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Abstract This study presents the total concentrations
and chemical fractionations of metals (Cu, Pb, Zn, Ni,
Fe, and Mn) in 54 surface sediment samples collected
from the Huaihe River (Anhui Province) in eastern
China. Compared with the average shale values, Zn
and Pb exhibited the most substantial anthropogenic
enrichment, especially in Fengtai and Huainan areas,
the main industrial districts along the Huaihe River
(Anhui Province). Low levels of Cu and Ni were ob-
served in the sediments. Based on risk assessment code
(RAC), the metals associated with weak acid soluble
(F1) in the Huaihe River sediments followed the order:
Mn>Zn>Cu>Pb>Ni>Fe. Manganese presented the
most potential for releasing into the aqueous environ-
ment and can easily enter the food chain. Copper, zinc,
nickel, and iron were found dominant in the residual
fraction, implying that these four metals were strongly
bound to the sediments. Lead showed a different
partitioning pattern from that of other metals studied,
with a large percentage in Fe-Mn oxide fraction,

indicating that slight redox potential changes may make
significant influence on the removability of Pb.
Moreover, Cu in oxidizable (F3) and residual (F4) frac-
tions presented high positive correlation with organic
matter, which can explain the high percentage of Cu in
these two fractions.

Keywords Tracemetal . Speciation . Sediment . RAC .
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Introduction

Metals are introduced into the aqueous system by two
primary pathways: natural sources and human activities
along rivers (Almeida et al. 2004; Jain 2004). However,
with the rapid population growth, industrialization, and
urbanization in recent decades, metals resulting from
anthropogenic inputs now significantly exceed those
from natural sources in many locations, leading to wide-
spread environmental contamination (Ip et al. 2007).
Generally, metals entering river systems can accumulate
in sediments and suspended particles via physical,
chemical, and biological processes, eventually precipi-
tating and becoming incorporated in bottom sediments
(Li et al. 2001; Suthar et al. 2009; Nasr et al. 2015a).
Such accumulation of metals in sediments can pose
serious problems to water quality and are potentially
toxic to human health and the ecosystem in the long
term (Ip et al. 2007). Therefore, it is important to study
the geochemical distribution of heavy metals in
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sediments and undertake appropriate measures to con-
trol heavy metal contamination.

Generally, the total concentration is employed as an
initial criterion to assess the potential risk of metal
contamination (Tessier et al. 1979; Singh et al. 2005;
Rodriguez et al. 2009). However, the mobility, bioavail-
ability, and potential toxicity of metals depend not only
on their total concentration but also on their specific
chemical forms (Surija and Branica 1995; Bi et al.
2007; Rodriguez et al. 2009; Davutluoglu et al. 2010;
Sundaray et al. 2011; Nasr et al. 2015b). Cuong and
Obbard (2006) asserted that metal speciation offered a
more realistic estimate of actual environmental impact.
Dating back to 1954, the concept of speciation was first
introduced to improve understanding of the biogeo-
chemical cycling of trace elements in seawater (Jain
2004). To date, a great variety of extraction procedures
have been developed to assess partitioning of sediment
metals (Bi et al. 2007). Considering the diversity of
procedures, global results obtained are often non-
comparable (Fuentes et al. 2008). For this reason, the
European Community (EC) Standards, Measurements
and Testing Programme (formerly European
Community of Bureau of Reference, BCR) proposed
the BCR sequential extraction procedure and harmo-
nized the methodology for the analysis of soils and
sediments in 1992 (Fernandez et al. 2004; Fuentes et
al. 2008; Yuan et al. 2004; Cuong and Obbard 2006).
The BCR system also provides certified reference ma-
terials and has been successfully applied to a variety of
matrices (Kubova et al. 2004). In this study, a modified
BCR sequential extraction procedure is therefore used
for extracting metal fractionations.

The Huaihe River, one of the seven largest rivers in
China, is an important energy source and marketable
grain base in China and is a key water resource for
domestic, agricultural, and industrial purposes. The
Huaihe River quality is vital for riparian economic de-
velopment, community health, and the wellbeing of
residents on both banks. The middle reach (Anhui
Province) of the Huaihe River crosses farmland impor-
tant to China. In addition, two major coalfields with
abundant coal stocks are located in this area.
Unfortunately, extensive mining activities and fast
growing industrial development have severely reduced
the water quality (Z. Yang et al. 2009). Large amounts of
wastewater containing trace metals from chemical in-
dustries, power plants, and mining activities have sig-
nificantly contributed to the increased contamination of

the Huaihe River. By the end of 1995, 80 % of the
Huaihe River was contaminated, and catastrophic pol-
lution incidents occurred frequently (Tan et al. 2005).

