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Abstract: The Songhua River, one of the seven major rivers in China, locates in Northeast China with 1897 km long. This study aims to
investigate the concentrations, distribution, source apportionment and ecological risk assessment of heavy metals including copper (Cu),
zinc  (Zn),  cadmium  (Cd),  lead  (Pb),  nickel  (Ni)  and  chromium  (Cr)  in  main  stream  and  tributaries  of  the  Songhua  River  in  Jilin
Province,  Northeast  China.  Surface sediment samples (0–15 cm) were collected from 39 sampling sites  in the Songhua River in July
2012. Concentrations of Cu, Zn, Cd, Pb, Ni and Cr were analyzed. The mean concentrations of heavy metals were (24.0 ± 9.2) mg/kg,
(59.3 ± 18.0) mg/kg, (4.0 ± 2.1) mg/kg, (39.0 ± 27.9) mg/kg, (18.5 ± 8.6) mg/kg and (56.1 ± 17.6) mg/kg for Cu, Zn, Cd, Pb, Cr and Ni,
respectively. The average contents of Cu, Cd, Pb, Cr and Ni were higher than their background values. Higher concentrations of heavy
metals were found in the lower reaches with industrial enterprises and cities along the Songhua River. Zn, Pb and Ni might come from
industrial  sewage  and  mineral  processing,  while  Cu  and  Cd  were  derived  from  electroplating  wastewater  and  agricultural  non-point
source sewage. Cr originated from lithogenic sources. The concentrations of Cu, Zn and Cr were below the effect range low (ERL) at all
sites,  while  Cd,  Pb  and  Ni  concentrations  were  detected  ranging  from  ERL  to  the  effect  range  median  (ERM)  at  more  than  15%  of
samples. Concentrations of Ni exceeded ERM in more than 50% of samples. The mean toxic units of heavy metals in the Songhua River
decreased following the order: Cd (6.7) > Pb (2.2) > Ni (1.6) > Cu (0.7) > Cr (0.5) = Zn (0.5). Potential ecological risk index was found
to be higher in middle and lower reaches of the Songhua River, where Cd could impose an extremely high ecological risk.
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1　Introduction

Sediment serves  as  the  carrier  and  reservoir  of  numer-
ous pollutants  migrating and transferring in aquatic  en-

vironments  (Förstner  and  Wittmann,  1981).  Pollutants
entering into rivers or lakes via various pathways can be
adsorbed by suspended solid, and finally precipitate in-
to sediment,  which  acts  as  an  ultimate  receptor  of  pol-
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lutants.  However,  sediment can re-suspend and migrate
via  water  movements.  In  the  meantime,  the  adsorbed
pollutants could be released into water, resulting in sec-
ondary  pollution  due  to  the  changes  of  sediments  in
granularity, properties and hydrological conditions (Nri-
agu, 1996).

Heavy metal  pollution has  received a  widespread at-
tention  because  of  their  environmental  persistence  and
biological toxicity (Dong et al.,  2011; Li et al.,  2014b).
They have a great impact on biological availability and
toxicity  of  aquatic  organisms  (Hester  and  Harrison,
2006). More  seriously,  some  heavy  metals  could  accu-
mulate and transfer in various species in freshwater food
webs, leading to an increasing risk of rivers and oceans
(Barhoumi et al., 2009; Chouvelon et al., 2019). Heavy
metals  in  environments  come from natural  sources  and
anthropogenic  sources  including  industrial  activities,
burning  of  fossil  fuels,  application  of  pesticides  and
chemical  fertilizers,  automobile  exhausts, etc.  (Nriagu
and Pacyna 1988; Bergbäck et al., 2001; Förstner et al.,
2004).  However,  little  information  is  available  on  the
levels,  sources and ecological risk of heavy metals in a
basin-scale study in China.

