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4 J& Pb, Cd. Zn. Cu B FHE 50510 0.094 . 0.055, 26. 81 F4.464 mg-kg™'; /NEFESJE Pb, Cd., Zn, Cu (P&
539912 0.048 . 0.085, 35.37 F15.426 mg-kg~'. @WFFEXFDK | EXRAVNEMFFER GRS, TaRISREE /N E
e, RORANEOR I TSGR BEAR Y, BRI TOKIG AR 24y, /N TERE. OF ERIRITR A H AR IME T £
FISRMRE NS H REN R, 2B, (RIS IRIEY SR & 5 SR 75 R L S £ 42 {@EEFLBA @ﬁF
M-S A AN T R T A R ) T B AR O /=
SRR BHLEG RRIEY TR, MR AR s e / =
HERHES: XI71.5; X820.4  XHKARIRE: A ii?ﬁﬂ; 0250-3301(2017)10-4360-10" DOL: 10. |13227]. hikx. 201704140 &

i o

Heavy Metal Contamlnatlon of Smls aﬂd Crops near a ch Smelter

CHEN Feng' ¢ DONG Ze-qin' ", WAN@ Chef Oheng , WEI Xue-hua' s 'HU Yd! J'ZHANG Li-juan® . r
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-
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Abstract /To levaluafe’ the influence of mlnlflg actiyities’ on hegvy metal contamination”and health risks in a zinc-smelting area in
Gulzfou Pfovince, Pb, Cd#Zn, and Cu in dgrlculture soils and’ dommant crops were monitored and analyzed. A single factor pollution
indexfagd a comprehenswe pollution index were calculated to- assess the quality of soils and crops. Furthermore, the potential ecological
risks of the four heavy metals in soils and crops were evaluated using the potential ecological risk index (RI). The potential health
risks to/adults and children induced by the intake of these heavy metals through consumption of crops were evaluated using the hazard
quotient (HQ). The results showed that;: (DThe farmlands in the zinc-smelting area were contaminated by heavy metals; the most
polluted farm land was corn fields followed by paddy fields and wheat fields. The order of the heavy metal concentrations was Cd > Cu
>7Zn >Pb. The Nemero index of corn fields was higher than the threshold value of heavy pollution and was higher than that of the
paddy and wheat fields. Cd contributed most to the integrated pollution index. @ The very high ecological risk was posed by Cd
followed by Pb, Cu, and Zn. The results of the potential ecological risk assessment showed that 1. 41% of the sites were classified as
low risk, 21. 1% classified as medium risk, 35.2% as high risk, and 42. 3% as extremely high risk. @ The average concentrations of
Pb, Cd, Zn, and Cu in rice were 0. 145, 0. 017, 16.97, and 2. 704 mg-kg ™", respectively. The average concentrations of Pb, Cd,
Zn, and Cu in corn were 0. 094, 0. 055, 26. 81, and 4. 464 mg-kg ™', respectively. The average concentrations of Pb, Cd, Zn, and
Cu in wheat were 0.048, 0.085, 35.37, and 5.426 mg-kg™", respectively. @Rice, corn, and wheat from the study area were
subjected to pollution at different degrees. Among the three crops studied, wheat was polluted most heavily, followed by rice and corn.
Contamination levels of rice and corn were safe, whereas the contamination of wheat reached alarming levels. 3 The daily intake of
individual heavy metals from food was below the standard exposure dose set by the United States Environmental Protection Agency. In
addition, the assessment results for the comprehensive health risk index for the three crops indicate that the contamination of heavy
metals poses health risks to adults and children by food ingestion. (@ Positive correlations were not observed between farmlands and
crops.

