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Abstract: Metal pollution may lead to a variety of diseases; for this reason, it has become a matter
of public concern worldwide. However, it is necessary to use biomonitoring approaches to assess
the risks posed to human health by metals. In this study, the concentrations of 14 metal elements in
181 urine samples obtained from the general population of Gansu Province, China, were analyzed
using inductively coupled plasma mass spectrometry. Eleven out of fourteen target elements had
detection frequencies above 85%, namely, Cr, Ni, As, Se, Cd, Al, Fe, Cu and Rb. The concentrations of
most metal elements in the urine of our subjects corresponded to the medium levels of subjects in
other regional studies. Gender exerted a significant influence (p < 0.05) on the concentrations of Tl,
Rb and Zn. The concentrations of Ni, As, Pb, Sr, Tl, Zn, Cu and Se showed significant differences
among different age groups and the age-related concentration trends varied among these elements.
There were significant differences in the urine concentrations of Zn and Sr between those subjects
in the group who were frequently exposed to soil (exposed soil > 20 min/day) and those in the
group who were not, indicating that people in regular contact with soil may be more exposed to
metals. This study provides useful information for evaluating the levels of metal exposure among
general populations.

Keywords: metal element; urine; human biomonitoring; influence factors

1. Introduction

Metals, including essential and nonessential elements, are a group of substances that
are widely distributed in the environment [1]. Metals typically exhibit environmental
persistence, bioaccumulation and non-biodegradability. In the environment, they exist in
different natural concentrations which vary considerably. They are widely used in human
activities, such as industrial processes [2]. In recent years, metals have also become an
environmental issue, and the strong relationships between certain metals and adverse
outcomes in humans have attracted the interest of researchers [1,3]. As a manufacturing
and industrial power, China is increasingly emitting metal elements into the environment
in various forms, affecting human health [4,5].

A growing body of evidence confirms the toxicity of some metal species. Chronic
human exposure to exceedingly small doses of these metal species is associated with
adverse health effects [6–8]. Human exposure to As, an inorganic element, is known to
affect reproductive development and induce gene mutations, which are important causes
of cancer in the human body. Therefore, inorganic As is considered to be a global health risk
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factor [9]. Pb, one of the most common pollutants in the environment, can accumulate in
bones and lead to high blood pressure, cardiovascular, kidney, hearing and dental diseases,
as well as spontaneous abortion [10]. Cd may lead to cardiovascular disease, chronic
kidney disease and diabetes [11]. Other studies have shown that Pb and Cd are potential
neurotoxins [12,13]. Even essential elements, such as Cu, Se and Ni, which are necessary
for good health [14], have also been reported to play an integral role in metal toxicity [15].
Insufficient or excessive intake of essential elements may also have harmful effects on
human health [16]. The inadequate intake of metals (essential and non-essential) afflicts
about 300 million people in China alone [17]. Studies have confirmed that, while exposure to
certain non-essential elements can have adverse effects on human health [18,19], excessive
exposure to certain essential elements such as Se and Zn can also have adverse effects [20].

Researchers in many countries have carried out studies to assess metal exposure
levels in different target populations. These studies have formed the basis for further
metal exposure assessments in humans and other toxicology studies [19,21,22]. In the
field of environmental health, human biomonitoring is now an important tool that is used
to assess the internal exposure levels of individuals—and general populations—to envi-
ronmental pollutants [23–25]. Urine samples are usually used for clinical, environmental
and toxicological studies [26]. Moreover, urine is easy to collect and is a non-invasive
biomonitoring method. Some countries have performed biomonitoring of elements in urine
samples, such as China [27], Germany [28], South Korea [29] and Belgium [30]. Most of
these studies focused on toxic metal(loid)s, such as As, Pb and Cr. To date, there have been
few studies on the levels of exposure to other non-essential and essential metals in the
general population [31].

