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Abstract: In order to understand the impact of the early extensive mining activities in the Tongguan gold mine on the heavy metal
pollution of the farmland soil and the evaluation of the adverse health effects of the exposed population, enginnering six farmland

soils near the mine area were selected as the research object in the geological survey. Spectral analysis method was used to
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determine the contents of Cd, Hg, As, Pb, Cr, Cu, Ni, Zn and other 8 soil heavy metals of 68 soil samples. The soil accumulation
index method, potential ecological hazard index method and health risk assessment model were used to evaluate the soil heavy metal
pollution degree, potential ecological risk and human health risk in the area. The results show that the average values of Ni, Hg, Cd,
Zn, Pb and Cu in the farmland soil in this area are higher than the soil background value of Tongguan County, indicating different
levels of accumulation. The accumulated soil content of Pb, Hg, and Cd not only exceeds the minimum limit of the safety risk of
heavy metal pollution, bu also exceeds the maximum limit of the safety risk of heavy metal pollution on the quality of agricultural
products by 41.2%, 72.1%, and 14.7% of the exceedance rates respectively. The evaluation of soil heavy metal pollution in the study
area shows that the total pollution degree of Hg, Cd and Pb in the soil is the heaviest, Cu and Zn are generally light to heavy
pollution, and Ni, Cr and As are generally pollution—free. The ecological risk assessment shows that Hg, Cd, and Pb are the main
ecological hazard elements, Hg is a very strong risk, and Cd and Pb are strong risks. Human health risks show that the non—
carcinogenic risk of heavy metals to children is obvious, and Pb and Hg are the main non—carcinogenic factors. Carcinogenic risks
are within a reasonable range. Cd is the most carcinogenic risk, and hand—mouth intake is the most important exposure route.

Children are more vulnerable to heavy metal pollution.

Key words: Tongguan gold mine; soil; geological survey engineering; heavy metal; ecological risk; health risk.
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Table 4 Exposure parameters for the heavy metals
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1 :95%UCL B A 95% EH5 X [H] , ED 3 25; ABS B Jg <17,

4 ZERE5HT

41 HIEEEENHRIFIE

HREET 0 X 6 Yo H +3E w48 V34 & &
(F o) RIMMBRM2E 5, P& hk il & BRI
4 Pb>Zn>Cu>Cr>Ni>Hg>As>Cd, H 7 Ni,
Hg . Cd 1) 7 5w 5351 8 24.30~34.90 mg/kg . 1.60~
59.90 mg/kg.2.30~7.50 mg/kg, 68 /> s {37 14 M 4k v
KE A FE @A ESE TR CE R ME R
{H , Pb=29.4 mg/kg, Zn=64.5 mg/kg, Cu=22.5 mg/kg,
Cr=55.5 mg/kg, Cd=0.08 mg/kg, i B , 2014; Hg=
0.18 mg/kg, As=11.1 mg/kg 1 ifE ¥, 2005; Ni=20.9
Smg/kg H A N B IR E A 58 PR B Y 5 B 4E
1994) , V-3 & &4 R i O E R I 5(E Y 1.43
£ .90.95 1% .36.37 4% ; Zn .Pb . Cu [ 75 1 i [l 531
61.40~856.00 mg/kg. 25.30~4651.00 mg/kg. 9.50~
697.00 mg/kg, 73 A 97% . 94.1%H1 98.5% i fHi {37 #4
G EA Sl P R R R OCE S sl
3.44 1% 37.89 % . 8.58 fiF , KX 6 FhoC K AE - h
A AR FE B B B8 Ni Hg Cd B B30 5 I I,
Zn Pb Al Cu B BRNIRZ . CrFil As B % i [ 3
54 29.00~58.30 mg/kg . 2.20~15.60 mg/kg, 73 A
2.9% \22% 1) s (o7 3 T OGS, P2 w4 e
T B0 0.75 4% .0.79 4%, KA 2 Foc £+
Ferp A P EERIL, AR K. B TZIXEE
HRRA 1L XA , (H 2% X /N A TR R B L /NEfE
b 53 A A1 S B R SRR A SR M8
&4 JEm 1728 5 2 BORE L, Cu(0.88) > Pb(0.86) > Hg

