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Abstract
To investigate the contamination levels of heavy metals, surface water and sediment samples were collected from 21 sites along the Gan River. The heavy metal concentrations (V, Co, Cr, Ni, Cu, Zn, Cd, and Pb)
were determined using inductively coupled plasma spectrometry (ICP-MS). The results demonstrated that
the status of the surface water and sediments as a whole were relatively clean with regard to heavy metals
(except for Cd) compared to water quality standards and sediment quality guidelines. The two heavy metal
sources of the surface water and sediments were identified separately using factor analysis (FA). High levels
of metals were found in the sediment in the upstream and downstream due to frequent mining and industrial
activities, whereas concentrations of heavy metal in the surface water from two sources were abundant in
the upstream and midstream – likely related to mining activities and sediment suspension. As indicated by
enrichment factor (EF) and potential ecological risk index (PERI), Zn, Pb, and Cd were the most anthropogenically enriched metals, while sediments in the upstream and downstream had high potential ecological
risk. Local people, including adults and children who ingested water from the Gan River, showed little
potential non-carcinogenic risk, as the hazard index (HI) scores were less than 1. Compared with those in
other rivers in the world, heavy metal enrichments in surface water and sediments were of moderate levels.
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Introduction
Anthropogenic activities have seriously affected the
biogeochemical cycles of trace metals and have caused

*e-mail: zhalxx@163.com

severe metal pollution in the environment, especially
in aquatic ecosystems [1, 2]. Metals trapped in aquatic
ecosystems have an effect on the environment and can
even threaten human health through the food chain due to
their abundance, environmental toxicity, persistence, and
bioaccumulation [3-5]. One of the major sources of heavy
metals to aquatic ecosystems is the increasing industrial
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or municipal effluent accompanying rapid urbanization
and industrialization [6-7]. Acid mine drainage (AMD)
released from mining and smelting processes are also
significant sources of heavy metals in rivers [8]. In
addition, pesticides and herbicides that are widely used in
agriculture in developing countries may contain amounts
of arsenic (As) and heavy metals that are easily transferred
into rivers via agricultural runoff [2]. Once released into
riverine systems, heavy metals from these sources may
prevail in the water and easily accumulate in sediments [9].
The sediment is the main sink of exogenous pollutants. It
is calculated that approximately 30-98% of the total metal
load is in sediment-associated forms [10]. The sediment,
serving as an ecological sink, can release metals back into
the surface water due to environmental changes, such as
in the pH, conductivity, temperature, salinity, and so on.
[11]. Such processes enhance the availability of heavy
metals in aquatic ecosystems and can cause toxic effects
on organisms [12]. Therefore, surface water and sediment
in rivers are frequently used as indicators to monitor longterm metal enrichment and assess specific levels of heavy
metal pollution [2].
In recent decades, many researchers developed
different methods to evaluate heavy metal contamination in
aquatic ecosystems. With regard to sediment, geochemical
normalization and pollution indices were applied in risk
assessment; i.e., contamination factor (CF) [13], sediment
quality guidelines (SQGs) [14-15], geoaccumulation
index (IGeo) [14-16], modified degree of contamination
(mCd) [17], pollution load index (PLI) [13, 18], metal
pollution index (MPI) [19], enrichment factor (EF) [14,
20-21], and potential ecological risk index (PERI) [15, 2122]. Although reviewing literature revealed that applying
those methods on metals assessment was a controversial
issue, geochemical normalization with conservative
elements had been effectively used for evaluating the
pollution degree of metal pollutants and identifying
their anthropogenic and natural sources. Compared with
sediment, relatively few methods have been applied in
evaluating water quality. The heavy metal pollution index
(HPI) was always used for evaluating drinking water
quality [23], while the hazard index (HI) and excess
cancer incidence (ELCR) were applied for human health
risk assessment associated with the ingestion and dermal
absorption of metals through water [2]. The latter method
under a residential scenario was frequently used for
evaluating heavy metals in water [2, 24-25].
In China, a great deal of research has focused on
heavy metals enrichment in riverine systems since 2000
[26]. Unfortunately, few research studies have focused
on assessing the levels of heavy metal contaminants in
the Gan River, with only a few investigations reporting
data on a certain metal or river section [27-29]. The Gan
River, one of the main tributaries of Poyang Lake and
similar to other rivers in China, is the only surface water
source for local drinking water and is suffering from
frequent anthropogenic impacts due to the pressure of
severe mining plus ore dressing and smelting activities
upstream; the metal-associated industry downstream; and
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densely inhabited areas in the whole basin. It has great
significance to understand the heavy metal pollution status
in the surface water and sediment in the Gan.
The purpose of this study is to characterize the pollution
status of the Gan by analyzing the concentrations of heavy
metals in the surface water and sediment. A particular study
on the source and geographical variations of heavy metals
was also conducted. Ultimately, the potential ecological
risk for aquatic organisms and health risks associated with
metals for the local inhabitants are provided.

