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Abstract; [ Objective] The heavy metal pollution characteristics and ecological risk for soil were studied to
provide a scientific basis for the proper land use in the process of urban renewal. [ Methods] Samples of
topsoil (0—0.5 m) and subsoil (1.5—2.0 m) were collected from 102 point locations in a large-scale redevelopment
site in Shanghai City, and the concentration levels of 10 heavy metals (As, Be, Cu, Pb, Ni, Ti, Zn, Cr,
Cd, and Hg) were tested and measured. The heavy metal contamination and ecological risk were evaluated
with geo-accumulation, Nemerow, and potential ecological risk indices. The sources of heavy metals were
further identified and revealed by multivariate statistical analysis. [ Results] @O The contents of the heavy
metals in soil were lower than the type [l land soil risk screening values stipulated in the “Soil Environmental

Quality-Risk Control Standard for Soil Contamination of Development Land, Pilot Version” (GB36600,
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2018), but the contents of As, Cu, Pb, Zn, and Hg in soil from 6.9%, 24.5% ., 25.5%, 37.3%, and 63.7%
sampling points exceed the background values of soil elements, which indicated different degrees of accumulation.
The soil in the entire study area generally varies from clean to slightly polluted, with 11. 8% and 3. 84 % of
the topsoil and 2. 64 % and 0. 63% of the subsoil moderately and heavily contaminated, respectively. @ The
mean value of the comprehensive potential ecological risk index for topsoil was 89. 91, representing a medium
risk level. Hg in topsoil was the main ecological risk factor in the study area. @ The concentrations of Ni,
Cr, Be, and T1 in the soil were mainly controlled by natural sources of weathering of the soil parent material.
Pb, Zn, Cu, As, and Hg contents in soil were mostly affected by sources of transportation and historical
agricultural production activities. Natural sources also contributed a considerable proportion to the contents
of As in topsoil and Cu in subsoil as well as man-made sources. Hg in topsoil was more affected by other
human activity sources than transportation sources. [ Conclusion] During subsequent land use processes,

more attention should be paid to the ecological risk control of Hg and the cumulative effect of heavy metals

caused by external traffic sources.
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S JBUPE B RRAE (& 2)

RI

I <80 B R K
o

I 320~6407% R B
I >6401% i X &

RI

[ <S80 B R K
1 80~1607 % R &
I 160~3208% & A%

{E:a,b ARF LI o'W b' A TR .
B2 TEHESEASFEHINDSEEELESKNEREHRD 5%

e TSR INL o4 (E 2a,24") , R E
A TR B S Yotk S T AR 5 U Y X TR L 1)
29 65.66% .11, 8% 1 3. 84 Yo Ay IX a5 vy & A T 75
PeORAS 2 BEHCR 5 A 78 3 o b 35 A0 A6 6 L3 HLH
H L T Hb R 5B 0 R A M X 8, 2 22 Hg 8
1o B4 BRI Y RO )RR B A ) 11 9% 4 Ml A 56 T s
PYZE RN B VR 5 1% X 3 8 2 22 N 29 s 2
A b S R Y 2 b L EL 20 22 70 i 80
AR A TR I il YR 2 I v AT R 5 | R 3 X3 R 4
R E . TR AL T AR RS R A
T4 b 54, 37 % F1 38. 21 % ,2. 64 % Fl 0. 63% iy IX
Ak T rp S Y M B YIRS R AR T
Tl P M R LA T DX ek, 32 B 7 Hg 50 A9 PN

HYAE BT U 32 ARG S, T2 R
Xt 2 A SR EN He EHEUE.
2.3 TEEEERAESRKRIEN

Yy Wb - 3 v AE AR A XURS: 8 BN 1B 2b, 2b i, 3R
J2 A T e 5 RS R GRS TR o F 5 X
TR 46. 49 Y0 FN 47. 19 Yo A 1) X dak 5 4 o XU L v XL
Wz A e IXUS: 7K SF- 43 A1 7 3 b rh 3 N AL 1 ML
FH M Tl b R i 58 0 A b Xk, B2 R R A
S siAn As,Pb R He % & RUR: ZKF (R $2 . K )2
- A A B XU KT TR B 9 X T RR86. 204
A 590 DX 5K S B v A XU R A e KU KO, £ R )R
A AL As, Pb, Zn Fil Hg 48 5 AU K F- (RT) 5210

