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Abstract: This paper is the result of environmetal geological survey engineering.

[Objective] Wuyuan County is located in the Hetao Plain. To find out the heavy metal pollution status of the farmland soil in
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Wuyuan County, 1985 surface soil samples, 30 crop samples, and 5 drinking water samples were collected, and the contents of eight
heavy metal elements, such As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn were analyzed and determined. [Methods] The heavy metal pollution
degree and health risks of the soil, crops, and drinking water were evaluated using the soil accumulation index and Nemerow
comprehensive pollution index methods and a health risk assessment model. [Results] The Nemerow comprehensive pollution index
showed that the soil in this area was still largely unpolluted, and there was only light pollution of As in some areas. According to the
human health risk assessment, ingestion of soil through the mouth or skin is a carcinogenic risk to residents (9.97x10°), and
ingestion of As in drinking water is a certain health risk to residents (1.62). [Conclusion] Hg is greatly influenced by humans, and
there were obvious strong anomalies in Sankou near the Ring Road in Wuyuan County. The other elements were mainly controlled
by the parent material. The local content of As was high in Jianfeng Farm and other places, which exceeded the risk screening value.

Thus, As contributed the most to the drinking water health risk and should be a cause for concern.

Key words: soil; heavy metal; health risks; environmetal geological survey engineering; Wuyuan County; Inner Mongolia
Highlights: The heavy metal pollution degree and health risk of the soil containing alluvium deposits as its parent material in
Wuyuan County were evaluated for the first time using the ground accumulation index method, Nemerow comprehensive pollution
index method, and health risk assessment model.
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OISER, BV AT x10°  (4)
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PM,o X DATRXPTAFXED, X (fspox EFO+ fspi XEFT)
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x107®

(5)
SAE X SSAR x ABS, X EF, X ED, X E
DCSER, = 222X XABSa X B XD X 107
BW x AT,
(6)

K SHE L SHESNTE R 2.
HQn = HQoisn + HQdcs.. + HQPiS., =

OISER, xc,  DCSER,x¢, PISER,xc, (7)
RfDy xSAF |~ RfD,xSAF | RID,xSAF
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CR, = CR;;, + CRy,, + CRy, = OISER, X SFy X ¢, +
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Table 1 Evaluation standard of single factor pollution index and Nemerow comprehensive index
e 47 BT S Qe By bt = WD LA TR B Dbtk
R R S RKT SRR SR ST
I P,<1.0 T PI1<0.7 T T
II 1.0<P,<2.0 LZIER S 0.7 <PI<1 oy 2k I Vi
111 20 P,<3.0 SREE 1<PI<2 B9 A FH L3 0 32 375
v P;=3.0 EREPS 2<PI<3 g G o HH 4 O 52 o R Y U
PI =3 EREPS A FH 39 L 52 o B S
®2 BRRKETFNERREETFSH
Table 2 Exposure factor parameters of health risk assessment mode
(inc ZH Hhr ZEH
OISER, 8w (Buw) N TEOEATEREE - -
PISER, B (BUED BB F RN IR 7% 55 - -
DCSER,, B0 (Bumw) RN kAR R R - -
OISR Hig A\t mg/d 100"
ED; FFEM K a 25!
EF; RFHR d/a 250!
ABSg ERE YN gy &S RN 1
BW TR kg 61.8'
ATy EBUE (Bom) B d 277401 (EuE) 9125" gD
DAIR H 7 W m*/d 145"
PMig 2 A RN R R A 8 mg/m’ 0.119'
PIAF WE N - S SURL P TE A P 5 B EL 91 T4 0.75"
fspi TN R A IR BT o5 L) p-cl 0.8'
EFI ENRFEIE d/a 187.5"
fspo FEANE SR IR RTRLA BT o L TR 05!
EFO EUI SRS d/a 62.5'
SAE B J % s AR cm’ 3033"
SSAR SRR T A B R mg/cm?® 0.2!
ABSq4 T R R T T 0.001" (4 0.03' (As)
E A Rz IR B = RS0 R/d 1!
e TASIAA (BEA LG RRESIPEEAR S (HI253-2019) ¢ [CARIRE CREAL L5 LR IPAEARSNY  (HY

25.3-2019) {+HAH.

