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Heavy metal pollution characteristics and ecological risk assessment
for soil in northern Chaohu Lake
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(Geological Survey of Anhui Province, Hefei 230001, China)
Abstract: The surface soil in the north of Chaohu was studied and a total of 165 samples were collected and
the concentrations and pollution characteristics of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn were analyzed.
The heavy metal concentrations in this area were compared with those of other areas. Then, pollution
index and potential ecological risk index were used respectively for assessing the pollution status and
ecological risk of soil heavy metals in this area. Results suggest that the average concentrations of eight
heavy metals rank as follows; Cr>Zn>Ni>Pb>Cu>As>Cd>Hg. The coellicent variations of Cd and
Hg are higher than the other six heavy metals. Furthermore, higher enrichment coefficients occur also in
Cd and Hg when compared with the deep soils. Single factor pollution index indicates that eight heavy
metals in the soils of this area are all at a clear level, and the pollution degree is in the following order: Pb
>Cr>As=Ni>Cu>Cd>Zn>Hg. Accordingly, a clear level in this area is shown by Nemerow integrated

pollution index. Calculation of the potential ecological risk index shows that, among the eight tested heavy
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metals, Cd and Hg are the main potential ecological risk factors, and their contribution is 19.40% and 72.

87 % . respectively.

Key words: Chaohu Lake; surface soil; heavy metal; Nemerow; ecological risk; assessment

0 3§

ARSI AR TR, B L
) U e o — P ARAIR Y AR, o ad 2L 4E Tk Ak
MBI R, AEM AR IR ELSRI
HOSW AT TR LR A RmARY, -
HETE 4 R V5 Y O 28 R — A T M Y BR8]
[ b, ) 4 398 o 4 g v e R) BT H 25 ™ . 2014
RO IR S YR AL A A R R ] 2 4
BEWHEREN 16.1% 15 Y A DL TG HL ALl £,
As,Cd,Cr, Cu, Hg. Ni, Pb, Zn # Fr 5 0 80,5 458
FEBR R EL ) 82,8267

15 L A= b bk s AR T, g b 4 e T LA
B A BRI et o e A &
4 J AR TE - S RT3 X K R e 2
18 T 3 L™ S YR L /N P Y
S A K B ARAE TR V5 R AR B WK

BB E S RGNS T,

AR KITIM AP LA RE 215K
VLT A A % 2 B NSRS B 5 E R TS
— P e T B RV R i S A,
KA FITER ) H 4 R V5 Gl AR R A 25 U PR 2 T
T A5 33 20 R AR PR D SR X 4 R TS
Gy T 2k U, JE 300 4 3 T G T 3 L R AE RN T A
THT P AF 55 g AP

AR SCLL WL R R RO FE AT R0
T B R HEAT T BT D E O R B 4 R TS G AR AE
AV AE A S KBS AT 7 PR, DU 3 4 ST A0 38 +
B & Jm TG e Bk 18 S Hl e B IE M LIRS B
SRS Oy A A IR R B b B ) A A A
TGRS, B 5T 45 SRk BE A B T ik — 20 9k W7 55780
JE 3 et ) X HE 43 Jm TG G ) STk . DA T S S )
GBI Y LR AR B A SRR K

1 #R5FHE

1.1 SH|EREXEER
M (116°20'~117°57"E.30°57 ~32°08'N) fif

T2 AR hEs L Ak i AL 10690 km? L ZK 3 i B 787
km?, ) F & B K 184. 66 km. £ 4FE F ¥ i B
16.1 °C,FHRER 900.5 mm.7E/K & X543 b, 815
BB RVL WA R K &R, E B A 5 e TR R
IR AT AT R T A

S5 30 Hb AR S A 32 B g S H P R F
VA T ROV TR T Big b 3 o 52 DX 3l bt 2L bt BT PR 5 L+
S A AR R Y R R L 3 B A A 2 R b AR B
o 0 G B 8 B TR L T DL KR R
BRI R TR R AR AT X
1.2 HRRE&E

7 A0 A MR AE TAELE 2013 4 9~10 H #h47.
2 )2 A Hb R Ak 2 R A SRR A A B LY T 43 A B
A CRAEY) T RE AR R AR A IT + HE BRI R AE N AR
JEW. 28558 GPS WA 72 A7 - FH SR AE 2% 1 b 3% ] T 3%
SRR 0~20 cm VR HHEAE  REEHE N 1A 00/1
km”. TAEIX Y R AL B SRE 165 1 (18] 1.

