55 47 B4 3 0] v w5 & & Vol. 47 No. 3
2023 4F 6 f GEOPHYSICAL & GEOCHEMICAL EXPLORATION Jun. ,2023

doi: 10. 11720/wtyht. 2023. 1159

LRGSR TR, K M, 45, A3k PSR AR M 1 SRR E et R i S AR AR S BRE KU AT [ ) ] 4R S5 B4R, 2023,47(3) :816-825. hitp://doi. org/10.

11720/ wtyht. 2023. 1159

Bao F Q,Cheng H X, Yong S, et al. Environmental quality characteristics of soil and health risk assessment of crops of farmlands in the southern suburb of

Baotou[ J ]. Geophysical and Geochemical Exploration,2023,47(3) :816-825. http://doi. org/10. 11720/ wtyht. 2023. 1159

0 Sk 2R A A SR o AR
S AN R XU P Afy

BRE? AL, AR A 2R TR
(L AR TR AEH AR NEEE AR EREDIRYT SR EL LR E, AR E Tk
01002052, #F E MR F I kBRI B EA R, M B 06500053, 1 F £ R
BAb#k, NE & "FAEs  010051;4. AR EHAF = (R0 HRFTELAE, N E & Pk
010024)

O PR AN ALK TR ST Al X 1 B SR AE M A5 B RV SR AR, e A T R AR AR
IR 2R MR SC T 3 o, S AR NI MEBEAT 115 QeVPHr , 18 TS P8 50E 2R W e 4 28 ORI A fek i XS, i 4
SEITEIT R T H A SRR KAl ORI AT . S5 R R DX PN - HERR S o DU I 0 T Ts e R E )y
A T IHHETS BP0 5 AR 2R A s A 32 20 A 7 THHETS SR A 3 5 B RO 208 SR R IR L 25 5 78 VBRER 45 & A
Bt S o HUAR R, AT S AS ORI AS B T A ) oy UL, SRR AR M R SR i B2 IE 0 MR o 4R R A 5 5 LA
RAEPLCH, 1) HFEAF S5 s FVEE EAT iR 0 B , oL B RS N 240 7 1 B A 4 A 80 o 0 T XU
KRR A T S AT s PR 5 (B KU PP 5 Sk

hE SRS X142;X825 XERFRIRAD . A XEHS: 1000-8918(2023)03-0816-10

AT IE NS AR X R B Tk,

i

5l

FARBAE b HE I s A AER ) B ) MR T A

W5 3 ] 22 5 ) bR A e A R Tl AR R i Ak
HERE AW, T b BT HERCR K R SRR
W22 R S Qe R RS I T AN
FREEMTS Y, FECT P E SR £
e A A R NIRRT
AR R G R B YRR
O B RE M O R AP SRR L L
S SOA 5 JT R MR £ T AR (] -t e Wi e 4 4
AT AFERFRIOCR, Ha R TR PO Y it
AANEYPRF LN E TR A B YEE , nTRE B e
it 22 AN RE | X A 25 2R G0 10l 35 20 4 i i i
AR, R A2 2] 7 NS B )iz %
ESHE

i B, 2022-04-01; {EEIHHA. 2022-10-20

TH A, TAb A= G S T AR R SR TS Sl fig
W R I TR R A T 8 45 T 32 i 25 ] i Ak
HT, 3 it A0 A 1 9 09 T 6 T o A AR S
B2 ARk, R A T E 2 AT SOG4
7 AE T B 0 SRR T T I B R ) P L A 2
AAFAE—RE FTE e RS ) NPT IE S, 4
ST BB Tl X JH A AP —E R G R
Yt

R ARSI P Sk B R Tl e il S R
WA 3 RAEYIIR R L KPR AR | i i
R G 4 I 15 G ) 4 () 53 A1 R SR PR i
Br, B WA 1Y) R G0 TR e AR B
55 % S B IR, A Ry B1F 5 XA T 38 1 XU A 4