Material and Methods
Study Area
The Gan River (116°22'-116°01'E, 25°57'-29°11'N) is
located in Jiangxi Province in southeast China. It is the
largest river in Poyang Lake basin, the seventh largest
river in the Yangtze River basin, and drains into Poyang
Lake after a course of approximately 823 km. It has a
drainage basin of 82,809 km2, constituting more than 50%
of Jiangxi Province and supporting more than 19 million
inhabitants. It is the primary water source for the city
along the river and is also a repository of domestic sewage,
industrial wastewater, and mine drainage. Maximum flows
occur from May to June, whereas minimum flows occur
from January to February. The region has a subtropical
humid monsoonal climate and the average annual
precipitation is 1,580.8 mm [30]. The upstream area
includes many non-ferrous mines, rare earth mines, and
metal-associated industries [31]. The downstream area
mainly includes some metal-associated industries such
as the lead-acid battery enterprise. The cities of Ganzhou,
Ji’an, and Nanchang are located upstream, midstream,
and downstream, respectively, and are the three major
settlements on the banks of the river that directly discharge
industrial influents and domestic wastewater into the river.
All of the above factors seriously threaten the water quality
and health of local inhabitants. It is noteworthy that there
is a major dam in operation between Ganzhou and Ji’an
on the Gan River that allows for electric power generation,
navigation, irrigation, and aquaculture.

Sample Collection
Surface water and sediment samples were collected
from 21 typical sites along the Gan River (Fig. 1) in
November 2013 after the end of the rainy season. In
each site, three water replicates (250 ml) were collected
at a depth of approximately 10 cm using previously acidwashed polyethylene containers, which were subsequently
well mixed. These mixed samples were immediately
filtered through pre-washed 0.45-μm nitrocellulose filters
acidified to pH < 2 with suprapure nitric acid in situ. The
upper 0-10 cm of sediment (approx. 500 g) was collected at
the same point as the water samples using a VanVeen grab
sampler, repeated three times, and stored in polyethylene
bags. Eventually, 21 water samples and 63 sediment
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Fig. 1. Sampling sites along the Gan River.

samples were collected for laboratory analysis. To avoid
contamination, the polyethylene containers and bags had
been previously cleaned with a solution of 30% suprapure
nitric acid for 24 hours to remove any interfering metals
and subsequently were rinsed with Milli-Q water.

Sample Preparation
and Analytical Procedures
The water and sediment samples were taken to the
laboratory. Once at the laboratory, each water sample was
stored at 4ºC until further analysis. The sediment samples
were air-dried, then passed through a 2-mm nylon sieve to
remove large particles, and subsequently transferred to an
oven to dry at 50°C until a constant weight was reached.
Then these samples were ground and passed through a
100-mesh sieve prior to analysis.
The method of extracting the total metal concentrations
in sediment was based on Zhang [32]. In brief, a sample
portion of dry sample (20-30 mg) was weighed and
dissolved into 15 mL Teflon bombs. 1 mL of HNO3+1 mL
HF was added to the samples and they were evaporated
to almost dryness at 150°C. Subsequently, the residue
was dissolved in a 1 ml HNO3+1 ml HF sample, which
was placed in a sealed stainless steel pot and heated in an
electric oven to 190ºC for more than 24 h. Then the sample
was put on a hot plate and evaporated to almost dryness
at 150ºC. The residue was dissolved in 1 mL HNO3 and
evaporated to almost dryness at 150ºC, repeated twice.
The final residue was re-digested by adding 2 ml HNO3
and 3 ml Milli-Q water, which was placed in sealed bombs
that were then placed in an oven at 150°C for more than
30 h. Clear solution was yielded after this procedure and
diluted for test. The total concentrations of the following
eight metals were determined in all of the samples of
water and sediment: canadium (V), chromium (Cr), cobalt

