Environ Monit Assess (2017) 189: 458
DOI 10.1007/s10661-017-6153-6

@ CrossMark

Distribution and health risk assessment to heavy metals
near smelting and mining areas of Hezhang, China

Meryem Briki - Yi Zhu - Yang Gao -
Mengmeng Shao - Huaijian Ding - Hongbing Ji

Received: 12 February 2017 / Accepted: 27 July 2017 /Published online: 19 August 2017

© Springer International Publishing AG 2017

Abstract Mining and smelting areas in Hezhang have
generated a large amount of heavy metals into the envi-
ronment. For that cause, an evaluative study on human
exposure to heavy metals including Co, Ni, Cu, Zn, Cr,
As, Cd, Pb, Sb, Bi, Be, and Hg in hair and urine was
conducted for their concentrations and correlations. Dai-
ly exposure and non-carcinogenic and carcinogenic risk
were estimated. Sixty-eight scalp hair and 66 urine
samples were taken from participants of different ages
(6-17, 18-40, 41-60, and > 65 years) living in the
vicinity of an agricultural soil near mine and smelting
areas. The results compared to the earlier studies
showed an elevated concentration of Pb, Be, Bi, Co,
Cr, Ni, Sb, and Zn in hair and urine. These heavy metals
were more elevated in mining than in smelting. Consid-
ering gender differences, females were likely to be more
affected than male. By investigating age differences in
this area, high heavy metal concentrations in male’s hair
and urine existed in age of 18—40 and > 66, respectively.
However, females did not present homogeneous age
distribution. Hair and urine showed a different distribu-
tion of heavy metals in different age and gender. In some
cases, significant correlation was found between heavy
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metals in hair and urine (P > 0.05 and P > 0.01) in
mining area. The estimated average daily intake of
heavy metals in vegetables showed a great contribution
compared to the soil and water. Non-carcinogenic and
carcinogenic risk values of total pathways in mining and
smelting areas were higher than 1 and exceeded the
acceptable levels. Thus, the obtained data might be
useful for further studies. They can serve as a basis of
comparison and assessing the effect of simultaneous
exposure from heavy metals in mining and smelting
areas, and potential health risks from exposure to heavy
metals in vegetables need more consideration.

Keywords Heavy metals - Scalp hair- Urine - Age -
Gender- ADD - Risk assessment

Introduction

Heavy metal pollution originating from industrial min-
ing and smelting activities contaminates the environ-
ment and poses significant health concerns (Gray et al.
2002; Kuo et al. 2015; Li et al. 2008, b). Mining and
smelting processes discharge large quantities of heavy
metals into the environment. The metals accumulate in
the soil, are transported into groundwater, enter the food
chain, and can cause adverse health effects in humans
(Li et al. 2014) and animals (Sonne et al. 2009). There-
fore, exposure to heavy metals has attracted attention
from the research community (Campbell et al. 2003;
Feldmann et al. 1999; Li et al. 2009; Li 2013; Mortada
et al. 2002; Massaquoi et al. 2015; Nam et al. 2003;
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Umbangtalad et al. 2007; Vimercati et al. 2016; Wang
et al. 2017; Zhang and Wong 2007). The toxicity of
metals such as Pb, Cd, Be, As, Co, Cr, Ni, and Sb is
dependent on their chemical forms (Baselt 2000; Cullen
and Reimer 1989), and those elements can be harmful to
human health (Bernard and Lauwerys 1984; Infante and
Newman 2004; WHO 2010). Heavy metal poisoning
leads to complications such as renal tubular damage,
kidney and liver dysfunction, and brain and nervous
system disorders. Common symptoms of acute Zn poi-
soning are stomach cramps, nausea, anemia, and dam-
age to the pancreas (Bhattacharya et al. 2004). The
toxicity of Hg varies significantly with the exposure
route. Inhalation of high concentrations of Hg causes
severe respiratory irritation, digestive disturbances, and
marked kidney damage (Natural Healing Site 2010).
From 2009 to 2013, over 5000 children in China were
affected by Pb poisoning (Cao et al. 2015; Chuang et al.
2008; Jiet al. 2011). Nickel in drinking water can cause
allergic reactions and eczema (Filon et al. 2009).
Absorbed Bi is distributed throughout the soft tissues
and bone, with the highest concentrations found in the
kidney and liver (Fowler and Sexton 2007). In adults
and newborns, the highest concentrations of Cu have
been found in the liver and brain (Ellingsen et al. 2007).
After metabolism, elements are generally eliminated
within 3—4 days in the urine (Buchet et al. 1981; Li
etal. 2009; WHO 1991). A variety of elements accumu-
lates in the body and may be excreted through hair,
nails, skin scaling, feces, and sweat (Mandal et al.
2004).

Scalp hair and urine are used to assess levels of heavy
metal exposure in environmental risk assessments be-
cause hair is considered as a suitable indicator for esti-
mating long-term metal exposure (Bencko 1995; Foo
et al. 1993; Mortada et al. 2002; McDowell et al. 2004;
Yasutake et al. 2004). We carried out a study on human
exposure in Hezhang County, China. In this studied
area, there is a considerable body of works such as Briki
etal. (2015), Feng et al. (2004, 2006), and Ying and Qin
(2001) who focused on the environmental pollution
caused by heavy metals, but limited research focused
on human exposure; human biomonitoring can reveal
the absorbed dose into human body and give a measure
of integrated exposure (Angerer et al. 2011; Zidek et al.
2016). According to Briki et al. (2015), the concentra-
tion of heavy metals in soil samples exceeded the stan-
dard limit of CNEMC (1990), so it is necessary to assess
human health risks from exposure to soil heavy metals
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and identify the main contamination sources in order to
improve the environment of these areas and protect
human health. The three main objectives of the present
study were as follows: (1) to investigate the concentra-
tion of 12 and 11 heavy metals in human scalp hair and
urine, respectively; (2) to evaluate age- and gender-
related variations in levels of heavy metals; and (3) to
estimate the average daily doses (ADD) and risk assess-
ment using the results from our earlier study in this area
(Briki etal. 2015) on heavy metals in vegetables (potato,
garlic bolt, corn, and Chinese cabbage), along with
metal levels in soil and water.