Key words:zinc smelting; soil; crops; heavy metals; contamination; ecological risk; health risk

RS EEE: 2017-04-13; f&ITHHA: 2017-04-28
ELTRE . F5E A 25 P TR IF L 01201400042 ) 5 M4 B ARHE R H ([201216014) 5 M AR A4 TH ([2013]2163)
EE® N BRIA(1983 ~ ), 2o, Wi, SR TR, FEMR IR AR R 576, E-mail : wxq983927@ 163. com

* WEVEH , E-mail ; dongzheqin@ 163. com



10

WRISE : B R DXt SR A A T i 3 e R0 B XU 3o

4361

WPk EAH. LT BRGE . RE R
SHE, K BERR S NG B2 T A E TS G
FEHEY . BMAT RIEEE, REANT
TR KA, AEEANAOEEIFRGHI L. H
T RN B HEO KGR K | R ES
L ERCT IR KRR, 858 RIEWEW
FARIGYL, I E SRR T A
JEAER—F e A A S e, —H A L1,
PR A MR KA AE T R IR oAb R,
ML 1 SR 2 R B R AR b, U AR FAE
B RS A E SRS Y E R AR A
YrEw X s G ICGE 4 8 Wik F 2R —, Hitk
] i A 214 RS A e XU

WEFE XA PRV i IX, M Ak 5 48 2l Zkam] |
I, =AM ssm S, E A B, R
WEAETZ A X, 2014 4F0F 57 X 0 F K RS
41770 hm® . /NZ767 020 hm* | EK173 620 hm*, 43
Adi B KR, ANE . ERFE RS 6.10% |
27.0% F122. 5% . BFFE KAV = i 4 5 B 4e
BRI LA, ORI 108k e B A Ut

AR, TS A Sl B

. ATHFES P B (1735 4% | 168 Ak el
S it o K1 210, 7277 1, 7 HOHRTRU138. 64
b’ | AR A TR AR R A K (T
e IUP A AT AR IR, ek SR

SEH T FEROBUR. R, VoK LR

B AR TEE | TR B R e e
(H2 4 1k, %M X A A4 T 2 4 S 35 Y s
IR 8 L A3

STAES | A5 R A SRR V4 T T 4 S 7 2
A T A R 1 e R XL ke 2 3 K 5t
(RGTE. A BFTERI, 18 4 RIS P X
B T4 15 Y (M RE R TS 2 1 2 28 2 T
FHHE G5 YL Ak 2 AR I SR f 3, 24 M P
K EHZESRERNIOK, 55 FBELIRE
PRy B AR X B - N AR A A
VA 2 4 XU, | ASTIFE R FITYS Y BT e
USRI A3 BT AR DX A 284 M W 0 15 otk 1
VAT BE 24 B P (R JXU: , 122 2% R B IX
S 7 i 2 e PR R AR R LA T

1 HESF®

1.1 FEACRESAHE
RYEAR AP 2T, 5 R R B K

R /N | EORHPRCRAE T 2015 ~ 2016 4F, SR A 5
N BETT LV EHA R X Ak 4. AT BT X b
VERE T XHHEF R HEA — 2 R Hh
FEDC, TERHE XN BEAL R 20 10 #R B 2K RAEY
FRRL, IRGHSERAE, B 1 DR, REEEZ
H 500 g5 TERESREAELRAEY Y s [R5 R P 1
T IERE . HORERIAHPRIRE M 23 A NZERPRRE
f 15 A FORRPRIRE S 33 A4, 3t 71 AR AEYIRE
i, (AR AR BRI - SBERE i 71 A DR AR 0
HAAEPIRE L 142 4.

TR AT AT 100 H 5 S R AR A
FH. BRI RV RLAE it 2558 (1) 5 HF
BT AR MR, SRJE LB KR, koK
g3 BET OB R A .
1.2 FEGAHTTE

ABESE B - SR A P G R 2 R R A
SehRifE (GB/T-17141-1997) Fil US £PA 3052 1 43
Rt , SR HNO,-HCI-HF S i R0 s 4k
PEMRF L P T R 2 0 X 298 T 3
(SN/T 0448-20Lk; SN/T 2208- 2008°) , & ]
HNO,-H, 0, B g J g .+ SR 4 75
W T 5 R R S ot (Thermo ) HE
B TR X2 (ICP-MS) Wl . A7
o B A A4 IR 2, 5230 K 0 BT
ok, AT B AL I 7E 109 R it 24 h I
b A R R L AT R KR
YERE PR AT B i OR TR AN BT AR ], R ] i
JLHTE95% ~105% .
1.3 B SIS RN E A B PPN ik
1.3.1  Hih HIERIRANEY S5 R TS e AN