A limited number of studies of the Huaihe River have
been conducted, but little information concerning trace
metal distributions and chemical forms is available. In
this paper, a modified BCR sequential extraction meth-
od is utilized for trace metal speciation, with the follow-
ing objectives: (i) to analyze the distribution and enrich-
ment of trace metals in the Huaihe River (Anhui
Province) and (ii) to evaluate the mobility, bioavailabil-
ity, and toxicity of trace metal contamination.

Materials and methods

Study area

The Huaihe River is located between the Yellow River
and the Yangtze River in eastern China, with a basin
area of 270,000 km2. The river originates from Tongbai
Mountain in Henan Province, flowing eastward for ap-
proximately 1000 km through five provinces, i.e.,
Henan, Hubei, Anhui, Jiangsu, and Shandong, before
joining the Yangtze River in Sanjiangying (Jiangsu
Province). Anhui Province is located in the middle reach
of the Huaihe River, which covers 66,900 km2 and
flows for 430 km (43 % of the total extent). In this
paper, four areas (32° 34′ 9″∼32° 57′ 32″ N; 116° 39′
47″∼117°15′ 40″ E) in Anhui Province, i.e., Shouxian,
Fengtai, Huainan, and Huaiyuan, containing a total river
length of 131.5 km, were studied for the metal distribu-
tion and fractionation.

Shouxian is located in the center of Anhui Province
on the southern bank of the Huaihe River, with a pop-
ulation of 1.37 million. The total area is 2986 km2, of
which 40.86 % is used for agriculture, primarily rice,
wheat, and cotton. Tanning, dyeing and weaving, and
printing are the dominant industries.

Fengtai (1030 km2) and Huainan (1566.40 km2) are
important industrial areas in Anhui Province. Mineral
resources, especially coal, are abundant in these two
districts. Several collieries and coal-fired power stations
are distributed along the river banks.

Huaiyuan, a domestic marketable grain base, lies in
the north of Anhui Province, with a population of 1.30
million and a total area of 2400 km2. Huaiyuan is in the
vicinity of two famous coalfields, namely Huainan and
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Huaibei. Certain coal storage and magnetite resources
are also to be found in Huaiyuan.

It is reported that Huainan is the main electricity
supplier to East China for the existence of abundant coal
and coal-fired power plants since the 1940s (Tang et al.
2013). Great impact on the water quality of the Huaihe
River (Huainan section) was observed by receiving a
certain pollution load from the coal-fired power plants,
mining activities, and domestic sewage. Moreover, a
large number of ships and docks were also observed
spreading along the river, which presented the potential
of metal pollution by ship voyages and waste discharge.

The four districts of Anhui Province alongside the
Huaihe River are situated in a climate transition zone in
China: the area north of the river belongs to the warm,
temperate, semi-humid region, while that south of the
river is subject to a northern subtropical, humid climate.
The annual average temperature and rainfall range from
11 to 16 °C and 600 to 1400 mm, respectively.

Sample collection and preparation

Fifty-four surface sediment samples (to a depth of
10 cm) in the Huaihe River (Anhui Province) from
Shouxian (S1-S10), Fengtai (F11-F21), Huainan (H22-
H41), and Huaiyuan (Y42–Y54) were collected with a
grab sampler, from July 6 to 12, 2013. Sufficient sedi-
ments had been collected from a particular site (1 kg).
To avoid metal interaction between sample sites, the
grab sampler was washed with clean water after every
sampling (Doherty et al. 2000). Immediately after col-
lection, all samples were stored in labeled and sealed
polyethylene bags and then transported to the laborato-
ry. The sample sites (Fig. 1) were deliberately selected
with consideration for the distribution of pollution
sources, to investigate their effects on the spatial varia-
tion of trace metals and the gradients of contamination.

Prior to physical and chemical analysis in the labora-
tory, all samples were air dried at room temperature. After
the coarse debris was removed, all samples were ground
with an agate mill until all particles could pass through a
100-mesh nylon sieve. Then, all specimens were stored at
4 °C in polyethylene containers for further analysis.

Physicochemical analysis

The ratio of 1:5 of sediment to ultrapure water was used
for the determination of pH values of all the surface
samples. The organic matter content was obtained by

calculating the difference between the dry weight of
sediment samples before and after ashing in a muffle
furnace at 550 °C for 5 h (Arain et al., 2008; Kazi et al.,
2005). Detail description of the analysis of pH and
organic matter (OM) can be found inWang et al. (2015).

