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Comparative Study of the Accumulated Effect of Heavy Metals on Soil and Wheat in
Xiaoqinling Gold Mining Area

ZHANG Jianghua, XU Youning, CHEN Huaqing, KE Hailing, QIAO Gang

(Xi’an Center of China Geological Survey, Xi'an 710054, Shaanxi, China)

Abstract: this paper studied the farmland soil and wheat in Xiaoginling gold mine. Based on the
National Standard for Soil Environmental Quality, food safety standards and neighbor-controlling
values, the authors used the single-factor-pollution-index method and the Nemero comprehensive-
index method to evaluate the acumulative pollution of heavy metals in soil and wheat. By using
MapGIS6. 7 and the geostatistical methods the spatial distribution and pollution of heavy metals
in soil and wheat were investigated. The results show that it is the development of gold deposits
that caused the accumulation and pollution of Hg, Pb, Cd and Cu in soil (the cumulative multi-
ple, 18.97, 8.67, 4.50, 4.03; the pollution multiple, 4.48, 3.50, 3.46, 3.13). whereas
Cr, As and Zn are not obviously accumulated, and not characteristic of pollution elements of the

study area. The accumulation of Hg, Pb and Cd in wheat have been obviously affected by human
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activities, with Pb on the pollution level (the multiple over standard, 2. 01). Various forms and

total amounts of Cu and Zn in soil were significantly correlated with the content in wheat. The

partial morphology and total amount of Hg and As in soil were significantly correlated with the

content in wheat. The carbonate Cr was negatively correlated with Cr in wheat. The difference of

heavy metals in soil and wheat shows that the judgement of the hazards of heavy metal pollution

in farmland soil needs combine the crop effects for correlation analysis and risk assessment, Other

factors such as soil, plants, atmosphere and irrigation need to be taken into consideration.

Keywords: soil; wheat; heavy metals; acumulative pollution; Xiaoqinling gold mine
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Tab.1 Heavy metals in soil and wheat grain (mg/kg)
(=5 Hg Pb Cd Cr As Cu Zn
A HE X R 0.11 39.58 0.31 59.13 8.63 23 69.75
JINZE R BRI 0.0015 0.67 0. 061 0.585 0. 049 4. 045 25.75
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Tab. 2 Heavy metal comprehensive pollution (cumulative) index
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2.1 TEELEESES5EM 118 4% Cr #1 As {5 F 4 8 f1 36 v + 835 5 &
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ZoRE AP AT K B B 9T XN AR P A R R R E Y 158 %L 153 .3, 10
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Tab. 3 Total amount and characteristic parameters of heavy metal elements in wheat rhizosphere soil

FEAE S5 Hg Pb Cd Cr As Cu Zn
/MY 0.07 21. 1 0.15 40. 24 6. 90 15. 39 53.18
SN 29. 57 4 244 11. 31 66.73 12. 40 1278.0 265. 41
T4 (H 2.01 297.8 1.18 54. 25 9. 14 81. 80 86. 92

R TEX 2.03 2.04 1.59 0.07 0.11 1.99 0. 46

Ko rp i 475 S x 0.09 16.3 0.12 65.7 12.70 23. 50 65. 80
P TR < x 0.07 26.0 0.10 61.0 11. 20 22. 60 74. 20
4B X+ ] HE 0.11 39.58 0.31 59.13 8. 63 23. 00 69.75
GB15618 - 1995 1.0 350 0. 60 250 25 100 300

AR 2R R RO R RN cmg/kgs Cx 5l A ER5E,19955 » = 5] [ v B IR B I B35, 1990)

FH A DX A 380k B A A 2 00F 5 IX 4 40355 3l 28 Bt BRAF X He & BUAE 5% IX /N 22 4 B £+ Hg . Pb,
SN R BFE X L4 He Pb.Cd Cu.Zn V-1 & & Cd F1 Cu ¥y & &5 43 5 e th AR HE(E 9 2. 89 % . 1. 20
A3 ) 2 40 X - X FEAE Y 18. 28 £i5.7. 52 fi5.3. 81 fi5 2. 62 f5 1 1. 08 fi5 . R EEIS YLK,
£ .3. 56 F5 0 1. 25 4% Cr WA T-4B X X B . As g 2.1.2 XBEFEBIFTEFN
o T AR DX A X R 5 6 WA 5% DX/ 22 iR PR 4= iy HR A - 49 R85 I i AR o L SR B R TS
M T Hg.Pb.Cd.Cu.Zn B B 2, 4D F B0 N A B L5 G 48 BUE VRN I 5T X /N MR B
Al DX R 8 ) R L I O X S A G AR BTG Y L TR A R L 4,



