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Distribution Characteristics and Ecological Risk Assessment of Heavy Metals in Sediments in

Coastal Area of Taihu Lake

QIN Hong "
(Shanghai Qingpu District Hydrological Survey Team, Shanghai 201799, China)

Abstract To further explore the pollution status and environmental treatment measures of the sediments in Taihu Lake, this study
monitored the contents of eight heavy metals in the sediments of 229 sampling points in different bays of Taihu Lake, analyzed their
distribution characteristics, sources and ecological risks. The results showed that the average content of Zn, Cr, Ni, Cu, Pb, As, Cd,
Hg in the surface sediments of Taihu Lake was (126.86+73.31), (90.25+47.66), (44.62+24.30), (39.36+28.46), (36.86+
7.84), (11.65+5.33), (0.86+1.31), (0.08+0.04) mg/kg, except for Hg were higher than its background value. The geo-
accumulation index indicated that the Hg, As, Cr, and Cd were generally non-polluted, the Cu, Zn, Pb and Ni amount to a low
pollution state. The results of potential ecological risk index showed that, except for the northwestern coastal area had a strong potential
ecological risk and the Zhushan Lake had a medium ecological risk in the depth of 0~30 cm, the other lake bays had a low potential
ecological risk within the depth of 0~ 100 ¢m. Correlation analysis and PCA analysis showed that Zn, Cu, Ni, Cr, Hg and Pb had
strong homology, and they were the first major component of pollutants, mostly from industrial pollution sources. Cd was the second
major pollutant, which had little homology with other components and was related to agricultural pollution sources. Compared to 2003,
the average Cr and Cu contents in the surface sediment of coastal lake areas has increased, while the contents of Hg and Pb has
decreased.

Keywords heavy metal sediment distribution characteristic ecological risk assessment Taihu Lake
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Fig. 1 Regions and Sampling Sites of Taihu lake
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1.2 H&RSEURAZ
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% (HNO,-HF-HCIO, ) VA3 T I M )5, >Rk H LB &
FETIRE T & GHEIE A (ICP-MS) Ml & Cr Ni,
Cu.Zn Cd Pb, ¥ B 320G FREL 0.2~0.3 g ik
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WIE As iz FH B8 TR 1k — 10 J 25 1 vk D 2 A AL
J(OM) &,

1.3 EMAE
1.3.1  HSRPUREE
Hi R AR HOL B A8 [ 24 Muller T 1969 4F 4
W BRI 0 TR R TR A R TS Y Y
VM ik, AR =(1) .
]geozlogz[ci/(kXBi)] (1)
o, ¢, —— R HEE | FhE & Jm M i 4K,
mg/kg;
B—55 i M4 JE i Mk b e,
A5 As Hg .Cr . Pb . Cd Cu.Zn Ni [y
R B E 9.4,0.11,79.3,15.7,
0.27.18.9.59 .19.5 mg/kg' " ;
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Tab. 1 I, and Pollution Degree Classification of Sediments

Lo <0 0~1 1~2 2~3 3~4 4~5 >5
V5 YR 0 1 2 3 4 5 6
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F1 R s, DR g B 6 5 4 I 95 Ye b AT 1 B9
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VEF 35 Yt JBE LA e BA 055 36 7 45 I 75 Y Sl v 25 I
2, IEML2) ~X(3).,

E =T €. (2)
i iCO
R =2 E (3)

i=1
Hop B, —E 48 i FBTEE SRR
C,—E4)E i (IR 5, mg/kg;
R—Z G S KB FEC (R 19
1H;
T, —E &8 ¢ IR P B As =
10,Cd=30,Cr=2,Cu=5,Hg=40,Ni=2,
Pb=5,Zn=1,
RI S8 53 43k 2 iR,
1.4 HEZITHH
iz H] Excel 2019 #4785 511, SPSS 22. 0 i#47
Person #H J¢ V£ 43 #F il PCA, % ] ArcGIS 10.2 #

