncogenes leading to tumors and

malignancy (Feki-Tounsi and Hamza-Chaffai 2014). A myri-
ad of cancers in the lungs, GI, pancreas, kidney, and breast are
associated with Cd exposure (reviewed in Bishak et al. 2015).

Table 5 Descriptive statistical
analysis for non-carcinogenic
risks in children exposed to Pb
and Cd via various exposure
pathway

Pb Cd

HQing HQinh HQderm HQing HQinh HQderm
Mean Food 10.7 15.2
Median 0.35 0.39
Sd 41.7 66.7
5th prtl 0.0 1 × 10-4

75th prtl 1.63 2.8
95th prtl 66.9 78.2
Mean Paint dust 0.033 9.9 × 10-7 4.0 × 10-3 13.0 3.7 × 10-4 4.70
Median 0.029 8.8 × 10-7 3.4 × 10-3 0.793 2.4 × 10-5 0.285
Sd 0.032 9.5 × 10-7 3.9 × 10-3 36.2 1.0 × 10-3 13.06
5th prtl 0.003 9.1 × 10-8 3.5 × 10-4 0 0 0
75th prtl 0.047 1.4 × 10-6 5.7 × 10-3 5.6 1.7 × 10-4 2.01
95th prtl 0.120 3.5 × 10-6 1.4 × 10-2 138.3 4.2 × 10-3 49.8
Mean Courtyard soil 0.021 5.2 × 10-3 0.024 0.017
Median 0.022 5.3 × 10-3 0.024 0.017
Sd 0.008 2.0 × 10-3 0.007 5.6 × 10-3

5th prtl 0.010 2.5 × 10-3 0.011 8.2 × 10-3

75th prtl 0.025 6.1 × 10-3 0.030 0.021
95th prtl 0.036 8.6 × 10-3 0.038 0.027
Mean Groundwater 10.57 3.5 × 10-4 21.56 2.1 × 10-3

Median 10.28 3.4 × 10-4 19.73 1.9 × 10-3

Sd 3.2 1.0 × 10-4 6.34 6.3 × 10-4

5th prtl 5.58 1.8 × 10-4 15.0 1.5 × 10-3

75th prtl 12.2 4.0 × 10-4 25.26 2.5 × 10-3

95th prtl 17.2 5.7 × 10-4 36.46 3.6 × 10-3

HQ (median) HQPb = 2.6 HQCd = 5.3
HI = ∑HQ HI = 7.9

Table 6 Descriptive statistical analysis for carcinogenic risks in
children exposed to Pb and Cd via various exposure pathways

Ingestion Inhalation Dermal ILCR (all sources)

ILCR for Pb Pb

Mean 6.65 × 10-5 2.64 × 10-12 2.56 × 10-9 4.58 × 10-5

Median 3.74 × 10-6 2.27 × 10-12 2.25 × 10-9 1.49 × 10-7

Sd 2.10 × 10-4 2.57 × 10-12 1.92 × 10-9 1.77 × 10-4

5th prtl 3.97 × 10-8 2.34 × 10-13 1.70 × 10-10 2.75 × 10-12

25th prtl 1.32 × 10-7 6.85 × 10-13 5.14 × 10-10 3.52 × 10-9

75th prtl 3.72 × 10-5 3.74 × 10-12 3.67 × 10-9 6.84 × 10-6

95th prtl 3.09 × 10-4 9.43 × 10-12 5.51 × 10-9 2.84 × 10-4

ILCR for Cd Cd

Mean 1.18 × 10-3 1.3 × 10-8 2.58 × 10-6 8.16 × 10-4

Median 5.93 × 10-5 7.9 × 10-10 4.64 × 10-8 1.54 × 10-5

Sd 4.31 × 10-3 3.6 × 10-8 1.64 × 10-5 3.6 × 10-3

5th prtl 8.1 × 10-7 0 4.22 × 10-9 2.12 × 10-9

25th prtl 7.06 × 10-6 4.18 × 10-10 2.26 × 10-8 6.54 × 10-8

75th prtl 3.90 × 10-4 5.5 × 10-9 6.56 × 10-8 1.44 × 10-4

95th prtl 6.95 × 10-3 1.38 × 10-7 5.47 × 10-6 4.25 × 10-3

Prtl percentile, sd standard deviation
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Although there might be certain uncertainties in the estimation
of the non-cancer and cancer risks based on risk assessment
models due to slight overestimation of the risk, the study
would nonetheless throw newer insights into the complex
Pb-Cd exposure pathway in vulnerable groups such as
children.

Conclusion

The investigation threw light on the complex Pb-Cd ex-
posure network in school-going children in a periurban
area in southern Assam, India. Pollution levels in rice
(0–18.9 mg Pb/kg; 0.05–1.8 mg Cd/kg), vegetables
(0.05–90.5 mg Pb/kg; 0.02–41.2 mg Cd/kg), fish (0.54–
2.87 mg Pb/kg; 0.16–5.35 mg Cd/kg), eggs (0.26–
2.06 mg Pb/kg; 0–7.12 mg Cd/kg), and groundwater
(0.13–0.48 mg Pb/L; 0.11–0.29 mg Cd/L) indicated sig-
nificant dietary risk. In this study, the median value for Pb
in paint dust was found to be 13.9 mg/kg, which was
below the permissible limit. On the other hand, 50% of
the paint samples had Cd above the permissible limit of
100 mg/kg, with a median value of 108.6 mg Cd/kg. We
found that the ingestion of metals was the single most
dominant route of exposure in children; school microen-
vironment contributed significantly to the metal load due
to their typical hand-to-mouth behavior. The evaluation of
the estimated chronic daily intake and the hazard quotient
indicated perilous exposure over a lifetime to both Pb and
Cd, but only Cd posed a prominent cancer threat. It was
concluded that chronic effects of metals would be a prom-
inent toxicological risk to children when exposed early
on. Thus, more attention should be paid to environmental
quality, particularly to their diet, to minimize the health
risks in them.
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