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Abstract — In 2014, we analyzed the distribution of benthic animals, benthic diatoms and the heavy metals (Hg, As, Cu, Pb, Zn, 
Cd) concentration in the surface sediments of Xiangshan Bay area based on statistical analysis method. The study results indicate: 
The density of benthic animals in Xiangshan Bay area was between 12×104 and 120 ind./m2, and the average density was defined to 
be 48 ind./m2; The biomass of benthic animals in Xiangshan Bay area was 6~126 g/m2 , and the average biomass was determined 
to be 39 g/m2; The density of benthic diatoms of the sediment per gram in the Xiangshan Bay area was 6×103~3.8×106 cells/g, and 
the average density was 1×106 cells/g; The surface sediments of Xiangshan Bay area which contain the highest density of benthic 
animals and benthic diatoms were distributed in Tie Port and Huangdun Port, the major sediment geology of this area were high 
sand concentration or mainly contained shell sand. The main predominant species of benthic animals were Aglaophamus 
dibranchis Grube, Capitella capitata (Fabriceus), Sternaspis scutata (Renier), Cultellus attenuates Dunker, Venerupis 
philippinarum (A. Adams & Reeve), Nassarius variciferus (A.Adams), Nassarius vsuccinctus (A.Adams), Amphiura vadicola 
Matsumoto, Amphioplus depressus (Ljungman). The main predominant species of benthic diatoms were Coscinodiscus jonesianus 
(Grev.) Ostenf., Paralia sulcata (Ehr.) Cleve, Skeletonema costatum (Grev.) Cleve. The density distribution of benthic animals and 
benthic diatoms gradually decrease from the middle of port to the port. The maximum concentration of each heavy metal appears 
in the area where the concentration of organic substance and clay granules in the sediments was high. The concentration of Hg, As, 
Cu, Pb, Zn, Cd in the sediment of Xiangshan Bay area all reaches A class standard in the whole survey area. 
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I. PREFACEINTRODUCTION 

Xiangshan Bay lies in the central of Zhejiang coastal 
area, and is located at the west of Zhoushan Islands, Liuheng 
Island, and which north is close to Hangzhou Bay, the port is 
connected to the Damu Ocean (Fig. 1). It is a long and 
narrow semi-closed gulf which penetrates into inland from 
northeast and southwest direction, that locates in the 
29°25'~29°46' of north latitude and 121°25'~122°00' of east 
longitude. Xiangshan Bay is a major aquaculture base in 
Zhejiang Province and is the national “big pond” which 
adapts variety of fishes, shrimps, shellfishes, algae and other 
marine organisms to inhabit, grow and reproduce, and which 
is a good place to develop the mariculture and marine net 
cage culture. Xiangshan Bay is a semi-closed gulf, which the 
lengthwise is around 62.8 km, the waters area is 391.8 km2, 
the mudflat area is 71.2 km2, the average water depth is 10 
m, and the width of port is 9.5 km. With the rapid economic 
development in the coastal areas, the area of land pollution 
and the total range of contamination are increasing 
constantly. Besides, a great deal of pollutant was carried by 
agricultural pollution and domestic sewage flow into sea 

areas, which caused some ports polluted grievously and 
marine ecological environment destroyed.  

 

Figure (1). Sampling locations of studied sea area. 

Heavy metals are the major  pollutants in the estuary, 
coastal sediments and sedimentary environment. With the 
development of industry and the growth of the population, 
discharge of wastewater containing heavy metals are also 
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increasing. The toxic heavy metals are the horrible threat to 
the environment, which is gradually becoming the global 
problem. They not only do harm to the environment, but also 
threaten the health of human. The concentration distribution 
of benthic animals and heavy metals of the Xiangshan Bay 
have been investigated[1,2].The chemical characteristics of 
the environment of heavy metals in summer and autumn of 
Xiangshan Bay were studied[3]. In addition, the residues’ 
distribution and heavy metals’ pollution source of key 
culture areas in the summer of Xiangshan Bay were analyzed 
and assessed[4]. This paper studies the benthic animals, 
benthic diatoms and the concentration distribution of heavy 
metals (Hg, As, Cu, Pb, Zn, Cd) in the surface sediments of 
Xiangshan Bay area in 2014, which provides the scientific 
basis for the assessment of environmental status of the 
waters. And it is of important scientific significance 
especially for ecological environment of the coastal waters 
and gulf areas which are closely linked to the human 
activities. 