N

A PN
P & E I SR T N T

|I??|' i nw lll' I

o Rifs — HkE B KE&

1 tEHERRESLSTE
Fig.1 Distribution of soil sampling sites
1.3 gk
st 3 A Ay [ A SR ER A T AT B R
R rhl R 1. As, He 2R R T 5606 6 3 i
(AFS) 5 Cd T W IR 4 45 8 1 1 52 3% 125 (ICP-
MS) ;Cu, Cr, Ni, Pb,Zn kM X 8 £k 5 50 6 i %
(XFS) s pH 2R HI 8 5 BV io i 2% (ISED 5 A Pl Bk
K E AL A % (VOL).
R AR e I 50 0 2 Jm (22 B bR DX 3 2K Ak 5

O BRI E 458 & A4 E 45 YR B T A A R EB/OL]. (2014-04-18)[2016-05-10]. http://www. mlr. gov.cn/xwdt/mtsy/zgzfw/201404/

120140418_1313092.htm.



428 PR AR AR K F R

47 &

AL ) (1:250 000) (DD2005-01) % ) R, il &
T oA R Oy LR R AR 45 R R L R i
J5 VA R 34 /N T BYCSE T  E SR A i BR o
JEE FIRE % 1 A 1 R 10090, 38 B s A T4 0L
FEMELR TR B W45 58 WoR , M 25 5 A0 e
T A A% R 35 R 100% . 4 A B 9K BE A 46 R R
100% 30 100% , B A AR 97.5% . W
SEEVERIS A% F R 100 %.
1.4 BB

T HEE G JE R R R /NME P E PR
Pl IR BEAR I8 Ke-Hr oK R i RAES BOE B K 5 (K-S)
LR E BE 50 BT R JH Excel 2007 1 SPSS 16.0 4%
LB, FH MapGIS 6.7 % f 6l /.
1.5 ¥MAE
1.5.1 HHETI5 Y4850k

B DR T G A8 B 4 B — 15 W5 e N R R
5 Y8 B, AT LS A5 RS e i T Y R B T A
ANH R, —Fh

P, =C,/S, eh)

Kb PP E SR 5 YR COR S, 4 B
SRy 0 R AR R PEAN bR AL S, 1) 18 B — AT T by 7
O M 4 B K+ 5 5 B & b fE (GB 15618-
19950, 4 JRU 3¢ X AR A E R IXC 2021 5 @) hi 4l | R
oY g S E T AR (DR R, 4
TR ) IZ RN,

I —Fhit B A A

P, =C,/S,, C,<S,

P, =1+, —S)/(S,—S), S, <C; < S,
P, =2+(C,—S,)/(S; —S,), S, <<C;, <SS,
P, =3+(C,—S;)/S;. C, >S;

(2

AH.S1.S, .S, 235y [ 52 - 3R 58 I o o o )
=Y T YR L TR A X E R A [
DX 498 p HECRI - M R 28 B A7 A 22 e 1L TR —
T2 FZ b AE B o 0 3 OF A DCIOR R B B w5 e AR
JIE B AT B 2 TR T AR RPE AR
P2 O TR BN 1 T5 Yefa B
1.5.2 WP LG 15 e Bk
WS (Nemerow) £5 & 15 Ye 48 BUL AL L5 5 PR
bR T B i etz )iz . IR AT
Ave T P s
2
A Po NN L5575 B850 P e A1 Py 2351

P (€))

h T AR JC R N U5 e B0 T 408 R i
KA.

WRYEIE R 20 ] 95 Y8 B (PO R Mg B 25
BTGRP O BUE W LR & 85 Qe k)51 R 4
ANER W LR P, Py <) WS Y R
(<P, B Pn<2) Bi5p+HEE<P, HP,;<3),
Fiy5 e LI (P, 5 Py >3)2,

1.5.3 W AE AR A KU 48 B0k

1980 4, F L Bk b % % Lars Héakanson #2 H
(R AE A2 25 KU RS 98 B vk (risk index, RID BA H#
SEA I ERIE AN, B E BN E SR A S KA
O AR

Rlzi]E';:Z")[T:‘. X CH/C] )
i=1 i=1

K RI A ZME SR GBI LSRG E;
RHEGE IBTEAERNE R T, etk 24
As,Cd,Cr,Cu,Hg,Ni,Pb,Zn 8 R 5054 10,
30.2.5.40.5.5, 109051 CL 5L P07 (R4 mg
kg™ Ci, NS HAE AN mg « kg™ AR SCR AL
LML R IR R T IE TR T R EENS ILEAR
P EL AR AERAS ) o 5 95 78 Az 25 KU %) 23 A ] 1Y
SRR D.

