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The surface sediments of the Rongna River and the surface soils around the Tiegelongnan copper deposit were collected, and the
heavy metals Cu, Zn, Pb, Cr, Cd, As, Hg, and Ni were measured for their concentrations and health risk assessment. When the
Rongna River passed through the Cu deposit area, the concentrations of Cu, Zn, As, Cd, Ni, and Hg in the surface sediments
increased significantly, and the concentrations of Cu, Zn, and As exceeded the corresponding Grade II environmental quality
standard. The heavy metals in the soil of the mining area were greater than the background value of the soil in Tibet. The
geoaccumulation index indicated that the sediments of the river entering the mining area were very highly polluted by Cu and
moderately polluted by Cd and Zn, and the soils in the mining area were moderately polluted by Cu. The potential ecological risk
(PER) indices revealed that the sediments of the river entering the mining area had significantly high ecological risks, while the
PER of the sediments away from the river section of the mining area was low, and the PER of the soils around the Cu deposit was
moderate. The results of the health risk assessment indicated that the noncarcinogenic risks of heavy metals in sediments and soil
of the mining area were within the acceptable range for adults and children. However, the carcinogenic risk of As and Cd in the
sediment and As in the soil exceeds the relevant national standards, which may pose a certain risk to human health.

1. Introduction

With the development of society and the acceleration of
industrialization, a large amount of heavy metals such as
copper (Cu), lead (Pb), zinc (Zn), arsenic (As), cadmium
(Cd), chromium (Cr), nickel (Ni), and mercury (Hg) enter
the sediment and soil [1-4]. Because heavy metals easily
accumulate in the environment, are not degradable, and
have strong bioavailability, by entering the environment,
they can easily enter the human body through the food

chain. [5-7]. Some heavy metals, such as Zn and Cu, are
beneficial to human health, are important mineral elements
in body organs, and play a vital role, but they may be toxic
and even cause mental illness when ingested in excess [8, 9].
Other heavy metals have only serious toxic effects on the
human body. For example, As exposure is related to skin
cancer, liver cancer, lung cancer, and kidney cancer, and it
has been listed in the first category of carcinogens by the
World Health Organization [10-13]; Hg may permanently
damage the brain, liver, and other organs through oral
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ingestion, inhalation, or dermal contact. Long-term low-
dose exposure to Hg in pregnant women may cause fetal
Minamata disease [14]; long-term exposure to Pb may lead
to various cardiovascular diseases and even carcinogenesis
[15, 16]; Cr intake is closely related to breast cancer death
[17]; Cd is one of the causes of chronic kidney disease [18]. A
small amount of Cd intake may lead to a decrease in bone
density, thereby increasing the risk of osteoporosis and
fractures [19, 20]. Long-term Ni exposure may cause skin
diseases [21], and severe cases may cause various respiratory
diseases [22-24].

Highly toxic heavy metals are easily stored in river sedi-
ments or soil in various ways [25-27]. Heavy metals entering
sediments have adverse effects on river ecosystems due to their
high toxicity, resistance to decomposition, and bio-
accumulation [28, 29]. At the same time, sediments are one of
the sources of heavy metal pollution in rivers. When envi-
ronmental conditions change, the heavy metals deposited in
the sediments will be released again, which will increase the
concentration of heavy metals in the water, and various aquatic
animals and plants living in the water will be poisoned by heavy
metals [30, 31]. The heavy metals present in the soil can be
transferred to groundwater, plants, and the atmosphere [32].
Moreover, heavy metals in the soil directly threaten human
health through oral ingestion, inhalation, and dermal contact
[33]. Therefore, for potential heavy metal pollution areas,
pollution evaluation and prevention are particularly important.

Northern Tibet is rich in metal mineral resources and is a
fragile ecological environment [34, 35]. The sediments and
soils distributed in the mining area are extremely vulnerable
to heavy metal pollution [36-40]. The Tiegelongnan copper
mine is located in Wuma Township, Gaize County,
Northern Tibet, and the main minerals are chalcopyrite,
pyrite, bornite, magnetite, sphalerite, and malachite [41].
The ore deposit has not yet been mined, but a part of the ore
body is exposed to the air naturally, which easily releases a
large amount of heavy metals into the sediment or soil under
the action of weathering [42, 43]. The Rongna River is a
major river in the mining area that provides drinking water
for wild animals and livestock that frequent the area. Once it
is polluted, it will cause serious harm to animals and nearby
herders. However, the current research on the health risk
assessment of heavy metal pollution in sediments and soils
in Tibet is mainly concentrated around Lhasa and other
major cities, while research on remote mining areas in
northern Tibet is relatively lacking [44-46]. Therefore, this
study measured the concentration of heavy metals (Cu, Zn,
Pb, Cr, Cd, As, Hg, and Ni) in the surface sediments and soils
of the Rongna River in the Tiegelongnan copper deposit area
to analyze the pollution degree. On this basis, the ecological
risks and human carcinogenic and noncarcinogenic health
risks of heavy metals in sediments and soils were evaluated
to provide necessary data support for the protection of the
ecological environment of mining areas.

