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(1,Ankui Institute! of Geolog;_cal Survey (Anhui Institute oﬁ ‘é‘eol(')ugical Sc'llences) , Hefei 230001, Chinaj 2. Key Laboratory of Aqueous Environment Protection and Pollution
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China))

Abstract; In order to understand the pollution level and ecological risk of heavy metals in topsoil of Chuzhou City, a total of 4360 soil samples in Chuzhou City were
collected, and the concentrations of eight heavy metals including Cr, Zn, Pb, Cu, Ni, Cd, As, and Hg were measured. Correlation analysis, cluster analysis, and principal
component analysis were used to analyze the sources of the heavy metals, and the enrichment factor index, single-factor pollution index, pollution load index, geo-accumulation
index method, and potential ecological risk index were selected to assess the environmental risk of the eight heavy metals in the topsoil. The results showed that the average
values of Cr, Zn, Ph, Cu, Ni, Cd, As, and Hg contents in the surface soil of Chuzhou City were higher than the hackground value of that in the soil of Yangtze-Huaihe River
Basin of Anhui, and Cd, Ni, As, and Hg were significantly different in space and influenced by external disturbance. The eight types of heavy metals could be divided into
four categories hased on correlation analysis, cluster analysis, and principal component analysis. Cr, Zn, Cu, and Ni were from natural background sources; As and Hg
mainly came from sources of industrial and agricultural pollution; Ph mainly came from the sources of transportation pollution and industrial and agricultural pollution; and Cd
came from the sources of transportation pollution, natural background, and industrial and agricultural pollution. The overall pollution degree of Chuzhou City was low, and the
ecological risk level was at a slight level based on the pollution load index and the potential ecological risk index; however, the ecological risk of Cd and Hg was generally
serious, and these two heavy metals should be taken as the objects of priority control. The results provided a scientific basis for soil safety utilization and classification control
in Chuzhou City.

Key words: topsoil ; heavy metals; source analysis; pollution assessment; Chuzhou
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A/ g kg ™! 280. 1 243.60 216.50  242.90  248.40 2.30 542.50 9.35
SEHE /mg kg ™! 72.38 62.35  26.19 26.22 33.19 0.13 9. 80 0.045
PR 2/ mg kg ™! 0.39 0.26  0.09 0.15 0.36 0. 001 0.17 0. 002
b2/ mg kg ™! 25.91 17.08  6.19 9.74 23.68 0. 068 11. 14 0.15
5 R A % 35.80 27.38  23.63 37.15 71.35 52.31 113.67  333.33
RN T 3 S/ mg - kg ! 80 66 24 27 39.9 0. 086 10.9 0.015
LR T I 3 51 2/ mg kg ! 69. 4 53.2 259 24.9 25 0.104 9.4 0.041
A 4 SE Y] /mg kg ! 61 74.2 26 22.6 26.9 0. 097 11.2 0. 065
2.2 EAEBICEK R 0.50; Pb 5HE 7 M0 R AYAH I R ECHR 508
2.2.1 HEREITERZIEBAHICIE T 0.5, Pb 55 Cr FII Ni X B FhE 42 J8 0 R Z M Y

F2 RWLT RN Z 43 8 FhEE 4 )& 2 A () 4H

A, — R UL, A RN R (AR, 16 B P A R 7

Z AN S i, | 9 b B 4 R e 3R AR sk AR 1Y

AT AR DRI AT LA A fige b £ 398 vh T 4 )8 1Y

FeEP . 2 AL R T Cr 5 As, Cr 55 Hg, Ni
'? As DLJNi 5 Hg Z[BIAIAHSCPEAR B 25 DIAh e

4 J8 I R 22 8] A S PR R 1k B KO (P <

0. 01) ATTEARSR A IE R, Cr 55 Zn, Cu AT Ni X

4 MESEITR AR EL 0.6, P C&r §

Ni Bﬁ*ﬁé@%%&iﬁiﬂo 96 , FFFEMSR A SCHE ; Zn 5
Cu, Ni Fl Cd iX 4 P54 J& 0 2 19 AH ¢ R ECER R i

