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Characteristics and health risk assessment of heavy metals in dryland soil and crops around a coal mine with

high levels of arsenic

OU Lingzhi"*?, HU Mingming"***, AN Dezhang’, TANG Ming"*?, QIN Fanxin"*?, LI Fei"*?, SUN Yuanyuan"**"

(1. Key Laboratory of Plant Physiology and Developmental Regulation, Guizhou Normal University, Guiyang 550001, China; 2. Key
Laboratory of National Forestry and Grassland Administration on Biodiversity Conservation in Karst Mountainous Areas of Southwestern
China, Guizhou Normal University, Guiyang 550001, China; 3. School of Life Sciences, Guizhou Normal University, Guiyang 550001,
China; 4.Guizhou Institute of Light Industry, Guiyang 550025, China; 5.Xingren Branch of Qianxinan Municipal Ecology and Environment
Bureau, Xingren 562300, China)

Abstract: This study sought to gather information about the heavy metal pollution of dryland soil surrounding coal mines with high levels of
arsenic (high—As). Single—factor pollution index, Nemero multi—factor pollution index, and geo—accumulation index analyses were adopted
to assess the pollution risk of heavy metals including As, cadmium (Cd), mercury (Hg), copper(Cu), and zinc(Zn) in dryland soil around

high—As coal mines. As an enrichment factor, targeted hazard quotient and cancer risk were adopted to evaluate the risks of crops and
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human health. The average soil comprehensive pollution index in the survey area was 2.12, which was classified as a moderate pollution
level. The average contents of As, Cd, Hg, Zn, and Cu was 7.91, 2.57, 5.26, 1.53 and 3.44 times the national soil background value,
respectively. The pollution levels of Hg and As were high and the pollution ranges were wide. Cu had a low pollution level but a wide range.
Cd had a low pollution level and range. Zn pollution was negligible. The enrichment factor results showed that the absorption capacity of
crops for the five heavy metals were ranked as Cd>Zn>Cu>Hg>As. The health risk assessments of five crops revealed they were mainly
non—carcinogenic. As was the most important carcinogenic and non—carcinogenic risk factor of edible crops (except corn), while Cd was
risk factor of tobacco. The order of individual risk index for the health of children and adults was As>Cd>Hg>Cu>Zn. In conclusion, the
soil in the survey area is moderately polluted with high risk of As. The health risk of heavy metals in edible crops is mainly attributed to As.
Children are more sensitively affected by heavy metals from food ingestion than adults. The health risk of tobacco is mainly derived from
Cd. Pepper and tobacco have the highest health risk among five crops.

Keywords: dryland soil; crops; heavy metal contamination; arsenic; coal mine; risk assessment

2014 (4 E g5 ORI A& A ) 8o, 3 As Hg.Cr.Zn A8 A FILR . SN H BRI
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Figure 1 Position of the study area and the sampling point distribution
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C,
P.=-
S (1)

Kp P o B4 & n TS YR B €, ok 3 v L
AR n SIS mg kg5 S, BT 43 & n TS Yt
PIBR S A, mg kg

AHFFE X I8 4 3 pH 7E 3.25~8.37 Z [] , LASS AR 1
FES S LA EEAREE I R A FH Hb A s e XU
PR UE (IR1T) ) (GB 15618—2018) (pH<5.5) N 5%
{H, B As . Cd Hg.Zn F Cu PR 2 LA 50 31 4 40.00
0.30.1.30.,200.00.50.00 mg-kg™', 754548 %15 K 4
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Table 1 Grading of single factor pollution index

YRR 15 YRR V5 Y PN
Pollution index Pollution degree Pollution level
Psl 1 PREES
1<P.<2 2 B
2<P,<3 3 g
P>3 4 HE

1.3.2 W G T5 e da 5k

BRI T AR BOL A5 B IR E LR 6 15 Y AR Bk
AL LR i 4 T b S B 22 4 R i Y b s etk
B AR AR

P, + P,
ave max (2)
2

ﬁ[:ij :Piiﬂg%ﬁéﬁ‘]%%*ﬁbﬁ;Pase%$1ﬁ§)§?§%
TRECT-YE 5 P N BI04 S8 15 Y48 B R A
TG USERIN 54, K 2.