x5 EBAREBREESEITEMBEMEREF
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Hg 3.0x10" 3.0x10" 2.1x10° — — —
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Pb  3.5x10° 3.5x10° 5.3x10* — — —
Cr  3.0x10° 2.55x10° 7.5x10° - 42 —
Cu  4.0x10° — 4.0x10* — — —
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Zn  3.0x10" — 3.0x10" — — —
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Table 6 Concentrations distribution of heavy metals in the study area(mg/kg)
FHIES L cd Hg As Pb Cr Cu Ni Zn
fR/ME 230 1.60 2.20 25.30 29.00 9.50 2430 61.40
=YN] 7.50 59.90 1560  4651.00 5830  697.00 3490  856.00
T 291 16.37 8.83 111411 4155 193.15 29.89 221.90
AR R 0.60 0.80 0.34 0.86 0.14 0.88 0.07 0.67
B 0.08 0.18 11.10 29.40 55.50 22.50 20.95 64.50
L N 68 68 15 67 2 64 68 66
Bl PR LR
e e 36.37 90.95 0.79 37.89 0.75 8.58 1.43 3.44
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pH>7.5 0.60 3.40 25 170 250 100 190 300
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[iBARIEREE ' ) ' ' ’
pH>7.5 4.00 6.00 100 1000 1300
- AN 10 49 * 28 *
?(ﬁﬁﬂhil%éw FEME 3 5.40 19.79 * 1960 *
R S 1.35 3.30 * 1.96 *
R RERER ' ) '

T TR AR ; 2857 REOC 49 ; Cu Ni Zn oA b 37075 G MU AT FE1H

(0.80) >Zn (0.67) >Cd (0.60) >As (0.34) >Cr
(0.14) >Ni(0.07), Cu.Pb .Hg 78 REM &, %
W G EL 6 B0 IX AR H 3 Fh i 4 8 A AR fb 2L
A B S0 2 S e A s ok i o6 B Ll i Pt AR
AR DX R 25 i R b 3 FhOT 2R A A ] 3
T, B X R AR TR R R AT L X, I A K
PET T MU, AU RE S A 8 R, T
& BB AT ESN LT 2 LR i I X HER)
TR 1S5 A 3 Bl 4w 52 B AN ZRTE SRR
WG Hol s B, 25 0] 43 A7 22 5 B g (AR 1A 56
45,2018) . ZnFl Cd HY7%8 5 R X U] 2 F
& I8 2 B — 2 B NG SRR Hrsg i, 25 18] 43
i A —E R X IREFPE. As . Cr Ni 948 55 25
WIS, VLB 3 P 4 IR o AR AR H 3R A AR A
Y57, 2 8 NI SRR R TN

R B0 X 6 Huf H + 3 pH A T 7.64~
8.18, % Lt 8 P e 43 J 7 i Ao A i [l L i OC L IS
SO | A I R FH S G RS 0 e (S - 8
15 Yo KRG A5 I (AR N RS 0 AR S R BT R
2018) By 3 A FRAE (&1 2) , R B L 58 As . Cr.Ni ¥
AR H AR FH M - 39835 G XU T2 5 Zn . Cu 4351
20.5% 11 60.3% 4 SRATE 88 A FH b 4 55895 G XURS:
A, AR R S E AR o T IE 2 3R

FH 1 = 38755 % RS 7 56 1 1) 1.53 %5 11 2.88 % ; Pb .
Hg . Cd AN Y5514 89.7% .80.9% ,47% ) KA i i
HP AR A 5 G U B S 1E, 38 4 A 41.2%
72% 14.7% ) RAT 0 L0 AR FH b - 1 7 s IXURS: 45
{8, bR RAE AT A8 O i YA 3 43 0 AR FH
3985 G XU A (LAY 1.96 4% .3.30 1% . 1.35 4% .
I, Zn Fl Cu 238 56 B4 8 X AR T 4 398 il — e
FRIGE , N RS XA M A= A8 F AR VR 2 4= A
SZOR) 7 224 05 ) A [T R LG e S v
AR AR AR A BEE AR FE AL 2
E 0 4 JE S Y i R R AT IR A B P
Hg . Cd & Kk B 401 X A4 H 50 7™ 5 bR T
SR A b A S PR AR A W 2 A A 5
(] -, 2 Xof A A (g BT e 5 3, 7 2 SR U™ At 1) 4
PERE I , AT LA 3 ) A= 3 v s i — e R ) s
), A - 8 4 AT R RE RS L DT
R S B V5 YR A Th 3 AR P
42 BERBESHEEESWN