II. MATERIALS AND METHODS 

Benthos and Heavy metal samples were collected from 
Xiangshan Bay and 31 large observation station of nearby 
areas in 2014. Figure 1 for the distribution of observation 
station. The sediment benthos was collected from 30cm 
thickness mud samples of the surface. After the benthic 
diatoms samples were collected, then filtered and floated, 
which will be observed, authenticated and counted by 
Olympus-VANOX-AHB; LB-2 universal microscope made 
in Japan.  

Heavy metals of sea water was studied (which includes 
Hg, As, Cu, Pb, Zn, Cd), and total 6 items monitoring 
parameters. Cuprum(Cu), Plumbum(Pb) and Zinc(Zn) were 
tested by flame atomic absorption spectrometry. 
Cadmium(Cd) was tested by graphite furnace atomic 
absorption spectroscopy. The total concentration of mercury 
and inorganic arsenic were tested by atomic fluorescence 
spectrometry. During the process of analysis, and we 
simultaneously surveyed the offshore marine sediment 
standard reference substance(GBW07314), and controlled 
the quality, the relative standard deviation(RSD) of each 
element of heavy metals were less than 8.1%. All samples’ 
collection, storage, transportation, pretreatment, analysis and 
mensuration were all carried through the requirements of 
“Marine survey standard” (GB/T12763-2007) and “Marine 
monitoring standard” (GB17378-2007) and “Marine 
sediment quality standard” [5,6] . 

III. RESULTS 

A. The distribution of benthic animals 

The habitat density in the surface sediments of 
Xiangshan Bay area was 12~120 ind./m2 , the average 
habitat density was 48 ind./m2. The dense area of habitat 
density of benthic animals was distributed at S01~S11 
station of Tie Port and Huangdun Port. The density was 
lower at S12 and S13 station of Xilu Port, because the 
ecological environment was damaged by digging mud and 
sands. The habitat density of benthic animals was lower at 

some stations located out of estuary of Xiangshan Bay and 
sea areas near Liuheng Islands. The habitat density was less 
than 30 ind./m2 ( Fig. 2). 

 

 

Figure (2). The density distribution of benthic animals in the surface 
sediments (ind./m2). 

The benthic animals’ biomass in the surface sediments of 
Xiangshan Bay was 6~126 g/m2. The average biomass of 
benthic animals was 39 g/m2. The biomass of benthic 
animals and density distribution ware the same, the dense 
area was distributed at S01~S11 station of Tie port and 
Huangdun Port. The biomass located out of estuary of 
Xiangshan Bay and sea areas near Liuheng Islands was 
lower (Fig. 3). 

 

 

Figure (3). The biomass distribution of benthic animals in the surface 
sediments (g/m2). 

B. The distribution of benthic diatoms 

The density of benthic diatoms in the surface sediments 
of Xiangshan Bay was 6×103~3.8×106 cells/g, the average 
cell density was 1×106 cell/g. The dense areas of benthic 
diatoms were distributed at S01~S15 station near sea areas of 
the Tie port, Huangdun Port and Xilu Port. The cell density > 
6.9×105 cells/g; The S18~S31 station located out of estuary 
of Xiangshan Bay and near sea areas of Liuheng Islands, the 
density < 2×104 cells/g (Fig. 4). 
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Figure (4). The cell density distribution of benthic diatoms in the surface 
sediments (×106 cell/g). 

C. The distribution of heavy metals concentration 

The Cuprum(Cu) concentration in the surface sediments 
of Xiangshan Bay was within A class standard (30×10-6). 
The cuprum detection value of the surface sediments of 
Xiangshan Bay was (15~28)×10-6, the average value was 
21.3×10-6. The high value area was distributed at S04, S05 
station of Huangdun Port. The Cuprum detection value was 
(26~28)×10-6; The detection value was the lowest at the S16 
and S15 located in the middle of port; The value of estuary 
and bottom of the port was higher than the value of the 
middle of port (Fig. 5).  

 

 

Figure (5). The distribution of Cuprum concentration in the surface 
sediments (×10-6). 