Gansu Province is located to the west of the Loess Plateau in Northwestern China
(Figure 1). Previous studies have reported a serious metal-contamination situation in
Gansu Province. Many areas in Gansu Province are rich in mineral resources, including
essential and non-essential elements [32]. These areas include Jingyuan County and Baiyin
City. Jingyuan County is adjacent to the downstream of Baiyin City. Baiyin City is one
of the most important metal-mining and smelting bases in Northwestern China [33,34].
However, Zn and other elements in the soil of this city present a potentially high ecological
risk to the local population [34]. The quality and quantity of the palygorskite deposits
recently discovered in Jingyuan County mean that these reserves are now ranked among
the most important globally [35]. The main chemical elements of palygorskite include Zn,
Cd and Sr [36]. However, the main occupation of the population in the Jingyuan region is
agricultural work. Therefore, these individuals are exposed to chemical elements in the
soil which may pose a threat to the health of the local population as a whole [37]. To date,
there have been no biomonitoring studies on the levels of such elements in the urine of
the general population in Gansu Province; indeed, the whole issue remains unexplored.
Furthermore, most current research is focused on the eastern coastal regions [19,38,39]
and the most heavily metal-polluted areas [40]; in contrast, research on metal levels in the
general population of Northwestern China remains limited.

In this study, therefore, we sought to measure the levels of 14 metal elements, including
both non-essential elements (such as Cd, Al and Pb) and essential elements (such as Fe,
Cu and Zn), in urine samples obtained from the general population in Gansu Province,
China. The concentration of metal elements in urine is influenced by environmental and
physiological factors. We also studied the demographic factors that might influence the
levels of metal concentration, including gender, age and lifestyle. This study was based on
a regional exploratory study that provided useful information for evaluating the levels of
metal elements among the residents of Northwestern China.
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tion degree of urine. 
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halation, skin contact [1] and hand-to-mouth transmission [42]. Hand-to-mouth transmis-
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2. Materials and Methods
2.1. Reagents and Materials

The standards for six essential elements (Ni, Se, Fe, Cu, Zn and Rb) and eight non-
essential elements (Cr, As, Sr, Al, Cd, Tl, Pb and Sb) were purchased from the General
Research Institute for Nonferrous Metals (Grinm, Beijing, China; 1000 µg/mL). Nitric
acid (69%) was purchased from CNW (Technologies GmbH, Stuttgart, Germany). Milli-Q
(18.2 MΩ·cm) ultrapure water used to prepare the samples was obtained from a Milli-Q
purification system (Merck KGaA, Darmstadt, Germany).

2.2. Study Population and Sample Collection

The participants in the current study were all from Jingyuan County, Gansu Province,
China. In total, 181 participants aged 1–74 years were recruited from eight villages in the
region during 2020 (Figure 1). All subjects from Jingyuan County were Han Chinese. None
of the participants were occupationally exposed to the target analytes selected in this study
and none of the participants had underlying diseases. The subjects were representative
of the general population in Northwestern China. The subjects used urine cups to collect
20–50 mL of middle urine, which means that the first 50 mL of urine was discarded for
sampling. Middle sampling is strongly recommended in urine analysis, as contamination
is the most preventable in this portion of the urine stream [41]. Participants who were
required to provide urine ate a light diet the day before urine collection and then fasted
overnight. Then, the specific gravity (SG) of each urine sample was measured using a
digital refractometer (ATAGO, Tokyo, Japan), which was used to correct the dilution degree
of urine.

Humans are exposed to elements mainly through dietary intake, respiratory tract
inhalation, skin contact [1] and hand-to-mouth transmission [42]. Hand-to-mouth transmis-
sion is an important route for contact with metals, especially in infants and children [42,43].
Based on these means of exposure, the content of our study questionnaire was developed.
Information on participants’ gender, height, body weight and age was obtained from this
questionnaire, as well as details of their lifestyle habits (outdoor play, farm work, etc.),
annual family income and other information. Informed consent was obtained from each
participant, and the studies were approved by the ethics committee of Nankai University
(NKUIRB2020066).

