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

[Objective] With the purpose of evaluating health risk of heavy metals in the typical Oats Production Region of Bashang area in
Zhangjiakou, oats fields in Zhangbei County were selected as the research site, and atmospheric dry and wet depositions,
groundwater samples, topsoils and oats point-to-point samples were systematically collected to determine health risk of heavy
metals. [Methods] Health risk assessment mode were used to evaluate non-carcinogenic and carcinogenic risks of topsoils, air
depositions and groundwater samples, single target hazard quotient (THQ) and comprehensive target hazard quotient (TTHQ) were
used to assess the health risk of heavy metals in oats to human health. [Results] The result showed that carcinogenic element Cr, and
non-carcinogenic elements Pb and Cu in the groundwater of study area pose health risks, with Pb being the major factor contributing
to the health risk of heavy metals in groundwater. There was no non-carcinogenic health risk of heavy metals found in the
atmosphere. Among the carcinogenic elements, Cr, As and Ni posed certain carcinogenic risk. There was no carcinogenic or non-
carcinogenic risk of heavy metals in the soil samples of the study area; Cu, Zn and Ni in some oats seed samples exhibited health
risks to both adults and children, with mean values of THQ for children being higher than 1, and THQ and TTHQ risk values were
both higher in children than adults. [Conclusions] Through the comprehensive health risk assessment of heavy metals in typical oats
production region of Bashang area in Zhangjiakou, it was found that heavy metals in this area pose relatively little health risks to

humans, but attention needs to be paid to their impact on children’s health, and some heavy metals need to be monitored for risk.

Key words: heavy metal; oats; seed; ground water; geochemistry; health risk assessment; Zhangbei County; Hebei Province;
environmental geological survey engineering

Highlights: (1) The study systematically evaluated the human health risks of heavy metal elements in typical crops and their root
soil, atmosphere and groundwater. (2) The study evaluated the health risk of heavy metal elements in the research area, and
determined the health risk elements with their impact.
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1 5 7 Fo, Hrge it VRS i 4, 4 R 3 5 45y 2 B

LA, RATTRERON e R X I 4R
BRI, I HLA2 I B A 2 & # (Cai and
Li, 2022; XIHE4E, 2022) o HUHEFHLIX K E RS
Yo, K G g o, AR OO W R A, nti s
Jil 20 11X+ 8 4 JE R R 9 3R W, 4 TR
i 3t AT ) J7 AR R S8 (1 58 3 55
2021), IR ¥ A B A B R 4 10 i fey i, X AE SR
4t 18 WA I3 2o £ e S P A AR (Feng et all.,
2019; 5K E A5, 2020) o BROKSICFES, H T KA
AR b DX ARl IR AR 7K A E 2R IR, b
G B IT R Wl RO E R Ty AR RS,
TR S BRI R, 5 0 AR 7 it 2 A N A AR
JCHE LR, 5 & XM fd 5 7] 25 ( Zhang and
Gao, 2015; Drobnik et al., 2018; Liu et al., 2018a;
Yang et al., 2018; Mahmood et al., 2019) .

¢ ]2 M ARG b, AU AR WO, 38 mT
AHTR K RAEERSGE, W PF . gk H 8 A S
AR AN, IR, ™ 8 fEF g
( Amin and Ahmad, 2015; Wang and Chen, 2015;
Abbas et al., 2016) . ITAFERK, F N IMEH FEA ] X
BRI F AR SR RUR R PR B S T A 4 T g
XoF N A fe B 1) JRURS: Jre FE9F9E (Hong et al., 2018; 174
4¥,2020; Yang et al., 2020; Tan et al., 2021) .