J18 & 4 J& (As, Cu, Pb, Ni, Zn, Cr f1 Hg) 1%
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TEAE SR8 Z B A Y stk e . K2 L E
& B BT T A A KU F5 B4 M (ED i R B /IMER IR Ry
Hg(68.76)>>As(7.18)>Ph(4.37)>Cu(4. 33) >Ni
(3.65)>7Zn(0.91)>Cr(0. 69), F )2 T 4 )8 i
TEA S XU 48 £ (6 (ED Rk Hg (38. 96) > As
(6.82)>Pb (4. 08) >Ni(3. 95) >Cu (3. 79) >7Zn
(0.87)>Cr(0. 72) , Hirh & 2 + 3 b Hg &b T 55 X,
B 7K Y X 8 R B AR SR T AR E 4
Ja& ¥ 4 T 52 ORI K-

SR 45 R BE S E 4 )8 (As, Cu, Pb, Ni, Zn,
Cr fl He) ML BB K 5 50(RL) . % )2 T4
(R L5 AR AR B XU 8 B (R 4b F 82 i P 45 B0 s
FAR 55 4 FhK S, X 7SR B A5 B4 i R 62. 75 %%,
24.51%,11. 76 %1 0. 98 % ; F )2 H HELE A A A &
AU 48 £ (RI) &b TR 40 A8 AR i3 3 B K X i
SKRE S H A o 83.33%,11. 77 % A4, 90% , 5
b TR K. K2 LR G W RS XK
FREME (RD R 89. 91, 4b T vp 45 KUFS K F-, T )2
SRER AW AE A S KRS 48 B (RD 259, 20, &b T-4%
THOXUB: 7K SF-

2.4 TEBEETHEKIBEBN

2.4.1 AX oM Bk NS HAE S8 AW L IE
oA R A JE R IR Z R AH OC O R L IH RS
4 B JC R [H] Y Spearman AH K R 4L,

FKZE 1 Be-Ni-TI-Cr, Pb-Zn-Cu 2 i 3 1F 48
FR B, HAHFZRZRED M 0. 444~0. 814 (p<C0. 01)
1 0.693~0.790(p=<<0. 01), Hfr Cu-Pb, Cu-Zn
Ni-Cril & R BU7E 0. 7 DL (p<<0. 01)  FRBLEE = 1 oK TR
AL . Be-Ni-TI-Cr 258 5 2% (11, 96 % ~14. 98 %) &%
Pb-Zn-Cu(25. 15% ~37. 39%) /)v, H ¥ K #8 it + 4% 5
R DO Z 3R 1Y 3 SRSk I e s Pb-Zn-Cu
3w AN Ve BB Aok - BT B HU(E L 10 B H Y ok A
AN . As 5 Cu.Pb.Zn Ml Cr ¥4 — & 2 5 1)
EMRRR S Cu BAHIE O R B UL R IR Z A
JEE S A R R S [ ), 32 2 DL Sl ok iR
JE. Hg 5 Cu,Pb fl Zn A — & 0 &b 2 1F M 36 56
%,.5 Be,Ni, TT fl Cr 28— 0 I & A KR,
5 AsHRXXREAAR W HYE Cu.Pb Fl Zn {5 Jt A
A — 2 TR

TREERES BN S RZE A2
Hr Cu-Pb,Cu-Zn F1 Ni-Cr A R EA5] 0. 85 L) |
(p<<0.01); % As-Be 4p,As,Pb,Zn,Cu,Be, Ni, TI,
Cr PIPI Z B 35 2 B — 2 19 I8 35 IE A DG OC &R Hof Pb,
Cul Cr,TI Z[al4H3E 2 %k35 0.5 LI _E (p<<0.01) , i
WIF 2 5 4 ok U5 A AH Uk 32 B AR R 3R 5 T A

MK, Hg 5 As,Cu,Pb I Zn f5 — & i 1 & 1E 48
KHK A5 Be ,Ni, TLfI Cr T B AR LT
2 Hg 5 As.Cu.Pb #l Zn 75 4 ok P B9 A AL 1 . £ 2
MTZEHg SHRAE LSBT RE WML LR 2Z R U]
HOoR R 52 2Rk