For the analysis of the obtained data, we bore in mind that the metabolism of children
and adults is different, and so we divided our study subjects into four categories: young
children (1–5 years, n = 28); children (6–11 years, n = 29); adolescents (12–18 years, n = 33);
and adults (>18 years, n = 91). For the analysis of the relationship between soil exposure
and metal concentration, we considered the different lifestyles of people of different ages,
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and so we also divided subjects into a lower age group (≤11 years, n = 58) and an older age
group (>12 years, n = 123). We categorized age as either ≤11 years or >12 years because
the latter is the cut-off age between participating and not participating in family farms in
Jingyuan County. In the lower age group, participants were defined as exposed to the soil
if they engaged in outdoor play for more than twenty minutes daily, or at least twice daily,
in the previous year. In the older age group, participants were defined as exposed to the
soil if they engaged in farm work for more than ten minutes daily, or at least once daily, in
the previous year.

2.3. Sample Pretreatment and Instrument Analysis

All urine samples were stored at −80 ◦C until analysis. At the beginning of the experi-
ment, all samples were thawed at 4 ◦C. Then, 1 mL of urine sample from the supernatant
was added to a 15-mL CORNING centrifugal tube and acidified with 9 mL of 2% (v/v)
nitric acid. Next, the resulting samples were digested by heating them at 40 ◦C in a water
bath for one hour [44,45]. The final solution was filtered with a 0.22-µm filter (JINTENG,
Tianjin, China; Polyethersulfone) for instrumental analysis.

Urinary concentrations of Cr, Ni, As, Se, Sr, Cd, Sb, Tl, Pb, Al, Fe, Cu, Zn and Rb
were determined simultaneously using inductively coupled plasma mass spectrometry
(ICP-MS; Agilent 7900, Santa Clara, CA, USA) [46], and analyzed in helium mode. Detailed
operation conditions of ICP-MS (with collision cell) were as follows: radio frequency (RF)
power, 1550 W; plasma gas flow, 15.00 L/min; auxiliary gas flow, 0.9 L/min; nebulizer flow,
1.03 L/min; atomization chamber temperature, 2 ◦C; sampling depth, 8 mm.

In order to check for potential contamination, procedural and solvent blanks (con-
taining 2% nitric acid only) were prepared in each batch of 30 urine samples. A sample of
10 µL was taken from each urine sample and mixed uniformly to make a pooled QC urine
sample. For each batch of 30 samples, one pooled QC urine sample was measured to check
the stability of the instrument’s operation and data reliability. Germanium was used as an
internal standard at a concentration of 1000 µg/L in samples and standards. The standard
was added to mixed samples at low, medium or high concentrations (0.01 µg/L, 0.05 µg/L
or 5 µg/L) and the analysis was repeated six times. The recovery rates of the elements
were between 80.6% and 118.7%. The solvent blank was continuously determined 10 times
on ICP-MS. The standard deviation value was calculated using blank measurement value
analysis. The limit of detection (LOD) was calculated by multiplying the standard deviation
value obtained for each element by three times [10,47]. The limit of quantitation (LOQ)
was calculated by multiplying the standard deviation value obtained for each element by
ten times.

2.4. Statistical Analysis

Urinary element concentrations were adjusted by SG using the following formula:
SG-adjusted = SG-unadjusted concentration × [(SGm−1)/ (SGi−1)], where SG-adjusted
is the urinary element concentration corrected by SG (µg/L), and SG-unadjusted con-
centration is the measured raw element concentration (µg/L). SGi is the measured SG value
of the urine sample, and SGm is the median SG value in the study population.

SPSS 23 (IBM, Amenk, New York, NY, USA, 2015) software was used for statistical
analysis. The element concentrations used for descriptive statistics were expressed as µg/L.
Metal concentrations below the LOD were assigned with LOD divided by

√
2 [48,49]. The

results were presented as geometric means with 95% confidence and values from the 5th to
95th percentiles. The Spearman correlation was used to analyze the correlation between
any two metal elements. The Mann–Whitney U test was applied to identify differences in
metal concentration and the Cu/Zn ratio between males and females, as well as between
subjects who were often in contact with soil and those who were not. Cu/Zn ratio was
calculated by dividing the copper (adjusted by SG) by zinc concentration (adjusted by
SG) [50]. The Kruskal–Wallis test was used to compare differences in metal concentration
and the Cu/Zn ratio between multiple age groups. Simultaneous pairwise comparisons and



Toxics 2023, 11, 488 5 of 15

p-value correction were all carried out at the time of testing. All p-values were two-sided
with a statistically significant level of 0.05.

