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Assessment of Heavy Metals Pollution and Its Health Risk of Atmospheric Dust

Fall from East Part of Junggar Basin in Xinjiang

YANG Chun'"?, Tashpolat Tiyip'**, HOU Yan-jun'*, GAO Yu-xiao'*,LIU Fang'?,XIA Nan'?

(1. College of Resources and Environmental Sciences, Xinjiang University, Urumqi 830046, China; 2. Key Laboratory of Oasis
Ecology (Xinjiang University) Ministry of Education, Urumqi 830046, China)

Abstract: In order to evaluate the contamination and health risk of heavy metals from atmospheric dust fall in Zhundong opencast
coalfield in Xinjiang, samples of atmospheric dust fall were collected from 52 sampling sites covering the entire region and the contents
of Zn, Cu, Cr, Pb, Hg and As were tested and analyzed. The contamination was assessed by geo-accumulation index method, and the
risk to human health was assessed using the US EPA Health Risk Assessment Model. The results showed that: The contamination of
heavy metals from atmospheric dust fall had a significant difference, in the order of Zn > Cr > Cu > As > Pb > Hg, and the average
contents were higher than the soil background of Changji. The coefficient of variation of Hg, Cu and As was 381.91% , 99.94% and
97.82% , and human activities had a greater impact on them. The correlation coefficients in 6 heavy metals were complex, the
correlation coefficients among Zn-Cu-Cr were more relevant than Hg-As-Pb. The assessment results of geo-accumulation index indicated
that the Zn pollution in the atmospheric dust fall should be classified as extreme degree, and that of Cu, Pb, As as between slight and
extreme degrees, and Hg as practically uncontaminated. The exposure content of carcinogenic risk and non-carcinogenic risk of the
study area had little difference. It was HQ., >HQ, >HQ,, >HQy, >HQ., > HQ,,, the total non-cancer hazard index was 0. 258, the
non-cancer hazard indexes were both lower than their threshold values, suggesting that they would not harm the health. The
carcinogenic risk hazard indexes were in the order of CR, > CR., > CR,, , suggesting that Pb had no cancer risk, while As was the
most important carcinogenic factor. The average TCR was 1. 95E-05, indicating that the risk was within the limit that human can
tolerate.

Key words: atmospheric dust fall; heavy metals; geo-accumulation index; health risk assessment; Xinjiang Zhundong opencast

coalfield
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Fig. 1  Geographical position map of study area and distribution of sampling points

1.2.2 FEARE

F2014 4E5 H ~2014 4F 12 A 3RS R 3

SuE. BRI AR L IAT 2.0 m t/\ﬁk"‘dﬁz%
%%ﬁﬂzﬁﬂ\ 20 cm, 4% 18 cm FYFEARET, ABH 1K
XA R AR, EN IR S, SREEI N T
MR RAAE it R FH TR IS B | 2B AT P A RRIASE . /N
A TEESFY), A B AlK 0 SR WEam R AR i i
VEBRAEH T, HR U 1. PG vEE T 52k
R ISCEE WG R Bt K s T 46t

S8 5 PR SR R v BT A A 4B A B 5 L
O ZETIRR BIRE A RE . 25 RS FEAE /I3

ABEAREIRE R B EME. BRARFES TR At %

BHORAE. A I W 030 18] BT A R 2R A A, T 4
i
1.2.3 HEHEJEGENE

EE%%¥$’J<ESLL’5‘"‘ Ah0. 500 0 g T DU 20

WA, B A 9 mL AMRERFR S5 A 3 mL IMRASTR
FEL BN 38 2= 38 B 20 min, FEAIA S mL (9SSR N
30 min, ARG A 3 mL (5 E BRI ZE T
RS B JSTEA 10 mL 1: 10 5 AR 180 15 min.
WA HHR N AR 2R e e £, MR R T
WALER, HERABEE . AR S 25 L RE R B
. RN RS S A 4K E 45 % 20 mL.
WFSE S50 FHAK I 2 88 KRR R gl ).