RoaPr RS E N FERNA RS E SR
FJZ T )2 ol e BE (9 AH ¢ R 4L, {X Be, Cu, Pb il
InRKEMTZWERN —ENEEFEMLELER, H
o 2B X #E NS 43 3R Be (0. 280, p<<0. 05), Cu
(0. 280, p<C0.05), Pb(0. 308, p< 0. 05) 1 Zn(0. 403,
»<20.05) MbAh, H3ET Be 728 7 R E(FRZ 11,960/
TR 13008 /N, FZ M T E AT, bW H =52
H SRR 5, 23 (8] 5 5 A X #5708 s Cus Pb AT Zn 9728
SR B(37.39%/39.89%,25.15%/20. 05%,29. 16 %/
4106 ) K, HFJZ L3 Cu il Zn S REGH T
FKZ W Z 8 Cu,Pb fl Zn ZR)Z T HEHE S
& 1) T 3 R S e 4 R AT B L 22 B0 A X S
23 (] A S MR T 22 A7 31 N 80 Bl R 0 B HE R L 5 IR
A8 T YT 4 R R E AT JR 05 e A A O R 58
M R B 0 AR — B
2.4.2 RESHE ZxRo oM NiE—LaotrGH
+ b EE 4 Jm ok UR N O, X 3 E 4 JE (As, Be, Cu,
Pb,Ni, TI.Zn, Cr F1 Hg) ¥ & # 17 5 25 73 Fl 3 1
G35 (PCAY . SR F 43 2 328 T7 s Otk 1 2 1) 3% 42
o BRI o R O O BRCBE B, RS ol 5 2k
(K 3):OFE+E Y Ni-Cr-Be-Pb-T1; @ F )2 1
F1 ) Zn-Hg-Cu; @QF)E 3 f #) Pb-Zn-Cu I F E +
B As; @R)Z LD Ni-Cr-Be-TI-As; O F 2
+ 3 Hg.

X RIS X 48 - B RE A 4 8 e B iE 4T KMO
K 56 F Bartleet”s BRJE B A 56, 2 2 A1 F )2 KMO 4t
Pt h 0. 678=>0. 6, p<<0. 01, i /& T 84040 Hr 5Kk
AR RR A A T 1 B0 SRR 5 A AL O 2
BT sk Rk H] 75. 2500, FWZ E N REETE R
FREE L RAE L 48 R IR B (LR 3,

F L 1(PCOH WY 7 2 5THkh 26,09 %, T2+
o Ni,Cr,Be 1 TT L4743 %14 0. 960,0. 919,0. 813,
0. 704, J& TR ARAF (0. 6)20, vk B 4K T 4875
SOE L IEASCER B EE 5 RERUN U] PCy S
TREEEESEZARRERW, 58 A B
— 50, T MR B 3 %232 Bl 4 B Ok PR 52 0, Be Sy il
R 26 55 JC YL Cr AN b 3T £ 75 Ye 7 )
AR E 48 22— AT 3 A I A 25 4 AT XS + 458
B Cr A Ni e BESZ /N T AR Rt 22 R 5
AL e 1T S K A R 4 i R TR o T E A R



234 7K AR 3 4

84l B

B 3 Cr RN Ni ¥ B 8 2252 %+ B3 2 I, 15 7K
W HAE b i s SRR AN, AN, R R
Pb 7£ PC, bt A — &3 M5 (0.51) . H BRI Hroh 7
Ni-Cr-Be-Pb-TT 3 —25 (& 3), 387 PC, 1 ) B T &
4y F )2 ek Pb iy A SRR W L 540 56 Pk 4 BT 45 2R
PLBCR 2 A4 rh Ph (¥R B 3 A 5 0 (B 1a') — 3L,

E_1 yRBELEE. 2 TR,
B3 HRREIEESERERESN

F s 2(PCH W J7 22 5Tk 19. 2606, % )2 1
HfY Ni,Cr,Be F1 TT 57 8855, 43 3K 0. 934, 0. 844,
0.825,0.675, BT L5875 S0 IEAHC R
3R BB UL PC, RILR)E LIS 48
BRI A H SRR YR . A, KRR LT As
16 PC, 3 f7 (0. 486) 5 PC, | 3% 17 (0. 343) 414,
A A PR 32 4 SR R PC, i R e T R A 2
e As 1 H SRR