FHE R BN T, DLW Ph 53 A E 4 8 (SR R Y
EA—F; As 5 He WA G EGR , HAR R ECH
0.71. FICHIA FIWr, BRM T £ 2 1 As 5 Hg %
TEAMIEAHTR], Cr, Zn ., Cu AT Ni R IRAHMLaEAH ],
Cd 5 Ph 43 AV H & 4 J@ 34 47 75 — 52 A2 B 10 A 5
P LA A A X & 2.
2.2.2 EHIRITTERMREST

BT T T 4 S (S B L R T
REZTIERERSRITR MRS E 2 Ffr/T M
ALALFERE BN 20 ~25 B, AT 40k 2 2558 1 K E 4
JBICEMFE Cr, Ni, Cu, Zn. Pbﬂ:ﬂCd 6*4‘713?,
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W52 KELBICEMIE As F1 He; 7EIEES M 15 ~20
W, T4 3 2550 1 kB AR ITE WA Cr, Ni, Cu
M Zn X 4 FioeE 552 KESJREICEK Ph A1 Cd, 53
KE 4B ICE IS As Il Hg; 7EFEE A 10 ~ 15

ZniX 4 FPOCE 55 2 REAJEICE N Ph,E 3 K HE
LIEICE N Cd, 5 4 KELJE KU As Al H.
X UL Cr, Ni, Cu Al Zn W] 8 HAG M RIAY R IR, As
1l Heg 7] Ge B A AH LAY R IR, Cd F1 Ph R N

Ao 4 2850 1 KE R URAAS Cr, Niy Ca I B
®2 HREIBEESETRMEXERYY
Table 2 Correlation coefficient of soil heavy metals in study area
Zn Pb Cu Ni Cd As Hg
Cr 0.62™ -0.04™ 0.68™ 0.96™ 0.19™ 0. 002 -0.02
Zn 1 0.20™ 0.60 ™ 0.60 ™ 0.55 0.12* 0.07 ™
Pb 1 0.10™ -0.10™ 0.43 ™ 0.23 ™ 0.09 ™
Cu 1 0.65™ 0.26 ™ 0.14 0.14 ™
Ni 1 0.17* -0.02 -0.02
Cd 1 0.10 ™ 0.04 ™
As 1 0.71™

1) #x R P <0.01 M AHM: B 3%

Cr ]7
Ni

Zn ==

Pb

Cd

As —|

Hg

0 5 10 15 20 25
58 2 1] B A

E2 HRXTIBFEESERELSN

Fig. 2 Cluster analysis of soil heavy metals in study area

2.2.3 EEJRITERMWN TS5

FH 2 3 AT, 55T 07 25 M K 5% 1 S Wi o3 43 At
() KMO 544 F1 Bartlett BKJE A6 56 45 %5143l 0. 68 Fl
23087.20(df =28, P <0.001) , 3% i B A FH 3= i o3
S3HT AT LA R i B¢t 398 4 R R R 2 (A1) 1) 56 BX
PECURT 3 AN AT (PC) IARIEE KT 1, RiT#
T R 251 80. 66% , £F 6 /M K. 55 — 2 iy
(PC1) A fif B 40. 62% 1922 5544, Cr, Zn, Cu F1 Ni
MM s 38 = 4 (PC2) A B 23.23%

(122 5, As Fl Hg 1Y 28007 {12 35 5 T H B LR T
2, 8= AN (PC3) AT 16. 81% (1925 Fbk 1
rh Pb %n Cd AR

2.3 HEEIGYIFM
2.3.1 EF §HERFIIHE LS

EHHERE T EF 0] ) BLE 4R TR A 5 gk
W, 4 A%, Zn . Ni, Cd #1 Hg f EF SEX{E K
T 1, Hrh Cd 1 EF SF¥EEK; 11 Cr, Pb, Cu Al

As 10 EF PN 10 AR 2, 26 Nig€a il He
FR . W SRR, SRR, Zn
1 Cd E’J*%}Eiﬁjﬁ 60%, Cr E’J*’%@J\EF 20%}