Materials and methods
Study area and participants

Hezhang County (104° 10" E to 105° 35" E, 26° 46" N to
27° 28" N) is famous for artisanal zinc smelting from the
seventeenth century until 2004, when zinc smelting
ceased. Large quantities of heavy metals were released
into the environment and have spread (Bi et al. 2006a, b,
2007, 2009; Feng et al. 2004; Li et al. 2008, b). In our
study, smelting areas were characterized by artisanal
zinc smelting activities. And mining area was an active
mine of Pb and Zn. We randomly chose people of
different sex (male and female) and different ages (6—
17, 18-40, 41-60, and > 65 years) living in agricultural
soil near mining and smelting areas. Study participants
were general population lived in the selected study areas
in Shangermachong (MM), Shehucun (ZB), and
Haimeicun (LA). LA and ZB are considered smelting
areas (SM) and MM represents a mining area; mean
values from LA and ZB were compared with mean
values from MM (Fig. 1). We divided the participants
into four age groups based on the standard division of
ages in China: 6-17, 1840, 41-65, and above > 66. The
distribution and descriptions of subjects in different sites
in the sampled areas are presented in Table 1. The
present study obtained ethic approval from the
Committee of the Human Research Ethics, Agricultural
University of China.

Sample collection
Urine and hair samples from participants were used to

assess metal exposure. Participants had to be local res-
idents and to have lived in their homes for at least
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Fig. 1 Location of study areas in Hezhang County, China

3 months prior to the sampling time. Information such as
age and gender was collected from all participants via a
questionnaire.

Urine sample handling

The collected samples were stored in a cold pack im-
mediately and refrigerated as soon as possible. Urine
samples were stored at 4 °C without any additives
according to the method of Feldmann et al. (1999).

Hair collection

The procedures for hair sampling were conducted ac-
cording to Li et al. (2011). Hair samples were acquired
using stainless steel scissors. All samples were stored
individually in sealed plastic bags at room temperature.

Analytical method

To avoid surface contaminants, hair was cleaned using
tap water and distilled water, then dried in an oven at

Table 1 Description of subjects in different sites in Hezhang County in mining and smelting areas

Sites  Occupation of subjects ~ Hair Urine
Total population ~ Gender Ages Total population ~ Gender Ages
Male  Female  Ranges Male  Female  Ranges
ZB Smelting areas 24 10 14 8-76 20 8 12 13-76
LA Smelting areas 20 11 9 9-73 22 14 8 8-81
MM  Mining areas 24 7 17 6-77 24 7 17 6-68

The ages for hair and urine are divided to four groups, (6-17), (18-40), (41-65), and > 66 for female and male

@ Springer



458 Page 4 of 19

Environ Monit Assess (2017) 189: 458

60 °C overnight. Stadlbauer et al. (2005) found that
there was no significant difference between metal con-
centrations in the hair before and after washing. So the
washing with water was to remove some external depo-
sition like dust or organic matter which could skew the
analysis.

The methods used to analyze heavy metals and de-
termine the detection limit, quality control, precision,
and sensitivity, along with validation of the procedure,
were conducted as described by Stadlbauer et al. (2005).
Urine analysis was performed in accordance with the
method of Llerena et al. (2012). In brief, approximately
50 mg of hair was digested using microwave-assisted
digestion with 2 mL HNO; and 1 mL H,O,. For urine,
0.8 mL HNO; and 0.4 mL H,0, were added to 2 mL of
urine and heated for 10 h at 90 °C. The samples were
analyzed using inductively coupled plasma mass spec-
trometry (ICP-MS ELEMENT, Finnigan MAT). The
accuracy and precision of the analysis were monitored
by performing reagent blank analysis, analyzing 10% of
samples in duplicate, and analyzing standard reference
materials (Ji et al. 2004). Total Hg in urine was not
measured because the sample quantity was insufficient.
Total Hg (THg) concentrations in hair were determined
using an RA-915+ mercury analyzer, equipped with a
PYRO 915+ pyrolysis attachment and an automated Hg
vapor detector (Ohio Lumex, Twinsburg, OH, USA),
and analytical measurements were performed as de-
scribed by Briki et al. (2015). Quality assurance and
quality control measures included the analysis of dupli-
cate samples, method blanks, and standard reference
materials (GBW 07601 [GSH-1] for hair, from the Chi-
nese Institute of Geophysical and Geochemical Explo-
ration). The mean THg concentration found in GBW
07601 was 0.360 = 0.02 mg kg ' (n = 11), which is
comparable to the certified concentration of
0.360 + 0.08 mg kg . The relative difference between
concentrations in the replicate samples was 6% for hair.
All experiments were conducted at the State Key Labo-
ratory of Environmental Geochemistry, Institute of Geo-
chemistry, Chinese Academy of Sciences (Guiyang,
China).

Exposure pathway calculation method
Estimated values of human exposure to toxic metals in
water, soil, and vegetables in Hezhang County were

taken from Briki et al. (2015). According to the Expo-
sure Factors Handbook (USEPA 2011), the ADD
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values were calculated as milligrams per kilogram per
day according to the following (Eq. 1):

ADD:(CxIRxEFxED)/(BWxAT) (1)

where C is the concentration (mg L' for water and
mg g ' for soil and plants), IR is the intake rate (L day '
for water and g day ' for soil and plants), EF is the
exposure frequency (days year '), ED is the exposure
duration (years), BW is the body weight (kg), and AT is
the average time (days). The IR, ED, BW, and AT
parameters were obtained from the literature (Li et al.
2015; Lim et al. 2008; Wongsasuluk et al. 2014; Wang
et al. 2012). Table 2 displays the input parameters in
ADD formulas.

