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T L BE 9T TR BE W R 2 DO Y 3 4 ) i AR A XU B s a3, S5 SRR WD 2 W1 R 2 DU Y Cd Hg. As.Cu F Pb
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Abstract: Although there are many studies on heavy metals in Dongting Lake sediments, the information regarding
heavy metal ecological risk and its trend is little. This paper discussed the heavy metal ecological risk of surface
sediments in Dongting Lake and its trend, based on sampling analysis of 9 representative monitoring sites in Febru-
ary 2012 and April 2013 and some historical monitoring data. Hakanson's Potential Ecological Risk Index (RI)
Method was employed in this paper. The results show that the contents of Cd, Hg, As, Cu and Pb in surface sedi-
ments range from 0.60 mg+ kg to 20.7 mg* kg, 0.090 mg* kg to 0.640 mg-kg"', 10.4 mg+kg"' to 83.7 mg- kg,
17.9 mgekg"' to 70.9 mgekg"' and 16.9 mg+kg"' to 95.8 mg+ kg, respectively. The descending order is as follows:
Pb>>Cu>>As>>Cd>Hg. The potential ecological risk of heavy metals in surface sediments of Dongting Lake can
be arranged as Cd™>Hg>As>Pb>Cu. Cd and Hg are the main heavy metal risk pollutants, and Cd is the primary
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pollutant. The RI values of the whole lake are between 117.10 and 589.80, with an average value of 289.99. The spa-

tial distribution of RI average values has certain characteristics. South Dongting Lake is the highest area, West

Dongting Lake is the middle one, and East Dongting Lake is the lowest region. According to the classification

standard proposed by Hakanson, the Cd in South Dongting Lake has extremely high ecological risk. The ecological

risk level of Dongting Lake is medium. In terms of the preliminary analysis, the ecological risks of other heavy

metals have risen, to some extent, in the past 30 years, except Hg. And Cd's rising trend is obvious. The heavy metal

ecological risk level in Dongting Lake has changed from low risk to medium. Therefore, heavy metal pollution con-

trol in Dongting Lake basin should focus on Cd in Xiangjiang River and Zishui River.

Keywords: heavy metals; pollution; ecological risk; trend; Dongting Lake; surface sediments
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1  ##5 7% (Materials and methods)
1.1 WF5E X AR

Nl iR VA R T R = G SSEAN R 5 RANE ) s |
BRI R FE M = 1, s 4N BE L DL i
K IR B AL, R 2 U”F I, B
B AR 25.72 Jikm® , £ K T AR 104 Jikm? , 7K 137.33.50
m BF (5 BH 3, 850 S 1), 91K 143.00 km, f K1
30.00 km, *F 349 56 17.01 km., 3 31 1@ FH 2 625 km?,
B RIKIE 23.5 m, KR 6.39 m, A0 N & /K i 167
fe m*, BIRES R AKE ., Z VIR R b
B AE A AR RN B 09 52 e, TR JE W B 2 B 2 b 3
Ak 2y VG ) J22 30 L T I T RN AR R JE 9 3 AN TR Y A
TAZK IR, I RE 5 SR — AR A 2 oK P L T A A
Sfe LT 378 55 390 Y0 0L A K T ) R B0k VE R
JoE ) —> i 3] o 38— A T JE
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BT b S i T AR ) b B R TS g R s R
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Fig. 1 Sampling sites in Dongting Lake
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Table 1 C, and T, of heavy metals in sediments

BRI

Cd Hg As Cu Pb
Evaluation parameters
Cif(mg-kg") 0.76 0.211 37.6 333 40.0
T; 30 40 10 5 5

144 A5 R B X o0 b o

A B A RIE R 53 KU 55 909 05 1 # AS —
FH o A5 R ] Hakanson #2 H 19 70 b5 fERY , B
Lk 2,

x2 NBAYPNESRESREERESRRAE
Table 2 Classification of ecological hazard level of

heavy metals in sediments

) VAR A A AU TR
Ei RI
Potential ecological risk level

Ei<C40 RI<<150 ik Low
40<<Ei<C80 150<CRI<C300 *f Medium
80<CEi<C160 300<<RI<Z600 = High
160<<Ei<(320  600<<RI<<1200 TR ¥ Very high

