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Abstract: With the purpose of the heavy metal contamination and its health risk assessment of farmland soils in
Yangqi Basin, Xinjiang, the contents of seven heavy metal elements (As, Cd, Cr, Cu, Ni, Pb and Zn) collected from
194 soil sampling sites were determined by standard methods. The contamination level of heavy metals of farmland

), and the risks to human health was assessed using the

€0

soils were analyzed based on Geo-accumulation Index (/,

US EPA Health Risk Assessment Model. Results indicated that, the average contents of seven metal elements did
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not exceed the Chinese Farmland Environmental Quality Evaluation Standards for Edible Agricultural Products, but
the average contents of Cd, Cr, Ni, Pb and Zn exceeded by 1.67, 1.41, 1.30, 3.01 and 6.78 times of the background
values for irrigation soils in Xinjiang, respectively. The average contents of Zn in farmland soils fell into light con-
tamination level while Cd and Pb fell into slight contamination level, and As, Cr, Cu and Ni fell into no contamina-
tion level. The results of EPA health risk assessment indicated that the hand-mouth ingest intake were the dominant
pathway of the average daily exposure and health risks for both adults and children. The non-carcinogenic risk
quotient (HQ) and non-carcinogenic risk index (HI), individual carcinogenic health risk index (CR) and total carci-
nogenic health risk index (TCR) calculated by three exposure pathways of seven metal elements were lower than
their threshold values, which range within the limits of the acceptable risk level. The non-carcinogenic risks of
heavy metals in farmland soils for children were lower then for adults, whereas the carcinogenic risks for children
were higher then for adults. As and Pb were the main non-carcinogenic risk factors and As was the main carcinogen-

ic risk factor. Great attentions should be paid to the contamination risks of As in farmland soils of the study area.

Keywords: soil heavy metals; farmland; health risk assessment; Yanqi Basin
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FE AR M L B E TR U IR N A T
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IR B AR (R 2B

UTAFESR , F [ 2 X 3 [ TV AR 5 2 T &
JR K- Ao 1) DX Sl T - S8 4 R 7 % A TR XL
VAT TROT I 1 WR S AR RIS T —E A o
FERCR  HE TR Tl AR 5 2 5 K K
e BT R T DR T D B YR A
B 5 22 94 Z SR 25T IR Hh R AR 1 e
DX b ) B SR A% i o M A T o 4 i T
X B 2 Y e IR T AT A Y et R A T MR A2 O
TEMT AR AR AT — o XS SR e 7l X
SN R AR e E 4 S 3 Y A it R DXL U T
F3 THRSE B SC TR S AR I A 1T 4 38 < Ja 95 L A4
i ke XIS J7 T A DL i 38, TR St A P £ R XL
Rt B RN SIERoT

ASBIEFE L S8 B i 7 X —I5 &
BB DX, LASR s A TH 1 3 4 Ja {75 % 1) g B
RS A BIFTERT A, 2R I M ot R BR RS US EPA fi
XU PP AR, 36 65 & Ak B+ M o 2 s 7

Y15 TR AR A R XUBS: R AT DA, LA SR 8 8 et 2
BURAOL A5 A W4 w5 17 5t T AT i
Ji T3 TR X 22 e e R i s B XU, LA Sy 2 i A
T BRI XU A B BERL A Al

1 ##57Fi% (Materials and methods)
1.1 WF5E XA

EE A (86°54" ~87°29" E,41°52' ~42°22' N)
SR I FEKS LWk A1 2 SR 25 0 o AR AT G
L[] bl 7 T it v 3 TV AR AL R (] 1),

TSE A B AR 278 045 hm? |, 7EAT X K]
R AR BIA X RS RS
B DRSS IS TR B8 il Bt M T R 5 A
VR 1 050~1 800 m, Z4EF-H [ /K & 68.1 mm, £
ARSI ZE R 2 366 mm, ZAFEFHR I 8.63 C, Aiff
FEIX A+ e BN E AR . R R+ R
BEL FERRG T RERRD A 4 S ek
R, RAEY) L DB AR R N K T
H 254550 3, 23R B T BRI T 7 i 1) 8 22
U EAERBIAT @A 1R E AL, SRR
ik Tl AR AN 5 | 32037 i R A S N 48 355
KRR ORIE X,
1.2 FEACREE S E