(Co), nickel (Ni), copper (Cu), zinc (Zn), cadmium (Cd),
and lead (Pb). The heavy metal concentrations were
measured by inductively coupled plasma spectrometry
(ICP-MS). For sediment analysis, the quality assurance
and quality control (QA/QC) procedures were conducted
by using standard reference materials: GSD-2a and GSD3a (geochemical standard sediment). The accuracy of the
results was controlled by using blank samples as control
samples and by digesting duplicate samples. Recoveries
varied but all fell within the range of 90-105%, and the
relative standard deviation (RSD) was within 5%. With
respect to surface water, quality control and method
accuracy were triplicate checked by using a standard
reference material (SRM, AccuStandard, Inc., USA),
and the limit of detection (LOD) was 0.018 μg/L for V,
0.019 μg/L for Cr, 0.007μg/L for Co, 0.435 μg/L for Ni,
0.143 μg/L for Cu, 0.042 μg/L for Zn, 0.004 μg/L for Cd,
and 0.003 μg/L for Pb.

Statistical Analysis
To explore the metal sources and assess the status of
the heavy metal contamination in river sediments, the
enrichment factor (EF) was calculated using the following
formula [33]:

EFn = [Ns/Es]/[Nr/Er]

(1)

…where EFn is the enrichment factor for the metal N; Ns
is the metal concentration in the river sediment; Es is the
reference metal concentration in the river sediment used
for normalization; Nr is the metal concentration in the crust;
and Er is the concentration of the reference metal used in
the crust for normalization. Generally, elements such as
Al, Fe, and Si were employed as the reference metal [3435]. Based on Sutherland [36], five pollution levels were
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proposed as follows: EF<2 indicates depletion to minimal
enrichment, 2≤EF<5 represents moderate enrichment,
5≤EF<20 is significant enrichment, 20≤EF<40 is strong
enrichment, and EF≥40 indicates extreme enrichment.
To assess the degree of the comprehensive
contamination of heavy metals in the sediments at a
specific site, the potential ecological risk (PER) index was
calculated by the following formula [35]:
(2)

(3)
…where RI is the comprehensive PER index, which is the
sum of Eir; Eir is the PER index of an individual metal;
Cif is the single metal pollution factor (a ratio between the
metal concentration in sediments and a reference value
for the metal); and Tir is the biological toxic factor of
an individual metal, which was defined as Zn = 1,
V = Cr = 2, Co = Ni = Cu = Pb = 5, and Cd = 30 [3738]. The soil background values of Jiangxi Province were
applied due to there being no available date referring to
sediments in the Gan River [39]. Four pollution categories
were made based on RI according to Tang et al. [35]: low
(RI<150), moderate (150≤RI<300), high (300≤RI<600),
and very high pollution (EF≥600).
Heavy metals enter into the human body mainly through
three pathways, including direct ingestion, inhalation
through the mouth and nose, and dermal absorption through
skin exposure [24, 40]. With respect to metals in water,
two main exposure pathways should be considered (such
as ingestion and dermal absorption). In turn, a formula
from the U.S. Environmental Protection Agency [41] was
used for adults and children, separately. The exposure dose
through ingestion (Eing) and dermal absorption (Ederm)
were calculated as the following expressions:

(4)

(5)
The values, descriptions, and sources of parameters in
the above formulas are summarized in Table S1.
The human health risk was quantified by noncarcinogenic risk and carcinogenic risk. The hazard
quotient (HQ), calculated as the ratio between the
environmental exposure dose and the corresponding
reference dose (RfD), was used for reflecting potential
non-carcinogenic risks. Values of HQ>1 are considered
non-carcinogenic effects. In turn, the hazard index (HI),
defined as the total potential non-carcinogenic effects
posed by each exposure pathway, is the sum of the HQs
from all applicable pathways. Similarly, if the HI exceeds

