2018,37(12): 2687-2693 xR A OB OR F F R 20184F 12 H

Journal of Agro-Environment Science

Bio o, T, B, A SETAR A H 233 v P Zn B AR R KU PPAG D], Al FREERE72741, 2018, 37(12) : 2687-2693.
CHEN Dan, ZHOU Yu-jie, ZHANG Jia—wen, et al. Human health risk assessment owing to Pb and Zn of farmland soils in Shifang City, southwest China[J].
Journal of Agro—Environment Science, 2018, 37(12): 2687-2693

EFHimacBTEARPD . Zn B9 A A2 B XS EE

oS, ATA, TEX, FEE, HAK
(U1 K2F R S BB B R # 5 TR R, BUAR 610207)

8 ST I R b X A B X 9 e 4 e A AR A R, SR U A BT Tl X (RO R B ) AR Tl
X (L) A RAE X AR H 138 E T Ph . Zn A28 BFSE T Zn YA HRAE . SR FHBGH BCR :0F5Y Ph Zn BOTEZS , SR FHAR M AR
SEIWFFE P Zn B LE W] 251 JEXS L (Y P Zn AT R A KU P4 o ARE LSRG T A T 13T e KU A 4R A
HEY(GB15618-2018) Y i VEAE , Ph 7EH& (A K AR BIE V5 Ys , Zn 76 Tl KB TR 5 Yy, B 1O X Ph Zn 2R EAE T K & .
PR BEAE TR 5 HETS O R R 25 A A AT AR B L Zn A R 7E 300~400 m BB AR, b VR0 8 K FHUBUBSR AR X, Ph 4 AR 4 7]
V53N 8.9% . 28.8% . 18.0% . 77.3% , Zn W A=W AT 25543 1M 5.19% . 7.19% .6.7% . 24.5% , 111X Ph  Zn By A= 9 ] ¥ AR Ll
Xo Pb.Zn ¥ LIBRE A 32, Pb AW T 441 5 & TR A B i J0E S AH DG (R Zn LB AT 451 5 LR IR BUS & it i 2 IEAHOG . R
JH P Zn ARV Y AT 45 3BT L BRI L A £ S JXURS: 2976 T B2 323 BN AR L W AE B R U AN 20, BT E 4R 4
FAEY AT 250k, Al IX A3 e Ph  Zn X AR L2V 7 14 g B XU 347385 T Al T X, 3 H. Ph X B A S00 XU (149 5Tk 43 51 96.5%
H198.6% ,Zn 5350 3.5% F1 1.4% . 55 FAA AR b, FAA 9 mT SR M6 L ARSI T4 Ph \Zn V8 78 1) R RRE XSS I J32 AR

SRR A -4 FE AR s AR T 450 s USEPA RS (it e RURS: Al

RENEE:X8204  XEARE:A  XEHS:1672-2043(2018)12-2687-07  doi:10.11654/jaes.2018-0108

Human health risk assessment owing to Pb and Zn of farmland soils in Shifang City, southwest China

CHEN Dan, ZHOU Yu-jie, ZHANG Jia—wen, LUO Xue-tu, YANG Jin—yan’

(Department of Environmental Science and Engineering, College of Architecture and Environment, Sichuan University, Chengdu 610207,
China)

Abstract: The possible health risk owing to soil contamination with Pb and Zn for the local populations by the oral intake of the contami-
nants in Shifang City, Sichuan Province, southwest China was investigated. Farmlands around phosphate fertilizer plants in Chuanxindian
and Hongda, and around the industrial park in Shuangsheng were selected as sampling areas. A farmland in Majing was selected as the con-
trol area. Total concentrations of Pb and Zn, and the distribution of Zn were determined. The fractions and bioaccessibility of Pb and Zn
were studied by the modified method proposed by the Community Bureau of Reference (BCR) and the simple bioavailability extraction
test (SBET), respectively. Additionally, the health risk models recommended by United States Environmental Protection Agency (USEPA )
were used to assess the health risk owing to Pb and Zn exposure. According to the screening values of Risk Control Standard for Soil Con-
tamination of Agricultural Land in Soil Environment Quality (GB15618-2018), Pb did not cause pollution in the study area, whereas Zn
caused slight pollution. The total concentrations of Pb and Zn in the industrial areas were higher than those in the non—industrial area. The
highest concentration of Zn was observed at a distance of 300~400 m from the chimney in the direction of the flow of effluents from the chim-

