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Abstract In order to explore the level of heavy metal
pollution in human hair of residents in Huainan City and
provide theoretical guidance for prevention and control
of heavy metal pollution, human hair samples from 174
residents in Huainan City were collected so that heavy
metal (Cr, Cu, Pb, Zn, As, and Fe) concentrations in
scalp hair could be tested, and meanwhile their relation-
ship with sex, age, and spatial distribution characteris-
tics could be explored as well. According to the final
analysis, the average concentration of Cr, Pb, Cu, Fe,
Zn, and As in human hair amounted to 1.56, 6.41, 14.96,
31.13, 166.54, and 1.07 mg/kg. The highest average of
Cr and Pb contents in human hair occurred in the area of
Xiejiaji District; Fe, Zn, and Hgwere in Datong District;
and Cu and As were in Panji District respectively. Over-
all, the lowest risk of heavy metal exposure existed in
Tianjia’an District. Heavy metal content in hair varied
across sexes and ages. Pb concentration in hair would
decrease as age increased. The highest Pb concentration
appeared in children between ages 0 and 10, the amount
of which was significantly different from that in other

age groups; hence, children appear to be more suscepti-
ble to Pb pollution than other ages. Contents of Cr, Fe,
Zn, and As in hair would also increase with age; Fe
content in hair was particularly correlated with age. The
contents of Cr, Pb, Fe, and As in men’s hair were higher
than those in women’s, whereas the case of Cu and Zn
was just the opposite. There were significant differences
between sexes concerning the contents of Cr, Cu, and
As, and a highly significant difference about Zn between
sexes as well. These results indicated that the contents of
heavy metal in residents’ hair would be closely related
to the features of the local environment and population.
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Introduction

Various elements would be accumulated in human hair
through blood circulation in a highly stable manner
(Cihan and Yıldırım 2011). Compared with blood and
urine, human hair samples are less invasive and easier to
collect, transport, and store (Bencko 1995). Hair can
reflect past elemental exposure, indicate hair growth,
and show levels of heavy metal exposure over extended
periods (Chojnacka et al. 2012; Liang et al. 2017; Jiang
et al. 2017). International organizations such as the
World Health Organization have named hair as an ideal
material for evaluating heavy metal loads in the human
body (Samanta et al. 2004; Mehra et al. 2010). Thus,
human scalp hair has received considerable attention

Environ Monit Assess (2019) 191: 443
https://doi.org/10.1007/s10661-019-7592-z

F. Fang :Y. Wang :Y. Yao :Y. Lin : J. Wang
School of Geography and Tourism, Anhui Normal University,
Wuhu 241003, China

F. Fang (*)
Anhui Key Laboratory of Natural Disaster Process and Protection
Research, Anhui Normal University, Wuhu 241003, China
e-mail: ffm1974@mail.ahnu.edu.cn

Z. Zhu
Anhui Vocational College of City Management, Hefei 231635,
China

http://crossmark.crossref.org/dialog/?doi=10.1007/s10661-019-7592-z&domain=pdf


recently in bio-monitoring to measure individuals’
heavy metal exposure (Bencko 1995; Wongsasuluk
et al. 2018; Zhu et al. 2018; Varrica et al. 2018).

Previous studies have focused on human hair’s heavy
metal content (Wang et al. 2017a, b; Kwaansa-Ansah
et al. 2019), background values (Carneiro et al. 2011),
influencing factors (Skalnaya et al. 2014; Zhou et al.
2017), environmental exposure indicators (Baran and
Wieczorek 2013; María et al. 2017), and clinical appli-
cations (Henriques et al. 2019). Some researches on
heavy metals in human hair in mining areas or disease-
prone regions have been carried out in China. The heavy
metal content in human hair is influenced by many
factors, and a variety of conclusions have been drawn
by different scholars. However, the influencing mecha-
nism behind the heavy metal content in human hair still
needs further exploration. This study therefore will take
residents’ hair in four districts of Huainan as the samples
for detailed discussion. The contents and spatial distri-
bution features of Pb, Cu, Zn, Cr, As, and Fe in hair of
Huainan City residents have been thoroughly analyzed
with statistical methods, so as to reveal heavy metal
exposure levels and explore the corresponding rele-
vance with the age, sex, and spaces. The purpose of this
study is to provide a scientific insight into the effective
way of preventing and controlling heavy metal pollution
and thus protecting residents’ health better in the future.