Ei=320 RI =1200 1% Extremely high

2 #5 R (Results)
2.1 OB E 4 R i

A B 0 2 )2 DB vh A R A W 4 SR L R
3. HIER 3 AN, IR B i R JZ DU Cd 7E 0.60~
207 mg- kg' Z A, F¥{E K 5.77 mg- kg'; Hg 7F
0.090~0.640 mg+ kg Z 8], V¥ {H K 0.225 mgkg';
As 7E 10.4~ 83.7 mg+ kg' Z ], F ¥l J 26.2

mgekg'; CufE 17.9~70.9 mg- kg Z ], F ¥ {4 K
39.1 mg-kg" ;Pb 7F 16.9~95.8 mg- kg = A , - I {E
$953.7 mge kg, [F— 4 J& 7E AN [A] FE A5 A
FEREAN A, Horp Cd #9728 5 & $lUR K, As Hg. Pb IR
Z,Cu A8 5 R BRI, T EE B R 2T b & 4
J& & B K/NIF A Pb>>Cu™>As™>Cd>Hg.
22 VLR R 4 JE 0 A A5 KU PE

T B i) ¢ 2 U AR oh T 4 T A A XU TR A 25 2R
W4, MR 4TH,Cd M EfETE 82.50~438.30 Z
6], 735 227.83, J& AR 5 A= & KUK o HLRUR: BT ik % oy
78.57% »Ho v R I B2 1 XU A Y BB KT 320,
Ja@ W% 5 A= 25 KUK s He 19 BB ZE 19.60~ 113.20 Z 1], %
17 42,62, J& v AR 25 AU 5 H XURS: 07 ik 580 14.70% 5 As
() EAETE 3.50~19.90 Z[i] . V-5 6.97, J& Ik AE A5 KUK
FEXUES: BTk 3N 2.40% ; Cu A BB 7E 3.50~9.30 Z [,
V-1 5.86, i A A 25 XU, o G XURS: BTk 2 2.02% 5 Pb
1) EAETE 2.50~11.50 Z[8],*F-33 6.71, J& ik A= 2 XU
FEXUBS BTk R R 2.31% . T B2 W 3% 2 DU b i 4
J& EAE K /NI Jy - Cd>Hg ™ As>>Pb > Cu, Cd #l
Hg (94725 KU 51 ik R 2 ALl 93.27% . KT 80% , %
B Cd F Hg J&1 B2 i) 22 )2 DUAR W vh 8 4 1) 2 22 K
B i5 e, o Cd g5 Y.

45 RIEAE 117.10~589.80 2 [] , *F- 1 289.99,
A 2 DA B A v T 9 X T IR WA X AR TR
JEE W X B4 RI(E 235 M 194.00,496.37 F1 179.62, ¢ 3
Sy T IR JE T8 DX > P I o W IX > AR T 1 XL e TR JEE
0 DX LA R AR A AU S 1 I JEE 30 DX R 7R R X
AR R
2.3 RSN AR L A B

SR T 43 AT JE T8 % 2 DT AR ) T A T A A KU AR
o 3 A 8 i 48 45 T R B I R Z VU Y P E 4
e M0 g g S e ) R A ) D ik ) 4
AR HEAT VRN, 95 IR 45 - 5 LR 1T 45
R A AR IR 5.4 2,

*3 RMESRRENRYESCEBENERGIT
Table 3  Statistics of heavy metals monitoring results in surface sediments from Dongting Lake

FEARL FRIEZE (mge kg'") RN
by sl B /MEAmge kg) R Amge kg!) P2 {f (mg- kgt
Sample Standard Coefficient of
Item Minimum/(mg-« kg™') Maximum/(mg* kg™!') Average/(mg* kg™!)
number deviation/(mg- kg™") variation
Cd 18 0.60 20.7 5.77 6.45 1.12
Hg 18 0.090 0.640 0.225 0.153 0.68
As 18 10.4 83.7 26.2 20.8 0.79
Cu 18 17.9 70.9 39.1 12.6 0.32
Pb 18 16.9 95.8 53.7 28.8 0.54
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Table 4 Ecological risk assessment results of heavy metals in surface sediments from Dongting Lake
. . v . v v DRV it
M Sites Ei(Cd) Ei(Hg) Ei(As) Ei(Cu) Ei(Pb) RI
Risk level
St 82.50 19.60 3.50 6.90 4.60 117.10 fit Low
VIR 2 38 X S2 204.90 63.20 4.00 3.90 2.80 278.80 ' Medium
West Dongting Lake S3 135.90 40.40 3.80 3.50 2.50 186.10 1 Medium
14 Average 141.10 41.07 3.77 477 3.30 194.00 ' Medium
S4 361.20 28.80 3.80 4.95 3.15 401.90 7 High
T I J2E 18 X S5 435.90 113.20 19.90 9.30 11.50 589.80 7 High
South Dongting Lake S6 43830 30.80 10.30 7.10 10.90 497.40 5 High
-1 Average 411.80 57.60 11.33 7.12 8.52 496.37 # High
S7 132.60 28.40 6.60 525 8.80 181.65 1 Medium
ARl B2 8] X S8 125.40 28.40 5.40 5.45 9.45 174.10 f Medium
East Dongting Lake S9 133.80 30.80 5.40 6.40 6.70 183.10 ft Medium
- Average 130.60 29.20 5.80 5.70 8.32 179.62 'h Medium
ERUR S|
227.83 42.62 6.97 5.86 6.71 289.99 ' Medium
Average of the whole lake
ki /% 78.57 14.70 2.40 2.02 231
AU 4 BE Risk level AR Very high " Medium 1k Low % Low fI% Low
5 EERESNERITFNERER
Table 5 Comparison of ecological risk assessment results of heavy metals
. . IRV it EEB TN
4 Year Ei(Cd) Ei(Hg) Ei(As) Ei(Cu) Ei(Pb) RI
Ecological risk level Reference
Wi E - ZE A
1984 61.20 74.40 430 3.40 455 147.85 fit Low
IS 2
Bk 35 WU
2004 125.10 46.00 6.60 7.10 6.85 191.65 1 Medium
Yao Z GV
T3 REUS), BB IR g el
2008 121.50 36.40 5.50 6.15 4.00 173.55 ft Medium
Wan QUS!, Tang X JU6!
2012~2013 227.83 42.62 6.97 5.86 6.71 289.99 # Medium
This study
350.00
»
£ 300.00 OCdBHgOAs OCuEPb ORI -
g
~ 250.00
g
o< L
8 20000
a O
¥ 2 15000
il
< 100.00
5 50.00
Ay
0.00 !
1984 2004 2008 2012-2013
G
Year