As Fil Hg ﬁ%ﬂﬁ 0.-04% 0. 48% E’Jﬂaw}%ﬂ%

WAL LR | ) .
%3 FRELWEERIASH '
Tdble 3 Prlnupdl component analysis of soil heavy™ -

f" metals nr the study area

TR i PCl PC2 P@3”
Cr : g 0.89 -0.29 -0.20
=7n 0.84 " 0.07 0.21
Ph 0.17 0.52 0.63
Cu 0.83 -0.01 -0.12
Ni 0. 87 -0.33 -0.23
Cd 0.48 0.33 0. 65
As 0.17 0.83 -0.36
Hg 0.13 0.78 -0.49
Jr TR % 40. 62 23.23 16. 81
Bty 2 5Tk R % 40. 62 63.85 80. 66
KMO $5%k 0. 68
Bartlett 5% 23 087.20
M E 28
P 0. 000

1) BRFRRIR A4S I A AT E

2.3.2 BTG QAR HOLTE Y AT TR BTN
H2 5 w1 IR XN 8 R 4B 1 P, SF-HME
FKAMEIR A :Ni > Cd >Zn > Hg > Cu > As = Cr > Pb,
HA Ni| Cd, Zn Il Hg V53 A0 X 28, H P, FH9(A
3R 1,33, 1,24 1,17 AT 1.10. JAT5 e ) ok
B4 3601 RAF 5 - 4 Jm Ju R AR R /MR
A :Zn >Ni>Cd >Cu>As>Pb>Cr>Hg, Zn, Ni fll
Cd 54 B R @ T 60% . LA HEEBILR
P, FHEFEE AR SR NHEF 58 A —3L Ni 1Y P,
SERE BRI R, LR Ni 75 Yy FEl o A 45
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JHX R AR TG Y, 4 60% HISRFES L T8 MhEAIR TR LA EM A PLI SFX{E R 0.97,
HENi VYRR MR . Cd B9 P, SEIMEAUR T N, RIZX IR LR T WS BFE,
X EERE R T HEEG RS MA/NT NSRRI R ICTS Y MR B 5 e i o 32, Ho b
[f). As Al Hg B P, JE R 0 A8, X BB T Hsriiloh 66. 47% F133. 26%, H 3 R F B DA 1 a5 A
HRREAS ALY As Bl He SRR Z s En. & CH 124, 518 0.27% (£5).

*4 HRRIBEEEEEERTSM
Table 4  Analysis of soil heavy metal enrichment factors in the study area

V5 YRR /A GEBFR /% )

LR ERIER BRI T Bl TR B R
Cr 0.33~2.56 0.95 3530(80.97) 829(19.01) 1(0.02) 0 0
7n 0.64 ~5.12 1.09 1527(35.02)  2807(64.39) 25(0.57) 1(0.02) 0
Ph 0.13 ~6.94 0.97 2538(58.21)  1804(41.38) 17(0.39) 1(0.02) 0
Cu 0.33 ~8.48 0.97 3.007(68.97) 1329(30. 48) 21(0. 48) 3(0.07) 0
Ni 0.28 ~3.80 1.01 2974(68.21) 1278(29.31) 108(2.48) 0 0
cd 0.29 ~18.36 1.16 1678(38.49)  2555(58.60) 116(2.66) 11(0.25) 0
As 0.09 ~55.34 0.97 2522(57.84)  1813(41.59) 23(0.53) 1(0.02) 1(0.02)
Hg 0.14 ~218.69 1.06 2705(62.04) 1506(34.54) 128(2.94) 19(0.43) 2(0.05Y
- ; 5 - = .'
%5 BRRIBELEERFTMEMETRAMEY =/ L
Table 5 Single factor pollution index and pollution load index of soil heavyrmetals in the study area K f
o P, 1 POTEE 7. LAl & A v A
- S sk ] §ulisg wEEES 4
Cr 0.15 ~4.04 104 L 2572(58.99) 1657(38:00)," 87(2.00) 44(1.01) o7
7n 0.41 ~4.58 i | A 3e0s)  2900(66,51) o L 110(2,52) 8(0. 14
Pb d 0. 37 ~8.36 Lol / :J 2375(54.47) 1 964(¥'“4..55'05)'- % 11€0. 25) 10(0. 23)
o Gu 10019 ~9.76 L LE5S VAT 97386(52.43) 1951 (44.75) | 111(2.55) A20027)
' N T 0.10-9.94 w 133 T B58(31.15) 2682“261{51) S141(3.23) 199(4. 11
J G 035 ~22. 12 1..,2‘4' ¢ ) i3s3 2770(63. 53) 155(3.55) 50(1.15 )
As 0 13 ~57.71 to4) ) [2345(53.78) 1948 (44. 68 47(1.08) 20(0. 46)
4 Hg““ ‘ 0.24 ~228. 05 L1.10 " 2_@98'(6}__,.‘ 19) 1540(35.32) 88(2:02) 64(1.47)
JOPLL. Y 0.2 -4.02 097 7 2.898¢66.47) 1450(33.26) 11(0.25) 1(0.02)
2.3.30 Hh BRFEEOTH FEEESRE , Cd F1 Ni (AR R KT 15%, Zn 1) bR