Pu=

R2 BATRBEITNER

Table 2 Grading of integrated pollution index

REE iE 1Y 1 YKF
Pollution index Pollution degree Pollution level
P4<0.7 LA R
0.7<P4<1 TR W T I
1<P <2 £ LRI i
2<P <3 SREES B SESETC
P3>3 CIREPC TS P E A

1.3.3 HufH Ri5%k

Hu AR R BT LA bt T A JR e R AE R
AYATRE R LA RN 16 Bl % 3 B 32 0
N A TR 2R 1 55 M R - R A 27 1 S (B A4 52 i 9N 5025
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JERYTE R, )2 H R AR

C,
KxB. (3)

K L, B B o I AT 42 )8 n 1
S, mg kg5 B oW BRIRUEE 43 @ n (W B ER A 2T
S, mg ke, AR EH NS LIEE SR T R
{8, B As .Cd \Hg . Zn 1 Cu i B, {E. %3 %> 20.00,0.66
0.11.99.50.32.00 mg-kg'. K HBIERE, #RiTH
E V] REAS S AR R, — I 1.5 15 Y SR/ o R 7
A L3R 3,

.., = log,

®3 BECRERMBRERESTLEERNE
Table 3 Classification of pollution grade by cumulative index

method for heavy metals

i R PR B 15 YA YK
Cumulative index value Pollution degree Pollution level
1,.,.<0 0 FREE S
0</,.<1 1 R —rh G
1<1,.,<2 2 RS Yy
2<1,.,<3 3 Hh B - TS
3<l,.,<4 4 WG Y
4<1,.<5 5 St~ G Y
5<L.,<10 6 UOERERS

1.3.4 FHERK
R BURRAEY B3 1 E 48 S S Xt
IO - B R A T 4 SR A R U, B PR AR AR
XF - HEHE 4 Jm i WOSCIR O . B AR R BUE RN S AR AE
YW 4 JE e T E EY , IF H 4 R s 4R R BOK
T 1 R YR N B 4w & 5w T 8, Ul AR )
HEAEICREAA —ENEERE, HiEuT .
CF

X BCF AR AE W BRI T 42 )8 n 1 & S R 5L Cr
AR PN BRI EE 42 S8 n B S B  mg kg G
-3 BRI AR A SEI R mg kg
1.3.5 {gtRRe R A 7Y

X At R XU 1A P 43 oAy =1 B30 ik g IXURS: o S8008
fa B RURS: , A B 5T v 5 R e 4 i e 3 6 AR LA 18
PEAEEOR XU , o, As B Cd ik HA S0 KU

fEERE(HQ) T TG & IR AR &8 51
eSO XU . 24 HO> 1B A RIEY 1T 4
J& 23 % 7 BE N HE AR ™ A 16 5 2 HO<L B, A4y
X 2 5 NHE (R B, Ha AR
HQ, = C,XIRXEF XED (s)

BW X AT X RfD,

o C O ARAEYIAE: St v T B0 T R 4R n I
i,mg kg s IR A AR H G & kg-d ' EF
NESBAERER, d-a s ED g N1 B 4R
R, a; BW N AR T kg AT I A3 A 0B,
d; RD, A NAEXTE 28 n A S R, mg- kg
A", f# Ffl USEPA brif 244, Bl As .Cd \Hg . Zn .Cu ) RfD
(8435124 0.000 3.0.001,0.000 3.0.3.0.04 mg-kg™'+d ™',
TN G RN (20~45 % ) FLE (6~12 %) #4575
B I 2 ] P AR OGSk, TR I 2 4

R ZIRAREY h ZFE LR 5 R
FERBOH HI o AR

HI = EHQ,I (6)

4 HISTI, B m A 20 AN HEAN BN 5 24 HI> 1
N, B 4 X AR AT REAF AE AR S0 B BOR, A1
IO ft B JRUBG 8 55 5 24 HI> 10 B, 71 4 Jd b A {41 18
PP RER fE

BCF = (4) Hom RS (CR) T AT -
T4 RIEMBEREIENEXSH
Table 4 Related parameters of health risk assessment
S 21 Reference value o i
Relﬂfp;ietef A Adults JL# Children BHCKIR Reference
IR(EK) 0.150 0.100 [16]
IR(FR3E) 0.355 0.233 [17]
EF 350 350 [17]
ED 30 6 [17]
BW 60.3 24.5 [17]
AT s EDX365 EDX365 [17]
AT s 76.9x365 76.9%365 [17]
SF\. 1.5 1.5 [17]
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_ C.XIRXEF X ED X SF, (7)
BW x AT