ney outlet. In Majing, Chuanxindian, Hongda, and Shuangsheng, the bioaccessibility of Pb was 8.9%, 28.8%, 18.0%, and 77.3%, respective-
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ly, and the corresponding values for Zn were 5.1%, 7.1%, 6.7%, and 24.5%, respectively. The bioaccessibility of Pb and Zn in the industrial

areas was higher than that in the non—industrial area. Pb and Zn existed mainly in the residual fraction in the sampling areas. There was a

significant positive correlation (R’=0.999 3) between the bioaccessible and the acid—extractable fractions of Zn. However, no such correla-

tion was noted for Pb. Based on both the total concentrations and the bioaccessibility, the health risks of Pb and Zn for both adults and chil -

dren were within the tolerable limit, but the potential health risk for children could not be overlooked. Moreover, based on the total concen-

trations and the bioaccessibility, the contributions of Pb for the total non—carcinogenic risk (HI) were 96.5% and 98.6%, respectively.

Through the modified models by the bioaccessibility replacing the total concentrations of Pb and Zn, the potential health risks were signifi-

cantly reduced.

Keywords: farmland soil; heavy metal; bioaccessibility; USEPA model; health risk assessment
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Table 1 The basic physicochemical properties of the soils in

sampling areas

SRAEIX i H FoME EBRE CFE ARiERE
Bt pH 5.06 6.17 5.69 0.46
HHUFEI%  2.50 4.19 3.40 0.61
G pH 3.41 7.97 6.44 1.49
HOL% 235 6.79 4.24 1.39
Fik pH 4.80 7.39 6.17 0.73
HHLFU%  3.14 7.41 5.62 1.60
WU pH 4.76 7.50 5.93 0.97
HEWLF/% 285 4.76 3.79 0.62
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Figure 1 The total concentrations of Zn with the distance at the

downwind direction to the chimney effluent outlet
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6.7% .24.5% ., WKHERAE X T 4 8 0 A= 0] 45 A
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ARl A S RIS IO E B, Zn B AEY AT
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Table 3 The correlation of the bioaccessbility and the content of

acid extractable fraction of Zn in soils(%)

KA AW E ARiE 2 RRIEIGE S AR 2
ot 5.1 42 6.0 32

O 7.1 3.1 8.4 2.6
Tk 6.7 3.4 8.0 2.5
XU 245 8.9 24.7 4.9

1.20x107 #19.14x107, JLEE (1) 3F B KU A 1
7.63 4%, JLEL AR X N T AE 19 EE 4 AR i KU B
o —E M E

Tl X A48 Ph  Zn X BRI L2 S Al B0 K
B 44 T AR Tl IX 2 F Tolk X A i R B o g R
TER AR . 2T Ph . Zn AR Wy AT 450k Y Ak 2o K
oy 2 L T 4 i SR B AU 1 0.36 £ . BT Pb.Zn
AT P G A TIEOE , Ph  Zn B AE S0 KUK 34
TR AR, 20 B AR T 66.8% F189.1%. T Ph.,
Zn A=) T 25 VB R TS M s e AR B 4 i 1Y
WL, #5 5E F A i EA TIEAN 8 = A Ph  Zn X AT
LPRfEE . T em ML T A4, Ph xR
g KURSE 19 BTk 43 1) 2 96.5% i1 98.6% , Zn 43 il J&
3.5% 1 1.4% . %8 Ph XFIF 5% IX 3N A A 5 7 fekt e
foFE it Zn,
2.6 RREMS

ARAIF G X SR A DX I 1) N A FEE B RS A A7 2 —
FERIAENE . B, R 7ok A £ Ph Zn
Ak 50 KU, A 77 HoAh T 4 J AR (e B XU, o I LR
& B AAFTET L3 rh A 7E T K R B ARAE
Y, PR R E T ESEA A, A% EELE
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ST TIEIE B — 525805 A =4, FEHh
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Table 2 The fractions of Pb,Zn in soils based on the improved BCR method (% )

- [[7EAIES A S CIE=R Bt A
Pb Zn Pb In Pb Zn Pb Zn
5 3.3 6.0 20.9 13.7 17.8 13.1 58.0 67.2
ZEOE 10.3 8.4 5.5 8.6 19.0 6.3 65.2 76.7
FIA 8.0 8.0 4.6 10.2 19.8 6.7 67.6 75.1
WU 6.0 24.7 18.2 20.8 19.7 9.6 56.1 449
SERE 6.9 11.8 12.3 13.3 19.1 9.0 61.7 66.0
T Al 2 3.0 8.7 8.5 5.4 0.9 3.2 5.5 14.7
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Table 4 The total non—carcinogenic risk (HI) based on the total concentrations and bioaccessibility of Pb,Zn