F RS 3(PCHM T 25Tk 11.87% . T2 1
th Zn, Hg F1 Pb 25 fif 8 & . 43 %1 K 0. 886, 0. 827,
0.736, IEMHC KR B, B 5 R K, B o 1
B e B R AL U PC, T R LS 4R
DN RCEIE- AR S ] ST N P~ k= 2 S A LN
i s PR NG R BB £, 13 Pb.Zn A1 Hg
X e X EE A R 2 0, 5 RZHIEE S
B A —F (& 1a,1a ,1c,1c',1e, 1e!), % X 5,
D3 5 E A SRy A b 58 kb R H L A0l 3 B b i T K
BB B R 2L AT A — AR bt
B R Zn,Pb fl Hg iy BR291 H PC, £ X
e 37 L7 b, PR 3505 55 1A A M A 7 0 B Y s e YR B 4R R
1 B SR AR I A A T A R S A A R A R I
HommE A T R R )20 R

F R APCOW T 25Tk 11,61 %, K )Z H1E
i Pb, Zn Al Cu #X #5543 9k 0. 870, 0. 856,

0. 709, &84 1 HEHE 5 b 8 4 8 Wk S Rl B R
FEEEK U PC, RBLR)ZE I E 48 i A0 30
M. )2 A Pb, Cu, Zn XS R B X
Loy Ai 5 S b N T I T M (R B B 4l AL
WA (E4E ) (K la—1c,1la'—1c'), b APV
] g T BT A AL A M L 2SR R, R R L
rh H 4x @ T RE 52 3 M P4 A8 I HE OR35S0 A8 38 T
KAVIES M m ., CAMREN Zn F1 Pb i /E R
ST YL PR A R B 0 o R R AR HE
Pb 5 Ye R YEI R  B R A 7 v B IR
TSR Zn EEORE TR ARG B Cu B H Tl 8 %
L) S R 2 - R RV O ) B = el
P T B MR 8 5 G TR B B R O U PCy
Wiy e IR E G R i SSmis ok IR . Ak N2
 As 7E PC, FRYERAT (0. 484) 5 PC, |- 1Y 4% faf 28 far
0. 543D A RESMERTZ LD As 5RIZ+
ik Ph-Zn-Cu A —2& (F 3), H iz v M )2 £ 4
o As X R R A X (B 1dD 5 R 2 R
Pb,Zn il Cu A0 X} &5 B 43 A X — 30 (& 1la—10) , Ik
e Tk R DX S8 7 3 v A R KT AR A A U R 2
b As 37 3y b N A0 32 38 32 B IR RN 37 b PN R 1A Al
Az 7 PR SR TR

F LSy 5(PCs) Jy 22 5Tk Ry 6. 4220, fU F 2 Cu
1) 2 for 2 8 (0. 698) , HF 2 3 Cu 7F PC, Lt
A — 2 Hor (0. 464) , BRI 45 R Zn-Hg-Cu Jy—
FKE 3, T2 TR Cu W B2 88 o 35 5
8. H 552 R W 40k 1% s IR 2 a2 19 Zn, Hg,
Pb(PC;) Fl [ #& kU5 K E /Y Ni, Cr.Be fil TI(PC)) IE
ML R B E. I B AR KL E 5 X
T R TS G PP o b B g i Cu 2R
16 B AR 4 B i XA VE 3L R 2w . iz i R 2
T3 rp Cu AU R v B X /DN, B B o A A b A
AEFON 3 25, HAY X dk Cu e B AR X 4 (& 1bY) L 33
HF 2 HE T Cu 3240 T B 9 N Sk U5 K B 5 R
FEAE T R R 9 2 5] 52

KAEME— FZ VAL e TR E 4
JE O R B B R R S R ORI A PR 2
TR KK 5 A ) ) A 3 b HE R A B BT
RARAE 52 i A1 o Ak A7 BEBHER e | 7 3% 5% 5 R 7K e il
S Y NIRRT BTN NG =) & 053 S5 (P U A RRLTAVIN
TERTERZ P AR g,

WFIE IR Z T AR i b Hg vk 3 8 1 5 58 1
% Pb, Zn 1 Cu &, H7AE 5 R A K Bk 3 H 74 0l
AN BIARR v B2 i He 5 As Fl Pb 32 3 [m] 75 G4 i 52
W h (& Le,dya)  HiAy Hg ARk BE 5 0 vk 2 IX
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TE 3 1 9 1) Tk FH b L 32 FH b RN BL S FEL A M 35 A 4
KEB (K 1e), RESMERRZ BTN
Hg B B —25 (K 3), HAUTE PC, LA — & IF 2 fif
(0.451),F )2+ Hg 5 Pb.Zn,.Cu H—E W
IEACOC R 5 F A7 4 B 5 KA A R ma Y N,
Cr,Be fl TT 2 HAH XX R, M X EHKM, 5 As
AT KRR, WIS RELE DM Pb, Zn,
Cu A & H Lk IR 1) 3¢ 38 42 i Y5 X A — 22 sk A1
F)Z L He e B2 01 2 32 31 H A A 2805 3 I 1Y