Analytical methods and quality control

Sediment samples (0.10 g) were weighted for the deter-
mination of total metal content, with the mixed acid
digestion of 2 ml HNO3 (AR grade), 1 ml HClO4 (AR
grade), and 5 ml HF (AR grade) according to Li et al.
(2000). The samples were heated on an electrothermal
plate at a temperature of 90–190 °C for 16 h. After
cooling, the residual solutions were then filtered into
polyethylene volumetric tubes and diluted to 25 ml with
deionized water for further detection of Cu, Pb, Zn, Ni,
Fe, Mn, and Al concentrations.

Metal fractionations were conducted by the modified
BCR sequential extractionmethod proposed byRauret et
al. (1999). This sequential extraction procedure consists
of four extractions: weak acid soluble (exchangeable and
carbonate bound) (F1), reducible (Fe-Mn oxides) (F2),
oxidizable (organic-sulfide bound) (F3), and residual
(F4). The extractants and analytical conditions are given
in Table 1. All the samples, with extractants added, were
shaken at a speed of 180±20 rpm. After shaking for 16 h
at each step, the samples were centrifuged at 7000 rpm
for 10 min at room temperature, and the supernatant was
separated with a pipette. Then the residue was washed
with 8 ml deionized water. After centrifuging for 10 min
at 7000 rpm, the wash water was discarded. The super-
natant obtained was stored in polyethylene containers for
further analysis.

The total content of Cu, Pb, Zn, Ni, Fe, Mn, and Al
and concentrations of each extraction of the selected
metals (Cu, Pb, Zn, Ni, Fe, and Mn) were measured
using an inductively coupled plasma-optical emission
spectrometer (ICP-OES, Perkin Elmer Optima,
2100DV), with the resonance lines at 324.8, 283.3,
213.8, 232.0, 396.2, 257.6, and 248.3 nm for Cu, Pb,
Zn, Ni, Al, Mn, and Fe, respectively.

All the containers used in the experiments had been
previously soaked in 10 % HNO3 for at least 24 h and
then rinsed several times with deionized water (18MΩ).
In addition, the reagents used throughout the experiment
were all of analytical grade. Standard working solutions
of the studied trace metals were obtained by diluting the
corresponding 1000 mg L−1 stock solutions.
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The metal analysis quality control for the total con-
centrations and the sequential extraction procedure were
assessed using reagent blanks, sample replicates, and
standard reference material (GSD-9) (GBW07309).
The Cu, Pb, Zn, Ni, Al, Mn, and Fe analytical results
demonstrate good agreement with the standard refer-
ence material (recovery rates ranging between 85.12
and 108.79 %), and the standard deviations of the rep-
licate samples were <8.89 %. In addition, no significant
differences were observed between the cumulative con-
centrations of metals from the sequential extraction
procedure and the independent total concentrations,
with recovery rates ranging from 80.31 to 118.92 %.

Statistic analysis

The data manipulation and correlation analysis were
performed using Microsoft Excel 2007 and the statisti-
cal software program SPSS 16.0 for Windows.

Results and discussion

Total metal concentrations

The statistic characteristics (pH, OM, andmetal content)
of the 54 surface sediments are plotted in Table 2.

Aluminum, iron, and manganese

The total concentrations of aluminum, iron, and manga-
nese are in the range of 34,979.15–95,350.67 mg/kg,
18,927.61–46,279.05 mg/kg, and 354.91–1952.07 mg/
kg, respectively. It is reported that Al, Fe, andMn oxides
in sediments present significant affection on the trans-
portation and fate of trace metals (Dzombak and Morel
1987). Fe and Mn oxides in the sediments can partici-
pate in oxidation-reduction reactions that change the
stability and bonding of adsorbed trace metals (Hem
1978; Kay et al. 2001). The high Al and Fe

Fig. 1 Sample site distribution in the Huaihe River (Anhui Province)

Table 1 The modified BCR sequential extraction scheme used for metal speciation

Step Fraction Extractant Extraction conditions

F1 Weak acid soluble 1.0 g+40 ml CH3COOH (0.11 M) 16 h, 22±5 °C, centrifuged

F2 Reducible 40 ml NH2OH-HCl (0.5 M, pH 1.5) 16 h, 22±5 °C, centrifuged

F3 Oxidizable 10 ml H2O2 (8.8 M, pH 2, twice), then
add 50 ml NH4OAc (1 M, pH 2)

Heating 1 h at 85 °C of water bath, 16 h,
22±5 °C, centrifuged

F4 Residual 0.1 g+8 ml aqua regia Heating on the electrothermal plate to dryness

3 Page 4 of 13 Environ Monit Assess (2016) 188: 3



Table 2 Details of metal concentrations, physicochemical characteristics, and average shale values (mg/kg, dry weight)