BEE 2022 4R 0 504 2 Wiz 2 i 28 I8, 1
SRR I Z — B 5K 5 1 b DX R TR TR AT Y &
JEBAHL, (AT X2 X B AR S IR B 4 T B i A
3K (Liu et al., 2018b; Wang et al., 2022) . i/ dt47 ik
X b X TR E b 7 B ) A A HE S X, S
X LR A SRR, de e E A S SR E 2 X
Z—(Sun et al., 2016; Shan et al., 2019; 4 #8 He 55,
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2020) . RS T HBIX 1A A PR O 28 1A it 5 A A
AU T, (R, DU ST 0 E B — PR (Y5
PEM RS TR, B = ST RIS X () R 2 IR T 4
J& 15 YL W) 25 A T 98 FEE B XU 2F 4 (Liang et al.,
2015; XIHBSE, 2018; HIFEARGSE, 2019; ZAEHESF, 2022) .
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N B A KU 2R 1PN, B X RZ AR 4
BTG YLBG « AR S R S TN 4
HERA A B

2 W IX AR

AWEFE XA AL kAL B, NSt S R r 2
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HTRKERTE 7.8 H, KRFEE=Z, kB FWk
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Fig.1 Geographic Map of the sampling sites of samples
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REE R A, R AR 43 B 4SO e 1 SR AR AR T B
pH SEFEEAHE AR . b KRR 5 25 1 A URE R
o ISR H: pH (E/NT 2, I T 42 208 At
W, T 4 °C A7

K BRSO R IR IR, 8 B A% 40 cm,
1524 200 em A9 PR 20 SRR AR S RKADTRE IR
. R 10% HCIERIZ I 24 h, F4lidK
PepZ T . A TR B LT 5~12 m A=
&, TR TCREAR . sS55I . A ik
B B, DU ICAR G SCHE YR & 10
cm, I 1AM A 2~4 L 4l K R 6« UGk
TERR DT AR I Je e W =8 55, By 13 sh sl ik A .
BB CRERT ] R 2020 4F 4 A 29 H % 2021 4E 5 A
4 Ho FREE RIS RS DTRERT R, JFXT F
oD IS LN &7 > B R B OR Twe i > A B W R
PRBRIFXS W WA T BURE 4T, % B DT ) 2
EEMIRH T o0 T FRE AT

1k Az 1 AWK IS, S5 B AF ) ST 50 1)
He, PR CREHL” SRR Z AR AT R AR )
FAE 5~10 M, FAFRIESIA N 14> 500~1000 g
RAHM . MR DRSNS A S RIRY)
FE T SR SRR, DUk 1 MR
KT 1.5 kg WIRGHES . SRARRY AR S A [ 52
552 {ARIT, B 8, SiBR E LAY 24
WEFE S TR RE AR L, AR . SRR AR &, R
FEL I B 9 T K A R AT 2, ISl R SR A=
A, PR RN WO R 3 0, B2 4R il
2mm(10 H)FLEE A 1k

TR ANEY) | M T K ARSI S E R
b 55 S 560 3K AT b A b S 56 0 3 0 S
95 2 HEA T SR, I R A A T S =
Jo A PR, SR I & MRS 0 LR SR A L
T AL . A ERE ) S5 T B, AR S b i .
FR T B 2R FH RE=AlgC=|lgC—1gC, K6 56, A 55 i 4
F F RD(%)=100-|C,—C,|//(C,+C,) #: %, Hirr, C, Ky
S E i C NAREYI B 5 C) WA SEE AR
Al i i C, MRS E A i, ST
# RE < 5%, RD < 10%, 1R KT 90%, 455143
B B0HE ¥ 45 G (M T i b sk Ak 22 AN B )
(DZ/T0295-2016) A1 {1 A ER AL 2= AN BE & 43 AT
FARZR ) (DD2005-3) i i EEK, I kg v

K FH LB B 45 B R T (ICP-MS) | R+

WG (AFS) , FEE £ TR FBhn. HEiar
Prigbate HBRanE% 1 fis .

3.2 WM AE

3.2.1 B FRE LB BRI

X FF 5 X b T 7K B 4 Ja 0 2K AT e R Y fit
JRERURSE , A= SCFI] A 3% [ [ AR (USEPA ) 1986 4F
P H0 A A At B IXURS AN BB X A TP o K
KiBHRNARRE T KT ES B TREFENTT
3, BRI AR SC FE BHEF i 2 TROK i 42 1T o] BE 20
Hi R 7K B 4 JE oo R E R XS T SR PE M (Muhammad
etal.,2011),

HR A T A= 20 40 (WHO) R a8 14 ] B 8 i
FEHLAY (TARC) JE T b2 Joouh AN 280 M ek i
XTSI ) BURPERORHE th I BUR TS 4025, 1
TEAN BT 53O0 AR B0 T 4 P 8 5 08 4
JBIEM AR (IR, 2021), —F @ ntokigiz S
AR KU AR BE A (1) AT (2) 154