B RN AAE Y 4 )8 T YT I U (R
1) J390) L) F [ (A 398 20 458 7 i A 1) (GB 15618-
1995) ZZhbrifE . (B i 4 B AR IE & hhrhis g
PIERIE) (GB 2762-2012) FICHE (AW, 2K,
B Kl by B B R R, B BESE
JAFICEBRAE) ) (NY 861-2004) g4t , B H 11
R A2 25515 Y8 450%: (Nemero ) | RAEHRH]
PR TG AR B R N 2R 5 TS YR B0 A T ST
,ﬁ[\[S]‘

(1) B s R Ba T a ok, HHEARE.

p o= (1)
=3

Kb, P, oIS o W I A6 8L € R Ts G
Yy WSS & B (mg-kg ™) 3 S, MIS W i TEMY



4362 EZN s

B 38 %

FRUERIIG A (mg-kg ™). BAP 715 YL 45 5O b
VS .

x1 TEMREYHELSEOIRERE /mg kg ™'

Table I ~ Main evaluation criteria of heavy metals
pollution in soils and grains/mg-kg ~!
POE ST Ph € Zn  Cu
LB ORI 2500 0.30°  200° 50

b b b b
+ 300 0.30 250 100
350°  0.60° 300° 100°

BN IR Y 29.3 0.133 82.4 25.7
FER 5 YL B it 0.2 0.2 50 10
FfE® EART I YY) R A 0.2 0.1 50 10
INFZ s YL B 0.2 0.1 50 10

1) RIS R AR UE B “a. b, "7, a NI pH <6.50, b K

H /T 6.50 ~7.50 [, ¢ g+ pH >7. 50 A 4351 5 107 A9 5 B A
5 2) BUNAE H S SUEBRR IR TSGR (17 ] 5 3) RIEMREK, &
KANE T Ph F1 Cd YRR EARIES: IR R 2 K bR i rhis
PeWIBR ) (GB 2762-2012) , Zn il Cu BYBR B AR HES IO (&4
Yy, 2 ) Bkl P BB R WL Bl R BESE A\ FhoT
F M) ) (NY 861-2004 )

(2) WHEB LR T Qeda k. ﬁ% ﬁ#

PL3, + PI;, i
PN= —=—"FF | ¥

ﬁ*lwﬁﬁmi%ﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁ%%
BV A AP, O T 4 R BT T f B
i P14 6 K LT et wwgm
éﬂufrﬁ*ﬁ(ﬁﬁn%@ T
192 ”
MEHURL 2 Hakanson $1H 19 2 25 f6 T8 41
U BT A B R A KR AT TR S T
RO 2022 A S [ RE SR FH UG i R R T AR, %
7 B R AR T 4 R I R SR AT g X -

®3 ELEBEESEERM(E).

hot T AT S R ﬁ_ﬁ’

=

K2 EEEFHEHSRIRE

Table 2 Classification of pollution index of heavy metals

Gl PA IS YRR TSRS LERTSYHER TSRS
1 pP;=1 i PN<0.7 S
2 IsP;<2 Big gL 0.7 <PN<I Al 2
3 2sP;s3 rhiE gy 1 <PN<2 %5 YL
4 P >3 E5 Y 2 <PN<3 s Yy
5 PN >3 ERETA

DU R & a5 e KU A TP I O, AU
F580 R G e R QTS R O g A SR R Y GRS A
BN SR AR IR R A — i, SRBUE e A e E R
B(RD) #7900 M. Heak=Uhk

ZE’ Zﬁx% (3)
K, R SR E S B SRS fEE A
C, HP—JCRIDHE; C, AR—TTRS I, R
B RS SRR N 2 bR rﬁ%l
FMESRITTE WY REG BN ﬁi%ﬁ%ﬁ
FEAEZSEE R Hakanson' "’ ?atHTfLﬁ'ﬁﬂ‘z,Eﬁ
@%ﬁf&ﬁiCdﬁw Zn H1, miﬁ (S
TEIR A A FiﬁﬁuﬂThi%¢§A
Ja¥5 Y %%ﬂﬁﬁs”#ﬁ,mﬁiéﬁmﬁfi
uﬁi%ﬁmnTH&%$§iEm%ﬁﬁWﬁ
ﬁ4A#%f.&mWﬁwﬁﬁmE&ﬁﬁﬂﬁ
Yy M 408 RO IR AE AR S KUK, T RI A R/ &
PRV Qe B RP SERBORE A O, TS B H