EE&WH: W5E BIRXELRET 2L SWH ; N5 BIRIX A ARRARESITH (2022MS04020)
F—1EE . UREE(1979-) , L, WG, S TN, RS0 [ IR EE b ERfb 2% . Email : 541206780@ qq. com
BIREE . Wb (1964-) , 5 14 BF5E 61, WF55 5 n) I ERAL 2%, Email ; hangxin@ vip. sina. com



3 4 FLREFAF A3k B SR A ] SRR3R ik SR A B XL, T Ao - 817 -

FIGRIEAR ™ ity 22 A P SRR AR 7
1 ARSI

1.1 BRI

WFFE X SR A Sk U X J& T g P X
POFIH FEHA T 3 X 2 km A I 4K 500 m A R
HRACTA s Ak Al SRR , H R E] S
2T, TUZR3 W] BT A A B AR A 7 i o A
BAEYILL KON 2, HCH/INE (R A8 145 &9F
VEM) F2 247 RO 1) H S FIEE R4S
1.2 #HFmRESHSHMK

BT T KN — R RAG AT S5, FE D
TR/ NI 2340 B, R R 8 > mi/km? . AN
PG IZ 4 20 em WITEHT, K4 0~20 em KJE +
B ARG RS AN B AN 4 Al 38 ) - S 2 4, 0
FERFEAA S G A B 0B A AT REAR TP R i
1 kg, [AIFGE# )5, 5 -20 H kg e iR o) G 14
7o

F 2019 4 10 H _EAIAAED R B30, #2 AN TR
AR, RGEREMR AR L SRR A FERAE
SR AR AL AT 1 20 AR SRR S 4
J ARG B AESERAE 0~20 em LIEREN,
SR REEFR 1.0~ 1.5 kg, K ) H kS0
1 5 AMEMRIR G R, FEH 500 g (THEAE) BiSRAE
TERFEETTNZER 5 MR, /N R AR A ISR 4R
REMRRAE , R R R 2 ] RS DI ETA A,
RINEERR)Z 0 20 U R NI R Z A R 04, i
SRR 1.5 kg (BEHRE) o BTBERERL RIS, LRI
AR IR FLEAR O BT K84

AR - HE AN WIRE SRR R B i 2y
b SRR B i Bk B b BR AL S AT S BT S50 28 3 A
i, AT A SR A0 M R L 4 2 B A
ik (1CP-MS) P, A 4x it FUE 250 B B R T
A —X HH DTSR (XRF) M, AW A3 i
J7 A Y BR A 25 R R R P P AT 45 3 o
W AT s i g8 T b BR AR 27 PPN B ) (DZ/
T 0295—2016) 73 H7 it 1 K (R 1) |, 43 B ot & 7]

F1 TEESSTNRREE ERENBEEEST
Table 1 Statistical of reporting rate, accuracy and

precision of soil sample analysis and testing

KB/ Rl AlgC V- AlgC & A A%

JLE RSD/%

10 /%  BEH O KRE% F/%
cd 0.02 100 0.021 100 100 3.07
Ph 2 100 0.04 100 100 5.37
Zn 2 100 0.01 100 100 1.38
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1.3 EMRESIERTTE
1.3.1 AR
WFFEIX Y 5 ib , + 3% pH {E7E 8. 86 ~ 10. 28,
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Table 2 Classification of soil environmental geochemistry
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Table 3 Health risk assessment exposure parameters

RN SR WAZHEME  JLESEE
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Fig.1 Distribution of sampling points in the southern suburbs of Baotou
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2.1 TEREREHIKUZERS

) IR YRR T ST A R AT (R 4)
F5E X - 5 S i A (0. 1~2. 1) x 107, SF 3490
0. 4x107° BT 4 + T F{H 0. 097x107° 119 3

R I RIS R R (15.6~889.0) x107°°, 3
PIE N 146. 0x 107, #ad 4> [ + 315 5L 26. 0%
107° 1Y 5 LA H3ERE S S I (46. 7~ 1 516.0)
X107 SEIME K 312, 0x10°° , #8 f 4> [ + 1835 5l
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Table 4 Characteristic values of cadmium, lead and zinc in soil and classification

of environmental quality in the southern suburbs of Baotou

FEEAE IR BR A2 0 R S R 4y
JLE  EKME,  mUME/ FEIE/ R Bidis gL R Y TG Y EETG Y
1076 107 107 FEGER LBl % FEREC /% RREEC WBL/% FEREC LBil/% FEREC Bl %
cd 2.1 0.1 0.4 570 86.2 11.0 17 2.57 1 0.15
Pb 889.0 15.6 146.0 470 71.1 22.1 35 5.30 9 1.36 1 0.15
Zn  1516.0 46.7 312.0 407 61.6 26.2 65 9.83 15 2.27 1 0.15