B2 TREHEBEESRERYILE

Fig. 2 Comparison of the potential ecological risk indexes in different years
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M 5. & 2 Al AL Heg 1 E) {8 52 SR TR,
Cu i E {H1E 2004 4 ik 2| & = A, I J5 8 W T B
B H 1984 4E 5. Pb /Y EL {H 45 | F ¥ sh k¥, cd
M As 1) B} (HY 2 8K L HE gLl cd ) Bt
BRI 4 RI(E M 1984 1Y 147.85 I 7t %
2012-2013 4F 1) 289.99, A= 25 KRS 72 BE B AR A2 28 KUFS:
TR AR T — A

3 171t (Discussion)

T 22 1 22 )22 DU AR Y vh 8 4 Ja AR S AU DL Cd B
s Hg 2 B i & J8 AR I 25 R 5 A2 22 =
U FEA — B0, B T JE W XA ) R A 04 3 (S5) A
JE 2 i (S6) 2 )2 LAY vh 8

R SN ol = I SR /NG 2 R I R 1 A o |
BEAK A 5 MR, A RIS 45 A 2R WY L R I JEE T DX VR
KAW W O =MW LR Y E SR &R
U MERACAOESIRZ ST R
Fw A R T A B K T L BB R MR Y
BB TR A B A R R KT S L Y B T R 2
PR AR BRI BE D7 G R 8 T & R JE 5 O 8 T
b Az = A TR R T RE T K FR K R E A2 O [ AR
JE B B 4 J T Y 0 DU YT A8 7K G Y kg e E 00
VG IR 2 1) DX 1) %5 28 W (S2) R JZ UL AR W vh i 4 Jm AR 28
IR AH X 55 5 AT g 5 Do Yl A LA 9 He A1 Cd
TEBEA XN,

30 4E 3k RAF Cd FI Hg 4752 2 5 22 2 DR
W E 4 JE 0 R E KR TS e 0 Cd R Hg 19 A2 2 X
S DTk R A TR R AR AL L B Cd Y BT R R
BTt He 09 STER R W T R KUK TS e W)
1984 4E 1) Hg 48 Ky 2004 4FJ5 1 Cd. PRtk , 11 B 38 i
B 4 5 Y A BN LAV RN BE K Y Cd iy EE AN,

TR R IR T 45 R = B L T 2 1 R ) h Hg
F2 B2 TR ) HE R R v SIS L R AR AR Y
I3 T4l 26 1, 2004 ~ 2008 4F, 51 B 4 Tl R Uk
Hg W HEC R 28 AF T Bt 3, i 2 5 R 2 DR Y
Hg 1Y A 25 XU BT Bk 256 T R AT 6 55 118 J22 0 I 3 ok
Ak Hg (4 HE il 8 A %

T 2 ) 2 )2 DURR ) 5 4 i 2R 28 XU 722 1k i 3
AT B A 2 O [ AR AR TR AR SR 2 L i Ad 3
50 B B AR AN — BT B R I 5 I, X A B A
P — SN 2 P L TR O AR F 5 T A A 2 XU A2 4k
o M @R AE WP A5 R
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