REMEBER, RIEAUBOR, B, W RIS AES

JUBSFEA I, BRI 2 D15 e 4 A b 28 R %o
HIATIRRE , A SCHRYE SCHR[ 21 ] i 77 % 5 G
WERRC T AR VR, AL S A 4 B AR A S e E A
BOF PRI ER 3 Js.

BERH(R) SRERESFHXR

Table 3 Relationship between potential ecological risk coefficients ( E') and risk indices(RI) of heavy metals and their pollution degree

E,

RI

XIR19] IR XR[19] R SRR
<40 <30 <150 <50 B A SGEE
40 ~80 30 ~60 150 ~300 50 ~ 100 T A A E

80 ~ 160 60 ~ 120 300 ~ 600 100 ~200 R e
160 ~320 120 ~240 >600 >200 R E NG HE
>320 >240 W 9 R A e

1.3.3 IR AEYHEA B AR XU P4
KGR T (HQ) % e R % X AR AE

OB E IR 4 TS5 524 | s ey 24k
G R (CDD) A 2
C-1-FEF-ED

CDL = “ 5w At (4)

X, CDI W5 2 RARNEY AN T35 A
WO [ mg- (kg-d) '] C AR IRAEY 5 Y
it (mgekg ') 5 A H AR IERIEVEH
i (kg-d™") , B US EPA BN T PSS A 21
JE R S8, B T XM R KR A A
0.42 kg+d ™", EXRBARNO. 15 kg-d™', THEA
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EM0.10 kg-d ™' JLERKEEARE N 0.15 kg-d ™', ARSI & HE ) 435 R - 84. 8% . 100% ., 87.9%

TRFEAEN0.10 kg-d™", mH AR N 0.05
kg-d™'; EF R BEEEMA (d-a™") ; ED Jy % 58 i [R]
(a); BW AR (kg) 5 AT J LA REE (a).
A R AR XU HE 2L (HQ) THE AN
CDI (5)

HQ = RID
b, HQ A EEHE R A5G RID b T 48 42 55 5
Z [ mg- (kg-d) ~']; HQ >1 KWZIG Yl 5]
S AR R R PRI , TG R IXUB 4 50 ) 2 2%
15 Y A RGBS A 5 HO <1 RIIZT5 ey
AT MR .
LT I8 4 V5 e 9 fek KUK 5 %K ( THQ)
AR
THQ = > HQ (6)
Hrf, THQ<1 BN B WA 3 THQ > 1
S0 APt BE P A SR T REME G THQ > 10 2
W77 E A PR e
K (4) () FHABHILE 4.
®4 BEAREMERXITNRDSHME

Table 4 Patameters of the assessmént models

mAsHl Liskm | gokg

—

W S # /8
BW, £ 70 16¥ I/ 25726
ED/a —/F 30 ~10§ | 128
EF/d-4"" = 365 vesf SN sl
ATA 10 950 sgsolf | [is]
e U “ RID,(Pb) =3.50x10 3 [ [27]
RfD/mig_(i(g'd) i RID (Cd) =1.00 x107° “#[28}-“'.‘:'-_-__;
r RID (Cu) =4.00 x 10 -2 [29F
RID (Zn) =3.00 x 10! [30]

1.4 EAEE R
BOPE Ak B 4y BT A AE KR A SPSS 20 Al
SigmaPlot 10. 0 A

2 H#REITE

2.1 Hkib - 4R 5 Y B AR
PSRRI, PR XOKREH . Bk RN
M pH BSFYIE 55K 6. 43 |, 6.83 F16.39, H4bF
TRERPER A, XF e S o8 X Pk b + 38 & 4 R
GETHES A, KR | FOK LA/ NAZ 4 4
J&ICER F Y E A A A T BN 0T
F S, KMHE Pb., Cd. Zn Fl Cu BISFEH1H 23 51
T RAEAY 118, 4.43  1.57 F13.24 1%, AHN H
AT LT LA 4300 165, 2% | 100% | 87. 0%
M87.0% ; EKH Pb, Cd. Zn FI Cu AYFEXI{E S35
ST REI 7,76, 23.5, 3.36 1 4. 14 1%, HH )V Hb

