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Heavy Metals Distribution Characteristics and Ecological Risk Evaluation in

Surface Sediments of Dammed Jinshan Lake

ZHOU Xiao-hong, LIU Long-mei, CHEN Xi, CHEN Zhi-gang, ZHANG Jin-ping, LI Yi-min, LIU Biao
(School of the Environment and Safety Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to reveal the pollution loading of heavy metals in Dammed Jinshan lake, six heavy metals (As, Cu, Pb, Cd, Zn,
Cr) from 18 sediment samples were analyzed using ICP, and the distribution characteristics of heavy metals in the sediment were
comprehensively evaluated through concentration coefficient, geo-acumulation indexes, potential ecological risk evaluation and
traceability analysis. The results showed that (D the average contents of As, Pb, Cu, Zn, Cr, Cd were 23.22, 26.20, 24.42,
143.12, 245.30 and 0. 67 mg-kg ™', respectively, in the surface sediments of dammed Jinshan Lake. The average contents of Pb and
Cu were lower than the primary standard and secondary standards of soil environmental quality standards. The average contents of Zn
and Cr were lower than the primary standard and higher than the secondary standards of soil environmental quality standards. The
average contents of As and Cd were higher than the primary and secondary standards of soil environmental quality standards. From the
spatial distribution, the contents of Pb and Zn were the highest at sampling site No. 1, which was located at the Beigushan Square. The
contents of As,Cu, Cr, Cd were the highest at sampling sites Nos. 12, 3, 14, and 7, respectively; 2 The order of concentration
coefficient was As > Cr > Cd > Pb >Zn > Cu, which indicated that the enrichment amount of As was the highest and that of Cu was the
lowest; @ Based on the geo-acumulation indexes, the Cu is clean and Pb, Zn, Cd is the light pollution and As, Cr moderate
pollution; @ The order of Potential ecological risk coefficient was Cd > As > Cr > Pb > Cu > Zn, Cr, Pb, Cu, Zn were of light
ecological risk and As, Cd were of medium ecological risk. From the spatial distribution, the sampling sites Nos. 1, 6, 7 and 12 had
medium potential ecological risk, and the rest sample points had slight potential ecological risk; (3 The principal component analysis
(PCA) revealed that the main reason for the differences of heavy metals in surface sediments of Jinshan lake was the different sediment
environmental background value at the 18 samples sites. Besides, the pollution sources in each sampling sites also contributed to the

differences in heavy metals; (© the influence of the dam on the heavy metals distribution was not clear, and requires long-term study.
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Table 1  Grading standard of geo-accumulation index (/ b‘_") and corresponding pollution degree
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Table 2 Dividing standards of heavy metals pollution and the potential ecological risk levels
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Table 3 Statistical results of heavy metals in the surface sediments of Jinshan Lake
e As Ph Cu Zn Cr cd
X8/ mg-kg ™! 23.22 26.20 24. 42 143. 12 245.30 0. 67
He/ME/mg kg ™! 10.21 9.14 11.70 45.14 34.20 0.32
e RAE/mg-kg ™! 30. 49 141.70 42.71 1220. 04 627.24 1.64
brifi 2z 5.15 29.85 7.57 269. 81 214.95 0.32
A2 5 Z U % 22.19 113.93 31.00 188. 52 87.63 46. 90

F4 IFAHEWANRYESESE., T ENERERE LT IELE SE /mg-kg ™'
Table 4 Concentration of heavy metals in surface sediments of others lakes of Jiangsu and
soil environmental quality standards/mg-kg ="
bR As Pb Cu Zn Cr Cd B R Y5
Kt 21. 44 72. 50 97.50 223.10 96. 20 0.49 (4, 27]

e R 20. 50 24. 87 26.94 84. 40 61.64 0.27 [28]
LA B A Z 13.10 35.52 41.51 145.29 68.85 0.46 [28]

e 14. 69 27.03 27.45 84.16 66. 42 0.27 [28]

I 35k 389 22.65 31.03 37.93 130. 97 60. 22 0.67 [28]
R AR —% 15 35 35 100 90 0.2 [29]

- 20 350 100 300 350 0.6 [29]

b+ A 3.94 26.03 54.08 252 83.17 0.31 [26]
TLI8 45 5ol 9.4 22 23.4 64.8 75.6 0.085 [28]
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Fig. 2 Heavy metals concentration coefficient in the

surface sediments from Jinshan Lake
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Table 5 Geo-accumulation indexes and accumulation levels( R) of heavy metals in surface sediments of Jinshan Lake