Cu Pb Zn Ni Fe Mn Al OM (%) pH

S1 29.36 29.26 238.76 32.81 22,148.00 1012.26 48,909.83 2.28 8.26

S2 36.71 42.87 80.11 32.74 25,592.20 996.00 67,878.22 3.41 7.44

S3 29.36 28.14 186.07 36.57 32,755.63 549.96 57,602.17 3.62 7.03

S4 30.06 56.58 190.13 37.71 36,545.46 614.49 34,979.15 4.45 8.23

S5 34.42 79.27 286.69 34.83 37,256.14 783.32 70,884.85 5.15 8.04

S6 37.32 43.99 296.19 34.77 40,296.95 840.23 76,611.05 5.63 8.13

S7 39.83 27.36 316.56 38.51 42,599.99 959.78 65,068.16 6.86 7.57

S8 41.29 50.66 133.08 34.64 25,481.67 1211.75 69,828.79 6.01 7.55

S9 26.98 62.33 150.36 29.06 37,059.22 870.91 55,231.92 3.89 7.56

S10 37.36 28.54 165.58 36.65 42,945.42 1273.34 54,875.32 7.06 7.30

F11 42.62 55.07 397.11 41.21 45,935.40 1278.96 73,991.17 7.05 7.49

F12 40.60 51.82 388.61 42.59 46,279.05 1288.43 76,603.22 7.49 6.70

F13 27.63 27.17 71.40 24.14 26,869.31 736.25 69,024.03 2.81 7.62

F14 28.15 60.24 78.62 26.85 46,156.77 1790.07 81,283.37 5.16 8.21

F15 37.36 70.59 180.30 39.01 41,109.04 1326.41 67,014.20 5.11 8.08

F16 36.77 95.02 88.05 40.50 28,225.41 710.66 73,163.94 4.76 7.55

F17 38.29 46.12 293.57 33.34 35,301.90 936.43 88,604.76 5.13 7.89

F18 28.65 60.49 132.88 30.37 33,902.39 968.90 60,682.60 4.50 8.17

F19 43.97 28.58 365.42 38.10 43,872.03 1189.08 78,832.60 6.08 7.35

F20 29.05 71.26 173.84 28.11 31,873.64 735.10 72,356.45 3.83 7.51

F21 20.22 40.15 77.92 24.62 26,831.60 706.13 84,453.17 2.82 7.31

H22 27.23 52.28 225.86 24.97 28,333.12 872.93 67,929.73 3.34 7.42

H23 32.38 89.75 100.24 32.20 36,915.21 1098.90 69,087.28 4.96 8.20

H24 21.91 91.95 74.03 32.80 34,780.49 708.28 66,567.00 4.22 8.51

H25 34.14 70.00 97.94 33.46 37,439.03 1155.39 69,181.96 4.87 7.27

H26 25.32 41.72 76.59 24.57 30,086.37 729.57 72,696.00 3.46 7.71

H27 27.86 38.75 83.39 25.88 29,212.68 858.12 66,173.88 3.68 7.68

H28 26.30 51.05 127.10 21.36 28,488.98 907.14 74,245.78 3.64 7.44

H29 23.21 60.54 142.05 22.54 28,179.14 479.26 66,425.86 3.52 7.81

H30 40.45 27.19 239.30 32.56 28,507.45 675.85 60,036.16 3.58 7.85

H31 25.98 50.09 71.98 21.98 31,054.05 428.69 66,359.26 4.76 7.05

H32 52.77 36.29 239.10 38.31 41,335.71 656.26 67,124.58 6.22 7.86

H33 26.36 27.26 268.56 24.22 39,940.35 665.62 71,726.00 3.61 8.36

H34 29.43 56.38 239.47 26.39 35,488.71 652.33 82,427.00 3.90 8.38

H35 29.08 94.12 84.52 24.98 32,126.89 752.31 61,128.73 4.48 8.23

H36 47.58 103.54 321.42 40.26 42,906.17 1160.37 76,326.86 6.79 8.04

H37 16.35 26.01 138.43 18.37 30,707.61 411.55 66,302.83 1.72 8.73

H38 37.29 50.64 418.55 27.29 36,693.87 889.19 70,487.81 5.12 8.04

H39 27.89 44.73 272.98 25.92 33,956.10 610.79 52,644.76 4.11 8.32

H40 22.23 60.23 172.38 20.05 34,761.33 1169.87 57,456.21 3.96 7.63

H41 28.91 40.47 90.34 23.73 31,105.36 449.89 74,495.02 3.34 8.47

Y42 23.97 39.14 140.67 22.53 33,956.10 699.27 72,609.15 2.71 7.90

Y43 35.19 29.59 229.87 29.20 35,768.20 747.07 64,795.16 4.27 8.21

Y44 11.16 18.49 32.88 18.79 18,927.21 380.44 73,201.74 1.40 8.64
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concentrations in the sediments of the Huaihe River
indicated high clay and silt content, which had a higher
adsorptive capability for metals due to their higher sur-
face area per volume rates as compared to coarse mate-
rials (Davutluoglu et al. 2010).