Risk calculation
Non-carcinogenic risk

Non-carcinogenic (HQ) risk for a single substance is
calculated by the following equation (Eq. 2)

HQ = ADD / RFD (2)

where RfD is reference dose of metals (mg kg day ™).
If the HQ is < 1, it is at an acceptable level, while
potential non-carcinogenic effects would happen in case
of HQ > 1/and or the risk of cancer exists (Cao et al.
2014; Gao et al. 2016). Hazard index (HI) for multiple
substances and/or exposure pathways is calculated by
the following equation (Eq. 3):

HI = YHQ (3)

For the risk assessment of a mixture of chemicals, if
HI > 1, it means that there is an unacceptable risk of non-
carcinogenic effects on health, whereas HI < 1 means
that there is an acceptable level of risk (Wongsasuluk
etal. 2014).

Carcinogenic risk

For the carcinogenic risk (R), which can be associated
with ingestion exposure, it is calculated using the fol-
lowing equation (Eq. 4):

R=ADD x SF (4)

where R is the excess probability of developing cancer
over a lifetime as a result of exposure to a contaminant
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Table 2 Input parameters to

characterize the ADD value Exposure Description Unit Value
(exposure parameters) parameters
C Contamination concentration
Water mg/l
Soil mg/g
Plant mg/g
IR Ingestion rate per unit time
Water I/day 28
Soil mg/day 450°
Vegetables g/day 303"
EF Exposure frequency Days/year 3654
Lietal. (2015) . .
bLi et al. (2008, b) ED Exposure. duration Years 42a
) BW Body weight Kg 60
“Wongsasuluk et al. (2014) AT Average time Days 70 years™

dWang et al. (2012)

and SF is cancer slope factor (mg kg ' day ')™"). If R is
in the range of 1 X 10°t0 1 x 10_4, it indicates an
acceptable level. While if it is < 1 x 10, environmental
and regulatory agencies consider the risk unacceptable
(USEPA 1989). Slope Factor and RfD values employed
in this study were obtained from the USEPA IRIS (Jiang
et al. 2016; Wongsasuluk et al. 2014).

Statistical analysis

The concentrations of each heavy metal are presented as
mean, SD, and medians. The correlation coefficients, 7,
between the contents of heavy metals in different bio-
logical samples were calculated by the Spearman’s
method. To compare the difference between metal con-
centrations groups and identify significantly difference
among heavy metals in studied areas, statistical analyses
were conducted using one-way analysis of variance
(ANOVA) and statistical significance set at P < 0.05.
The statistical analysis was conducted using SPSS 19.

Results and discussion
Characterization of heavy metals in hair and urine

Concentrations of heavy metals in hair and urine of
people living near smelting and mining areas are sum-
marized in Table 3. Mean, SD, median, and percentile
values are given to allow comparisons with other stud-
ies. The highest mean level of metal in hair and urine

was in the mining area, although Be and Cu levels were
higher in the smelting areas. Conversely, most high
urinary concentrations were found in the smelting areas,
except for As, Cd, and Pb, which were higher in the
mining area. Zn and Cr median values and Be and Bi
means in hair and urine were higher in the smelting
areas. The mean metal concentrations found in the hair
samples from smelting areas (SM) decreased in the
order Zn > Cu > Cr>Pb>Ni>Co>Cd>Be=Sb >
Bi> As>Hg; Zn, Cu, Cr, Pb, Ni, and Co were also high
in the soils from smelting areas (Briki et al. 2015). The
mean metal concentrations found in the hair samples
from mining area (MM) decreased in the order Zn > Cr
>Pb>Ni>Cu>Cd>Co>As>Sb=Hg>Bi>Be.
The mean metal concentration found in urine samples
from smelting areas decreased in the order Zn > Cr > Ni
> Cu > Pb > As > Co > Cd > Be > Sb > Bi. The mean
metal concentrations found in the urine samples from
mining area decreased in the order Zn > Cr > Ni > Cu >
Pb > As > Cd > Co > Be > Bi> Sb. The concentration of
some metals in hair and urine was in the range of
published data from unexposed population (i.e., Goullé
etal. 2005; Heitland and Koster 2004). Hair levels of Cu
and Hg and urinary levels of As, Cd, Cu, Co, and Zn
were similar to those found by Goull¢ et al. (2005) in a
non-exposed population. The concentrations of Cd, Cu,
and Cr in hair from smelting and mining areas and Pb in
mining area were higher than Chinese resident normal
hair content (Table 3).

The ANOVA of total means (Co, Ni, Cu, Zn, Cr,
As, Cd, Pb, Sb, Bi, and Be) showed different levels of
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significance among hair and urine metals in studied
areas. The total mean values for heavy metals of hair
in smelting and mining areas showed that differences
in Cd and Co were significant, and the total mean
values for urine in smelting and mining areas showed
that Cd, Co, As, and Ni had significant effects
P < 0.05. From smelting areas, the differences be-
tween group elements in hair and urine are higher than
in hair and urine from mining area. The elements
found to be significant are As, Be, Bi, Cd, Cu, Cr,
Ni, Pb, and Zn in smelting areas and Be, Cd, Co, Cu,
Cr, Ni, and Zn.

Urinary As concentrations in both the smelting
(0.40 ng LY and mining (0.53 pg L") areas were not
high compared with a control population (8.6 ug L™,
Mandal et al. 2004). As levels in hair were 0.23 ug g '
in the smelting areas and 0.40 g g ' in the mining area,
compared with a lower 0.07 ug g ' in a control popula-
tion (Mandal et al. 2004). However, our values are lower
than those found by Qin 2004.

In the mining and smelting areas, hair and urine
concentrations of Be concentration were higher than
those in an unexposed population of Goullé et al.
2005. Urinary Be was higher than the detection limits
found by Jakubowski and Palczynski (2007) (0.03 and
0.06 ug L.

Bismuth levels in hair and urine in the mining area
were higher than those found in an unexposed popula-
tion (Goullé et al. 2005), while excreted urinary Bi
levels were higher than hair levels in both the smelting
and mining areas. This is in accordance with the find-
ings of Fowler and Sexton (2007), who concluded that
Bi is excreted mainly via urine. The retention time of Bi
in the body is approximately 5 days, although it may
persist for years in the kidneys of patients treated with Bi
compounds (Fowler and Sexton 2007).

