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Relationship between heavy metals and clay minerals in farmland

soil around industrial zone and health risk assessment
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Abstract: [Objective] Aiming to understand the stability of heavy metal pollution, 100 surface soil samples were
collected in farmland soil around industrial zone. Ph, Cr, As, Cd, and Hg were analyzed the total concentration,
speciation and clay mineral. [Methods] The heavy metals of farmland soil around Wuji Tannery, Xinji tannery,

Handan and Wuan Metallurgy, iron and steel, Guangping chemical plant and Neiqgiu chemical plant pollution
degree, stability and health risk of soil and wheat were evaluated by using single factor index method, soil mineral
evaluation
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method and health risk assessment model. [Results] The results showed that Cr in Wuji tannery soil, Hg in Neigiu

and Guangping chemical Plant and Cd and Hg in Wuan Metallurgy were highly concentration. There was a
significant correlation between heavy metals mainly in residual and clay minerals (Montmorillonite, chlorite, illite).
Clay minerals had high retention for Cd, Hg. however, low retention for Pb and As. And Two soil samples from
Wauji exceeded the Cr capacity of clay minerals. Human health risk assessments showed that soil exceeded a
non-carcinogenic risk (1.02) to children by ingested as orally and skin. However, the cancer risk index with wheat
as intake medium exceeded the tolerance limit (1x107*) for adults (5.16x 107*) and children (6.44 x107%.

[Conclusions] The positive relationship between heavy metals and clay minerals. Therefore, residents living on
wheat as staple food in industrial areas should pay more attention to Cd content in wheat.
Keywords : Industrial zone; Heavy metals; Speciation; Clay minerals; Healthy geological; Ecological geological
survey engineering.
Highlights: Abnormal elements are Cd, Hg and Cr in industrial area. The positive relationship between heavy
metals and clay minerals. It has a great impact on ecological health risks, especially local residents should pay
more attention to CDs in wheat.
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Tl AL HEFE R NI 2R T kSR 2 PR 252, Al AR DO R R AR A R4, U
HARFRE I Ak T A AR S PR R R, =R HERCE AR TE H 23, ELHEEEL
TR Ao ik, 4 5 A A PR T O B 7 A AR (b i 524 .2019; fifl I 4R 55.2020;Liu et
al.,2020).

AR Tl AE P= i v = A i K 4 R e 2ot T3 il 7 e B 5 s, IR o A8
AR A ER, FILRY LIEAZ G SN ER 2 #E. Pby Cr. As. Cd fil Hg fE &4
BEH IR AR R AR KX, HE2E R 2 /KA i o™ 5 ] @ (Cai et al., 20109;
Mt iES5.2016). 1 H 4B O R AV A MR KEEROL T Ly, T ESE TR
(R B 3 B H e T35 LA W0 (Alexander et al.,2016). -5 W7 E 4 @ s Y i rh AT JEH
5K H 1# 68 /1 (Alexander et al.,2019; 1 #.2017;Zhu et al.,2015 ). & 0 YRR 71
R4 5 AN P et A e o o8 L LA o B 4 ) G 12 5 R ok e SRR R 1 B AK M R (Zhu
et al.,2015), THEHME L M EEAREER A FRA. BEAESSRASEN Y, (Zhu et
al.,2015;Du et al.,2019). X LLHYxd EHE B IRP . Bl G e SEE H M K E 4R
R R LA R, Yk 13 E 4 1Al K AR R ) B A A B FoniE B, R B ES R
MIPER, /bR E IR E SRS, REERAEY) %42 (Bashir et al.,2020), 1142 & & R
fe A TG KT o

R, VEN—TE B T, Wasity M5 ESEZ AR, CH Tk
X JE 324 34 ) 5 A JE 1 o0 R LD, Bz JRE Tl X E 4w v ek H - IERS
TR T . R, AHTE TR FAS ST TV X HE47 3R 2 AR T 3R o A, IR Tl
(X J& 3 A% 1 -39 5 4 Jg 2 A RRAE » e L3 L AL, WA LIRS L M S RS B K R,
SEEH N TN T X 5 YRR s STk, PPN T X AR RS KT BAH 2
b A S TP A A RS PRI e . IR R R R IR
2 RS ik
2.1 Wt 98 X AR

A A TAV XA T3P g PR, A7 BUIX BT A K GRS 3 B4k (B D).
AL FRIEEE AL 36°50'~38°47", 4R 113°30'~115°49' 2 18], J& T AAT LR, ThiEAAT
kb, PO, PUALSEONBEIR FIWrE i, (LAsie R, HB-PIa, #E) vz oA, B3k



BUONER L, BRSSO+, R ARt SEPERIR N 10~15C. RIED DL
K NERT, BICER ., MEFEX, R EA TSkl — . Tolk 32 2 DU EL.
4. e, tLTBEZNF (Caietal.,2019).