The Plumbum (Pb) concentration in the surface 
sediments of Xiangshan Bay was within A class standard 
(50×10-6). The plumbum detection value was 14~39×10-6, 
the average value was 24×10-6. The high value area was 
distributed at S12 and S13 near Xilu Port sea area; the 
detection value was lowest at the S29 and S30 which located 
near Fodu Channel. The value of estuary was lower than the 
value of middle and bottom of port (Fig. 6). 

 

 

Figure  (6). The distribution of Plumbum concentration in the surface 
sediments (×10-6). 

The Zinc(Zn) concentration in the surface sediments of 
Xiangshan Bay was within the A class standard (150×10-6). 
The Zinc detection value was (86~132)×10-6, the average 
value was 111×10-6. The high value area was distributed at 
S12 and S13 near the sea area of Xilu Port, the low area 
located at S31 near Peach blossom Island, the value near sea 
areas of Liuheng Island was lower than the value of the 
middle and bottom of port (Fig. 7).  

 

 

Figure (7). The distribution of Zinc concentration in the surface sediments 
(×10-6). 

The Cadmium(Cd) concentration in the surface 
sediments of Xiangshan Bay was within the A class standard 
(0.5×10-6). The detection value of cadmium was 
0.082~0.136×10-6, the average value was 104×10-6. The 
high value area was distributed at S04 and S05 of Huangdun 
Port. The value was lowest at S16 and S15 located in the 
middle of port. The value of the estuary and bottom of port 
was higher than the value of the middle of port (Fig. 8). 
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Figure (8). The distribution of Cadmium concentration in the surface 
sediments (×10-6). 

The Hydrargyrum(Hg) concentration in the surface 
sediments of was within the A class (0.2×10-6). The 
detection value of Hg was (0.026~0.066)×10-6 , The average 
value was 0.048×10-6. The high value area was distributed at 
S17~S31 of estuary of Xiangshan Bay and near the sea areas 
of Liuheng Island. The low value area was distributed at 
S01~S15 of Tie Port, Huangdun Port and Xilu Port. The 
value of the estuary and middle of the port was higher than 
the value of the bottom of port (Fig. 9).  

 

Figure (9). The distribution of Hydrargyrum concentration in the surface 
sediments (×10-6). 

The concentration of sediment Arsenic(As) at the bottom 
of Xiangshan Bay was within (20.0×10-6). The arsenic 
detection was (3.80~18.00)×10-6, the average value was 
9.60×10-6. The high value area was distributed at the S12 
near Xilu Port.  The low value area was distributed at 
S01~S08 of the bottom of Tie Port, Huangdun Port and 
S27~S31 near the sea areas of Liuheng Island, the value of 
the middle of port was higher the value of estuary and 
bottom of port (Fig. 10). 

    

 

Figure (10). The distribution of Arsenic concentration in the surface 
sediments (×10-6). 

IV. DISCUSSION 

The heavy metals’ concentration of Hg, As, Cu, Pb, Zn, 
Cd in Xiangshan geology all accorded with the index of 
geology in the “Pollution-free aquatic origin environmental 
requirements”, which were all no excessive phenomenon. 
The Figure 1 indicates it has bigger change for Hg and As in 
the heavy metals, and residual heavy metals had little change 
(Table 1). 