3. Results and Discussion
3.1. Participants’ Characteristics

Demographic data for the 181 participants are shown in Table 1. The participants were
29 ± 23 years old, on average. The average body mass index (BMI) of the participants was
20.6 ± 5.3 kg/m2. Females represented 53.6% (n = 97) of the respondents. In the lower age
group, 72.4% of the subjects (n = 42) had soil exposure as a result of playing outdoors. In
the older age group, almost half of the subjects were exposed to soil due to farm work at
home (49.6%, n = 61).

Table 1. General characteristics of the study population in Jingyuan County (n = 181).

Characteristics N (%)

Gender
Male 84 (46.4%)

Female 97 (53.6%)
Age (years) 29 ± 23

Young children (1–5) 28 (15.5%)
Children (6–11) 29 (16.0%)

Adolescents (12–18) 33 (18.2%)
Adults (>18) 91 (50.3%)
BMI (kg/m2) 20.6 ± 5.3

Does farm work
Yes 61 (33.7%)
No 62 (34.2%)

Soil exposure due to playing outdoors
Yes 42 (23.2%)
No 16 (8.8%)

Annual family income (Yuan/year)
<25,000 47 (26.0%)

25,000–50,000 109 (60.2%)
>50,000 25 (13.8%)

3.2. Urinary Concentrations of 14 Metals

The concentrations LODs and LOQs of the 14 metals in the urine of subjects are
shown in Tables 2 and S1. The geometric mean (GM) of urinary concentrations of metals
(adjusted by SG) varied from 0.11 to 850.0 µg/L. With the exceptions of Sb (30.9%), Tl
(68.5%) and Pb (47.0%), the detection frequencies of the remaining eleven metals were all
higher than 85%. Concentrations of Sb and Pb were generally lower than their LODs. The
GM concentrations of essential metals (adjusted by SG) in the urine of subjects ranged
from 1.96 to 850.0 µg/L; The GM concentrations of non-essential metals ranged from
0.11 to 267.6 µg/L.

According to a document issued by the Ministry of Health of the People’s Republic
of China, the concentration of Pb in urine should not exceed 120 µg/L [51]. This refer-
ence value was not exceeded in any of the samples in the current study. The US Centers
for Disease Control and Prevention (CDC) [52] publishes a National Report on Human
Exposure to Environmental Chemicals, which is a series of ongoing assessments of the
U.S. population’s exposure to environmental chemicals carried out using biomonitoring.
Samples are obtained from people who take part in CDC’s National Health and Nutrition
Examination Survey (NHANES). When we compared NHANES data with the biomonitor-
ing data of the current study, we found that urine concentrations of Cd, Cr, Pb, Ni and Sr in
the 95th percentile in our study were more than twice compared to NHANES (Table S2). In
addition, the urine concentration of Sr (GM concentration: 267.58 µg/L), a non-essential
element, was twice as high among the Jingyuan County population compared to the
NHANES subjects.
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Table 2. The distributions of urinary metal concentrations by SG correction (n = 181).