2. Materials and Methods

The Tiegelongnan copper mine is located in Wuma
Township, Gaize County, Northern Tibet. It lies between
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83°23' E to 83°27' E longitude and 3247’ N to 32°50' N
latitude. The altitude is 4,800-5,100 m. The study area has a
plateau subtropical semiarid monsoon climate. The tem-
perature difference between day and night is large. The
annual average temperature is —0.1°C to —2.5°C. The annual
rainfall is 308.3 mm, and the rainy season is concentrated in
July and August. The Tiegelongnan copper mine is a large-
scale polymetallic sulfide deposit with an average Cu grade of
0.64%. The copper resources exceed 400 x 10*t. The metal
minerals include chalcopyrite, pyrite, bornite, magnetite,
sphalerite, blue chalcocite, and malachite [41].

The Rongna River develops in the upper mountain
spring and flows through the Tiegelongnan copper mine.
The river water eventually flows into Bie Co (Figure 1).
Accordingly, eight river surface sediment samples (0-10 cm)
from the reach of the Rongna River that did not enter the
Tiegelongnan copper deposit area (R1) until the end of the
river (R8) were collected. R1 will be used to refer to the reach
of the river that has not entered the Cu deposit area; R2-R6
refer to the reaches near the deposit area; and R7 and R8
refer to the reaches far away from the deposit. The distances
between the RI-R6 sample points were approximately
1,000 m; the distance between R6 and R7 was approximately
4,000m; and the distance between R7 and R8 was ap-
proximately 8,000 m. The surface sediments of the Bolong
River (BL) far away from the Tiegelongnan copper deposit
area were collected as a control. Six surface soil samples were
collected at 50 m intervals from the top (S1) to the bottom
(S6) of the hillside in the Tiegelongnan copper deposit area.
All sediment and soil samples were sealed immediately after
collection and stored below 5°C. After being transported
back to the laboratory, the samples were air-dried and then
ground through a 0.15mm mesh screen to remove impu-
rities such as grit for analysis.

The sediment and soil samples were digested by mi-
crowave using the US EPA 3050B method. Then, an in-
ductively coupled plasma mass spectrometer system (ICP-
MAS, PE300D) was used to measure the concentrations of
the heavy metals Cu, Pb, Zn, As, Cd, Cr, and Ni [47]. The
mercury in the samples was digested with HNO;-H,SO, and
then measured with an atomic fluorescence spectrometer
(AFS-9760) [48]. The test methods were analyzed and quality
controlled by the national soil component analysis standard
reference materials, and the standard samples used on the
machine were all prepared with national standard materials.
The recovery rates of heavy metal contents in standard
reference materials were between 90% and 110%.

3. Evaluation Method

3.1. Geoaccumulation Index (Ig.,). The geoaccumulation
index was proposed by the German scientist Muller in 1969
[49]. It was first used to evaluate the pollution status of heavy
metals in sediments, and later, it was also used to evaluate the
pollution status of heavy metals in soil. Its expression is
shown in the following equation:

G
IGeo = L0g2<ﬁ>’ (1)
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FIGURE 1: Location of the study area and sampling sites.

TaBLE 1: Geoaccumulation index classification.

where C; is the measured concentration of heavy metal i, in
mg/kg; B; is the geochemical background value of heavy
metal i, referring to Zhang’s research, that is, Cu=19.6 mg/
kg, Pb=27.6mg/kg, Zn=70.7mg/kg, As=16.2mg/kg,
Cd=0.074mg/kg, Cr=68mg/kg, Ni=27.8mg/kg,
Hg=0.021 mg/kg [50]; and k is a constant, generally k=1.5.
According to the value of Ig.,, the pollution degree can be
divided into seven grades, as shown in Table 1.