The mean concentration of Cd in urine samples from
both areas ranged between 0.16 and 0.33 pg L™, which
are at below (< 1.0 ug L' level) concentrations in
human urine (Donati et al. 2008). However, Cd 5-95th
range levels in hair were higher than 5-95th range levels
in an unexposed population of Goull¢ et al. 2005. Cad-
mium mean values in the mining area (0.84 ug g')
were higher than those found previously in Hezhang
(Ke et al. 1985, 0.15 ug g_]), Guizhou Province (Qin
2004, 0.45 pg g '), and Bandarlampung City, Indonesia
(Rivai 2001, 0.57 ug g "). The major source of Cd
exposure is food, especially vegetables and cereals
(Molina-Villalba et al. 2014).
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When comparing Co levels in urine and hair with
values from an unexposed population of Goull¢ et al.
2005, Co levels in urine were lower; however, Co levels
were high in the hair samples from the mining and
smelting areas. Lison (2007) found that in occupational
sites, workers were exposed to Co by inhalation of
dusts.

Chromium hair values in the mining and smelting
areas were very high compared with those in steel
workers (3.43 + 1.16 pg g ', Afridi et al. 2006).
Langard and Costa (2007) found that Cr was excreted
through multiple pathways such as urine and feces.

The Cu levels in hair and urine were in range 5-95th
of an unexposed population of Goullé et al. 2005.
Ellingsen et al. (2007) found that Cu excretion occurred
mainly through bile, and very little absorbed Cu was
found in urine.

Qin (2004) reported that an average concentration of
Hg from literature review in the hair of Chinese resi-
dents was approximately 1.36 ug g '. In the present
study, Hg contents in hair were 0.19 and 0.17 ug g ' in
the mining and smelting areas, respectively. In total, Hg
concentrations found in the study area did not exceed
the 1.0 ug g ' limit recommended by the US Environ-
mental Protection Agency (Hightower and Moore 2003,
USEPA corresponding reference).

Nickel values in hair of residents from the mining
area were higher than those in the smelting areas. Nickel
values in urine of residents from the smelting areas were
higher than those of the mining area. The 5-95th per-
centile range was higher than that measured in an unex-
posed population of Goullé et al. 2005 (Table 3).

Hair and urine Pb levels in all studied areas were
higher than those found by Qin (2004) and Tang et al.
(2009). They were also higher than those found in an
unexposed population (Goullé et al. 2005). Hair Pb
levels in the mining area were higher than those of steel
and iron workers (Afridi et al. 2006; Gil etal. 2011). Cao
et al. (2014) found that children living near a coking
plant were exposed to high levels of Pb.

Antimony hair values in the mining area and urinary
values in the smelting areas were higher than those
reported in an unexposed population (Table 3).
Absorbed Sb is generally excreted rapidly through
the urine and feces. Some data indicate that low quan-
tities of Sb may possess a long biological half-life,
particularly in the lung. Antimony has also been found
in the thyroid, adrenals, liver, and kidney (Tylenda and
Fowler 2007).
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Table 3 Total concentration of heavy metals in hair (ug g ') and urine (ug L") of all participants, mean, SD, median, and range 5—95th

percentile
Biological =~ Areas Elements
samples
As Be Bi Cd Co
Hair Our study Smelting areas ~ Mean + SD 0.23+024 0.05+0.05 0.03 £0.05 033+026 0.35+0.32
(n=44) Median 0.17 0.03 0.03 0.25 0.14
Range 5-95th  0.03-0.74 0.04-0.17 0.004-0.07 0.08-0.83 0.045-0.91
Mining areas Mean + SD 0.4 £0.62 0.02 +0.02 0.05 = 0.06 0.84+0.89 0.74+0.61
(n=24) Median 0.22 0.02 0.03 0.49 0.49
Range 5-95th ~ 0.08-1.05 0.005-0.04 0.007-0.16 0.11-2.17 0.15-1.40
Other works® " Mean nd nd nd 0.15 nd
results b Mean 1.03 nd nd 0.45° nd
= Range 5-95th  0.03-0.08 0.003-0.012  0.0004-0.14 0.004-0.17  0.004-0.14
- Mean nd nd nd 025+0.14 nd
Urine Our study Smelting areas ~ Mean + SD 04+0.18 0.1+0.09 0.07 £ 0.06 0.16+£0.09 0.34+0.23
(n=42) Median 0.41 0.07 0.06 0.14 0.29
Range 5-95th  0.13-0.64 0.01-0.22 0.003-0.23 0.07-0. 32 0.07-0.80
Mining area Mean + SD 0.53+0.32  0.07+0.05 0.06 + 0.06 0.33+0.43 0.22 +0.08
(n=24) Median 0.52 0.06 0.05 0.21 0.22
Range 5-95th  0.18-1.18 0.02-0.15 0.004-0.16 0.07-0.58 0.11-0.37
Other works’ - Mean nd nd nd 3.5 nd
results ol Range 5-95th  2.3-161 0.008-0.042  0.0005-0.009  0.06-0.79 0.16-1.14
-2 Mean nd nd nd 0.6 nd
Biological Elements
samples
Cr Cu Hg Ni Pb Sb Zn
Hair 12.75 £26.8 15.78 £ 14.2 0.17+0.12 3.58+5.1 541 +4.58 0.05 +£0.04 112 +529
5.71 10.4 0.14 2.69 4.46 0.04 104
0.45-21.8 6.11-56.1 0.06-0.32 0.85-3.17 0.73-13.8 0.01-0.11 51.4-222
4371+57.5 125+15 0.19+0.23 20.53 £24.8 323+71.2 0.19 +0.53 130.6 +76.4
2.16 7.9 0.14 3.82 12.6 0.06 98.72
1.98-106.7 3.02-32.5 0.06-0.29 1.79-47.7 2.07-66.8 0.006-0.25 62.1-280
nd nd nd nd nd nd nd
nd nd 1.56 nd 10.39 nd nd
0.11-0.52 9.0-61.3 0.31-1.66 0.08-0.90 0.13-4.57 0.003-0.13 129-209
1.21 £0.63 11.0£3.5 nd nd 7.1+£32 nd 130 £ 30
Urine 26.5+16.6 429+3.6 nd 8.62+6.10 32+1.97 0.08 323
29.1 4.08 nd 7.88 3.35 0.03 294
0.79-51.4 1.04-7.99 nd 1.46-21.7 0.14-6.40 0.07-0.1 17.3-54.8
19.1 104 42+3.94 nd 461171 3.26 = 1.64 0.02 +0.01 32.9+£20.6
23.6 3.79 nd 423 3.72 0.01 26.6
0.63-26.7 0.90-5.37 nd 1.84-8.02 0.56-5.12 0.004-0.04 12.8-68.4
nd nd nd nd nd nd nd
nd 4.3-12.1 - 0.59-4.06 0.01-2.14 0.02-0.08 44-499
nd nd nd 53 0.01 0.3 259