DA OC I se (B PN PR , iz P b BB 5K
PG B 00 X 6 Bk I 1- 58 8 43w V5 YL FE g
TR (3R 7) , AR 15 YA 55T 2 (E e = 2K
M Hg(5.42) >Cd(4.24) >Pb(4.03) >Cu(1.87) >
Zn(0.93) >Ni(-0.07) >Cr(-1.01) >As(-1.02), 6
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Table 7 Classification of heavy metals in soil based on the 7.,

T T QN | o L i S— _
Toighe  Bi5Y hysye h—Eime  HEgg E—WRiEd REE G
Cd 4.24 9 17 4 2 3 22 11
Hg. 5.42 0 0 2 5 8 10 43
As -1.02 53 15 0 0 0 0 0
Pb 4.03 3 1 4 4 19 21 16
Cr -1.01 68 0 0 0 0 0 0
Cu 1.87 7 14 11 17 15 4 0
Ni -0.07 52 16 0 0 0 0 0
7Zn 0.93 11 29 19 8 1 0 0

B 449 rp He V5 YRS o ™ 5, 68 SR A A5
Brabrpim R Z b AT 63.2% 1 RAE S AL T
W BTG YRAS , B — S YRS RN 8 B TS R3S
SRR SRR M T, B R R RE S 14.7% M
11.8% , Hg S A5 YL b T F 75 YR 3 ; CA I Pb 119
o BRFEEA T 4~5, 53 54 36 4156 4R A mi kb
THERIGYREZ B, 500 5 R S 1Y 52.9% Fil
82.3%, Cd Fl Pb B4 75 YL b T H—H V5 YR A
15 Y1 U s Cu Al Zn i L BREUE B T 0~2, 5
AT 324 F1 59 AR b SAL F s YeREZ T, 4
I 5 BCRAE Y 47% 1 87.8% , Cu BA TS5 YL dh T
15 YORAS Zn AR5 Y kb T 4815 G2 R 5 Ni L Cr . As
) R AR EIA /N T 0, 400l 524 (68 AT 534
KRS AL TG YOIRAS NI Cr As BURTG Yk T80
SYLIRAS . R, 6 g FH 3 He V5 YL I S e W&
i, [RIAE CA AT Pb (175 Y R G R BE AR S 240, 3 3 Fp
HEEIUE LG Y LIS Y ke T £ V5 YR
IFERT
4.3 BELEBEESREIEN

DA S S EE N S HUE, 18 T AR SR
e E T O B0 X 6 Hufe I R HEE e AR S
£ KBS AL BEHEA T P4 (6 8) , A FH 438 As  Cr Ni,
Zn B E 5 B 4 91 4 1.52~14.00, 1.04~2.10., 5.87~
8.33.0.95~13.27, X 4 PP & JE 7E TR RAF S ESY
INTF 40, TR A A A KU s Cu i EFE R 2.11~
154.89, A= A5 KBS F= 22 73 A T f—am XU , e 39
ASSRAE s AL TR IR, 1 H 57.4% , (3 Cu LAFRTHAL
KoM 3 5 Pb Y ESE A 4.30~790.90, A= 25 XU =23
A5 ToR—H R U, Horp 26 1 RRE s A TR XU , o5
Fb 38.2% , fifi Pb LA 5 KUFS 4 3 5 Cd 19 E A [N
112.50~1387.50, A= 25 AU 5= 22434 T 5 — e 5 AURS:
Z[E], e 36 A RAE AL TR, 7 HE 52.9% , fff

®8 tEESRENEBEESEERESIT
Table 8 Potential ecological risk coefficient of every heavy
metal in soil

Jif e Hh Bk 68 ANBE S FRE A KL

=z 4 S

el il TR T hm Bm
Cd 112.50~1387.50 0 0 14 18 36
Hg 355~13311 0 0 0 0 68
As 1.52~14.00 68 0 0 0 0

Ei Pb 4.30~790.90 12 1 26 16 13
Cr 1.04~2.10 68 0 0 0 0

Cu 2.11~154.89 39 18 11 0 0

Ni 5.79~8.33 68 0 0 0 0

/n 0.95~13.27 68 0 0 0 0

RI 32.81~15843.50 2 1 0 7 58

Cd DIBas XUS A 3 Hg 1 EAG IR R 355~13311, 2438
DRSS 4505 S A i XSS 5 PRk, i 5 B b+ 358 He
CAFIPb Ry FEARSfGFE LR, b HgfE H 3P R
AR O 24 SR €= 5 s S LA