2.2 FERRE
2.2.1 FJE TR

2021 4 6 HAEA oA AR RAE T R Al i i 38R 2R i, i 320t 40 4R C8
W] 20 14, SEREFE] 20 44, MG WAL T Al A SRR H 3R Z AL 20 4F,
HRHRE 22« T P HRAE T8k, Ab A R A 1 3R A 40 48 (22 T 20 14,
JUPAR T 20 ) (L 1o RAFTT AR IRCBENL “SFERI<Z SURE R, SR 2%
KA, RFERFEN 0~20 cm. 7ERRANE f XOEFE 2~3 ML EURE, BAMEMESR 3 K.
A TIEREAR 1.0~1.5kg. EHXT, BFEZSE 200 H, %5256 %= 5 Hrillik.
2.2.2 RALHM

T FE. ME N BREER 22, | P Tk XCREEMR R R BN FFSERE i
FENF SRR S EE TR XS TR Hhit 50 i CEM 19 %, FE6 X, N5, %7
St 11 R RS (DD2005-02 [X A A HIERAL FIEMROR ESR ) R4
2.2.3 B LIRS

TETR. FE aWE. W2, PR T, REREFM 10 4 WA-2,
WA-11. NQ-3. NQ-4. WJ-6. WJ-12. GP-8. GP-12. XJ-11. XJ-19 (WA &%, NQ
REN T, WIRETLH, GP AL F, XIRFEE) T HIEE LT W EEDHT.

6 0 0 E
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Hf

1 BATAPIXRZ ke foR R B
Fig.1 Indicator map of top soil(0-20cm) samples in the five industrial zone

2.3 LR

HIRE LB HTIRTT 5 As SR (XIBHERIL 22 RE AT VRS 13 343 Asy Al
BN AR A -JR T UOOkiEEE)  DZIT 0279.13-2016; Hg S8 (X It ERAL 22 4E 5
SIMTITIEER 17 EB4y: Hy =il 2873 R -2 R T 90 6 iEvk)  DZIT 0279.17-2016; Cd &
HE (X R A R AT 7058 5 34 Cd &l E R S 2 B TR R isE)  DZIT
0279.5-2016; Cr Zf& (X BRI 224 S AT 758 13805 %L =45 24 s &




SER AR -X S5 66 EY  DZ/T 0279.1-2016; Pb M8 (X IS ER AL 22 RE 5 A BT J7 15
53y B . BSE 15 Mo R ENE HIBRV G S B A EE)  DZ/T 0279.3-2016;

LA TR ek IE T E R R (DD2005-3 [X 3545 25 Bk Ak A0 BE i 2 B
FARER) #47T. FRBUGE RN, 2RIk, EAbEE. BERREN. SRRy, Hhilgie. L5
A SRR NIEIGHIRBUKE S . BT HE. MRS AS . BHERSEGE . SEEl
MEEEE. AIGES, REBS, fI&ESIEEST. BUEE LIRS IEE Il E MR,
FEEIR . WEIR . M aR . SRR AL HE 5 ) S R IE S T A4l B B & S5 B 1 R
HRED T SIS TR Pby Cdy Cro FEMIIE AR FOIENREEM T Asy Hgo FESLST
BTTE A ORI A R A BR A J 2547 o @I i AFRHES W), RIS = N R 2 10 F B
W TR

I BT X AT, 2% (IR A A LA
Y X S ML (SYIT5163-2010) $4AT ).

3V
3.1 EE&RITHRIM HE

FALDR T Yot Hd AR A S e SARHEME I LUAE O 2R, FIWT BRI b i Yo B 1) —
WA, HEARXWT:

Py = C/S; (1)

S, PONBIG YR, TR S ANER, B RP<l; BRsH 1<P<2; #
JEVG e 2<Pi<3; HEVTH 3<P<S; HEEVGY Pi>S. CGNTIEESELINSE, SNES
JE& T VE AN A AE B S A, b Ak aE H b R IR T 2 R O b - 3 5 g XURS: bR T
(GB15618-2018).

