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HEREHAABELEFWEEGRY . EEY
PR s B O R A TS e 1 3 ™ R B B[R]
(Wahsha et al., 2012; Feng Yanhong et al.,
2017;Lingxiao et al. , 2017), {E N —Ff £ A tE#
ARG RN ESE, — B ARE -G RA
REBAE YR A B AW R B fa &
I A AR f# B (Joseph et al., 2015; Seyed
AliMazhari et al. , 2017), & HTEE 3L+ 5 A
MR AW C o 45 R B AR B 2% 12 (Wang
Xilong et al. , 2005; Zheng Na et al. , 2007 ; Chary
et al. » 2008; Lima et al. » 2008), A [E #4F 0"
KO X2 B 4w i #E AP H X 8 (Chu Na et
al. » 2008;Zeng Xibai et al. » 2013;Chang Yuhu et
al. , 2015; Chen Long et al. , 2016), & @ 1L &
WF T 45 Ja A= 25 A B XU 179 it 8 XA i IX (LLiao
Guoli et al. , 2008; Wang Xiaoliang et al. , 2013),

INFEIG G X g KB 3 4 7 2 — (Sun
Weizhi et al. ,» 2012; Wang Kunming et al. , 2016

Ye Huishou et al. , 2016; Wang Lei et al. , 2018),
B ABEFE BT 2 X 2 4F 0k TR 3 0 L 1R
= PN 4 R EE B 1 . N e TR
K P ) & 4 J8 & % (Zhang Jianghua et al.,
2013; Liu Ruiping et al. , 2014), 75445 #) 5 X 4%
25K S B X L E 4R 1) R (Xu
Youning et al. , 2014) , i [fif X} R AE ¥ 7 A= ¥ 76 K
& (Wu Yaoguo et al. , 2010;Nouri et al. , 2016),
TH/NZRUE G 1 DX /N7 5 4 438 22 [) 1 1) 07 O 2R T[]
ROEE B sh A B ERF 58 6 WAl . B 2RILT- 24t
S H RS R K 2 BT 2 2 ) (Caussy
et al., 2003) , P I TF Ji /)N 22 1 oK 463 Jm 1Y) ft B
WU P By A B
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400km* . ZAF AT AL B X TR Ak iR
AR DA% SR o AR 5 50 L - S S TR DL S 3R A
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R 1104 4F)  UBLTT R W Bk T 1975 4R, 47 lk 2 b J5
ZPF BB R SRl sl b 2 Rl TN R
B < /NRAR” R AR D U FL S R T S A
fedr. BEH IR AR5, 2011 4F /N FR e 2 0 DX 14 ]
T 2 5 T RN V4 ik 5 B 14 i Oy [l 9 JURY B TR

2 BRIk
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INFZ KA TR W B A 4 8 PRI 10 s A2 A
FE i HAH IR Moot B AL S i . He As SR &
JE T2 A 50 B - Cu Pb Zn, Cr i B KR TR - TR 0
2030, Cd A 8 0 Jt - Wl i i A7 2 i k. [
>R ] Forstner LA 0 HIEE & JRIE A
2.2 EMAE

K A8 BOE VAN LI CRAEY) hE A8 B X
HR RS NE &8 L IRAAE S AR I8
JH RAC XU P 325 33F — 25 1 o 52 4 J& X 0 55 19 1
T REAMED 0B R4 LA R I A E bR XU 45
B 22 PR v B A S R AR (R A 1 KU
2.2.1 3E#HE

SR FH BRI H500 A0 A Mg 2 45 B0k DL bR T
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Samples distribution map of soil, wheat and corn in Xiaoqinling gold mining area
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I Fo ]88 g o T PR 058 38 30 A 3 XU 18K (Bai
Jiankun et al. , 2014;Liu Dan et al. , 2017). 7£H
A Ykl N S NN B o A S ol A (R TUR S T NS
B oy KA R L 25 5 WA W AR W ORI A
FH o AT R BRI 7 AR A5 R 18 78 7 gl By » RAC XU
MR 2.