. As Ph Cu 7n Cr Cd

*ﬁﬁ ! geo R / geo R ! geo R ! geo R / geo R ! geo R
S 1.93 2.56 -0.94  0.17 -1.80 0 -2.09 0.11 0.25 1.11 0.42 0. 89
f/ME 0.79 1 -2.09 0 -2.79 0 -3.07 0 -1.87 0 -0.53 0
N1 2.37 3 1. 86 2 -0.93 0 1.69 2 2.33 3 1.81 2
brifE2E 0.38 — 0.86 — 0.45 — 1.04 — 1.61 — 0.56 —
RS 19. 90 — -91.83 — -25.01 — -49.72 — 646. 03 — 133.91 —

2.4 SIRZVIBRYIE S ENEEGE LS BAK. AKORSIE X (2 S84 ) RLEL T

SIMRIZVIEY D E SR EEESEF
BRI G EE UL 6 BTk, W AT, 6 FhE 4
R BTV AE S 6 R SR B 55 BT A Cd > As >
Cr>Pb > Cu>Zn. M E FIERKFIW, Cr, Pb,
Cu, Zn ¥R MUAEREFERE, As f1 Cd &b T
EESEERE, ZW ALK As 1 Cd 77—
ERRFERAE S XU, A RIS 208 58 0 by, A4S 4
L RT 39{E K 137. 94 AR T 150, B4 TR0

MZS B 53 AR L G EES ) M (1 SR8 |
AR VLI 55 B 9 3 22 (B 30T 2 10 X8 (6 5 )
VLIS i B Al Z R rhuo Ab (7 SRR R B
SRR A Sk BREIIT (12 S RE A5 BE s 7 AR B 1S
TR AR AR S B B AR SfaE R
bR T2 B NG SgmEmEm 1, 6,7, 12 5%
FERA, 4 LT W 8 4 J 19 A 25 3 R B i

TR, W4 Lok /K B s 3 AR, AK AR 2
FEERRRUIR, KRB 1.

I, T ] 00 5 Je X KA B a7 L K3
S KIRBE S 4 Oy T S A 2 R
ABIFFEFT, Xof 5 Yenn i A K RT3 I 300y
B TR B R UK 0 TV R R R AT T5 K, 5
) USRI W) i 2 205 /K ARG R il PR i %
K5 G AR R A 32 T IO R X 7K BRI 14 AN )
SN, T RGO T ) WU B AR K AR DT v T
YIRS RON R AN 22, X6 T4 Ll &5, i) 300
BT AR VAR — 45 T 2 AR A i B2 A, A 7K 3
KGRI BRI TIR KN, P05 75 R
JUE KOG PRI A S e RO, I
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Table 6  Potential ecological risk of heavy metals in surface sediments of Jinshan Lake
Ei

TRk r RI
i As Cu Pb 7n Cr Cd
SME 58.94 5.03 2.26 0.57 5.90 65.24 137.94
e/ ME 25.90 1.76 1.08 0.18 0.82 31. 06 88. 89
eRAE 77.38 27.22 3.95 4.84 15.08 158.27 234.01
PR 13.08 5.73 0.70 1.07 5.17 30. 60 35.63

AR 22.19 113.93 31.00 188. 52 87. 63 46.90 25.83

% LA ERRTTREAE — e R BRI T & 5 s
YL WA AR A AR S8 5
2.5 aiERZ DU TR 4 Jm AH OGP R R 40 A
VT 4FE 3k, F W 43 43 B ( principal components
analysis, PCA) LA KA SEHE 481 B 4 1 9 1A DT AR
W) 4B PR AT E BB T — Ty,
I TUURR ) b &% B N L L 3 HAR ARG AR e 2
MR R SAH LI, JC R Z A AE — & 1Y
FRICHE , Rt 38 3 TTOAR ) B 4 S =[] F9 AH DG 0 A
FERT W 4B A R Y 5 S — T i, o o
A A FEAERRAE Z A8 A D EULA RS,

AT 22 Fof i iy 728 S PR - 2R A7 4 BBCRIT T £k, I 40 Wi
th R R LB R 1 3 R v RE A A R M R
B R B 5 L, ELBUE b 2 55 i Rl A
BCA HEIBATE IO AR A 4 T DR ) o5 — Fh AT A T Y s
Y26 -34.39.40]