288 7§ odb b R NORTHWESTERN GEOLOGY 2020 4
4 NERGFIEEEREEFERBULER
Tab. 4 Parameters of over standard heavy metal in wheat rhizosphere soil
R 45 Hg Pb cd Cr As Cu Zn
TR B 31 13 38 0 0 13 0
BB () 38.75 16.73 47.50 0 0 16.73 0
AR 4. 48 3.50 3. 46 0 0 3.13 0
R R A R KA 29. 57 12.13 18. 85 0 0 12.78 0
R B /M 1.01 1.1 1.05 1.02

R4 WoR A5 XA -3 Hg.Cd.Pb.Cu &
st 1R R e R AR M S ARG
Yo, Horp Cd iyl bR KR 47. 50 %, Hok & Hg
38.75%,Pb.Cu ¥k 16. 73% . HLEFRFLE T &, He
(4.48) % Pb(3.50).Cd(3.46) .Cu(3. 13) f§ & — L&,
Cr.As.Zn LR A MRS . Hg.Pb.Cd,Cu & f
FEX SRR AE VS e ). 7E X 8k [, Hg . Pb.Cd. Cu
TERE ST DX A Hh 3 b XSO T i Sl AE e/ I R i 2 G

159 20, Cu Ph 35 e 7 A I 25 W A Bl Hg Cd
3G G B R XS M DT K TS B Bl T K
A= R7E LR iR R 2IE EPS

THEE SRR AT R BRI (R 5,35 fF
HERE a2 B B R B UL B G e b R AL B R
44,300 HPE BETS YRR 13 1 B 2R 50 Y 4
Ko 8. 27, WFFE DX R R A XU ) 90 B2 4 HE
IR ET5 AR AL IX
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Tab. 5 Comprehensive pollution characteristic parameters of heavy metal elements in wheat rhizosphere soil
A SRR R L i T PR FEAZ ) BEAH 4y (00) BRI

1 <0.7 R = 33 41. 77 0. 48
I 0. 7<Pz<1 CRGRCAE Fid ) 11 13.92 0. 88
Il 1<<Pz<2 LR SRS 17 21.52 1.42
v 2<<Pz<_3 v 2 G g 5 6. 33 2.34
v Pz>3 TG Y 13 16. 46 8.27

2.1.3 ERELERBFN
LA 3 rh) i oo IR X R R 4 DT R

(B A S T A 2 WF 5 IX 3 b H 4w J0 R B
W7 ZBE B R Zr i RRRUGR 6,

x6 NERFLIESERFAFRRBFUER
Tab. 6 Single item accumulation characteristic parameters of heavy metal elements in wheat rhizosphere soil
FE i 2 Hg Pb Cd Cr As Cu Zn
SRR 78 76 66 7 57 68 45
B il BRR D) 97.5 95.0 82.5 8.75 71.3 85.0 56. 3
BB E 18. 97 8.67 4. 50 1. 04 1. 11 4.03 1.51
SR B KAE 268.77 118 36. 48 1.13 1. 44 55.57 3.81
BRI/ ME 0.6 0.59 0.48 0. 68 0. 80 0.67 0.76

26 RW BT B T BRI XA (] 5 AR
A TH - ey FBUY iy, BBV HON R 2/ 7350 O
Hg(18. 97)>Pb (8. 67)>Cd (4. 50) >Cu (4. 03) >

Zn(1.51)>As(1.11)>Cr(1.04), B} Hg.Pb.Cd,
Cu 8] T R Zn As Cd MR RBL it
HALG Z M F L He Pb i BBURE G5 9520 LU
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FLHWK R Cd.Cu 6%, Cr BB EE AL, Pb.Cd.Cu 7 4 HErh iy 2B i 4 7 . Cr. As.
8.75%, BEFLIX He Pb e R RBUE MM 70w g K 8 1. He . Pb. Cd, Cu 9 T B LI

268.77 M1 117. 95, [Rl—FE& 7 FocE 0N 748 41 T R b
MR {1 g o6 2 & 5B g 5t 70 fhofogiy or LR BUSNAE TS 00 o 640 0 U0 3

P BT R R FEICE., 08 S8 He, A SOLRESA - D,
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Tab. 7 Comprehensive accumulation characteristic parameters of heavy metal elements in wheat rhizosphere soil