Rf — 1_exp(_DiQi) ( 1 )
L
. D;x10° (2)
77 Rl

L, R RISERBURE SR § R0 &
B8 j A UOKERE A W AT B B X AR, $07
ats DA D; oy AR B 4w AR 0
&8 j AUORIEARR ™ Az 0 B AR E Y H 34 5 57 7
i, AN me/kg-d); ¢, WEBUBE & | £1U00KE
e A I BUE R B R 5L, As (1.5), Cd (6.1), Cr (41),
NN mg/(kg d); Ryp; RnIEBUR E &R j 200K
AR AR g XU B 8K, Cu (5%107°), Pb (1.4
107), Zn (3x107"), Ni (2x107%), Hg (3x107%), i N
mg/(kg-d); L T N7, BUE A 70 a.

Hr, D, 1 D, A AXIT:

R 1 TR A ERKEHR

Table 1 Analysis methods and detection limits

S HTIH N5 i R /(mg/kg)
As A1 1% (HG-AFS) 0.23
cd R & 55 B T T 1A (ICP-MS) 0.01
Cr R BRI & S5 B T R (ICP-MS) 0.13
Cu PR A5 55 B8 T VA (ICP-MS) 1.00
Hg S-EF RSk i (HG-AFS) 0.05
Ni R B & S5 B R (ICP-MS) 0.05
Pb PR A 55 B8 T VA (ICP-MS) 0.05
Zn B & S5 B T R (ICP-MS) 4.00
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WP i
Dy; = Z/J (3)

K, R A HARK B — AR A 2.2
L/d, p AREE LB ICEK i 9B IR, H00 N
mg/L; A RN, SR AIER 70 kg (XM, 2023 ).

TR b T 7K v 8 4 s JT 2 1 AROK IR AR T E %
F4) it R DK, T 13 e B XU B (R ), B0
& IEGEMEUEREE(R) SE8uERE SRS R
{aRR RSB (R,) Z A, THEA XA T

O T B RURS: S 0 T A fe R,
B i 5 B 3 2= 51 2 (International Commission on
Radiological Protection, ICRP) %5 H fit) iz K 1] 4257 XL
R 7KF-oh 5x107° a™'s 26 [ E B4 Jm 45 i) |
FRA 1x10*a™,
322 KRAMEE L Bt R0

KAVIREY 2 3 Fhasm it AR £&F
PRI | VIR A B AR 28 B JER B 4 fb vk
AR, A AR I i 4 A5 B0 XU ) It
SR N R AR S (CTINAE, 2021) o ARBESEH
f 8 Tl <5 J 4 FLAT HE B0 KBS, As, Cr, Ni Fl Cd
IX 4 FhE 4 Jm T 3 d B B0 MBS (Li and Ji, 2017;
Wang et al., 2018) o ASAIF57 R H % 5 KU DY 452 780
WFFE NARAE R ER B i o P A ] S 350 B 1
et (ADD,,,,) . 20 XUS: (CR) AR S0 KU (HID
(Caietal., 2019), HARTE AR

C; xIR;,;, X EFXED

ADD,, = ( 5 )
PEFXBW x AT

K. ADD,, REELELEWA T FEHMH
Y% % (Chai et al,, 2015), mg/(kg-d), C, UK HE 4
JEILE M, mg/ke; HARASHGE L IUE WL 2
(LIRS, 2021) 4

FUEES)R As. Cd, Cr F1 Ni Y552 H A
A AT

LADDinh =

C><EF><ED><
AT@;@XPEF
(6)

{ Il{inhchilv:l X EDchild IRinhadult X EDadult }

chhj]d Bwadull

P LADD,,, AU T AR i J] 303 4 0 1l
WAL H V- 28 5, mg/(kg-d); C LR ERJFIT
RN Ea, mg/kg; IR, i Al IR aduit 3R ILE

R ECRBENRRZSH

Table 2 Parameters of health risk assessment of soil heavy

metals
SRR 5 RASE JLESEM B4
FHEA N
- IR, 14.5 75 m¥/d
B d S P
SA 5373.99 2848.01 cm
KA
FRE M RE AF 0.07 0.2 mg/(cm?-d)
As 0.03; Cd0.001;
Cr0.001; Cu 0.06;