2016 4F 5—8 H7EWF5T X #4713 )2 (0 ~ 20 cm)
A FH A HERE S OR AR, BCRAE 194 ARG I E T v
7% T LEEARA BT ) U 5 (- S PR I AR AR
LY (HI/T 166—2004)" ) + HEFE 5L As & & H
PERSEE J5i 72 EEAL(PE-7) M E , Hofl oo R & &
FH KA JEF IR ORI (Agilent 200AA) 5 4t
TR 3 RS IR RITATRE  BOT A AR A S
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AT R, MK B A bR L IES LY R
(GSS-12)i#t 47 B il , 45 5 4 )@ 1 MDSOR B 78 A
VREEN
1.3 Hbit SRR HOE

K FHEE R Miller®™ 7 1969 4F £ H ) 1
Ji BRE AT AR T IR A RIS YR R
EViAC 2 (O 12 &= w Ul

I, =log,(C/1.5B) (1)

K, CoONE SR I E & &, B BT 50E, 1.5
2 T AR A T A T S R BUR R IE R T
Hiu o SR AR B0 P BN i BRI R 1,
1.4 VAR A R XU I A5 7Y
1.4.1 BRI 5S8R E

- A JE T A - O B AR R A
L R 504 3 P R R AT A N, K RS
XF g R s A fe 3 Y, SR US EPA it 5 XU 3T
AR i oE X A [ -3 7 FhE 4R OC R 3

86°0'E 86°15'E
| |

86°30'E
|

PR BB ILE M A H -5 & g ik 17t
AR AT,
%3_ H ﬁﬁ%%/\ El i/g/%%% CDIingest ’ i"fﬁy‘j mg
“(kg-d)'s
soil XIngRXCF XEFXED
CDIin est (2)
’ BWXAT
VPR A F A BEGEE O, RTK mg-

(kg-d)"s

C. .. XInhRXEFXED

CDIinhalc = = (3)
PEFXBWXAT

ﬁﬂk?ﬁﬁmﬁﬁ%%/\ El ﬁj?ﬁ@% CDIdermal b E‘{j
H mg-(kg-d)",
C.. XSAXAFXABSXEFXED

soil

CDI = 4

dermal BWx AT ( )

S H 3R R i CDL, , 000 mg- (kg-d)”
CDItotal = CDIingcst +CDIinhalc +CDIdcrmal (5)

86°45'E 87°0'E 87°15'E
| | |

42°15'N

42°0'N

Z
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N
T RBEs — W i ik i
Sampling sites River Sandy land Mountains Wetland
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1 HREUERRERDTE
Fig. 1 Sketch map of the study area and sampling sites
®1 WRRRIEH( L) TRERNS
Table 1  The grade of pollution degree of I,
Loeo <0 0~1 1~2 2-~3 3-4 4-5 >5
lEE i i LA Rz Iz HT fai e
Pollution level Clean Slight Light Moderate Serious Very serious Severe
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K@)~ G, Coy b 1 4 Jm TR 1 L BE (mg
-kg™"), IngR F/m I L F-MHEE AR (mg-d™"),
CF FnEH 28 (kg - mg™"), EF /R 2@ WA -
a’),BW F/n A (kg), InhR /R IFI AR (m’ -d™),
PEF N KA F-(m® - kg™), SA R 282 2 ik 2
T F(m?), SL FRom T 3EXT Bz 1k 9 26 B R %1 [mg - (cm”
-d)"'], ABS F/R B2 BRI T (T RE ) ED Ron 2
#&W(a), AT, Fl AT, 73 403K 5 4 s E 2o A 80
SRR EEE)(d), R US EPA B & N F M=
Superfund KU A 5 D0 2420 D e T+ 48 4 )
15 YL P f R IR A S ATF I RS 11 2V i 11 AR AT
REBETMSEILE 2,
1.4.2  NARAERE XS R AE

T g rbs Yy it A ARG BT 5 | A A R XU 1
AR 455 35T DXL PR = S0 AU AR R B A
5 ) As .Cd Cr Cu Ni Pb fil Zn % 7 FhE 4 )8
XF NAARFR LA (e B RURS: , P e X 7 8 42 8 OC AR
HEATAEBUE RS PEAL . BT US EPA R4 T As
5 Cd MBUERPR (SFYE, A SCH X As 5 Cd #
T3 808 WS PEAS , S A 72 X B 5l 5 0 5% XA 2
fit %) L R RGN 1) £l B XSS RAE WS AR AR B0 AU
FHAESOE XU B (HQ) AR By KURS: 15 %k (HI) ok %
N, HAHE AL R