HZ 6 FIHL BFFE XA 8 PR 1, FHMEH  RKT 10%, HE S M &8ss R /M T 10%,
NT 0 XU B R R A . TS Hh Ph AR SN T 5% .
%6 HRELMELBIHBRIEN

Table 6  Geo-accumulation index of soil heavy metal in the study area

P I s P V5 YRR /A G FRH % )
ES weo weo A

EREET RIEEE  WPEGE MR WMEGRE  ®Ek SRR
Cr -3.32~1.43 -0.59 4119(94.47) 197(4.52) 44(1.01) 0 0 0 0
7n -1.86 ~1.61 -0.40 3844(88.17) 508(11.65) 8(0.18) 0 0 0 0
Pb -2.00 ~2.48 -0.59 4291(98.42) 59(1.35) 9(0.21) 1(0.02) 0 0 0
Cu -2.95~2.70 -0.57 4073(93.41) 275(6.31) 9(0.21) 3(0.07) 0 0 0
Ni -3.91~2.73 -0.34  3686(84.54) 495(11.36) 117(2.68)  62(1.42) 0 0 0
Cd -2.10 ~3. 88 —0.37  3647(83.64) 663(15.20) 40(0.93) 8(0.18)  2(0.05) 0 0
As -3.55~5.26 -0.63 4093(93.88) 247(5.66) 17(0.39) 1(0.02) 0 0 2(0.05)
Hg -2.62~7.25 -0.67 3950(90.60) 346(7.94) 44(1.01) 15(0.34) 4(0.09) 0 1(0.02)
2.3.4 BEASKEIEECTN BRREE G Ph, Cu FINi 2351 1.2 11 AN

th2e7 AT BFGEIX N 8 FRIEAIR B IO T UM TSR e e MO R E As
UM :Hg > Cd > As > Ni > Cu > Pb > Cr > Zn, )\ & AR T AN 2 A S A E T S R R A A e E
U LAT BR T Hg ) B P9 40, BT Hg BRSO, JUHAT 38.819% B9 AL TR
AFEHELS I 7 R A AR R SR A TS M R ROk
HRLRFERY. DB E ST A O A Zn AL MG Cd 0 W AE R 35 fE W (UK T Mg, 300k 45
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Table 7 Potential ecological risk index of single hcavv metals in soil of the study area
% £ £ P __TRBR (R %) ;
B &g vl R5R R
Cr 0.30 ~8.07 2.09 4360(100) 0 0 0 0
Zn 0.41 ~4.58 1.17 4360(100) 0 0 0 0
Pb 1.87 ~41.80 5.06 4359(99.98) 1(0.02) 0 0 0
Cu 0.97 ~48.78 5.26 4358(99.95) 2(0.05) 0 0 0
Ni 0.50 ~49. 68 6. 64 4349(99.75) 11(0.25) 0 0 0
Cd 10. 48 ~1663.75 37.05 3261(74.79) 1038(23.81) 47(1.08) 12(0.27) 2(0.05)
As 1.28 ~577.13 10. 42 4351(99.79) 7(0.16) 0 0 2(0.05)
Hg 9.76 ~9 121.95 44.00 2668(61.19) 1540(35.32) 111(2.55) 31(0.71) 10(0.23)
L VA B S FEE Y s oA 25% JEE R A b AR 2SR 50 A 12 6. 40% , AR BTG

FL8IMLT 8 M EELRILERM R FHE RN
111. 69, J& THEEE A RS Y5 Y i ok, Hodp

Qe mi AL AT B /0 P X RI P 3 {E B9 5T R R
Bk

*8 MRARIESHESBEBEESRBERIEY

Table 8 Comprehensive potential ecological risk index of various heavy metals in soil of the study area