TR S Lif BRI R SV 3 FEA B ) AT 432 (00) P24 4
1 <0.7 T R2M 0 0. 00 -
0. 7<<P.<1 PR 4 5.06 0.93
Il 1<PL<2 RERM 11 13.92 1.42
J\l 2<<P.<3 o 2 M 8 10. 13 2.62
\ PL>3 A R 56 70. 89 18.57
WFFE X A A b, 7 R B 4 R 422 mg/kg. BR Hg fh. /22 25 5 G A bn

Bt /Ny 0. 87, g RAE N 194. 08, X d R AR &T“% i 2 BB/ L 24 0 3R HHR 73 B i AP B AR Qo
FRE. PPRX I 050 LR B TR PR MR N

DA b SRR BB BRI T 70. 8906 L LW AR S AR Hg>(d>Pb>A%>Lr>Zn>
BT RIS s R T 1 He Pb,Cd,Cu Cu MY . He 28 5+ R B K. 5 IX N Heg W (H
M a BB (R D, G 383 Y /N GR T B T2 AR R TR R —
2.2 NEEEEQESTN 5 CulZn 78 5 R BCEAR W A5 & =3 B Bk Ak
2.2.1 AR ERBSEHIE SR YRR L PR R R BRI R R

M8 ATLIE R XN 7 M E 4 )8 & é&wﬁ@%ﬁr&vﬁ@ﬁ%ﬂ&%?l:w Pb 1) W 17 5%
M EGEG BT LIy 3 41, Hg Cd, A%ﬁ%iﬁfﬁ, R ERAESE R ESMT O L e, Bk
FEALE T 0.01~0.06 mg/kg; Pb,Cr & & J& i, % PR X /N Heg Cd.Pb 2Z 8 T A B
LA 0. 4~0. 6 mg/kg; Cu Fl Zn A5 B 5 1N 52

x8 NENHNESESEBREER(mg/ke)

Tab. 8 Content characteristic parameters of heavy metal elements in wheat grain (mg/kg)

LR Hg Pb Cd Cr As Cu Zn
/M 0. 001 0. 06 0.013 0.13 0.02 2. 94 13.00
PN : 0.115 1. 69 0. 31 1. 06 0.16 7.88 30. 00
Rk 0.0123 0. 601 0. 065 0. 435 0. 051 4.197 22. 10
T A 22 0.0192 0.373 0. 044 0. 204 0.028 0.742 4.27
s SRR %) 155. 68 61. 94 66. 68 46. 98 54. 48 17. 67 19. 31
w7 5 0. 007 0.5 0.055 0.38 0. 04 4.19 22
PN 0.02 0. 20 0.10 1. 00 0. 50 10. 00 50. 00
Xf HE(E 0.0015 0.67 0.061 0.585 0.049 4.05 25.75
2.2.2 R EREF RN PREE 7. 45, F MR 2. 01 £ B AR R 91,306, 2

FORYLPbRE/NEWMEEFRF T ORI 52,9800, X 5 IX N L Pb iy ik B — B0
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Btk 3R 58 R Wi Cd B 3 7% BB A O (5 I 45, 2008 5
FRIL AR A5, 2014 3 B IGE 22 55, 2008) . Bl REf Cr
brs R ARERL B9 As CuZn & B RFG0 % 2

KBRAEL. LT Cr. As 75 1 SERI/IN A v B AR R AR 75 Gt
JUFE s BAR P CulZn ok 3% 8 50 - (/N A HF
ki CulZn &8 AF 5 % A BRAE . AT RE 5 /A I 38
HEEI CuZn AR 7 BR R AEAR T . 1] b 35 0 i 1
WY RFPEAT 5 (HRAT 85 45 . 20005 Bl IGE 22 45, 2008 5
CHEN HONGYAN,et al. 2014),
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Tab. 9 Characteristic parameters of over standard single item heavy metal elements in wheat grain
JLE Hg Pb Cr As Cu Zn
/M -0.95 -0.7 -0.87 -0.87 -0.96 -0.706 —0.74
ISP ! 4.75 7.45 0.06 -0.68 -0.212 0.4
B {E -0.38 2.01 -0.35 -0.57 -0.89 -0.58 -0.56
bR 10. 14 91.3 1.45 0 0 0
g EAG7D) 10. 88 52. 98 7.65 1.79 7.39 7.79
2.2.3 NEEEERBIFHN M IRAE PR 38 Cu E R GE ) 5 I P AR A Hh 81