HI=XHQ= HQj e PHQmae THQ german (M
P, CDI MR EUR & @ LR 1Y H ¥ 22 i, RD
MAREUE R AR R RS E R, 4 HQ
B HI< 1 I, 7R 4k I b S 4 Js U 3™ A A AR 2L
SRR PR RRE AU, T L) 2200 5 24 HQ B HI> 1 I, R A1
AR
T 0 XU 0 AU 1 (CR) - 20 KU 4
B(TCR AR, HAt R AN
CR=CDIXSF ®)
TCR=2XCR= CR et PCR ot TCR ermar €))
A, CDI N EUE E G JRIUR K H I 28, SF
B A AR 7 R R AR B B AU R R, CR
B¢ TCR 7E 10™* Ry e K] 35232 KU /K-, i< 104
A 220 BURE XS K. H5 US EPA £ ek s B &
GL(IRIS) Hh £ B AR S BEH ARG ™ 1, 2%
Fh 8421 RID A1 SF W3R 3,

2 Z53 (Results)
2.1 RHEESRESESI

A NH S E A SN A 13 As Cd . Cr,
Cu Ni Pb Fl Zn & & A8 ME &R 48 K, 43 58 0.52 ~
28.87.0.05~0.69 .33.68~123.39 19.45~73.12.19. 45
~55.97.1.01~96.36 f1138.99~911.98 mg-kg", iX 7
OGRS & w55k 6.0,0.20,55.91,30.63,

(6)

®2 ITEESEERXBRITNSH
Table 2 The parameter for health risk assessment of soil heavy metals

34.34 40.70 F1113.84 mg-kg™', WFFE X A H L3

IngR InhR CF EF ED SA AF PEF BW AT, AT,,

Jmg-d) /m?-d') /kg-mg') Ad-al) Ja /m*  /(mg-cm?) ABS Jm® kg kg /d /d
B Adults 100 20 10 350 24 0.153 0.49 0.001 136x10° 568 EDx365 70x365
JLEE Children 200 7.65 10 350 6 0.086 0.65 0.001  136x10° 159 EDx365 70x365

®3 EEEFAREBREMNSEFE(RD) FMFERETF(SF)

Table 3 References dose (RfD) for non-carcinogen metals and slope factors (SF) for carcinogen metals

RfD/mg-(kg-d)™! SF/(kg-d)-mg’!

Hﬁim FrEg SR Bk e fk e F-riE PRI e ik s
Ingest Inhale Dermal Ingest Inhale Dermal
As 0.0003 0.300 0.000123 1.5 15.1 3.66
Cd 0.001 0.001 0.00001 6.1 6.3 —
Cr 0.003 0.0000286 0.003 — — —
Cu 0.040 0.040 0.012 — — —
Ni 0.02 0.0206 0.00540 — — —
Pb 0.0035 0.00352 0.000525 — — —
Zn 0.300 0.300 0.060 — — —
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JA JCR & B YA A B R AR ™ 5 H A
S5 Jo 5 VP AR A (HT 332—2006)) P g BRAE, {HL
1.55% FEAR Y As &8, 0.52% FEAR T Cd &4,
35.05% FEAS Y Pb SR LUK 6.19% FEA T Zn &
T T O S MBS RPN bR A R
H). As 5 Cu &M FREAME B mERF 35 5
{EPY,Cd . Cr Ni Pb il Zn £ (P-4 (8 43 5 H 5
SRR AT RHEAY 1.67.141 130 3.01 #1678 f5, BF
XA H 384 As Pb Fl Zn AY7E 5 22 K(CV) 431
47 1.03.0.58.1.24, ¥ KF 0.5, 28 55 b g B &, 3 0
As Pb Fl Zn R REAZ HELE Jryifis Y IR i 52
2.2 W LIEELE SN