®1 FEHESHSEGHASREERHXR
Table 1 Relationship between grade standard

and the ratio of active form

e 96 <1 1~10
R %% | & I3
2.2.3 HEBETFZE

YR 7 (TE T T @8 M JF & e /N2 &
KA BB 43 7 A 1 4 T 3R BRI XU R A O s 5
B (Cui Yujing et al. , 2004), & AR K. TF=
Cotant/ Cooit s ot Corns WARAEY) & TR 20 h 48 1Y
TE.CalhtEPRERMNT &,
2.2.4 HEXKEHEE

I H AR XU 38 £ CTHQ) 7T LLPE A 24 Hb Js )
TH 2 &0 X/ 2 KK 5 77 4R 19 XU (USEPA,
2000;Chien et al. » 2002), 824X . THQ=10"
(ErEpD C/RepyW AT ) s 2 Ep 2t %% 85 45 %2 (365d
ca ') Ep J 5 FE RS AT OF ¥ & dr 70a)

10~30 30~50
% 0

=50
B

(Bennett et al. , 1999) ;D2 AW EY HFEAR
(kg « d™D)CREY P E SR & i (mg « kg™ ')
R 2 HZHF & (mg » kg! « d'), £ 2
(USEPA. 2000) s W & - B R H (60kg) s Ta 2 F- 1
g N H] (702) . Horfr B B A (DIR) $% 0 F 03t
8 DIR = (Cheat X Disodinake )/ Buverage weigne ( Wang
Xilong et al. , 2005) ; ZH C,o F 8 /N FE K FF
L Y 5 B 5 Diood e 2 BE B H EEA /N
FFE KB (/N 0.303kg « d '3 £K 0. 152 kg -
d ') (Zhang Ying et al. , 2009; Wang Caixia et al. ,
2017) 324 Buverage weign “FBIARH (60kg)

*2 USEPAESRBEZ|NERHNBES%E
cd)
Table 2 The daily reference dose(mg + kg™ « d™')

of heavy metal by feeding of USEPA

FIE (mg « kg™

Hg Pb Cd Cr As Cu Zn
Rep  [0.0003(0.0014| 0.001 | 0.003 |0.0003| 0.04 0.3

3 I g R

TEFELENESESER

A A I o A B PR R N R IR S X R
MRS 8 pH (AT 7. 91~8. 66 Z[] . J& 55 54
PhA e, H A HEE SR S E AR IE LR 3,

3.1

x3 NMNERETERERELIEESESE(mg - kg'')
Table 3 Heavy metal content in surface soil of farmland in Xiaoqinling gold mining area(mg < kg™')
e {0 EofIEN bR 22 5 5 7R

X X HR X B X X IR X X X HR X X X IR X
Hg 0.066~29. 57 0.058~0.19 2.04 0.11 4.13 0. 06 2.03 0.58
Pb 21.1~4244 29.13~44. 21 300. 31 39. 60 616. 28 7.03 2.05 0.18
Cd 0.145~11. 31 0.21~0.41 1. 14 0. 31 1.85 0.08 1.63 0. 26
Cr 40. 236~66. 73 55.46~63.91 54.17 59. 14 3.78 3.51 0. 07 0. 06
As 6.9~12.4 7.53~10.1 9. 14 8. 64 1. 05 1. 07 0.12 0.12
Cu 15.39~1278 22.11~34.62 81. 98 23.02 164. 59 1. 14 2.01 0. 05
Zn 53.18~265. 41 63.64~75.14 86. 87 69.78 40. 84 5.94 0. 47 0. 09

3K AME 2 Bonai X L3 He uR e
FE R I A 448 . FIYH 2. 04mg + kg T,
e R B DX 17,55 A, g oG Pl R SR (E 22, 34
s £ Pb from & R AR 201 A5 R BE

300.31 mg « kg ', = X HRIX 6. 58 fiF, i i O
WA TS 18,27 % £ Cd e & R e Ak
WA 78 A5, P ME 1. 14 mg « kgt X BRIX
2. 68 4%, fm e 1 BU(E 9. 84 f%; £4 Cu i
R R I N A ) 83 £, P {H 81.98 mg -
kg ' X R X 4 HE Y 3. 56 £, G i+ 3 R (E
4. 48 ffF s 3 Zn e RAH & F/MA Y 4. 99 £5, 7

fH 86. 87 mg = kg ', 43 il & Hh 4 B IX (A L G
+ERAE 0.24.1.32 £, 1M Cr M As & & 4820
SR AR T 0 BRI (e s+, e e [X 123 Cr,
As Z M 3E 3l 52 A B