3.2 TIBE WV HE

FIFH 38 AN 53 AT E 4 J8 o0 2% TR LRI B 2 250 B k) (Chen et al.,2015; Du et
al.,2016; Glatstein et al.,2015; | UfE4%.2019; WHHFAE.2020; F LN 2ZE.2014; HHHEL%.2016; %
HAH S5, 2015; S M 4. 2010 60 B 145, 2007), g5 A HIE IO A R &, 15 BRI RER
B R TG 3R R B A

T H 4 e (1) B R T A R B R A R (4 5 3 5. 2005) . -3 Y B 4
(143 R B B e 2 ol - 338 () TEAT LA 0V B 4 S DI R B 2 o 7 AN 5 B8 5 5 TR B )
BN, 3 &8 B T I S B B AT DA p 3 SN &R T I S B A
SECE

IR WA 7 A R

L=YCiSi (i=1, 2, 3, 4, ...... n) (2)

(1) :Ci L ITRE S RN ) I E & E(%),Si N | T &R I
S B 5 (mg/kg), I L 287 3380 4 Ja B (10 I 0% B £ R3] 45 = (mg k) -
E=[(Q-L)/L]*<L00% (3)

N (3) 1 E NHICHE P R E &R LR ITYE,Q N IO S I A 8 o F 1 S
w(mg/kg),L A3 48 BT Il AP R, RO RE (A (mo/kg). ARHE E B A9 A/NAT IR
P B0 3B B B T TS Y I L (ST 55.2005) . 24 E<0 B, FAIETEE 4. 4 E>0
i, RHEFEEGY. SRR R E A%,

3.3 B RR XURS PPAd 5 ¥
331 BREEVH

e R RS DA SR — B AN $8 An R R IE I FEBE , ‘e IR 5595 Y 5 A (e FE B Rl
K, & EHIRTS YT NARE R e (BINTSRSE. 2020, MO5E.2021) . SR USEPA fi
KU PPt 528 (USEPA. 2009;2011;2013), tH5HF 5L IX JLE AN IE T = Flig 2 (H k. A
Rz e fub) ot Bk 1338 . /N2 As. Cd. Cr. Hg. PbHQ MIH MR FTEE. HXiHEAR
MZHEAHINER 1 iR,
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Table 1 Formulas for calculating daily intake of various exposure pathways

MR 2BER WEAR
(4
UM ADDingestion _ CS xIRS xEF xED ©10-5
N BW xAT
R CS xSA xAF xABS XEF xED (5
R Jok 1422 fish ADDgermal = x1076
BW x AT
(6
N U ADDipgestion = Cwheat xIRwheat xEF xED
BW xAT
3.3.2 @R MK R AE
T ot R R T (HQ) AR i R JXUSS: i B (H) R AE ¥ 7 FE 850 KUK, THEE AW .
HQx= ADDx/RfD
Qx X X %
HI = HQ s + HQ g + HQ s ®

Hor HQx (HQ mas HQ sl HQ wuw) 9 X F #2142 T As. Cd. Cr. Hg. Pb HJAEEUE X
A5 HADDX ATEE As. Cd. Cr. Hg. Pb & M55E &, mg kg’ d*; RIDX 2 AE8UF T
% As. Cd. Cr. Hg. Pbilit x LSRR KS HHE;HI 4 As. Cd. Cr. Hg. Pb it
R AR 2 R KU FE L HQX B HI<L 56 FE 550088 ik IR 49 T B2 £ R K
HQxX 5 HI> 1 gl S £ IR, EDEROK, i XU K (B AR 26,2020, 26 e 5. 2020)
I KSR CR AL L 80w M, THE AR,

CRx: ADDXXSFX (9)

TCR = CR ma T CR iy, + CR Fe (10)

ok, CRx & X S BEIAE  BURE % 11— UM KB HGSFX A2 x R3IA R (SF s, SF
) FEUHTEE As. Cry Cd [AIRIT, kgd-'mg-TCR &K As. Cr. Cdilit =i
TR R B0 RS TREL. 24 CR < 10-°IN, F/R EMIAER;10-%< CR < 104, AR T[T %

FESE R CR > 10, AR REM 32 FRE R 2 SO0 B 3 LN 2 fioR o
R 2 RRB T E S BUER X

Table2 The value and significance of health risk calculation parameters

25 HArAEE B
Cs, Cw mg/kg RFRIRE
EF 365 d/a EREEE
ED adults 70 a; children 6a FRLE (]
ET 24 h/d EE3 5 ES
AT 365 xED day (AR BUE T 8]
BW adults: 70 kg and children: 18 kg NG
SA adults 5700 cm? day™, children and 2800 cm? day™ S FE R TIA
AF adults 0.07 mg em™, children 0.02 mg e¢m™ % o P
ABS 0.001 BRI 34
PEF 1.36 x10° m®- kg'l L HERUA 7
CF 10-°kg-mg-! B B4 R
IRs adults 100 mg d-* ,children and 200 mg -* TEEFIAR
IRwheat adults 0.225 kg d-2, children 0.075 kg d-* WEZEZNS
RFD -Cd RFD #A\:0.001 mg-kg~'-d-*, RFD IF0%: 0.00001 mg-

kg~*-d-!, RFD A fik: 0.00001 mg-kg=*-d-*
RFD -As RFD ingestion: 3 x 10 mg-kg—1-d-1, RFD inhale:

1.23x10-4 mg-kg—1-d-1, RFD dermal: 1.23 x10-4 mg-k

e I wpmsrnm

-1-d-1
RFD -Cr RFD ingestion: 3 x 10-* mg-kg-1-d-1, RFD inhale:

2.86 x 10-5mg-kg-1-d-1, RFD dermal: 6 x 10-5 mg-kg-1-d

-1

SF Cd: SF iy 15kg = d » mg™ SFuw: 6.3kg * d » mg'h; PR




As: SF . 1.5kg » d » mg™, SF iz 15.1kg = d » mg?, SF
i 3.66 kg * d « mg-1; Cr: SFuu:42kg * d » mg-1

4 SR 55
4.1 BEERBITHIKF

AR Talk XA S j s AT A AR & ol b Jo) 3 A F R AR 3 it , L ER
EEEENE 3. WIS R T UK, T TIX #E4JE Hg. Pb. Cr. Cd. As ¥
R RS ANEIS 100%, H2, Hg RS THEESRE, |7 Hg (97.76%) xR
B E. NN TIXE, ANTIXKESESELAMELE, BRI E Cd 1 Hg 1)
E AR As IkE, HARRZne . WE DI IX A& B E R Py Cr. As. Hg Fff
TERFHEEETHRUANMX . R F AR Cr t RS Em T HEHX,

Rt T AR T IX ()5 R B2, e B A6 35 s A5 E 9 iP b, 43 %t T
VX - 32 < Ja HEAT B K 5 BB HO N

WRAEE 2 WTRLVE ), AT IX = 4275 Qe EEAE ARG, A Cd R Hg HH I B2 T G
IR QR R T A, Cd M Hg 15 g B DL EcR T, Cd I 7 S gy, Hy LT
HEEG G 6%): TTHRIGRAERS & T4, BRI LIS f MRS AT, Aalot
RIS, SRR NSRS R R — M UE, (5 Cd 1 Hg 754448
FERg T It e T XI5 Qe fE femy, Cd CRJE-Hr BEV5 44 B 85%) 1 Hg 15 4%
PEE (REEG G EE 50%), HARHLIX ) As fa I 1 sl LREkE, I TIX L
Hg i3 4K i, Cd 5 Y fEEIRZ . Hg Fl Cd 32 TkyG shs i N, Nt kX )
WA H 3% Hg. Cd & &Ko R HEA .

3 T XFENAHEREZ ERESRSEST (B pg/e)
Table 3 Statistics of heavy metal content in surface soil of farmland around industrial zone

WEME  AE  Max Min X 5 o TR EER

BE b

Pb 32.1 17.2 22.23 3.79 17.03 21.1 1.05

EHETWR  Cr 84 56.8 66.7 6.75 10.12 68.1 0.98
Rz ) Cd 0.22 0.08 0.15 0.04 26.42 0.09 1.67
N=20 As 11.6 7.01 8.98 1.05 11.68 13 0.69
Hg 0.097 0.013 0.045 0.02 4417 0.04 1.13

Pb 25.9 20.4 23.23 153 6.59 21.1 1.10

PP X Cr 76.1 58.9 67.19 4.6 6.84 68.1 0.99
Clam) Cd 0.3 0.12 0.17 0.04 23.81 0.09 1.89
N=20 As 12.9 8.82 10.74 1.25 11.61 13 0.83
Hg 0.231 0.022 0.049 0.05 97.76 0.04 1.23

Pb 36.9 17.7 23.98 3.64 15.19 21.1 1.14

FEM T Cr 165 58 78.87 23.96 30.38 68.1 1.16
() cd 0.25 0.1 0.15 0.03 19.97 0.09 1.67
N=20 As 9.21 6.85 8.53 0.61 7.14 13 0.66
Hg 0.084 0.015 0.055 0.02 35.50 0.04 1.38