X SE, R AAE W RE S rp mT £ 358 43 PRI B0 4
JE&n &F NIBENEUERPERE kg d-mg”' s BT
USEPA HZ5H T As & F AR SFIE (3 4) A
WF5E H A As PEATBUE KB PEM . CR, (17T 1252 705
K 107°~107, /INTF 1% it 9 36 WA 1 7 2500 e 5 XURS:
R B 3 WA A I S S50 ft B XU

1 A AR 4 1 OR TR], Hf
JRUBS PEA (AR AR AS (] F HAth P £ R AR, R i AR L
P XU CHQ ) 38008 i B JRURS: (ILCR) 3330 24 =
wre

HQ,

CR,

_S,,xC,DXEF X ED X CF,
B BW X AT x RfC, (8)
S, X C,D % EF x ED X [UR

BW x AT x DIR x CF, (9)

S, K I 4 e PR, g cig s
C,D %k H WM 230, cig- d7's EF 9 5 42 J@ 4F 22 55 0
. d-asED A A R, as BW S A3
Jo ,kg;CF?ﬂ—fF?ﬁ¥ ,CF, /107 mg:* ].Lg_l,CFzﬂU
107 m’- L AT A NI A BE , d; DIR B H IR A
Hom® e d ™ RAC, AKX T4 I8 n B IR T A S5 5|
L, mg-m”, i ] USEPA #5#ES 5L, B As i1 Cd 19 RfC
(B4 5354 1.50x107° F1 1.00X 107 ; TUR 4y R g A B3
FogEE AU , m? - mg™ {8 FH USEPA BrifES %L, BV As F1 Cd
() TUR 5.3 514 4.30.1.80 m* - mg™' "2, FR/> S50
LA 2 BE T P R 56 SR, TR LR S .
1.4 HiEAbIE

BB ST A B 4350 % F Excel 2019, Are-
GIS 10.2 F11 Origin 2019 gl
1.5 REEH

S vh BT R 38 R DL, o3 B FH K 34 28
aligK o SRR SRR AR I E S R v R ] [
FAMEY) Tt GBW07408 . GBW 07403 .GBW 10023 #il

ILCR, =

x5 PEABRERBARZNHEXSH

Table 5 Related Parameters of tobacco exposure in China

HHRZHL 2l SRR

Relative parameters Reference value Reference
Sy 11.988x10° [21]
Syca 167.045%10° [21]
c,D 18 [22]
EF 365 [22]
ED 56.83 [22]
BW 60.6 [23]
DIR 157 [23]
AT s 20743 [22]
AT s 27313 [22]

GBW 10014 #F 47 it & #5 i] , £F & B IR I HE 909%~
1109% 2 [a] , I 52 25 AR ZEIITE 5% VAN o

2 SRS

2.1 AT XEAERTIETE
2.1.1 Fh 3 SR R
WAEXIEPSHELSE SRS LMK
/N, 13 As (Cd \Hg Zn ,Cu B 2 B {E 43500 A 4 [
4 S 7.91.2.57.5.26 .1.53 . 3.44 1%, R M
TS Bl 4.43.0.39.3.35.1.14 .2.43 1%, H
1 As B S E A SR R Hg IRZ L T
DL T [H kX 2 4 3 LA R sis e, AR R R
BT FEAS S T 25 K S 38 4 SRR Y i 3
6 AT A1, As Fl Hg (19748 5 R ER K, Hk Ol Cd . Zn FI
Cu, 1X 7% B 8 25 DXl o9 A~ 501 A7 As Fil Hg 19 55 i 88
o TEZKJE 1 W SR A () - e R i b & 42 )R &
T 5 T A 5 A7, AT DX 8 4 48 As iR A
UK 1 Z B BB A G, R As & =P T4
FE 55 7K 1 22 () 2 398 i e AU ) A5 34, 3k
P T D e A A A R I K B A, Y
M) " B0 7K P22 P A B, T 7K 8 P R L T S 30T