1, there might be concern for an adverse effect on human
health [41].
Data were statistically analyzed using the statistical
software package PASW 17.0 (SPSS Inc., Chicago, USA).
Shapiroe-Wilk’s normality test was used for checking
the normality. Factor analysis (FA) was used to identify
overlying factors that analyze the interaction and the
relationship between the different variables [24]. In FA, an
orthogonal varimax rotation was used to rotate the axes for
maximizing the variation among the variables. and factors
with eigenvalues greater than 1 were extracted [42]. To
ensure the appropriate application of FA, we performed
the Kaiser-Mayer-Olkin (KMO) test and Bartlett’s test of
sphericity [43]. Reduction of variables is accepted when
the KMO values are >0.5 and p<0.05 [44].

Results and Discussion
Descriptive Statistics of Metal Levels
in Water and Sediments
The descriptive statistics of temperature, pH values,
conductivity, and heavy metal levels in surface water
and sediment are summarized in Table 1. To reflect the
concentrations of heavy metals, on average, in water and
sediment, different means (arithmetic mean, geometric
mean, and median) were adopted due to different heavy
metal concentrations following different distribution
patterns [45]. Almost all of the heavy metal concentrations
showed a normal distribution except the Zn and Cd
concentrations in water, which behaved log-normally.
Zn was the most abundant metal in river water, whereas
Cd was the least. The mean concentrations of dissolved
heavy metals, in increasing order, were Cd (0.185 μg/kg),
Co (0.37 μg/kg), V (0.94 μg/kg), Cr (1.75 μg/kg), Ni
(2.49 μg/kg), Pb (3.07 μg/kg), Cu (4.04 μg/kg), and Zn
(10.59 μg/kg). With respect to the metals in sediment, the
most and least abundant metals were similar to those in
water (Table 1). The percentage of CVs of Zn in surface
water and Cd in surface water and sediment were clearly
higher than that of other heavy metals in environmental
media. The concentrations of these variables displayed
great variability, which is most likely related to human
activities [32].
Data on heavy metal levels in surface water were
compared with Quality Standards for Surface Water, which
was issued by the Chinese Ministry of Environmental
Protection (CMEP). The Quality Standards for Surface
Water (GB3838-2002) stipulates that surface water,
including rivers, lakes, canals, channels, and reservoirs,
are classified into five classes according to environmental
function and protection goals [46]. Based on this
classification, the Gan River is a watercourse categorized
as grade I, the waters of which are suitable for a nature
reserve (Table 1). Compared to drinking water guidelines
by the World Health Organization [47], CMH [48], and the
U.S. EPA [49], none of the metals showed concentrations
higher than the level for drinking water.
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Table 1. Concentrations of heavy metals in sediment from the Gan River.
Metals

e
g

Sediment (mg/kg dry wt)
DP

mean

SD

CV (%)

ERLe

ERMf

TECg

PECh

V

Normal

78.54

20.70

26.36

Cr

Normal

59.94

21.34

36.60

80

145

43.4

111

Co

Normal

15.78

5.51

34.97

-

Ni

Normal

25.43

8.76

37.20

30

50

22.7

48.6

Cu

Normal

48.00

18.58

38.71

70

390

31.6

149

Zn

Normal

139.44

60.00

43.03

120

270

121

459

Cd

Normal

2.29

2.10

91.41

5

9

0.99

4.98

Pb

Normal

60.49

21.95

36.28

35

110

35.8

128

Effect range median [50]
Probable effect concentrations [51]

f
h

Effect range low [50]
Threshold effect concentrations [51]

Due to a lack of sediment guideline values in the
study area, a comparison with existing sediment quality
guidelines (SQGs) was performed by taking the effect
range-low (ERL), the effect range-medium (ERM), the
consensus-based threshold effect concentration (TEC),
and the consensus-based probable effect concentration
(PEC) into account [50-51]. The mean concentrations of
Zn and Pb were higher than the effect range-low (ERL)
and lower than the effect range-medium (ERM), which
represents a range in which biological effects occur
occasionally [50]. The TEC (PEC) represents the chemical
concentrations below (above) which adverse effects on
sediment-dwelling organisms are not (are) expected to
occur [51]. The mean concentrations of Cr, Ni, Cu, Zn,
Cd, and Pb were higher than the TEC but lower than the
PEC. Levels of Cd in some sites were higher than the
ERM and PEC (Table 1). The results indicate that Gan
River sediment is relatively minimally polluted, except by
Cd in some sites, which likely resulted in adverse effects
on aquatic life and requires great attention.

