364 &1 E7 R = Vol. 36, No. 1
2017 4F 1A ENVIRONMENTAL CHEMISTRY January 2017

DOI:10.7524/j.issn.0254- 6108.2017.01.2016051705
AR, B TR E G S G S A SR XU PR [ )] R4 ,2017,36(1) :62-71.
GU Yangguang, GAO Fudai. Spatial distribution and health risk assessment of heavy metals in provincial capital cities, China[ J].Environmental

Chemistry,2017,36(1) :62-71.

KEESEmIEEERSES M ERERXEITEN

Braklt HEK’

(L. P EAK PR AT BE R K TR T BT, ) 2R 4 lh A 25 R B S SRR 3, A0l B R Vi It Il 96 U
FFRFFHE S S2H5, M, 510300; 2. HilrE#T B, #a9, 743411)

H OE OETRE A SIRTTIRX RS RS R BRI T IR E A ST LR SR S 'O
AEFNEREXUS. Z5 KRR, FRE R T 8 48 Cd Pb Cr Ni Cu.Zn Hg Fl As X5 #3510 0.43 4475,
66.85.32.48 .39.59 .116.15.0.21 ,12.44 mg-kg '+ E L8 HA 4 Fi /A28, K5 E 4 )@ (Cd Pb.Ni Cu
F Zn) S BT 43 7 PG R RN A 5 T T SR AU AR S5 X . gt R XU P 3R W, BT 48 S 30T - 4 s 4
JE X LB AN AR A AR 300 KU 2 7T L2 1) 5 B T AN TR As X LB A AT EEZ KU A (>107) 5
AL PV A S KBS X JLZE AN A AE A0 F 0T DAFEZ T (107°—107).

KR WTT LN, EAEJE, SAERIE, R,

Spatial distribution and health risk assessment of heavy
metals in provincial capital cities, China

GU Yangguang'™" GAO Fudai®
(1. Key Laboratory of Fishery Ecology and Environment, Guangdong Province of China; Key Laboratory of South China

Sea Fishery Resources Exploitation and Utilization, Ministry of Agriculture; South China Sea Fisheries Research Institute,

Chinese Academy of Fishery Sciences, Guangzhou, 510300, China; 2. Yangpo Middle School of Jingning County, Jingning, 743411, China)

Abstract: Heay metal concentrations in the urban soils of 31 provincial capital cities in China were
collected based on the published papers to explore patterns of spatial distribution and evaluate human
health risks. The results demonstrated that the average metal concentrations were 0.43 (Cd),
4475 (Pb), 66.85 (Cr), 32.48 (Ni), 39.59 (Cu), 116.15 (Zn), 0.21 (Hg), 12.44 (As) mg-kg .
Four patterns of spatial distribution were found, and the cities with relatively high concentrations of
metals (Cd, Pb, Ni, Cu, and Zn) were distributed in the southwestern and southern coastal regions
as well as Changchun region in northeastern China. Hazard Quotient value for each metal and Hazard
Index values for all the metals indicated no significant risk of non-carcinogenic effects to children and
adults in urban soils of 31 provincial capital cities in China. The probabilities of As posing
carcinogenic risks to children were not accpetable in Nanning (> 107*), but were accpetable
(107°—107*) to children and adults in the other cities.
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AT ILAAFA , 3 FEL 3R T PR Tl i PR i 8 S5 A3 B DI S Bl i - 3 52 B 24,
THEE A E G RS R IET R AR S R G IR T R R R R
2 ik 2 S (T AR, 55 AT 2 i B B DG E R R IS S I R, Tl 30 4 Y A 5T
EAPRCR TR TR TR R 4326 WS RIER R XURS: DP A 45 D5 T A R AT 3k A eI
TR A NN iR B4R D, H e 4 R AN [ R B 2 B T S i e 710 RV T JLAR L A3
I TR T L R A RS 5 YK RS YR SR DGR R AT (B A
] JUBE b4 23y e 5 A A A R KU PEAN A GBS

ARSI 3 X 484 Sl Ty B R S SCRIR BT A RE A L R A e o e R < R 0 A R
fiE, #7825 48 23 T e RS 8 o 4 Jam 2 i XU, AU SRy 3l i A4 285 2R e i e i Jr 4 () 2 e SRR