Materials and methods

Study area

Huainan City, located in the mid-northern part of
Anhui Province, is a typical coal-resources-based
city. Documented coal field reserves amount to 18
billion tons in this area accounting for 70% of the
coal storage in Anhui Province and 32% in eastern
China. Coal mining activities first began in Huainan
100 years ago, there used to be many active open-
cast and underground mines, but meanwhile aban-
doned coal mines, natural coal fires, and overburden
dumps could be found all around the city (Zheng
et al. 2015; Lin et al. 2017).

Huainan City has four districts including Tianjia’an
(TJA), Panji (PJ), Xiejiaji (XJJ), and Datong (DT), in
which the TJA district is the city’s administrative and
economic center, and the traffic here is much busier than
that of in other districts. While in XJJ and PJ districts,

there are abundant coal resources and coal mining has
become the major industrial activity. As for DT district,
it is a suburban area with predominantly agricultural
production as the pillar industry.

Sample collection

For this study, 174 hair samples were collected from
four districts in Huainan City in 2015. Because the
accumulation of heavy metals in the hair would be a
long-term process, hair dyeing and perming might
have a certain kind of interference. As for the sample
collection, there are a series of requirements to meet
the experimental needs. All the sample hairs must be
healthy, have no history of taking drugs in a short
period of time, have not been permed and other
hairdressing treatments, and are permanent residents
living in Huainan City for more than 3 years
(Wongsasuluk et al. 2018). The hair samples were
collected from residents of different ages and sexes.
About 2–3 g of hair were collected near the scalp by
using a pair of stainless steel scissors when people
cut their hair (Pereria et al. 2004). Then, the samples
were stored in a unified configuration of clean bags
with different labels. Then, a form would be filled out
to record relevant information such as the donor’s
age, sex, lifestyle, and residence (Table 1).

Sample processing

Hair samples used for the study should be thoroughly
cleaned with grade acetone four times, then rinsed three
times with ultrapure water to remove any exogenous
impurities (Pereria et al. 2004). The washed hair sam-
ples were dried at 70 °C in the oven for a constant

Table 1 Donor’s information

Item Group Number Item Number

Age 0~10 53 Residence Datong 35

11~20 45 Panji 37

21~30 10 Tianjia’an 63

31~40 19 Xiejiaji 39

41~50 23 Sex

51~60 10 Male 93

61~70 10 Female 81

> 70 4
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weight. The dried samples then cut into segments with
the length of about 2–4 mm each and properly stored
before further analysis.

A total of 0.4 g hair samples were soaked in 10 ml
nitric acid and 2 ml perchloric acid overnight. The next
day, the samples were heated on a hot plate until they
were almost dry (i.e., until the solution became trans-
parent). After cooling, samples were rinsed with 2.5%
nitric acid and diluted to 50 mL distilled water before
being analyzed for heavy metals via an inductively
coupled plasma–optical emission spectrometer (ICP-
OES, PE, 7000DV).

Quality control

All laboratory utensils were pre-soaked in 10% HNO3

for over 24 h and thoroughly rinsed with ultrapure water
before use. One-quarter (25%) of the hair samples se-
lected randomly were analyzed three times to ensure the
precision and accuracy. Each batch of experiments had
three blank samples. The analysis-standard material of
plant and human hair component (GBW07601) mea-
sured by ICP-OES demonstrated good accuracy, with
percent recoveries between 80 and 120% (Table 2).

Results and discussion

Levels of heavy metals in Huainan City residents’ hair

The range and mean values of heavy metals in Huainan
City residents’ hair are shown in Table 3. The average
concentration of Cr, Pb, Cu, Fe, Zn, and As in hair was
as follows: 1.56, 6.41, 14.96, 31.13, 166.54, and
1.07 mg/kg. Among the six heavy metals, Pb demon-
strated relatively higher dispersion as indicated by coef-
ficient of variation (CV) values. The other five elements
varied moderately, while indicating significant differ-
ences of heavy metal distribution in Huainan City resi-
dents’ hair.

Compared with the element content in other coun-
tries or regions, the elements in Huainan City residents’
hair were moderately in excess. Among them, the aver-
age content of Fe was only lower than that in Inner
Mongolia; Baotou; and North Carolina, USA. The av-
erage content of Zn in human hair was lower than that in
Inner Mongolia; Baotou; Chongqing; and North Caro-
lina, USA. Zn and Fe contents in human hair were
related to nutrition levels; high-protein food intake such
as meat, eggs, and dairy products may increase the
contents of Zn and Fe (Pan and Li 2015). In recent
years, Huainan City residents’ nutrition levels and die-
tary habits have been greatly improved which led to
higher Fe and Zn levels in their hair. The average As
content in hair was only lower than that in Turkey and
North Carolina, USA, because the continual develop-
ment of Huainan City’s coal industry, coal-fired power
consumption is large.

