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Fig. 1  Geographical location and spatial distribution of sampling points in the study area
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Table 1 Health risk parameters of heavy metals in soil
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Table 2 Oral intake reference dose and slope

factor reference values of Sb and As
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Table 3 Descriptive statistics of physical and chemical properties, Sb and As contents of soil samples
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Fig.2 Variation of Sb and As concentration with respect to the distance to the smelting factory
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Fig.3 Bioaccessible concentrations and bioavailability of Sb and As

FORRRE AR 2, & )8 8 11 26 Wil 2 Dl vE kB
4 B v @™ o % —J7 i, SBET Al PBET 421
A pH £ S 252 %} Sh Al As AR IUSCR
13 SBET HALL B AHKBL( pH= 1. 5) , T PBET [d]
A ASLAEL B AR LRz AR S B B, DAE AR 2 B AR Ao R
oL IEAIE pH N LSO EHAR) 2 7.0( fatH) o dE
PH B 7 4 B O 25 5 7E R PR FR B R A el YL {1 Sb
il As WA MR EATHE 5 R PEFREE S 25
BETE B8 Sb Fl As 7 i AH H B e B 3 5
TEAHFSE R, SBET H1 PBETG 440 A4 & 41
AL TR (BFSE45 5 o SBET 5 PBETG W Fh 7
AR B AP BT 4575 Sh R As T ZER T
(& 3) o XFTF Sb,Sbpyere FriE(3.86 + 8.03 mg/
kg) 5 T Shypy( 2. 16 = 4.38 mg/kg) 5 AHR ML, XF T
As, Asppprc(0.53 = 0.29 mg/keg) &= WK T Asqper
(1.09 + 1.24 mg/kg) . Z{Llth, Sb 1 As 7£ SBET
1 PBETG WA 757 (1) B AH B B i A= 9 ] 25 M 45 2R
SHA Y] 4535 AR AL RRIE — e BIXS T S,
BAF pypresy ((1.07% ~ 22.17%, - ¥ {f: 6.07% +
5.09%) & F BAF gyppq (0. 42% ~ 11. 84% , SF- ¥ {H:
3.54% + 2.68%) ; XF T As, BAF e ( 0.29% ~
3.19%, - #J{f: 1.95% + 1.23%) Ik F BAF s,
(0.15% ~5.92% , - {fi: 3.10% 1. 73%) . {EA

W3¢ SBET il PBETG Wi 5 vk FH AG B 01 S
PR pH 252k 1.5, PRk, FR AT 000 v o 2 41 P )
BRLAUL P VB2 25 SR As 55 Sb [ (g Bk fb 2 o 25
SRTRESXT S FI As A9 A W] 451 i R A T
e 7 LY S xR T As 1 Sb
T 2 RS 2 B0 As T Sb R H PBETG (A4
AT T SBET, SEATARF ST 45 AR o i nf
BE AR AR X e 2 R sl 0

PBET L4l T & AH . i AH IS TH AL B B, e,
J A ( PBETL) o (735 Sbypper F Aspper 75 553 41
7 6.56+11. 16 g/kg F1 1. 53+0. 57 mg/kg, Zhim T8
FH( Sbpgpre: 3. 86 £8. 03 mg/kg, Aspyere: 0. 53 £0. 29
mg/kg) (& 3) o 25{BlHh, 75 PBET #5540 AH i AH M
BB, ShORT As (AT S5 P RN BAF e
(JAH) KT BAF o BAH) (B 3) o HARHL, X T
Sh, BAF gy SE-Y9{H K 11.73% + 10. 65% ( 0. 74% ~
43.29%) |l BAF pypre F-IIMEALH 6. 07% +5. 09%
(1.07% ~ 22.17%) ; X+ F As, BAFyyer, F 918 K
5.10%= 3. 63%( 1.38% ~ 16. 66%) , fii BAF e V-
PHEAL M 1.95% +1.23%( 0.29% ~3.91%) . C.H
BRI T AL B BFFE 25 3L , 10 Juhasz 25 4R 38
THEA X I As B BAF ey W85 T BAF g
Priscilla 45 % S 52 4 FIl /R SE 05 e b As ()