1 # B 7 ( Materials and methods)

1.1 Edsilic e fsk s

WO R 4 JE TS e A Cd Pb . Cr Ni,Cu.Zn Hg fil As, R ERE R E KM ESE T
F YR, I 2004—2016 4E[E N AMATT K 2 B SCHk IR T IR 31 4 (T A ST IX 0—
20 em3R)ZE T IR 8 PP 4 )@ BB dE A ST o0 A WL 1. U He AT As 3884 R AR A [H]
2005 4 4 H—2013 4 12 A (240 fFefi) " HAY T 48 + 5ERE SORBERT (] 8 2008 4F- 4—5 A (127 17
B U R AR T N b SRR SR AR ) R 45 (39 BRSO A T 4 R - HERE ORI R A
2005 4F (352 BykEAR) 1T KV T He - 3ERE S CRAERT [ R 45 H (110 0 RES) U HiA T 4 Jd ke
SKAERHE AL (295 (3FESR) ) 5 AR T L3 RE S SRARRHE A 2005 4F (352 fFE ) 0 5 T -1
BERRBERT IR A 45 H (48 O RESL) Y s AR TIT - SRR Sl SR BRI ) R 45 1 (179 (3 BEdh) 205 Ml Cr +
HERE S ORFERT R A L5 H (78 I0FESR) 1 He T 3RE SR FER B AR 25 (425 I3FESR) Y, As H3ERE R R
BERFIE AL Y (426 RS ) ) HEAYER 4 8 A ERE R AR B[R] RRE S B R 45 ST SR BH T Cr A0
Hg +HEFE SR 42 ] S 2002 4F (133 3 FEdh) 7, HoAx 5 4 Jm - HERE i SR AR B[] SR 45 1 (50 17 B
fi) P B JRIET Cd \Pb Cu A1 Zn - 3ERE S RAERTE] 7 2008 4F 10 H (FEMEE AL H) ™ HAaE 4
J& S RE R AR ] S 2005 4F 10(64 F3FESR) VO s BN T A HEARE SRR I [E) ARE S B o 45 0
BT Cr 4 565 4 )& B AR FERT ] 2002 4F (36 3 BE 5 ) 1 A 4 8 4 HERE S OR AR B R A
2005 4F (151 fkERL) Y.

R R T Cd Fl Hg 38R R AR I 1] 2004 4E (78 LSy ) 1O, HAY T 42 R 3R i SRAE I ]
h 2011 4F 7—9 H (78 kML) ) BERE T L R SR AR R A 45 1 (438 RS ) P B BT A R
FAERFIE] N 2007 4F 3 H (FESVBCR ARZE ) P2 22 M T I RE B R BRI ] R 25 8 (117 Ak ) B s ir
B SRR OR AR )R 2007 45 (36 B fdh) 11 B BT R HERE LR AR (]S 2002 4F (160 I3RS ) 1Y
R T - HEREERT ] R 2001 4F (91 M BEAh ) s B T 1T He - 3RE 5 R FERT R S 2006 4F (157 B
i) N H AT 4R R SR AR AL Ol 2002 4F 10 H—2003 4F 1 A (46 yEEM) PO BT HIERE
SKAERFIRIA A 25 (273 3 RE &) 7 PR BH T Ni b HE R BE R[]k 2011 4F 9—10 A (FE S BUE £ 44
O PS HATE G R b R AR BRI TR R 28 Y (93 G RE AL ) PP A0 T b AR SR AR B TR R 44
(220 GRSy ) 0 KT 3R SR AERTIE] Ry 2006 4F 3—4 H (80 ke i) 4 Ky R AE I A] N
2008 4F 6 H (70 fFESh) 125 18 K55 1 ERFERTE] 2 2007 4F (56 fFEA) 1O @i Ni Hg il As T
HEAE SR SRR E] 2 2008 4F 12 H—2009 4 8 H (FESBCR AR LA 1) ) AT 48 500 f R AR )y
2013 4F 11 (467 B3RS ) 1 DU 2217 - ef S R AERTIR] R 2012 4F (50 (3RS ) 1) 5 V5 71T L3R A A
6] 247 2007 4F (28 yFEdh ) V07 s BRI T - HER AR [H] R 25 H (80 3FEA ) 407 AN 1T - HE R A Ak 1] S 45
(1014 f3FER) 177,