Urinary
Elements

LOD
(µg/L) DF (%) GM (µg/L)

(95%CI)

Percentile (µg/L)

5th 25th 50th 75th 95th

Cr 0.63 87.8 1.13
(0.99, 1.30) <LOD 0.72 0.99 1.59 3.55

Ni 0.25 89.0 1.96
(1.59, 2.40) <LOD 0.93 2.54 4.47 9.30

As 0.01 100.0 24.58
(21.82, 27.70) 7.48 16.14 25.57 38.20 70.16

Se 0.76 97.8 16.4
(14.11, 18.95) 3.65 9.56 17.25 29.70 55.64

Sr 0.02 100.0 267.6
(234.7, 305.1) 70.82 164.3 290.8 432.0 807.1

Cd 0.01 98.3 0.53
(0.46, 0.62) 0.16 0.36 0.59 0.90 1.82

Sb 0.10 30.9 - <LOD <LOD <LOD 0.22 3.52

Tl 0.04 68.5 0.11
(0.09, 0.12) <LOD <LOD 0.11 0.19 0.48

Pb 1.77 47.0 - <LOD <LOD <LOD 3.03 5.81

Al 2.39 100.0 34.69
(31.03, 38.77) 12.20 21.88 33.40 50.73 154.4

Fe 1.44 100.0 38.36
(30 43, 39.53) 5.19 25.18 35.80 62.23 160.4

Cu 0.16 100.0 9.02
(8.28, 9.83) 3.77 6.68 9.03 11.88 21.10

Zn 0.40 100.0 397.0
(353.4, 446.0) 124.1 257.5 418.0 634.7 1166

Rb 0.05 100.0 850.0
(763.4, 946.4) 363.6 552.6 809.7 1310 2142

<LOD: Concentration below the limit of detection.

Compared with previous studies [3,39,53], the concentrations of most metals in the urine of
our subjects corresponded to the medium levels of subjects in other studies (Tables S3 and S4).
However, the urinary concentration levels of the non-essential element Sr (GM concentration:
267.58 µg/L; median concentration: 290.79 µg/L) and the essential element Zn (GM concen-
tration: 397.02 µg/L; median concentration: 417.95 µg/L) in the Jingyuan County population
were higher than those found in subjects from other regions in previous studies. Compared
with our subjects, a population in Ethiopia [21] exhibited lower levels of Sr (GM concentration:
79.4 µg/L) exposure. Similarly, the Sr exposure level of pregnant women in Wuhan, Hubei
Province, China [53] was also lower (median concentration: 239.7 µg/L). For essential elements,
the Zn concentration in the urine of our study subjects was higher than that of both pregnant
women in Wuhan (GM concentration: 53.3 µg/L) [54] and the general Wuhan population
(median concentration: 322.9 µg/L), [53] as well as the general Ethiopian population (GM
concentration: 283 µg/L) [21], indicating higher exposure in our study region. In the current
study, subjects in Jingyuan County exhibited higher levels of urinary Zn and Sr. We suggest
that future studies in this area should focus on these two metal elements.

Spearman’s rank correlation coefficients between metals were of weak-to-moderate
intensity (Figure 2, r = −0.15–0.68; Table S5). Spearman’s rank correlation analyses showed
significant correlations between the urinary concentrations of most metals (p < 0.01). Among
these, there was a strong positive correlation between Fe and Al, and between Pb and Cr
(reaching 0.678 and 0.634, respectively), indicating a similar pollution source. Previous
studies have found that the levels of these different metals typically exhibit medium-
strength correlation (r = 0.31–0.81 and −0.15–0.74, respectively) [53,55]; these results are
similar to the results of the current study. Previous studies have also shown that combined
exposure to multiple metals is also positively associated with increased risk of multiple
human diseases [56,57]. In view of the extensive exposure of the population to various
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metals in the course of their daily life, further studies are needed to clarify the human
health impact of such metals.
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3.3. Factors Influencing the Element Levels in Urine
3.3.1. Gender-Related Differences in Urine Element Concentrations

Box plots (Figures 3, S1 and S2) show the differences in concentrations among different
gender groups. Concentrations of Tl and Rb (Figure 3A,B, p < 0.05) in the urine of females
(median concentrations of 0.13 µg/L and 0.93 µg/L, respectively) were significantly higher
than in males (0.10 µg/L and 0.75 µg/L, respectively). Contrarily, the concentration of
Zn (Figure 3C, p < 0.05) in the urine of males (503.1 µg/L) was significantly higher than
in the urine of females (344.3 µg/L). Many studies have shown that exposure to metal
elements (such as Zn, Pb and Cd) may involve remarkable gender differences [58–60].
Similar gender-related differences have been reported in the populations of rural areas
in Ethiopia [21]. Other studies have confirmed the existence of gender differences in
exposure to elements [30,61]. However, although several studies [30,61] have recorded
gender dependence for biomonitoring the levels of metals, we are still uncertain about the
physiological reasons for such dependence.