AN X 6 ek H A1 48 BT e
AR RIIY A G FE g 32.81~1584.50 , A1 A XU 7E 5%
T 2 AR R XU 2 A7, G AR e XU DA 85.3% 19 1 Lk
o A5 18 5 6 HLBIF 7 X A - S92 XU G T AR
KRR A A KU R AR
4.4 NEEEERXBEIEM
4.4.1 E& %R FEARESHT

TER A0 0 X 6 Hufe I 8 Fp + e d 4 & 1) H
RBTTRESE TR AR L, B L9 £ 10,
AR, A H LI £ JE AR B0 H e
B LESHESRAT - OHAR IFEEAR Y
JER 422 fis 56 A 2t 43 A 41 Bl 43 Ak T 9.26x107°~3.88 %
107°.,2.55x10 "~1.07x1077,9.98x10 °~4.19x10"°, i,
A 8MELEBLAT - AR PFARA R R
il 8 A i 53 A7 Y0 43 AL T 5.04%107°~2.66% 1077
5.76x10 °~2.41x107.2.17x10 *~9.11x10°, JLEEFI,
AR TF— DA > BRI AR A & > PP
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Table 9 Non—carcinogenic average daily exposure doses of heavy metals in soil(mg/(kg- d))
ADD,, ADD,,;, ADD g ADD
He)E - — . o = - =
DN JLE BN LN JLEE BN JLE
Cd 5.40x10° 9.26x10° 5.76x10™" 2.55%10™ 2.17x10* 9.98x10” 5.42x10° 9.27x10°
Hg 3.27x10° 5.62x10° 3.49x10” 1.54x10” 1.32x107 6.05x10° 3.29x10° 5.62x10°
As 1.60x10° 2.75%10° 1.70x10” 7.58x10™" 6.45x10" 2.96x10" 1.61x10° 2.75%10°
Pb 2.26x10° 3.88x10° 2.41x107 1.07x107 9.11x10° 4.19x10° 2.27x10° 3.89x10°
Cr 7.14x10° 1.23x10* 7.65%10” 3.39x10” 2.89x107 1.33x107 7.20%10° 1.23x10*
Cu 3.91x10* 6.72x10" 4.18x10* 1.85%x10° 1.58x10° 7.24x107 3.93x10" 6.72x10*
Ni 5.11x10° 8.77x10° 5.45x10” 2.42x10” 2.06x107 9.46x10" 5.14x10° 8.78x10°
Zn 4.23x10™ 7.27x10* 4.52x10* 2.00x10" 1.70x10° 7.83x107 4.26x10™" 7.28x10*
ADD 3.26x10° 5.59x10° 3.47x107 1.54x107 1.31x10° 6.02x10° 3.27x10° 5.60x10°

TE : ADD,, AHEHE 42 )8 22 3R A BUR 18 H 355 1, ADD,, 3T 42 )i G0 SR A AR B0 T2 R EE T, ADD o J

T8 28 B IR H AR B0 P2 B Rt

F10 TECA As.Cr NiTEBRABEFHERESE
(mg/(kg-d))
Table 10 Carcinogenic average daily exposure doses of
Cd, As, Cr and Ni in soil to adults(mg/(kg- d))

HER ADD,, ADD.,,, ADD e ADD
cd 1.87x10°  1.99x10"  7.54x10°  1.88x10°
As 5.57x10°  5.93x10"°  2.24x10*  5.60x10°
Cr 2.50x10°  2.66x10°  1.00x107  2.50x10°
Ni 1.78x10°  1.89x10°  7.14x10*  1.78x10°