The Songhua River Basin is one of the regions with a
dense  population  and  rapid  economic  development  in
China. Its drainage area is 54 560 000 km2,  accounting
for 69.3% of the total area of Northeast China. In recent
years, the occurrence, behavior and ecological effects of
heavy  metals  have  been  studied  in  the  sediment  of  the
Songhua River (Zhang et al., 2010; Li et al., 2017; Li et
al.,  2020), which  have  provided  supports  for  under-
standing  the  pollution  of  sediments  in  the  Songhua
River Basin. However, these studies considered a small
reach only and can not meet the theoretical and practic-
al requirements for future exploitation and utilization to-
wards the vast Songhua River. There are a lot of manu-
facturing  activities  along  the  Songhua  River,  including
mining, petroleum  processing,  pharmaceutical  indus-
tries, etc.,  which  are  considered  to  be  the  predominant
sources  (Gao  et  al.,  2010).  Jilin  Province  is  known  for
its  large-scale  agricultural  activities,  which  produce  a
large  amount  of  non-point  wastewater  entering  into
rivers. Moreover, a large amount of domestic sewage is
discharged into the Songhua River, leading to a declin-
ing tendency of the water quality (Li et al., 2017). This
investigation on heavy metal contamination of sediment
in  watershed-scale  will  provide  a  detailed  database  to

policy planners for management and rejuvenation of the
Songhua  River.  In  addition,  the  methods  used  in  this
study  were  suitable  for  further  analysis  of  the  threats
that human activities have posed on heavy metal pollu-
tion.

The major purposes of this study are: 1) investigating
the distribution  characteristics  of  heavy  metals  in  sur-
face sediments of the Songhua River using a geostatist-
ical  method;  2)  evaluating  potential  ecological  risks  of
the heavy metals  referring to the standards of  sediment
quality; 3) analyzing the sources of heavy metals using
factor analysis and multivariate statistical analysis.

2　Materials and Methods

2.1　Study area
The Songhua River traverses the central and eastern part
of  Northeast  China  with  an  overall  length  of  1897 km.
The  Songhua  River  Basin  has  a  temperate  continental
monsoon  climate  with  annual  precipitation  of  about
500–1000 mm concentrated  in  summer.  The  soil  con-
sists of sand, loam and clay. There are abundant miner-
al  resources  distributed  in  the  basin  (e.g.,  gold,  nickel,
iron, copper, silica, etc.) (Liu et al., 2015). The Songhua
River in Jilin Province flows through Jilin, Yushu, Fuyu
and  Songyuan  cities.  The  Songhua  River  Basin  serves
21.77  million  people,  accounting  for  79%  of  the  total
population  of  Jilin  Province  (Statistics  Bureau  of  Jilin
Province, 2016). Jilin is famous for its large-scale man-
ufacturing  activities,  including  petroleum  processing,
chemical industry,  electroplating, etc.  Yushu, Fuyu and
Songyuan cities are known for the grain production and
processing.

