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Abstract

potential ecological risks of heavy metals in the sediments were analyzed. The results showed that the concentrations of heavy metals in sediment
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Ltd. , Hangzhou, Zhejiang 310023 )
By measuring the contents of 6 heavy metal elements in 13 sediment sites in the southern seas of Wenzhou, the pollution status and

s

were less than first-class of Chinese marine sediment quality criteria. The heavy metal single factor pollution index was less than 1, and the av-
erage value of the single factor pollution index was Zn, Cu, As, Pb , Cr, Hg in descending order, the comprehensive pollution index of each
monitoring point was 1. 82-2. 05, the average was 1. 93, and the overall pollution level was low pollution. The evaluation results of the geolog-
ical accumulation index showed that the average values of heavy metal elements in descending order were Cu, Zn, As, Pb, Hg, and Cr. The
result of potential ecological risk assessment indicated that the single-factor ecological risk coefficient from high to low was Hg,Cu,As,Pb,Zn,
Cr, and the comprehensive ecological risk index was between 21. 938 and 28. 157, with an average of 24. 912 ,which was generally at the low

ecological risk level.
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Fig. 1 Location of surface sediment sampling station in the

southern seas of Wenzhou
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Table 1 Detection limits of the method and test results of certified ref-

erence materials mg/ kg
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- Detection Standard Detection
Element ..

limit value value

Cu 2.0 28+2 26.4
Pb 3.0 23+4 23.8
Zn 6.0 77+6 78.6
Cr 2.0 46+8 41.5
Hg 0. 002 0.048+0.012 0.039
As 0. 06 10.3+1.4 9.6
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Table 2 Background values and toxicity response parameters of heavy

metals in sediments

Bomk | OREE  WRE e
Heavy metals irst-class standar ackgroun oxicity response
value//mg/kg value//mg/kg parameter
Cu 35.00 10.52 5
Pb 60. 00 20.27 5
Zn 150.0 66. 1 1
Cr 80.0 67.4 2
Hg 0.200 0.092 40
As 20.0 16. 6 10
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Table 3 Geological accumulation index and pollution degree classification
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Table 4 Pollution index evaluation and pollution degree classification of potential ecological risk index
SR T GRS BT Eagd R
WG YR Com rchensivc S AR j())—(ug/%*u}#
P, Single factor P prene E, Ecological risk RI ARV
pollution P Total potential
pollutant poll- degree of single . .
. degree ecological risk
ution degree factor pollutants
<1 {8 <6 1K <40 1% <150 1%
1~<3 sk 6~<12 HR g 40~<80 Ak 150~ <300 %
3~<6 H 12~<24 i 80~ <160 B 300~ <600 H
=6 T =24 JUEE 160~ <320 5 =600 T
=320 JUH
2 HRE5HF 12.4 mg/kg, - ¥ {E Oy 10. 37 mg/kg; Hg 7 & 4 0. 014 ~

2.1 REMBYDELENKENGHRIESE K5 &
BT IR B 13 AN 30 v S AR P W S P, EE 4R Cu
SN 14.6~18. 1 mg/kg, SEI(H T 15.97 me/kg; Zn SN
81.5~101. 0 mg/kg, FHI{E > 90. 99 mg/kg; Pb &4 6. 8~
15.4 mg/ke, 3 ¥ {H 10. 22 mg/kg; Cr & &= N 8.7~

0.023 mg/kg, -4 {5 2 0. 019 mg/kg; As & & 7. 65 ~
9.34 mg/kg, FRIE N 8. 41 mg/kg, S e It i o 53 ) 75
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Fig.2 Plane distribution of heavy metals in the southern seas of Wenzhou
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Table 5 Statistics of heavy metal content in sediments in the southern
seas of Wenzhou

H 4@ &1 Heavy metal content

B R M
o A ALAE f pRfE Coefficient
Element Variation Average Standard of variation
range//mg/kg  value//mg/kg  deviation %
Cu 14.6~18.1 15.97 1.14 7.14
Ph 6.8~15.4 10.22 2.68 26.22
Zn 81.5~101.0 90. 99 5.83 6.41
Cr 8.7~12.4 10.37 1.04 10. 03
Hg 0.014~0.023 0.019 0. 003 15.79
As 7.65~9.34 8.41 0.55 6.54
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Table 6 Background values of heavy metals in shallow sea sediments

TSRO I R EMEK N Zn > Cu > As > Pb >
Cr > Hg, i YR JE X O AIRTG G o 4% WD ol 1 25 5 15 e FR L

of China me/ke e 182~2.05, M N 1. 93, A TE YA AR TS YL,

TR pasiEl Gk GEE s
Heavy metal Background value || Heavy metal Background value ®7 NBERRYESBE
Cu 15.00 Cr 61.00 Table 7 Average values of heavy metals in domestic bay sediments
Pb 17.00 Hg 0.025 mg/kg
Z 65.00 As 7.70

. i bkl Cu Pb Zn Cr Hg As

Area
2.2 nIYMELEXEEG) =17% Sanmen Bay 31.0 24.00 98.00 78.00 0.109 10.00
2.2.1 FEUEEOETM . M ERTE A RIS 0 R Yueging Bay 373 2700 12710 6440 0.0 9.90
e Sy RS =y e sl 15] ML R
SRR AT R RIS 8, 5 I Daly ILO 3450 10 8120 0070 3
B ” L X vy w Je N7 Jiaozhou Bay 37.6  40.66 158.06 78.41 O 7.74
P Bioh bz 6 M GRS TG ReAe B0/ T 1 B
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Table 8 Heavy metal pollution index and pollution degree of sediments in coastal waters of southern Wenzhou