F1 BELESRERHEMRAEEHERNBEEHLRDY

Tab.1 The relation between Ei, RI and risk degree-’:3*
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W .8 B E 4 JR T R K/ Cr(69.72 mg
ckg ) >7n(57.25 mg - kg~') > Ni(28.31 mg *
kg™ ') >Pb(28.00 mg « kg”') >Cu(24.47 mg -
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Tab.2 Descriptive statistics of heavy metals concentrations in soil (n =165)
Eisk D As Cd Cr Cu Hg Ni Pb Zn
IR KME/(mg *» kg™ ) 18.17 0.87 88.90 52.98 0.94 69.75 58.40 134.20
F/MHE/(mg » kg™") 3.11 0.06 35.40 10.32 0.01 11.38 17.30 27.80
T-H#{E/ (mg « kg™") 10.61 0.13 69.72 24.47 0.09 28.31 28.00 57.25
FrifE 22 (S) 2.65 0.07 9.33 4.30 0.11 6.39 4.07 11.58
Sy AR R k3 XFHCE S IEZS NO XFEIE 7S EZs NO NO
TREAFCH 0.25 0.54 0.13 0.18 1.19 0.23 0.15 0.20
HHEAE/ (mg + kg™ 11.5 0.061 83.0 28.0 0.0145 35.0 25.0 63.0
A (KD 0.92 2.13 0.84 0.87 6.21 0.81 1.12 0.91
e “NO"RRAFF A IESKR; Cv =t/ T MHE: K="THHE/7F 7M.
x3 HEXEFT (=165
Tab.3 Pearson correlation coefficients (n =165)
As Cd Cr Hg Ni Pb Zn
pH 0.149 0.164° 0.142 0.196° 0.021 0.220" —0.084 0.285"
EERINGi —0.203" 0.620° —0.067 0.377" 0.099 —0.159" 0.300° 0.428"
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2.1.2 5 Al b XD A 3R A L3R

HERE L EAE TR E(GB 15618-1995) —
PFRAEMM BT IX N 8 FhE 4 R u £ & 1 F 3
E AR (e 4, UL IH + 58 I 6 7R PR35 H AR 5t

O EHAE MR A

KN EIRE . BR T Cr 4b, As,Cd,Cu, Hg,
Ni.Pb.Zn S EEKE (R DOH G FHEETE T+
OO — % br EE, W Heg & K H
(0.94 mg « kg™ R —FbrE(E (0.15 mg « kg™ ")

B5e . 22 488 48 9 L Jm A 2 Ml R A S IR 2 4 (1:2500000[R ] 2011,



430

PR AR AR K F R

47 &

9 6.27 f5. 141 . Cd, Heg Ni & B i RIE® T 905
HEAH , Mk 0 A A o 1,210, 1,824,
0.61 % 3 15t W 5L ) JL AR &R 43 -3 b Cd, Hg, Ni ff
FE— 5 1 R FF O gl al SRBEAOl A 7 A Ak
et B 11 -+ S PR

T4 BRLBRT AsCRIE) Nildg R ED 5k,
WFoT X L5 As Al Ni & S350 Cd Al Zn & &

LR T HN ;Cr Al Cu R T HEINAEL; He & &
INFAEF A LA M X, Ph % 5 KT B AR
JEEE T U WY XS A s DX AN )R
T AR — T 28 S P, s ) 22 S M B ) 2R LI AR
TEH G R S X 2 S T R R Sk
W LR DL K -3 pH S AL A R

4 EHMMRRUTESSCESEMNLILE
Tab.4 A summary of heavy metal concentrations in agricultural soil of various areas
As Cd Cr Cu Hg Ni Pb Zn
X 35 R Wi
/(mg * kg™")
M (n=165) 10.61 0.13 69.72 24.47 0.09 28.31 28.00 57.25 AL
— HhR I 15 0.2 90 35 0.15 40 35 100 [19]
¥ (n =2265) 7.8 0.196 85.6 31.4 0.132 — 26.4 106.2 [34]
T HREMN(n =104) 10.19 0.10 27.61 16.74 0.22 14.89 44.66 57.21 [38]
LHBH e =76) 10.2 0.3 77.2 33.9 0.2 38.5 35.7 98.1 [39]
WM (n =52) 9.0 0.20 71.4 25.6 0.168 26.7 33.3 85.0 [40]
HREE (e =110 — — 19.7 18.9 — 20.8 35.4 58.9 [41]
WK (n =139 10.70 0.25 74.10 32.11 0.09 29.74 27.87 90.76 [42]