Tab.2 Potential Ecological Risk Index and Classification
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21l
2 ZR5VHE
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AT R X R 2RV Y i 48 & e
2 ffi7R, Zn Cr Ni.Cu.Pb As Cd Hg B9 X 218 5
WA H IR 2.15,1.14,2.29 2. 08, 2. 35,
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Fig.2 Average Content of Heavy Metals in Surface

Sediments Area of Taihu Lake
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Tab.3 Heavy Metal Contents in Surface Sediments (0~ 10 ¢m) of Differernt Lake Areas

WK H As/_l Hg/_l Cu/_] Pb/_] Zn/_] Ni/_] Cd/_l Cr/_l
(mg-kg™ )  (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™")
LW JEE 7.53~19.90  0.08~0.28 29.80~211.00 21.60~60.80 97.20~525.00 35.20~170.00 0.48~1.47  65.10~412.00
B 15.00£3.92  0.17£0.05  115.41+49.13 45.89+11.00 322.66+112.57 109.32+34.92  0.8420.23  214.3%85.96
MEGEH) JEE 5.59~14.80  0.05~0.11  22.00~68.20 20.90~71.40 69.00~185.00 27.80~69.70  0.24~0.55  54.50~125.00
IfH 9.85+1.93  0.08+0.01  43.16+11.47 36.51+8.45 130.20+30.08 52.17+7.93  0.370.07  96.44=14.59
T VR 6.46~41.50  0.03~0.12  24.20~77.80 24.80~49.60 71.10~269.00 27.60~65.30 0.14~1.81  58.10~130.00
B 16.01£7.93  0.06£0.02  40.80+14.12 37.61+7.10 131.13£49.83  46.97+9.66  0.56x0.38  95.77+18.72
PUALHY YR 4.84~10.60  0.06~0.13  17.20~48.20 19.00~46.00 64.10~184.00 17.90~81.20 0.30~13.90 41.30~121.00
BIX MM 8.49+1.52  0.08+0.02  33.85+6.22  35.13+7.87 122.27+24.01 39.94x11.91  2.53x2.50  73.89%16. 07
POHIUs JEF 6.49~39.60  0.05~0.11  14.40~47.70 24.10~48.50 67.00~141.00 20.20~56.80 0.21~1.39  47.20~101.00
BEIX P 11.65£5.35  0.07£0.01  26.56+4.86  36.49+6.05  95.50+14.64  32.22+6.11  0.55+0.22  72.06%12.70
KW JEFE 4.51~22.80  0.03~0.09  15.20~34.80 22.00~44.30 45.70~115.00 15.40~46.20 0.12~0.49  41.20~97.50
B 11.29+4.81  0.06£0.02  27.02+5.72  33.92+6.15  83.43+17.91  32.25%8.55  0.2520.11  69.40+15.51
WX JEE 5.51 ~15.90  0.05~0.10  21.90~34.00 27.40~45.70 67.20~128.00 23.00~57.60 0.22~1.09  55.10~93.80
TR XYM 10.85£2.40  0.07£0.01  29.34#3.65  38.395.05 101.36+15.12  41.04x9.05  0.50=0.21 76.54+9. 98
WX JEFE 4.51~41.50 0.03~0.28 14.40~211.00 19.00~71.40 45.70~525.00 15.40~170.00 0.12~13.90 41.20~421.00
Y BME 11.65£5.33  0.08£0.04  39.36+28.46  36.86+7.84  126.86+73.31 44.62£24.30  0.86x1.31  90.2547. 66
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Fig. 3 Vertical Distributions Characteristics of Heavy Metals in Different Lake Areas
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Tab.4 I, and Pollution Grade of Heavy Metal in Sediments of Taihu Lake