’ ! — T B 4K
RIS IR F ABS Hg 0.05: Ni 0.001; =N
Pb 0.006; Zn 0.02;

MR IR A
. PEF 1.36x10° 1.36x10° mk
e T &
TR EF 350 350 d/a
FERER ED 24 6 a
FHAE BW 61.8 19.2 kg
. HUE 27740 B 27740
N7 i) 5 [ =4 sHE AT o -
ala TEROI2s  AFEUREO12S

FRLA B A ED 0 A1 ED g 239403 JLZE AN
BN 2 SR BW 00 A1 BW g 20 L AN
BN E B AR S0 ORI W3k 2383k
IH%E,2021).

TEERRE IXURS: T AR 2 4 R T 2R BRI B0
AU A E S0 XU (Li and Ji, 2017), Hat & AR

0 U

HI=ZHQ,.=Z{%} (7)

2, HI A 3R Bom KU 78 %50, HQ R AEBuE
AR RID SRRV & B AR R R RTENS%
FIEAE, mg/(kg-d); i 52X R E 48, KDL
R 110 % 583 2 F PR A S 3, IRtk ADD K53
ADD;;

CR = Z Risk; = Z{LADD X SF}; (8)

A, CR B XU H8 44, SF b 300 MU
Fil; LADD SRS AEACE H P2 EE i, mg/(kg-d);
i T BHT AR ABURRIRE RS EE, BAR
7 8T T A A I JER A2 fioh 36 R A e A B S B
g AR s Risk S ARSI XU, @ 25 2600 1Y) E
&g, HRSHE LUE I 3R IRAE, 2021)
3.2.3 1B F 4B BRI TFH

At R XU PPA it A fdt B 5 PR 855 75 e A
SR, 5 B PR IR T e ik Al R 1) £, 55 [
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Table 3 Reference dose and carcinogenic slope factor of heavy metals in the different exposed ways
TR 2% BRD/(mg/(kg-d)) B R R K FSF /((kg-d)/mg)
LOMA A PRI R IR (JLED) SN Rk BTN
As 3.0x107*  3.0x107* 3.52x10°° 5.86x107° 1.5 1.5 43x107 (188 /15.1 CRAD
Cd 1.0x107°  2.5x107° 2.35x10°° 3.91x107° 6.1 6.1 6.30 (K=
Cr 3.0x10°  7.5x10°° 2.35%10°° 3.91x10°° — — 42 (KA
Cu 4.0x107  4.0x107 4.0x107? 4.0x107? — — —
Hg 3.0x10*  2.1x10° 7.04x10°° 1.27x10°° — — —
Ni 2.0x107%  8.0x10* 2.11x10°° 3.52x107 - - 0.84 (K5
Pb 3.5x10°  5.3x10°* 8.21x10°° 1.37x10°* — — —
Zn 3.0x107"  3.0x10" 3.0x10™ 3.0x107 — — —

FE Z IR (USEPA ) % A At B XU P 45 50
IV T SRR A B DA 4 (Li et al., 2018)
+ e s Ye i B Bk R R T ARE TR, 38

FLFE HIR R R AR (R A | B I fioh 38 |

WA SRR ) I a] 4 B R i A (WA Z 402 0k
HRZENTRELIENIBE R RAENER
K HFELERET YY), )42 88 R4 Y
MELLUE BEVEAN, ORI IE R IR AL

TEIG YY) HiE R wAT, TR RN
FLEER . BB A R AFIIE IR R A 3 FhigAe it A
AR, X A A2 B 114 XU W] 3y 0 ARG 1l s
RS P2 o T ] o i ok IS, 3P40 A 25 6 975 B0
N Saa i B R IE | Kt ey A d i i S i AR
.