*ko Bt ESEREAESIT

Table 6 Statistic values of heavy metal content of dry land soil

Y51 H Item As Cd Hg Zn Cu
BIE/ (mg-kg™") 88.59 0.26 0.37 113.32 77.73
AL/ (mg-kg™) 18.80~414.00 0.03~0.42 0.06~1.25 42.00~144.00 43.00~100.00
A5 5 F R % 96.45 41.42 87.54 22.60 21.32
21 LT SEE (mg-kg ) 11.20 0.10 0.07 74.20 22.60
A 13T SEE (mg- kg ) 20.00 0.66 0.11 99.50 32.00

TE n=22,n NEEA B T

Note:n=22,n is the number of samples. The same below.
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Figure 2 Accumulation index of soil heavy metal

+ 1 48 Soil heavy metal

M R A SR A A
22 RIEMEELBITLEXK
2.2.1 LRAEYhEE RS KT

WF5E DI A E Y L 138 53 8 4 J 5 1 43 A an ] 3
Fion , TAMEYI b EER 4, As 5 5B 0.077~
2267 mg- kg, AE 5 R BN 50.74%; Cd 5 i VE B A
0.104~5.544 mg-kg ™', 2 5 R K 100.61% ; Hg % 3
il 4 0.014~0.331 mg- kg™, 28 5% R UK 89.92% 5 Zn 75
0 B N 23.526~106.578 mg - kg, A5 S R BN
32.77%; Cu & &L Hl } 5.466~60.568 mg-kg ™', 5 5F Z
R 71.46% . SFICRAL T REMKBN MR Ny Cd>
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AR SEPEIL, R IAVE A L R A S B .
F AT, ERHBR Zn bb, Fofh 4 & 1 5 AH X R
I B Cd \Hg Fl Cu & HEAHXTER & 5 B h E 4 s
As Zn Cu 7% S AXT 5 =2 T He  As  Cd % 5 AR X
Bm s SR SR E R . ke i, A
R A2 VP o0t E 4 s 1 4R 25 AR, IX MR
AR DX AR AR VED) A B 1 A PR 2 2 )

®7 Bt EEERITHRAKFE
Table 7 The heavy metals pollution level of dry land soil

Ei=g HEJE ¥fH J IRV YL SRIREY S HRETG YR
Index Heavy metal ~ Average value Range Light pollution rate/%  Moderate pollution rate/%  Severe pollution rate/%
LR RETS - 8 As 2.65 0.47~10.35 50.00 22.73 22.73
Cd 0.75 0.10~1.40 27.27 — —
Hg 0.80 0.09~2.72 18.18 9.09 —
Zn 0.40 0.17~0.58 — — —
Cu 1.17 0.49~2.00 45.45 — —
LRI PR R P 5 it 2.12 0.97~7.73 59.09 4.55 22.73
— 30— http://www.aed.org.cn
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Table 8 Content of heavy metals in crop shoots(dry weight, mg-kg™)
ey As Cd Hg Zn Cu
Crop JEH Range ﬁ]{EAverage JE i Range ﬁ‘]{EAverage JE i Range HE Average L Range ﬁ‘]{EAverage JEH Range ﬁ‘]{EAverage
MEE(n=3) 1.116~1.474 1.327  0.958~1.758  1.251  0.056~0.331  0.151 54.771~81.696  64.134  5.653~9.990 7.169
H3%(n=3) 0.458~1.441 0.948 0.362~0.493 0.441 0.025~0.104 0.056 23.526~61.487 47.117 5.466~7.800 6.774
Bt (n=3) 0.919~2.267 1.426 0.312~2.265 1.172 0.032~0.096 0.065 73.462~96.657 85.301  27.030~37.467 33.562
+AK(n=7) 0.077~1.186 0.738  0.104~1.690  0.683  0.014~0.092  0.052  38.152~106.578  71.965 11.300~60.568  24.870
JAE (n=4) 0.542~0.756 0.622 1.481~5.544 2.994 0.037~0.132 0.085 40.574~86.455 55.407 17.089~49.518  35.826
FASG, Horh VR R ANAR PR - 33155 00 22 5% AR B4 -
ZE N3 5 B CulZn BH Cd M As
WA R R (. LR L L ; u
2.2.2 RAWES)R W AR 20}
<
' R BT R B AE Wy W W R s ) RE T B £ ol
B Sy . g
S, 0TI 4 R TS YL R RE ) BRI Ah  E R R R s ol B -
.8
A R EY) N HAEEA TR WIS 1z 18 % 4l
S EAEY R KNG FERRIE /DRI 5 R SR, 5 ﬁz-. u
Pl A 1000 E G i AR I DL AN & 4 o A =
. . s e > P = e T
FET R B AR PR M0 1600 5 5 B T4 B R et e
VEHIFIZE Crop varieties