-

F193.9% ; /NEHL Ph, Cd., Zn F Cu FF-H{E 5359
AT REY 1,13, 4.20, 1.36 F12. 87 1%, HH I Hb
R ST A 53 500 66. 7% | 100% | 73.3%
193.3% . XTHE( B3R5 i s AR 1) (GB 15618-
1995) & krifE, /KAEH Pb. Cd. Zn 1 Cu AYF1y
3 AR ME(E Y 0. 11, 1.96 . 0. 52 F10. 83 1,
AENY b B B 25 BT LG5 4300042 0. 00% | 91.3%
4.35% F156.5% ; Tkt Ph, Cd, Zn Fl Cu B
SR Z R Y 0. 76 . 10.4 . 1. 11 F11. 07 %,
AE S AR ST 7 He 53 500 K 2 18.2% | 87. 9%
42. 4% M1 54. 6% 3 /NFHL Pb . Cd., Zn Fl Cu AU F-14
3 2R Y 0. 11, 1. 86, 0.45 F10. 74 %,
AR bR A S BT o L A8 53514 0. 00% | 73.3%
0.00% f133.3% . FE4JE M5 YREHT . 5K
>KAEH > /N2 b, gt B T 4x R T YeRE I Ok
1, Cd > Cu >2Zn > P, 45 5 5 30k [ 24481 1B
LKA 9 oot b

WD 5 5 B E BT 45 R ( i%..-s“‘d;%fﬂ)i K
R, ER A AN d £ 02 5 T 3 4 A
HER 53| Hoo b AR IR AN B 0 R
15, zgﬂeiﬁ-ﬂﬁﬁifé%;rﬁjﬁiﬁ;f&, L ed w35
YLFE % PN fH (14 SR IR e >
2.2 BB HE AR ERIT

WF5E DSt e 2 pH A TR R P B K B
GERW ) IR B R T E AR
PE, TIINR T 48 8 4 J8 15 Y 1 A2 25 KU 7K T
7T X 18 Cd AW 7 AL A5 XU R BE AR i, A
AR5 | 5o 1 RN H 5 1 3 AR 2 XURS: A A S ol o
FESEHY 31.0% | 31.0% | 35.2% M12.82% , 0%
FE R AR . HOE Ph, M R 5%
FG, r SR AR B o A 2 XU B4R s 500 ) o R
OB 2.82% . 1.41% . 4.23% . 2.82% Fl
88.7% , BILARUES NS A3 o 32, HoAth fio 35 72
JERYSAERAT. Cu FT Zn ARSI BLMG, X555
Bl 25 ARG AR A o R B 83, 1% LA 1. 4 F
HEJRBEESEER/MIFHR.Cd >Pb > Cu >
Zn, MHFFE4SE R 5 S0Hk[ 33 ] hXT T2 B A e o
AR H - HE TR 4 )@ A A KU PEAN BT 98 45 SR — 2L