TABLE I IN RECENT YEARS, THE DIVERSIFICATION TREND OF HEAVY 
METALS’ CONCENTRATION IN THE BOTTOM SEDIMENTS OF XIANGSHAN 

BAY 

date Cu Pb Zn As Hg Cd 

standard 30 50 150 20 0.2 0.5 

1998.10. - 20.4 - 4.205 0.08 0.064 

1999.09. - 24.47 - 6.012 0.034 0.144 

2000.08. - 9.84 - 19.375 0.085 0.174 

2001.08. 35.05 42.23 - 3.395 0.128 0.119 

2002.06. 15.42 12.82 48.091 23.482 0.049 0.095 

2006.10. 43.00 43.00 116.00 15.300 0.055 0.160 

2007.04. 36.00 29.00 109.00 13.400 0.050 0.170 

2013.1-12. 35.30 32.10 109.80 13.400 0.052 0.172 

2014.1-12. 21.30 24.00  111.00  9.600  0.048 0.104  

 
Xiangshan Bay is a long narrow semi-closed gulf, many 

rivers flow into the Gulf, which brings a large number of 
land-based sources of nutrients to make the nutrient salts of 
sediments under gulf very rich, which provides plenty of 
material as basis for biological reproduction of benthos. 
There for, Xiangshan Bay has high density benthic animals 
and benthic diatoms.. The highest density area of benthic 
animals and benthic diatoms at the bottom of Xiangshan Bay 
was discovered to distribute at Tie Port and Huangdun Port. 
In this area, the geology is the sediments which mostly 
includes high sand concentration or shell sand based. The 
main predominant species of benthic animals are 
Aglaophamus dibranchis Grube, Capitella capitata 
(Fabriceus), Sternaspis scutata (Renier), Cultellus attenuates 
Dunker, Venerupis philippinarum (A. Adams & Reeve), 
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Nassarius variciferus (A.Adams), Nassarius vsuccinctus 
(A.Adams), Amphiura vadicola Matsumoto, Amphioplus 
depressus (Ljungman). The main predominant species of 
benthic diatoms are Coscinodiscus jonesianus (Grev.) 
Ostenf., Paralia sulcata (Ehr.) Cleve, Skeletonema costatum 
(Grev.) Cleve. The investigation result is consistent with 
previous finding [1,2].  

Heavy metals in the sediments at Xiangshan Bay were 
from natural land and minerals in which the heavy metals 
inflows, and the sewage inflows from around township 
enterprises which engendered some human activities such as 
electroplating and chemicals. After studying the six kinds of 
heavy metals of the sediments from the surface of sea areas, 
the order for the average potential ecological hazard 
coefficient was determined to be Cd > Hg > Cu > Pb > As > 
Zn, and  the highest potential ecological hazard coefficient 
was Cd[1,2,3]. The suspended substances in the sediments 
will be suspended again owing to the influence of tide, so the 
bottom and the position which water is shallower near shore 
maybe had higher concentration[7,8].. The feature of tide in 
Xiangshan Bay was the biggest flood tide and lowest ebb 
tide which were almost parallel with the trend of seacoast or 
along with the direction of branch port; The flow rate of ebb 
tide was faster than that of flood tide; The flow rate reduced 
from the port to port bottom  along the lower seacoast; The 
surface flow was faster than lower flow; .The sand carried by 
tide usually  spreaded to the sea waters out of harbor or came 
into sediments at the edge of beach in north shore. All of 
these lead to the formation of clear sea water in the whole 
harbor area[7,8]. Besides, the other flows in this area almost 
pointed to outer harbor, the under flow pointed to the inside 
of harbor, and the residual flow speed in surface was faster 
than that of lower, but they had obvious regional 
characteristics in the distribution. In the role of 
hydrodynamic, all most of heavy metals were absorbed on 
suspended substances and deposited at the entrance of harbor 
area with the migration of suspended substances[1,2,7], and 
the port area of the residual flow is also conducive to the 
diffusion of pollutants to sea,  so the concentration of heavy 
metals in this area was lower. The heavy metals in the port 
mainly moved slowly to the seabed by diffusion of advection 
along with suspended substances. Especially the 
hydrodynamic of three branches was weaker, the 
environmental self-purification ability was not strong, and 
the concentration of heavy metals was relatively higher. Cu, 
Pb, Zn, Hg and median particle diameter in sediments had 
significantly negative correlation, Cd, As and median 
particle diameter were not obvious. The geology is silty sand 
clay in Xiangshan Bay areas, the sand, sand-silty sand, clay-
sand, sand-silty sand-clay, medium fine sand and medium 
sand, in which the heavy metals Cu, Pb, Zn, Hg were easy to 
be absorbed, then the concentration was higher. The organic 
concentration was low for the geology which was main sand 
based, so the ability to absorb heavy metals was weaker. The 
suspensions within narrow part of Xiangshan Bay were 
mainly from the inflow substances of Yangtze River, 
Qiantang River and the re-suspension of sediments near 
Zhejiang coast areas. In the surface sediments, the 
granularity of sediments in the distribution of most heavy 

metals closely related to organic substances. The three were 
more consistent with the trend of distribution. The C/N ratio 
in the sediments of Xiangshan Bay was 7.12 – 9.55, which 
belonged to be weak reducing environment, which was 
propitious to heavy metals collected richly in the sediments 
[7]. 