Pb 412 20.6 24.06 4.36 18.11 21.1 114

WETWX  Cr 72,6 59.4 64.35 3.88 6.03 68.1 0.94
(b1 Cd 0.32 0.12 0.16 0.04 26.15 0.09 1.78
N=20 As 10.5 6.96 8.633 0.91 10.49 13 0.66
Hg 0.18 0.022 0.066 0.04 59.24 0.04 1.65

Pb 38.1 23.4 32.43 353 10.88 21.1 1.54

Rz TR Cr 746 56.3 66.91 457 6.83 68.1 0.98
(Va4 g  Cd 0.25 0.12 0.21 0.03 15.58 0.09 233
N=20 As 13.4 8.93 11.16 1.29 11.51 13 0.86

Hg 0.184 0.034 0.09 0.04 47.40 0.04 2.25
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Fig.2 Bar chart of single factor pollution index grading percentage for industrial area

4.2 HTHESERBITRSMIE
W21 EESR AR HED

As TRMEEAERESERIK, MERENNSEENSES (B 3. Hg uRfE L
e REE, 7 NSRBI Cd GRERE S EiRS, BIAR S BRI 2%,
£ 40-60cm MBS . Cr JURERZE G EERD, BIRG BRI 2N aas, 7
80-100cm AbBE A K. Pb LAt B &R S, TilEEEK.

Bk b, BEEEITEREF CrougR S &R, HUCH Pb. As &K, Cd. Hg & & &K,
Hg. Cd. Pb SCRIERIZ S =M, 7E 40cm DU FFEIREERCK. Pby Cd REFEFE G R, Hh
L AIEASH R 388 S5 1) FH AT 5 OFF 72 B 4. 2005;8X HH K 25.2005) , Hg TG 3R 3R 2 & i mr S5 AR
KA N AIE B 56 (5 /N . 2009; %5 H.1145 2002) . As. Cr TERERESEIL, £ T
SRS, S2HTEAER, RERRTZIRTERS.

T A R e () R X 5 ek e i, T X T AR AR A, HhR TR, TE XS
B (R 4 SR AR Rk 2, IR DUR AL 320t R H 38 5 4 g v el R ™ E (R 5L
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Fig.3 Profile distribution map ( 0-100cm) of heavy metal elements and clay mineral in industrial farmland soil

422 I HESRBERSEL

73R B B 4 SR A BN S A 0%, (H e B R R T e /e R I R IR A7 TS A
LA ML HIEEBI (Kim et al.,2010; Cui et al.,2018). 3 — 75 1 H @ 7E L3 1 ik 2 bl
H AR AR, EA RS (BEEMS. AN S S EHERESS) M
ARES (W KIED, BTFRHEESSHREEE) L. ARMESITB R AR
KESF. WBHER, BAREHESHER MR, HMNPASEEERL. P HEESE
IS /3 A, Ko A SRR I R A B8 25587 #5A BE So [RIk, ARSIl xR E LI H 4
JEBERNT, AELHK TALIX (WD, JTFTALX (GP). B TakX (WA RET =
AR (B 4), BARHT 0-100cm A B4 @ A FIVEE TR A AL .

A 3 A

KA Hg 7E 0-20cm, 20-40cm A1 80-100cm 74 & 1 1 43 Lk, Cd 7E 40-60cm F1 60-80cm
Hortbm T HEESREKESE); BT8R Cd 7E 0-100cm P A RIVRE 1 H 4 b s
0-20cm K2 4r thik Bl 13.52%; fxfREL4E A7 Cd 7E 0-100cm AN FIRFE H 79 bl fe =i
80-100cm VAR IAF] 13.42%; HAGEALAH Pb 4 LLTE 0-80cm T HEHEE B TR, #
80-100cm J& & N Hg i 47 bl die iy, O 39.45%; 58 A HL4E & 45111 Cd 7 0-20cm B 43 bk A 14.45%,
Cr 7E 80-100cm ¥R B 15y » B 7 HLoN 18.67%; JEFHIRZS A4 1) As Al Hg 1 45tk & T Pb, Cd,
Cr, 40-60cm ] Hg ik 25.47%; JRiAEZS ) Cr Al As 7£ 40-60cm Ny 86.36%F1 76.73%. #H /.,
Cd £ 0-20cm WA 170 L feAK, 9 44.75%, Hg 7E 80-100cm 73 EL A, 9 33.76%.