HAETTEAREER TR =, A ARX
.
C; x1IR;,, X EF XED

DI, = 1076
CDI,, WX AT x 10 (9)
C;xSA X AFx ABS XxEF x ED
CDL.., = — x107° (10)
BW x AT
XIR,;, Xx EFxED
cpr,, = & X IRim XEFXED g (11)

PEF x BW x AT
. CDIL,,,. CDI,,, Fl CDL,, /5K E 4R
ZETHEA | B BRI 5 AR A - 0 ) S 30
H ¥ 28 5, mg/kg-d(REEAE, 2014); HASHE X
KB L 2.
e A EM A

HI = Z CDIing + CDIdenn CDIiuh ( 12 )
B RfDing CDIderm RfDinh
THI= Y HI, (13)

ke A KA W

CR = CDI,,, X SFy, + CDlge X SFyerm + CDLyy X SFyy,
(14)

TCR = Z CR,

= HI Al THI 28R K8 48 2 7 i AR AR S
9a ARS8 B0Rn i B0 XU 48 4 CR F TCR %R
ST 4 R M B0 XS 8 B0 S B0 KUK HE 48 SF ol
HIEAPR I F; RID A RB RN SH i, S
AR EREE R A A ) CRE 15 FH b - 89835 Y XU P A A
S 000 ) (HI25.3-2019) H B XU 2F A5 78 2 B0 15
{8, BRSO BUE WL 3.
3.2.4 3K Z AT E 2B A BTN

A i BRE XURS: DA 2 3 T 3R Z IR B i T 4
JE S T RPN, AT B A R AE AR
WAz , R IR 256 B AR fa R i % (TTHQ) Fil
— HFR Gk BT (THQ) #EATIEMY, LATS Y ) 2% 55 57
5 22 0 FAE Ok R AE AR BUE KU K, A
THQ 5 TTHQ {E/NT 1, W7 AT i J5E XSS sl ik
JHE XU 354, 5 THQ 5 TTHQ {E K T 1, M FeHiZ%
15 Yok NARAT — 58 A At S XU, 0, XU
o AKX

EFXED X C,,; XIR,
RfD x BW x AT

(15)

THQ = x 1073 (16)

TTHQ = Y THQ (17)

K C, RRIEEN L HEEE & a5 IR, N
W2 1) H G 2R, BUE A 375 % 10° mg/d () Al
289.61x10° mg/d( JLFE ) ; EF B 365; ED H 70 a; AT
h V-2 2 g2 A, B ED x 3655 RFD B4 A&
1, HA S50 BB L3 2 F13k 3,
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4 #ER55HS

4.1 HTKEEBEERXE TN

TF 5 DX b T 7K 4% 5 4 im0 R 0 ft B XU {8 22
SR (K 2), B4R As Fl Cr &M0kigizs|iE
Bt R XU 23 591 R 2.02x1077~4.31x107° a™' Hl 3.50%
107°~5.64x107 a!, SHEA BN 1.07x10 0 a™! F1 1.46%
10° a7, XU 454 Cr > As. As IUBEIME T 4525
PRUERIXUSIAEL, Cr AYIAMERE L T Fm AR s 4 Y
e R A2 RS (1x107° a™"), AR 26 [ [ % 30
B s g R EBR(1x10a™) .

ELRB T AR, DU SRR )5 (1x107° ™)
JAURS: EBR A B, 50.00% AR S R Cr (A B 1 6 XL
FofE T 1x107° a™', BrAFESL T As UM RRAT IS X
SEIIMCT 1107 a ™',

X FAEEUE E 48 Cu, Ni, Pb il Zn, 00K
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Fig.2 Boxplot of health risk of heavy metals in groundwater of
study area
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Fig.3 Health risk exceed srtandard rate of heavy metals in groundwater

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


http://geochina.cgs.gov.cn

ESIEE 1Y

EATHAE b A TR T E ORI 7 X i SR TT SR A KU

271

W6 b BR A AL, FAT RS P AT Cu fRERRE A 6 XU 1
IR TF 1x107° a™', 23.08% MURES B Ni 648 B fG Fe:
KEGAE R T 1x107° a™' 16.67% FIRE S Zn Y il
JRAGIS XS H = T 1107 a™' o

F 5T X TG R i B b T 7K FE 4 s e B DR
AR 2.20x107°~2.27x 107, BI{H K 4.94x1074,
PR T B S PR R e 45 R A e R mT 4 22 AU
DIEISIEP 73 X AN S E R NN Sl o P s f <6
6 NHEABICE T, K E H & EAKIK R Pb, Cu,
Ni, Cr. Zn 1 As, H:H Pb By sk R e K (& 4), F
¥4 59.55%, HUK A Cu, 3R 23.82%. X i B
WFFE X M T 7K P A9 & 548 g, 24 A > b
7K EE 4 i A B AU 9 PRI 3R, DA DX L o 75
SCATHN Pb A3 f A I (] 9 55, 2022), BF9E X HE TR
JKFE S Pb 4R B AR T RS SIS S A K, 1%
DX IR A b 7K R 7K e 40 15 | 7 v B T A