- PR FV5 L8 %X Single factor pollution index TR AT YRR
Stati . ) Comprehensive Overall

ation Cu Pb Zn Cr Heg As pollution index pollution level
1 0.43 0.11 0. 60 0.12 0.08 0.40 1.82 1%
2 0.44 0.12 0. 60 0.12 0.07 0.43 1.82 1%
3 0.47 0.19 0.62 0.13 0.12 0.44 2.01 1%
4 0.49 0.22 0.63 0.13 0.12 0.42 2.05 1%
5 0.42 0.20 0.57 0.14 0.11 0.38 1.90 1%
6 0.50 0.20 0.65 0.12 0.07 0.39 1.97 (S
7 0.43 0.26 0.67 0.11 0.08 0.39 2.04 1%
8 0.45 0.14 0. 66 0.14 0.09 0.38 1.90 1%
9 0.52 0.15 0.56 0.16 0.09 0.42 1.98 1%
10 0.49 0.19 0.59 0.13 0.11 0.45 2.00 1%
11 0.44 0.17 0.57 0.14 0.09 0.43 1.88 1%
12 0.44 0.13 0.62 0.11 0.10 0.45 1. 89 1%
13 0.42 0.12 0.54 0.14 0.11 0.47 1.84 1K
SEY{E Average value 0.46 0.17 0.61 0.13 0.10 0.42 1.93 (S
2.2.2 SR BYSEEIHN . RV E SRR R UL RN IR R A S KSR RO B S R I FE

b, MR EAE R Sz N . T AR e MR BB
PRI 9, F R Cu Pb Zn Cr Hg As HY G Jm M TR
FEBCEAES R 0. 043 -1, 571,-0. 128 ,-3. 283 ,-2. 943
— 1. 559, LAV 4 i o SRR KOS (L ol R B/ MR
Cu>Zn > As > Pb > Hg > Cr, i WS ELETREM
FRBUSEI/NT 1, I8 T Iy QiR 5
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Table 9 Geological accumulation index of heavy metals in sediments in

coastal waters of southern Wenzhou

- HBRME FoME FAE TG YRR
Maximum Minimum Average Pollution
Element
value value value degree
Cu 0. 198 -0.112 0.043 L35y
Pb -0.981 -2.161 -1.571 TG
Zn 0. 027 -0.283 -0. 128 Ja
Cr -3.027 -3.539 -3.283 G
Hg -2.585 -3.301 -2.943 I
As -1.415 -1.703 -1.559 G
2.2.3 WEAEAESINAE RN o i bRk 2 K Hakanson

T 1980 AEAENL TR A S KR TR B0 , 1207 B R AT I
— PR A RS R S, ST S 2 RS G
LR R I LA A 3 VR (A S R A iR

AN =

UM B SR A SR B0 A5 LR 10, & 10 %

0.308~9. 060, #)/NT 40, J& TR XU K-, 6 Bl E 4 ) FL A
FWAEA S H8 BT ¥ K BI/IMKIK -7 Hg >Cu>As>
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MZ IR EE S KNS TRECE R |, 4 W S A A A
RS HEBGE RN 21. 938 ~28. 157, - 34{H 24. 912, 2 B/ Hbr
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PH R E R R, AR Pb Hg J& T h 4828 5, H
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Hg Cr.Cu.As Zn, E4JEITE Cu As it T IRERIGITH
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Table 10 E’ and RI of heavy metals in sediments in the southern seas of Wenzhou

DRIVA E! JG% Element IR
Station Cu Pb 7n Cr Hg As RI Classification
1 7.224 1.677 1.363 0.291 6.522 4.861 21.938 8

2 7.272 1.825 1.354 0.282 6. 087 5.193 22.013 1

3 7.842 2.812 1.398 0.312 10. 000 5.343 27.707 1%

4 8. 080 3.305 1.439 0.309 10. 000 5.024 28.157 1%

5 7.034 2.985 1.304 0. 320 9.130 4.608 25.381 1

6 8.365 2.985 1. 464 0.291 6.087 4.717 23.909 1%

7 7.082 3.799 1.528 0.258 6.957 4.723 24.347 1%

8 7.414 2.121 1.489 0.332 7.826 4.627 23. 809 1

9 8. 603 2.195 1.275 0.368 7.391 5.096 24.928 1%

10 8.222 2.837 1.346 0.315 9. 565 5.367 27.652 1%

11 7.319 2.541 1.292 0.338 7.826 5.139 24.455 1%

12 7.272 1.875 1.410 0.261 8.261 5.434 24.513 1%

13 6.939 1. 801 1.233 0.323 9.130 5.627 25.053 1%
S5 Average value 7.590 2.520 1.377 0. 308 9. 060 5.058 24.912 1%

(3) TR LS IR PP 45 SRR W, 4 Ja B P 1A= 2 XL
B R R = BIR MK C He \Cu As \Pb Zn (Cr, FERRERG
HZS SR R Y5 [F 2 21. 938 ~28. 157, 44 24. 912,
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