HEPLEF AL Cre As JTCERKREKEE. BTHBAE. BRIRIRE A SIX =MATE T
ARG, H R, RECRIEEREIET, IRy eefa e frE, HRfaE
WEN, Cre As TRRES T EE S, MR B EAEEER /DN, CdikiEs GRESE
REMAETE LV YRR ESEE TIEREE 15 tEIEVN, SHAY TR & IER
HAGRE E, NSRS Cd JLERMEM. BRRESI, HRELEE CREES T EEDBE
AN, mANGE S ERBERGGSNE, RPLIEFESFE ORBNRE, Bl
T (W) A5 KRAETHE. Bitkz 4, Hg. Pb oK BEEBEASHKK, BHMTENE
W, TG R,
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Fig.4 Relative content distribution of speciation of heavy metals at different depths
4.3 B L5 W ARHRHIE
431 RES BRI

X FERATH i s R, RELIEF T MAEAR A, A, A Zhia A
PHZRE RS f s, HUONEIE A G, BTG 7718 66 ~ 44 %, 24 ~14 %,
21 ~ 11 %, “FHIEEDHIN 575 %, 19.3 %. 17.1 %. ZMAMFIZRESER D, Bk
JWHESHNT~1%. 9~2%, FHEESHN 2.4%. 3.7 %.

432 HESHE%
S A TERE S EEAK, 20-40cm AbFE I & & R RGBS (" 3. HHRAE



40-60cm Ab & E i, FKEMERE SRR, 20-40cm 4bFT 60-80cm Ab& i/l . & A B
TREESE N B B PFGES, 16 60-80em AL & &M N, M FIEHuRL . S ARESER D,
fE 20-40cm Ab& s, W FRREE NG =2 RGeS . FRRERESERSE, WT
FRFEK, 40-60cm Ak ARG, KIS R

LARTTMEEEB LR

NSRS T E SR U R NIMOCR, I8 spss24.0 AT 4 A 2
REMFH LR LTSRS TIEESE RN R, 4RIEK 4. 5 As TREH
BEVA K P, RIATE 0.01 KF B R B EIEMICKR, SIEATE 0.01 KF L
SREMHEK, FEWA. @A, FIZHRER TR 5 Hy J6F ik S8 E WA KCE T
Y, PHZHREREE MK, A, FRA. GURARIEMHK, mSaR0MEG 5
Cd JTRIAF WM IR TP, Siea REZEMHE, Fha. @mika. fHZEE
BRI, FRA RIEAHK R 5 Cr n RIA R B E MM SOK T ¥, 15821 0.01
K EREBFEAHRRR, FRAREEMEIKR, SA2EE EHLRR, @R
EMRRR, FEWMARGMEIKR; 5 Pb LR B EMHAHIACERIT Dh, EMA. &
A, FIRRE. AR FMHIEKR, FRARIEHEIKR.

HEBILE As. Cd. Pb 5FFARIEMHRKR, SEdA. GRARFHKR, K
BRI PR SR e R R A SRR AT RE RN, EEJEIGER Cr Ak, 4R
F RIZFRZRIEMR, 5FFARAMERG, EXRE LIRS E TR TIRE T3
SA BRI, S, Slef. RIFRENEE, R LT MEMERINESETE,
B 1 B4 R T ER RS LI R AT .

BAKE, FEUYSESECRMIMEE. As 5FiA. mika. PRGEEE
IEMR, A REEE MK, Hg 5ZFhAa 2 EEEMXK (001 KPP, mika. SGRA
BEfMx. Cd SEMAREZEMK, Ska. giAa2E60aM% (0.01 K. Cr 5mik
FRBEFMX, FRAREEAME (001 KTF). Pb 55 AREEFME (0.01 K
B, mIRA. Zeh BHHK.

HITH F3 LY S SR u R AW R EARR, R\E LY H LR IR
Fi &, FLUTTESEAE ] (Alexander et al.,2016 and 2019; #H#5#%.2017). #] LLFEAK & 4 & 2 5
PEREYIA 2, YD 13 5 4 1r) K R R ) S AR B ST e #, SElE & B Y+
BMEE. As Il Cd uRSSRA R AR K R, RUE LT3R5 T, As 1 Cd /E4¢
AT T HFESHEESBH LSRR, [ As TH W ERGR AL (Caiet
al.2019).