=
AT

®3 ITEECREREIHSSTRGER

HER PC, PG, PC, PC, PC;

Ni_2 0. 960 0.051 0.024 0.072 —0.057
Cr_2 0.919  0.058  0.144  0.105  0.079
Be_2 0.813  0.022 —0.023  0.072  0.233
TI_2 0.704 —0.086  0.464  0.044 —0.389
Ni_1 0.033  0.934 —0.059 —0.034  0.019
Cr_1 0.005  0.844 —0.063  0.240  0.085
Be_1 0.175  0.825 —0.115  0.094  0.192
TI_1 —0.170  0.675  0.173  0.171 —0.457
As_1 0.042  0.486  0.032  0.343 —0.374
Hg 1 0.143 —0.461 —0.269  0.451 —0.070
Zn_2 0.139 0.003 0. 886 0.023 0.094
Hg_ 2 —0.117 —0.061  0.827  0.036  0.029
Pb_2 0.510 —0.079 0.736 0.073 0.031
Pb_1 0. 065 0.019 —0.040 0.870 —0.175
Zn_1 0.099  0.201  0.062  0.856 —0.009
Cu_l —0.026  0.176  0.154  0.709  0.244
As_2 0.281  0.093  0.484  0.543  0.068
Cu_2 0.149  0.196  0.464  0.135  0.698
LER (e 4.697  3.467  2.136  2.089  1.156
J7 % BTk 26.09  19.26  11.87  11.61 6.42
Eib 2 5iHk 26.09  45.35  57.22  68.83  75.25

EOQ 1727 5RO R KRBT ES TR L ORIkl
FIWGr Mk s OBERH Ir ik Tr 2l Kk .

3 &

(1) WFFE X B EE 4 Ja 1 A ik + 58 V5 e XU i
PE{H.6.9%,24.5%.25. 5% ,37. 3% F1 63. 7% Y %
BE S RS T As,Cu,Pb, Zn Fl Hg ¥ B 8 5o + 4%
TRT =H. 2 REUGYRE . NP 15 50T 1 45
SR 7 3 M A S A A T G O B R TS LIRS L H
1545 11. 8 %6 A1 3. 84 Y0 1y IX a3 J22 + 3¢ 52 vpr i 35 e
TS YR AL 2. 64 % F 0. 63% By X S8 R 2 4 5
rh RS YL RN S YR

(2) )2+ HEH 48 97 £ S KKy Hg
>As>Pb>Cu>Ni>Zn>Cr, 2 T F 4 & 1%

TEAE SIS R i Hg ™ As>Pb>Ni>Cu™>Zn>
Cr, M2 - 5d Hg &b F b 5 KU AKCE . B 5
R o A B S B S = B $ N REZY 7 @2 5
A A AR KT T AR B 4350 SR 62. 75 %6 i 245104,
CRATR A AR A RIS FE B A 89. 91, 4b T v &5 AU 7K
5 )2 R AL TR BORUBS K P T AR LA 83,330,
SRR AR S XURS H8 B 59. 20, &b TR ORI
K-

(3) WFgE X 8k 4 e Ni,Cr, Be F1 TT 3 3557 1§
d R R B A SRR R . £ B8R A Pb, Zn,
Cu,As il Hg %237 75 b J 4B 3T X 388 58 38 3 %y 71 3
iy B R A= 3 s A N E sh R sE e, b 3R 2R +
by As 528 Ca 9 A R85 Ak 5 5Tk
YL RZ LD Hg R E 24, 1 22 3R ACE i
T U5 LA AP 1 H At N 205 Bh IR )

Zr LT Py s g A A A i A Hb AR
6 5 R A 5T X 3 3% 2 AT 2 e 9 o 1 4
J@ BB I 40 i 2 B b AF AR S 2R S KU Hg 1B
o 3 N N v S R VA1 I V=130 SR P 1 A = e w1
I FH 2k v 3 107 G 1 A 8 52 38 V5 gl R X 2 X d - g
) Pb,Zn F1 Cu A BB F1 A2 2552 )
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