5 L S 5 T R VRO i 2 TR R R 2 AR
WO TESE SRR, BRI B (Zn) |
Hil(Cu) . H&(Cr) ., Hr(Pb) ., K (Hg) flf (As) 6 Ff
EEJE LR, BOEEMELZEME 3 K. Zn, Cu, Cr
A1 Pb 1 H 37 Z-2000 78 J57 W I 4356 B 1 2
A A PR6-2 IO TN E He A1 As. H
4J8 Zn, Cu, Cr, Pb, Hg Al As AYK R 251 Ry
0.005 mg-L™", 0.01 mg-L™", 0.01 mg-L™", 0.02
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mg-L™" 0.2 pg-L7' . 5 pg-L7'; EH IR R
96.2% . 99.5% . 100.3% . 105.4% . 98.2%
100. 1% . A X bR W 2% 1.5% . 1.0% . 3.0% .
1.0% . 3.5% 1 3.0% , M X 45 S 75 A ot & 45
1.2.4 FEatrk

J# 17 Microsoft Excel 1 SPSS 19. 0 X 5% ) %% 35
FEPTHAAL ) DL S B S KA R Are GIS10. 1 3K
A TARAE 537
1.3 EEJREEIHN

Hi R FRFEHL (geo-accumulation index, 1,.,) s&H
TEERLA K Muller 42 3 JF 72 W H] T 43 M K2R
BT YIS ik, 785375 1RO [A) b XA 7 56
fE2e 5 A,

I, =log,[C./(1.5xB,)] (1)

KX, C, WESJRSSNME; B, b T 5 H, A
SCREPERT IR B N 8T B (E; 15 A AORIHBR T
28 S A R B

W BARAE R AR R T S 0 K.
1,,<O,J0549%; 1 9. 0 <1, <1, BRE-PEGY; 2
G 1<, <2, "WRETGY; 39 2 <1, <3,H-5JEE
HH 49, 3 <1gm$4,§§§7§;@; 5% 4 <l,,<

5, 9R-IRER TS g 6 P 1, =5 R T5 G
1.4 RAFEADESE R RS T
1.4.1 BRI 5 SHEER
B 4 @ vT DU o F- 10 HHEERA | I
I F5E AT B SR i 0 AR B AR Al i Y
G XTIk T T B K 2 o 4 T ) e R XU T4/ A AH
KAGE, 2K 35 E EPA 13 fa fle KU PN B | &
IEASRAR REUE T ). AR 95 [ EPA AR R K
B ik, 8 A (2) ~ (4). SECUE I
1.
& F-H@EffH YRS [ADD,,/
mg- (kg-d) ™" ]:
ADD,,, = (¢ x CF x EF x IngR x ED) x
(AT x BW) ™! (2)
g R R H Yy R §E & [ ADD,,/
mg- (kg-d) ™' ]:
ADD,, =(c¢ x EF x InhR x ED) x
(PEF x AT x BW) ™ (3)
2 KRk i B OOF ¥ % 88 i [ ADD,,,/
mg- (kg-d) ™" ]
ADD = (¢ x CF x SL x ABS x EF x SA
x ED) (AT x BW) ™' (4)

derm

®1 ELERSENTHSHRIE"

Table 1  Parameters and values for exposure calculation of heavy metals
g 24 & Hfy N HUE SRR
e ¢ S B 4 )k mg-kg ™! 95% UCL [23~25]
EF £ LIRS d-a! 300 [22]
ED TR a 30 [22]
REIT RS AT V- 35 7 R I [ d 365 x ED(JEBUBIER) 5 365 x 70 (BU#IEM) [23~25]
BW RSNy kg 60 [22]
CF et 2K kg-mg ! 1x10°° [22~25]
T H 24 B Hfy R BUE SR
F-HEA IngR AR ER mg-d"! 50 [22]
PG A InhR I I 3k m?-d ! 13.77 [24,25]
PEF HORLyHE T R T m’ kg ! 1.36 x10° (EPA,2001) [24,25]
SL J RER 2 mg-cm 2 0.07 [22~25]
B IR fih SA T % B R TR em?-d-! 4350 [22]
ABS J2 R e PR B 1x1073 [22 ~25]

1) MRS IR EPA A AR5 58 XURSL PP (6 J7 125 137 b PR S5 34 5 A DG AL i s B S8, ey TR 98 X 2 g S 0 ) T 58 5 SR ™ DX S 9 1
ALK, BOSTR B FE SR T KSR AL 0 RBP4 5 I B2 8 G, Tl X 545 S8R 25 B AU [