recognition that original variables are mutually significant
[32, 53]. Factor loading with values >0.75, 0.75-0.50,
and 0.50-0.30 were classified as strong, moderate, and
weak, respectively [54]. In the sediment, a total of two
factors (F1 and F2) were extracted. The first factor (F1),
accounted for 47.37% of the total variance and showed a
strong positive correlation to Co, Cu, Zn, Cd, and Pb and a
moderate positive correlation to Ni (Table 2). Tailings and
wastewater from tungsten ore dressing plants upstream of
the Gan River have been a major source of Cd pollution
since 1960 [55]. Lead-acid battery enterprises in the
downstream region possibly contributed the most to Pb
pollution. Therefore, it was speculated that these metals
in the first factor appeared to be primarily associated
with anthropogenic inputs. Another factor (F2) explained
34.76% of the total variance and had strong positive
loadings on V, Cr, and Ni and weak positive loadings on
Co and Zn. These metals were likely to be of lithogenic
origin due to relatively lower levels and percentage of

Source and Geographical Variations of Heavy
Metals in Surface Water and Sediment

Table 2. Factor loading for selected heavy metals in the sediment
and water (Rotate component matrix).

Metals in the environment can be geogenic and also
originate from anthropogenic inputs [52]. To determine the
interrelationship of metals in surface water and sediment,
factor analysis (FA) was applied on the relationship
among metals in surface water and sediment. The KMO
measurements are 0.719 and 0.711 (p<0.001) for sediment
and surface water, respectively, which are both higher
than the recommended KMO value of 0.5 [44], indicating
that the application of FA is appropriate for heavy metals.
Finally, two factors with eigenvalues >1, extracted from
both the sediment and surface water, accounted for 82%
and 70% of the total variances, respectively. The rotated
component matrix of the factor loadings of the eight
elements is shown in Table 2.
Many previous studies used FA to identify the
sources of metal pollution due to the understandable

Metals

Sediment

Water

F1

F2

PC1

PC2

V

0.179

0.931

0.901

0.205

Cr

0.043

0.966

0.791

-0.235

Co

0.770

0.424

0.619

0.261

Ni

0.528

0.762

-0.155

0.924

Cu

0.809

0.158

0.899

0.099

Zn

0.883

0.376

0.624

0.289

Cd

0.804

-0.066

0.482

0.773

Pb

0.896

0.226

0.822

-0.049

Eigenvalue

3.790

2.781

3.949

1.713

% of variance

47.369

34.761

49.367

21.418
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CV (Table 1). In the surface water, two major principal
components were identified. The first PC (PC1) explained
49.37% of the total variance and showed a strong
positive correlation to V, Cr, Co, Cu, Zn, and Pb, and a
moderate positive correlation to Cd. The second PC (PC2)
accounted for 21.42% of the total variance and was only
strongly positively correlated with Ni and Cd. The metals
in each principle component identified in water and those
in each factor extracted from the sediment were different,
probably due to the interaction between the long history
of sedimentation and frequent dredging in the Gan [5657]. This result was also found in a previous study [34].

Fig. 2. Factor scores of metals in sediments along the Gan River.
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The presentation of the factor scores according
to sampling sites was applied to further verify the
interpretation of factors and exhibit the geographical
variations of heavy metals (Figs 2-3). In the sediment, the
high scores of the first factor (F1) occurred upstream and
downstream, where many metal mines (tungsten and rare
earth mines), ore dressing plants, and lead-acid battery
enterprises are distributed [28, 58]. The contribution
of the second factor (F2) was most profound in the
upstream area, which is likely due to the high background.
With respect to the surface water, PC1 was positively
correlated with V, Cr, Co, Cu, Zn, and Pb, and had high
scores in the upstream area due to high concentrations
of these metals in the sediment, which were probably
released to the surface water through sediment suspension
[11]. The contribution of PC2 was positively correlated
with Cd and Ni and showed that the contribution of the
second source was most profound at sites 4, 7, 8, 9, and
11. With the exception of sites 9 and 11, which are located
downstream of the Wan’an reservoir, these sites were
identified as nonferrous metal processing zones that might
discharge abundant acid mine drainage (AMD) into the
river water [28]. Although a great quantity of heavy metal
enriched into the suspended matter would deposit into the
sediment through the retention effects of the reservoirs,
sites 9 and 11 obtained high scores (Fig. 3). This was
probably due to the effect of tungsten mining activities
on these two sites in which the pollution originated in
the catchment area of the Suichuang and Helu tributaries
(Fig. 1). The decreased velocity of the flow in the main
stream led to a great quantity of heavy metal settlement
onto the sediment, which resulted in the surface water of
other sites in the main stream containing small quantities
of heavy metals [58].