Spatial distribution features of heavy metals in Huainan
City urban residents’ hair

The average heavy metal content in Huainan City
showed the following spatial distribution patterns: for
Pb, XJJ District > PJ District > DT District > TJA Dis-
trict; for Cu, PJ District > XJJ District > DT District >
TJA District; for Zn, DT District > XJJ District > PJ
District > TJA District; for As, PJ District > DT Dis-
trict > XJJ District > TJA District (Fig. 1).

The respective contents of Cr, Pb, Cu, Zn, and As in
human hair in the TJA District was the lowest, and Fe
content was also quite low. The contents of heavy
metal in the TJA district were also low. Significant
differences were observed in Cr and Fe in hair among
different areas of Huainan City, but the distinctions
among the other four heavy metals in hair were not
obvious across different regions. There existed a clear
diversity of Cr in Tianjia’an region compared with
other places like Datong, Panji, and Xiejiaji
(P < 0.01), and the content was much lower than that
in the other three regions. Fe content varied a lot

Table 2 The CRM data of heavy metals analyze by ICP-OES (mg/kg)

As Cr Cu Fe Pb Zn

Standard value 0.28 0.37 10.6 54 8.8 190

Measured value 0.24 0.35 11.98 58.86 7.04 228.00

Recovery rate (%) 85.71 94.59 113.02 109.00 80.00 120.00
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between Datong and Xiejiaji (P < 0.05); it was much
higher in Datong residents’ samples than in those from
Xiejiaji. The highest average contents of Fe and Zn
were discovered in Datong given its centuries-long
history of coal mining. Heavy metal accumulation in
the environment has been caused by area production
and a sewage petrochemical machinery plant. At the
same time, Datong is a rural area where most residents
use coal for cooking and heating, resulting in high Fe
and Zn levels. Celik et al. (2009) also pointed out that
when the Fe and Mn values of the hair samples col-
lected from the industrial region were compared with
the data from both the city center and countryside
(ANOVA), the differences would be quite meaningful
and significant. The highest average Cu and As levels
appeared in Panji, which is the main coal mining base
in Huainan City. There, As content in human hair was
mainly related to coal combustion; it increased obvi-
ously in areas where As coal was burned (Zhong et al.
1999). The PJ district invested greatly in the Pingwei
power plant, and Cu levels in hair displayed the extent
of atmospheric pollution. Studies have shown that
long-term exposure to smoke and dust would make
Cu levels in human hair high (Xu and Zhou 1994).
Therefore, people’s daily activities should be far away
from the mining environment. In daily life, the use of
coal fuel should be reduced families near the mine had
better keep the doors and windows closed to prevent
the pollution of dust. For children, it is necessary to
wear masks and wash hands and faces in time.

Analysis of influencing factors

Gender differences in heavy metal content of human
hair Heavy metal content in human hair from Huainan
City differed a lot between genders (Table 4). Zn and Cu
levels in men’s hair were lower than those in women’s,
whereas the contents of Cr, Pb, Fe, and As were higher.
Cr, Cu, and As contents also varied a lot between men
and women (P < 0.05), while Zn demonstrated a highly
distinction between genders (P < 0.01). Tamburo et al.
(2016) found that Zn content in adolescent girls’ hair
was significantly higher than that in boys. Xu et al.
(1999) reported that Cr content in different-aged male
adolescent groups in Yulin, Guangxi was higher than
that in a female group, which can be taken as a proof to
the study. Since the social division of labor betweenmen
and women varies a lot, men are more likely to be
engaged in jobs that are easily exposed to Cr elements
than women, such as non-ferrous metal mining and
electroplating industries (Tian et al. 2016). Coal mining
is a major industry in Huainan City; so many men might
take the job concerning mining activities, resulting in
higher levels of Cr in men’s hair than in women’s. Shi
et al. (1999) reported that Cu in girls’ hair in Changchun
was more than that of boys; this may be due to sex-based
developmental and metabolic differences. Li et al.
(2016) reported that As in male residents’ hair in a
mining area of Guangxi was much more than that of
females. As with Cr, daily occupational exposure can
affect its content in different sexes. Therefore, men

Table 3 Heavy metal content in human hair in different countries and areas (mg/kg)

