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Abstract In order to investigate the contamination levels

of trace metals, surface water samples were collected from

six regions along Yangtze River in Nanjing Section. The

concentrations of trace metals (As, B, Ba, Be, Cd, Cr, Cu,

Fe, Pb, Li, Mn, Mo, Ni, Sb, Se, Sn, Sr, V and Zn) were

determined using inductively coupled plasma-atomic

emission spectrometry (ICP-AES). Total concentrations of

the metals in the water samples ranged from 825.1 to

950.4 lg/L. The result was compared with international

water quality guidelines. Seven metals levels were above the

permissible limit as prescribed by guidelines. A preliminary

risk assessment was then carried out to determine the human

health risk via calculating Hazard Quotient and carcinogenic

risk of the metals. Hazard Quotients of all metals were lower

than unity, except As. The carcinogenic risk of As and Cd

was higher than 10-6, suggesting that those two metals have

potential adverse effects on local residents.
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Trace metal pollutants in aqueous system can hardly be

eliminated and are often recycled via physiochemical and

biological processes, which continue to pose a risk of

adverse effects on human health and aqueous ecosystem

(Ip et al. 2007). Therefore, researchers worldwide focus

their attention on quantitative investigation of the trace

metals in aquatic ecosystem (Woitke et al. 2003; Olivares-

Rieumont et al. 2005; Farkas et al. 2007).

Yangtze River Delta, located in the lower reaches of

Yangtze River (Changjiang River), is one of the fast devel-

oping regions of China. However the region is suffering

enormous environmental deterioration from industrializa-

tion. Recently, most investigations of pollutants in Yangtze

River have been centered on the specific organic compounds

such as polycyclic aromatic hydrocarbons, polychlorinated

biphenyls and organochlorine pesticides (Xu et al. 2001; Liu

et al. 2003, 2004; Shen et al. 2006). Only a few reports about

trace metals in the Yangtze River are available, mostly on

special matrix such as the estuarine sediments (Jing 1999;

Chen et al. 2004; Feng et al. 2004; Koshikawa et al. 2007).

However, these studies mainly surveyed the levels of metals

and possible sources, and did not provide any human health

risk assessment by metals. To our best knowledge, there is no

reported information about the levels of trace metals in

surface water from Yangtze River in Nanjing section and

their human risk assessment.

In this study we sampled the surface water from six

regions of Yangtze River in Nanjing section and analyzed

the levels of nineteen metals. Then the Hazard Quotients

(HQs) and carcinogenic risk to human health associated

with corresponding metals were assessed via risk assess-

ment model. The approach might provide a reference for

future studies.

Materials and Methods

The surface water samples for metal analysis were col-

lected from six regions of the Yangtze River (Fig. 1) in
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January 2007. The studied area spreads between 118� and

119� in east longitude and 31� and 32� in north latitude.

The samples were collected in precleaned polyethylene

bottles. After acidification with HCl, the samples were put

in an ice bath, then transported to the laboratory and kept at

-20�C until analysis. The mean temperature and pH of

water samples were 8.9 and 7.93�C, respectively. The

mean electrical conductivity was 230 lS/cm.

The method of State Environmental Protection Admin-

istration of China (2002) was used to digest and analyze the

water samples. Water samples were measured with

inductively coupled plasma-atomic emission spectrometry

(ICP-AES, Jarrell-Ash 1100) except for As which was

measured by Atomic fluorescence Spectrophotometer (AFS,

AF-610A). The elements analyzed included As, B, Ba, Be,

Cd, Cr, Cu, Fe, Pb, Li, Mn, Mo, Ni, Sb, Se, Sn, Sr, V and Zn.

The detection limit of the measurements was defined as the

concentration value which numerically equals to the three

times the standard deviation of 10 replicate blank measure-

ments (Pekey et al. 2004). The data is shown in Table 1. The

recoveries of the elements ranged from 90% to 110%.

Results and Discussion

This report presents results from the analysis of nineteen

metals in surface water from Yangtze River in Nanjing

section, China. The concentration ranges of individual and

total metals are shown in Table 1. The total concentrations in

surface water ranged from 825.1 lg/L (Reg. 4) to 950.4 lg/

L (Reg. 5) with the mean value of 929.29 lg/L (Table 1 and

Fig. 2). However, there were no significant differences

among the total concentrations in different regions.

In terms of individual metal composition in surface

water, all metals were detectable at every site. It was found

that Fe was the highest, followed by Sr and As (Table 1).