T Ph Zn 4t F£F P Zn W] 1k
SRR X ON JLE [ON ILE
Pb Zn Pb Zn Pb Zn Pb Zn
I 2.81E-02 4.52E-04 2.14E-01 3.45E-03 2.50E-03 2.31E-05 1.91E-02 1.77E-04
Tk 3.60E-02 1.22E-03 2.75E-01 9.31E-03 1.04E-02 8.70E-05 7.93E-02 6.64E-04
Pk 3.16E-02 1.15E-03 2.41E-01 8.78E-03 5.68E-03 7.72E-05 4.33E-02 5.89E-04
AU 3.71E-02 2.04E-03 2.83E-01 1.56E-02 2.86E-02 5.00E-04 2.18E-01 3.81E-03
SRS XU (HID 3.44E-02 2.63E-01 1.20E-02 9.14E-02
i 22 4.74E-03 3.64E-02 1.19E-02 9.05E-02
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1o T A 3 SRAE DX, R BRUS Tl X -3 Zn (9 3E
FEPk o

(3) 2K Jil SBET #: %} Ph . Zn (1) £ ¥ 0] 25 14 47 F
I, S5 AR Tl X 4 i AR A nT 25 = Ak Tl
X PhAEDAI S S TES G RICBEML, Zn
F AT 0 S LR R U 2 2 B3 IEAHE , Zn
B A= Py mT 2 1 o] RE SO UE T IR B IS

(4) BCNFILEE (1) G 3 E 30 AU 8467 T R] 4223230
FEIN o JLEE ) R A E o RS2 i 1Y 7.63 £, T TE 1Y
fatFE XS AN Z A . Tl X 3 Ph  Zn XF ARG 25
T R B JRURS: 8 T Al Tl X, Ph o A 18 7 ) 4t B XL
Wi = F Zn, JETFE SR AW T X 2 T8
1E , Pb  Zn W AE 114 i e XU K B2 FAI

AMWFFEEE R R Zn AP ] 4524 R FLRR R IS
L 0.955 1%, IF H 4 5 0 3 EAH G (R*=0.999 3) .
FEANTR) G Juii B RN TG Qe 4600, 45 0 2R S 5
I 5% FIIGAIE , BE A% 37 M 2R PR AS TR s SRy R 5 4 ok
AT B AH ] 4= 498 b Zn A9 AR 40 AT 25 AR A B F 9 S

BEFNTTVE o BRI 25 ] B R R A Pl
PEATEITRABIDF IR 34

SE 3k

[1] 7% 48, XSGR, F B, 45 FET4 H 439 e Jm A ] 2 M A
AR SRS AR 0. TLVG A "7, 2016, 28(12) : 110-114.

YIN Juan, DENG Chao-bing, WANG Xiao—fei, et al. Assessment of hu-
man health risk from heavy metals in farmland soil based on their bioac-
cessibility[J]. Acta Agriculturae Jiangxi, 2016,28(12) :110-114.

[2] HhAE IR A [ ] R 5T, v e A IR A [ e SR B f A . 4

P 3 75 JeofRBL I8 A A MR R, bt e A R0 [ ] 4 5
e N B ] [ SRR DR AP R, 2014210~ 11.
Ministry of Land and Resources of the People’ s Republic of China,
Ministry of Environmental Protection of the People’s Republic of Chi-
na. Report on the national general survey of soil contamination[R]. Bei-
jing: Ministry of Land and Resources of the People’s Republic of Chi-
na, Ministry of Environmental Protection of the People’s Republic of
China, 2014:10-11.

[3] Abrahams P W. Soils: Their implications to human health[]]. Science of
the Total Environment, 2002, 291(1/2/3) : 1-32.

[4] BRI, 2 FE, R 1 ST )2 3 b A 1) A 0 AT 25 P B R

A £ et R RIS B A = L B ) DX BRI /N DA 1 D). PR AR R
2010, 31(12):3028-3035.
CHEN Xiao—chen, NIU Jia, CUI Yan—-shan. Bioaccessibility of lead in
urban topsoil and its health risk assessment: A case study of a small ar-
ea near Shougang group[J]. Environmental Science, 2010, 31 (12) :
3028-3035.