3.2. Potential Ecological Risk Assessment (PER). The potential
ecological risk index method was proposed by the Swedish
scientist Hakanson in 1980 [51]. This method evaluates
heavy metal pollution in soils or sediments from the per-
spective of sedimentology according to the nature of heavy
metals and environmental behavior characteristics. While
considering the content of heavy metals in the soil, this
method links the ecological and environmental effects of
heavy metals with toxicology and can more accurately
represent the impact of heavy metals on the ecological
environment [52]. The expressions are shown in the fol-
lowing equations:

i _C
E, =T, xCl, 3)
n .
RI= Y E, @)

oo Pollution level Pollution degree
Igeo=5 6 Very highly polluted
4<]Geo <5 5 Highly polluted

and 3<IGeo < 4 4 Moderately to highly polluted
2<]Geo <3 3 Moderately polluted
1<]ge, <2 2 Moderately polluted to unpolluted
0<Igeo <1 1 Unpolluted
Igeo < 0 0 Background concentration

where C. is the pollution coefficient of a heavy metal i C' is
the measured value of soil heavy metal i concentration, mg/
kg; and C', is the background value of soil elements, and the
background value in this study uses the background value of
Tibetan soil elements [50]. E. is the potential ecological risk
index of a single element; T" is the toxic response parameter
of heavy metal i. According to the standard established by
Hakanson, the toxic response coefficient of heavy metals is
Hg=40, Cr=2, Cd=30, As=10, Pb=5, Cu=5,Zn=1, and
Ni=>5. Rl is the potential ecological risk index of a variety of
heavy metals. The potential ecological risk index classifi-
cation is shown in Table 2.

3.3. Health Risk Assessment (HRA). Heavy metal health risk
assessment aims to evaluate the carcinogenic and noncar-
cinogenic risks of the human body after full exposure to
heavy metals. The main exposure routes of soil heavy metals
to the human body are oral ingestion, breathing inhalation,
and skin contact [33]. Heavy metals in sediments mainly
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TaBLE 2: Classification of potential ecological risk index.

Ecological risk level Low Moderate Considerable High Significantly high

E’r <40 40-80 80-160 160-320 >320

RI <150 150-300 300-600 >600 —

affect human health through ingestion and skin contact [53].
According to the relevant standards of the Chinese Ministry
of Environmental Protection and American publications
(US EPA) [54-57], the average daily doses (ADDs) of heavy
metals under the three exposure routes are estimated by the
following equations:

CxR.__ xEFxED

_ ing -6

ADDingestion - BW x AT x 10 > (5)
C xR, x EF X ED -

ADDinhalation = PEF x BW x AT x 1 6’ (6)

CxSA x SL x ABF x EF x ED _
ADDdermal = BW x A’;‘( x 10 6, (7)
CDI

HI=) HQ= ) —, 8

YHQ=) ©)

TCR =) CR= ) CDIx CSF, 9)

where C is the concentration of heavy metals in the soil, Ri,g
is the daily intake of heavy metals in soil, R,y is the daily
inhalation rate, EF is the exposure frequency, ED is the
exposure duration, BW is the average body weight, AT is the
average time, and PEF is the release factor of particulates. SA
is the exposed area of the skin; SL is the skin adhesion factor;
and ABF is the skin adsorption factor. The parameters in the
formulas are shown in Table 3, and Table 4 shows the RfD
and CSF values [58, 59]. The hazard quotient (HQ) and
hazard index (HI) are used to describe the noncarcinogenic
risk of heavy metals. When the value of HQ or HI is less than
1, it means that there is no noncarcinogenic health risk;
otherwise, it means there is a potential noncarcinogenic
health risk, and the larger the value, the higher the risk.
Carcinogenic risk (CR) and total carcinogenic risk index
(TCR) are used to describe the carcinogenic risk of heavy
metals. When the value of CR or TCR is less than 107°, there
is no carcinogenic risk. However, when the value of CR or
TCR is greater than 107*, heavy metals are likely to cause
cancer risk to the human body. When the value of CR is
between 107° and 107%, it indicates that the risk of carci-
nogenesis is within an acceptable range.

4. Results and Discussion

4.1. Heavy Metal Content in Sediment and Soil. Figure 2
shows the characteristics of heavy metal content in the
surface sediments of the Rongna River. From the upper
reaches of the river to the end, the content of heavy metals in
the surface sediments changed significantly. Before the river
entered the Tiegelongnan copper deposit area (R1), the
content of heavy metals in the sediment was relatively low.