IR 31 A () 23 IR R 4 R RO T B AT XA () 2 T X R AR X ST A | R X
W Tk IX A 555 H IR R 2 I T RAE AT BB RS A A SWTTIRX R ZE L IEE L )E
TG YORAL. IR SCER B AL A B ST AR AN IS AH R, 3 T8O et B, BN R O 34 45 Ik
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F9F- (A
1.2 (R U AN B
JLEE AR AN - M o 4 o B B 1 A T2 A 28 VBRI R I AR B SR A2 Ak 25 3 o Ae. AR A G
BFGE 0, 13k 3 Pl ikl i i P34 B (ADD) BEATAR S, H AU R (1) —(3).
CXR gy XEFXED

-6
ADDyyy, = BWXAT x10 (1)
CXRyy s XEFXED
ADD,,, =——x10"° 2
AT PEFXBWXAT (2)
CXSAXSLXABFXEFXED
ADD = x10 (3)
BWXAT

Kb, C N TP ESREIE ; Ry W8 HEERBCR; Ry W8 HW AT EF Y REEIA ED S 258 1)
K BW W EIIRTE ; AT R P2 E] ; PEF SR B 7 s SA Ry B2 R 2 28 T 5 SL oA Bz JHRAS BFF R 75
ABF hy Bz JER W i P 5.

- 4T 4 e MR 2 A 0 XU RN 0 XU, PR OB 1T 43 S aE ek (4) RN (S) s AT
A

ADI,
HI = Y HQ, = ! 4
2 HO =2 gy (4)
CR = ), ADI, x SF, (5)

A, HE MRS MR85 A E S HQ, AR BUR E A8 @ 1) B {g e KUK 75 41 ; ADD Sl E
BUREBJE 5 R RERRACH) H B RID OV ARBUR R 5 ) MR ER RS E R CR
U SF, N BURE B R (4 ) PR BRI RPR R B 4 HQ 2 HI < 1 I, SR S0 (i e XU n]
PISERZ s > 1 I RN AF TR AR BUR R XK. 56 E BRI 2 (US EPA) #EFF Y CR B9 L3816 FAR 1
107, WA HFFENN HIHAE 10— 107 Z IR AT Az i 20 Bk (1) —(5) AT S HUE L
1A 2.

R ERERR NI 255 24

Table 1 Exposure parameters for the health risk assessment models

ZH i i Data B3k

Parameters Units JL# Children HAFE Adults References
Rign mg-d”! 200 100 [50]
EF d-year™ 350 350 [50]
ED years 6 25 [50]
BW kg 15.9 56.8 [50]
AT d 26280 (AEHUE) ; 9125 (BUE) [50]
LU md™! 7.5 14.5 [50]
PEF m*kg 1.36x10° 1.36x10° [51]
SA em? 2,800 5,700 [51]
SL, mg-cm™ 0.2 0.07 [50]
ABF X 0.001 (IEEUE) 5 0.01 (BU#) [52]

1.3 (BB AN NG E kA 7 ik

ANHE LA IR R R0 T A b XU AL SR T U) (HY 25.3—2014) 47704, AR P %
D], A 52 R FH 28 5 AU T kR A T AN 22 1R A, 3 sl

B — {5 Qe 22 AN [ B B R A AR BUR AU XU SRR, 28R T A K (6) A (7) 35

HQ,
PHQ,=—
Ql HI

x100% (6)

n
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PCR CR, 100% 7
=X
" CR ? (7)

n

P PHQ, FA—T5 YL 255 o Bl B SR iR AR AR 20 WU 5Tlk R HQ, B — I Qe 25 | Fh B ER B2 e
7 3 HI, 3 B —i5 ey (58 n Fh) LT A BB B AR M9G8 80 PCR OV B — 5 e 255 @ Fh B g2 ik 4t
U XU TTRRAR ; CR, B — 5 W) 225 Mh R B iR A2 B BUR XKL ; CR, H3E P A —J5 Qe (56 n Fh) £
JIT A 2 R IR AR 1) B B KUK

F2 HEHELEANREIRZEN RD A SF

Table 2 Reference dose for non-carcinogenic metals and slope factors for carcinogenic metals