2.2　Sample collection and analysis
The  present  study  was  conducted  in  July  2012  at  39
sites  considering  790 km river  stretch  in  Jilin  Province
from  Lake  Tianchi  in  Changbai  Mountain  to  Fuyu
County  covering over  40% of  the  river  length  (Fig.  1).
There  are  16  sites  from  the  mainstream  and  18  sites
from the  main tributaries,  including 6  sites  at  the  Gud-
ong  River,  6  sites  at  the  Huifa  River,  4  sites  at  the
Yinma River, 1 site at the Yitong River and 1 site at the
Lalin River. We also collected 5 sediment samples from
the Hunjiang River located in the Songhua River Basin.
Three sampling sites were chosen in the distance of 1/4,
1/2,  3/4  width  of  each site  from the  river  for  obtaining
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the mean concentrations of heavy metals.  According to
Hao et al.  (2009), the average sedimentation rate in the
Songhua River was determined to be 0.7 cm/yr. The sur-
face  sediment  was  sampled  at  the  depth  of  0–15  cm,
which  could  be  representative  of  20  yr  of  sedimentary
history  in  the  Songhua  River.  The  sediment  samples
were collected using a self-made grab sampler, and then
enclosed in polythene bags and taken back to the labor-
atory from Jilin University. After the sediments were air-
dried  at  room  temperature,  they  were  ground  and  then
sieved  by  a  100-mesh  nylon  screen.  The  homogenized
sediment  was  digested  using  the  ternary  acid  mixture
(HNO3-HClO4-HF).  The  process  of  digestion  was  as
follows:  10  mL  of  nitric  acid  was  added  in  a  50  mL
polytetrafluoroethylene (PTEE) beaker in which approx-
imate 0.5 g of dried sample was previously added. Each
beaker was  heated  on  a  low temperature  to  resolve  or-
ganic matter. When the mixture was viscous, 10 mL of
hydrofluoric  acid  was  added  to  remove  the  silicon.  At
last,  the  beaker  was  continued  to  heat  until  the  white
smoke ran out after 5 mL of perchloric acid was added.
After  the  digestion,  the  beaker  was  washed  by  dilute
nitric  acid,  and  then  the  eluent  was  diluted  to  50  mL.
Heavy metals were measured by a Shimadzu atomic ab-
sorption spectrophotometer (AA6300, Shimadzu, Japan).

2.3　Quality control (QC)
The  sediment  certified  reference  materials  GBW07311
(GSD-11) and  GBW07366  (GSD-23)  were  used  to  en-
sure the precision and accuracy. The limits of detection
(LODs)  were  0.9  mg/kg,  0.5  mg/kg,  0.2  mg/kg,
1.9  mg/kg,  4.8  mg/kg  and  4.6  mg/kg  for  copper  (Cu),
zinc  (Zn),  cadmium  (Cd),  lead  (Pb),  nickel  (Ni)  and
chromium  (Cr),  respectively.  Recoveries  of  Cu,  Zn,

Cd,  Pb,  Ni  and  Cr  were  95%–104%,  94%–105%,
92%–99%,  86%–102%,  96%–104%  and  90%–105%,
respectively.  QC  was  conducted  by  reagent  blank  and
sample blank. All the analyses were carried out in trip-
licate,  and  the  standard  deviations  were  within  ±5% of
the mean values.

2.4　Sediment quality guidelines
MacDonald  et  al.  (2000) has  developed  two  kinds  of
sediment  quality  guidelines  to  evaluate  the  ecological
risks  from heavy metals  in  the  sediments  to  freshwater
ecosystem: 1) the effect range low (ERL) / effect range
median  (ERM)  and  2)  the  threshold  effect  level  (TEL)
or  probable  effect  level  (PEL).  Low range  effects  (i.e.,
ERLs or TELs) are neglected due to the extremely low
impacts on zoobenthos.  However,  median range effects
(i.e., ERM or PEL) referring to the concentration higher
than the  threshold,  has  the  possibility  of  causing  ad-
verse  effect  on  zoobenthos.  Therefore,  the  ratios
between detectable concentrations and ERM or PEL can
be  used  to  evaluate  the  toxic  effects  of  heavy  metals
(Pedersen et al., 1998).

2.5　Toxic unit (TU) and potential ecological risk in-
dex (PERI)
The  estimation  of  the  potential  toxicity  of  heavy  metal
in sediment was performed using toxic unit (TU, Peder-
sen et al., 1998), which was calculated using Equ. 1.
TU =Ci/PEL (1)

Ci ∑where  is  the  concentration  of  heavy  metal i; PEL is
the probable effect level. we use   TU to represent the
ecological  risk  of  all  the  studied  heavy  metals  at  each
sampling site.

Ei
r

PERI

The  ecological  risk  of  individual  metal  ( ) and  po-
tential ecological risk index ( ) was also employed
to  assess  ecological  risk  of  heavy  metals  in  sediment
(Hakanson, 1980) and could be defined as Equs. 2 and 3.