WX 13 Hg Pb,Cd,Cu 1748 F 2 B 45 K (A8
SRBKT D .Pb.Cu.Zn M1 5 B B4 = - Ar i 22
Ay 13K 616. 28.164. 59 Fl 40. 84(F 3) ; T AT X
+ 4 Hg . Pb.Cd.Cu.Zn R ZH 3% sh T4 L
B,

5 M5 R b ffE (GB15618-1995) Xif
R, 0 XA H -3 Hg Cd.Pb,Cu & i
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T TE SRR R FRAE bR O AP TR ARG Y

H Cd BB bR R kR 47. 50 %, Hik He #fibr R ik
38.75% .Pb.Cu AR 2N 16. 73 % ; B i5 Yo 7t &
M5, He @isfE 805 T Pb.Cd, Cu, il CriAs,Zn
FK#br. B Hg Pb.Cd.Cu &4 5" X 4 5 () R AiE

HYY AR ELESKNE., FEELSEELATE
JedR B 0 X 45 % 1) £ HE 2 3 4 R R R L
FEAEY,16.3% M LA B EE G Y. 5K
AR ME (EU2002) X [ o A 1 3 v Pb 7 34 15 &2 1%
AR

*4 ELRESENZERE(mg- kg™')
Table 4 Sate limits of heavy metals(mg - kg™")

b i Hg Pb Cd Cr As Cu Zn

[# F % #E (GB15618-1995) 1.0 350 0.6 250 25 100 300

+ 1 [k B A o (EU2002) — 300 3.0 150 — 140 300
o v il X S 0.09 16. 3 0.12 65.7 12.7 23.5 65.8

E X bR (GB2762-2017) 0.02 0.2 0.1 1 0.5 10~ 50

R B AT 1 (EC: No629/2008) 0.02 0.2 0.2 — 0.1 — —

i WHO/FAO 0.02 5 0.2 — 0.15 40 60
PTDICTE & 49) 60 300 214 60 — — —

U * Fn GB15199-94; » * 78 GB13106-91; PTDICETE #1014 H 45 A1t , Potential tolerable daily intake) : Joint WHO/FAQO Expert Committee

on Food Additives,1999.

254
e Of™ X /%) 18 X

20 1 (mine/contrast area)
= | [ 6" X/ X
.%’ 15 { (mine/Guanzhong basin)
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B 2 3 X 5% B, 06 vt X 4 398 i 43 R e B XT LE
Fig. 2 Comparison of heavy metal contents in

soil in mining and control areas

NNEFEEESEERNA

RS FIH T /NEIE S XA X/ NE &4 R
i SORPIE(E . B IX/NE  He & B 0. 001
~0.115mg * kg ', ¥ {4 0.012mg * kg™, Pb F &
JUM 0.06 ~1.69mg » kg ', FH{H 0.63mg -
kg ',Cd & LA 0.013~0.33mg *» kg ', FYy
0.068mg » kg ', Cu & = 78 [l 2.94 ~7.88mg -
kg™, ¥{H 4. 19mg « kg ', Zn HFEEHE 13~30mg
e kg ', I{H 22. 18mg ¢ kg ', WX /NFE J Hg 48
S HREE1.57,Cd R RZE0.77,Pb AL SR 2% 0. 61,
Zn AR E 22 4.09, Cu R 0. 71, KB /N ZE
Hg.Pb.Cd.Cu.Zn & &2 0 W m KK,

HE4 R LA B0 X /N E R H Hg,
Cd.Cr As.CuZn W FEHFRYMTEEAE ML L2
B AR fE (GB2762-2017) , Pb (157 35 & Ht it 4 vl
2. 15 /%, IR E Pb fA7E AMEREERXK: . 5 WHO/
FAO & i@ 2 R EARHER LG . G 07 X /N2 K7 RL