The bold entries of data represent higher value

nd no data

#Ke et al. (1985), Hezhang (control area)
b Qin (2004) (China and Guizhou province)
°Goullé et al. (2005), unexposed population (France)

4 Standards from Chinese Trace Element Scientific Society from Wang et al. (2017)
¢ Tang et al. (2009) (control area)

f Guizhou province
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The Zn hair values in this study were higher than
those in an unexposed population (Goullé et al. 2005).
Mean concentrations of Zn in hair were 112 and
130 pg g ' in the smelting and mining areas, respec-
tively. These values are lower than the 406.85 ug g '
reported by Rivai (2001). Urinary Zn levels were much
lower than those of Tang et al. (2009) (Table 3). Ac-
cording to Sandstead and Au (2007), human Zn toxicity
is relatively low, and Zn is environmentally ubiquitous
and essential for life.

Overall, comparing this study results with those un-
exposed population described by Goullé et al. (2005),
Ke et al. (1985), Qin (2004), and Tang et al. (2009), Be,
Bi, Ni, Cr, and Pb were higher. The latter displayed the
highest levels found in hair and urine. Co values were
higher in hair in both the mining and smelting areas. Cd
and Sb were much higher in hair samples from the
mining area.

Age- and gender-related differences in heavy metal
levels

Total distributions of heavy metals in female and male
hair and urine in mining and smelting areas are drawn in
Fig. 2. Male and female urinary and hair levels in both
mining and smelting areas decreased in the same order:
Zn > Cr> Ni > Cu > Pb > As. However, there are some
differences for some metals, i.e., Cr, Ni, and Pb in
female’s hair from mining area were higher than other
areas. Furthermore, Cr and Ni concentration in female’s
urine in smelting areas was higher than other areas.

The analysis of variance showed different levels of
significance among hair and urine metals of male and
females in studied areas. Bi, Cd, Cu, and Pb are signif-
icant in female’s and male’s hair of smelting areas, and
only Cd is significant in female’s and male’s hair of
mining area. Cd and Co are significant different in
female’s and male’s urine from smelting areas. Be and
Pb in female’s hair and Pb in male’s hair from mining
and smelting areas were significantly different. As, Cd,
Co, Cr, and Ni in female’s urine from mining and
smelting areas were significant. And there are two cases
where means are not significantly different: first is when
comparing between urine of males in mining and
smelting areas and the second is when comparing to
urine of female and male of mining areas.

For a better description of distribution of heavy metal
concentrations in urine and hair, participants are strati-
fied by age and gender as presented in Fig. 3. Some
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elements such as Zn, Pb, Ni, Cu, and Cr have high
concentrations compared with the other elements (As,
Be, Bi, Cd, Co, Hg, and Sb). Thus, for a better analysis,
two histograms were drawn separately. The analysis by
gender revealed that female participants had higher
heavy metal concentrations in hair than male partici-
pants, especially in the age ranges of 18—40 and 41—
65 years in both areas. Hair metal levels in males were
higher among the participants aged 18—40 in both
sampling areas. Urinary levels in males were higher
among participants aged > 66 years. Among females,
urine and hair concentrations differed in the two sam-
pling areas: High levels in hair were found in women
aged 1840 in the smelting areas and 41-65 in the
mining area. High levels in urine were found in women
aged 6-18 in the smelting areas and > 66 years in the
mining area.

Figure 3 shows that As, Be, Bi, Cd, Cu, Pb, Sb, and
Zn levels were higher in female hair in the smelting
areas, and Co, Cr, Hg, and Ni were higher in male
hair. Li et al. (2009) and Shimomura et al. (1980) found
lower levels of Hg in females. In our study, this was
observed only in the smelting areas. High urinary levels
of Bi, Co, Pb, and Sb were found in females in the
smelting areas and As, Be, Cd, Cr, Cu, Ni, and Zn in
males. Higher levels of heavy metals in female hair in
the mining area were observed for As, Bi, Cd, Co, Cr,
Cu, Hg, Ni, Pb, Sb, and Zn and Be in males. Urinary
levels of Be and Cu were high in females in the mining
area, while As, Bi, Cd, Co, Cr, Ni, Pb, Sb, and Zn levels
were high in men. Filon et al. (2009) found higher levels
of Ni, Co, and Cr in females (0—15% higher than in
males), while in smelting areas, male hair contained
higher levels of these three metals. In both mining and
smelting areas, female hair and urine samples contained
higher mean concentrations of almost all tested metals;
this finding was also observed by Moon et al. (1986).
However, the urine of males aged > 66 years in both the
mining and smelting areas contained the highest values;
this may be attributed to faster clearance and activities of
daily living, particularly food choices. The elderly in
China are known for consuming soup and other liquids.
Li et al. (2009) and Feng et al. (2008) attributed high
levels of metals in Chinese to a high daily consumption
of rice, and elderly living in the south of China are also
known for daily consuming of rice. Wu and Chen 2010
found that there are differences in As distribution for
different ages, young and old people had high
concentration; this could be related to the rate of
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Fig. 2 Total heavy metal in 140
female’s and male’s hair and urine
in mining and smelting areas

Hair concentration ug/g

—&— Hair SM Female
—@— Hair SM Male
—&— Hair MM Female

—wv— Hair MM Male

Elements

Urine concentration ug/L

—&— Urine SM Female
—@— Urine SM male
—&A— Urine MM Female
—w— Urine MM Male

metabolism. Khalique et al. (2005) found that the levels
of some metals such as Cu, Co, and Cr were
accumulated in hair of the elderly donors; this may be
related to different food habits of the different studied
communities and to the geological and geographical
differences in the different studied locations.