1.4.2  A{RAEERRE XU FAR

AA5E 6 FPE 4 JEICE Zn, Cu, Cr, Pb, Hg M
As B EA AR R0 fd R XK, o Cr, Ph, As B
HEUEAR. R E SR 0 808 KK 7 (HQ) |
SRS XURS: 18 50 (HI) A0 KUK 5 50 ( TCR)

A

HQ, = ADD,/RID, (5)
j=3
HI = > HQ, (6)
i=6
j=3
CR = > ADD, x SF, (7)

=3
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B % 37 %

j=3
TCR = > CR, (8)
i=3

P ADD, W E 4R @ 5 RN R B IR Y R
mg- (kg-d) ~'; Rﬂ)yﬂﬂiéjﬁ L PR ERIEIR S
FZ Rl Emg- (kg-d) ', AR KA kg AREBEUNA 2
S ANRAS BRI (975 e ity o R s 5 HQ, A2k
BoEEEE B M REEE TR RE; HL b6
FHEE 4 JRAE 3 PR 12 T B A Bo KU 5 5L
CRONBURE &R i 5 j Fh 2 82 A2 10 XU 46 4L
SK, M ¥5 e ¥y i o5 R R R IR R0 BUE AR
(kg+d) »mg™'; TCR Ky 3 FBUEE LR 3 FI 2R
$e ol WIS YOES RN ok =2

O A BT AE F S M Th B2 22 1 S R B0
WU, — AN HI < 1 8¢ HQ < 1, 37K 5 43 119
RS/ )N 53 ] LI Z2 0% 5 2 HI=1 5 HQ=1 i
FFAE S0 XU 7 A B XU A R 2 24

F[E EPA K [E 37 M IR B 0EA S ) 45 2 0 24
TCR < 10°°, %/~ &8 L EUE KB ; 107° < TCR
<107 IR AL F AR T T A2 0 8Os XU, TCR >
10 7% b T AR T it 32 ) S0 AU 2

Z7% [& N A AR OC B 9T I 3R 3 B T i &
|22 4 & Zn, Cu, Cr, Pb, Hg F1 As 1£ A A
FRERIBAE T X AR fa R RS = 2% Il & RID UL
2.

®2 AARERRTELETEMNSEFE RD 22 /mg- (kg-d) ™!
Table 2 Reference doses of heavy metals for each exposure pathway/mg- (kg-d) ~!

Wi H Zn Cu Pb Hg As

RID;,, 3.00x10 ! 4.00 x10 72 3.00 x10 3 3.50 x10 3 3.00 x10~* 3.00 x 10 ~*
RID,,, 3.00 x10 ! 4.02x1072 2.86 x10 73 3.52 %1073 1.50 x10 -3 1.23 x10~*
RID e 6.00 x 102 1.20 x10 72 6.00 x10~° 5.25x107* 8.60 x 107> 3.00 x 10 ~*

2 HFREITiE

2.1 RAFEALESERE

AMRXKIELEL B2 XERFR, T
M Bl Xl AR 7 | A e N A8 T i i A N TR R
LI | T35 S XGH XU 45 H AR IR 2R G 52, 2
P BEAL M BARAIE. S EIX FEARE PRI, T
M Bel X FRIz i | 52 BA T AU e 254 1R T XU
DXHE. RS X PE M B4 T RS k. MR
PRI R AR A A A AR 3 3 AT 46 1, @ 2ok SPSS
19. 0 B RS ESBESIHER L (EK3).

WG ZR 3 W LUE IR 58 IX R 24 8 4 s vk
EFERAAEWHE AR KKK Zn >Cr>Cu>As >Pb >
Hg,Zn Y& S, MR HE )8 Zn, Cu, Cr, Pb,
Hg Fl1 As 1) & &8 43l 25 840. 19 | 78. 66, 482.07 .

20.10, 0. 19 F140. 40 mg-kg ™', %ML E B S
2 FAR K.

6 Fh KA LTSRS RHES S TEE ML
B SE, 0 o B N 3 S (A 19 90.97
3.28.10.17,1.97 . 2.38 1 2.69 f%. FH4J&E Zn.
Cr, As (W& B e s T 3R 55 T i — Hhs
HEBRAA. AF7E X R 2R T4 I 2 80 AN R R B 1Y
9508

A5 S5 RO VLR AR R AR A T 4 1Y B e
B, RS R KUK X A Hg > Cu > As > Zn > Cr > Pb.
Hg JCE WA S Hoflh 5 Foc R Wb &85 He 1Y
5 S 2R K R 381.92% , Pb IS S R B /N K
42.59% ,HAE B IC R BT A A AEE A 5] He 4
SERKON 381.92% fc i, Cu., As BYZE 57 2R B T
1, BBIX 3 Fhoe &R 22 ARG sl k.