BB AL AZ(7), HQ, 113
HEAESE n TR BEIEE T EHFER, HQu, «
HQy,, « HQy, M2 TR | B PR, WA+
BRSNS E R, P o, WEATE n S0E
{E, SAF W R T T HENSHR RIS RE, 5%
B4 0.50( 5] [ (15 FH 3 32 75 e JXURS: Al 3 R
FNH(HT 25.3-2019) ), HAWSHWL% 3. ZFESE
JBICE MG ER 2N HI 24 HQ, B¢ HI < 1 i, 3%
7N TG AR O R AU, 24 HQ, 5k HI = 1 RN A
A = A= S i A AT REE R HT = 10 B, RIIETE
MR MERON, FLAEEA, JAURS: i (MOREAE, 20215
A KA, 2022)

BB AKX WA (9), CR, W EE R
n B B BUE XS FE L, CR,i, . CRue, « CRy, 7514

2R R R A WA - R A4 AR B B0 X
BCERE. 0 T S HERG A AT X A A R BUE
AR, AR SCx - e 4 i B0 KRS HEA TR 4, Bk
SYRAREINSR 4 Fim RAEGSE, 2022) .
3.2.4 RAE4 Bk R K G4k B R o3

A SR USEPA /A7 1) fgtt J3E AU DAl A5 741
CRFHEZE, 2021; 4y €4, 2022; 5 il E 25, 2022) %F
WF9E XA APt A AR s il 11 fkt B XUBS: 264 7941, 3
MrA AL Ry

ADD

HO = > _ ¢y XIRXEF; XED,

fD = RfDxBW x AT,

A3(10)7 HQ., RfD K BW B U MBHUG /Y
A (4)~(8) H A [H; RfD 1 SF 435 HL RfD,. SF, ¥
{i; ADD IG5 4y H 228551 15 o, MRIEY) X
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Table 3 RfD and SF values for different types of exposure of heavy metals in soil
S5 B/(mg/(kg-d)) B R F/((kg-d)/mg)

EEREE  pep, iﬁ RID; ig RfDy iﬁ SF, iﬁ SF; iff% SFq iﬁ
As 3.00x10™* I 3.52x10°° II 3.00x107* Il 1.50 I 1.83x107? it 1.50 II
cd 1.00x10°° I 2.35x10° II 2.50x10°° II 7.06 11
Cr 3.00x107 I 2.35x107° 7.50x1072 Il 4.71x1072 I
Cu 4.00x1072 I 4.00x107? 11
Hg 3.00x107* I 7.04x107° II 2.10x10°° II
Ni 2.00x1072 I 2.11x107° 11 8.00x10* il 1.11 il
Zn 3.00x10™ I 3.00x10™ II

W DHEESIHE GR35 RS AS HOR 3 (HY 25.3-2019) ¢ TUAARYE 50 A 438 7 e RUB V7 Al e AR 3 01 )

(HJ 25.3-2019) H4MfEA G FLH RS E .

TRHK TR 4 i 19 B IR AR AR, K. B89
KRB 2.517 L/d., 443.7 g/d. 328.15
g/d; EF, W RFEHIK, 365 d/a; ED, N2 5 2L ],
74.4 a; AT, N34 2 55 5 [A]=58 BR R 2L ] <365, d.

4 ZER550T

41 TIESLENIHE

F 5T X £ 3% pH YL H R 6.85~10.50, B4 DL
i tE A £ MRXEZ T Cd % 8 FiEE)R
JLE S8 WLE 5, [ Cd. Pb, Cr. Cu. Ni, Zn iX
6 ML R & RIS T SE, e EE
595 5B M BCRE PO R, 000215 s 1330
1.13, 135, 1.36, 1.27, 1.324%, As = = H K

*® 4 TEESREBUERKEH S RITE
Table 4 Classification criteria for carcinogenic risk of
heavy metals in soil

1.57 f%; Hg TR K AR T ={E. Cd. Cu,
Zn, Ni, As. Hg %t i RAE N8 S5m0 2 f5 LA
I, BRBHIX 6 FPOTEAE X N A B & A a5

FIH & AR SF & 4E K SO fF B R A IR A R
K14 e A (GeolPAS V4.0, FiiE & K517 ) R
FH vi LA AV, 245 51 4 SR oo R 25 8] 404 (5
(F3), B& L As. Cd, Cr. Cu, Ni, Pb fl Zn JCE
e B BRI R ARG TR A
Fo b —7 5 2R 2P AR S R ARG X, % X
B LA AR Ry 2 AR At X 3 SR 5
g, 5 4R S E i m X R A, FEIF AT X g
TR AXHERAA X