Copper, lead, zinc, and nickel

Copper ranged from 11.16 to 52.77 mg/kg, with an
average concentration of 31.30 mg/kg, which is lower
than the Cu shale value. Generally, it is considered as a
quick and practical method of evaluating metal enrich-
ment to compare metal concentrations with the shale
values (Ghrefat and Yusuf 2006; Jain 2004; Jain et al.
2008; Javan et al. 2015). Therefore, a comparison of Cu
concentration with average shale value implied that on
average, no Cu enrichment was observed in the Huaihe
River (Anhui Province). However, Cu concentrations at
H32 and H36 were found higher. These two sites are
located in Huainan, which has been long known as
active mining areas, and are the sites of power plants.
The river in this part has received industrial effluent
discharged by these power stations.

Lead exhibited relatively higher concentrations com-
pared with the shale value, with a concentration range of
18.49–199.05 mg/kg. The average (53.43 mg/kg) Pb
concentration was 2.67 times higher than the average

shale value. In addition, the coefficient of variation of Pb
(53.78 %) was comparatively high, indicating that its
spatial distribution was heterogeneous. It suggests that
Pb concentrations may have been, to some extent, in-
fluenced by anthropogenic activities. Lead concentra-
tions greater than the average (53.43 mg/kg) were ob-
tained from a high percentage (39 %) of the 54 sediment
samples, which implies that great Pb enrichment has
occurred at these sites. The maximum Pb concentration
(199.05 mg/kg) was recorded at site Y48, under the
Huaihe bridge. Atmospheric deposition of exhaust par-
ticulates from the automobile across the bridge may
explain the significant high Pb level in site Y48
(Cuong and Obbard 2006).

Zinc exhibited considerable concentration varia-
tions (32.88–418.55 mg/kg), with the coefficient of
variation (57.85 %) higher than 50 %. In particular,
the average Zn concentration (183.57 mg/kg) was
substantially higher than the shale value (95.00 mg/
kg). Zn concentrations in 41 % of the 54 sediment
samples were greater than the average, and this
figure is similar to our Pb findings (39 %).
Additionally, 55 % of the highly enriched sample
sites were located in Fengtai and Huainan. The
maximum Zn concentration (418.55 mg/kg) was
collected at site H38, located downstream of the
Tianjia’an power plant in Huainan.

Table 2 (continued)

Cu Pb Zn Ni Fe Mn Al OM (%) pH

Y45 18.33 26.92 70.40 29.76 20,222.08 354.91 64,479.49 1.93 8.55

Y46 23.05 27.68 130.56 23.74 27,115.75 462.03 68,675.48 3.46 8.46

Y47 35.03 47.94 144.73 48.83 20,222.08 889.41 59,764.78 2.82 8.03

Y48 32.35 199.05 416.46 29.48 29,302.90 721.02 62,540.22 3.17 8.48

Y49 28.29 30.54 352.36 23.58 24,786.96 622.62 56,723.10 2.65 7.60

Y50 39.26 51.78 92.72 130.33 40,743.33 1559.79 64,886.12 5.20 8.51

Y51 32.67 60.14 85.37 32.50 26,550.31 709.99 95,350.67 2.60 8.36

Y52 32.41 78.09 276.02 47.03 33,104.01 1183.43 75,028.39 3.47 8.26

Y53 29.09 45.51 82.41 40.18 40,662.16 1952.07 65,102.50 3.31 8.28

Y54 30.65 61.93 83.03 35.50 30,546.57 937.46 72,758.80 2.27 8.21

Min 11.16 18.49 32.88 18.37 18,927.21 354.91 34,979.15 1.40 6.70

Max 52.77 199.05 418.55 130.33 46,279.05 1952.07 95,350.67 7.49 8.73

Mean 31.30 53.43 183.57 32.79 33,388.21 876.49 68,196.62 4.18 7.92

SD 7.83 28.74 106.20 15.34 6914.48 336.94 9905.51 1.43 0.47

CV (%) 25.02 53.78 57.85 46.78 20.71 38.44 14.52 34.27 5.89

Shale value 45.00 20.00 95.00 68.00 46,700.00 850.00 – – –
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Ni concentrations ranged from 18.37 to 130.33 mg/
kg, with an average of 32.79 mg/kg. Ni concentrations
in 43% of the 54 sediment samples were higher than the
average (32.79 mg/kg). However, only one site (Y50,
130.33 mg/kg) was observed higher than the shale val-
ue. Therefore, the Huaihe River showed no Ni enrich-
ment except in site Y50.