®3 ELEMZITY

Table 3 Statistics of heavy metals

WiH Zn Cu Cr Pb Hg As

e KAE/mg-kg ™! 32787.72 508. 34 2421.70 43.43 5.18 298.25
%/ ME/mg-kg ™! 1226. 45 4.91 26. 49 5.89 0.02 15. 00
¥/ mg-kg ! 5 840. 19 78. 66 482.07 20. 10 0.19 40. 40
FrifE2E/mg kg ™! 5248.34 78. 61 432.00 8.56 0.72 39.52
5 F AL Yo 89. 87 99. 94 89. 61 42.59 381.92 97.82
Bt B M Y 5B/ mg kg ™! 64. 20 24. 00 47.40 10. 20 0.08 15. 00
E R ZhriE/mg-kg ™! 250. 00 100. 00 200. 00 300. 00 0.50 30. 00

1) BRBEZ SR AR E ( GB 3095-2012) FT5 Je ¥ BR{E , RAIH T Cd, Hg, As, Cr( V1) | F AOUIE RN, 300 005 S AR, 1 R ke
AR SR, SRR TR ARME(B1T) (GB 15618-2008) i AR M T , Hed/s R FH L3R 55 T S AR i (GB 15618-1995)
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2.2 MY

FHOCHE A3 HT 6] B 42 0 2 R IR U A %
R RS L oG B T REATAE A B A SR U
HATGY . mFE 4 v LLE I, 6 Bl 4 1] 9 A
KPR A 2%, Zn-Cu-Cr %5 Hg-As-Pb HAH 1k B3k |
Cu-Cr Fll Hg-As PP AHOC R ECH 0. 960 F1 0. 938, 7
P <0.01 KA 8 A C, Zn-Cu . Zn-Cr MFHE R
B 0.611 F10.490, Ph-Hg, Ph-As B K RN

0.393 F10. 561, HIJTE P <0. 01 7K FH% 5 A0 K.
2.3 FERJETG YR RHIE

FUHA ) A BNEAR R R E S EA 1, (R
5), )R Zn, Cr TS YBH, Zn 20 TR TS
e Hg M5 RE900 9 0 9, AT N TG 5. Cu, Pb,
As AbF 1 REVREE-h RS . AR 1, 15 R

M Zn > Cr>Cu > As >Pb > Hg, Zn N F 5L [H
T, 5T 4 R R A A — 2

R4 ASELEEETRHEXMED

Table 4  Correlation coefficient among heavy metals in atmospheric dust fall

Zn Cu Cr Pb Hg As

Zn 1

Cu 0.611™ 1

Cr 0.490 ** 0. 960 ™ 1

Pb 0. 083 0. 092 0. 151 1

Hg 0. 052 -0.031 -0.026 0.393 ™ 1

As 0. 025 0.019 0. 059 0.561 " 0.938 ** 1

1) % FRAE P <0. 01 ACF GBI EAR B, « FoRTE P <0.05 K- ORI BFMAE; n =52
£5 KSHELELEHL,,
Table 5 Geo-accumulation indexes of heavy metals in atmospheric dust fall
Wi H 7n Cu Cr Pb Hg As
Ly, 5.58 0.74 2.31 0.27 -0.71 0. 61
R A BE 5 R TS Y Fh-iR BT BRRE- RS Y Jois G R TS

T £ R 2 AL (inverse distance weighted ,
IDW) X} 6 R R AT 4 JE Y 1, ST A
AR T A T e Ry 23 8] o A 1 (TR 2).
NAMRZAIF 5T IR R W, 2238 12 i 52 Zn, Cu Al
Ph 25 22 P 3 Jm A EE SRR, AT AR 58im {5 YL i i
RIGE P Zn, Cu, Cr FEW A TSRS
JEiaH, R AEAT XL PALEIX. R
AR Tl | KCBg L s 2 HE Il bl DX Ay
TR Tl el A R T 5 Jas v M i b, 775 ™
SRR AR IRBE R As I FZ AR | XA
B IR TE 2R = LR AR A TR TORE. JR0H YK
BERIAZ i AR AR 1 O U4 Pb 251817
A FEZFEF Y, He, As, Pb FEE PR Z
B Tl bl 0 32 EE AT AR S Al , AL B TR TS e