MHBERfE 22 B, 450K ek i 18 5 4 g
Jo ks (RESR FE ) 404 (P 4) FRARLEE 5, ¥ 2 fine] e 3
TE A& R R e S X, KR e e R H +
6 5 b AS ] 22 30 T K R A A R (2R R AR,

7 CR S A 20229) . FER SR HERR R 0 E AL RE S AR AR Y
1 CR<10° TR N . . - e .
7N, FEHH £
, 109 < (R < 10 ERlp, TS FUAE, DL Si0y/AL,0; #erio M FUIE A/, R 11
N . =X
3 10°<CR < 10" R, T AR bR BE it s iE 40 FLAERRAIG, 2B Sio, il & i
4 Nk 25 VN g : =X
4 CR>10 A, A TERRAL, BV LR B4R, ALO, MY & R AEHS I,
x5 REIESEETESHSIT (n=1985)
Table 5 Statistics of heavy metal elements in topsoil (n=1985)
TCH el IEONE w/ME “PHIE FrifE 2 C/% GEZ 3 Xbin £ i
Cd mg/kg 0.3 0.07 0.16 0.04 0.22 1.33 0.12
Pb mg/kg 33.7 14.12 21.29 3.11 0.15 1.13 18.76
Cr mg/kg 97.1 40.27 75.58 9.34 0.12 1.35 56
Cu mg/kg 40.9 10.31 26.12 5.08 0.19 1.36 19.2
Zn mg/kg 122.2 32.66 73.79 12.35 0.17 1.32 55.7
Ni mg/kg 87.6 15.07 31.68 5.26 0.17 1.27 25
As mg/kg 27.0 6.06 15.20 2.94 0.19 1.57 9.68
Hg ng/g 523.0 8.24 24.60 14.81 0.60 0.99 24.9
pH TN 10.5 6.85 8.89 0.32 0.04 8.69

e Xbi B AR BT I SHE .
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KU LR AR P v o RERR I e £ LREBURX ST R M) BN R . Heg JTRTEN
N EFUHAR AR R HERT TR OC A A PR AR R R S R o I X I T B

0 5 6k Cmeke) o 5 6 Pb/(mg/kg)
_:-‘::— | TR W W S S - | _::‘:_
0.114 0.126 0.140 0.156 0.178 0.198 0215 0.23 167179 190 204 226 245 259 282
0.118 0.132 0.148 0.168 0.18§ 0.206 0.221 171 7184 197 215 235 253 269

Cr/(mg/kg) ‘ As/(mg/kg)

9 3 Sk —— T T T T — 9 3 S — T T T T e —
) | S S Y S WY Y W W |
603 652 687 732 799 846 89.1 933 1.1 121 131 145 164 182 19.6 244
63.1 668 706 768 823 867 91.0 115 125 137 155 173 189 202

K Zn/(mg/kg)

546 588 644 706 798 86.0 902 950 16 17 18 19 21 22 23 25 26 28 29 32 38 51185
564 61.6 67.1 757 829 885 918

Ni/(mg/kg)

0 3 Gkm Qdmeke) 0 3 6km
it i Lk
182 20. 223 247 283 312 335 355 0 250 268 289 321 353 385 4Ll
0.0 213234 267 298 324 343 24577259 279 303 339 368 397 532

Kl 3 WF5E X R J2 e i JR T 2 =3 (8] A 4]

Fig.3 Spatial distribution map of heavy metals in surface soils in the study area

http://geochina.cgs.gov.cn H1E LT, 2024, 51(1)


http://geochina.cgs.gov.cn

256 il

Hh J 2024 4

IR = B, ARG 2, SR HERTZ He 7=
R TR S

THOTRE AR RZE(C) HFRRICRZIMRY)
FEIsE R . AR RBOR, RWITTR A g2 3
ZEHNFRE MR, A8 5 ZEUN, RYIZ Bk 5T
5 R B/ o — AR, C, < 0.20 4 55 48 55
C,fE 0.20~0.50 2 1 45 3 J ¥ 5 5 C, 7E 0.50~
1.00 R AR 55 C, = 1 57 19348 5 (Pan et al,
2016) . i 5 Al%, Hg MaRAR 5, Cd 4558 i
AR5 As. Cr. Cu. Ni, Zn. Pb 5575 55 #EM1Z X
+-5eh Hg JT2 325k Wy s i 4 1] Rtk ok .