However, after the river entered the ore deposit area
(R2-R6), the contents of the heavy metals Cu, Zn, As, Cd, Ni,
and Hg in the sediments had a significant tendency to in-
crease. Among them, Cu, Zn, and As exceeded the corre-
sponding Grade II national environmental quality standard:
the highest contents of Cu and As in R2 were 2,598 mg/kg
and 77.1 mg/kg, and the highest content of Zn in R5 was
690 mg/kg. The concentrations of the heavy metals Pb, Cd,
Cr, Ni, and Hg in the sediments were all lower than the
Grade II standard value.

According to this analysis, when the Rongna River flows
through the Tiegelongnan copper deposit area, the content of
heavy metals in the surface sediments increases significantly,
which indicates that rivers flowing through the mining area
are vulnerable to heavy metal pollution [60, 61]. Because the
exposed part of the Tiegelongnan copper mine is higher than
the river, a large amount of rain washed over the surface of the
mineral in the rainy season, which may bring part of the
activated heavy metals in the ore into the Rongna River valley.
Therefore, the source of heavy metal pollution in the Rongna
River may be formed by the long-term weathering and rain
washing of exposed ore bodies. When the minerals were
exposed to the air, they were more likely to be weathered to
produce some heavy metals [62]. Compared with the Bolong
River, which is far away from the mining area, the heavy
metals in sediments of the Rongna River are significantly
higher than those of the Bolong River. However, at the end of
the Rongna River (BC), the heavy metals in the sediments
were not greatly affected, which indicated that after a certain
distance of self-purification, the heavy metal pollution of the
Rongna River was within the normal range [63].

The results in Figure 3 show that from the top to the
bottom of the hillside, the heavy metals Cu, Cd, and Zn in
the soil of the Tiegelongnan copper deposit area had a small
tendency to increase. This may be due to the accumulation of
heavy metals at the bottom of the hillside under the action of
rain erosion. However, the changes in other heavy metal
elements in the soil were not obvious. The average con-
centrations of heavy metals in the soil were less than the
corresponding Grade II national environmental quality
standard, but except for Pb, they were greater than the el-
emental background values of soil in Tibet.

4.2. Geoaccumulation Index. Figure 4 shows the geo-
accumulation index of Cu, Pb, As, Zn, Cd, Cr, Ni, and Hg in
the sediments of the Rongna River and the soil of the
Tiegelongnan copper deposit area. The geoaccumulation
index showed that Cd in the sediment of R1 was moderately
polluted, which may be related to the higher background
value, and other metals were lightly polluted or nonpol-
luting. In the sediments of R2-R6, Cu was very highly
polluted; the I, of Cu was the largest at R2, reaching 6.46;
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TaBLE 3: Exposure parameters for the health risk assessment models.

Value

Parameter Unit .

Child Adult
Ring mg-d™’ 200 100
EF dyear™ 350 350
ED years 6 25
BW kg 15.9 56.8
AT d 2,190 (for noncarcinogens) 9,125 (for noncarcinogens)

26,280 (for carcinogens) 26,280 (for carcinogens)

Rin m3d! 7.5 14.5
PEF m’ kg™ 1.36 x10° 1.36 x10°
SA cm’ 2,800 5,700
SL mg-cm™> 0.2 0.07
ABE - 0.001 (for noncarcinogens) 0.001 (for noncarcinogens)

0.01 (for carcinogens)

0.01 (for carcinogens)

TaBLE 4: RfD and SF of different exposure pathways of soil heavy metals.

RfD (mg:(kg-d)™
Heavy metals (mg-(kg:d)™)

CSF ((kg~d)~mg’1)

Ingestion Inhalation Dermal Ingestion Inhalation Dermal
cd 1.00x107° 1.00x107° 1.00x107° 6.1 6.3 6.1
Pb 3.50%x107° 3.52%x107° 525%x107* 8.5x1073 — —
Cr 3.00x107° 2.86x107° 6.00x107° — 4.20x10 —
Ni 2.00x1072 2.06x1072 5.40x107° — 8.40x107" —
Cu 4.00x1072 4.02x107° 1.20x1072 — — —
Zn 3.00x107" 3.00x107" 6.00x1072 — — —
Hg 3.00x107* 8.57x107° 210%107° — — —
As 3.00x107* 1.23x107* 1.23x107* 1.5 1.51 x 10 3.66
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FIGURE 2: Heavy metal content in the sediments of the Rongna River.