Ei
r = T i

r ×
(

Ci

C0

)
(2)

PERI =
n∑

i=1

T i
r ×

(
Ci

C0

)
(3)

C0

T i
r

where n is the number of heavy metals,  is the back-
ground  value  of  heavy  metal,  is the  biological  tox-
icity factor r of individual metal i, which was defined as
5 for Cu, Pb and Ni,  1 for Zn, 2 for Cr,  and 30 for Cd
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Fig. 1    Map showing the sampling sites along the Songhua River
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(Suresh et al., 2012). The evaluation standard was illus-
trated  as  follows  (Li  et  al.,  2016):  <  40,  low  risk
level;  40–80,   moderate  risk  level;  80–160, consider-
able  level;  160–320,  high  level;  >320,  very  high  risk
level.  <150,  low  risk  level;  150–300,  moderate
risk level; 300–600, considerable level; and > 600, high
risk level.

2.6　Statistics analysis
Pearson correlation analysis and factor analysis were ap-
plied  to  investigate  the  correlations  and  the  common
pollution sources among the heavy metals. The signific-
ant  components  and  associate  loadings  were  extracted
by  principal  component  analysis  (PCA)  in  which  the
method of varimax was used. PCA leads to a reduction
of initial dimension of data (Islam et al., 2018) and has
been widely used to identify the sources of heavy metals
(Amano et al., 2011; Bai et al., 2011; Wang et al., 2012;
Hu et al., 2013; Li et al., 2013a;b). Hierarchical cluster-
ing analysis (HCA) and PCA are often employed to con-
firm results and provide grouping of variables (Li et al.,
2015).  In  this  study,  HCA  was  used  to  understand  the

relationships  among  heavy  metals  on  the  same  dataset
as  PCA.  Analysis  was  performed  by  Excel  and  SPSS
(version 20.0).

3　Results and Discussion

3.1　Spatial  distribution  of  heavy  metals  in  surface
sediment
The concentrations  of  heavy  metals  in  surface  sedi-
ments of the Songhua River were summarized in Table 1.
The  mean  concentrations  of  the  heavy  metals  decrease
with  Zn  (59.3  mg/kg)  >  Ni  (56.0  mg/kg)  >  Pb
(39.0  mg/kg)  >  Cu  (24.0  mg/kg)  >  Cr  (18.5  mg/kg)  >
Cd  (4.0  mg/kg).  The  mean  concentrations  of  metals
were  higher  than  background  values  (Table  1)  except
Zn,  and  higher  than  ERM  except  Pb,  whereas  Cd,  Pb,
and Ni were higher than PEL.

Spatial  distribution  of  Cd,  Pb,  Zn,  Cu,  Cr  and  Ni  in
surface  sediment  of  the  Songhua  River  was  shown  in
Fig. 2. Cu and Zn, two micronutrients for aquatic organ-
isms in  natural  water,  are  toxic  when  their  concentra-
tions  exceed the  limits  (Hall  et  al.,  1997). The concen-

 
Table 1    Descriptive statistics of heavy metal concentrations in surface sediments of the Songhua River
 

Cd Pb Zn Cu Cr Ni

Minimum / (mg/kg) 2.0 2.4 17.0 8.5 9.7 17.5

Maximum / (mg/kg) 11.0 86.4 98.5 49.4 39.6 90.8

Mean / (mg/kg) 4.0 39.0 59.3 24.0 18.5 56.0

S.D. / (mg/kg) 2.1 27.9 18.0 9.2 8.6 17.6

CV / % 52.3 71.6 30.4 38.3 46.6 31.5

ERLa / (mg/kg) 5.0 35.0 120.0 70.0 80.0 30.0

ERM / (mg/kg) 9.0 110.0 270.0 390.0 145.0 50.0

TEL / (mg/kg) 0.6 18.0 123.0 35.7 37.3 35.0

PEL / (mg/kg) 3.5 36.0 315.0 197.0 90.0 91.3

Compared with TEL and PEL the ratio of samples to the total samples in each guideline