RfD/(mg- (kg-d) ") SF/(kg-d)-mg™")

IR Metals ZIHEA PRI A Bz e i A LTTIN Bz e 5 i f f% ﬁ#
Ingestion Inhalation Dermal Ingestion Inhalation Dermal e

cd 1.00x1073 1.00x1073 1.00x107° n.a 6.30 n.a [1]

Ph 3.50x107? 3.52x1073 5.25x107 n.a n.a n.a [1]

Cr 3.00x107* 2.86x107° 6.00x107° n.a 4.20x10! n.a [1]

Ni 2.00x1072 2.06x1072 5.40x1073 n.a 8.40x107! n.a [1]

Cu 4.00x1072 4.02x1072 1.20x1072 n.a n.a n.a [1]

7n 3.00x107! 3.00x107! 6.00x1072 n.a n.a n.a [1]

Hg 3.00x107* 8.57x107° 2.10x107° n.a n.a n.a [53]
As 3.00x107* 1. 23x107* 1.23x107* 1.50 1.51x10" 3.66 [53, 54]

n.a: %A%, not avaiable.

2 5 591718 (Results and discussion)

2.1 HEBEWESE

KEESW T b E4JE Cd.Pb, Cr.Ni,Cu.Zn, Hg Fl As 9 2 & 5 B 4> 94 T 0.09—
3.22 mg-kg™' , 11.63—116.76 mg - kg™', 20.94—109. 94 mg - kg™' . 15.90—73.50 mg - kg™' . 17. 64—
111.25 mg-kg™" 45.60—301.40 mg-kg ' .0.02—0.67 mg-kg™' Fl 3.82—23.20 mg-kg™ ", FHI{E5351°40.43
44.75 .66.85.32.48 .39.59 .116.15.0.21 ,12.44 mg-kg ' ;8 F 4 J& & = K/MiF 4 : Zn>Cr>Pb>Cu>Ni>
As>Cd>Hg.

Hh [ PR WA T 1990 4F KA TR E HHT R I RE Y. BFIEE MR IR T 0—20 em 3£
J2 R A JZ I AR T S A TR E T I Sl R R KRS 31 A4
AW 8 T 438 5 HXT N BT R 1T BE AT L LB Cd P Ni ,Cu.Zn Fll Hg I & & 0355 T
HAEFAE(P<0.01) , KRR EL SIRHRATHEC 2 2 iR 6 Fh 48 nyT5 4.
2.2 EEJRARHE

Cd .Pb Ni,Cu Fl Zn 55 5 FhEE 4 Jm 7 58w X3 322200 A 76 V4 ma MR 7 Wi 3 AR JE KB/ S IX
B Cr S a0 DX el 32 B A e 3K ] v i b DX e v DX B i 7 B I A Il T s Hg 19 2 B 60 v XU B B
TEVE e HY 5 P AT A8 I AR YL T AT PN AT 5 As 1) i e DX S07E P P 3l T P % | 74 g T i
TR ZRACTE B A R S5 3l i A X (1 1)

AR EE T I, C A MR R AR EZIW AT C 2 %) Cd,Cu Pb fl Zn FHE & JE M5
Yl 173836t g M X PR R PR X S L AR TR IR A K, AT RE R R BOZ K 4R
S, A EAR R A R X AR Cd Pb Cu. Zn A Cr &5 AT Ik
SRR T 2 BT S kT, FE T 4 R v e S BRI R T R T e MR AR YA R AT
RSP FR I FEY 75 e As 198 it B P DX Sy 5% 1] BE 5 e SO O i A TRk
— 5T,
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Fig.1 Heavy metal distributions in urban soils of Chinese provincial cities

2.3 fRERRUS AN

8 B 4 JE X LB AN AR N A AE B0 22 58 AU HQ R XME R A e/ IME R KB L3 3.8 Fil
A JE XL R EE K HQ 4R T H A AR N oA 4 | HQ 78 JLE AN AR N K /NIUF 34128 « Zn>Cr
>Pb>Cu>Ni>As>Cd>Hg. HQ {H7EE S A ARER /0 F 1, F B 8 T 4 8 X P21 R
Bor Rl LA Z2 0. 8 b o 4 J o L 2 R B AT N B 255 5 R B0 AU HIT (B 20 A T 1.84% 107 —5.85x 107 Al
1.07x107*—3.42x107* Z [H]. 7€ 31 M S, JLEE R HIE YR F AR HI {H, 5 HIE HBLAEL
BH L0 SR B AR I (A 230 HT ¥/ T 1 (LR 2) |, BRI 8 e 4 a8 0 A 350 KUK 2 T DA 42
Z.