BT
BT
BRI

S

0 40m

2 BB IBERAEREMKLFESR
Fig.2 Geochemical grading diagram of cadmium
environmental quality in the southern suburbs of Baotou

3 BB TEAREREMRUFETR
Fig.3 Geochemical grading diagram of lead environmental

quality in the southern suburbs of Baotou

E4 SLmBTEFTEREMKLELR
Fig.4 Geochemical grading diagram of zinc environmental

quality in the southern suburbs of Baotou
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Fig.5 Speciation distribution of heavy metals
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Table 5 Characteristic value of heavy metal content in crop root soil in the southern suburbs of Baotou

LAEY) FRAFAE fi it B LAEY FRAE ] H B
FRAE/107° 1.167 380 688 KA/ 1070 1.566 592 960

ok f/ME/107° 0. 141 41 92 A F/ME/107° 0.113 29 69
¥t/ 107° 0.454 176 321 IE/107° 0.583 228 397
FRAE/1076 0. 656 325 585 A At/1076 1.042 506 866

MBEZE  E/ME/107° 0.089 23 55 FE3%  g/ME/107° 0.204 72 143
Pif/1076 0.330 141 260 PifE/107 0.503 208 381
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Table 6 Samples and content statistics of crop root soil exceeding the standard in the southern suburbs of Baotou
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BZX39 F(1.028) H5(451) F¥(769) BZX43 B%(0.902) H5(328) % (547)
755 H(294) FE(542)
fi H 2% BZ17 % (0.656) H1(325) B (585)
BZ19 HH(174) FE(305)

381x 107, Hirf 751 B ff % R B 8 i ok IR 0
{l,748 750 BZ37 F1 BZ39 #E 54 By b o ik 4
i RV 3 6 1, T A R it 25 S B AR e XU A s (B

MALA_E 43 AF vl 0 RS X 4 Bl 2R AR S
B VRS A AN R R AR I, Horpo1s
PERE A P R A XU 0 B, BB A %R 10. 6%
21 R S A AV e o IRUBS O R 1, R AR 3
H44. 7%,

M5 A BRI L rT LA AR R +rp
&R ICR I = 15 R A i 5 FNHETS B 2 (R )
B —EMC R Bl G R s 5 RS S B 1 3
AR FR A 4B U R S A MR B S RO EEHE
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X PN 4 FhAAEYIAF 2 T 4B 0 2 A B ARRAE WL

7, 5B TG R IR AR EXT AR LR 8,

MR T RN 8 F i, FORAFSLhaR BT RIEE & i
AL 43 S AE (0. 002 ~0. 009) x 107, (0. 07 ~
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0.005x 107, 0. 33x10°° Ml 17. 9x107°, H:f 731,
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] H 28 KF S0 T B AR AR Ak Y L 40 i
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Table 7 Characteristic value of heavy metal content in crop seeds in the southern suburbs of Baotou

RAEW FRHEMY fi Y BE RAEW FRIEE ki H B
Rt/ 1076 0. 009 0.71 21.8 FoR(E/107° 0.016 0.19 5.87

ESP/S e/IME/107° 0. 002 0.07 12.2 # /ME/107° 0. 002 0.01 2.41
¥ifE/107° 0. 005 0.33 17.9 ¥iE/107 0.007 0.07 3.58
fFekAt/1076 0.303 19.70 128.0 oRAE/1076 0.013 0.25 4.73
mHZE  F/ME/107C 0.066 0.01 74.8 BIE%  H/ME/10° 0.001 0.01 0.96
Pif/1076 0.168 2.38 95. 1 ¥{E/107° 0. 002 0.05 2.04

xS BLBBRIEVIFIBRAERRIESIT
Table 8 Statistical of elements and contents
exceeding the standard in crop seeds in the

southern suburbs of Baotou
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KA EBIRRE G (A R/10°) LAY EERRES (A R/10°0)
754 #%(0.40) 755 #5(0.61)