< TEL / % 0 35.9 100 92.3 94.9 12.8

≥ TEL  <  PEL / % 61.5 2.6 0 7.7 5.1 87.2

≥ PEL (%) 38.5 61.5 0 0 0 0

Compared with ERM and ERL the ratio of samples to the total samples in each guideline

< ERL / % 79.5 38.5 100 100 100 7.7

≥   ERL <  ERM (%) 18.0 61.5 0 0 0 23.1

≥  ERM / % 2.5 0 0 0 0 69.2

Background valueb (mg/kg) 0.14 24.0 71.0 17.7 17.3 22.0
Notes: S.D., standard deviation; CV, coefficients of variation; TEL, threshold effect level; PEL, probable effect level; ERL: effects range low; ERM, effects range
median. a Threshold effect level or probable effect level for freshwater ecosystem (MacDonald et al., 2000). b Background value of sediment in the Songhua River
(Li and Zheng, 1989)
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trations  of  Cu  ranged  from  8.5  to  49.4  mg/kg,  which
were lower  than  TEL at  most  sampling  sites.  The  con-
centrations of Cu in sediment samples from certain sub-
areas (e. g., the Hunjiang River and the middle reach of
the  Songhua  River)  were  much  higher  than  those  from
other  subareas  (Fig.  2a).  The  concentrations  of  Zn
ranged from 17.0 to 98.5 mg/kg, which were higher than
TEL especially in the downstream and posed a toxic ef-
fect to aquatic organisms (Fig. 2b).

Ni and Cr are frequently associated with rocks. There
are high concentrations of Ni and Cr in the earth’s crust.
In this study, Cr concentrations ranged from 9.7 to 39.6
mg/kg, which were higher in the midstream sediment of
the  Songhua  River  (Fig.  2c). However,  the  concentra-
tions of Cr did not exceed its  TEL, which had little ef-
fect  on  aquatic  organisms.  Ni  concentrations  ranged
from  17.5  to  90.8  mg/kg,  exceeding  TEL  in  most
samples  in  middle  and  lower  reaches  of  the  Songhua
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Fig. 2    Spatial distributions of Cu, Zn, Cr, Ni, Cd, Pb in surface sediments of the Songhua River
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River, which could probably be toxic  to  aquatic  organ-
isms  (Fig.  2d). Cr  and  Ni  had  similar  spatial  distribu-
tions.  High  concentrations  of  Cr  and  Ni  were  found  in
the sediment samples located in the middle reach of the
Songhua  River,  where  there  were  a  larger  amount  of
mining industries distributed (Liu et al., 2014).

The concentrations of Cd ranged from 2.0 to 11.0 mg/kg,
which  were  higher  than  background  value  and  TEL  in
all  sampling  sites.  Furthermore,  Cd  concentrations  in
downstream  sediments  were  extremely  high  (Fig.  2e),
which had a  great  adverse effect  on aquatic  organisms.
Comparing to other elements, Pb could threaten the sur-
vival  of  aquatic  organisms even  at  a  low concentration
(Sadiq  et  al.,  2003).  The  concentrations  of  Pb  ranging
from  2.4  to  86.4  mg/kg  were  found  to  be  higher  in
middle  and  lower  reaches  (Fig.  2f).  Pb  concentrations
exceeded  TEL in  all  the  downstream,  resulting  in  high
ecological risks. High levels of Cd and Pb were found in
the sediments located in urban river of Jilin, which was
recognized  as  well-developed  manufacturing  cities

(Dong  et  al.,  2018).  High  concentrations  of  Cd  and  Pb
were likely to be related to the industrial wastewater dis-
charge. Moreover, high concentrations of Pb were found
in the sediments located in the Huifa River,  which was
likely to be related to local mining activities.