Foyen T4 JE T LB AR A B B0 Z BR XS CR I rP AL | e/ IME TN KA WL 3% 4. 4 FhEk
I 4 ) LB R AT T IR R A S0 XSS /I 194 < Cr>As>Ni>Cd, EATT CR 3 B2/ F 107°. B4
WATBR T2 A As X LE AN AT 52 AU A, HAx 28 11 48 A0 KU X LB FHSAE N34 T AT LA
BZ G (107°—107) (& 3) 5 BRIAF 10T B2 kMl As X AR A /T 1070, HoAx B Ik 2 fk 350 XU XL
HAAAE A T 0 IEZIE BN (107°—107) ([ 3). R4 R0 3k T B0 KIS Ab T4 K& K
PR B AT R Z 100 HAR Y US EPA HEFERYARME 1070, FRERFHR /T TTT 118 As V5 YRR 1% 5]
EAL, L HE R T, HETRA As B AR IR MB0E R, I ILABE L5 & As AR Rz JIR
P A B0 AU A 5 LAY 3 R 75 4 T B AR g DR 42 Ak XU . B 8L, 2 S kTl 1 o 4 T B0 K
W ] R b S B A EL A B R 0 XU
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£33 PAESEABUENR HQ (I

Table 3 Descriptive statistics of Hazard Quotient (HQ) value for each metal

b YN Fitai HQ

Exposed population ~ Basic statistics Cd Ph Cr Ni Cu Zn Hg As

TEIE 435x107 451x107° 6.74x1075 3.27x107° 3.99x107°  1.17x107*  2.09x1077 1.25x107°
briff2 6.05x1077  2.47x107°  2.20x1075  1.22x107°  2.13x107°  5.46x107°  1.66x1077 4.89x1076
JL# BAE 2.27x1077 3.68x107°  6.84x107°  2.98x107°  3.33x107°  1.05x107*  1.52x1077 1.12x107°
FAME 9.07x107  L17x107° 2.11x107°  1.60x107>  1.78x107>  4.60x107°  1.71x1078 3.85x107°
KM 325x107° L18x107*  LIIx10™*  7.41x107°  1.12x107*  3.04x10™*  6.74x1077 2.34x107°

SEE 2.54x1077 2.63x107° 393107 1.91x107°  2.33x107°  6.83x107°  1.22x1077 7.32x1076
PRz 3.54x1077  1.44x107° 1.28x107°  7.12x107¢  1.24x107°  3.18x107°  9.70x1078 2.86x107°
AR A 1.32x1077 2.15x107° 4.00x1075 1.74x107° 1.94x1075  6.11x107°  8.89x107* 6.53x107°
JAMA 5.30x107° 6.84x107°  1.23x107°  9.36x107°  1.04x107°  2.68x107°  1.00x107® 2.25x107°
BRME 190107 6.87x107°  6.47x1075  4.33x107°  6.55x107°  1.77x10™*  3.94x1077 1.37x107°

®4 EEEBUEXNE CRELETHE

Table 4 Descriptive statistics of carcinogenic risk (CR) for each metal

B S YNt GeitaR

Exposed population  Basic statistics Cdaer Cran Ningn Asmn At As e
F-H{H 2.17x107'° 2.24x107" 2.18x107"° 1.50x107" 5.40x107 3.69%x107°
FrifE2E 3.02x10716 7.30x107 8.10x10710 5.84x107" 2.11x107° 1.44x1076
JL#E oz 1.13x10716 2.28x10713 1.98x1071 1.34x107 4.82x107° 3.29x107°
/ME 4.53x107"7 7.02x1071 1.07x1071 4.60x1071 1.66x107° 1.13x107
RAE 1.62x1071 3.69x1071 4.93x107"° 2.80x1071 1.01x107* 6.88x107°
FEE 4.90x107'0 5.05x107" 4.91x10715 3.38x107" 3.15x1073 3.07x107
FrifE2E 6.81x107'° 1.65%107" 1.83x107" 1.32x1071 1.23x107° 1.20x107°
A oz 2.55x10710 5.13x107" 4.48x107"% 3.02x107 2.81x107° 2.74x107
e/ ME 1.02x1071¢ 1.58x10713 2.40x1071% 1.04x107'* 9.67x107° 9.42x1077
BRME 3.65x10713 8.31x107"3 1.11x107" 6.31x107" 5.87x107° 5.72x107°

