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Abstract

167 soil samples were obtained at 68 sampling points from the major residential quarters and the
concentrations of chromium, cadmium, arsenic, lead and mercury were analyzed. Analysis results
of metals in Suzhou soil showed that As, Pb and Hg content is much higher than soil background
values of Jiangsu Province, while Cr and Cd content is relatively low. HMs concentrations varied
between districts and sampling sites of high HMs concentration showed punctate distribution. As,
Pb and Hg pollution in the soil on both sides of the road is relatively serious. The correlation anal-
ysis and PCA analysis results show that Pb, As and Cd may come from the same source. The
non-carcinogenic risks and carcinogenic risks of heavy metals in soil are higher for children than
adults. The spatial distributions of HI and TCR for adults were similar to those for children, most
of which indicated acceptable risk without significant difference. Uncertainty analysis shows that
simulated probabilities were lower than those obtained from models using deterministic para-
meters. For adults, for both HI and TCR, the ingestion rate contributed >60% to the sensitivity of
the parameter. While the bodyweight is the most sensitive parameter for children’s health risk.
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Figure 1. Sampling locations of soil heavy metal in Suzhou city, China
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2.2. TS Sy

REE IR St AR TR A E L, AR5 FH D BRI 78 40 HIE 5 0k Je i I, SREBUSRE /N T~ 10 um
B3R, JEXFEMAIRY, RERGE T ERIE T ERETS, & T 2otz

S BT R0 B N o 4B o B 4l DA -2, 258 1/KCR H Millipore-Q 4tk (18.2 MQ-cm ™),
P JBR 45 B8 T4 5 1543 (ICP-MS, Thermo Fisher Scientific, X Series 2)ill 5& £ /5 () As. Pb. Cr 1 Cd )&
2. Hg FllZR 4 (Milestone Inc., Sorisole, Italy, DMA-80)ill & , J7i£Z 175 U.S. EPA Method 7473 (USEPA,
1998), % EF(y ge kb BERE 1 (KT 500 mo) A1 Hg 7oA HHFR(0.2 ng-g ), &ML FREL 100~180 mg, If
=R . ORIERE S BT D HERA Y, BEANRE S T AR TR AR HEY) 51 (GBW10043), I i

&, DO st R O ER R VE AR EVEREAT R A, S5 SR B RARMEY) BT As. Pb. Hg. Cr A1 Cd [l i3

1E 112%~119%71 [l »
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ADD,, = cxInhRxEFxED 2
PEFx BW x AT
28 7 IR 7
ADD,, - cxSAxCFxSLxABSxEFxED 3)
BW x AT

ARF, ¢ AHEPESESE, mg/kg: IngR AEA LR, mg/d; InhR NIFIRE, mYd, Cf Ak
AE, kg/mgs EF NEFEAR, dla; ED NZEFEER, a; ET NREERIE, h/d; BW NIKE, kg; AT H
4 ) P8 B FR I IF], ds PEF AR AR HESUAR T, m¥/kgs SA 558 J RTRIRL, em?; SL R Ik FE , mglem?*d;
PC A 5E 2%, cm/h; ABS FZIRUSA T F WS BUE W% 1.

Table 1. The parameters in health risk assessment

=1 BRIESHE

T H S E
FOFANERE IngR/mg-d™ 200 (JL#), 100 (FA\)
WP B i 4% InhR/m*.d™* 7.63 (JLE), 14.7 (HN)
PET/m*-kg™ 1.36 x 10°
kR flug A% SA/cm? 2800 (JL#), 5700 (A A\)
SI/mg-(cm?d)* 0.2
PC/cmeh™® 0.0018 (As), 0.001 (Cd), 0.002 (Cr), 0.0006 (Cu)
0.001 (Hg), 0.0001 (Ni), 0.000004 (Pb), 0.0006 (Zn)
RPAT NS ABS 0.001
ED/a 6 (JLE), 24 (FRA)
ET/h-d™ 4
EF/d-a’ 180
BW/Kg 15.9 (JLiE), 62.0 (BA\)
AT/d ED x 365 (A:5#)
70 x 365 (FUE)
CF/Kg-mg™,m*-cm™ 1x10°®