V. EVALUATION 

In this paper, we use Hakanson potential ecological risk 
index method[9] to evaluation the potential ecological risk of 
heavy metals in the surface sediments, the calculation 
formula is 
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Among them: Cd is the total pollution index of heavy 

metals in the sediments; Cfi is the pollution coefficient of 
heavy metal i ; Ci is the measured value of heavy metal i ; 
Cni is the original value of evaluation area of heavy metal i . 
This paper put to use the average contents of heavy metals as 
background value[10] in the surface sediments of East Sea 
and Yellow Sea, and the value of Cu, Pb, Zn, Cd, Hg and As 
are respectively 10.52 × 10-6, 20.27 × 10-6, 66.1 × 10-6. 

The calculation formula of ERi potential risk index of 
various heavy metals as below: 
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Eri is the potential ecological hazard coefficient of heavy 

metal i ; Tri is the toxicity response coefficient of heavy 
metal i , which was used to report the toxicity level of heavy 
metal and biological sensitivity for the pollution of heavy 
metals,  The Tri[9] value of Cu, Pb, Zn, Cd, Hg and As are 
respectively 5, 5, 1, 30, 40, 10. 

Hakanson divided the pollutants’ contents of PCB, Hg, 
Cd, As, Cu, Pb, Cr, and Zn in the sediments as the range of 
Eri and ERi value, and determine the pollution levels of 
sediments. The paper analyzed the number of pollutants 
which is less than 8, so we need to adjust the range of Eri 
and ERi value of Hakanson accordingly. The value of Eri 
and ERi was transformed according to the proportion of the 
toxicity response coefficient of each pollutant to determine 
the study on grading criteria of sediment’s evaluation in the 
paper. The detailed numerical value and classification see 
Table 2. 

TABLE II RELATION BETWEEN EVALUATION INDEXES AND POTENTIAL 
ECOLOGICAL RISK LEVEL 

Er
i 

Potential ecological risk 
level 

ERi 
Potential ecological 

risk level 

<40 
Low potential ecological 

risk 
<103 

Low potential 
ecological risk 

40~80 
Moderate potential 

ecological risk 
103~206 

Moderate potential 
ecological risk 

80~160 
Considerable potential 

ecological risk 
206~412 

High potential 
ecological risk 

160~320 
High potential ecological 

risk 
≥412 

Very high ecological 
risk at hand for the 

substance in question 

≥320 
Very high ecological risk 
at hand for the substance 

in question 
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The order of the average potential ecological risk 
coefficient of the six heavy metals is Cd> Hg> Cu> Pb> As> 
Zn, and the potential ecological risk coefficient of Cd is the 
highest in the six heavy metals, the average value reached 
97.05, except the annex area of outside Tie Port belong to 
moderate harmful degree, other areas all reached a heavier 
harmful degree. The range of total potential ecological 
hazard index is 126.48~178.39, the total potential ecological 
harm degree in the study areas all reached moderate level. 
See from Fig. 11, we can see the average contribution rate of 
Cd in the total potential ecological risk index which reached 
64%, and the contribution rate of Zn is the minimum, which 
was only 1%. 

Refer to A class in the “ The quality Standard of Marine 
Sediments”(GB18668-2002)[11], the average content of 
heavy metal Cu has exceeded A class of the marine 
sediments in the survey on the surface sediments at the 
Xiangshan Bay , the over standard rate was 70%, but Cd did 
not appear the excess phenomenon, which result is 
inconsistency with the evaluation of potential ecological risk 
index method . The result which used the evaluation of the 
potential ecological risk index shows that Cu only has 11% 
in the total potential ecological risk index, which is less than 
Cd and Hg. And Cd is one of the factors of main 
environmental risk, and has the higher potential ecological 
hazard for the marine ecology.  

Cadmium has strong toxicity and higher 
bioaccumulation, it is one of the potential threats for the 
ecological security and human health, and in our country, 
Cadmium has been classified as the prior controlled 
pollutants[12] in the environment and health fields. The 
potential ecological risk of Cd in the surface sediments at the 
Xiangshan Bay and near sea areas has been in severe level, 
which seriously threat the ecological security and aquatic 
products’ health security of the waters. So it has great 
significance for the regional socioeconomic healthy 
development of circumjacent ports to strengthen the 
monitoring of sea waters, sediments and the Cd contents in 
the living beings, rationally develop and utilize marine 
resources and protect marine environment.  