In general, the data presented in Table 2 suggested
that metal concentrations in Huaihe River (Anhui
Province) declined in this order: Zn>Pb>Cu, Ni.
Greater attention should be paid to the increased Zn
and Pb concentrations. The result was similar to the
evaluated metal levels in coastal marine sediments from
Singapore by Cuong and Obbard (2006).

Comparison with previous studies worldwide

The average trace metal (Cu, Pb, Zn, and Ni) concentra-
tions in surface sediments fromYangtze River (Wuhan) (Z.
Yang et al. 2009), Yellow River (Henan Province) (Luo et
al. 2010), Coastal Bohai Bay, China (Gao andChen 2012),
East China Sea (Yuan et al. 2004), and world average level
(Martin and Meybeck 1979) are presented in Table 3.
Average Cu concentration in the Yangtze River (Wuhan)
sediments was 1.74 times higher than that in the present
study. Comparable Cu concentrations were observed in the
Yellow River (Henan Province), world average, and the
Huaihe River (Anhui Province). However, compared with
that in the East China Sea (20.13 mg/kg), the average Cu
concentration (31.30 mg/kg) in this present study was 1.55
times higher. Nickel concentration in the water systems
listed above followed a similar trend to that of Cu.

The mean Pb concentration in the Huaihe River
(Anhui Province) was the most seriously polluted
among all water systems considered. Zinc concentration
in the present study was exceeded only by that of the
Yangtze River (Wuhan Tributaries).

Overall, comparisons of mean trace metal concentra-
tions with those of the principal water systems in China
and the world river average level also showed relatively
high Pb and Zn contamination in the Huaihe River
(Anhui Province).

Comparison with consensus-based SQGs

The consensus-based sediment quality guidelines
(SQGs), including the threshold effect concentration
(TEC) and probable effect concentration (PEC), are
employed to assess sediment quality conditions by
predicting the frequency of sediment toxicity
(MacDonald et al. 2000). It is considered that adverse
effects on sediment-dwelling organisms rarely occur
when heavy metal concentrations are below the
consensus-based TECs. On the contrary, adverse effects
on sediment-dwelling organisms are expected to happen
frequently when trace metal concentrations exceed the
PECs. Therefore, these two indexes divide trace metal
concentrations into three ranges (Fig. 2).

In our experiment, 55.56 % of the 54 sediment sam-
ples had Cu concentrations below the relevant TEC
(31.60 mg/kg). Cu concentrations in the remainder lay
between the TEC and PEC (149 mg/kg), which implies
that adverse effects on sediment-dwelling organisms
may occasionally occur. In comparison with Cu, more
sediment samples were observed with individual trace
metal concentrations varying between the relevant
TECs and PECs for Pb, Zn, and Ni (40, 35, and 45
sediment samples, respectively). In addition, one site
(Y48) and two sites (Y47, Y50) were found to have
Pb and Ni concentrations above the corresponding PEC,
respectively, meaning that adverse effects are expected
to occur frequently in these three sites.

Generally, the sediment quality conditions were of
great concern. In 98.15 % of the 54 sample sites, all

Table 3 Comparison with other water systems in the world and consensus-based SQGs (mg/kg, dry weight)

Location Cu Pb Zn Ni Reference

Huaihe River, China 31.30 53.43 183.57 32.79 Present study

Yellow River (Henan Province) 33.84 38.41 90.97 40.53 Luo et al. 2010

Yangtze River catchment of Wuhan Mainstream 51.64 45.18 140.27 40.91 Yang et al. 2009
Tributaries 57.06 47.13 255.00 43.31

Coastal Bohai Bay, China 38.50 34.70 131.10 40.70 Gao and Chen 2012

East China Sea 20.13 28.98 52.05 28.65 Yuan et al. 2004

World average 32.00 16.00 127.00 – Martin and Meybeck 1979

Environ Monit Assess (2016) 188: 3 Page 7 of 13 3



except for Y44, at least one metal concentration higher
than the corresponding TEC was recorded.
Furthermore, 12 sample sites, seven of which are locat-
ed in Fengtai or Huainan (F11, F12, F15, F17, H32,
H36, H38), were found to have concentrations of all
these four trace metals (Cu, Pb, Zn, Ni) exceeding the
corresponding TECs. As a consequence, more attention
should be paid to sediments in Fengtai and Huainan,
where there is a high probability of adverse biological
effects.

Metal speciation

Although the total concentration of trace metals is used
as a criterion to evaluate the environmental impact of
sediments polluted by metals, reliance on the total con-
centration alone is not sufficient (Morillo et al. 2004).
Themobility, bioavailability, and toxicity of trace metals
are determined by different chemical forms, which are
controlled by chemical and geological conditions
(Surija and Branica 1995; Z. Yang et al. 2009). In the
present study, four chemical fractions (weak acid solu-
ble, reducible, oxidizable, and residual) were obtained

by conducting the modified BCR sequential extraction
procedure (Rauret et al. 1999).