These three metals accounted for 48%–60% of the total

concentrations. Levels of seven metals were above the

permissible limit as prescribed by US EPA (2003) and

WHO (2006), which were As, Cd, Mo, Ni, Pb, Sb and Se.

Three main pathways may occur when target analytes

expose to human being: (a) direct ingestion, (b) inhalation

through the mouth and nose, and (c) dermal absorption. For

metals in water environment, ingestion and dermal

absorption play the most important role (Kim et al. 2004).

Considering the two pathways mentioned above, the

expose dose is calculated using Eqs. 1–2 adapted from the

Fig. 1 Location of sampling sites along Yangtze River, Nanjing

section. Reg. 1, 2, 3, 4, 5 and 6 represent sampling sites at

Jiangninghe, Shangxinhe, Chengnan, Pukou, Xixia and Sanjiangkou,

respectively

Table 1 Summary statistics of the analytical results of trace metals

in water samples from Yangtze River (lg/L)

Elements Limit of detection Range Mean SD

Arsenic (As) 3.6 7.6–20.8 13.2 4.38

Boron (B) 5 28.4–55.6 37.2 7.9

Barium (Ba) 3 32.9–41.3 37.4 2. 5

Beryllium (Be) 0.2 0.4–1.4 0.5 0.3

Cadmium (Cd) 1 3.2–6.4 4.7 0.91

Chromium (Cr) 4 17.2–24.3 20.9 2.1

Copper (Cu) 4 8.6–12.3 10.7 1.2

Iron (Fe) 10 174.5–350.5 239.8 56.1

Lead (Pb) 30 44–734 55.1 8.6

Lithium (Li) 5 13.1–15.6 14.1 0.8

Manganese (Mn) 1 4.3–8.8 5.4 1. 6

Molybdenum

(Mo)

5 6–19.8 11.7 3.9

Nickel (Ni) 5 5.6–24.3 13.4 4.9

Antimony (Sb) 20 49.5–86.9 65.3 11.6

Selenium (Se) 5 5.6–170.7 114.3 46.3

Tin (Sn) 10 58.5–117.8 91.1 17.7

Strontium (Sr) 1 191.1–215.8 210.1 6.6

Vanadium (V) 5 9.7–12 10.5 0.7

Zinc (Zn) 5 7.6–11.6 9.4 1.2

Total metals 923.7–1137.9 1047.1 52.3
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Fig. 2 Total concentrations of nineteen metals in different regions

(lg/L)
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US Environmental Protection Agency (US EPA 1989; De

Miguel et al. 2007):

CDIingestion ¼
Cw � IR� ABSg � EF� ED

BW� AT
ð1Þ

CDIdermal ¼
Cw � SA�Kp �ABSd � ET� EF� ED� CF

BW�AT

ð2Þ

CDI: exposure dose contacted through ingestion of water

(CDIingestion) and dermal absorption (CDIdermal), lg/kg/day;

Cw: average concentration of trace metal in water, lg/L; IR:

ingestion rate, in this study, 2.2 L/day; SA: exposed skin

area, in this study, 2,800 cm2; Kp: skin adherence factor,

cm/h; ABSg: gastrointestinal absorption factor; ABSd:

dermal absorption factor; ET: exposure time, in this study,

0.6 h/day; EF: exposure frequency, in this study, 365 day/

year; ED: exposure duration, in this study, 70 years; CF:

unit conversion factor, for water: 1 L/1,000 cm3; BW:

average body weight, in this study, 60 kg; AT: averaging

time, for non-carcinogens and carcinogens, 25,550 days;

The human health risk assessment was performed by

calculating the Hazard Quotients for metals and

carcinogenic risk of As and Cd using Eqs. 3–4.

Hazard Quotient = CDI/RfD ð3Þ
Carcinogenic Risk = 1� exp (� CDI� SFÞ ð4Þ

RfD is the reference dose for different analytes, expressed

in lg/kg/day, which is based on USA. Risk-based

concentration table (US EPA 2006), except Pb, which is

derived from the World Health Organization’s Guidelines

(2006). SF is the slope factor of a carcinogen, expressed in

(lg/kg/day)-1, which is based on USA. Risk-based

concentration table (US EPA 2006). Toxicity values for

dermal absorption have been calculated: oral reference doses

are multiplied, and slope factors divided, by an ABSg to yield

the corresponding dermal values (De Miguel et al. 2007).