MFE 10 aTLIEH Hg /M Eh FEERES
JBICE B 94, 200, i KR RS 75. 67,71y
BT, 23 %, BUHRR 59. 32% , UL B /NSRBI R 1
P4 A5G B i 3 UE T AFSE X Hy (19 3k Ak 2
Gy s /NFE Hg BB BT 2 Hk Cu 7B/ 2 i
i R BBR 60,87 %0, R L FF & A T Cu

Cd BRL R G s Cd & &K T 55
i NS5 Bl (A 25 AL AR S5 sE i AH Y . BBUR
Hg™>Cu>>Cd>Pb>As>Zn>Cr (K )7 , I\ F- 14 &
BUSECE . B Hg ¥ BRI, Cd, As, Cu BT &R
HL.Pb.Cr.Zn i & B2, 6 Fion £ B ST EOREE A
A, 5% ~8%.,

R0 MEFHESEERTREREESR

Tab. 10  Single item accumulation characteristic parameters of heavy metal elements in wheat grain

LR Hg Pb Cr As Cu Zn
H/ME -0.33 -0.91 -0.79 -0.78 -0.59 -0.27 -0.50
IS FN] 75. 67 1.52 0. 81 2.27 0. 95 0.17
- ¥ {H 7.23 -0.10 -0.26 0. 04 0. 04 -0.14
R 94.2 36. 23 44.93 18. 84 27.54 60. 87 26.09
LR R %) 59. 32 6.47 5.35 7.47 7.48 6.19
Xt B8 {E (mg/kg) 0. 0015 0. 67 0.061 0.585 0. 049 4.05 25.75
S BE TR W T AL O S AN M (R 2L e A
3 g 2016) s A [A) Ak 278 285 %0 A W 18 ml A1) R M AS /) AN AR

TR WA TP ES R ENERENRZ
— o PR 4 A RE I a A W A T T B L BT LA
o453 A b i A W A A O A R AR AR A A
MR BRSNS, FRCLRY Eamt
B TR A LI AN 58 e O T 5 e Wi

ESHERAGY I THEEES . WESZS 5EY
PRAE ZR o D5 5 2R ) AT S8R (52 43 45, 2007 5 F
B4R, 2012)
3.1 MNESTHREERETFNERILR

TS GRS R AR WL 5T X R 3
RHEEBIG YN T8 He Pb.Cd, ik Cu, i
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CriAs TH B BHWAL. 5 FHE2014) kN
Hg . Cd.Pb 2 ¢ Hh X /INEE i) 32235 ey i) F 5
iR

AR AE Y5 Ge PP 25 R W, /N2 2B bR T
N Pb, AT WL+ 3875 Y B4R 5 RAE W 15 e AN 25 R
WA B AEES Ry L He &2 E
BRI YT R A /N R SO bR (H R AR
B ARG YICE ;s £ 8 5 % (1998 BF e kB <
A He fEH FHIW A, Hodh E 385 & He & TR
s+ 3 Hg /E T 09 05 AR & Hg & T4
FEE. MY Hg T B8R IE T X KA Hg 09 W
WA R VR T + 38 He m A k. X vl B/ 22 1
Hg FIRE F 2RI T+ 5 b, i+ 58 vb ity oAt 7 4>
J& TG R W] RE AN /N i L i 4 R 1Y) R e —

KW AR RN KR I FER BRI E LSS, T 5
o Cu @B A G R TE LAY h Y R 5 1 4%
i Cr S EEMR SRR TEE 7 L%+
S ABTER /AN B T AR B .
XAEE LR RPN AR, FERBCRE
Hg.Pb.Cd.Cu, ¥ ZALE 3~18 5,71 Zn.Cr,As
B R BB BUR S 0. 5 RAEY H 4 )8 B
M EE R R /N AR F2 BB Hg Cd. Cu, Hik
Pb 2R RS CriAs Zn WL R, 5 + 1
P ESE N
3.2 NEELESESERE BUSETEXR
Wl @ =10. 05 Fl a=0.01 7 Fh Al 56 P46 5k
W XN N E R I R S DA
ARESZIR KRR WL 11,