[5] Luo X S, Yu S, Li X D. The mobility, bioavailability and human bioac-
cessibility of trace metals in urban soils of Hong Kong[J]. Applied Geo-
chemistry, 2012, 27(5) :995-1004.

[6] FBMZ:, £ K, ZEede, S W in vitro WA TEAN - HEME U L 3
Ph (A AT S PR SE ML ] FREERAIESE, 2013, 26(8) :851-857.
ZHENG Shun-an, WANG Fei, LI Xiao—hua, et al. Application of in vi-
tro digestion approach for estimating lead bioaccessibility in contami-
nated soils: Influence of soil properties[J]. Research of Environmental
Sciences, 2013, 26(8) :851-857.

(71 34k 7, 4 20, 8 I, 55 BRUNTIAC H 58 o 4 J Al i 2
HARAEHEBS AL I, FRERAESL, 2013, 26(10) : 1139-1146.
LI Ji-ning, HOU Hong, WEI Yuan, et al. Bioaccessibility and human
health risk assessment of heavy metals in agricultural soil from Zhu-

zhou, China[]]. Research of Environmental Sciences, 2013, 26 (10) :



20184 12 A

W FF, 55 T AR TR T LS R Ph  Zn (8 AP R KU A 2693

1139-1146.

[8] /N K& . BT U AMIE IRy 7 % - 38 v 4 J A= 4 ml 25k A T 45 O
#rD]. #M 3 K, 2015.
WU Xiao—fei. Bioaccessibility and health risk of heavy metals in soils
based on in—vitro extraction methods[D]. Yangzhou: Yangzhou Universi-
ty, 2015.

[9] 17‘11\ H’i’ BRI, A — . PO IS 2 R A A S Y

J]. HERFLA I, 2006, 21(6) :625-632.

SUN Xin, WEI Chao—yang, WANG Wu-yi. Progress in the study of ar-
senic species and bioavailability in soils: A review[]]. Advances on
Earth Science, 2006, 21(6) :625-632.

[10] USEPA. Estimation of relative bioavailability of lead in soil and soil—-
like materials using in vivo and in vitro methods, OSWER, 9285, 7-77
[R]. Washington DC: US Environmental Protection Agency, 2007.

[11] Drexler ] W, Brattin W J. An in vitro procedure for estimation of lead
relative bioavailability: With validation[J]. Human & Ecological Risk
Assessment, 2007, 13(2) :383-401.

[12] Poggio L, Vri€aj B, Schulin R, et al. Metals pollution and human bio-
accessibility of top soils in Grugliasco (Italy)[J]. Environmental Pollu-
tion, 2009, 157(2) : 680-689.

[13] R, SRR, 25307 T N T AS o) DI 8 X L B ) et B XU 17
HIT]. BB B, 2012, 29(10) :624-628.
CHEN Hai-zhen, GONG Chun-sheng, LI Wen-li. Health risk assess-
ment of lead in soils in different functional areas of Guangzhou[J].
Journal of Environment and Occupational Medicine, 2012, 29 (10) :
624-628.

(14145 728, 8 #. e, 55 BEQEHIX 3 Xy Py b 3 fhE 4 )8

T A SRR, 264 5 PRSI, 2014, 14(1) :242-247.

YANG Jie, LU Li, YANG Jin—yan, et al. Bioaccessibility of heavy met-
als in soils and minerals in Panzhihua City, Sichuan, south—western
Chinal[J]. Journal of Safety and Environment, 2014, 14(1) :242-247.

(15] X[ Ly . 8% R e (BRI T e 5 i R A B —— R I 4 i 11
A TSR] AT, 2016, 32(7) : 14-19.

LIU Tong—shan. Economic development, environmental pollution and
the health of the residents: The research of cancer villages based on
media analysis[J]. Ecological Economy, 2016, 32(7):14-19.

[16] H A ARG [ [ 5 R BE AR R . HI/T 166—2004 - HEFR 5T Wl
FORBUAELS]. AT P ARiE AL, 2004,

National Environmental Protection Agency of the People’s Republic
of China. HJ/T 166—2004 Technical specification for soil environ-
mental monitoring[S|. Beijing : China Standards Press, 2004.

[17] e A RSE AN A . NYT 395—2012 4 F - HEFR 87 5 0
FOARBIELS]. J0HT: p EBRHER e, 2012.

Ministry of Agriculture of the People’s Republic of China. NYT 395—
2012 Technical rules for monitoring of environmental quality of farm-
land soil[S]. Beijing: China Standards Press, 2012.