RAF LTS EGFEITRMERME
Table4 The correlation between clay minerals and heavy metal elements

RER L WS EEE T HE AR

(RVESE As Hg Cd Cr Pb
EJ¥e) -0.116 0.307 -0.101 -0.307 -0.118
ikl 0.632* 0.168 0.354 -0.625 0.345
e -0.389 -0.112 -0.168 0.458 -0.153
il F -0.694* 0.004 -0.509 0.56 -0.281

RHIZ R IE -0.247 -0.573 -0.021 0.646* -0.304

FIMF Y5 EL IR e R AH
EQ¥El 0.632* 0.45 0.717** -0.275 0.634*

Epiive) 0.728** 0.278 0.366 -0.684** 0.355



ek 0.567* -0.312 -0.326 0.838** -0.341
sy e) -0.808** 0.24 -0.444 0.33 -0.405
SRR )= 0.065 -0.133 -0.178 -0.009 -0.104

** P<0.01 /K EEEMIG, * P<0.05 KV EEFEMHK,

4.5 TR R E VLU - AR 0 PN B
EHEMAHLIEPF LT WELA . @S A. FRGEE S S 20 L, SR LA
B EN YN Tk, RSB TR SR TR R &R TS iR D

FR P O SZ 56 () 50 Wt 25 4 @ v AN B & 0 B, mT DUSREBCAS ) pH (8 R 3804
W% P B 4 R I AT IR B &, BB (B2 PR58.2005). I E &8 o R 1S K,
EIFERFE R, 54 LRI R (B M5 .2000) . ZTFEIS YR, RE gt
Cd JCERRIGSEY N GE, W IEFR Cd JTTRBEA LB YRR, SN H g
Cd JL R M [ FF R R T3P Cd Ju R 075 LR FE RIS, 3358 o i 5« 5 349 7E-90%
DAL, IR LX) Cd oo R B A RERMNE C 5 A6 ), IR ERL. #—PK
B, 3R L0 0% Cd WP I A A B e R B &, 1A e i IR R &R B AR .

FATALIX R E L3 Cr TR 1975 44 KR N E, P60 38 1) Cr R K%
HIEFNGHRERE, O R4 3R Cr fEREE R S, W% Cr o & B BRI E &
5RNEE S, B FRERG. E2, AW TIERES (WI6 F1 WI12) V5L NIEE, 15
YRR (81%4A11 29.9%), W TH WXt Cr Jm R A 9RE

2 4 H e 1975 Y Y N G E, U 3 Y Hy Je = S B IA BT R,
S 3 Hy Je R I FF R . T3 Hy JeER 075 G fE BERUIG, IR B A e 1 bk
e VSYLEIAE-90%LL |, IS A T YRt He Jo R B BRI E £ S AR

FKELHED Pb TE (129.2%-347.7%) A1 As JTCE TG YLE (20.755%-555.12%) A IE
B, VIR P A TR IR B RE MG, S 3R R % Pb JCERF As JUE
PIERFERAR, Ao Red Lo s RAeRMEEnE, HE 5 ML XERAF =K, Pb
LM As TR EH LR R, Tq N, TRE MR TR SRR L s ek
AN, BHURSE A (B 2 M52.2000; 2k 30 42 25.1997), 38 1) 3 B W20 i 25 0 7 oh,
AR BN EI Y LA AN R BIRE: . AVURMMAERARY Y. A
WA 5 E A BRAE T i A7 . S P AL BRI S, A BRI R, M. BF
TR LR AN LB AN BB R RSB IS RYINThEE, Retis R b e E a5 %
¥J(Otunola et al.,2020; Esmaeili et al.,2019).

A FALR T L3R5 L), LI n YIBRE L A, AR K E R A )
KEENY) IR E A HUR SRRV, XL Wi Rt & Jm A 45 WRER
ER LY. BRI LEE . AYREN AN BRI, E8ENIT®
A S VAR, 87 B ST

4.6 AR RN VA

ERMA 5 A TV IX REER 100 1432 )2 LI FE 5 A0 50 fF/NEZFE Y Cdy As. Pb. Cr.
Hg BFfc s & &, #7806 @R RS TEN .

PR REN] (R 5), Pl M R EE R, JLE (448 <107 @&T
A (235 x10-°) [RFER, HUGZ Pb DM REE . SN BN IEN, 5fEE
R RSB AR 4.37 <1073, JL# 8.44 <10~ /B o/ NN SE, SRR M E A 5.00
x10-7, JLIE 6.24 x10-"; AEBUERIGIEE HQ, Ar-HIgmt, kst Pb (s, JLHE
0.96 KT A 050, {HASH At AR KUK, FUG2 Hg,JLE N 3.10 x10-%, AN
1.62 x 1072 A FCA/NEEFF SRR IR T A BN H IR IO R R I FEBUE KUK . 8

SRS KSR EON JLE 1.02, BERT 1, Sorf NG AR EU AR . /N2 B AR hE XU i
N T 1, AR NG AR XS .