1l NENFHNESESESIEESREERSHAXEINR

Tab. 11  Correlation analysis of heavy metals in wheat grain and total with morphological of heavy metals in soil
ps8iiy K BT IR ER 25 Ji& Bl R A TR A A LA Bt s
/A Hg 0.229 6 0.223 9 0.154 7 0.180 5 0.188 7 0.302 5 0.073 1 0.2310
/NFE Pb 0.098 2 0.108 9 0.056 6 0.093 2 0.102 8 0.106 5 0.108 1 0.101 8
/NFZ Cd 0.0717 0.027 3 0.059 0 0.087 4 0.088 4 0.067 4 0.018 9 0.098 5
/INFZ Cr 0.112 3 —0.087 0 —0.140 9 —0.2710 —0.0857 —0.0555 0.141 9 0.108 2
INFE As 0.192 5 0.526 9 0.208 1 0.436 7 0.249 2 0.127 0 —0.024 4 —0.016 3
/INFE Cu 0.298 1 0.329 5 0.325 8 0.362 9 0.346 9 0.336 0 0.306 3 0.255 3
INFE Zn 0.248 6 0.292 1 0.238 2 0.319 4 0.224 3 0.226 7 0. 308 3 0.225 6

FEREARE :n=79,2a=0.01.,70.01/2.77=0. 288,a=0. 05,70, 05/2.77 =0. 221,

TR Cu 5N Cu 200 I 35 2tk A G
TR He Zn H5/NE T He Zn & i 1 35 IEAH
K KIES As.CuZn H/NE PR R R & &2
Pk 3 A G K &S He 5/hE He BA B 35 A
Kt B 1AL Cu H/hAE Cu i F LML,
BT Zn H/NE Zn B35 AH O H 4 Jm O R TR
HASTEA TR P RAAT A CIE . R As,
Cu.Zn 55/ Z2 %8 W F 45 J 75 B I 35 D AR OG L T
MREZSM Cr 5/hZE Cr B3 UG AR & Cu
H/h& Cu f R FHIEMK. FHRAE AsZn H/NE
HA WL B AL He Cu 5/hE
XV RN AR IE A O BR AR AL S Zn 5/ Zn
RO A ML CuZn 5/hZZ CuZn #H
FHIEA K B AR HeCuZn 5/ Xl i & 4
Ja 3 IEA R

BZ B CuZn & FIE S KL E RS
ZINFE R Xk IO T < T S e E B AT I R S A O
PEICH R Cul B gk i 40 HABTE 51 5 /N 4
Cu M B FMIE. £ He As (I S ol B
HANER 2 o R F R AA RF B FEME. Xt
Cr il & UB RS 5 /0 & Cr A B35 M etk (1
st AR /A Cr & 5 HARE B AR,
T8 PbCd 148 M S R E R 5/ I 2
T 0 R & & R B IS B A
3.3 ERMSW

X e /N ZR W A X < R AR /N L R T e A
SPUTH 45 R BRI R AP 22 52 0 Hr ikl
7 A 28 S DA D b HEPR B B AR v SRR LB
S A il 2 4 Jo A b o 1) TR A5 L I R A R AT LA
FFAAE2E0 . O T & P05 o R AR v DL iy il
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il 0 AR X T 5 4 a1 AL S
oD O OF S I ST = R o - N2l R A
(pH A ML CEC 558) . 4 J& W A7 T 8 F A= W i%
PR VI AR G (SRVT AR 45, 20145 B ibg 22 25, 2008 5 £ IHE
£, 2012; MIN Xiaobo, et al. 2013; ik T 48 4,
2019) . @ HEITARAE Y H 4 )8 Y ME— R R, AE 1) b
AT AR KR, He Ph B 48, N ILi Y B
TR 43 J@ 13 52 K5 PR B3 T e R0 19 52 ) (LTU
Xiaoting, et al; 8 3 #£ %5, 2013; T 7k B4, 2017;
ZHANG Jianghua, et al. 2019),

4 gEip

(DWFFEIX -4 Hg . Pb.Cd.Cu & & & F2EIX
Xof FR(EL ] bR o L o6 rp 8 A ORI R 4 Y S R
Bl 76 i i Hg \Pb.Cd, Cu 7 £ 48 rp (i 1 (g B
AT G CroAs #1 Zn 2FUONH B, WA B UF5E
XA FRAETS Y e & .

(D WFFEIX /N Heg Pb,Cd 23] T WA &
NHFEm, N2 Hg Cu Cd Bl T R4, (1
A Pb ik ®] T 5 Y K-,

(3) 14 Cu.Zn WA FILE K H B8 5/h &
S HA 3 B W R e, 8 Hg As 19
SHEAS RSN P B W A G
P, BRIRERA Cr H5/hE Cr By B3 TUAH M

(D Y5/ G B E RN &SR Z 25, U0l
WA BE AT AR ME PRI R H 1 6 e Ts e i i
B AR RN AT ST A B A — 2 i K
W PEA L OF I 25 5 2 R Xk - AW R KA
FSEN iR AN
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