Arsenic, Bi, Cd, Cu, Pb, Sb, and Zn were higher in
female’s hair in both sampling areas. Molina-Villalba
etal. (2014) found that girls aged 6-9 living near mining
and industrial areas exhibited significantly higher heavy
metal concentrations in hair than boys. When comparing
our urine results of women (18-65 years) from smelting
and mining areas with those of Callan et al. (2016), we
found that some elements such as As, Cd, Cu, Co, and
Zn were lower, some metals such as Sb and Be are
moderate, and some metals such as Bi, Cr, Pb, and Ni
were much higher. Higher heavy metal levels in female
(18—65 years) hair may originate from external
contamination, such as artificial hair treatments.
According to Gil et al. (2011), hair grows approximately
10 mm/month and gives information on past and recent
exposure.

Elements

When compared with other male group, Pb levels in
the urine and hair of male children aged 617 years in
the mining area was elevated. This finding is in accor-
dance with numerous epidemiologic studies indicating
that living near mining waste is major risk factor for Pb
exposure (Dutkiewicz et al. 1993; Moreno et al. 2010).
In this study, Pb levels in hair and urine did not increase
with age, contrasting with the finding of Castafio et al.
(2012). In this study, we found that lead in hair was
related to the gender differences: females contain high
levels comparing to males. A different finding was
found by Strumylaite et al. (2004).

Cao et al. (2015) found that Pb was one of the most
abundant elements in the blood of children living near a
lead-acid battery plant. Lead largely persists in contam-
inated environments and is more dangerous for young
and unborn children. It can affect normal growth, lead to
learning disabilities, and damage the male reproductive
system (Molina-Villalba et al. 2014; Natural Healing
Site 2010).

Cd and Cr values did not increase with age, contrast-
ing with the findings of Khlifi et al. (2014) and Langard
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Fig. 3 Heavy metal concentrations in the urine and hair of participants stratified by age and gender. LMC low metal concentration

and Costa (2007). However, As in urinary samples
from females in the smelting areas increases with
age. According to Nam et al. (2003), accumulation of
As in the body may be due to intake through various
pathways, although the main routes are occupational
exposure and diet (BerzasNevado et al. 2010). Further-
more, the growth rate of hair is affected by nutritional
status and parallels the rate of heavy metal deposition
(Rivai 2001). However, Halder et al. (2013) showed
that As exposure could be related to the relationship
between consumption of rice and tainted drinking wa-
ter. Mercury levels in hair displayed no age- or gender-
related differences. Li et al. (2009) found that Hg
levels in hair varied significantly by gender but had
no obvious correlation with age. In this study, metal
levels were high in hair samples from females. This
finding may be explained by longer residence periods,

@ Springer

compared with men, who may be more mobile and
inclined to migrate in search of employment, and in
2002, Wu and Chen (2010) found that As concentra-
tion in female’s hair was higher than in male. The
authors estimating that it could be due to professional
disparities. Metal hair contents varied notably by hair
color, hair care habits, gender, age, smoking status, and
racial or ethnic factors (Barbosa et al. 2006; Esteban
and Castafio 2009). The data from this study are in
consistent with those reported earlier such as Kazi
et al. (2009), Khalique et al. (2005), Vahter et al.
(2007), Vimercati et al. (2016), and Wu and Chen
2010) who found that females contain higher level of
heavy metal. Wu and Chen (2010) in 2002 found that
As concentration in the hair of peasants was signifi-
cantly higher than non-peasants, and other authors
such as Khalique et al. (2005) explained the difference
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Fig. 4 The contribution of soil,
vegetables, and water to the
average daily exposure dose

Contribution of different environmental media to ADD (%)

As

was in the basis of differentiation in metabolism and
physiological function of the metals for male and
female.

Overall, urinary metal concentrations were lower
than metal concentrations found in hair in this study.
Generally, urine provides an assessment of recent expo-
sure. According to Gil et al. (2011), human hair has been
shown to be a good vehicle of excretion from the human
body, and multiple research groups found that heavy
metal concentrations in hair were up to 10-fold higher
than levels found in blood or urine (Bader et al. 1999;
Kono et al. 1990). Factors such as gender and age are
important in measuring exposure. We found differences
among genders and age groups in our study; other
factors, such as lifestyle habits of smoking and physical
activity, should also be explored.

Heavy metal correlations in hair and urine

To identify a common source for the different metals in
urine and hair found in this study, we performed a
Spearman rank correlation analysis. Table 4 presents
statistical correlation data for the analysis of heavy metal
concentrations in the two biological samples (urine and
hair) in the mining and smelting areas. The analysis
showed that hair and urine heavy metal levels were
highly correlated in mining area compared to those in
smelting areas; however, it is clearly noted that in
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B Soil
I Vegetables
I W ater

Cr Cd Sb Pb Bi
Smelting area (SM)

Co Ni Cu Cr Cd Sb Pb Bi Be Zn
Mining area (MM)

mining areas the correlation is mostly negative. In the
mining area, Ni U-Cr H and Cd U-Co H were highly
positively correlated in urine and hair (» = 0.975 and
P<0.01 and »=0.747 and P < 0.05). A highly negative
correlation was found between Co H, Ni U, and Cr U in
both hair and urine samples, and As U and Cd H were
negatively (r = —0.964, r = —0.843, and r = —0.574,
respectively; P < 0.01). The same results were found in
Molina-Villalba et al. 2014 study that revealed a signif-
icant negative correlation between hair Cd and urine As.
And a weak significant correlation exists between Bi H-
As U and Cu U-Sb H (» = —0.519 and r = —0.502;
P < 0.05) in mining area. The reason for this correlation
is unclear. Zinc, Pb, and Be concentration in hair and
urine did not show any significant correlations with
other metals. An earlier study in Hezhang showed that
As, Bi, Cd, Pb, Sb, and Zn in mining and smelting areas
originated mainly from anthropogenic sources (Briki
etal. 2015).