5+ HERA BT o A b A 15 e XU O 2ok
A, BIFSYE IX -4 T 4 I B AR I O L3 6.
A, L 4rh 8 T E 4 )& h Cd. Cr. Cu, Hg. Pb,
Ni. Zn JCE & 0T RS T E . A 3y
As TEFTER . JEERT Braoks gt 3= 4 i 55 i R
4 As iR, XU R, S AT YR
T X, AN 4.90 km?, diHE 1.82%. 15 As X+
5 As AR 21.00 mg/kg, B T XU 075 26 (5
20 mg/kg, As ISR EHIE T HIEIRBELEAEY

X H e 4R T R AT E RS T, SRR
3T, SR B (K 7)), BRAES MR R 2
[ 93.37%. Hoh FR5r 1 ITTRRIA R T 77.60%,

‘?%$H e

R X FRZ L b ZF0 4 Jm oo 2 HAT A
R, 245 & R I 0 AN 38 B2 A2 il 4= B A Y
Wi SECT 2 A He Ju R BB (A, R W]
WFoE XY 5 rp Hg A 3 THALTER, FE2Ik
YEZ M
42 ESREERREESW

BV R TR T REN S E, ZX 1
e v 4 Jm b BRI E PR (R 8), KRR
TR BOEYME H-6.59~8.59, Bk R Toi5 L, #o0kE
AR ITTRERIG Y. NHRITTRSPENF, %7
R EG AR ERZ 113014, & 31,
TEREAR BB b F e 56.93%, Feflk 0.15%, 5 kb
i Z F|/DIFT K As>Cu>Zn>Cd>Cr>Ni>Hg>Pb, Cd,
Cr. Zn JUER 15 4L S0 L ER T (19.45%~24.58% ),
Hg Z /M IGE TG YL EREA . OCE 5 i (&
(J& 2) 741, Cd. Cr. Cu. Pb, Ni B34 X IR E AR
], FEAE R F ARG A BERN A, D8
BT ARAENT AR . 2R G RTIR s HERT, B
Hg JUES, Hdx 7 B A BTS00 A 52 o i b 5 ks
TESZM A, HA IR 3228 i+ RE ST
4.3 NET SLEEEITN

PR 15 YL 3R BUR /NI A As>Cr>Cd>Cu>
Zn>Ni>Pb>Hg( £ 9), 8 FiE &R u K .1 75 4

s I sl

3.84 3.99 4.20 4.34 4.52 4.76 4.95 5.10 5.38 5.53 6.23

& 4 AT IX 135 Si/Al S EHZ R

Fig.4 Si/Al contour map of soil in the survey area
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* 6 ETRRIFEENBIRER

Table 6 Exceedance based on risk-screening values

R R T STRNIE s T L O L O L O B . e

i i 4 i e 4 i e A i 126 {8 i e i e i 126 i e 4
65~75 1 03 0 120 0 200 0 100 0 250 0 100 0 25 0 0.6 0
=75 1984 0.6 0 170 0 250 0 100 0 300 0 190 0 20 111 1 0
&l 1985 0 0 0 0 0 0 111 0
IR Y% 0 0 0 0 0 0 5.6 0
VE: 8Fh G R I 1R =2 B A Amg/kg.

R IBEEESEIHSANER
Table 7 Result of principal component analysis of heavy
metal concentrations in the soil samples

ELR i 3 3
EEENRIEN 6.208 0.955 0.307
TTHRE /% 77.602 11.935 3.837
SRITTMR R /% 77.602 89.536 93.373
cd 0.867 0.016 0.473
Cr 0.947 -0.046 -0.150
Cu 0.971 -0.050 0.017
Hg 0.237 0.971 -0.028
Ni 0.937 -0.053 -0.143
Pb 0.945 —0.034 0.094
Zn 0.958 -0.039 -0.108