A 6 AN TA] RT RS G ) RF 580 AR s 4
MBI G, B BB S8 1.41% , h
A SR RIAR SR Y A 2 AU 4390 7 21 1% | 35.2%
142, 3% , BLBAWFIE X IRAFAEAS [ AR 19 18 T 4
JE 15 G A
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x5 HHITESSENSEKEREATLIEHSIT /mg k™!
Table 5 Concentrations of heavy metals in soils and the Nemero index/mg-kg ™'
EEEAE
bi SiHE PN {H
it A Pb Cd Zn Cu f
F/IME 13.03 0.155 65.29 18.28 0.20
- SN 66.51 1.423 238.1 212.8 3.63
IKHE
7. b
(pH 5.23 ~7.26) FHIME 34.46 0.589 129.2 83.32 1.97
i 31.79 0.553 135.3 91.38 2.02
brifE 2 12.92 0.303 46.42 50.82
Ie/MAE 22.87 0.274 64.57 15.24 5.01
" SN[ 1999 9.38 1395 365.6 22.46
(pH 4.98 ~8.28) F ’JE 227.4 3.121 276.5 106.5 9.57
A 55.18 1.235 166.5 79.54 5.41
brifE2z 429.1 5.486 286. 1 88.13
F/IME 22.27 0.234 60. 86 22.67 0.15
IO 63.50 1.515 191.8 239.1 3.50
bz FHME 33.18 0.559 112.0 73.67 1.79
(pH 4.35 ~8.28) :
{E 30.88 0.427 92.95 53.58 1.76
b2z 10.56 0.370 42.90 58.33 1.76
x6 ARAESKERANESHEHERZBNEIE % ‘|
Table 6  Percentages of sites at different risk levels in the total sample sites/% o
- . _ A A TR
WiH P TR bR BEERE =t v —
BiraE rhaEfEE (e E | REmAE B SR
Ph 5 _88.7 2.82 '4.23 LY L4 . 82 /
g cd 30 " L0.00 2.82 35.27 31.0 41,0 &
' A 7 1/ 9. & _4 2.82 Fa & W a4 0..00"
o Sl 5 Yy i 4 14.1 ¢ 470.00 0.00"
. RI F a1 o W AL AT 21.1 /3502 42.3 ;o=
.l ¥ ¥ o ] T
i ] ' f“ -4 . '

4
ey

2.3~ @%’éi‘d/ﬁ%qﬂﬁ E/ﬁﬁ%ﬂﬁi%/ﬂ
f%“%%{nﬁ?E%#i&iﬁ%Lﬂé%EﬁTﬂ%\r

*Hﬂiﬂﬁ;;ﬁﬁ e /AME . BoRME ., SF3E EPME%?
WL 7 AT, e XRE R KR E 48 Ph, Cd,

bﬁMﬁ%%ﬂ@%ﬁ%ﬁamiaonJam
f12.704 mg-kg™'; FARHPEEJE Pb, Cd, Zn, Cu
B35 A B 45 R 0. 094 . 0.055 ., 26. 81 Fl1 4. 464

43514 0.048 1 0.085 35.37 #15.689 mg'llg !
TEREOK L R OR /N g 1 R R, RO
Cu, 1M Pb, Cd & HEAEAFREY) I —&
Pb TELAEY i T35 5 B AR B/ MK - Rk >
FoK >/NE; Cd, Zn A Cu KR R/NGE > K >
FEOK. I 22 F T 45 ok B (P <0.05),
FEKH Ph (& JKOF 3w T/ A, Fokh Pb &

mg-kg ' INETESE)E Pb, Cd, Zn, Cu WFEIE AP SRORF/NEY TR FEME2Z R /NEdcd
%7 BRRAEREIFHESBOSEKT /mg-kg'
Table 7 Concentrations of heavy metals in grains from the study area/mg-kg ™'
RAEY TR /ME SCON] FHE {2 R ZE  ERARE%  WERU%
Pb 0.048 0. 485 0. 145 0. 101 0.118 81.4 1.29
ok Cd 0. 005 0. 046 0.017 0.014 0.011 63.8 3.36
Zn 12.93 24.13 16.97 16. 81 2.910 17.1 14.5
Cu 1. 171 4.324 2.704 2. 647 0. 826 30.5 4.71
Pb 0. 000 0. 699 0. 094 0.035 0.174 185 2.84
Tk Cd 0.003 0.588 0. 055 0. 020 0.111 203 8.55
Zn 10. 59 100. 9 26. 81 21.74 18. 81 70. 1 15.3
Cu 1.269 34.24 4. 464 2.495 6. 506 146 6.35
Pb 0. 000 0.372 0.048 0.017 0. 092 190 0.16
N Cd 0.032 0.253 0. 085 0.057 0.059 70.0 18.0
Zn 21.32 45.35 35.37 37.03 5.815 16. 4 35.4
Cu 3.364 7.172 5.426 5. 689 1.121 20.7 10.9
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& KO B TRK, Bk ed kTS
FERANEZ Y TC 0 B Mk 22 5% ok Zn & KF
BEETIERMNE, EXF Zn FHAKERER
TNz 5 REK . EORFI/NE Y Cu & i Z [ 30
ITE T