3.2

4 I8 - 35 i B IR T 22 4 PR AR v L DA BRSOk
B.OH TAFER M Hg(1~4.75 ) .2 M H S Cd
(0.55.,0. 65 i) i & 1t 48 b B o5 b v 5 s 7 A7 76 W
A B XU 5 55 BR S AR fE L 4 Ph R 25 &
PRUE 2. 15 £% MRAR RO /INZZ FEAE Ph 1 il B AU
5% BEIX /N E - ¥ 0 B R] L He P35 2
75, R/ EFEZBICE; Pb.Cd.As.Cu. Zn
WA B Cr A& BRI 57l 16 sl %t /N 22 IOl
T4 JE A 3 R T A R A A R

=7

i
HEME D,
— A
589 _
2 [0/ #(wheat)
% 6 1 % #(corn)
E 4
X
= |llh mm oo 0l mm
Hg Pb Cd Cr As Cu Zn

B3 o X S5XEX/NE . ERESRSEIX
Fig

.3 Comparison of heavy metal contents in wheat

and corn in mining and control areas

3.3 ERPEZREEESRRM

ANZRWE T IX T K R S AR (R IR
6., B X E ks Hg & &6 H 0.001~0.009mg -
kg™', ¥ fH 0.003mg « kg™',Pb & & 5 [ 0. 15~
2.9mg * kg ', FE¥{H 1. 23mg » kg ', Cd S E=ILH
0.007~0.579mg *» kg™, ¥ 0. 102mg « kg™*,Cu
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kg™',

VL 1.04 ~4.2mg « kg!
1

, ¥ {8 2.19mg -

Zn & w5 [ 6.2 ~ 37.4mg - kg!

s ¥ E

17.86mg « kg ', #" X LK+ Cd 28 5 & %t 0. 96,

Hg.Pb 1925 R 250 K 0. 65, Zn MR IEZE 4. 43,
CubrifEi22 0. 69, & E K+ Cd.Hg.Pb,Cu.Zn %%
2 FH L B Rk,

x5 NERETERNMNEFHNEGEAE (mg- kg™')
Table 5 Heavy metal content in wheat kernels in Xiaoqinling gold mining area(mg « kg™')
TR FeA| Eof I b 22 5 A

X X IR X B IX Xf IR X X X IR X X X IR X
Hg 0.001~0.115 0.001~0.002 0.012 0. 0015 0.02 0. 0005 1.57 0. 33
Pb 0.06~1.69 0.3~0.75 0.63 0. 57 0.38 0.18 0.61 0. 31
Cd 0.013~0. 33 0.034~0.1 0. 068 0. 06 0. 05 0.03 0.77 0.43
Cr 0.13~1.06 0.34~0.75 0. 44 0.59 0.21 0.17 0. 47 0. 29
As 0.02~0.16 0.04~0. 06 0. 05 0. 049 0.03 0.01 0.52 0.15
Cu 2.94~7.88 3.68~4.31 4. 19 4. 05 0.71 0. 25 0.17 0. 06
Zn 13~30 16~25.75 22.18 20. 35 4. 09 1.79 0.18 0.07

F6 MNRERETRERFHNESESE(mg - kg™')
Table 6 Heavy metal content in maize kernels in Xiaoqinling gold mining area(mg « kg™')
o Vi Eof N Pyt 22 A5 5 R A

WX X HR X X Xf B IX. X X HR X X X IR X
Hg 0.001~0. 009 0.003~0.01 0.003 0.005 0.002 0. 004 0. 65 0. 74
Pb 0.15~2.9 1.06~1. 22 1. 23 1. 14 0. 80 0.07 0. 65 0.15
Cd 0.007~0.579 0.045~0.13 0.102 0.098 0. 10 0. 066 0. 96 0.42
Cr 0.12~0. 64 0.17~0.3 0. 24 0. 24 0.11 0. 055 0. 45 0.23
As 0.01~0.21 0.01~0.02 0.03 0.02 0.03 0. 005 0.17 0. 29
Cu 1.04~4.2 1.53~2. 34 2.19 1. 85 0. 69 0. 37 0. 31 0. 20
Zn 6.2~37.4 13.3~17.4 17. 86 15.4 4.43 1.92 0. 25 0.12