M7 i 4 S (41 3 1 T B ARAR B (1) R R
(3 5), 76 194 ANFEAH BTN EE 42 )8 1735075 Y 25
M EEA K A Zn Pb Cd, Cr Ni Cu,As, H4
J& Zn(1.79)/Y 1, FEME R N E 5G4, Cd(0.09)
1 Pb(0.62)f L., FEIMERI N ERI5 Y, As .Cr.Cu
5 NI FEEER A TSR AR, N7 MESET
FIRK BB HORE ,As Cd 5 Cr K&
BHEEAN T 1~2 ZI0H) B8 TR B YK, Cu 5
Ni K BRI T 0~ 1 Z 0], 85 TRH5
YLK, Po (W K BFRFEEC R 2.25, K80 T h TS
YK, Zn i K BB ECh 518, i858 TR &

1SR, Zn /N R BER I R0 g, H
B 6 MICER /N BRIRECRI N TCT5 YA

A 4 R TG AN RS G O A K T REAR
B R, KA As B9 BRUEEUR T X
159, As o5 Pt AR L R A S8 94.33% , Cd
FEACTRICTG By B2 G0T5 P AV S G RE A B o3 ) o
FEA BRI 33.51% .65.46% F1 1.03% , Cr FEAH
Toi5 g% RG0S YL RN 4% BE S YA AR 0530 o5 FEAS 5L
B 70.62% .28.86% A1 0.52% , Cu 5 Ni BEAHIG
V5 YREAS Y FE AR, ) AR A B 98.97% 5
77.23% ., Pb FEASH IG5 Y BRGNS e
FEARE 5 5 REA B 21.65% .32.47% .40.21%
55.67% . Zn 1975 5K IR AR 38 1 DX | H:
AR PR E R T E A TS AR
T REAS BB 2.58% . 78.87% . 10.82% .3.09% .
2.58% F112.06% .
2.3 AESUE RS EAS

G US EPA fatBE XU P 7 ik i S 80U 4
JEICE S & B TR E A A 3 As |
Cd.Cr.Cu Ni,Pb 5 Zn o0 E i A 2 gk %
XA FILZE 1 Al 50 XU 28 5% 7 i (3R 6), AR
M58 7 Moo xR H YHEBUR R R ok A, T Zn
XA FLEE ) 58 H 343 B0 2 78 18 (CD1 ) 73 5]

K4 MRRKEATESECERIERTHEAKE
Table 4 Concentrations and pollution level of heavy metals in farmland soils of the study area

As Cd Cr Cu Ni Pb Zn

He/ME Min/(mg-kg™)
KMl Max/(mg-kg™)
E-H{H Mean/(mg-kg™)
FrifE22 St.DA(mg-kg™)
BREK CV
B+ S EH(mg - kg ™)
Background value of irrigation soil in Xinjiang/(mg-kg™')

AR i 7 B PR 8 B AT AR (mg - ke ™)

0.52 005 33.68 1945 1945 1.01 3899

2887 0.69 12339 73.12 5597 9636 91198
6.0 020 5591 3063 3434 40.70 113.84
4.17 007 11.66 641 6.78 2408 141.46

0.70 035 021 0.21 0.20 0.59 1.24

9.09 0.12 3960 3580 2640 13.50 16.80

20 0.40 250 100 60 50 300

Farmland environmental quality evaluation standards for edible products/(mg-kg™)

x5 HRRKBATEEESE [ KiTHRKF
Table 5 1,., and pollution level of heavy metals in farmland soils of the study area

As Cd Cr Cu Ni Pb Zn
/M Min -47 -1.85 -0.82 -147 -1.03 -4.35 0.63
I KAA Max 1.08 1.94 1.05 045 0.5 225 5.18
SE-HJ{E Mean -147 0.09 -0.11 -0.84 023 0.62 1.79

154425 Pollution level i Clean  §2fi Slight

71 Clean

7574 Clean 157 Clean 2 Slight  #2J¥ Light
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2,
¥

4 3.36%10™ mg-(kg-d)" f1 4.39x10™* mg-(kg-d)",
R H 4R B0 2 58 1 5 1 Cd XA AL
) H ¥R S0 B8R i 3 6.07x107 mg - (kg -
d)"' 1 7.88x107 mg-(kg-d)", How H 4k B 2 5%
i, ARH R HE 7 R SR 3 R B
H YR30 2 68 2 K EN/ MK R : Zn  Cr \Pb | Ni,
Cu As.Cd, BMAKTIE A H 3 7 FiE 484 L#E