BAE S RN AEEUE ST AR R E S EBUs SERIE M IE, AFERHQREE, HERE
HN:
HQ = ADD/RfD ()
A, ADD N#EFE&E, RfD NSNS HERE.
fE F R EARRBR RN, 2 HQ < LB, AU ENE ] ZIEATH: 2 HQ > 1 i,
INNAELEAE B0 XS .
PO REAEE/LY/E 23787 ¥ et pIE ==~ ¢ P Y L S| B

HI=3" HQ, (5)
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A, n FoRABUREEREA: HI EE FFEROR KRR, 2 HE < DI, DO MBS 2
AR 2 HE> DR, A0 XU .
X Asy Cd Al Cr S B B0 KR I E S s, 25 H 2 3 B BUR MR R R ARk i 8L
e AU
CR; =) ADD; xSF, (6)

TCR=3)" CR, )

7 EPA {8 FE X BEM AR i [20], 2430 XU/ T 1001, B T XK 78 10°~107 1, A 52
A DARERZ I, 8 1074 I, MRS TEAE B B0 K. (A [ s s B 9725 514 (ICRP)HE#E 5 x 107°
RERR AT 3252 AR o« AT 70 H R FH S5 R B R 20 B RS AN o AN 5 1, [R] AP il B B0 40T o

3. R5i1T1ie
31 EEBEERDHIFE

AWFNN, LR ICR I RARBRE 5 STE 5 PR 5E 2 8] 1 LU AR B8 B Ul BA RS 1 6 RS
Gk, BRI, AREURERE i A SUE 73 ) 5 VL9548 458 o 6 8 T S AN o [ 3R S AR AT T
FLAi (2 2). 167 f H3%KEM T As. Pb. Hg. Cr Al Cd HIFH &84 %I 15.51 mg-kg*. 40.26 mg-kg ™.
0.52 mg-kg ™. 76.60 mg-kg t A1 0.33 mg-kgt, BT Cri TVLIRs Sqtidh, HiAth 4 Fhoc R m LA -
R, 5—0Hi%E{4(GB36600-2018) ik, As Fil Cr [IEHE 245K 20.36%71 8.98%.

X 167 3 LIERE G E SR & B R RECHAT /0T, WHURIIX 5 M E &R R REUFERCR
Z5), Ho As Al Cr 28 55 KRBAXTEL /N, 7350 41.81%F1 34.79%, i1 As Fll Cr 52 4N AR M b s — 5,
R oA ZE AN 1 Pby Hg Al Cd A8 5 RECHN WK, bl Cd 285 2%k, Kk Pb. Hg Al
Cd =FELBZIIAABETIMA R, XFZRETREEH Po. Hg A1 Cd BT AS M s AR IR & 24 145
i B [9] -

Table 2. Concentrations (mg-kg ) of HMs in soils and comparison with other cities

%2 TESESSESEMokg YRS EMIMAELR

As Pb Hg Cr Cd
i F 1.10~55.46 8.80~243.00 0~1.81 46.20~299.95 0~4.80
SEPEME + ARdEZE 15,51 +6.48 40.26 + 32.09 0.52+0.34 75.60 + 26.30 0.33+0.64
A 5 A (%) 41.81 79.71 65.38 34.79 193.94
HBIRZE (%) 20.36 0 0 8.98 0
KIETI[21] 10.96 26.29 0.12 73.69 0.21
Jb[22] - 23.30 - 61.00 0.13
g7 - 28.86 - 87.72
JTIN[23] - 65.40 - 22.40 0.23
BR[24] - 107.30 - 84.70
LA Rl 10 26.2 0.29 778 0.13
— 240 1414 (GB36600-2018) 20 400 8 90 20
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Figure 2. Box plot showing the distribution characteristics of HMs in different types of soil in Suzhou city