ADD 5.01x10°  5.34x10°  2.02x107  5.04x10°

VE s ADD,, J KT 4 8 2 LI A SO -4 F R 5 it

ADD, NS 4 0 2 VAR A BB T4 H R85 4, ADD..,

S BN T 4 1 28 B RO -4 R

A, A 28— HER A i 0 02 J R bl A
HEFIP IR A6 A1) 104 5 8 T L 43 J@ 7 3 Mk A2 1
HF B4 A AR 2= 5, H e BRI N Zn>
Cr>Pb> Cu > Ni >As>Hg>Cd, H JL#/F B — k44 8
FhESRVFHHRRE LD RBEEYRE TR
As Cd.Cr Ni 4 Fiqc H 3 4 )@ 80 71 H 28
i, LEAMES B TF-OFARE PR
JHR 42 fi 56 A 2t 43 A 4 B 43 0 Ak T 5.09% 107°~6.76 %
107°,2.89x10°~3.83x107°,1.32x10*~1.76x 107, Jif
NAMELBAF - AR PR R R
fih 56 A £ 53 A7 70 R 3 ) A0 T 1.87x107°~2.5% 1077,
1.99x10°~2.66x107°,7.54x10°~1.00x10"7, JLEE AN
WMABHER N EERET- 1A i EEHE
ANER RIS, AP E SR AE 3 FNRE N H P54
O FMRAR Y Cr> Ni >As >Cd, [6] i L3 7E
St 4P 4 E T H AR i M R R
TN HIL, &F-DBAYINEXLETH XK
H 4 38 5 4 8 4 B0 80 2 82 vEAh b i 2 2k
12 RN XA H 580 LEE T3 H Rk

RN TECAAS.Cr.NiTRILEHETHHARES
(mg/(kg-d))
Table 11 Carcinogenic average daily exposure doses of
children to Cd, As, Cr and Ni in soil (mg/(kg-d))

HE)R LADD,,  LADD,,  LADD,.. LADD
cd 5.09%x10°  2.89x10"  1.32x10*  5.11x10°
As 1.51x10°  8.57x10"  3.92x10*  1.52x10°
Cr 6.76x10°  3.83x10°  1.76x107  6.78x10°
Ni 4.82x10°  2.73x10°  1.25x107  4.83x10°

LADD 1.36x10"  7.71x10°  3.53x107  1.36x10*

11 LADD,, J L3R 4 R 48 B ASURIY 1 S5
LADD,, R )L #E S 43 Ji 28 W A A B0 T3 H B8 4t , LADD o
g LB T 4 T 4 R S A B0 T H R R

B BTG I TR
4.4.2 1 R &0

T b7 FH i R XU D S0 XU TP A A8 K XL
BTN P8 B0 A A R SERE b S IBE ST 7 X
6 Pk H 8 P 45 4 J O e 1) VI (E AR K AH, 47
SRR 4 8 oo 25 T LB RS TE 3 F gk
87y ol W R v e | Y AN v e e | S €A s
SFE B B — 0 2R U AR T A5 B0 KU R K
(F12,%£13),

FEAR H 4 3 4 R 0k A A B 1 A B0 XU
TR, JLEE 8 PP EE 4 JE AE T — 11 (PRI B k4 fik 3
Fids 28 A A B0 KU 3 A Y L 430 R 2,41 107~
9.21x107",4.35%x107°~1.30x 107*, 2.31 x 10™°~6.56 x
107, 3 AN [ 34 2850 3 250 RURS: 79 BT iR 3 43 i) oy
99.06% .0.027% .0.913% , F— & £ & L A 2o
DXURS: () e B A% s N 8 P 4 )R AE T — 10 PRI
R A i 3 Ao 22 T By A B0 KRS 2 A5 7 R 4351 A
1.25%107°~5.37x 107", 9.82x 107 °~2.93x 10*, 5.02 x
107~1.43% 1077, 3 A ) ids 28 0 31 B0k A RUBS: 1Y) o7
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Table 12 Non—carcinogenic health risk index of heavy metals in soil