YR /A AR/ % ) F

B TR T, I Wl T
36.77 ~9791.58 111. 69 4081 (93..‘,_60) 243 (5.57) 29 (0. 67) 7 (.0 16) =
3 mb , F“Tﬁiﬂ;l: 5347, mﬁﬁJw#%ﬁrmﬁm&ﬂ
) B AT W S e e ke, o ig
3.1 iiﬁié}%%ﬁﬁﬁﬁ ‘1, E’ﬁbkééﬂﬂé As Ml He i % 2 72 A {’574\:(%{%!

B R T %z*ﬁj‘*ﬁ%ﬂzﬁkéj\ﬁj\*ﬁﬂﬁﬁ
XTH:éH‘E A LR b A < E’JEEA%'JH#J 4855

Cr Zn Cu 1 Ni 1_4 P 4 EE?\ ,;E\:IEEE

E?Eﬁkﬁ A BFE £ W] 8 Cr o RN %ﬁ@«
B2 DR AR, S R SR K A
MR | BRI AN SN TR X 4 R
wlE BA R R Gt s RER (£ 1),
Cr, Zn, Cu F1 Ni iX 4 ﬁfn%‘?q@ﬁﬁﬁ?ﬂ‘?}l‘li%
JCEW S, I H Cu, Zn F1 Cr 25 [A] A8 SN X
e 7ERE g rh B LRRE T R ok A, &
%‘*ii%ﬂi“ﬁz%imﬂwi—‘éﬂfﬁﬁ%Miitiﬁé@%ﬁ
il , 52 N Wi dhsg B /Nl S AR R AZ 5 ). 5
As Fll Hg, H 2RI T TR 5 G k. *Haérék/\
BT BRI BT AR B As Al He Bk U
EUA i BE 0 — B0k Gt PR i 4 R R WL IX S As
I Hg AY25 [ A48 S 55K, Ul B 3 7 b 2 4 g &2 A\ 26
?ﬁﬁﬁ?ﬁtiﬁo@f‘ﬁﬁ HWFFEEM, As 1 Hg BEA Tl
YU, XA AR TG YL PR SRR DI T
l:iuﬁﬂ’m Jed S A 1 X s 0 0 RN T AR
DA ARTER, M AR R T ST R L
IS A5 Tl & 7K 1 DX SR HE | DR b sk 26 X3 1Y) As
Al He 2Bl 00 1) 8 308, ] R 208 1 K
TR AE TR Mo DX ] B I N AR b i I H | v 4
AU il 1 R A A S A DG A Tl ™ A 14 S HE R 20T

%ﬁfﬁ/\jﬁz& I‘JHTH’@FHWET%%{EL#WE’JW
[FA I, i As LA s 0TI el i ) 9 X7 A v
RCE S RIET AP (At 3OS 40
Hg" " RIIREEA HIRE As Fl He RIET Tolk 5 4L i
RADUREALO TR TS G 5 3 2. Ph, 443 H7
FH Pb 7€ PC2 F1 PC3 #4738 K A 2R A, A0 Pk
AT AL M P 5 Cr B Ni SRR, 5
Cd A7 [l —A i, P, 27 6 0 2 2k IR F 2858
PR T AN I Y8, AT, Tolk A ™ KDL
RN G HE O Ph #8455 R ik Y
P12 €| W X P S B BN T = o O 7
(N R AL T AR RRIE . S R
AR RA T AE Tl A= 7= A Jmy v o LUK, 3K AT B2
Hain P 7E 3 it SR, R 2540 AE 5 4 Ay S
FEAL N Ph A HERL. £ 4 2. Cd, M o T R
W cd SHELMESRECRMBAE—ENKR,
TR TR Cd 18 3 A TR TR A —E 14
FHTTHER, X UL Cd FEORIE T2 I . HARIEF T
ANV 5 YR, 2 s Cd B EEOR IR Z — XAl
Pb IAE LIS RIERE A AL o AR X Cd A &

IR M ERITIL R E SNk S B
BB AT ZBR, TE IR B ARAE Y 7m0
A 25 A AT Y it 25 34 i £ 4 Cd i B
U, LR A Cd BEEORIE TSR, ASRIEA T A&
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75 Y.
3.2 UL AR TS Y R R