As Hg Cu Zn cd Ni Cr

ke 1 g g & /O £ £ £ £33
iy -0.15 0 -0.81 0 1.20 2  0.65 1 .16 2 -0.19 0 131 2 0.33 1
Hg B -0.52 0 -1.48 0 0.43 1 050 1  0.38 1 -091 0 073 1 =031 0
DT -0.69 0 -1.93 0  0.33 1 0.47 1 030 1 -0.61 0 050 1 -0.42 0
PEdLEX -0.49 0 -1.41 0 0.24 1 0.52 1 0.36 1 0. 94 1 0.56 1 -0.50 0
PEmWREX -0.29 0 -1.60 O 004 1 052 1 010 1 -0.53 0 034 1 -0.56 0
HRAM -0.48 0 -1.63 0 -0.14 0 040 1 -0.17 O -L21 0 0.13 1 -0.78 0
WMOXIERES -0.50 0 -1.52 0 0.11 1 062 1  0.20 1 -0.63 0 0.57 1 -0.48 0
BIXFEYE -0.39 0 -1.44 0 0.38 1 0.53 1 0.38 1 -0.12 0 0.63 1 -0.36 0

e T AL A XU 5 T A P B e AR A UK 5 T R e VB A A A XU 5 IV AR e v e A S AU
B4 WA A XA s 18] A
Fig. 4  Spatial Distribution of Potential Ecological Risk
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JEARSEMEAS 2, RS ) K RS 8 o 4 J i 32
¥, Hg 1 Pb 5H A& 4 8 ¥4 W3 10 154 ¢
P (p<0.05) ,As . Cu.Zn Ni Cr 5 Cd g HAth
6 FPEE 4 B 0 E IEAH S (p<0.05) , Cr 75 428
AIREN B B 55 Tolk 4o, Ph VR H H 2% Rk 1%
R LA (PVC) A B Tl LA B BRI R Be

I E Ph BRI KAV, Cu 5 Zn IEFI LR
HOAR =5 (0.994) HEM 55 & [ 4 @ o Tl & 35,
PEPE KA K Cu Zn B 56, Ni TR THOR BB,
TG %5 M I R R T R A A R R S
Cd X5 Hg . Pb # & 3 1IEAHE (p<0.01) , Bl 5 H
2 5 R A YD

R5 JREEEIRSES OM [H] A

Tab.5 Correlations of Heavy Metals and OM in Sediments

Eistuy oM Hg As Cu Pb Zn cd Ni Cr
OM 1 0.336" 0.312 0.293 0. 267 0. 260 -0. 047 0.227 0.225
Hg - 1 0.419* 0. 885" 0. 880" 0. 909 ** 0. 448 0.830* 0.784 ™
As - - 1 0.584™ 0.398" 0.581* -0. 141 0. 609 ** 0.642*
Cu - - - 1 0.725* 0.994** 0.188 0.978 0.972**
Pb - - - - 1 0.762* 0.431" 0.673* 0. 605 **
Zn - - - - - 1 0.269 0.972* 0.959
Cd - - - - - - 1 0.132 0. 056
Ni - - - - - - - 1 0.987
Cr - - - - - - - - 1

TE: " FRAE p<0. 05 K ERFHC, ™ RIRTE p<0. 01 AKCF LRI,

R6 KiHEJRTES)E K OM ) PCA 43Hrgh 3

Tab. 6 Results of Principal Component Analysis in Sediments

e Fi—F Wy EHREY W
FROE(E 5. 866 1.361
pities 65.18% 15.12%

ES Wit 65. 18% 80. 30%
oM 0. 347 -0.284
Hg 0.929 0.271
As 0. 641 -0.511
Cu 0.981 -0. 055
Pb 0.813 0.331
Zn 0.988 0.023
cd 0.265 0. 883
Ni 0. 960 -0. 113
Cr 0. 940 -0.201

MR U V5 Gy B BRLAR 2 4> FE 03, AR
B354 5. 866 F1 1. 361, S T 80. 30% Y75 Y4
ZHE. M4 b Zn Cu Ni Cr Hg 1 Pb ¥ H
HE B IERAT, BT 65. 18% K B2, HHE 4
J& Zn Cu Ni.Cr Hg 1 Pb 22 [A] ¥4 # i 2 ) 1E A1
Kk (p<0.01) , i —20 R T )RS 8 55 4 J 75 Y iy )
Pk, B FE A TE Cd b HA B R 2, ff R
T 15. 12%M 52, 320 Cd 2 KK r £ 2