Heavy Metal Contamination
in Sediments
Generally, elements such as Al, Fe, and Si were used as
reference metal E in formula (1) to assess the heavy metal
contamination levels [34-35]. In this study, V was used as

Fig. 3. PC scores of metals in the surface water along the Gan
River.

Fig. 4. EF values for metals in Gan River sediments.
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Fig. 5. PER indexes of heavy metals in Gan River sediments.

reference metal E because of its low % CV (Table 1) and
significantly different statistical relationship with metals
of anthropogenic origin (Table 2). The concentration of Er
was 135 mg/kg based on the V average crustal abundance
data and Es is derived from the V sediment concentrations
of different sampling sites [59].
The EFs of each metal were calculated and are
presented in Fig. 4. The mean EF values of all of the
studied heavy metals indicate contamination in the
Gan River sediments. The mean EF was highest for

Cd (19.98), indicating significant pollution and the
highest level of anthropogenic pollution of this metal,
followed by Pb (8.46), Zn (3.43), Cu (1.21), Co (1.10),
Cr (1.02), and Ni (0.58). EF was also widely used to
separate metals associated with anthropogenic activities
from those from natural sources [60]. Generally, an EF
value of approximately 1 indicates that a given metal
originated entirely from natural weathering processes
or crustal material, whereas values of >1.5 suggest that
anthropogenic activities may be an important source
[61-62]. The average EF values for Cd, Pb, and Zn,
and a portion of EF values of Co and Cu exceeded 1.5,
indicating that a portion of these heavy metals originated
from anthropogenic activities. On the contrary, all of the
EF values of Ni and Cr were lower than 1.5, suggesting
that these two metals originated from natural weathering
processes or crustal material. This result is consistent
with form factor analysis (Table 3). Some researchers
have demonstrated a significant correlation between the
EF values of metals and their corresponding non-residual
fractions, which were an indication of anthropogenic
inputs and caused negative biological effects on aquatic
organisms [60, 63]. Therefore, the government needs to
pay more attention to the enrichment of Cd, Pb, and Zn in
the sediments of the Gan River.
Comprehensive potential ecological risk (RI), which
was applied to show the sensitivity of the biological
community to integrated pollutants and assess the risk
posed by pollution [64], is displayed in Fig. 5. The RIs
of heavy metals ranged from 42.71 to 651.94, indicating
a scope from low pollution to very high pollution. Cd
accounted for approximately 69% of RIs on average. The
high RIs occurred at site 4 (upstream) and sites 15 and
16 (downstream), which are located in the tributary. The
distribution map of RI is consistent with Fig. 2 and was
useful in identifying sites that need the most attention.

Risk Assessment on Human Health
Concentrations of metals in water can be used to assess
human exposure through oral ingestion and bathing [2].

Table 3. Reference dose and hazard quotient for elements of the Gan River, China.
HQdermal

HQingenstion

HI = ∑HQs

Metal

RfDdermal
(μg/kg/day)

RfDingenstion
(μg/kg/day)