1.1 -
- JL# Children - FAE Adults
[0 o o o o o e e e e e e e e e e e e e e e e e e e e
- FEBoyE XU T A%
Acceptable risk of non-carcinogenic effects
094
’i 0.0006
> L
2 0.0005 |-
5 L
§ 0.0004 |-
ast L
0.0003
0.0002 I
0.0001 I
0 I
EHEHRESZTUERKEREZEZINIEZIXLSAIFLOIORERERELEXKE SN
FREKERURXKHELRCEESNREXLESZR E KR E &K
o E de g
= i

Capital city

B2 31 Sl HIERESE HE

Fig.2 Hazard index (HI) of non-carcinogenic effects in soils in 31 provincial cities of China
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0
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E -
£ 60x10° -
3
]
<]
£ sox10° |
3
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Fig.3 Carcinogenic risks of As ingestion and dermal contact in soils in 31 provincial cities of China

2.4 fRFEABS P AN E M

FEARBOR IS TTARATT T, Cd WP I ABRGE AURS: BT A T 2.15x107°—7.62x 107, 28 H 5 A TRk
AT T1.48x107°—78.12x107" , KA A DRk AT 21.88x107—28.52x 107, Heogx 7 Ffv e 3 Jg Ik
W A 52 XU BTERERA T 2.65% 107" (Ni) —7.54x107( Cr) , 25 145 A 2 5% KU 5Tlk %/ T 88.37x1072
(Cr) —99.04x107( As) , Bz IRl TR AT 0.68x1072(As) —12.28x107( Cr).

AW B E 4R Cd .Cr Ni As H A Cd Cr Nit HRETHEE 0 MR A 428 8 B0 XU, i XU BTk
AT, As FEIE IR ARG ST T 2.60x107°—9.78x 107" SEH{H M 6.19x107°; As 2 145
A UK TTRR A T 91.13%1072—93.60x 107, P 92.37x 1077 ; As ¢ JHRHe fih 22 5 UK TR A
F 6.40x107>—8.87x107* , FI{H M 7.63x107°.

3 758 ( Conclusion)

(1) F& A SR 3 8 M 48 & & i K/ NIF A Zn>Cr>Pb>Cu>Ni>As>Cd>Hg; Cd . Pb Ni|
Cu.Zn Ml Hg W& R ES THESME(P<0.01) , #HAFREA ST RTEC Z2 ik 6 MESEN
5.

(2)Cd Pb Ni Cu Fl Zn %5 5 P4 i & 5 %0 ey X e 32 B0 A A6 7 1 RS 7 Wil il i R &R L K &
A X Cr B 0 v X o B A 7 3R T PP B (X, Hg A2 e g e DX el B A 7 i 10 5 P T T Y
Y RNERYT TR AT 5 As B i v DX el B B0 P S ek T 7 5% | P R T L B RN AR b K R A T A
X 3.

(3)7E 31 NMA ST, JLE R HLEE R FRUAE HIE, 44 2900 HE B/hF 1, iR 8 M 4
& B A S0 KUt T LA ESZ 1Y 5 4 RS0 34 m ) L 0 A1 R W A 35008 IXURS: R/ NIBURE 24 7 < Cr> As>
Ni>Cd, &A1 CR EH¥HE/NTF 107°. AEWTRE TLOHA As 5FLE A2 XA, Kz n
A B KU L ZE A AR A A T ] L2 Ja N (107°—107%) | SV 4 K 433k T B0 KU A T
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B FWE AT P20 H (107°—107") {HARYE US EPA #EFERIFRAE 1070, 3 E Rk 148 As ¥5
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