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Tab.1 Different classification schemes of potential ecological risk
Hakanson Er’ Hakanson RI
Er RI RI
Er' 40 RI 150 RI 105
40<Er 80 150<<RI 300 105<RI 210
80<Er 160 300<<RI 600 210<<RI 420
160<<Er" 320 RI=600 RI=420
Er'=320
1.2.3 (SQG) s PEL)
( SQG) TEL , :
SQG( , 2013), PEL , ;
, (
( , 2001) ,2004) (MacDonald
Long et al, 1996) (Smith, 1996) (2004)
Morgan(1990) ( SQG1 SQG2 SQG3,
2y 7
( s 1.24 ¢ SPSS20.0
2013), t
) (2004) (2004) , P 0.05 ( R
2011)
’ 2
( , 2006) 2.1
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Tab.2 The guideline values of sediment quality in the concentrations of heavy metals (mg/kg)
Zn Cr Hg Cu cd Pb As
0 TEL 124.00 52.30 0.13 18.70 0.68 30.20 7.24
(SQG1) PEL 271.00 160.00 0.70 108.00 421 112.00 41.60
2] TEL 124.00 52.00 0.13 19.00 0.70 30.00 7.20
(5QG2) PEL 271.00 160.00 0.70 108.00 4.20 112.00 42.00
B TEL 187.70 47.80 1.67 35.90 3.31 51.30 20.40
(5QG3) PEL 391.60 128.60 6.39 85.30 8.55 127.03 65.14
S [1] MacDonald et al, 1996; [2] Smith, 1996; [3] , 2004
( ) ( ) t : ( )Zn Cr
2012 2013 Hg Cu As P 0.05, 4
,Cd Pb P 0.05
t P Cd Pb ,Cd Pb
3 3 2013 2012 , Cd
,Pb
(1) , 2012
2013 ,
94% , (
, ( ) ,2011) ( yZn Cr
100%, ( ) Hg Cu Cd Pb P 0.05, 6
95%  90%, 2012 , As P 0.05,
1 Cu 2013 2 Hg As , As
Cu ,
, , ; Hg , (
, )
, 4 ( ,
(2) 1991, 1993; , 2001)
(Celo et al, 1999) 2012 , 2012 2013 Zn Cu Cd
2013 , Pb 20 80
( )2013 As Pb , ; 1998 , 2013
, , As 34.6%,Cd Hg Pb
, As Pb ; 65.8% 37.5% 20.2%
( )2012 Hg Cu Cd 2013 2.2
Hg , 2012 2013
) , Hg 4 ,
, Hg Cu Hg As Hakanson
cd ( )y (1980)
( )Hg , , ; Er'  Hg(2013
6 , Hg 41.76>40, ; 2012
, 27.52, ) 14(
40), , Hg
(3) 2012 2013 , ; Er' ,
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Tab.3 The statistics of heavy metals in surface sediments from Shandong coastal areas
Zn Cr Hg Cu Cd Pb As
(107%) 27.0-92.7 1.0-50.2 0.004-0.160 4.1-25.8 0.014-0.338 0.5-42.1 3.57-19.72
(107 56.1 30.2 0.048 12.2 0.177 17.6 8.44
2012 (10°%) 49.9 34.1 0.042 12.4 0.179 19.1 8.36
(10°%) 22.3 14.8 0.048 5.4 0.085 10.9 3.67
(%) 40 49 100 45 48 62 43
(%) 0 0 0 0 0 0 0
(10°%) 31.0-117.5 1.6-45.3 0.005-0.095 4.7-26.4 0.063-0.388 6.2-54.3 0.50-17.70
(10°%) 65.3 31.1 0.040 13.2 0.209 25.1 7.15
2013 (107% 68.7 33.5 0.043 13.7 0.195 20.9 5.59
(10°%) 23.4 12.2 0.027 5.9 0.086 14.0 5.31
(%) 36 39 67 45 41 56 74
(%) 0 0 0 0 0 0 0
t 0.083 0.803 0.522 0.300 0.037 0.033 0.401
(10°%) 11.6-63.7 6.6-51.3 0.012-0.172 5.2-36.5 0.060-0.367 6.0-27.4 2.07-10.34
(10 35.3 26.2 0.059 13.2 0.175 15.0 6.35
2012 (10°%) 33.6 27.9 0.035 11.4 0.142 12.5 7.25
(107% 16.2 13.8 0.048 7.0 0.089 6.2 2.21
(%) 46 53 82 53 51 41 35
(%) 0 0 0 5 0 0 0
(107%) 12.9-58.7 15.8-47.4  0.019-0.261 6.4-28.8 0.018-0.440 6.4-28.8 2.94-10.50
(107%) 37.4 30.4 0.079 12.2 0.190 16.8 7.35
2013 (10°%) 39.2 28.2 0.036 10.6 0.172 16.8 8.16
(10°%) 13.8 9.0 0.070 5.9 0.101 7.0 2.40
(%) 37 29 90 48 53 42 33
(%) 0 0 10 0 0 0 0
t 0.344 0.154 0.135 0.095 0.246 0.175 0.024
20 %0 (2] (10%  10.00-203.00 — — 2.55-44.0 0.048-0.400  0.96-95.00 —
(10°  42.54-93.00 — — 12.36-24.0  0.099-0.400 1.74-46.00 —
1998 o 0 (107%) — — 0.0025-0.4700 — 0.0023-0.4300 5.32-44.10 2.30-40.10
(10 — — 0.0440 — 0.1200 17.30 11.10
H(10° 150.0 80.0 0.20 35.0 0.50 60.0 20.0
D= [1] , 1991; [2] , 1993; [3]
2001; [4] ,2002