BRAL TP A A/ NS Bl (ELIX
3 ELESERRKRITEN

3.1 [BRAHELSENH VP RER

H(2) ~ (4) BRI R X R 4R T
3 R EREAE T B AR B0 A SR KR H V35 2 62
gER L 6. AEBUE KR H R R 2 K/NK Zn
>Cr>Cu > As > Pb > Hg, 555 X KA AR E LR
WSR3, AR B EGRE T E AR R R
P TF- TR > A2 > W RS, F- 1 iR 5t
AL R R SN H PR R B 99.37% , 20T
FEIX A 4R 2 B i TR B4
P AU H B 2R B8 /1Y R/l Cr > As > Ph, 30 X
I 2 i 5 A B0 XU 2 i 22 K

x6 MRARELESEFFAEENRZNE

Table 6  Average daily doses for heavy metals and exposure routes in study area

T Ak B0 KR 2 57 i B0 A R R

ADD,,, ADD,, ADD,, ADD,,, ADD,, ADD,_,,
Zn 4. 00E-03 8. 10E-07 2. 44E-05 — — —
Cu 5.39E-05 1. 09E-08 3.28E-07 — — —
Cr 3. 30E-04 6. 69E-08 2.01E-06 1. 42E-04 2. 87E-08 8. 62E-07
Ph 1. 38F-05 2.79%-09 8.38E-08 5. 90F-06 1. 19E-09 3.59E-08
Hg 1. 29E-07 2.61E-11 7.84E-10 — — —
As 2. 77E-05 5. 60E-09 1. 69E-07 1. 19E-05 2.41E-09 7.22E-08
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Table 7 Characteristics for the HQ and CR of heavy metals in the atmospheric dust fall to human health under various exposure approaches

e B XL 28 784 wEE FRMH F/IME PIE SD Cv/%
Zn 7.49E-02 2. 80E-03 1.33E-02 1. 20E-02 89. 87
Cu 8. 70E-03 8. 40E-05 1.35E-03 1. 35E-03 99. 94
HO Cr 5. 53E-01 6. 05E-03 1. 10E-01 9. 86E-02 89. 61
" Ph 8. 50E-03 1. 15E-03 3.93E-03 1. 68E-03 42.59
Heg 1. 18E-02 4.11E-05 4.29E-04 1. 64E-03 381.91
As 6. 81E-01 3. 42E-02 9. 22E-02 9. 02E-02 97.82
Zn 1. 52E-05 5. 67E-07 2. 70E-06 2. 43E-06 89. 87
Cu 1. 75E-06 1. 70E-08 2.71E-07 2.71E-07 99.94
S HO,, Cr 1. 17E-02 1. 28E-04 2. 34E-03 2. 10E-03 89. 61
Ph 1. 71E-06 2.32E-07 7.92E-07 3.37E-07 42.59
Hg 4.79E-05 1. 66E-07 1. 74E-06 6. 64E-06 381.91
As 3. 36E-04 1. 69E-05 4.56E-05 4. 46E-05 97.82
Zn 2.28E-03 8. 53E-05 4. 06E-04 3. 65E-04 89. 87
Cu 1. 77E-04 1. 70E-06 2. 73E-05 2. 73E-05 99.94
HQ Cr 1. 68E-01 1. 84E-03 3.35E-02 3. 00E-02 89. 61
derm
Pb 3.45E-04 4. 68E-05 1. 60E-04 6. 80E-05 42.59
Hg 2.51E-04 8. 73E-07 9. 12E-06 3. 48E-05 381.91
As 4.15E-03 2. 09E-04 5. 62E-04 5.50E-04 97.82
HI 1.53 4. 67E-02 2. 58E-01 2.39E-01 92.39
Cr 6. 05E-06 6. 61E-08 1. 20E-06 1. 08E-06 89. 61
g A CR Pb 6. 60E-10 8.95E-11 3.05E-10 1. 30E-10 42.59
As 1. 35E-04 6. 81E-06 1. 83E-05 1. 79E-05 97.82
TCR 1. 41E-04 6. 87E-06 1.95E-05 1. 90E-05 97.32
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Fig. 3 Spatial distributions of health risk assessment

of heavy metals in atmospheric dust fall
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