Furthermore, we found that the urine Cu/Zn ratio differed significantly between
different genders (p < 0.05) (Figure S3). Overall, the urinary Cu/Zn ratios of females were
slightly higher than those of males. This finding is of interest because the Cu/Zn ratio is
crucial in the process of disease development [50]. Cu and Zn are present in several metal
enzymes, such as the antioxidant enzyme superoxide dismutase [62]. In previous studies, a
high Cu/Zn-ratio has been associated with a high risk of cardiovascular mortality [63,64],
cirrhosis [62], cancer [65] and neurodegeneration [62]. It has been proposed that the Cu/Zn
ratio will be a better predictor of several pathological and prepathological stages [66]
because it better reflects the interaction between Cu and Zn than the concentration levels
of Cu or Zn alone [67]. The roles played by the Cu/Zn ratio and by gender differences
in human health need to be further investigated. In short, future studies should consider
gender differences when assessing the relationship between the risk of certain diseases and
Cu/Zn ratios, as well as the level of metal exposure in a study region.
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3.3.2. Age-Related Differences in Urine Element Concentrations

Our results showed that urinary concentrations of metals, including Ni, As, Se, Tl, Sr,
Pb, Cu and Zn, differed significantly across age groups (p < 0.05) (Figures 4 and S4). In the
adults group, the median concentrations of essential elements Ni, Se and Zn in the urine
of participants were lower than those of the participants in the young children, children
and adolescents groups (median concentrations: Table S6). It can be seen that the median
concentrations of Sr and Zn in the urine of the adults group were lower than those in the
children group. In addition, the median concentrations of Pb and Cu in the urine of subjects
in the young children group were higher than those in the adults group.

Compared to adults and adolescents, children may have higher levels of metals in
their bodies because they have a higher basal metabolic rate [68,69], a higher relative
food intake and lower toxin clearance than adults. In addition, children have a much
larger skin surface area per unit of body weight than adults [42,43,70]. Consequently,
they can absorb more toxic substances through the skin and load more toxic substances
into the body. The organs or tissues of children are still developing, so they are more
sensitive to the effects of environmental pollutant metals. When interacting with the
environment, children’s physical activity, including hand–mouth habits, is usually higher
than that of adults [43,70]. Children are more likely to come into contact with elements
through different pathways than adults, and they may receive higher doses of toxins than
adults. For example, children may play with toys containing metal, resulting in exposure
to higher doses of metals [71]. Children are more vulnerable than adults to exposure to
elements through different routes [42] and they may receive higher doses of toxins than
adults. Many recent studies have shown that heavy-metal exposure affects the health and
development of children [72,73] and may impair their growth. Elements such as Pb and Cu
have been reported to pose serious health risks to the local residents of Guiyu (Guangdong
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Province, China), especially children [43]. Guiyu is the largest electronic waste disposal
site in China [4]. A previous study also claimed that Cr and Pb have been identified as
the main metals responsible for the non-cancer health risks arising in children in southern
Nigeria [42,74]. In this study, we proposed that different urine levels of the metal elements
would affect different age groups differently; we concluded that metal elements may have
especially adverse effects on the health of children.
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In addition, in the current study, we found that the Cu/Zn ratio differed significantly
between the adults and adolescents groups, and between the adults and children groups
(p < 0.01) (Figure S5). Zinc is mainly excreted by pancreatic exocrine secretion, and a
small fraction is excreted in the urine. Urinary zinc testing can reflect the corresponding
metabolism of zinc in the body when the body is deficient in zinc [75]. It has been noted
that elderly individuals are prone to mild Zn deficiency [76]. This may be the reason
for the higher Cu/Zn ratio in the adults group. Due to the importance of the Cu/Zn
ratio, the relationship between the urinary Cu/Zn ratio and risks to human health will be
investigated in follow-up studies.