 

 

Figure (11). The percentage of different heavy metals accounted for ERi . 

VI. CONCLUSION 

The average density and biomass of benthic animals in 
the sediments of Xiangshan Bay was 48 ind./m2 and 39 
g/m2, respectively; the average density of benthic diatoms 
per gram beneath mud was 1×106 cells/g. The highest 
density of benthic animals and benthic diatoms in the 
sediments of Xiangshan Bay was distributed at Tie Port and 
Huangdun Port which located at the end of port. In the area, 
the geology was that the sediments mostly have high sand 
concentration or shell sand based. The highest concentration 
of each element of heavy metals in Xiangshan Bay appeared 
the area where the concentration of organic substances and 
clay granules in the sediments was high. The consistence of 
the Hg, As, Cu, Pb, Zn, Cd in the sediments reached A class 
standard in the whole survey area. 

ACKNOWLEDGMENT 

This work was financially supported by the National 
Natural Science Foundation of China (Grant No. 41176142); 
The Zhejiang Provincial Natural Science Foundation 
(Y14D060031); The Basic Scientific Research Fund of SIO, 
China(JG1412). 
 

REFERENCES 
[1] Ning Xiu-ren, Hu xi-gang, et al. , “The research and evaluation on 

culture ecology and pot pisciculture breeding capacity at Xiangshan 
Harbor”,Ocean Press,Beijing, pp. 25-32, 2003. 

[2] Zeng Jiang-ning, Pan Jian-ming,Liang Chu-jin, et al., “The ecological 
environmental comprehensive investigation report in the key harbor 
of Zhejiang Province”,Ocean Press, Beijing, pp. 39-73, 2011. 

[3] Yang Xiao-lan, “ Environmental chemical characteristics of the heavy 
metals in Xiangshan Bay”, Donahai Marine Sci, vol. 2716, No. 01, 
pp. 53-58, 1998, 

[4] Wang Jin-hui,Qin Yu-tao,Sun Ya-wei, et al. , “The distribution and 
source aquaculture sea of heavy metals in an important area 
Xiangshan Bay”,Marine Fisheries, vol. 27, No. 03, pp. 226-231, 2005. 

[5] Standard for Monitoring Committee,“Standard for marine 
monitoring”,Beijing:Ocean Press, pp. 5-12, 2007. 

[6] National Environmental Protect Bureau,“Analytical methods for 
water and wastewater”, Beijing:Chinese Environmental Science 
Press, pp. 233-251, 1989. 

[7] Lȕ Hua-qing,“The nutrients and mud-sand transport in Xiangshan 
Bay”, Ocean PressBeijing, pp.73-75, 2010. 

[8] Lȕ Hua-qing, Chang Kang-mei, Shi Gang-de,“ Circulation and 
distribution of nitrogen and phosphorus in Xiangshan Bay, China”,  
Oceanologia et Limnologia Sinica, vol.40, No. 02, pp. 138-144, 2009. 

[9] HAKANSON L,“ An ecological risk index for aquatic pollution 
control”,A sedimentological approach, Water Research, vol. 14, No. 
08, pp. 975-1001, 1980. 

[10] Wang Ju-ying, Ma De-yi, Bao Yong-en, et al. ,“ Evaluation on 
sediment quality in Yellow Sea and East China Sea”,Marine 
Environmental Science, vol. 22, No. 04, pp. 21-24, 2003. 

[11] General Administration of Quality Supervision,“ Inspection and 
Quarantine of the People’s Republic of China. Marine sediment 
quality standards of People's Republic of China (GB18668-2002) ”, 
Beijing: China Standard Press, 2004. 

[12]  Mu Jing-li, Wang Ying, Zhang Zhi-feng, et al. ,“ Marine water 
quality criteria for cadmium with a view to protecting aquatic life in 
China and ecological risk assessment”,Acta Oceanologica Sinica, vol. 
35, No. 03, pp. 137-146, 2013. 

 