Y FR RO,
22 TEEEEBTLEEMN
2.2.1  HNFI5 YR EBOTN
BLALES - T A R R TS s B (P ) R
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MRV, BT A RE ST As, Cu, Ni, Pb, Zn &b F
WS YKV s Qe AR LR 0,126 ~1.77% ,

Cr &b T K3 o FEf Cd M Hg &b T 3% 75 4
K- ¥5 YL T AR 3 54 0.25 km® Fl 0.45 km?, 5 ¢
FE A 43 500 9 0.15 %5 F1 0.27 %, - e B R AR b XAl
YRR 55 A 33 1SS 3 AT e TR RE b A7 T F 55 X 4R
FFRAY I 2 5T & X 3 Cd Bk AL T AE TS Y
KPP =147, 85 Tk X £ 1 Cd & &
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Tab.5 Single factor and Nemerow integrated pollution index of heavy metals in soil

. P8 Py P8Py 15 YT R/ km® mY L/ % MR R/
el e W OWES R RIS EISY WEN OWEER By @Ep X
As 0.21~1.63 0.71 165.20 2.98 0 0 98.23 1.77 0 0 3.64
Cd 0.28~2.67 0.65 162.33 5.6 0.25 0 96.53 3.33 0.15 0 3.64
Cr 0.39~0.99 0.77 168.18 0 0 0 100 0 0 0 0
Cu 0.29~1.28 0.70 167.23 0.95 0 0 99.44 0.56 0 0 1.21
Hg 0.09~2.54 0.52 159.55 8.18 0.45 0 94.87 4.86 0.27 0 10.91
Ni 0.28~2.07 0.71 165.48 2.69 0 0 98.40 1.60 0 0 1.82
Pb 0.49~1.11 0.79 167.96 0.22 0 0 99.87 0.13 0 0 3.03
Zn 0.28~1.17 0.57 167.97 0.21 0 0 99.88 0.12 0 0 1.21
s 0.42~2.05 0.83 154.485 13.69 0.005 0 91.857 8.14 0.003 0 7.88

T« 75 G Lol 15 S i B/ B R 100 s B AR A< B DN T35 e BOR T 1 iR il B/ B i B 80X 100,
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Fig.2 Assessment of heavy metals in soil

S

by Nemerow integrated pollution index

23 TEEESEBELESKRIEMN
2.3.1 PP PR TR A A KU T

AL LA FE LR AESKE RECE, )P
PHE R /MR K K : Hg=>Cd > As>Pb > Cu> Ni>
Cr>Zn(4 6).Hg F1 Cd 4 E. SFEH{H 5 510 243.75
AR 3 A 25 RURS) 64,90 CH &5 A 25 XUBSD) & 14 FHAE 9%
X Hg fl Cd B\ 250 T X 3k - 1 A 25 R 5% o . 3L
fib 6 i 8 4 J& by 42 il AR A KU

M E! JLE¥%E,As,Cr,Cu,Ni, Pb,Zn £ K{H
H/NF 40, B ERMAESKE.Cd EZALA FHEES
WU (65.45 %), 2 3 4 #F 5 A F 5 B8 A 38 R
(181890, 43 AT — A i 3k B AR 5 L B 9 2E 28 K
s He 4bF A= 35 OB DL L RE S 145 4. 5 8
FESL R 87.88%0, A 1 A~ FF b Ab F 42 4l A 25 KUK
(0.61%).
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Tab.6 Potential ecological risk factor ( E. ) and risk index (RI) of heavy metals in soil

i Ei & Ei 8 FE /A W/ %

RIVGIE  RIME g $as M OfEBR MR M P G W R
As 2.70~15.80 9.23 165 0 0 0 0 100 0 0 0 0
Cd 27.98~426.23  64.90 25 108 30 1 1 15.15 65.45 18.18 0.61 0.61
Cr 0.85~2.14 1.68 165 0 0 0 0 100 0 0 0 0
Cu 1.84~9.46 4.37 165 0 0 0 0 100 0 0 0 0
Hg 35.71~2606.13 243.75 1 19 54 63 28 0.61 11.52 32.73 38.18 16.97
Ni 1.63~9.96 4.04 165 0 0 0 0 100 0 0 0 0
Pb 3.46~11.68 5.60 165 0 0 0 0 100 0 0 0 0
Zn 0.44~2.13 0.91 1651 0 0 0 0 100 0 0 0 0
ZE4 93.52~2704.22 334.48 15 86 50 10 4 9.09 52.12 30.30 6.06 2.42

O FL O A i B/ SR B 0100,
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