Adult

Child

Adult

Child

Adult

Child

V

0.13

5

6.88E-03

1.71E-02

1.95E-05

3.28E-05

6.90E-03

1.71E-02

Cr

0.075

3

2.13E-02

5.29E-02

1.26E-04

2.12E-04

2.14E-02

5.31E-02

Co

0.06

0.3

4.47E-02

1.11E-01

1.65E-05

2.77E-05

4.47E-02

1.11E-01

Ni

0.8

20

4.55E-03

1.13E-02

1.68E-06

2.82E-06

4.55E-03

1.13E-02

Cu

8

40

3.70E-03

9.18E-03

2.86E-05

2.30E-06

3.73E-03

9.18E-03

Zn

60

300

3.12E-03

7.73E-03

6.88E-07

1.16E-06

3.12E-03

7.73E-03

Cd

0.025

0.5

2.99E-02

7.42E-02

4.40E-05

7.42E-05

2.99E-02

7.42E-02

Pb

0.42

1.4

8.02E-02

1.99E-01

7.87E-08

1.33E-07

8.02E-02

1.99E-01

Rfd (reference dose) of metals from risk-based concentration table [65] expect Pb from WHO [47].
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The Gan is the only surface water for local drinking and
living. Therefore, it is necessary to assess local human
exposure from using this water. Some parameters were
chosen according to the specific situations of population
exposure to assess risk from ingestion and dermal pathways
(Table S1). In this study we examined the ingestion rate
of water (IR) and the exposed skin surface area (SA) of
inhabitants with similar living habits. The winter climate
was considered because the sampling occurred in winter
(Table S1).
Table 3 presents the HQ, HI, and risk values for oral
consumption and dermal absorption of water in winter
relating to adults and children. The HQingestion (hazard
quotient of ingestion exposure) of all metals for adults
were smaller than 1, indicating that these metals in water
pose a minimal hazard to local inhabitants. Similar to
adults, HQingestion of metals for children was also below

1, and the highest value was 0.20 for Pb. Compared to
HQingestion, HQdermal (hazard quotient of dermal absorption),
which was several orders of magnitude smaller, could be
considered to be negligible, with values ranging between
7.87×10-8 and 2.12×10-4 (Table 3). This result suggests
that the concentrations of these metals may pose little
or no potential health threat through dermal adsorption.
The highest HI of metals for adults and children was Pb,
followed by Co, Cd, Cr, V, Ni, Cu, and Zn – all of which
were <1. Similar to previous studies, the exposure risks
of children from oral consumption and dermal absorption
were higher than those of the adults in this study [2, 24].
Although some uncertainties such as body weight
(Bw), ingestion rate of water (IR), and exposed skin
surface area (SA) were localized, other uncertainties
remain for the methods adopted in this study, which
have been emphasized by other studies [24, 40, 66-67].

Table 4 Comparative levels of heavy metals in the surface water and sediments in the Gan River with other rivers in the world.
Site

V

Cr

Co

Ni

Cu

Zn

Cd

Pb

References

4.04

10.59

0.608

3.07

This study

116.81

21.01

1.33

[68]

a) surface water (μg/L)
Gan River

0.94

Rao River, China
Poyang
lake Basin

1.75

0.37

2.49

3.56

Fu River, China

8.53

6.77

4.59

0.110

2.08

[69]

Xiushui River, China

0.81

3.87

3.85

0.130

2.49

[69]

Xin River, China

2.74

5.30

10.28

2.210

0.49

[69]

4.18

11.19

4.06

[68]

9.56

0.200

0.77

[70]

0.570

26.12

[24]

23.50

17.67

[71]

207.00

[72]

Poyang Lake

3.38

Yangtze River, China

6.34

0.51

1.55

2.43

10.51

ND

0.14

0.66

44.17

21.50

66.50

56.00

78.70

24.54

17.10

12.01

0.044

2.82

[43]

0.74

0.81

1.50

<0.018

0.010

[73]

1.65

1.77

11.60

ND

3.27

[2]

48.00

139.44

2.29

60.49

This study

56.43

251.00

3.26

61.99

[74]

61.53

194.11

1.54

48.17

[75]

82.00

174

2.46

60.00

[76]

114.90

78.46

2.54

75.87

[77]

Upper Han River. China

140.01

Comti River, India

63.33

Beneu River, Nigeria

381.90

Tigris River, Turkey

25.41

Sacramento River, Unite
State

2.55

0.26

Pardo River, Brazil

1.31

ND

<0.016

b) sediment (mg/kg dry wt)
Poyang
Lake
Basin

Gan River

78.54

59.94

15.78

25.43

Le’an River*
Poyang Lake

28.05

Yangtze River, China

89.54

Yuan River, China

85.44

Comti River, India

16.19

23.92

23.23

76.34

4.98

46.20

[71]