MR SEXT 6 FvEE 4 & JC K #E 1T Pearson
FAJCAM T, B S5 2 B0 W 5570y 30 Sk B3040 a0 A7
FRUEAL 56 4 (log,, C, + 1), LA 25 B 45 A8 B 22 [
PRIES 5 AN [ml i R gy 52 . Horp ) € Sy S0 1)
&)@ E, Rl ok SPSS BFHEAT A A AT,
GERLET ~9.
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Table 7 Correlation coefficients among the concentrations of the heavy metals in surface sediments of Jinshan Lake
As Pb Cu Zn Cr Cd
As 1. 00
Pb -0.64™ 1. 00
Cu -0.25 0.34 1.00
Zn -0.65"" 0.98 0.31 1. 00
Cr 0.00 0.33 0.51™ 0. 31 1.00
Cd -0.13 0.46™ 0.39" 0.50 ™" 0.22 1.00

1) # N7E P <0.05 /KF LAHRM B, + « HAE P <0.01 /K LA 2%

i Pearson A #7 ] H1,As 5 Pb, Zn, Pb 5
Zn, Cd, Cu 5 Cr, Cd LA Zn 5 Cd Z A7 16 B 3%
KR, e VA BRIk, T8 B4,
UL AR 35 2 1w T RE LA AR B A b Bk Ak 2
*5!5[41,42].

MR AT as T, F, R F, BT 25
BRRINEN T 78.237% , HAFMEEY KT 1, BWE 1T
2 AN TR BENS S 4 L UL T 6 A E 4R Y
ARG 78. 237% . HA S — F RS ST R R
57.911% , i FHE R F  ZHNFXUIFRY E LR 1
A AR E N E L. i, 6 FrESE
FES— 2oy XA v i ep 28, RIS — Ay
WY 6 R 4 @ 0 & AR, AR — R
SRR SORT AR A 4 (s R T A S e
BLR H A4S RAE 0 R B B BSOS [R] , 2 i 4%
FES TR BRI 2= S 22 5. B EWMam

TUHREE R 20.325% , % FAE S AE As Fl Cr BT HY
A4k 0. 682 F10. 611 ,1H As Fl Cr Z 6] TG i 3%
FHICOC R, R P AN E 4 & Aok L [R)— 5 YL .
AT, A1 LT R A TR 25 5% B T 32 2000
TR TS SCE R R Ak, 3815 45 SR A A Ak /K 3]
DU DTRAES | AP AR 7 . A b sl a5y
H—EMXKE.

BEAE, 30 4 L TR ) 5 4 8 43 A Y R
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Table 8 Eigenvalues and contribution rates of heavy metals

Ay RHE(E JrZETTERER/ % SBTTZETIRER/ %
F, 3.475 57.911 57.911
F, 1.220 20.325 78.237
F, 0. 667 11,113 89. 350
F, 0.358 5.962 95.311
F; 0.230 3.838 99. 150
Fy 0. 051 0.850 100. 000
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Table 9  Loading values of the principal components

e F AT E
’ F—F W F, B EWF,
As -0. 645 0. 682
Pb 0.908 -0.193
Cu 0.768 0. 401
Zn 0.935 -0.277
Cr 0. 569 0.611
Cd 0. 668 0.326
3 g

(1) &R 2V E 48 As, Pb, Cu, Zn,
Cr. Cd F¥& 85k 23.22, 26.20, 24.42,
143.12, 245.30, 0.67 mg-kg™'. H:F Pb, Cu & im
R F IR m b v — . bR, Zn, Cr A T
T IR B AR — AR S AR, As | Cd
S RS R AR — PR S R
As, Pb, Cr, Cd iX 4 T 4 & & s Myl 2 195
TR, HAE2s 8] E BRI S0 43 A A

(2)6 FhEEEIFYEEREER N, As>
Cr>Cd > Pb >Zn > Cu, £ & 11 R Z IR
As B RR K, Cu f/).

(3) AR 4l b 52 R FE H50CHI BT, Cu 0 R I i AR
B, Zn JCRIE—SKES RN 2, HARE S R 0,
W] Zn JUEAERER M X RIAE AR, Pb |, Cd
JCE NG YIRS, As, Cr TR AP EETS L.

(4)6 e 4x Jm S I500 A 1 48 BOT- Y (8 f o
FSSAINTFE R Cd > As > Cr > Pb > Cu > Zn, Hi Cr,
Pb, Cu, Zn ¥IHRHAES G FERE  As Ml Cd 4T
A S ERE. IR R FE RO E
137. 94 , KB N 24 S fa .

(5) B o A R R B, &1 TR & 4
Ja B0 0 A B 22 5B T 52 B4 FE s TR IR B 7 o5
(RISZIR AN i 5 AMETG YA —E I E R HA A
(RS YL 5 A T 2 57

(6) WX 4 Lyl 0 TR ) 4 43 A 1 52 Tl
T FRAS TR, DRI 1 e A TR B ) RUBE A 5
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