B2 AN ELREERAEESHREN AT HENE

AN R 2R 4 R S B AR B E R . One-Way ANOVA 7 Z i 85 B EoR, A,
JE R XA [ IR As. Pby Hg. Crfll Cd S & E R AR, WA S, X =F5EH 5 FhE
&R F IR ARG G, BARREE ST R —ESBE 3 ML EEZER, HE 2 BR
TR ELBIESAE P 2 W Z B AT R, BDA B -4 o 1) 55 48 (As Pb Rl Cd) & & AH
Xof v TR R X R A [l 7 B A e 1398 o 7 B (s ok, F R A Bl TR S A Il IE B, BRI,
KENBNFRAHTL R EIEA B 55 P BN L A b L SR Rk, SR WK,
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X 2T HEIHEP) Hg 7542, Cr #l1 Cd 5 42 Bl B &+ HAth X 3. One-Way ANOVA 5 Z 43145 1 B
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Figure 3. Distribution characteristics of HMs in different district in Suzhou City
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Figure 4. The spatial variation of heavy metal pollution in the soil of Suzhou

B 4 ApMTHIRESRAESHMXRE ST E

HXEA, WX As HREERETRBX. HIRXAMEX (p<0.05); #IFX 55X As FRBAAE—E
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Bré R BB X Hg & 8B m X (p < 0.05), HARXIKZ 8] Hg S EILEEER; RPX Cd T
SRR, HEFmTREKX, HALXZE H &8 EEzER.

154
34. TMESREHEXMDH

4 J 2 W] (R AH SV R 28R B B AT 0 A o SR BT B8 I8 AR [26] DRI b T - 3984 it B 4 2 [) (1) A O
YEREAT T 20 b7. 5N T 338 5 ot o 6 B AE DG I 45 SR A0 i 7R (35 3), Pb 5 As. Cd Z [AIFTEM 235 IE
FHIE, Pb 5 Hy Z MBAFIE R IEA DG, WILHERT Pb 5 As. Cd AT Rg BA BRI RIS .

TR TR R 3), A 3 NEMRILT 5 A ELERIEN 76.04%EE, i, Tk
S TTIRZE N 31.63%, HFAURILEE Pb Al Cd (kL EA BRI IE ST, Horh B Pb % ii(0.827). [Alitt,
S TR FERAE T AT R RE 2885 et + 3 8 4 R RIS TR, P Po PRI A RS FT RE
W Pb V5 Y E BRI [27]. B R M TTERFE N 23.72%, {E Cr b AR I IEE7(0.844), FEK
AT # 3= H5 (28] G afilit. mAEAYLRHIGEAT . 5 = F 5o i B BARIE R AE Hy IR A
B8 m I IE ST (0.978), FIREIEOR A HILHIE . SRR T8, BRI N K %
[29]. FRLAF TR TR As BITTRMERUIC, BLBH IR NIk X Sk B AR & ) 1075 i 2 [21] . 45 b g RnT
A, SN R E SR TE Y R B B A R e . s Y. (T, URHETAT IR SRR GRS

Table 3. Principal component analysis (PCA) and correlation coefficients of HMs in soil of Suzhou
F 3. AMNTLIEESEEMT SHEXMEDHT

EN % Pearson’s #5< 4ir
TCE PC1 PC2 PC3 HMs As Pb Hg Cr Cd
As 0.558 -0.632 0.130 As 1
Pb 0.827 -0.093 0.199 Pb 0.422" 1
Hg 0.051 0.017 0.978 Hg 0.101 0.170* 1
Cr 0.202 0.844 0.067 Cr -0.184*  0.100 0.012 1
cd 0.736 0.254 -0.133 cd 0.108  0.358**  0.036 0.122 1
FRIEME 1.665 1.176 0.962
TTHRIE/% 31.63 23.72 20.69
FARTTIRE /% 31.63 55.35 76.04

RS R KT (p < 0.05, XUR); MM IR F KT (p <001, WE).