Cr Pb Cu Fe Zn As

Huainan City Range 0.02–1.96 0.23–58.49 3.70–63.94 0.92–145.56 52.23–370.01 0.20–4.47

Mean 1.56 6.41 14.96 31.13 166.54 1.07

CV (%) 71.80 115.76 61.50 67.75 46.20 57.01

North Carolina (Kumakli et al. 2017) Mean 1.41 0.868 25.9 70.5 349 1.53

Inner Mongolia, Baotou (Pan and Li 2015) Mean 2.41 2.36 9.07 62.83 281.67 0.045

Shanghai (Wang et al. 2017a) Mean / 1.64 11.42 / 121.20 /

Chongqing (He et al. 2017) Mean / 42.8 24.3 / 209.6 /

Pearl River Delta region (China) (Li et al. 2014) Mean / 8.97 28.49 / 136.65 0.75

Turkey (Cihan and Yıldırım 2011) Mean 0.93 5.10 15.75 25.01 109.76 1.14

America (DiPietro et al. 1989) Mean 0.15 2.43 15.7 9.16 150 0.22

Tianjin (Wang et al. 2017b) Mean 2.65 13.69 16.82 / 197.29 /

Chinese resident normal hair contenta 1.21 ± 0.63 7.1 ± 3.2 11.0 ± 3.5 130 ± 30

a Standards from Chinese Trace Elements Scientific Society (H/ZWY03-2005, H/ZWY01-2007)
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Fig. 1 Heavy metal contents in residents’ hair in different regions of Huainan City
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should minimize skin exposure in areas contaminated
with Cr and As.

There is significantly different of Pb levels between
men and women in Huainan City residents’ hair
(P < 0.05), perhaps because men have more opportuni-
ties to encounter Pb. He et al. (2017) also found that Pb
level was higher in boys than in girls. Fe is an essential
nutrient for the human body and plays an important role
in human health. Men are more likely to take work in
labor-intensive industries and have better appetites than
women; thus, they probably ingest more Fe with food.
In addition, adult women lose Fe during menstruation
(Han et al. 2015), resulting in lower Fe content in
women’s hair compared with men. However, no definite
disparities can be found in Fe content between both
sexes in Huainan City (P > 0.05).

Effects of different ages on heavy metal content in
hair The heavy metal content in human hair of
different-aged residents in Huainan City is presented in
Fig. 2. Pb content in hair decreased as age increased.
The change in Cu with age growth was not obvious. The
incidence of Cr, As, Fe, and Zn in the hair showed a
tendency to increase with age (Fig. 2). The average
contents of Cr, As, Fe, and Znwere in the highest degree
among the 70-year-old group, amounting to 1.94mg/kg,
1.50mg/kg, 40.98 mg/kg, and 190.48mg/kg respective-
ly. Average Cr, As, and Fe contents in the 11–20 age
group was at the lowest: 1.41 mg/kg, 0.95 mg/kg, and
26.12 mg/kg respectively. The results of the correlation
analysis between human heavy metal content and age
have listed in Table 5. The degree of fit between age and
Cr content in hair was rather low (r = 0.115, P > 0.05),
and the t test showed there was no significant difference
of Cr among the different age groups. The degree of fit
between As content in hair and different ages was quite
high, with a fitting coefficient of 0.221 (P < 0.01). The
content of As increased with age, but no clear difference
appeared among age groups.Wang et al. (2012) reported
that hair’s As content increased with age in Sihong
County, Jiangsu Province, with a positive correlation

between As content and age (P < 0.05). After As enters
the human body, it combines with two sulfur bonds of
sulfur-containing amino acids in the keratin in hair (Lin
et al. 2001). Metabolism of As in hair is going through a
long and stable process; thus, the element accumulates
continuously in hair as age increases. Fe content in hair
showed a similar trend of increasing with age along with
a significant correlation and fitting coefficient of 0.199
(P < 0.01).

The average content of Zn in the 0–10 age group was
the lowest, with an average content of 139.85 mg/kg.
The degree of fit between Zn content in hair and age was
quite high, with a fitting coefficient of 0.149 (P < 0.05).
Some scholars (Dong and Cai 1999) agree that Zn
content in hair increases with age; it is affected endog-
enously, mainly by daily intake of foods containing Zn
such as animal offal, fish, shrimp, shellfish, beef, mut-
ton, eggs, nuts, and so on. While children are growing
rapidly, they need to consume large amounts of variety
food, a simple diet or insufficient protein intake may
result in Fe and Zn deficiency in infants and children
(Tang et al. 1999). Fe and Zn contents in hair increased
as age increased alongside the accumulation of trace
elements in the body and a balanced diet.