(8 A 491 0 % 0 1 e T O A H 3R 3

R, NBRBRBERE, REX T AL L
i, 05T F- TEAAR T 4 i 2 o0 i X A
TP E A R R R R AR, FUON B k2 fih
AR, I PR A AR fe E AR B, AR
H -3 7 Fh 4 8 o Rl -1k Xt JLE R
IR TN N A 5 55 2, 3 ok P 5 R Tk

i 7 X LB (1 2 8 e A/ N T R R R
76 H ¥ 25 P i 3Lk B ARIE R (6)F1(7),
FFENHFFE X A H 4 38 5 4 ) 110 AR B0 XU 7 (HQ)

A o KU S B (HD(EE 7).

F 7 WH S E A e 7 MR 4R

| ===

R =N

7E 3 PR R IE A T BN 1 AR S0 KU T (HQ) K
F /MK N :HQp, \HQ,, \HQ, .HQ, \HQy; \HQCuL3
HQ,, ; JLEE A IE 08 KU 7T (HQ) M K B /MK IR Hy
HQ,, .HQy, \HQ(, \HQ; \HQy \HQ, 5 HQ,, o X1
AR, 4 3 As .CdCr.Cu Ni .Pb 5 Zn 1)
HQ XJ 3k Z 92 KUK 48 % (HI) 79 BT ik 2 43 1
30.45% .8.34% . 17.71% .1.44% .3.50% .37.58% #il
0.97% , X JLE K, & H -3 As Cd,Cr, Cu,
Ni.Pb 5 Zn ) HQ X} HI A TTRR %5370k 32.69% |
5.76% .23.33% .1.44% .3.40% .32.36% #i1 0.89% .
ATLUE R XA 3 4 B n R S BN AERL
Pl 2 M E 48 As Cr 5 Pb AR FEE &
RIroTik, 7F 3 P R R A AR S0m KU, Bk
finh i A28 A B0 XU (HQ g ) B 155, FRA To- T BEA
WRAR R B KU (HQ, g0 ), W W 3 122 AF 8O XU RS
(HQ, o) B/ o AR L 7 A 4@ Ju 2 i 2o -
Fl R A 0 L A Al 3500 gl IXUISS: 35 R 1 %oF BN i) 22
5 1, E AT VP 5 R R M 4 ) L Y Al B f
FREXUBS B4/ NT X N B 2 B i, SRR R E A

*6 MRRRATESLEFHENRANRESE (mg-kg'-d")
Table 6 The average daily exposure for non-carcinogenic risk of heavy metals in farmland

soils of the study area (mg-kg™-d™)

i CDIgest CDlinpate CDILjermal CDI g
Elzze;lts UN JLE SUN JLE UN JLE A JLE
Adults Children Adults Children Adults Children Adults Children
As 1.03E-05 1.81E-05 1.49E-09 5.09E-10 7.60E-06 5.06E-06 1.79E-05 2.32E-05
Cd 3.45E-07 6.16E-07 5.07E-11 1.73E-11 2.59E-07 1.72E-07 6.04E-07 7.88E-07
Cr 9.44E-05 1.69E-04 1.39E-08 4.74E-09 7.08E-05 4.71E-05 1.65E-04 2.16E-04
Cu 5.17E-05 9.24E-05 7.60E-09 2.60E-09 3.88E-05 2.58E-05 9.05E-05 1.18E-04
Ni 5.80E-05 1.04E-04 8.54E-09 2.92E-09 4.35E-05 2.89E-05 1.02E-04 1.33E-04
Pb 6.87E-05 1.23E-04 1.01E-08 3.45E-09 5.15E-05 3.43E-05 1.20E-04 1.57E-04
Zn 1.92E-04 3.43E-04 2.83E-08 9.65E-09 1.44E-04 9.59E-05 3.36E-04 4.39E-04
*7 MREAEATESEEIEBEXEIEE
Table 7 The non-carcinogenic risk index of heavy metals in farmland soils of the study area
g HQingcsl HQjnpate HQ germai HQ HI
Elzjn/e\nts I'UN JLE L'UN JLE IL'UN JLE I'UN JLE L'UN JLE
Adults Children Adults Children Adults Children Adults Children Adults Children
As 338E-02  6.03E-02  497E-09 1.70E-09  6.8E-02  4.11E-02  9.56E-02  1.01E-01
cd 345E-04  6.16E-04  5.07E-08  1.73E-08  259E-02  1.72E-02  2.62E-02  1.78E-02
Cr 3.15E-02  5.62E-02  4.85E-04  1.66E-04 236E-02  157E-02  5.56E-02  7.21E-02
Cu 1.29E-03 2.31E-03 1.90E-07 6.49E-08 3.23E-03 2.15E-03 4.52E-03 446E-03 0314 0.309
Ni 2.90E-03 5.18E-03 4.14E-07 1.41E-07 8.05E-03 5.36E-03 1.10E-02 1.05E-02
Pb 1.96E-02  351E-02 287E-06 9.81E-07 981E-02 653E-02  1.I18E-01  1.00E-01
Zn 641E-04  1.14E-03  9.42E-08  322E-08 240E-03  160E-03  3.04E-03  2.74E-03
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Mg H 3 7 Rl 48l it 3 MR R IR HQ
5 HL BN, KRN, 8T 0T 4552 KK K-, &
SJEXTLE MY HI Mg/ F RN, R H 1 4
a5 G o BN A A S50 (R 7 T v, AR
HELE HQ 5 HI {H FARAL T I H23Z KBS /K- (HH:
Fo- LB AR AR A R 422 i 422 =l B0 AU LA B HI
B RAE(0.65) 3B 2 TR 7K (EAS5 EEEW,