155 85 A R A JE 0 RN PR RN IS Cd
TP AE TP PRI R X, B TE YRR Tl IESk, 2
S LG Ak A IR TG Y K,
2.5 2018 £ F1 2003 F£HEXFEL

W% 7 Fizs , 2003 4E—2018 45 | WAV 32 i X
SEI) Cr Cu S8R S, FWXIERT Cr
TEY) BT MR DT AN AR ORI Cu 7 I T
R, AL PR R X PRV R X Cu
O, E 2018 4F BRAZZ IR Ph & i AR AR
Ah ABWIE B He Pb 1B N R, As & & 4
TV RIS SRR AT, 22 L M R AP AL v 2 X
As FrEFFICEA B, ST AR AR PR R X AR
KA As 2 EEBEHEIE I

KINZHER Cr & &I, Z Wiy Cu &=
B, VIRV i X RUA KO As & 38 i, 35 5 1507
JE R A Tl Aol & A7 G, 20 fi4g 80 4R AR LA
K, TCB RN E M Ry EEE AL TR 4L M3l it £ 4% iB 1]
HECTE Y A, I T A2 0] FBER H AE T 1Y
Cr.Cu &&= 8 & T2 L 2 A X

HNTERY He  Pb & BEAIG, 22 110350 | A5 52 080 Al
PYACHT I XY As & FEAIR, 195 8 B Tl A7k 383
KAEBBE A K, 2007 42 )5 B Z K186 K%
AL T AT, AD PR AR TG V5K, Ah, Mg
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Tab.7 Comparison of Heavy Metals Contents in Surface Sediments of Taihu Lake in 2003 and 2018

- Cr/(mg-kg™) Cu/(mg-kg™) Hg/(mg-kg™") Ph/(mg-kg™") As/(mg-kg™")
g 2018 4F 2003 4F 2018 4% 2003 4% 2018 4F 2003 4F 2018 4F 2003 4 2018 4 2003 4F
L1 214.36 63. 00 115. 41 54.30 0.17 0. 60 45. 89 47.93 15. 00 25.96
H 22 8) 96. 44 68.76 43.16 54.82 0.08 0. 41 36. 51 48.75 9.85 13. 63
Dt 95.77 95. 83 40. 80 60. 98 0.06 0.42 37.61 58. 14 16. 01 16. 10
PELHT R X 73. 89 43. 81 33.85 27.09 0.08 0.19 35.13 44. 49 8. 49 20.23
PURTH R X 72.06 43.46 26.56 25. 80 0.07 0.20 36. 49 46.51 11.65 8. 07
R 69. 40 59.95 27.02 34.54 0. 06 0.16 33.92 56.07 11.29 8.37
W0 X R 76. 54 - 29. 34 - 0.07 - 38.39 - 10. 85 -
WX P2 88.94 55.07 38.40 36. 80 0.08 0.29 37.01 52.28 11.57 13.47
WY Cu  He & REPGHREAR 0TI W ., 4 5 A,

PO B XA A= S W IR A %,
3 Fig

FIIE X -2 R JZIE P Zn  Cr Ni, Cu,Pb,
As .Cd Hg Ji 850500 (126.86+73.31) . (90.25+
47.66) . (44.62+24.30) (39.36+28.46) .(36. 86+
7.84) (11.65%5.33) .(0.86+1.31) ,(0.08+0.04)
mg/kg, B Hg SR o6, 48 0Y-F- 1 43 A
F 7 NG S, A2 L B R X e
) S R IR Z AR IR R R

HAR ZFEEOEAN 25 R, Cu  Pb Ni Zn 784518
X 2 MR BET5 YLK F-, As Hg . Cd .Cr 2R T5 15 4Lk
o VAR A A RS DAl 45 SRR W 45 W XIS U AE
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