3.3.3. Differences in Urine Element Concentration in Groups of People with or without
Soil Contact

Every year, large quantities of metal elements are released into the environment from
mining and agriculture. In Jingyuan County, the smelting and mining of non-ferrous metals
in neighboring Baiyin City over the past 70 years have led to serious soil pollution with
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Cd, Cu, Pb and Zn [34]. Diet and skin contact are considered the major sources of exposure
to elements among non-occupationally exposed human populations [1]. In addition, as
mentioned above, more reserves of palygorskite have recently been found in the middle
of Jingyuan County [36]. The main chemical elements that comprise palygorskite are Zn
and Sr [36].

Urine concentrations of Sr in individuals engaged in farm work are shown in Figure 5A.
Subjects who were over 12 years old (and, therefore, belonged to the older age group) and
who often participated in farm work had a median urine concentration of 320.3 µg/L,
which was significantly higher compared to other study subjects (227.3 µg/L) (p < 0.05).
Sr is considered a potential essential element [77]. However, the long-term accumulation
of potential essential elements may lead to metabolic dysfunction and harmful effects on
human health [78]. Some experimental studies which sought to understand the mechanisms
of the anabolic effect of Sr on bones have indicated that Sr is carcinogenic [79].
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Among participants in the lower age group, there was a significant difference in urine
Zn concentration between those subjects exposed to soil and those not exposed (p < 0.05).
Due to childhood-related behaviors, such as higher hand-to-mouth contact and closer
contact with substances contaminated by elements via outdoor activities [42,43], children
are more exposed to the soil through skin contact and eating when playing outdoors. The
urinary Zn concentration of children exposed to the soil while playing outdoors (median
urine concentration: 620.3 µg/L) was higher than that of other children (median urine
concentration: 463.4 µg/L), as shown in Figure 5B.

Many essential metals are naturally occurring elements, and organisms have different
needs for them [77]. Higher levels of essential metals may induce acute or chronic toxic-
ity [80]. Zn is an important nutrient for humans because it affects many biological functions,
including development and reproduction [10]. However, increased exposure to Zn may
result in toxicity and a number of negative consequences for health, especially in vulnerable
populations such as children [81,82]. The results of this study indicate that human exposure
to soil may lead to increased levels of metals in the urine. In other words, in Jingyuan
County specifically, soil exposure can be considered one of the most important factors
affecting the level of metal exposure in the local population. Although the concentrations
of these two elements are not excessively high compared to other studies (Tables S2–S4),
continuous biological monitoring should be carried out in this area to evaluate the exposure
to metals and to determine the factors that affect the exposure, ensuring the health of the
local population. For this reason, the impact of soil exposure on metal exposure levels
among individuals in this region should be further studied in the future.
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4. Conclusions

In this study, we measured the concentrations of 14 metal elements in urine samples
obtained from the general population in Jingyuan County, Gansu Province, China. This
study was limited by incomplete questionnaire information but made up for the shortcom-
ings of biological monitoring in the region. The levels of metal elements found in the study
participants were comparable to those found in other studies using subjects from different
regions of the world. We found certain correlations between the urinary concentrations
of most of the targeted metals. High detection frequencies indicated that such pollutant
elements are widespread and related to human exposure. Metallic elements are a natural
component of the lithosphere, hydrosphere and atmosphere. As a result, they are also
present in living organisms, including the human body. A number of factors, including
gender, age and contact with soil, exerted a significant influence on concentrations of heavy
metals. This study provides useful information on the levels of elements in human urine in
Jingyuan County and evaluated various influence factors for different elements in terms
of differences in urine element concentrations. Thereby, it offers improved insights into
the relationship between the levels of exposure to metals and influencing factors for the
general population in Northwestern China and provides clues to design further large-scale
metal exposure level surveys in Northwestern China.
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