FRAE 194 A RAE s £ s, >R A GIS AR5
MG HEP Ay Frak H 4 b 5 4 JE e R AN R L
RS0 KBS E(HD Y 25 (B3 A s Ry . 1 5B R
GS+9.0 H A Hff 5 25 [ 4 1 75 & 1Y) e A 24 T 22 R AL
PSR A OGS AL, SR J5 I AreGIS 10.3 5/,
VPt Kriging Feflt NARTE , e 2 9% X A H 4 58
G JE Y HI 25 )40 A [ (B 2), IR 2 AT L3S
&R AR A H A 35 T 4 L B AR B0
JRUBS: i 55023 (] 430 A SR e AR — 350, JF 2 T4 b
() X I S PEARRAE . I L A A S0 XU 5 5
23 [a) 43 A ¥ B A X, HI 5l X 3B A T
AL T 0 5 R L P S X e, HT ARG IX 43 A T 1o 4
BACERIXHE, 245G FE ORS00, HE i E XY
THEREA T As 55 Pb i AR R PRI B0 K
[SEERA T
2.4 U B TEAS

R4 US EPA {5 XU M 5 ik I S 50 % 4
JEICEEM S, (A TEEZMAH L5 As 5
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Fig. 2 Spatial distribution of HI of heavy metals in farmland soils of the study area

*8 MIRXKREIEESRHEXNKLEAHREES (mg-kg'-d")
Table 8 The average daily exposure for carcinogenic risk of heavy metals in farmland

soils of the study area (mg-kg™-d™)

. % CDIingest CDIinhale CDIdermal CDItotal
JUE Ny - N - N o N o
A JL#E LN JLE A JL#E A JL#E
Elements
Adults Children Adults Children Adults Children Adults Children
As 3.47E-06 6.20E-06 5.11E-10 1.74E-10 2.60E-06 1.73E-06 6.07E-06 7.93E-06
Cd 1.18E-07 2.11E-07 1.74E-11 5.94E-12 — — 1.18E-07 2.11E-07
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Fig. 3 Spatial distribution of TCR of heavy metals in farmland soils of the study area
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Table 9 The carcinogenic risk index of heavy metals in farmland soils of the study area

. };: CRingest CRinhale CRdennal CR TCR
JUA o s e S oy o o s o
Element 2N JL#E N JL#E LN JL#E LN JL#E A JL#E
ements
Adults Children Adults Children Adults Children Adults Children Adults Children
As 5.21E-06 9.31E-06 7.71E-09 2.63E-09 9.53E-06 6.35E-06 1.47E-05 1.57E-05
1.54E-05 1.70E-05
Cd 7.21E-07 1.29E-06 1.10E-10 3.74E-11 — — 7.21E-07 1.29E-06
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