A  comparison  was  made  on  mean  concentrations  of
six heavy metals in sediments of the rivers in China. As
shown in Fig. 3, the highest mean concentrations of Cu,
Zn,  Cd,  Pb  and  Ni  were  observed  in  samples  collected
from  the  Xiangjiang  River  at  101  mg/kg,  443  mg/kg
13.7  mg/kg,  215  mg/kg  and  57.1  mg/kg,  respectively
(Chai  et  al.,  2017). The  concentration  of  Ni  in  the  Xi-
angjiang  River  is  comparable  to  that  in  the  Songhua
River  in  Jilin  Province  at  56  mg/kg  (this  study).  The
highest  mean  concentrations  of  Cr  were  found  in  sam-
ples  collected  from the  Songhua  River  (Harbin  region)
at 121 mg/kg (Li et al., 2017), and the Xiangjiang River
at 120 mg/kg (Chai et al., 2017). The Lowest concentra-
tions of  Cu and Ni  were observed in  samples  collected
from  the  Songhua  River  Harbin  region  at  13.3  mg/kg
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Fig. 3    Mean concentrations of Cu, Zn, Cd, Pb, Ni and Cr in sediments collected from China. The data for the Songhua River in Jilin
Province were from this study. The data for the Huaihe River were from Yang et al.  (2017). The data for the Haihe River were from
Tang et al. (2013). The data for the Yangtze River Estuary were from Wang et al. (2014). The data for the Songhua River Harbin region
were from Li et al. (2017). The data for the Bortala River were from Zhang et al. (2016). The data for the Liaohe River were from Ke et
al. (2017). The data for the Jialu River were from Fu et al. (2014). The data for the Xiangjiang River were from Chai et al. (2017). The
data for the Zijiang River were from Zhang et al. (2018)
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and 12.9 mg/kg, respectively (Li et  al.,  2017). Concen-
trations  of  Zn  and  Cr  in  the  Songhua  River  in  Jilin
Province presented the lowest among the listed rivers in
China. Moreover, Tang et al. (2013) reported the lowest
concentration of Cd in samples collected from the Huai-
he River at 0.1 mg/kg, and Ke et al. (2017) reported the
lowest  concentration  of  Pb  in  samples  collected  from
the  Liaohe  River  at  10.6  mg/kg.  The  results  indicated
that the relatively high concentrations of Cd and Ni were
observed in the sediments from the Songhua River com-
pared to other  rivers  in China,  which was likely due to
the  increase  in  pollution  attributable  to  rapid  industrial
development during the last few decades (Li et al., 2017).

3.2　Source apportionment of heavy metals
The result of PCA for heavy metal contents was presen-
ted in Table 2. Heavy metals could be grouped into two
principle components (PCs) accounting for 73.3% of all
the data variation. PC1 was loaded with Pb, Zn, and Ni
explaining  47.2%  of  the  total  variance,  suggesting  that

they  may  have  similar  sources  (Omwene  et  al.  2018;
Siddiqui  and  Pandey,  2019).  Considering  that  Pb,  Zn
and  Ni  concentrations  being  higher  than  background
values  were  mainly  distributed  in  middle  and  lower
reaches,  PC1  may  be  related  to  anthropogenic  sources,
for instance,  the  industries  of  metal  smelting,  auto-
mobile  exhaust,  coal,  coating  material, etc. PC2  ex-
plained 26.1% of the total variance and showed a strong
loading  of  Cd  and  Cu,  indicating  that  they  may  have
common sources.  The  Songhua  River  is  heavily  pol-
luted  by  Cd,  with  the  concentration  greatly  exceeding
background values in all sampling sites. Cd can be fixed
and deposited into sediment in the form of carbonate or
hydroxide  complex  at  an  alkaline  condition  (Li  et  al.,
2014a). Cd was always considered as the marker of un-
reasonable  agricultural  management  (Satpathy  et  al.,
2014; Mustafa and Komatsu, 2016). PC2 indicated elec-
troplating wastewater  and agricultural  non-point  source
sewage (Bai  et  al.,  2011). Cr  had relatively  strong cor-
relation  with  conservative  element  Fe  (Table  3), sug-