5.43

14.43

29.44

0.03

6.87

[2]

18.53

37.40

Pardo River, Brazil

61.31

23.59

Morava River, Czech

32.44

50.99

9.94

35.74

31.34

135.36

0.55

23.63

[78]

Saale River, Germany

66.5

386

42.2

124

83.2

813

3.17

82.9

[79]

ND = no detectable
* Le’an River is the tributary of Rao River, which was affected by enormous mining activities.
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These uncertainties include the permeability coefficient
(Kp) and a varied exposure condition because different
receptors could not be localized. In addition, the RfD
from the U.S. EPA and WHO might not be suitable for
local inhabitants in the study area. As a consequence,
exposure risk assessment needs to be more localized for
a more detailed risk level assessment in the Gan basin. In
addition, some metals, such as Tl and As, were identified as
two priority pollutants in water causing non-carcinogenic
and carcinogenic concerns [2, 24]. Therefore, a more
comprehensive and accurate risk assessment that includes
a greater number of metals, sampling sites, and seasons is
required for future study.

Comparison of Metals in Sediment
with Other Studies in the World
The Gan River along with four other rivers, including
the Fu, Xin, Rao, and Xiushui, flows into Poyang Lake –
the largest freshwater lake that lies on the southern bank of
the Yangtze River (Fig. 1). A comparison of heavy metal
concentrations in the surface water and sediment observed
for the Gan with those of the other rivers in the Yangtze
basin and the world is shown in Table 4.
The level of metals in the surface water in the Gan
was moderate compared with the other four rivers in the
same basin, except for Pb, and was comparable to that of
Poyang Lake but higher than that of the Yangtze, with the
exceptions of Cr and Co. It is noteworthy that the level of
metals in the Gan is substantially lower than that reported
in the Rao, which has been affected by large-scale mining
activities [26]. Compared to the Han, the main tributary
of the Yangtze, the levels of some metals in the Gan were
higher, including Co, Ni, Cu, and Cd, while some were
lower, including V, Cr, and Pb. In addition, the levels of
metals in the Gan were found to be higher compared to
studies reported in the United States, similar to studies in
Brazil, and lower compared to studies in India, Nigeria,
and Turkey (Table 4).
With respect to metals in the sediment, the levels in
the Gan were lower than those in the Le’an River and the
Yangtze. The concentrations of Cu and Zn in Poyang Lake
were greater than those in the Gan, whereas the levels of
Cr, Cd, and Pb in the former were lower – indicating that
Cu and Zn in the Gan were likely not the sole source for
Poyang Lake. Although similarly influenced by mining
activities, the levels of metals in the Yuan were much higher
than those in our study, except for Zn [77]. Compared to
other rivers in the world, the concentrations of metals
in the sediment of the Gan were of a moderate level. In
general, our results were comparable to unpolluted rivers.

Conclusion
The current levels of metals in surface water sampled
in the Gan were generally in accordance to the quality
standards established by the Chinese authority, WHO,
and the U.S. EPA. The sediments in the Gan were
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relatively cleaner, except for Cd, compared to existing
SQGs. High metal levels in the sediment associated with
anthropogenic sources mainly occurred in upstream and
downstream regions due to frequent mining and industrial
activities. The concentrations of metals in the surface
water that were high upstream and midstream likely
related to mining activities and sediment suspension
according to FA. As indicated by EF, Zn, Pb, and Cd
were the most anthropogenically enriched metals and
made the largest contribution to contamination of Gan
sediments. Sediments of sites 4 (upstream) and 15 and
16 (downstream) had the highest potential ecological risk
(RI) and require greater attention. Human risk in winter
was assessed in inhabitants exposed to heavy metals.
The results suggest that the intake of water from the
Gan was not currently a pathway of concern for local
people, as the hazard index (HI) for adults and children
was <1. Heavy metal concentrations in surface water and
sediments were of moderate levels compared with those
in other rivers in the world. As these results are only the
outcome of the first screening, the current conclusions
should be regarded only as preliminary and require further
investigation.
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