In Table 4, hair and urine samples from the smelting
areas display only some elements such as Cr U and As
H,Be U, and Hg H (= 0.436 and » =—0.495; P < 0.01)
and between Zn U and Sb H, As H-Ni U and Pb U, Cu U
and Zn H, and Bi H-Sb U and Pb U (P < 0.05). Foo et al.
(1993) found that there is a positive significant
correlation between some metal concentrations in hair
and their respective concentration in blood and urine.
Co and Cd concentration in hair and urine did not show
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Table 5 Total concentration of heavy metals in water (g LY

Sb Zn

Pb

Co Cu Cr

Cd

Bi

Be

As

Elements

16.4 +£8.7

24+1.67 0.57+0.73

2.57+0.95

BL 0.17+0.17 0.17+0.04 BL 3.97 +1.85

BL

Mean+SD 0.67 +£0.8

0.01 +0.006 BL

2.51+£221 BL BL

0.06 £0.04 BL

BL BL

0.01

Mean£SD 0.14 £0.12

20 g L™

10ugL™!

70 ug L' but

50 pg L' but

-1

Rarely found - 3ugL

-1

10 pg

Guideline value for

generally less than
0.02mgL'

generally less
than 2 pg

in drinking
water

drinking water
quality®

BL below 0, — no guideline values

TWHO (2011)

any significant correlation with other metals. Hair and
urine samples contain different concentrations; the var-
iation may be due to metabolic factors, as well as to the
properties of individual metals. However, the associa-
tions between the correlation of the elements in hair and
urine are hard to elucidate.

Heavy metal daily exposure levels

Risk assessment is the estimate of the nature and prob-
ability of adverse health effects in humans who may be
exposed to pollutants. Human exposure to heavy metals
is principally derived from food (Islam et al. 2014),
drinking water, soil ingestion, inhalation rates, and pica
(USEPA 1997). Figure 4 lists the contribution of each
exposure route to estimated ADD values in this area.
According to Cao et al. (2014), the daily intake of heavy
metals is mainly derived from food such as vegetables
and staple food. In our study, vegetables made an im-
portant contribution to the participants’ total ADD for
all heavy metals, accounting for > 70% in the mining
area and 80% in the smelting areas. Vegetables provided
99.8% of the Ni values and 99% of the Cr values
computed for the mining area. In the smelting areas,
vegetables provided 99.7, 99.6, 99.6, and 99.6% of the
ADD values for Zn, As, Ni, and Cd, respectively.

The most prevalent metals in the soil of the mining
area were Bi, Sb, Pb, Co, and Be, accounting for 21,
11.7, 104, 6.3, and 5%, respectively. In the smelting
areas, the same metals were most prevalent in a different
order: Be (16.7%), Co (9.9%), Bi (3.2%), Sb (2.1%), and
Pb (2%). These concentration levels were higher than
background levels recorded in Guizhou (CNEMC
1990). Massadeh et al. (2010) found that smokers had
higher Pb levels than non-smokers. Pb is known to exert
toxic effects on the central and peripheral nervous sys-
tems, kidney, cardiovascular system, immune system,
gastrointestinal tract, and male reproductive system. Fur-
thermore, Pb can infiltrate the placenta and may affect
the nervous system of the developing fetus (Skerfving
and Bergdhal 2007). Drinking water did not represent
any important contributions to the measured ADD. This
is because drinking water samples contain low concen-
tration of heavy metals as presented in Table 5. In
Table 5, the monitored concentrations of heavy metals
Co, Ni, Cu, Zn, Cr, As, Cd, Sb, Pb, Bi, and Be are found
below the permissible levels of WHO (2011), indicating
the water to be free from heavy metal pollution.

@ Springer
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Table 6 Estimation of non-carcinogenic (hazard quotient, HQ) and carcinogenic health risks (cancer risk, R) from heavy metals in soil,

vegetables, and water

Smelting areas

Mining area

Soil ingestion Vegetables Drinking water Total pathways Soil ingestion Vegetables Drinking water Total pathways

Hazard quotient

As 2.92E-01 8.13E+01  9.36E-03 8.16E+01
Co 5.22E-01 4.75E+00 3.96E-03 5.28E+00
Ni 1.71E-02 4.25E+00 4.27E+00
Cu 1.25E-02 9.35E-01 9.47E-01
Cr 2.63E-01 1.82E+01 1.67E-02 1.85E+01
Cd 4.10E-03 9.81E-01 9.85E-01
Sb 1.21E-02 5.74E-01  5.52E-04 5.87E-01
Pb 5.31E-02 2.64E+00 2.70E+00
Bi
Be 8.35E-03 4.16E-02 5.00E-02
Zn 2.78E-03 7.96E-01 7.99E-01
Total metals 1.19E+00 1.14E+02  3.06E-02 1.16E+02
Cancer risk
As 1.31E-04 3.66E-02 4.21E-06 3.67E-02
Ni 5.80E-04 1.45E-01 1.45E-01
Cr 3.95E-04 2.74E-02  2.51E-05 2.78E-02
Pb 1.58E-06 7.86E-05 8.02E-05
Total metals 1.11E-03 2.09E-01  2.93E-05 2.10E-01