 
Table 2    Total  variance explained by principle component analysis  of  heavy metals  in surface sediments of  the Songhua River (two
principal components are elected)
 

Element
Component matrix Rotated component matrix

PC1 PC2 PC1 PC2

Cd 0.081 0.791 0.054 0.793

Pb 0.906 0.102 0.902 0.133

Zn 0.842 0.046 0.840 0.074

Cu 0.048 0.879 0.018 0.880

Cr 0.784 0.095 0.780 0.121

Ni 0.825 –0.378 0.837 –0.350

Initial eigenvalue 2.834 1.563 2.832 1.565

Proportion of total variance/% 47.225 26.055 47.201 26.079

Proportion of cumulative variance /% 47.225 73.280 26.079 73.280

 
Table 3    Correlation analysis of heavy metals in surface sediments of the Songhua River
 

Element Cd Pb Zn Cu Cr Ni Fe

Cd 1 0.141 0.104 0.436** 0.006 –0.112 –0.162

Pb 1 0.739** 0.109 0.628** 0.644** –0.086

Zn 1 0.060 0.464** 0.605 –0.242

Cu 1 0.202 –0.309 0.010

Cr 1 0.567** 0.363*

Ni 1 0.216

Fe 1

Notes: ** Correlation is significant at the 0.01 level (2-tailed); * significant at the 0.05 level
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gesting that Cr in the sediment is preferred to bind to the
Fe-Mn  oxides,  which  could  be  related  to  a  lithogenic
contribution  (Cox  and  Preda  2005; Hu  et  al.,  2013;
Brady et al. 2014; Saleem et al., 2015).

A dendrogram of heavy metal contents was shown in
Fig. 4. In this dendrogram, there are two completely dif-
ferent clusters, one consists of Pb, Zn and Ni, while the
other includes Cd, Cu and Cr. Different from PCA res-
ult, Cr is  classified into cluster-2 group,  suggesting an-
thropogenic  inputs.  These  two  groups  of  metals  come
from different sources, confirming the PCA results.

3.3　Ecological  risk  assessment  of  heavy  metals  in
surface sediment
Numerical sediment quality guidelines (SQGs) are usu-
ally used to evaluate the degree of adverse impacts from
the sediment-associated chemical substances on aquatic
organisms (MacDonald et al., 2000; Caeiro et al., 2005).
The results of potential effects in sediment were shown
in Table 1. Compared with TEL and PEL standards, the
concentrations  of  Cd,  Pb  and Ni  in  most  samples  were
higher than TEL. The concentrations of Cd and Pb high-
er than PEL were found in 38.5% and 61.5% of samples
, respectively. However, compared with ERL and ERM
standards,  Cu,  Zn  and  Cr  concentrations  in  all  the
samples  were  lower  than  ERL.  The  concentrations  of
Cd,  Pb and Ni  in  18.0%, 61.5% and 23.1% of  samples
were in the range from ERL to ERM, respectively. The
concentrations  of  Cd  and  Ni  in  2.5%  and  69.2%  of
samples were higher than ERM.∑ ∑Fig.  5a showed  the  TU  distribution  of  heavy
metals  in  the  Songhua  River.  TU exceeded  5  at  all
the sampling sites,  which was  above the  moderate  tox-
icity  level  (Pedersen  et  al.,  1998).  Higher  toxicity  was
observed  in  middle  and  lower  reaches  of  the  Songhua
River. Based on the composition of heavy metals (Fig. 5b),