Zn was moderately polluted; Cd in R2, R4, R5, and R6 were
moderately polluted to unpolluted; and Zn in R3 was
moderately polluted. The contents of other heavy metals
were unpolluted or close to the background value. In the
reach of the Rongna River far away from the deposit area (R7
and R8), the heavy metals in the sediment were unpolluted;
the Ige, of Cu in the soil was greater than 1 and less than 2,
which meant moderately polluted to unpolluted, and the
IGeo Of other heavy metals were all less than 1, which meant

unpolluted. The pollution degrees of heavy metals in sedi-
ments in mining areas were generally higher than those in
soils. The order of Ig., in the sediments and soils of the
mining area from large to small is Cu>Cd>Zn>
As>Ni>Hg>Pb>Cr.

4.3. Potential Ecological Risk Assessment. Figure 5 and Ta-
ble 5 show the PER index of heavy metals at each sampling
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point in the study area. Results indicate that the PER of Cd in
R1 was high, the PER of Hg was moderate, and the E. of Cu,
Zn, Pb, Cr, As, and Ni in R1 belonged to the low-risk range.
In R2-R6, the value of EX of Cu was 347.09, which indicated
that there was a significantly high potential ecological risk of

Cu in the sediments in R2-R6 of the Rongna River. The
average value of E! of Cd was 154.05, indicating a consid-
erable potential ecological risk, and the average E! of Hg was
60.95, indicating a moderate potential ecological risk. In the
sediments of R7 and RS, the E! values of Cd and Hg
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TaBLE 5: Potential ecological RI for heavy metals in sediments and soil.
Sampling sites Cu Pb Zn As Cd Cr Ni Hg RI
R1 11.73 7.84 1.85 15.68 141.89 1.50 3.22 57.14 240.86
R2 662.50 7.81 8.67 47.59 186.49 1.16 9.53 114.29 1,038.03
R3 242.35 5.29 4.87 20.25 68.92 0.90 9.69 38.10 390.36
R4 254.59 5.36 6.79 19.44 133.78 1.56 13.24 57.14 491.91
R5 319.90 4.96 9.76 15.86 202.70 1.00 22.12 38.10 614.40
R6 256.12 4.96 8.18 15.80 178.38 1.18 16.87 57.14 538.64
R7 11.73 3.80 1.04 10.25 32.43 1.81 491 57.14 123.13
R8 9.38 4.76 1.43 14.37 71.41 2.87 8.90 32.09 145.22
Soils 25.43 4.64 1.31 12.75 58.11 1.55 4.57 60.32 168.68

indicated moderate potential ecological risks, and other
heavy metals showed low potential ecological risks. The E!
values of Cd and Hg in the Bolong River indicated a
moderate potential ecological risk. The E! value of the
sediment in the Bolong River was close to R1, R7, and R8 and
was much smaller than that of R2-R6, which indicated that
the exposed minerals posed a serious potential ecological
risk to the Rongna River. The E! values of Cd and Hg in soils
indicated a moderate potential ecological risk, and other
heavy metals in soil showed a low potential ecological risk.

Figure 6 shows the percentage of contribution of each
heavy metal to HI. The potential ecological risk index RI of
the eight heavy metals ranges from 123.12 to 1038.03, with
significant changes. The value of RI showed a moderate
potential ecological risk. In R1, Cd contributed the most to
R, followed by Hg. The R2-R6 section has an average RI of
614.67, which indicates strong pollution. The heavy metal
that contributes the most to RI is Cu, with an average
contribution rate of 55.45%, followed by Cd and Hg. R7 and
R8 are slightly polluted, and the soil in the mining area is
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moderately polluted. In R2-R6, the average RI was 614.67,
and R2-R6 indicated a high potential ecological risk. The
heavy metal that contributed the most to the RI was Cu,
with an average contribution rate of 55.45%, followed by Cd
and Hg. The RI values of R7, R8, and soil indicated low
ecological risk, and the heavy metals with higher RI were
Cd and Hg.

Previous studies have shown that the mining of minerals
would cause a large amount of heavy metal pollution. A large
amount of slag and tailings are exposed to the air during the
mining process, and a large amount of heavy metal pollution
is discharged into the river, causing serious river pollution
[39, 40]. The unexploited Tiegelongnan copper deposit is in
the sparsely populated area of northern Tibet. It is almost
unaffected by human activities. Heavy metal pollution
caused only by the weathering of minerals has not caused
serious pollution problems in rivers away from mining areas,
which showed that the pollution generated in the natural
state was within the self-purification range of the Rongna
River.