BRI Tk | R T YR Rk A B
YT, Cd, Ni il Zn 7E3 M 32 4 HETS ey
PR WETEAE A KR B T He AT Cd 7B 25 A
SR T 6 R BT K. X R IIZIX
HE C V5 YRR gE | KRR 3 5 9 21
4B 5 R A . AT WY 0T, Cd g [ 77 e
B A T TR 5 YT R FE TR ) P L )
MBI | X | X DO M X TR =
Hi I 077 76 S AR BE 00 Cd 95 2, O J 3 R A
P 2014 AF (A E LTS YR BT A AR
BR Cd S ATEBRR R R 7. 0%, & & FHE 7 F
FRIRICE. Cd KRR N2, TGS« =
B HERK . AR E A AR IR | LR i 5 32 B
RN FFERE W Cd 1552, R AT Cd £+
W SRR A DRt FY P E R R P ]
B FEATIFSY X HHERAE A, FEAEY) ok
R KRS X5 Cd A0 S 7 B MR R B
2, AR SBRA 3 C AR T 9 Zn i
— VB G X E S R A
VRV R 2 15 (8 10 IR T R
EHEZn TSR R L] Zn R K
T 1O e R RRE A F AT V5 e, i BRI FM )7 |

TR 8- LA 4 e Zn 75 SO VA AR,

SO PO B P, RIS 084, LUK
3 Zin 1 SAEAE N PO AR v LB DA 4 B
P, EBIME R 0. 94, 53X UL EA PEAN ROEEAS — Bt 45
REAABRZES I UHEARM I S BNz,

TR 2 A5 AN R 25 S B A AT RE MR AR

Zn TEZH0H b & AR R, e E - B A
o H SRR R 0. 9%, SRR, 45— 7F
VR 22 DX, #F b GO AR 3 ) Zn 5 806 K
AR Z5 1, W ARAEAE Zn 5 P SFHEE S S

RGO T, & L3 E— e BE AT
RGO X BRI R Zn S AR T 10
JGE R, IO B AR R b Zn AR
Sy AR B A JE TG Yo R e A A KU PR L R
H Hg A0 AE 5 AU B iy, iX 5 He 19 48 X i
AARKKHR I AILAE R | L2808 ik N 17 1- 58 He
(75 5411 (0. 065 , 0. 041 F10.015 mg-kg™") FIFM
B, ALA RN 3R 2 5 He MW 7E £ S e 3 48

BOEME 43 51k 27. 75 . 44.00 F1120. 26. [F] B AHF
FEX N T Hg 128 5 R EUCK T 300% , HEg 1 R 5L
WEESTHEILMESE TR, XA R He
IS TEAE B KB K, R 22 78 4 % J& He 1B

IR T

1YL SRR B PLL FIVE 7 AR 25 KUK RI 2565
TRECRY, SR FIZ XS Qe fe B0 | AR KUK
IR, PR R 79 Qe iy T BTk A T XK
NI — 07 As Fl Hg B 5 AR, [T Cd B9
MR R 7 , T BOA > AL BT8R 2
ARSI A G, PR 2= e rh U R B
Ho A AZEASE Cd L As 1AM AR (W)
mEInsE Hg AR, ISR OR Hg Y AE 25 KBS B A 4 fy
TEHBARACE 1.

4 i

(1) PRI AR 8 FhE 4 8T R Z AN NG
SN W2 A R AR T B T
bk EHEST RS R, SO A NG, As FILHE 255
R JUHIE As R He 2R T 3. ) 1

(2) M gt | SRS 501 A1 = 130 Mt 4
8 FITE 08 1 ok LA 14645 22 53 Cogf | G
I Ni i 4 T 4 J T R EZOK [ T AR As
1 He SRR T A5 Y 4R Az A
TADIHG I Ph A TEL 3 Cd T BT 0
W FRTALT AR, (. &

(3)3 s UVE (F v T 0 X B g e
Cd 15 Y8 J T, Cd 15 Y g 2 1Y 25 6] S A R )
125 B BRSO R R S e AR BN | R
AN KTER B Cd A He W AR i Se 2 il 1 +
HELSEILER.
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