3.05E+00 8.50E+01 4.48E-02 8.81E+01
3.56E-01 5.29E+00 1.15E-02 5.66E+00
1.53E-02 1.08E+01  2.57E-03 1.08E+01
3.56E-02 8.41E-01 8.76E-01
1.72E-01 2.02E4+01 2.65E-02 2.04E+01
7.23E-02 4.80E+00 6.90E-03 4.88E+00
3.68E+00 2.76E+01 2.83E-02 3.14E+01
1.96E+01 1.70E+02  1.37E-02 1.89E+02
7.34E-03 1.40E-01 1.47E-01
1.35E-01 448E+00 1.09E-03 4.61E+00
2.71E+00 3.29E+02 1.35E-01 3.32E+02
1.37E-03 3.83E-02 2.02E-05 3.97E-02
5.19E-04 3.66E-01  8.74E-05 3.67E-01
2.59E-04 3.04E-02  3.98E-05 3.07E-02
5.83E-04 5.05E-03  4.08E-07 5.63E-03
2.73E-03 440E-01  1.48E-04 4.43E-01

The values in bold in the table mean the potential health risks were much higher than the acceptable levels for the heavy metals through

studied exposure pathways

Vegetable consumption is considered as an important
pathway for heavy metal absorption (Fu et al. 2015), as
it 1s the inhalation of metal dusts from the soil, which
affects children in particular, due to their regular hand-
to-mouth activity (Li 2013).

Risk characteristics

Ten heavy metals (As, Co, Ni, Cu, Cr, Cd, Sb, Pb, Be,
and Zn) were taken in consideration to evaluate health
risk assessment. The results of non-carcinogenic and
carcinogenic health risks posed by studied heavy metals
in smelting and mining areas are shown in Table 6.
Blank values in the table are due to the missing of
corresponding RFD and SF values.

The HQ values were 3.32E+02 and 1.16E+02 for
mining and smelting areas, respectively. Values were
greater than 1 indicating that the residents may have a
higher potential concern for potential non-carcinogenic
effect. Mining tended to have a higher probability than

@ Springer

smelting areas. The order of HQ values in smelting areas
for different heavy metals increased in this order As > Cr
>Co>Ni>Pb>Cd>Cu>Zn>Sb>Be. Among these
values, As, Cr, Co, Ni, and Pb exceed 1. The order in
mining area was different from smelting areas and in-
creased in this order Pb > As > Sb > Cr>Ni> Co > Cd >
Zn > Cu > Be. All these elements exceed 1 except Cu
and Be. Vegetable ingestion was the major exposure
pathway for all studied areas. Furthermore, Pb, Sb, and
As in soil from mining area also appeared predominant
elements. The Pb contribution in our study to non-cancer
health risks was higher in vegetable and soil ingestion.
However, Tao et al. (2014) found that Pb in ingested ash
was the main contributor (> 80%). The HI order was
vegetable ingestion > soil ingestion > drinking water.
Every pathway of most all elements in mining area
has higher non-carcinogenic risks than smelting areas,
showing that mining area are more sensible to environ-
mental contamination (Jiang et al. 2016). This may be
due to the nearness of human activities and exposed
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duration of vegetables and soil. The Cao et al. (2010)
study in Jiangsu China demonstrated that the rice and
self-planted vegetables are highly ingested so the inges-
tion of self-planted vegetables is the main way to deter-
mine which heavy metal generates a harmful effect to
human health on local people. Because Co, Cu, Cd, Sb,
Bi, Be, and Zn were not included in carcinogenic cate-
gory (USEPA 2016), thus four elements (As, Ni, Cr, and
Pb) were estimated.

The R values for mining and smelting areas were
443 x 107" and 2.10 x 107", respectively (Table 6).
Mining area showed higher carcinogenic risks com-
pared to smelting areas. However, the carcinogenic risks
for both mining and smelting areas were higher than the
acceptable risk (1 x 107 Cao et al. 2016). The R values
for both mining and smelting areas have similar trend
for different heavy metals and decreased in this order Ni
> As > Cr> Pb. In smelting areas, Pb was in the range of
acceptable level (1 x 107 to 1 x 10~%). By comparing
the different pathways, vegetables were the main path-
way to carcinogenic risk in all studied areas, and it
influences the total pathway. Food in rural area is
renewed to be self- planted and harvested (Jiang et al.
2016). According to this study and earlier study in the
same areas (Briki et al. 2015), it is important to note that
there is a big relation among the exposures pathways
from soil, plant, to human, and this relation should not
be neglected. However, further measure should be taken
to analyze more kinds of vegetables and reduce the
carcinogenic risk.

Conclusion

The present study found elevated contents of Pb, Be, Bi,
Co, Cr, Ni, Sb, and Zn in hair and urine samples of
residents in smelting and mining areas. Lead levels were
higher than those of other metals. The mining area
exhibited higher total mean concentrations than the
smelting areas. In addition, metals were not distributed
evenly between different genders and age groups.
Higher values were found in the hair of males aged
18-40 and in the urine of participants aged > 66. Higher
values were also found in the hair of females aged 41-65
in the mining area and 1840 in the smelting areas,
while in urine samples, the higher values were found
in those aged 6—18 in the smelting areas and > 66 in the
mining area. Significant positive correlations were
found between Ni U-Cr H and Cd U-Co H in urine

and hair samples from mining area. The average daily
intake of vegetation was approximately more than 70%
for all heavy metals, thereafter comes the soil. However,
drinking water does not represent an important daily
source of exposure. The estimated ADD was mainly
caused by the ingestion of vegetation than by inhalation
of soil. According to the calculation, hazard quotient
and hazard index values of total metals in soil and
vegetables in mining and smelting areas were all higher
than 1. And carcinogenic risks of total pathway are
higher than accepted level, indicating that the studied
areas may be facing the threat of cancer risk. On the
other hand, water’s HQ, HI, and R are all within the
accepted levels. Moreover, the health risk posed by
heavy metals via ingestion is higher, so further study is
required to assess health risks associated with heavy
metal exposure in this population and to formulate mit-
igation strategies.
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