As0.16%

1.42% Zn: Cr2.12%

Ni 12.93%

MAs WCr WCu " Ni WPb ®WZn

P 4 BIF5EXCH T 7K 4 i i R XU, B DTk
Fig.4 Contribution rate of total health risk of heavy metals in
groundwater in study area

4.2 KSR R KU 4

R KAV E 4R B IR E R IR
A S5 4, 25 R R X R ARILE, 8 Flii 4
JEAEBUEE 4R H YR EREHT N Zn > Cr>
Ni > Cu > Pb > As > Cd > Hg; Ui # 4 J& " & 15
2 HAP YRR T A Cr>Ni > As > Cd.

3 5 RIFGE XN ] A8 19 R AT AR Al R IR
TR R, 8 Rl 4 )@ Tt TR AL E R HIH
FB/NTF 1, X UL BRI XA R TR R B0
e B0 M A R AR o LB AN A A B0 XU+
BOHIHEF 8 Cr > As > Pb, fie fi% 1Y 9 Fh 55 42 @
Cd > Zn; 4 Fh B 5 4 8 1Y B0 AU 8 BCHE T 4
Cr>As>Ni>Cd, Hr1, Cr, As Fil Ni JTTEM CR >
1074, F74E — 7 U AU, Cd TTER I 10° < CR <
1074, S AT DAEAZ I IE 5 B AR B0 KUK
4.3 TEESERBBREXEITEMN
4.3.1 3 3B R

- 1 i 4 i Al B0 £ R KU AR A Y H 2 R X
FrEM s R 6 s, T E 4R IREYIE
28 1 HAEER AR T34 H R 5 i i T 28 B ik 4 ik
W W2 A BT 35 H R B8 i 3 PPN [l AR AR B0
V-3 H # % it 2RF S ADD,, > ADD,,,,, >
ADD,,, N[RIE 4 JE 3 s V-4 H 5 A & i s 2
A Zn > Pb > Ni > Hg > Cu> Cr > Cd > As,

i L EE SR LE A — R H 28R
NP H R E SRS R TR JEB0E R
B PFE 25 A& 5 FrR, [l —Je 2N A 2 17 iR 1R
T A B A FREXUS: 15 B R B HQ,, > HQ o >
HQ,,,, YA L T HE AR 38T 4R A 8o KU 1Y 3
BLIR TR, AN [A) 2 5 i 450 1 HE S0 6 FE XURS: A7 1