The Hazard Quotients (HQs) estimated for local resi-

dents were summarized in Table 2 based on the oral

consumption and dermal absorption of water. The

HQingestion (hazard quotient of ingestion exposure) of all

analytes were smaller than unity, suggesting that these

pollutants could pose minimum hazard to local residents.

However, HQingestion of As was near unity, suggesting that

As may be of the serious health concerns for the residents

of Nanjing city. The HQdermal (hazard quotient of dermal

absorption) were all below unity, even lower than the

HQingestion, which indicates that the concentrations of these

metals may pose little or no health threat via dermal

adsorption.

Carcinogenic risk is defined as the incremental proba-

bility that an individual will develop cancer during ones

lifetime due to chemical exposure under specific scenarios

(Chen and Liao 2006; Obiri et al. 2006). For residents of

Nanjing, the carcinogenic risk of As and Cd by ingestion

and dermal exposure was calculated (Table 3). The risks of

Cd ranged from 7.13 9 10-6 to 1.01 9 10-5. However,

the risk of As was three order higher than that of Cd. Under

Table 2 Reference dose and

Hazard Quotient for each

element

Element RfDingestion

(lg/kg/day)

RfDdermal

(lg/kg/day)

HQingestion HQdermal

P
HQs

As 0.3 0.123 0.61 8.45 9 10-5 0.62

B 200 180 5.70 9 10-3 5.41 9 10-9 5.70 9 10-3

Ba 70 14 4.15 9 10-4 6.48 9 10-8 4.16 9 10-4

Be 2 1 3.58 9 10-3 1.09 9 10-8 3.58 9 10-3

Cd 0.5 0.005 2.85 9 10-3 2.18 9 10-5 2.88 9 10-3

Cr 3 0.015 1.09 9 10-3 3.34 9 10-5 1.13 9 10-3

Cu 40 12 2.42 9 10-3 2.06 9 10-8 2.42 9 10-3

Fe 300 45 3.65 9 10-3 2.48 9 10-7 3.65 9 10-3

Pb 1.4 0.42 3.61 9 10-1 3.06 9 10-6 3.61 9 10-1

Li 20 10 1.09 9 10-2 3.35 9 10-8 1.10 9 10-2

Mn 20 0.8 3.23 9 10-4 1.54 9 10-7 3.23 9 10-4

Mo 5 1.9 2.89 9 10-2 1.53 9 10-7 2.89 9 10-2

Ni 20 5.4 6.35 9 10-3 1.33 9 10-8 6.35 9 10-3

Sb 0.4 0.008 1.03 9 10-1 1.97 9 10-4 1.04 9 10-1

Se 5 2.2 3.12 9 10-1 1.23 9 10-6 3.12 9 10-1

Sn 600 60 4.66 9 10-4 3.56 9 10-8 4.66 9 10-4

Sr 600 120 2.22 9 10-3 4.23 9 10-8 2.22 9 10-3

V 1 0.01 3.30 9 10-3 2.52 9 10-5 3.33 9 10-3

Zn 300 60 1.93 9 10-4 2.21 9 10-9 1.93 9 10-4
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most regulatory program, carcinogenic risk between 10-6

and 10-4 suggests potential risk (Chen and Liao 2006; Liao

and Chiang 2006). The results in this study suggest that the

As and Cd in Yangtze River pose potential health risk to

the residents.

The results demonstrated that As was the most important

pollutant in the Yangtze River of Nanjing section. The As

has been proved to cause potentially carcinogenic effects in

animals such as the cancers of lung, liver, bladder and skin

(Avani and Rao 2007; Bhattacharya et al. 2007), and other

effects including hypertension, diabetes and the disorders

of nervous system. Therefore, concerted efforts are

required to ensure safety of consumers and sustainable

development of aqueous ecosystem by removal of As.

It is noteworthy that the approaches employed in this

study contain some possible uncertainties. The RfD and

SF obtained from US EPA and WHO might not be

specific to Chinese (Wei et al. 2006). The distribution of

dissolved and particulate elements in water samples was

not analyzed. The average concentration of each metal

was applied to evaluate the risk level for local residents.

Differences in age and exposure conditions might also

contribute to different risk. In addition, the effects of

contaminants might be modified by the interactions with

physiochemical processes. Therefore, this study only

presents a preliminary result, and a more precise

assessment for trace metals should be carried out in

subsequent investigations to evaluate the risk levels and

recommend the threshold guideline value for the local

government.
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