F4 LWKREFBHREMRVNESRBEESREITNER

Tab.4 The assessment results of potential ecological risk of heavy metal pollution in surface sediments from Shandong coastal areas

Er(Zn) Er(Cr) Er(Hg) Er(Cu) Er(Cd) Er(Pb) Er(As) RI
0.07 0.02 0.63 0.41 0.42 0.04 1.38 11.17
0.53 1.14 27.52 3.65 11.01 3.01 13.15 43.74
2012 0.26 0.62 8.62 1.27 5.27 1.16 4.90 22.12
0.12 0.32 7.66 0.63 2.57 0.62 2.09 8.41
0.07 0.03 0.75 0.47 0.53 0.44 0.33 11.70
0.67 1.05 41.76 2.88 13.20 3.88 11.80 61.87
200 0.29 0.68 9.67 1.27 5.96 1.48 4.84 24.20
0.13 0.23 9.12 0.58 2.80 0.82 2.66 11.51
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2012 Hg As ,
Hg>As>Cd>Pb>Cu>Cr>Zn, 2013 Hg>Cd>
As>Pb>Cu>Cr>Zn 2012 2013 5 As
Cd , , 2.3
2013 ; SQG1 SQG2 SQG3
, RI
61.87, 105, R , 5 5
%5 BRREEEET RSN RS E PR S R R R (%)
Tab.5 The proportion of samples in different biological effect ranges of the total number of samples (%)
2012 2013
SQG1 SQG2 SQG3 SQG1 SQG2 SQG3
TEL 100 100 100 100 100 100
Zn TEL—PEL 0 0 0 0 0 0
PEL 0 0 0 0 0 0
TEL 100 100 92.1 100 100 100
Cr TEL—PEL 0 0 7.9 0 0 0
PEL 0 0 0 0 0 0
TEL 89.5 89.5 100 89.5 89.5 100
Hg TEL—PEL 10.5 10.5 0 10.5 10.5 0
PEL 0 0 0 0 0 0
TEL 86.8 86.8 97.4 86.8 86.8 100
Cu TEL—PEL 13.2 13.2 2.6 13.2 13.2 0
PEL 0 0 0 0 0 0
TEL 100 100 100 100 100 100
Cd TEL—PEL 0 0 0 0 0 0
PEL 0 0 0 0 0 0
TEL 94.7 94.7 100 89.5 89.5 94.7
Pb TEL—PEL 5.3 5.3 0 10.5 10.5 5.3
PEL 0 0 0 0 0 0
TEL 42.1 39.5 100 50 50 100
As TEL—PEL 57.9 60.5 0 50 50 0
PEL 0 0 0 0 0 0
(1)Zn Cr Hg Cu Cd Pb As7 ( ,2013) As
PEL R
(4)  SQG3 , Hg  As
(2) Zn Cd TEL,
TEL, ;Cu Cr Pb (
(3) SQGl SQG2 , Cr 8%) TEL—PEL,
TEL,
;Hg Cu Pb ( PEL TEL s
14%) TEL—PEL, SQGl SQG2  SQG3
; As 50%—60.5%

TEL—PEL, )
As
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CONTAMINANT CHARACTERISTICS AND ECOLOGICAL RISK ASSESSMENT ON
POLLUTION BY SEVEN HEAVY METALS IN SURFACE SEDIMENTS IN SHANDONG
COASTAL AREAS

XU Yan-Dong"?, WEI Xiao', YANG Jian-Min', TANG Hai-Tian’>, WU Xing-Wei', MA Jian-Xin'
(1. Shandong Marine Resource and Environment Research Institute, Shandong Provincial Key Laboratory of Restoration for Marine
Ecology, Yantai, 264006; 2. College of Environment Science and Engineering, Ocean University of China, Qingdao, 266100;
3. Yantai Marine Environment Monitoring Central Station, State Oceanic Administration, Yantai 264006, China)

Abstract With field observation data of heavy metal pollution in surface sediments in Shandong coastal areas in 2012
and 2013, we assessed the ecological risk in these areas by adopting three different indices, i.e., single factor index (SFI),
Hakanson’s potential ecological risk index (PERI), and sediment quality guidelines (SQG). The results show that among 38
monitoring stations, 94% of them were in rather good status whose heavy metal contents in surface sediments comply with
the national first-class benchmark in marine sediment quality. The heavy metals were at the low level of comprehensive
potential ecological risk, in descending order of Hg>As>Cd>Pb>Cu>Cr>Zn (in 2012) and Hg>Cd>As>Pb>Cu>Cr>Zn (in
2013). Mercury was determined as the principal pollution factor, as its potential ecological risk was moderate in few
stations; arsenic contents were between the TEL (threshold effect level) and PEL (probable effect level) in American
(Florida) and Canadian guidelines in over half of the stations, showing occasional adverse biological effects. Therefore,
close watchout and stringent control shall be taken to prevent mercury and arsenic pollutions, and special attentions shall
be paid to potential ecological risk and adverse biological effects in the coastal areas to lower relatively high values.

Key words heavy metals; sediments; ecological risk assessment; Shandong coastal areas