∑

∑

Cd accounted for a very high percentage of  TU in all
the samples of the Songhua River. Pb and Ni were also
the  main  components  in  middle  and  lower  reaches  due
to  the  mining  and  discharge  of  chemical  sewage.  The
average  toxicity  of  heavy  metals  in  sediments  of  the
Songhua  River  appeared  in  the  order  as  Cd  (6.7)  >  Pb
(2.2)  >  Ni  (1.6)  >  Cu  (0.7)  >  Cr  (0.5)  =  Zn  (0.5).  The
contributions  of  TU  decreased  in  the  order  of  Cd
(55.0%), Pb (18.0%), Ni (13.1%), Cu (5.7%), Cr (4.1%)
and Zn (4.1%) (Fig. 6).

ErThe average  of the heavy metals decreased in fol-
lowing sequence: Cd (849) >> Ni (12.7) > Pb (8.1) > Cu
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Fig.  4    Hierarchical clustering  analysis  of  heavy  metals  in  sur-
face sediments of the Songhua River
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(6.8)  >  Cr  (2.1)  >  Zn  (0.8).  The  average  of  Ni,  Pb,
Cu, Cr and Zn was less than 40, indicating a low ecolo-
gical risk. The  of Cd was greater than 320 in all the
sediment samples, suggesting a very high risk to aquat-
ic organism. The result of PERI of heavy metals in sur-
face  sediment  of  the  Songhua  River  was  shown  in
Fig. 5c. PERI values of heavy metals indicated high-risk
grades  in  74% of  sediments  collected  from middle  and
lower  reaches  and  most  of  tributaries  of  the  Songhua
River, where Cd imposed a very high risk, probably due
to the wastewater input from upstream and nearby urb-
an and industrial discharge and agro–runoff. Further re-
search on the remediation of Cd in surface sediments of
the  Songhua  River  should  be  conducted.  The  Gudong
River, an important tributary in the upper reaches of the
Songhua  River,  showed  a  considerable  risk  of  heavy
metals with PERIs less than 600. In addition, the PERI
was found to be higher in mainstream than in tributaries
of the Songhua River (P < 0.05), indicating that surface
sediments  from  mainstream  were  seriously  polluted  by
heavy metals.

4　Conclusions

The basin-scale study provides information on the distri-
bution, sources, and ecological risks of six heavy metals
in the surface sediment of the Songhua River. The mean
concentrations  of  studied  heavy  metals  exceeded  their
geochemical  background  levels  in  the  Songhua  River
except Zn. The spatial distribution of heavy metals was
in  close  relationship  with  the  emission  characteristics
along  the  Songhua  River.  Lower  pollution  levels  and
ecological risks of heavy metals were observed in sedi-
ments from upper reaches of the Songhua River and the

Gudong River. Higher concentrations of Zn, Ni, Cd and
Pb  were  found  in  middle  and  lower  reaches  of  the
Songhua  River,  indicating  a  great  adverse  effect  on
aquatic organisms. Source apportionment found that in-
dustrial sewage and mineral processing dominated high-
er  concentrations  of  Pb,  Zn  and  Ni  in  sediments.  High
concentrations of Cd were observed in the whole basin,
which can be associated with electroplating and agricul-
tural non-point sewage. Cr may originate from geogen-
ic sources, as the low concentrations are comparable to
its background value. The ecological risk of an individu-
al metal demonstrated that Cd was at an extremely high-
risk  level  in  surface  sediment  of  the  Songhua  River,
while  the  other  studied  metals  were  at  low  risk  levels.
PERI also revealed that Cd was the most serious ecolo-
gical  risk  factor.  The  ubiquitous  presence  of  heavy
metals revealed their widespread distribution in the sedi-
ments of the Songhua River. This study could provide a
large  amount  of  detailed  information  to  understand  the
contamination levels  of  heavy  metals  and  establish  ra-
tional  ecological  protection  measures  in  the  Songhua
River.
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