R4 ARXRSTIBRESEILESHARENE

Table 4 Children and adults exposure doses of study area in bulk air depositions

TR IR/ (mg/(kg-d)) As Cd Cr Cu Hg Ni Pb Zn
A 1.60x107° 8.24x107"  221x10®*  545x107°  7.77x107"%  551x10°  596x10°  2.46x10°*
ADDinh =z —~10 —11 -9 -9 —12 -9 -9 -8
JLE  6.67x10 3.43x10 9.20x10 2.27x10 3.23x10 2.30x10 2.48x10 1.02x10
LADD,,, 1.79x107° 9.21x107° 2.47x107* — — 6.17x107° — —
x5 HRRKRKNEESEERERXEIEE
Table 5 Health risk index of heavy metals in study area
BiH  #ERE(mg(kgd) As cd Cr Cu Hg Ni Pb Zn
M 323x107"  6.64x107°  594x107"  1.65x107  3.73x107  1.39x107%  1.36x107"  3.31x10°°
HI LRUEEUN B -2 -3 -2 -3 -3 -3 -2 —4
JLE  4.28%10 8.80x10 7.87%x10 2.18x10 4.94x10 1.84%10 1.80x10 4.38x10
CR 1.08x107°  2.32x107°  4.15x1072 — — 2.07x107* - -
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Table 6 Non-carcinogenic average daily exposure doses for soil heavy metal (mg/(kg-d))
oy B JLE
ADD;;,, ADD;;,, ADD;.pr, ADD, ADD;,,, ADD;;,, ADDy.rp, ADD 4
As 2.62x107° 1.52x107° 4.63x107° 3.09%107° 1.01x107° 1.07x107° 1.14x107° 1.12x107°
Cd 3.32x1077 1.92x107" 1.95x10°* 3.52x1077 1.27x1077 1.36x107" 4.79x107° 1.32x1077
Cr 1.36x107* 7.87x107° 7.99x1077 1.37x10™* 5.21x107° 5.56x107° 1.96x1077 5.23x107°
Cu 4.51x10°° 2.61x107° 1.59x10°° 6.10x107° 1.73x10°° 1.84x107° 3.90x10°° 2.12x107°
Hg 7.09%107 4.10x107" 2.08x10°" 9.18x10°" 2.72x10°" 2.90x107"2 5.11x107° 3.23x10°®
Ni 5.85x10°° 3.38x107° 3.44x1077 5.88x107° 2.24x10°° 2.39x107° 8.43x10°* 2.25%x10°°
Pb 7.53x107° 4.36%107° 2.66x107 7.80x10°° 2.89x10°° 3.08x107° 6.51x1077 2.95x10°°
Zn 1.42x107* 8.20x107° 1.67x10°° 1.58x107* 5.43x107° 5.79%x107° 4.09x10°° 5.84x107°
ADD 4.83x107* 2.80x107® 4.10x107° 5.24x10™* 1.85x107* 1.97x107® 1.01x10°° 1.95x107*
7n [/JJ:O
100 Pb = IS AN
| Ni 4.3.2 3 AE R RN
% — e T HHATER T As. Cd DASMHAD 6 FlvdE 48 1%
[ — u N e
- __lcr A BUERPR AT, AT T L8 As FI Cd 2
= L1 Cd o i i )
% ool N BEPEMEURRKG . S AREOR R KRR R
= = > = F= L P
= i DRV D 45 SR A ), B30 24 H Bk ity e 2141
o N )
2 ol I 5 ADD,, > ADD,, > ADD,,, -1 7 4: & 1
KA NG 1 R iR A 2 i AU 48 B
20F (CR) ) EZ TR 7
5 S0 HE ARG SR 4 25 %, R
0 A L 0 KU HE 2 (E (CR ) Z3 A 7E 3.90x10°° F1 2.30%

K5 RONHDLEE -3 8w HQ BTkRe
Fig.5 HQ contribution rate for soil heavy metals of adults and
children

Z5,

To 2 LE IR SR BN, #5500+ 8 4 e A E 3L
I WU 8 B YE /N 1, R 4 8 RS0 K
K5 H = 2K As > Cr > Zn > Pb > Ni > Cu > Hg >
Cd, R WLIFFY X 45 BTG+ 398 o 4 i b A AR B o
FEEAR SRR .

BN A B0 fa e XS 48 28 HQ, 4 /T T 0.051~
0.1456, EXME K 0.0837, HQ, ., ¥I/NT 1, FHAHF5E
X PN 8 8 Fif B 4 e N I B0 i R XU
BN, AT A WA

JUFE 5 4 J A S0 fa e KU 5 88 HQyy /T
0.1510~0.4412, -3 {E N 0.2492, JL 2 14 JF 3508 K
SR B R TN, AT AR BRRAE, JLE
AN B A G PR V5 Y ) B S o

NSO KU 18 20 HQ ~F- I fE A 1l LB X
WHEESE P FEEAEEE N T4 As. Cr, Zn,
Pb, 4 PJtE HQ AN S AEBUm M54 HQ 1 96%

107, FE(ER 1.19%1077, BFFEIX 43 1HFEAS CR,, 1H
AT EEZ I 107°~107%, TR A S0 A
B U0 B s 0 S KU R, JLEE CRy, 1H
IMARAE 1.02x107°~2.93x 107, -3 K 1.76x1075; K
i CRy g (AL T 10701074, HIERBA LR IL#E
B URBOR At 5 1 5 35 KRS 5 ), b 45 BRI 7 4
J& As. Cd JLZE 50 AR 76 B #E v #2322 i FL
{BPE R TR, B, Sk BT X 435
4RSS R A B0 SR AT 52, (B R
JLEE R
4.4 HEFLESEBEREITEMN