R HQ,ve HQu HQun HQO
o DN JLE LN JLE LN JLE DN JLE
cd B 1.27x10° 2.17x107 1.35%10* 5.98x10°  2.04x10°  9.36x10*  1.48x10°  2.27x10°
SEHME 4.91x10°  8.42x10°  5.24x10°  2.32x10°  7.90x10%  3.63x10%  5.76x10°  8.81x10°
" B 3.37x10" 5.78x10" 3.59x10° 1.59x10°  1.94x10%  8.90x10°  3.56x10"  5.87x10"
€ SERE 921x107  1.58x10" 9.82x10°  4.35x10°  5.29x10°  2.43x10°  9.74x10>  1.60x10"
B 8.78x10°  1.51x10" 1.87x10* 8.30x10°  3.53x10*  1.62x10°  8.83x10? 1.51x10"
As SEEIME 4.97x10° 8.52x107 1.06x10%  4.69x10°  1.99x10*  9.18x10°  4.99x10°  8.53x10>
- WKME 224 3.85 2.39%10* 1.06x10*  5.96x10%  2.74x10° 2.30 3.87
SEEME 5.37x100 9.21x10° 5.72x10° 2.54x10°  1.43x10%  6.56x10°  5.52x10"  9.28x10"
c R 3.28x10°  5.63x107 4.12x10* 1.82x10*  5.28x10°  2.42x10°  3.85x10°  5.89x10°
T
SEEME 2.34x10° 4.01x10°  2.93x10* 1.30x10*  3.76x10°  1.73x10°  2.74x10°  4.19x10°
c R 2.94x10°  5.04x10° - - 1.18x10*  5.43x10°  2.95x10°  5.05x10
u <
SEHME 8.15%10°  1.39x10° - - 3.28x10°  1.51x10°  8.18x10°  1.39x10?
COROKfE 2.95x10° 5.05x10°  2.73x10* 1.21x10*  2.96x10*  1.36x10*  3.52x10°  5.31x10°
Ni SEHME 2.52x10° 4.33x10° 2.34x10* 1.04x10*  2.53x10°  1.17x10*  3.01x10°  4.55x10°
; R 4.82x10°  8.26x10° - - 1.94x10°  8.90x10°  4.84x10°  8.27x10°
T 125¢10° 241x10° - - 5.02x10°  231x10°  1.25x10°  2.14x10°
HO SN 2.75 472 1.28x10* 5.68x10°  8.70x10°  4.00x10* 2.84 476
FHME S 7.19x10° 1.23 7.53x10™* 3.34x10%  2.46x107 1.13x107  7.45%x10" 1.24

TE : HQu AHEH 453 R 28 AR AR RS HEES, HO,i Ry T 452 I WP A AR BRI BRI AR B, H Qo T T2
2 B PAEMARBUR (RIS 4

R T 239N 96.6% .0.1%.3.3%, F-— i 2 2 1k
NAE U U 19 e 2 2R 42 5 0T L 8 F e 45 Jg X L
BRI N N A fi R =1 350 S RIS T 48 45 e v 3
ik ¥4 Pb>Hg> As > Cr> Cu> Cd > Ni> Zn, [& &
MH 3 Pb & e fig RIEH L F— MR 25 AR H) HQ
KT 1, R —E XA H 45209 Po XF T A4 fd bR
A0 AR B . L AR AE B0 S XU H5 )
SE S 0H 43 51 SN 1.24 F10.745, B KA A 4.76 Fl
2.84, KWL E W B2 BN EOCHT 5 XK H 1 dE
4 JE A AR S0 XS B , 8 Flv i 4 Ji o R XHEBURE
DU 2248 B0 BTk 2 43 0 B R B/ 43 5 R P
(74.7%) > Hg(12.8%) > As(6.87%) > Cr(3.26%) >
Cu(1.12%) > Cd(0.71%) >Ni(0.37%) > Zn(0.17%) ,
Pb Hg J&:{i ¢ B A H 380 2R BU@E R 7, Ni%

X — 2 finai AR A 45 R TR

FEAR F - 8 o 4 i b A i R 1 S50 AU
v, L 4 FhE SR AT — 10 P R R 3 &
22 1 B0 KRS 43 A5 0 L 73 3] Ry 2.26x107°~3.10%
107°.3.69x10 %~1.76x107,5.88x10*~8.23x10°, 3 Ff
ANTR) 3 28 0 S50 B AU 1 BTk SR 0 31 ok 87.522%
0.003% . 12.475% , N 4 PP e 4 J& A6 F— 11 PP
B R A ik 3 34 28 1R B0 IXURS: 43 A1 S 1L 43 ) ok
8.35x10°~1.14x107°,2.55x 10 *~1.21 x 10™°, 3.36 x
107~4.20%10°°, 3 Bl A ) i 26 0 500 5 XU 19 B ik
R0 82.017% .0.005% . 17.978% , KW F— 1%
2 R LB AR i E BN R B R 4 F E 4
o X L R G N N A £ B 00 e XU 8 25 ey
FME L A Cd > As > Cr> Ni, Hdr cd xf T L & F

*®13 TEESE Cd. As Cr NiBUEEEXKE
Table 13 Carcinogenic health risk of heavy metals (Cd, As, Cr, Ni) in soil

Riski,, Riskiu Riskn Risk
HERE
[DON L 22N L3 [L2N L DN JLE
Cd 1.14x10° 3.10x10° 1.21x10” 1.76x10” 4.75x10° 8.32x10° 1.15x10° 3.11x10°
As 8.35x10° 2.26x10° 2.55x10™" 3.69x10™ 3.36x10° 5.88x10° 8.39x10° 2.27x10°
Cr - - 4.20x10° 7.39x10° 4.20x10° 7.39x10°
Ni - - - 5.99x10° 1.05x107 5.99x10* 1.05%x107
RISK 1.98x10° 5.36x10° 1.22x10” 1.77x10” 4.34x10° 7.64x10° 2.41x10° 6.12x10°