35. E€RIVERAKITMN

HiF 5 IR RS PP w1, AR R L S0 XS (N T 1, R ITAT AR EUE A S0 KU
PR ONAT) LEE PR AR S0 KRS EL A e 1 B0 KSR ) L2 R AR S0 XU (B v N, S AR DR
BT E LB 5 AR S0 KK, X 50 8 5 ST L4 R B0 —830]: fEBU= S (EH, JLE
SRASAERN, HILBEEE, RUTTTESEA BN JLEAAEB0E X, BN S MR Z A
£ 5 (B0 R 22 57

% B AR BUR B F U7 R 22 50 (1 5(a)), HA s AR LE A Al Cr ok RS AAEEL
S, HRRANEEK HQ LT 1, HaArsuE X HI A 1, AT 2aiil], 2RI
AR AR BhAh, B E g E ) LR A A E B XS AR TR, R, JLE R AEARRL
48 DALY FA) AT B A AR R K o
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Figure 5. (a) Noncancer and (b) cancer risk assessment of HMs in
soil samples

5. E€BMIEBEK (2 S BRI (b)

X} B A AE AT 20 A T A1 (B 5(b)), BRNS LB E0@ I BAFE— @ 2R, JLE 2 I &
o A, HZEREAIAEIEEKF(p <0.05). 5 EPA MEUE RS R ERET LR, 45508 As fil Cd
B0 KU (AR T EPA HUE A KU K (HI < 10°%): TE30@ XU 10 ° < HI <107 B o MK HI >
10°%: B BESURIE, I ESCER), BT EXRTERE, 5 Cr Jez 7 ) LE A 8 B BOK A0 K
BB (HI 50 107°%), 2HLEZE WEUEXK; 5 ICRP RS FRAEEIT LA S0, As A1 Cd IS0 KU EA% T
ICRP H5E (114 S0 M BB (HI <5 x 107°), & TRMMEIERE, 1 Cr e R 7E ) LA 4l 2 I SUE
WS, PRV bR AERS I 25 A — 3K

% X AEEUE XS A EUE XS Al 6 Fm. aikms, SXRSEAE e Es, HidEsk
e AURS: ZR BT 7 DX 5 X 2 A0 vy T AR X 8, 350 AU R A 5 X A ZE A K 45 R R,
TR X AR B, S 52 - X -0 75 = X A2 AtAk, BN L E RS0 XURS AN 5o JRURSHER Hh B T 25008 55 et =i
MG, BT SR IR ) A e YRS G

3.6. E€RNKITMAHNARELESH

HHUT As. Hg. Pb. Cr Al Cd 7+ & EAAATE LS EL St eI AikiE, 52140
R APRMESIR.
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Figure 6. The spatial variation of noncancer and cancer risk assessment of HMs

6. IFHEAMBUERRNIE R K =E 6

Table 4. Fitting result of contents of heavy metals
T4 ECRSENHELER

ZH FHE LAOA(ES PRk HR/ME IEIN: IIATRHE
As G 155 14.52 6.22 2.78 39.79 Max Extreme 43 #ii
Hg & & 0.51 0.45 0.32 0.01 1.80 Gamma 73 1ii
Cd & i 0.22 0.02 2.84 0.00 12.78 Lognormal 43 i
Cris 73.04 72.12 19.08 0.01 291.25 Student's t 43 i
Pb & 38.81 33.31 22.92 5.27 188.15 Lognormal 44

T ARSI A LM S H, RATM ST Geit T 7 FiREME (55 5) [31]-[38].

Table 5. Distribution of the parameters in health risk assessment

® 5 BEREITNESSBOHIHE

SH HAL SEME bR 2= F&/ME SN S AREAE
YN kg 61.52 5.8 421 71.6 EA G
JLE AR E kg 21.58 10.98 5.35 38.15 IE&S A
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JLEL RN Mg/d 200 85 300 =M
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