FRBS/NT 1, iR 15 P s B A, TR
GHRTCTTYe . NHGE TG Y8 R/ MRIR R As>
Cd>Cr>Ni>Cu>Zn>Pb>Hg, Cd. Cr. Ni. Cu. Zn.
Pb. Hg W Z55 15 P48 805/ T 0.7, As (1 N
BTG YA BN 0.88, IR R T Y S g k2
&, V5 YLKV R s, 4y TS Y AR GO B R Ak,
15 YL KR W I I o
4.4 TIEESE ANEEREREITR

R A5 8 A 5 TP S 4L, Hefidt R XU P A
AU Z X 3 4 0 A E B0 R0 i R US4 5k
DL 10 FNE 11, HQ<I1, B 48 AR Buw XS vl Z
W, HQ=1, fA7E AR B0 KU . 45 3R iR, Cd. Cr.
Ni AAE 3 R/ NI Ay A B RUR > 28 A >

B Wk A, FLAb Y 5 B RN SR ASTRA £
BN > K R A . B RAE AT R B fE i R
FEME A As>Cr>Ni>Hg>Cd>Cu>Zn, B2 X XU
FITCE N As. HLIT 4 3F 20 KU P8 £k
2R 0.40( As), 7R 1% X BI04 X A (A 37
AR XU . 4R e R HI A KMl
1 0.66, LW IX R 2+ EA FRAEAE AR 20
AU

RO GF I, As IR0 S R 28 3 A> B2
JoR 422 fl > A R, AR 3 o R HA A+
SRR RS o Ak B0 XU e 125 BT 2R A As, B0 AL
8 BT 350 9.83x10°%, HAxon E o8 Ni>Cr>Cd, [H
BINF 107, £ B Cd, Cr, Ni 38 8 J6 KU 7K -
4 ANICE KBS BOR R BTk K B2 As, B RAE 5
98.00%, V-1 15 98.63%, BNiZ X 3 At Bw KUK
TLEE As, HE DA FZ&AE, NIRRT .
4.5 RIEMRIRAKESE NKEERREITERG

X HEAE IR AR E (GB 5749-2022), i
Hu DX BT R AKFE R BEAAAE As MEARTE DL . A= i i
M b o BE (R 28 4 TR AR e 12 a5 e BR
) (GB 2762-2017), AR ARAEY) ) T & 48 B bn
W4, FET IR S HOME A 58 F) 1 USEPA HEfS:
F4) it R JRU B A 7R 3 A 9 X Rl ek 8 AR AE
R KR AT 4R AR (HQ) , fE e KU Efr

*8 TIEEEEHMRRIEHSR

Table 8 Accumulation index classification of soil heavy metal

Iy RREAR R
T fE 35 BIE Toi5 Y. LR 0 EEERC R G 5L 5 e LS H%
(<0 (0~1) (1~2) (2~3) (3~4)
Cd ~1.32~5.70 —6.59 1592 393 0 0 0 19.80
Pb ~1.47~0.21 ~0.89 1982 3 0 0 0 0.15
Cr ~1.18~0.28 ~0.29 1599 386 0 0 0 19.45
Cu ~0.17~9.27 8.59 1356 629 0 0 0 31.69
Zn ~1.76~0.13 ~0.61 1497 488 0 0 0 24.58
Ni ~1.42~1.12 -0.37 1703 281 1 0 0 14.21
As ~1.46~0.68 -0.17 855 1130 0 0 0 56.93
He ~3.56~2.42 -2.06 1933 47 3 0 2 2.62
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Table 9 Evaluation results of Nemerow comprehensive pollution index method
- —
o PRSP, _ PG 4 475 R AP
e/ ME KM P 7 %
Cd 0.12 0.50 0.27 0.27 0.40
Pb 0.08 0.20 0.13 0.12 0.17
Cr 0.16 0.39 0.30 0.30 0.348
Cu 0.10 0.41 0.26 0.26 0.343
Zn 0.11 0.41 0.25 0.25 0.336
Ni 0.08 0.46 0.17 0.17 0.347
As 0.24 1.08 0.61 0.60 0.88
Hg 0.01 0.52 0.02 0.02 0.11
F10 TESEEIEBEREXKEIELR (HQ/10™)
Table 10 Non-carcinogenic health risk index of heavy metal in the soil (HQ/10™
HER HQoisn HQdcsn HQpisn HQ
As IS PN 1994.95 363.04 1595.23 3953.22
SEIE 1123.64 204.40 898.15 1553.26
- wKIH 6.61 1.60 26.37 34.58
“EHME 3.64 0.88 14.55 19.07
o B K1H 717.44 — 859.32 1576.76
FIME 558.57 — 668.94 1227.51
Cu IS PN 22.66 — — 22.66
SEIE 14.48 — — 14.48
He wKIH 38.64 — 1.55 40.19
“EHME 1.84 — 0.07 1.91
Ni B K1H 97.09 — 863.42 960.51
M 35.15 — 31231 347.46
70 IS PN 9.03 — — 9.03
SEIE 5.45 — — 5.45
- R RAE 2886.42 364.64 3345.89 6596.95
“EHME 1069.84 205.28 1894.02 3169.14
7E: HQqis, » HQuecs, ~ HQpis, 7ML TR . Belfkiefih. W HHEBRR AR K.
x 11 TEEEEHEERXKRISEL (CR/107?)
Table 11 Carcinogenic health risk index of heavy metal in the soil (CR/10°%)
HEJE CRoisn CRdcsn CRpisn CR
As I TNIE 1476.52 268.70 0.17 1745.39
FHME 831.64 151.28 0.10 983.02
cd SN — — 0.72 0.72
SPEME — — 0.40 0.40
- IS NIE — — 1.56 1.56
FHME — — 1.22 1.22
Ni I TNIE — — 33.26 33.26
FHME — — 12.03 12.03
CR RRE 1361.68 268.70 35.71 1780.93
“EHE 471.67 151.28 13.75 996.67