TE : Riskin, Jy 5T IR 22 1 RR SR AR DRSS BL, Riishn 95 T <53 J 20T A0 A BRI RIS AL, Rishoonm NI TR IR ZE 2

P i B0 A R RS (1
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NN e S0 SRS R 550k 4 Fh 4 8 B0 BX
WS 8 50 1 5 KA, 43900 3,11 107 FT 1.15%10°°,
XF 2% 52 [E EPA HE 77 1Y W] 42 52 SO XU 1 [
10°~107*, R L, 4 F 8 4 & % T L2 s N A 1A feie
J5RE 5 XU, B AR KT3I, s T AT sz .
UILEERT T 4 Fh i 42 JRAE 3 FhiR 4T BUm XU 2
TN, GEHLE SRME R 5 2 2 XS0 0 X
A FH 38T 4 R I B0 U, 7 B L R
SRR o

5 1F #©

T HERAA Y A K A B SR, — B
PRIE I BRI 875 Yooy 2o FOR AR A 7 i
JoER: F12E 4, R BRI Al Az 7= R 28 B A Jig () i
K I AR RE . T 30 o 4 SR V5 o IE R E
G R R O EAT AR R 2R
P RE MM A W R R S R 52 BTG H 22 5%
o Pk, HEH G R 15 YT o 4~ R 5 g
WFFE YA R —

T O BB BT TFRAG RIS (] AT, Ferp 487 X
HITC TR A St ot B b AR iR e R ™
TESF R AR R R P AR R K R JCH A AL B
FETAC, 6 AN R] B Bk AL~ SR 3 Al A T

(B M B i H 2R s HE i X H ) 3 i
X LA 5T DX 4 S8 o 4 J P M L TR DGR Y S
B AR S R0 - A T DG R LU BRI X
B KRR R PE, 7EX &80 IRZ ALK
i, RS T & E AR LT 2 LR B B
HEE T L AR ST A v R b XA A2 3 7
SR EL AR RS N, 52 ) - 9 o o 5 R OC LR B
VAR b PR AT LU X (H IXRA TR K B
NEAR A R 2 AT, S B 1 R
AL A b | T M DX B A FH 1= 498 55 45 ) Pb  Hg
1 Cd A 2 3 T O B F 875 S (l, 15 e g ™
H, Cu. Zn W32 B &0 FF RIGHRIG Sh B2, (05 4L
FEREA R . SRR TN (2019) BF 7% th & PR 1k 56 HL oAk [
4 R PR Pb . Cd Fl Hg 15 Y2 B (W] A V5 L [fl
R H A A5, ek (2019) W58 2 B i ¢
WX Cd FI Hg M5 YLK 0 VI, Cu 5§55 900R
Vg, Zn B M, S0 RIGHELF AN EY
T AT B o S B A B A I A E
PP Sl

HAET, RS E YT R FEETAS
DR I AU (2 14) o W EL A0 X B4
+-458rh Pb . CAF Hg 75 G P 45 2R 5 5K 10 (2019)
(IR FE 45 R — 8, (B Cris P A e 225, A3

R4 RATREEEESRERKXEITM XL

Table14 Comparison of ecological and health risk assessment of heavy metals in farmland soil