By, mE4H R —HE R, RIED
Xif 7 4 JE W A RE 7 i 3 55 AR R BN Cd>Zn>Cu>
He>As, SHFARVEYIHL 34 Cd Zn  Cu . Hg As B &
A5 Z B E 4> 9 4.846. 0571, 0.292, 0.291 FiI
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Figure 4 Average value of bioconcentration factor of heavy metals

in different crops shoots
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Figure 5 The H(Q, and HI value of heavy metals to human in different varieties of crops
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Table 9 The CR value of As to human in different varieties of crops

F 2K Comn i Rape 3% Bokchoy B Pepper
A Adult JLZE Children A Adult JL# Children A Adult JL# Children A Adult JL 3 Children
5.94x10°° 1.95x10°° 4.38x10™ 1.42x10™ 3.13x10™ 1.01x10™ 4.71x10™* 1.52x10™

W ABERE , B 4 FRAEY  As B CRIEZ
JLEE B 3 4%, 2 WA B £ FH 4 Fh A VR B 5 S0 KUK 58
o ARG, AR AR AEY T As 1R B0 XS
FBN A 99.9% , 1 B A 5 X B 3 i R A
PIB A As JIT 5 | 7 14 e 5 JXURS: 32 2 Sk B0 AR .
2.3.2 MR B fd R XU

SRR E R L THEY RS E S Cd
YEWZ— o ABIETE & B X Cd 1 48 R ECHE 5 il
YEY h i (E4) o IR, A DB A58 DX R
B4R AT KB M . T USEPA HZ5H T As
Fl Cd Z W 385428 RIC B AN TUR {1, SR WF 58 X
As Fl Cd FEAT A B0 R PRURS: FH 00 il R JRURS: 7411
EANFR 10 iR, M As 19 HQ B/ T 1, ILCR{E
/NTF 1070, 3 R BN AR 3 i R A 5 DX 3 o i i A
(1) As X A TC RS o A CA A HQE K T 1,
ILCRAEAF 107°~107, HL & et 5 JRURS 48 0 (HQ 5
ILCR.Z )  HQ 1599.9% LA I, 145 5 26 17 A A 1ot
IR AIF 5 DX A 55 B W A £ Cd 2 2 N AR Bl A I
oy AR AN o KU , HLLAAE S0 XS 32 T
T BB Cd, B Cd 7E 6 M0 3 0 A 19 E 8 R 4
P DRI, X6 R R, Cd 2 ft R XU e e 1 R
&IEILEK.

Har, R K E RIEA S MEY R, 4
o B (A R I A 7 A R ), AR 7T 68 W U7 X [
Z R RS A e ) R b T T S, HOP kb -
15 YRR AVE Y 2 A BB AT AN 2 20, B 102 1 i 1K
PSRRI EA T e, SR PR s R 4 S AH
FBRAERRUE , LA UE 22 1 R AR .

3 it

(1) 2475 g HL 80 = A X ] 52 b+ 3 v As |
Cd . Hg.Zn . Cu 5 S {H 53502 4 B 39 S

7.91.2.57.5.26.1.53 .3.44 1% ; 22 P HE S P g TR
R RS YRR S A A 13150

(2) W5 X3 N AR VR ok 5 Fob B2 4 T Wk A RE 1 il
S8 B 554K UK Cd>Zn>Cu>Hg>As; 5 FEY b, Ml %L
FRBEL TR =5 W AT T 4 I 114 BE ) AR5, ORI T3
W IO 4 B RE 15 .

(3) As 25T X I RF 1 > A /9 = B
R DRI £14) B PR 2R, Cd e ATl R 6 0 50 £t o XL
Wz 1) 32 SRR B DI AN R P A T 4 1Y
T B JRUSE A 1 B U B> T 3> 128> 1K
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