HEF %4 RM(GB2762-2017) L, 5" X £
KAFRLH Pb Cd By F-34 & 5 43 3 bR vfE 5. 15 Al
0. 02 5, HoAth T 4 J8 1Y °F- 24 5% 5 B IK 7 B &2 s o
MW E EoKkd Pb,Cd fF1E NMRMERERE., 5
WHO/FAO £ fi % 2 R bn A L 807 X FOKFF
WL b E 4 T2 B AR T A A R AR o LA
FeanckE. A 11 ADFEa ) Cd0. 005~1. 895 £%)
4 75 et Ao B AR U S B R AR AE Cd 1 7 {3 U 5
SRR AR E L EE P (1 F- 2 & 5 AR vE 5. 15 £
S B EOKABAFEAE P A f B KRS . 5 % B IX R K
¥yt el . B Hg Cr 4b, 87 X oK HoAth 5
JEITTE YA R B UL E g3 T E
SR AER RN B E R (- 3,

4 e

11 RAC A& M
1 RAC KU 3F #r B . UL Forstner % &5 $2 Ui
H R KT 2SN T A M A N A RN T 2 Ee AR
Sy WU AT B9 DX A 08 T R ) RS 2 4%
F s o

RTEREF X LES, E4JR RAC KK R
o s 554 51 & Cd>Hg>Cu>As>Pb>Zn>

4.1

Crs X IR IX 23w . B Cr KT Zn KUK R B
A HE 4 R 5 58 5 0 IX B R R R R
it WA B, TTief X 4 30 2 0 IIX 3,
Cd HA & py A= S XK He o As . Cu =Fhoo R #5540
TR %5 % . Pb Cr Zn ¥ J6 W] 2 A2 25 XU

R7T MRRETXIFEEEER RAC MR ELR

Table 7 Risk level of heavy metals in soil in Xiaoqinling

gold mining area

— S X
BE | W | AR | mm | Bl | AR
Bl oo oo |sa|l oo | ool sa
Hg |0.18~4.26| 2.13 % 0.86~3. 26 1.91 1%
Pb 0.34~3.91 0. 82 jﬁ 0.62~0. 89 0.76 jﬁ
Cd |5.52~47.39| 27.87 Hi4E 118, 43~32.36(22.86 | w4
Cr [0.05~4.30| 0.69 ¥ 0.51~0.87 0. 69 ¥
As |0.60~3.33| 1.43 | % | 1.25~1.62 | 1.42 | 1%
Cu 0.59~3.32] 1.54 | % | 1.00~1.96 | 1.46 | &
Zn 0.25~1.74| 0.75 ¥ 0.43~0. 66 0. 54 ¥
4.2 EMHhESERNEREXKE

W 8 KL IX N FE R R A AR B
BHETF(TEOHF N Zn>Cu>Cd>Hg>Cr>Pb>
Ass X BEDX /N 22 FF oRL B RS I F i KB )2 Zn
(0.3692), H ¥ & Cu (0.17611), % = K Cd
(0.19254) UL HI/NZF IS L X +- 3 Zn .Cu.Cd 5 F
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TN NERRL R Rk T 1060 E, 771X
ERMRP A ESBENEBEFHFN Zn
(0. 2268) i fix K. H AR K K Cd (0.17611) Cu
(0.05933). Pb (0.01555), Hg (0.00799), Cr
(0. 00443) . As (0. 00327) ; fij X} B X K kL o 4%
BN T & KME & B Cd0.45841), Lk N Zn
(0.22028) , HARITTHRHF 5 X — B W /e i 1
8 Zn.Cd.Cu 5 T 2 E AR, JLHZE Cd 19

%8

R THRAT 170 ~45% . B W W E SR A
R A

A 4 R Y H A B (DIR) 2 %5 48 4 s
ISP LNy i S iU -3 PSRN o 2 T v S i Bui
REFRAEI AN B EEABAG 4550 (3R 8) %
WY < 0 DX ek /0N 22 X H 4 H B RS R T K
A% T WHO/FAO #7719 2% F & . i DIR F fif
FHA AR AE 4 DX/ 4 AU A1