SRR 12, TERIEYT As, Cd, Hg & &IKT
ki th 28, ZERHKOKBEH Cd. Cr, Hg Y& E AT
Mg YT —RIRR E 48 Y HQ, AN RIFE 2L
R 4 (R RS A A W I 1 25 5, # T IEAY
Yyl Zn>Cr>Cu>Ni, kK FH 7K B As>Zn>Ni>Cu, 7E
RAKT, As AR R, Fem{EIkE) T 4.2, KT

1, ELA— 5 O e A L R R
BN T 1, 6k A A 7 S0 T R/

5 i

%

AR SCUA T Bl 3 8 TUEE 4 Jm Ju B W
TR, M T H AR RRE | 15 G A8 B A A
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x 12 RIEYMRRAXKESBIERER RN IS
(HQ/10™*)
Table 12 Non—carcinogenic health risk index of heavy
metal in crops and drinking water (HQ/107*)

ey HQz HQpepk
As FRAE — 42369.90
FIME — 16200.31
KAE — —
o 44 _ _
. I SNIE 5265.05 —
SFHME 2231.86 —
cu FRAE 3117.81 24.84
FIME 1989.01 11.88
He KAE — —
P — —
Ni I SNIE 2538.92 57.63
SFHME 1311.50 19.11
70 FRAE 4162.44 145.26
FIME 3381.40 35.03
- KAE 15084.22 42597.63
SEHE 8913.77 16266.33

IRV , 3 B Fh T4 T 32 RIS B 23 By, % B IR 264 7
TV, R AR I . ASFET R e bR A
R, BOFMEs IR e —3 BIRNF, %
X4 R T5 P B, %5 R ERTH A TR
J& As, Cu, Cr, Cd, Zn, HFERJS /2 Pb, Hg; #2748
S ZB, HELERT I AY 2 He. Cd, HELE 5 A2 Pb,
Cr; #h BRHREOTMN 5 & 4L RELAUEHLIX + T
B NS, 4R B RBIS R RZ N 3 FiotR
J& As. Cu, Zn; T4 8 NRERH XA ET, As 79
TS R TR TR, B As TR R KA
FoE BRI TR, SECLEUE XS K, 5lE +
2 As AR AR R T A X 15 As MBS A A,
HF ¥4 B 15.20 mg/kg, 4 4 3T BE
1.67 i5 . BHEAISCHER, As (95046 52 e g
i, B A YT S A R 2 AR RS
T, FEFE L B W B R, i T R R X A 4
As R AR, 525K B 55 (2022) ORY BT 55 45 SRARST .
Mt FH A BEIE . S5 A M0 SO B3k L 15 ek
JRCREA AR R BTR 2% Pb, Cu. Cd. Zn. Ni, As,
Cr&&E 4R (T4 2007), Wi, T3 As i
Cd BB BR 53 7T B8 A VR T 30 DX R b X P 1
H 5 A I R P 3