Pb content in hair declined as age increased. The
highest Pb levels appeared in the 0–10 age group with
an average content of 7.23 mg/kg; the lowest average
content appeared in individuals older than 70 (average
content of 2.93 mg/kg). The degree of fit between Pb in
hair and age was rather low, with a fitting coefficient of
− 0.137 (P > 0.05). Most scholars believe Pb content in
hair decreases as age increases, particularly because the
body’s ability to ingest Pb decreases with age
(Lockeretz 1973). In addition, automobile exhaust con-
tains high levels of alkyl Pb. Because children are not as
tall as adults, their respiratory region is just in corre-
spondence with the automobile exhaust collection zone
(Qian et al. 2013), thus causing more exhaust intake.
Certain bad habits, such as placing toys, pencils, or their
hands into their mouths after playing, may contribute to
children’s’ Pb intake. Infants’ slow metabolism and

Table 4 Heavy metal content in human hair in different sexes (mg/kg)

Cr Pb Cu Fe Zn As

Male n = 93 1.74 Aa 6.94 Aa 13.5 Aa 32.58 Aa 147.8 Aa 1.18 Aa

Female n = 81 1.36 Ba 5.81 Aa 16.64 Ba 29.47 Aa 188.06 Bb 0.95 Ba

Uppercase letters and lowercase letters denote significance at the P = 0.05 and P = 0.01 levels, respectively
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Fig. 2 Heavy metal contents in residents’ hair in different age groups from Huainan City
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waste excretion also results in Pb accumulation in the
body (Geng et al. 2002). All these factors lead to higher
levels of Pb in children than in adults, which can be
tested in the hair. The trend of Cu content with age is
complex, and there is no obvious pattern. Cu content in
children aged 0–10 years was significantly lower than in
11- to 20-year-olds, possibly due to the start of puberty
(Wu et al. 1993). The degree of fit between Cu content
in hair and residents’ age was quite low (r = 0.014,
P > 0.05). Dong and Cai (1999) reported that the Cu
content of normal children in Shenzhen decreased grad-
ually as age increased.

Conclusion

(1). The average contents of Cr, Pb, Cu, Fe, Zn, and As
in Huainan City residents’ hair were as follows:
1.56 mg/kg, 6.41 mg/kg, 14.96 mg/kg,
31.13 mg/kg, 166.54 mg/kg, and 1.07 mg/kg, re-
spectively. Compared with other regions and
countries, Huainan City residents exhibited higher
levels of Cr, Zn, and As. Each element’s CV value
exceeded 40%, indicating some differences in
heavy metal distribution in Huainan City
residents.

(2). Heavy metal content in hair differed in certain
areas: the highest average contents of Cr and Pb
was in the XJJ District; the highest average con-
tents of Fe and Zn was in the DT District; and the
highest average contents of Cu and As existed in
the PJJ District. Pb generally showed a strong
degree of variability, indicating that environmen-
tal exposure may have an impact on Pb. The
lowest degree of variability was found in Zn,
indicating little difference in hair as an essential
human element. There were significant differ-
ences between Cr and Fe elements in various
regions of Huainan City, but the other four heavy
metals showed no obvious distinctions in hair
from different regions.

(3). The heavy metal content in Huainan City resi-
dents’ hair differed a lot by gender and age. The
degree of Cr, Pb, Fe, and As contents in men’s hair
were higher than that in women, whereas Cu and
Zn showed an opposite trend. Cr, Cu, and As
demonstrated significant differences between
sexes; sex-based differences in Zn were most sig-
nificant. Heavy metal content across ages also
differed: Pb in hair decreased as age increased,
changes in Cu with age were not significant, and
the other five elements exhibited the increasing
contents with age. High levels of Pb appeared in
children aged 0–10, indicating a significant differ-
ence compared with other age groups; this finding
suggests that children are most susceptible to Pb
pollution. Fe and Zn contents in hair were closely
related with age, but the relationship between the
other elements and age was not significant.

(4). The daily activity area of residents in Huainan
City should be far away from the mining area. In
daily life and work, they should pay attention to
the protection work, especially those menworking
in Cr- and As-contaminated areas should be cau-
tious of skin exposure. Heavy metal accumulation
in the human body warrants continued attention to
prevent heavy metal poisoning and to ensure pub-
lic health safety.
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tional Natural Science Foundation of China through Grant
41371480.
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