(18] & s . LI AL 407 T B M. L st - o [ AR R T A,
2000.

LU Ru-kun. Methods of soil"s agricultural chemical analysis|M]. Bei-
jing: China Agricultural Science and Technology Press, 2000.

[19] EFCA. | 7R 48 RSt H 3 4 JR L 540 R 7Y [D]. R A rh
Zzikjt%, 2012.

WANG Qi—feng. Fractionation of heavy metals in the main vegetable
soils in Guangdong Province[D]. Wuhan: Huazhong Agriculture Uni-
versity, 2012.

[20] USEPA. Guidance for evaluating the oral bioavailability of metals in
soils for use in human health risk assessment[R]. Washington DC: US
Environmental Protection Agency, 2007.

[21] USEPA. Risk assessment guidance for superfund: Volume 1, human
health evaluation manual, supplemental guidance : Standard default ex-
posure factors (interim final ) [R]. Washington DC: Office of Emergen-
cy and Remedial Response, US Environmental Protection Agency,
1991.

[22] Hu X, Zhang Y, Luo J, et al. Bioaccessibility and health risks of arse-
nic, mercury and other metals in urban street dusts from a mega—city,
Nanjing, China[J]. Environmental Pollution, 2011, 159(5) : 1215.

[23] Luo X S, Ding J, Xu B, et al. Incorporating bioaccessibility into human
health risk assessments of heavy metals in urban park soils[J]. Science
of the Total Environment, 2012, 424(4) : 88-96.

[24] th#e A R ALANE A S FREE TS, GB 15618-2018 T HEFREE i 4
FH 398 3 e USSR S . ALt vh B PRI R At 2018.
Ministry of Ecology and Environment of the People s Republic of Chi-
na. GB 15618-2018. Risk control standard for soil contamination of
agricultural land in soil environment quality[S]. Beijing: China Envi-
ronmental Science Press, 2018.

[25] RELv, Jl g X, AR . - Tl X e e et - 3 o5 s il B XL

BT H R, 2017, 43(8) :153-157.

CHU Chun-jie, ZHOU Jin—feng, WU Nan-—nan. Health risk assess-
ment of soil heavy metals in hilly sloping fields of Pingdingshan min-
ing arealJ]. China Coal, 2017, 43(8):153-157.

[26] 550, SKEPE, 42 B 8L I BR IR R K2 LIS 4R
TGRS AL 54541, 2011, 31(2) :250-255.

XTANG Meng, ZHANG Guo—ping, LI Ling, et al. The characteristics
of heavy metals in soil around the Hechi antimony — lead smelter,
Guangxi, China[J]. Acta Mineralogica Sininc, 2011, 31(2) :250-255.

[27) Bz, WA, B, 5F L RIS AR A IR )2 R
SRR AT L HEH ], 2013, 44(5) :1240-1244.

XU Yu-xia, WANG Qing—hua, XUE Lei, et al. The characteristics of
heavy metals in soil around the lead and zinc smelter in western Guan-
zhong[J]. Chinese Journal of Soil Science, 2013, 44(5):1240-1244.

(28] ST, WA, KIBRSS, 4F . O BCR k- Ui & 45 8 TR 5t

T I AE 07 ik 3 7 L TR R 1 AL 2R S [)). A I,
2014, 33(3):369-373.
HU De-xin, WU Su-ru, LIU Yue-yong, et al. Determination of chemi-
cal species of cadmium, arsenic and lead in mineral yard soil by modi-
fied BCR and ICP-AES method[J]. Rock and Mineral Analysis, 2014,
33(3):369-373.

(291 XU, AT 5, F 0w, 45 . ik BCR WA RIS P75 Je A it 2L 6 )

AT IR 23 Hr e, 2007, 263 1)) : 17-20.
LIU Tian—tian, HE Bin, WANG Ya-han, et al. The application of im-
proved BCR method in the analysis of heavy metals in activated
sludge samples|]]. Chinese Journal of Analysis Laboratory, 2007, 26
(Suppl) : 17-20.

[30] SRRk, SR 7, B A, S TR R iR AROR i A )
155 R LB HE RS PEAG [T, PR SRR K, 2014, 31(6) :512-
516.

ZHANG Li-e, MO Zhao—yu, QIN Jian, et al. Contamination of heavy
metals in soils and health risk assessment in children in a downstream
village of Dachang mining area in GuangxilJ]. Journal of Environmen-

tal and Health, 2014, 31(6) :512-516.