EA I, 3k B A, X 14 8 A K
R fiE 7 bk e, L B2 B R R X 3 R (R AR
2017) . M TP T W sHE, S 3850x

DX Py - 48 v 4 K 2 40T FE B E 4 X (T —PF A
TR & AR, SR EMIOCER (Cu, Zn, Pb, As, Cd) 5
ALO, A 5 B AR e (22K 545, 2022) 9, x40
FAE W A XA R 2 S R gk
B L K, FERD R 4 48 rp S i R AT, T 7R B
i A AR . AT R AR X AR
AR TG 1) ARG AL X5 0 5 9] g S5 I A 4% IR A v
S 5 T A A AR T, R R AR
W KTEZRAR S, K AR/, AR SR, DU T
K E 0, A Tl R4 E T ER
MR 4. BTABISE %P Hg TR E £ LR A T2
WA i A& BRI NS B (5 5, 2022),
Hg FZ 2 T AR A7 | 58 ilia i 45 N Ch s shitk A
T HEGR A, 2023), 454 Hg JUR MR E X A ks
fIE L A8 5 RO 5 o Wl A, e T A8 3 1 i
SR IZH X He & ERIRR . W5 R R, 78 % 45
N ZUTE S (52 T, W] A6 A+ 5 He #An
(R

As BREIEICEK, TERIMEIREE 5 4l n Y
KAETE (R, 2006) , ~F-J5E DX A4 F 7K 2 BT ) [ AR
As {3 B AR X B, L D I UL A R B 2
As TESIIPESAME T Z 1 T AKERE, SEAs S
£, ZHIX 2 14 As BBARI K FERITE +HE As B {H
X, H A (R Sk, WK iy As Sl £
Bem KT B E 4. R B fi 52 X
B As BTER TAR K AY Hu B, B KA EN T 4.2, [
AT 25 i X Ay o ] SR ) 1 As Ml T 7K X s (334K
W4, 2015; 5K A% A 45, 2021), RILHFSE X As XF A
AR Ay s e 1y 5 | S TR

6 zt it

(1) B EZHIX Cd. Cr. Cu. Ni, Pb il Zn JC
R m T KBk (e As 7E8F
B HEFER BRSO A R A
R, R KU O e, T AR 4.90 km?, i L
1.82%, HoA M IX ISkt ToT5 44 = As X+
1 As X8 M 21.00 mg/kg |, W& w5 T XU 7 16
B, 3 RREE TS . JuE s 4 R B KB/ NI
J¥ 4 As. Cu. Cr. Cd. Zn. Ni, Pb, Hg, H ¢
Hg JCE M T B ERAR T 508, As 198 5 R 50
1R, R H B AR 4 T REPE AR
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(2)As, Cd. Cr, Cu, Ni, Pb fil Zn JTE & 48
(] 43 A5 FRAE AR, R VR B —, DAl B R 32
Hg TR M8 5 RBUR K, HoAZ N2 3 1 52 ) i
Ko HBRURHOEMN 45 R ER, 8 hE & EITR R
HEARIGYf, o As, Cul Zn o3& 5 i
2%, HIG QAR 5 50 A0 IX Sl 4230

) FHEEOEM A R TR, XN 8 4 &
HAFREI/NT 1, )R T I Y559 NP 2RG
TYLEER As SM/INT 0.7, 15 YL PRl 4 4,
15 YLK R L AL As BINHEE PR 20k 0.88, R
BB G YL SF AL TR, 15 YK i T T

(4) 4 Jm AN AaE R KU P 25 3 B, i IX R
S0 S 34 b 7 AT A7 S B, SR As B0 X
W e AT R, IR . IR R —E 4R
et R XU 48 B0 B, As J0 R A7 55 o 10 it B AU

B b XBEARYTEHEARRET T AA
XF, ALE4FREXMHARERE T ER
BB EN, B OUE S BRg .

Q2K AR, fBI% HIEHL, I3 H JIks, Fokse, WRERE, ik, 225
B, SOWE, E3CE, HEET, oA, B4, X, s, 2T, =
PRZE, M4 T, 3RS, 0N 2022, (77— LBk b X+
o e R A2 A R [R]. AT T [ S 2 SR IR AT
TR AARBTIRZR B P 2l
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