I N Y A L T
i 4 [ P3| X SR % KA H R
Py Ve YL e e YLie F e YLie F Vo YL e k3
A O DTRSRER R R RTPIEEOE e smusos
g O PEE RNESRATR RO R GOITIE
ST LS W b TS 5 p
e AR SRS 25 K 1 R0 BT o o
Pb.Cr.Cu.Cd & ] Hg.Cd-Pb S fAi5
s g O CONHE e He  Hg ISP, SRR
LmE SRS R4 5 - S Cd N E Y, Pb
soppeeg RGP, ST i CaBl AR e SR He
U mmmigisae UL SR ZnCuli s T BEHKLCAMPb
RS, S B
A R
s / / / EPA S UK B, F 00 PR
)
FOEARLILEE FOBALILESE
SRAR I EER SURRRIEER TR LES
BB AsPb [ FRIEFE PO LT R R 0 T S
MR FIEIE AP ) R POMLE S I ER
i / / / JUEAEFR AR SRR RN J5RR PbHg A
B TG E  As X i3 ,NiCr.As.  FEARZUER T,
MARFERES  CABETRAR SRRk
BRI, TR S A
TORLRIR HIH4E,2014 RARTTEE,2019 v, 2019 MR 25,2018 IR ILAR 55,2017 AL
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IAA CrA71E A5 A A 28 KU, TRAR IR AR Cr
A A 25 RS A, Fh Tl AR N 9 P i O LA ] -
Cr ¥ St SA ST SRR, A SCEHES | H
R AR BAT T (2006 ) X1 5 H 22 YR S HEURE K
ST T ST R SR 22 S Rl R 15 5]
), B RE Sz T SR H - B PR G . Hak, skAR
(2019) % T 43875 YL P4 R 1) 2 B R e Eia kil
PIHED FREE SRR P AR SR 0] DAPFAN A4 E
LB YRR NS R AT YRR U T
LRGP TR EE , B SR AR 45 s
BRI, /N RE 4T iR e 4 T5 etk . AR SC
A (2014) X TR X L HE P Cr.Cu Cd L35 4L
(A7 AR B PR — 3, 4 P 4 B 2 B &0 RIE AR
PR S, e i 4 g 5 Yufe B 7 8, [R] R
TR T E/NE oK M2 A SR R P i
G SRR NG, A SO0 SC B e T4
BB TR

R0 KA H 38 4 @ X A RERRE
SR U XS FE T - D BRERETEAAN
A, AR RURS: X4 ] s, H L3 37 3] A4 3 B0 Ao
A7 3 Fh B EE IR AR PR TR, B LEE 5
ZEE ST XA N RSB EE, SEG
J6(2018) ERHAR (2017) ZEF 58 45 AR T , i T L
) 4 fk 3] - 90T AR A BT R e AR
A] RE S 1 X PP 48 SR R R R el R XU PE AN B S
B EAMAN, B S E LB SS. Cd Hg
SRR KN E & B X AR T & 25 A AR
WEFE , AH G T 4 9 s e Rt B Al 43 7™ i, M f B
FORE W, 75 BN ik 4 98 F 4 T fe e XU T ()
AN R 3 G B - 3 4 S Vo Y A B T A

6 4% i

(D RE £ 05 XA H+ 3% Cd . Hg Ni.Zn,
Pb.Cu S5 H 4@ ¥ T OCH 8 el ,Cd o &
I Mg R Cu Pb Hg 1748 5 REI KT 0.8,
X 3FICEZ I i Pb Hg . CA AU H A&
FH Hb = 3875 G JRUSS: G e {8, 38 76 58 70 i or 8 Hh A
iy 3875 e KU A R, X 3 FP 4R R AT X
SR FEBIRICER , S XA Hb A AR AR PR A A A
S S

(2) i BFRHEECTN SR DR RS0 0 XK

M+ Hg .Cd . Pb IR 15 Y45, Hg LR 15 LR A
B A PEE TE 68 IR P LA 63 2% R AL S AL T
FEVG YR T, Cd P 5 YRS R R Z A, 4
L 47%FN 87.8% 1) RAF s AL T~ HE — k1 V5 YL AR
T 5 CuZn AEMATS Y 43 AL F s YRS AR5 gL
R NILCr As BT Y lbFIois YeiR A

(3) E L B S KB EAN &5 R BoR , X
LW XA e 4R A S8 E He 1 Cd il
XUBS: , Pb A5 XURS: , As. Cr Ni.Zn.Cu B X ;
RS X AR M 48 RIET(32,1585),
Hrf 85.3% Ayl it UG , 2 AR A 25 XU LA ARG 1
TR, X A e R 43 B

(4) T 4 JE -2 H 5 58 A R XU PR
SN, LR S Z R HEE RN EH & F-
A AR R XU, 22 58 119 fe = 22 3% 72 ; Pb  Hg
JETE AT KA H 3 AR EUE RN T, JLEA
Ifg R AR B SR R BCE R T 1, AR HO
AINT LA T X R 4 8 % LI A W WY
Ak B KU 5 Cd 1 B0 AU B o, 1 4 Fh 5 4 8 1Y)
S0 AU 257 /N F 1074, X A B py AS ) 1l 35008 AL
Bor , AE L B0 KU 27 8 I, R Y in s X L 3
O p{ER STk e i o8
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