731 #5(0.51) 730 #1(0.22)

S~ BZ20 #1(0.71) || 1n] HE 729 #%(0.33)
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BZ23 #%(0.40) 716 HH(19.7)
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(0.002~0.016)x107° . (0.01~0.19)x10™° F1(2.41 ~
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Table 9 Statistical of crop seed bioconcentration i 10 A A ’ SR 1) H 3 AU 48 0K T
factors in the southern suburbs of Baotou % 1, JLi Y K A ] H 2% XK @*‘Eﬁl ﬁﬁjj( T 1 , %‘:2 A A
Y X N AR 19 1) H RN 3 R A A A E o fat R
iﬁ[EﬂE BCF., BCFy, BCF,, Z;{ﬁ; BCF., BCF,, BCF,, A N . . A - A Lt
" ” IRUBSE o BN L2 JE S0 S XU A, A8 £ e XU 4
EXk  1.68 0.28 9.23 A 1.66 0.05 1.64 e s koh 5 bRE e N A U o A o g
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Table 10 Statistical of non-carcinogenic and carcinogenic risk index for adults and children
A JLE
RAEY HI CR/107* HI CR/107*
,ﬂz HQCd HQPb HQZn HQCd HQPb H()Zn
EP N 0.011 0. 205 0. 128 0.344 0.22 0.032 0.610 0. 381 1.023 0.25
[a] H %% 0.240 0.972 0.454 1. 666 7.53 1.072 4.342 2.026 7.441 8.41
A 0.036 0. 106 0. 060 0.202 0.33 0. 046 0.135 0.076 0.258 0.36
5 4 3% 0.012 0. 069 0.034 0.115 0.11 0.016 0. 088 0.043 0. 147 0.12

li1] H SERF SR LB AR B 20 XU (534
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Environmental quality characteristics of soil and health risk assessment of
crops of farmlands in the southern suburb of Baotou

Bao Feng-Qin'*, Cheng Hang-Xin>, Yong Sheng’, Zhou Li-Jun*, Yang Yu-Liang'
(1. Key Laboratory of Magmatic Activity , Mineralization and Prospecting in Inner Mongolia Autonomous Region , Inner Mongolia Autonomous Region Insti-
tute of Geological Survey, Hohhot 010020, China; 2. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences,
Langfang 065000, China; 3. Inner Mongolia Police Professional College, Hohhot 010051, China ;4. Inner Mongolia Geology and Mineral Resources
(Group) Co. , Lid. , Hohhot 010024, China)

Abstract: To investigate and assess the characteristics of cadmium, lead, and zinc in the soil and crops in the farmland around the old
industrial area in the south of Baotou City, this study analyzed and tested the heavy metal content in soil, crop root soil, and seeds, as-
sess the pollution according to relevant standards, and conducted the risk assessment and source analysis of heavy metals using the pol-
lution index, the bioconcentration factor, and human health risk index. The results are as follows: Regarding the soil environmental
quality, the soils in the study area are dominated by clean soils, with the polluted soils distributed primarily on both sides of the old
sewage canals. The sites of over-limit root soils are also primarily distributed around the old sewage canals. Among the heavy metal mor-
phologies, carbonate-bound, Fe-Mn-bound, and residue heavy metals account for relatively high proportions, while exchangeable heavy
metals (water-soluble and ion-exchange) account for relatively low proportions. Most of the seed samples exhibited normal and low en-
richment of heavy metals. Compared with other crops, sunflower seeds showed super adsorptivity of cadmium, lead, and zinc, posing
significant non-carcinogenic and carcinogenic health risks to children and adults.

Key words: farmland soil; crop; environmental quality; health risk assessment; Baotou
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