In the weak acid soluble fraction (exchangeable and
carbonate bound, F1), trace metals are either weakly
absorbed onto the sediment surface by weak electrostat-
ic interaction or (co-)precipitated with the carbonates in
the sediments (Rodriguez et al. 2009). Generally, it is
considered that this fraction (F1), which can be directly
uptaken by organisms, presents the most potential tox-
icity to the water quality with the highest mobility (Cai
et al. 2007). The change of environmental conditions,
such as pH, salinity, and the ionic composition of water,
may present significant influence on the stability of
weak acid soluble fraction.

In the reducible fraction (F2), trace metals are asso-
ciated with Fe-Mn oxides, with a strong specific adsorp-
tion, which can result in the release of metals under
reducing conditions. Trace metals in the oxidizable frac-
tion (F3) may be associated with organic materials and
sulfides by generating complexes (Rodriguez et al.
2009). Trace metals in this fraction will be released into
the water column when the redox potential increases for
the decomposition of organic matter. The residual frac-
tion (F4) is the most chemically recalcitrant and least
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Fig. 2 Spatial distribution of metals in the Huaihe River and comparison with consensus-based SQGs
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bioavailable form among the four different chemical
species and occurs in the crystalline structure of some
primary and secondary minerals in sediments (Dang et
al. 2002; Kubova et al. 2004).

Generally, of the four chemical forms extracted in
sediments, the first three fractions (F1, F2, and F3) are
known as the biological effective forms, which are
labile, and release trace metals when subject to environ-
mental changes. Thorough investigation of the trace
metal speciation present in sediments is therefore cru-
cial, especially the biological effective fractions.

Copper, nickel, zinc, and iron

Metal speciation distributions in the Huaihe River
(Anhui Province) are shown in Fig. 3. This diagram
presents similar distribution patterns for Cu and Ni
(F4>F3>F2>F1) and Zn and Fe (F4>F2>F3>F1).
The dominant proportions of Cu, Zn, Fe, and Ni were
all found in the residual fraction, with percentages of
55.29, 55.54, 69.18, and 71.51 %, respectively. These
data suggest that a large proportion of these four metals
were immobilized in mineral crystalline lattices. For Cu
and Ni, the organic and sulfide fraction was the main

scavenger among the non-lithogenic fractions, account-
ing for 28.40 and 15.39 % of the total, respectively. The
high percentage of Cu in F3 can be explained by the
high affinity of Cu to humic substances in the sediments
(Morillo et al. 2004; Javan et al. 2015). The second
greatest fraction among the non-residual phases for Cu
and Ni was the Fe-Mn oxide fraction, containing 8.09
and 11.25 % of the total, respectively. For Zn and Fe, a
converse result was observed. The reducible fraction
was the main scavenger, followed by the oxidizable
fraction for Zn and Fe. Similar chemical partitioning
pattern of Fe was also reported by Morillo et al. (2002,
2004). The amount in the weak acid soluble fraction of
Fe is negligible.

Lead

A different fractionation profile was observed for Pb
(F2>F3>F4>F1). The dominant proportion of Pb was
found in the Fe-Mn oxide fraction (45.36%) and follow-
ed by oxidizable (28.55 %) and residual (19.62 %)
fractions. Thus, in the Huaihe River, iron and manga-
nese play an important role in controlling the movement
of Pb from sediments (Javan et al. 2015). The
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Fig. 3 Distribution of different
metal fractions in Huaihe River
(Anhui Province)
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partitioning pattern of Pb was not unusual, and similar
results were also reported byMorillo et al. (2004), Javan
et al. (2015), and Dawson andMacklin (1998). The high
total Pb concentration and high percentage in Fe-Mn
oxides made this element of great interest for its high
toxicity to aquatic organisms and fish.

Manganese

Manganese presents the highest percentage in the
weak acid soluble fraction (exchangeable and car-
bonate, 46.52 %), which is considered as the most
labile speciation. It is reported that manganese has
special affinity towards carbonate for its similarity in
ionic radii with that of calcium, which allows Mn to
substitute Ca in carbonate, and co-precipitate with its
minerals (Nasr et al. 2015b). Considerable Mn con-
tent was also observed in the Fe-Mn oxide fraction,
accounting for 34.30 % of the total. Lower percent-
age of Mn (4.20 %) in oxidizable fraction was present
in this study, and it was probably because of the
competition between Fe-Mn organic complex and
Fe-Mn oxide form.