4.4. Health Risk Assessment. Poisonous and harmful heavy
metals, namely, Cu, Zn, Cd, Cr, As, Ni, Cu, and Hg, in the
sediments and soils of the mining area, are exposed to the
environment for a long time and pose carcinogenic and
noncarcinogenic risks to humans continuously through oral
ingestion, skin contact, and air inhalation [53, 59].

Figure 7 shows the calculation results of the hazard
quotient (HQ) and hazard index (HI) in the sediments of the
Rongna River and the soil in the mining area. The non-
carcinogenic risk of each element is ranked as follows:
As>Cr>Cu>Pb>Ni>Zn>Cd>Hg. The noncarcino-
genic risk of heavy metals to children is higher than that of
adults, which may be related to the daily behavior and

physiological activities of children [64]. When the HQ and
HI values are less than 1, there is no obvious risk to humans,
but if these values exceed 1, they may cause potential
noncarcinogenic effects. The calculated HQ values of heavy
metals in the sediments of the Rongna River and the soil of
the mining area were between 2.47x107® and 7.44x107",
and the HI values for both children and adults were less than
1, which indicated that long-term exposure to the sediments
and soil in the mining area would not pose a noncarcino-
genic risk to the human body. This showed that in the
absence of human interference, heavy metal pollution of
sediments and soils in mining areas does not cause serious
noncarcinogenic risks to the human body [65].

Figure 8 shows the CR and TCR values of heavy metal
elements in sediments and soil. The average CR of each
element is ranked as As>Cd>Pb > Cr>Ni. Among them,
As contributes the most to the total carcinogenic risk, which
is similar to previous studies [66]. According to previous
studies, when CR is less than 107°, there is no obvious health
risk; when CR is between 107 and 107, it is an acceptable
risk range; and when CR is greater than 107% it is an un-
acceptable risk. As shown in Figure 8, the CR of ingestion
and TCR of As in sediment R2 to children was greater than
10~% which indicated that it poses a certain carcinogenic risk
to children exposed to the area. The average TCRs of As and
Cd in sediments and As in soil are between 107° and 107,
which is an acceptable risk range [67]. However, according
to the National Environmental Protection Standard [54], a
single pollutant TCR greater than 107° is an unacceptable
risk, and the TCRs of As and Cd in the sediments and As in
the soil of the study area were greater than 107°, which
indicated that As and Cd in the sediments and As in the soil
pose a certain carcinogenic risk to humans. It is recom-
mended that children and adults avoid long-term activities
in mining areas.
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FIGURE 8: The carcinogenic risk (CR) and total carcinogenic risk index (TCR) of the study area in sediments and soils.

5. Conclusions

The concentrations of Cu, Zn, As, Cd, Ni, and Hg in the
surface sediments of the Rongna River entering the Tiege-
longnan copper deposit area had a significant upward trend
and were greater than the concentrations of heavy metals in
the surface sediments of the Bolong River, and the con-
centrations of Cu, Zn, and As exceeded the Grade II national
environmental quality standard. The average concentrations
of heavy metals in the soil of the Cu deposit area were higher
than the element background value of soil in Tibet but lower
than the corresponding Grade II national environmental
quality standard.

The geoaccumulation index showed that the sediments
in the river section entering the mining area were very
highly polluted by Cu and moderately polluted by Cd and
Zn, and the soils in the mining area were moderately
polluted by Cu. The potential ecological risk index (RI)
values in the surface sediments of the Rongna River were
between 123.12 and 1,038.03. At the R1 sampling point of

the Rongna River, the potential ecological risk was mod-
erate. The R2-R6 section showed a high potential ecological
risk, but there was no serious potential ecological risk of
heavy metal pollution in the section far away from the
deposit area, and the results indicated that the heavy metal
pollution naturally produced by the deposit was within the
self-purification capacity of the Rongna River. The results
of the health risk assessment indicated that the noncarci-
nogenic risks of heavy metals in sediments and soil of the
Rongna Cu deposit area were within the acceptable range
for adults and children. However, the carcinogenic risk of
As and Cd in the sediment and As in the soil exceeds the
relevant national standards, which may pose a certain risk
to human health.
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