MBI KRR, /N2 3508 KU 8 BOK T 3B B0 R 5 5 (DA RN E R 7R
BAANT), BE RN TUON/NER Cd 8N iR4%, M) L3 S0 XS 550 5.16% 10
-4 F0 6.44 <10~ kB AR BEMT 32 hE KU . B iE U B T Cd imikKF,
SR 2 A IR . PRI Cd B (e Al XU i kR 1 BT LEE IO 32 BRI (1 < 1077).
FrEA, kX PANZE R 3 B 1R RO /NFE Cd 2 5 B B I GV

%5 RAHEFGE TR T EA/NE IR0 R (HQ) FIEUE KK (CR)(FAN-a, JLEN-)

Table 5 Non-carcinogenic and carcinogenic risks of soil and wheat under different exposures (-a for adults and -c
for children)

BSR R 287X ADD-a ADD-c HQ-a HQ-c CR-a CR-c
L 43 3.47 x10°° 6.65 x10°° 2.83 x10™* 5.40 x10~* - -
cd A 2.11 x107*° 3.43%107"° 7.05 <10~ 1.44 x10° 3.17 x107*° 5.15 x10-*°
N WA 1.03 <107 1.29 <107 3.44 x10-° 4.29 x10-° 5.16x10~* 6.44 x10~*
he J 1.69%107° 3.23%10°° 1.37x10° 2.63 <102 6.19%10°° 1.18 x10°°
As A 8.06x107° 1.67 x107° 2.69%10~* 5.57%10° 1.21 <10~ 2.50 x10-°
N WA 9.03 x10°° 1.13 <10~ 3.01x10™* 3.75%10™* 1.35 <10~ 1.69 <10~
L J bk 2.35 x10~° 4.48 x10-° 1.56 x10-° 2.99 x10-° - —
Cr A 3.00 x10-° 4.87 x10°° 2.00 x10-° 3.25 x10°° 1.26 x10-° 2.04 x10-°
N B 1.05 x10~" 1.30 10" 6.97 x10-° 8.69 x10-° 4.39 x10-° 5.48 x10-°
. Bl 201 %10 3.85%10-° 0.50 0.96 - -
Pb R ECONIE| 2.57 x10° 4.18 x10°° 6.43 x10°° 1.04 x10° — —
N A 1.95 x10~" 243 <1077 4.87 x10° 6.07 x10~° - -
s Bk 4.90 x10°° 9.30 x10-° 1.62 x10- 3.10 x10-? — —
Hg TN 6.22 x10°1 1.01 x10°% 1.04 <1077 3.37 <1077 - -
N A 6.88 x10~° 8.57 x10~° 229 x10°° 2.86 x10~° - -
ADD-a/} ADD-c/ HQ TCR
. B 4.37x10°° 8.44%10-3 0.53 1.02 7.57>10-° 1.39%10-°
it N 5.00 x10~" 6.24%10~" 4,07x10"* 5.07<10~* 5.20<10~* 6.5x10~*
it 4.37%10-° 8.39%x10-3 0.53 1.02 5.28x10~* 6.64x10
5 &5

(L M 5 MESENRKERE, THREE KEEEES Cr, WE. T FET) 1)
Hg FIa2eva 4 BBk R 38 ) Cd A Hy & B4 m . B0, AR T T005 Yethln 5
TS YT, ATELEATAT 5 4 R ™ EE T e XU -

(2) HEELSBIRGFESH U L YE e ELBRKRESNE, Rettn. HIEE
&GIRILR SR AT TR, REELS B ORI LM ESR IR ST
W R BEMSCE ., DU, YRR R ES BN EET Y, N ELSE
TR MERLZEAT N T SR .

(3) MAREHEERZIEHF L Yx Cd. Hy [BlFrERE. H2, CrooiAm N 1iE
FESEE T 86 L%t Cr T AR 11, Ph JTGEF As TCE NS Y NIEM, FEEER
Ko X RWF AR 0 Y0 B4R E R, 5 TG B4 S ek S e a8
HHRESESERREGEAEE.

(4) fi e IFA R, T3 AR BoE X FE 2 HQ SAJLIE (1.02) KFMA (0.53),
2% ) L 3 AR B0 RS » A2 /N2 H SE BN A E B0 XU B T o o 3 AT
B IR AR S0 XS, AN 2 xf NI RS0 A . (2, LN AFR A 5 1R 20 U
Fa¥ (TCR) A (5.16x10-"). JL# (6.44 x<10-*) Syt Hiit 2[R EE M (110 . FrL,
5 R PR/ INZEAT S Cd i, B U G F8 RIS Cd bR/ N RN & .
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