Risk assessment code

The risk assessment code (RAC), first introduced by
Perin et al. (1985), was employed in this study to deter-
mine the environmental risk of metals. The RAC was
classified into five ranks (Table 4) based on the percent-
age of the weak acid soluble fraction (F1), which is a
serious environmental concern, presenting the highest
potential of environmental toxicity for easy equilibrium
with aqueous phase, thus becoming more rapidly bio-
available (Sundaray et al. 2011). The metals associated
with F1 in the Huaihe River sediments followed the
order: Mn > Zn > Cu > Pb >Ni > Fe. Manganese
(46.52 %) presented the highest percentage of the weak
acid soluble fraction among the metals studied, indicat-
ing a high risk for the release into the water. Relatively
highMn concentration in F1 was also reported by Javan
et al. (2015). Zinc (8.87 %), copper (8.33 %), lead
(5.89 %), nickel (2.02 %), and iron (1.71 %) all indicat-
ed low risk with the percentages of F1 ranging between
1 and 10 %. These values indicated that Mn presented
the highest mobility and bioavailability, posing a serious
threat to benthic organisms in the Huaihe River, and can
easily enter into the food chain. Kelderman and Osman
(2007) reported that the concentration of the weak acid

soluble fraction might be affected by recent pollution
events (human activities). Further, Jain et al. (2008),
Pempkowiak et al. (1999), and Y. Yang et al. (2012)
also reported that the metals resulting from anthropo-
genic inputs primarily combined with the labile fraction,
which is more easily uptaken by sediment-dwelling
organisms. Consequently, it is of great importance to
control the metal entry into the Huaihe River.

Statistical analysis

The correlation analysis between fractionations of Cu,
Pb, Zn, and Ni and OM, Fe, and Mn was listed in
Table 5. Copper in F3 and F4 fractions presented high

Table 4 Ranks of risk assessment code (RAC)

Risk Metal in F1 (%) Metal ranks

No <1 Cu, Pb, Zn, Ni, Fe

Low 1–10 –

Medium 11–30 –

High 31–50 Mn

Very high >75 –

Table 5 Correlation coefficient matrix for metals and organic
matter in surface sediment samples

OM Fe Mn

Cu F1 −0.06 0.13 0.16

F2 0.41 0.24 0.28

F3 0.57 0.42 0.37

F4 0.61 0.33 0.18

Pb F1 0.14 0.09 −0.06
F2 0.26 0.19 0.18

F3 −0.19 0.00 0.11

F4 0.17 0.03 0.01

Zn F1 0.58 0.57 0.11

F2 0.58 0.54 0.14

F3 0.49 0.47 0.12

F4 0.30 0.22 0.11

Ni F1 0.14 0.09 0.09

F2 0.33 0.30 0.17

F3 0.50 0.41 0.45

F4 0.40 0.28 0.49

Copper in F3 and F4 fractions (entries in italics) presented high
positive correlation with organic matter. Zinc in F1 and F2 (entries
in italics) showed high correlations with organic matter and iron.
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positive correlation (0.57 and 0.61, respectively) with
organic matter. Moreover, Cu existed in F3 with a
high percentage, which can be explained by the high
correlation between Cu and OM. Morillo et al.
(2004), Javan et al. (2015), and Nasr et al. (2015a)
also reported that there was a high affinity of Cu to
humic substances in the sediments. Zinc in F1 and F2
showed high correlations with organic matter and
iron. Compared with OM and Fe, Mn presented in-
significant correlation with fractionations of Cu, Pb,
Zn, and Ni.

Conclusion

The total trace metal concentrations along the Huaihe
River (Anhui Province) exhibited certain contamination
by Zn and Pb, especially in Fengtai and Huainan areas.
The low levels of Cu and Ni indicated that there were
no/slight Cu or Ni pollution in this river. Comparison of
trace metal concentrations among the principal water
systems in China also revealed higher Pb and Zn levels
in the Huaihe River.

The chemical partitioning of metals provided valu-
able information on the potential mobility of metals
in the Huaihe River sediments. Among the metals
studied, manganese is the most mobile for the highest
percentage in the weak acid soluble fraction, present-
ing a high risk on the basis of RAC, and followed by
the Fe-Mn oxide fraction. The residual fraction was
found dominant for Cu, Zn, Ni, and Fe in the Huaihe
River (Anhui Province), implying that these four
metals are strongly bound to the sediments. Lead
exhibited the highest percentage in the Fe-Mn oxide
fraction. These five metals (Cu, Pb, Zn, Ni, and Fe)
presented low risks (RAC, 1 %<F1<10 %) to the
water. Copper in F3 and F4 presented high positive
correlation with organic matter, which can explain
the high percentage of Cu in the oxidizable and
residual fractions.
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