% 6 1

WRACA S SN LB AR T - SR RS e 5 AR B KU A 679

BAF pyiry (( 40. 4% + 14.9%) [R] BE W8 55 T BAF ppere
(36.2%+14.4%) o Xtit, A& INA B HIHLR
Geh E R I pH R AR D M Y 22 S R
SEOZLE R F B HUA R R As 1Y
BAFPBETG> BAFPBETI[I] ’ﬁﬂ:%}\ﬁ Mj‘j%{& PH il%}
S FEOHB TR Fe thin i S5 0 J0E I Ak
&5 As RAZA B RO S A I I FEAR As
TERAT PR 0 0 XET ShL AT AIA A
[ BIFST 45 5, 10 Denys 25 38 7 5 AH A A
Sh YL E Y AT R A B 22 5 A TN A ZE R L0
R Sh( V) LA B SR E T IE U e A2 50
A T )3 P 6 T T L 25 F B 9 4 2R
SRATHEABATH A B AR AL T S I Fe (AL
Mn 5 T AE S AL, e DB 78 i AH B B, R 2 5L
Fe AL .Mn Al fig LA ( %) S AL 55 e IR A7 7E L

&l 4 As F1Sh 23 fh it

T AR 2% A ol 3 AT S e W BRS T LA B R 1 R A A
AT > Sh I As , B TN 3 A7 AR TH A0 WP I % 25 Sb
Fil As Fr BEFR AR SRT, Ruby 45" 5 1, 75 pH hy
7.0 FY PR AU A 3 Y R B R
FWEANG Rt o AR, H AT C A A58 e LA B
FRATTEIBTFEEE A, A7 B2 e AL ) R 52 S5 P 4 2
A e — 22 TR AT o
2.3 1#EH Sh.As EHHRERES

BT R IgErh ShORT As S K RSN AT
( SBET #l PBET) k431 Sb Hl As iy LE ¥y al 45 13
AR EDI{EHINIE 4 Fizs . H&T Sb Al As S it
BN HULEAE = Fh 2 #2128 1F- 1 EDI (5 LR
N F A A EDL,,) > B kA ( EDI,,,) >
H A (EDL,,) o HH 3TN, S 75 =M 2k
BAR ) 2% Br R /NKIRCOA EDIL, 5, (196.15%) >

PRIk R A B o

Fig.4 Percentage of exposure dosages of As and Sb through three exposure pathways
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Fig.5 Non-carcinogenic risk of Sb and As for adults and children in the study area
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Contamination and Human Health Risks of Sb and As in Farmland Soils
around a Typical Antimony Smelter in Guizhou, China

YAO Dongju'"*, LIU Enguang®”, NING Zengping’, XIAOTangfu’, MA Liang™”,

ZENG Guangneng', LIU Yizhang’, HU Feng*, LIU Chengshuai’
(1. College of Ecodnvironmental Engineering, Guizhou Minzu University, Guiyang 550025, China; 2. State Key
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550081, China; 3. School of Environmental Science and Engineering, Guangzhou University, Guangzhou
510006, China;4. Chongqing Institute of Geology and Mineral Resources, Chongqing 401120, China;

5. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A total of seventeen farmland soils around an antimony smelting plant in Dushan County, Guizhou Province, Southwest Chi—
na, were taken for the determination of total Sb and As, and the bioavailable contents of Sb and As by two often used protocols, the
physiologically based extraction test ( PBET) and simplified bioaccessibility extraction test ( SBET) . Based on the total amount and
calculated bioavailability ( PBET and SBET) , the potential human health risks caused by exposure to Sb and As in local farmland soil
were evaluated. The results showed that Sb and As pollution was serious in farmland soil samples collected from the study area, and the
average contents of Sb (55.63+75.59 mg/kg) and As ( 44.31+38.34 mg/kg) in soil exceeded the regional background values of
Guizhou Province and the rick screening values of contaminated agricultural soil in China. The bioaccessible contents of Sb and As in
soil determined by SBET and PBET and the calculated bioaccessibility of Sb and As were both lower than 40% for most samples, albeit
the bioaccessibility of Sb and As by PBET are higher than those by SBET. Compared with the total amount of elements, the non-carci—
nogenic risk revealed by hazard quotation ( HQ) and hazard index( HI) , and the carcinogenic risk ( CR) based on bioaccessibility
( PBET and SBET) decreased significantly, and the HQ and HI for adults and children were all reduced to the safe range. However,
only CRgppr e for As fallen down to the safe level, while CRgypr iiaren + CRsppradute @14 CRpper iaren f0or As were still higher than the
safe level (1.0E-6 to 1. 0E-4) . Attention should be paid to the potential carcinogenic risks of As to local residents, especially for
children.

Key words: Antimony ( Sb) ; Arsenic ( As) ; bioaccessibility; farmland soil; human health risk assessment