NERETENEMERNEBRTF . HEANETBRENE

Table 8 Transfer factors(TF), estimated daily intake rates(DIR) and target hazard quotient( THQ) values

of heavy metals in wheat and corn in Xiaoqinling gold mining area

[X 3, S TEY) Hg Pb Cd Cr As Cu Zn
TR INFE 0.02729 0. 00774 0.11486 0. 00807 0. 00564 0.11349 0. 28669
Eok 0.00799 0. 01555 0.17611 0.00443 0.00327 0.05933 0. 22680
DIR INFE 0. 00006 0.00317 0. 00034 0.00220 0. 00026 0.02117 0.11201
X Eok 0. 00001 0.00311 0. 00026 0. 00060 0. 00008 0. 00554 0. 04525
INFE 0.07121 0. 82642 0.12510 0.26782 0. 31548 0.19322 0.13627
THQ Tk 0.01541 0. 81156 0.09393 0.07343 0.09170 0. 05059 0. 05505
3 0. 08662 1. 63798 0.21903 0.34126 0.40718 0.24381 0.19132
TF INFE 0.01496 0.01707 0.19254 0. 00980 0. 00566 0.17611 0. 36920
EokK 0. 04430 0.05164 0. 45841 0.00408 0.00209 0.07972 0.22028
DIR INFE 0. 00001 0. 00290 0.00031 0. 00295 0. 00025 0. 02043 0.10277
X HE [X ok 0. 00001 0.00288 0.00025 0.00061 0. 00004 0.00467 0.03901
INFE 0.00922 0. 75573 0.11198 0. 35943 0.29953 0. 18640 0.12503
THQ Fok 0.01464 0. 75129 0.09097 0.07397 0.05394 0. 04265 0.04747
3 0. 02386 1. 50702 0. 20295 0.43341 0. 35347 0.22905 0. 17250

H Fr KRS F5 £ (CTHQ) 1 Al 53 45 2 7w /N 22 A
TR AN 4w XY MR R AN AR (R AR
(THQ<<D) , Bt WY HIH 2 /N 22 5 K 11 £t Be XURG AR 5
B X RN F Rk H Ph B THQ 435 ik
F] 1. 63798 Fl 1. 50702, ¥ K T 1, s e i /N2 04 45
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Abstract

The quality and safety of agricultural products caused by heavy metal pollution has become the focus
of the whole society. In order to understand the risk of heavy metal pollution caused by the development of
the Xiaoqinling gold mine, samples of farmland soils, wheat and maize grains were collected at the same
sites to test the contents and forms of Hg, Pb, Cd, Cr, As, Cu and Zn in the soil. The risk of heavy metal
pollution in soils was analyzed by exponential method and RAC risk assessment method. The health risk of
heavy metals in wheat and maize kernels was evaluated by transfer factor and target risk index. The results
show that the contents of Hg, Pb, Cd, Cu and Zn in the soil of Xiaoqinling gold mining area are greatly
influenced by the mining activities and present distinct accumulated effect on the soil. The total amount of
Hg, Cd, Pb and Cu in the soil exceeds the national limit, showing that Cd, Hg and Cu have potential risk
for ecology. The average content of Pb in wheat and maize grains and the average content of Cd in maize
grains are higher than the national standards, showing a certain degree of pollution. Hg and Cd in some
wheat samples and Cd in some maize samples exceed the WHO/FAOQO safety limits and but the average Pb
concentration in maize kernels exceeds EU safety standards, indicating potential health risks. The heavy
metal transfer factors indicate that Cd, Zn and Cu are more easily transported from soil to wheat and maize
grain than other heavy metals. The intake of heavy metals by wheat is slightly higher than that of corn,
but much lower than that WHO/FAO recommended dose. The evaluation of target risk index shows that
consuming only wheat or corn poses little health risk, but consuming wheat and corn grown in the mining
areas have high Pb health risks.

Key words: wheat; corn; soil; heavy metal; health risk; Xiaoqinling gold mine area