KB — HArfeE B E(THQ) 5454 Birnfe
FRIEL(TTHQ) XHFFY X A A2 F br T 42 7 1 il AT
gt e KU PEAN A 7, %7 THQ 5 TTHQ fH K T 1,
W) 2% B2 05 G of AAARA — 2 i fa B XURS: o BF 5T X
A B4k 22 #FSERE i Bl Cd. Hg 1 Pb £E BT IL
Y THQ i/ 1, #7E 0.1 LA ; Cr FE AN
JLER THQ /NF 1, B{E 4350 0.12 F1 0.30, X Ui
AR ST X A 22 A7 H Cd, Cr, Hg F1 Pb 4 )& & &
XN LEE 5 T8 N AR g 5 XU s As, Cu T Zn 1
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Table 7 Harm quotient of single and comprehensive target of Oats in study area
TiH JLER NHE & KAH /ME YA >1/5E
As E&U\ 0.87 0.08 0.27 0
JLE 2.16 0.20 0.68 18.60%
cd A 0.06 0.01 0.03 0
JLE 0.16 0.03 0.07 0
2N 0.12 0.12 0.12 0
Cr =
JLE 0.30 0.30 0.30 0
Cu Eii\ 0.86 0.29 0.55 0
ARG RH (THQ) }[‘_‘E 2.13 0.72 1.36 90.70%
He Eki\ 0.04 0.02 0.03 0
JLE 0.10 0.05 0.07 0
Ni A 2.12 0.26 0.61 11.63%
JLFE 5.27 0.65 1.51 67.44%
- N 0.17 0.03 0.07 0
JLE 0.43 0.09 0.18 0
70 A 0.63 0.24 0.42 0
JLEE 1.57 0.60 1.03 58.14%
N _ " A 424 1.12 1.90 100%
R HREERFEH (TTHQ JLE 10.54 2.77 472 100%

M THQ #/hF 1, JLEH THQ > 1 i b/ 5k
18.60%. 90.70% A1 58.14%, 7 4354 0.20~2.16 .
0.72~2.13 F1 0.63~1.57; Ni JLE7EM A THQ ¥{H
INT 1 BTERITE 0.26~2.12, KT 1 5 R 11.63%,
EJLER) THQ HE KT 1, JuHTE 0.65~5.27, KT
1195 N 67.44%, X AT — 5 1A 4t B JRURS: , %oF
JLEE A EERRE KU K .

MG Binfak FEckE, A FLER TTHQ
YA 5350 1.90 F1 4.72, i Bl 43 7E 1.12~4.24 Fl
2.77~10.24, TTHQ KT 1 5 LR 100%.

XoJ 4 A K S ) B 4 R o fl R XU TP 245
FW, TR EHFI Y As, Cu Al Zn XF L EEA —
AR XU, TS 43 ik 22 7 S T A N AN L
B 14t R XU B, % BN AL A — i A e 5 AU
AHLET As. Cu Fl Zn, iU 5™ 8, THQ > 1 fif
A7 BB R R . X BT 4 JE ) THQ A1 TTHQ i
5, A EELER & TN, B EE SRS
Yu, L H R Ni. As. Cu Ml Zn JC & X JL 5 oY) fat 5l
AU

5 45 i

(DB DX T 7K 0 XU Cr JCE i R
HlbRAE, AEBUEITE T Pb Al Cu B e K T2 K
W fE, Pb JUER i il T /K H 4 J A FE XU ) 5
PR 2R s RACUTIE v o  Ja AN A 7 Al 20 (B AU

Cr. As Fl Ni JCEFAAE— & B A

(2) W5 DX Ak A2 AR 72 4 8 o 4 Ja 6F A AR R AS
o B A AE B KU, A [F) 2 4 T 3 B0 KU
= 2K A As > Cr > Zn > Pb > Ni > Cu > Hg > Cd;
JLEE B AR BUE WS Fe B R TN, JLE L
BT IR 15 G 0 ) B T e

(3)BIFE DX A 22 K 55 TR R 20 R o6 AR —
)i XU, B4 I B — H AR e B4 (THQ) 5
24 B EERE(TTHQ) Y& JLE R T .
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