A5 S ZBORT DLW T Bl X R B R
B, AR5 RBOO, FRIHIREE 2 A I S5 ik i
. BRRBUNT 10% F5ES, 7£10% ~30% 2

(Bl h AR B R T 30% hamAs . NE T h
a[E M, BFREIX R kS Pb, Cd, Cu. E K Pb,

Cd, Cu, Zn, /N Ph Al Cd 19748 5+ RBKF
30% , FRAESR:; FEKT Zn, /ANAE T Cu Bl Zn 1972
%AﬁﬂfM%Nw%zm,ﬁ*éﬁa T

L, ARWFIE XA AR AEY 4 R &m0 A 1] 4y
ﬁﬁﬁﬁz HE BRI Z AN AT Pesgmge Kk, nr

B 1 AR R TG S A K

5 A HA AR LI 5 X S R v i B 4
JE i (2 8) ML, A5 X S AE oK i i P Cd
ERATTF I K B BN | SRR AT R
FAE YRR XA Al L ARG K R PR Cd A9 7

BRI CRR A Zn Frik, BRI Cu S I T 11|
AT B SO A AR XRDR T Cu B i,
FT53 — SO SR X ABFSE B K R g
FHEAET M, WA M BITA X
Fedis i3 oK v Ph (& 5, Cd &R R T o
B BRPEAE X Al JE Ok od i o AR
FOUE RSN R0 X, Zn &85 F 00114 A
BRI X K All 7 Rk Zn 19 A, Cu Bk
BT DU | BT | MK Rl R ok
th Cu i, SBRTEE SR T fll 3 K e g
Cu FRFFF; DY Ph SRR T DU )14 H i B
ARG TP | AEAETT X RIS N, Cd &%
KR TRRPGE RO | 0 H A AR AT R B IX
INE AR DU H e BRI R F TN,
R A I/NE Cd SRR, Zn SRS T )
AR BT R R AE T8 XN, Cu iy T
AR T e P (L IR PP S S A
% | ARTFIT R IEE G /N2 | IO T
BRI AN ZE D o BT A T@,iﬁ
IR ﬁ%%*ié@ﬁiﬁ%ﬁﬁUﬂnﬁ

m#¢MZn ’ﬁ?@ﬂéﬁ@% BB S ST E AT ‘
%8 IW@*HnEﬁﬁiﬁWWE@EM@§m¢m@@ “;‘ -

I Table 8  Conc enlr‘!n(m of heavy metals in grains from dlfferenl regions/ mg- kg~ p
CECE Bk st e Ph ;o o Cu Sk
P14 H i L = HEX i ,ka 2.69 0.29 2042 3.73 [24F
M A g | Y e )N 736 0.46 % 2823 22.87 (5]
5&41-{45; | HREE X ] J g A o143 0.71 61.91 ° 1.81 [34]
i o o AR 4 B 0.277 0. 025 [35]
i 2 SRl X K 0. 85 0.18 [36]
P K B IX Tk 0.16 0.01 [37]
PG48 RS T NEvo I bl EP/N 0. 006 2 0.9146 [38]
piglke) HYEED X 5/ 6.56 0.49 37.72 1.18 [34]
P R B IX N 0.36 0.30 22.19 3.55 [24]
Stk AT Al JH R Tk 0. 129 0.036 17.45 4.74 [39]
piN:] Al iR INFZ 0. 137 0. 082 [35]
B PG 45 1 v T vy bl INFZ 0.017 1 0.904 1 [38]
A HEE HBE X INE 5.51 0.58 54.05 5.74 [24]
R T T THHEX INFZ 0.57 0.63 10. 12 [40]
R AT WX INFE 33.10 ND 77.06 3.16 [41]
2.4 HERVEVWESE S LR L RBTNIT R FoK > REK > /N, BB K

MR T AL, FARESRITREE RN
HIUFE N Zn > Cu > Cd > Pb, EKFI/NZE B4 2%
KNI K Zn > Cd > Cu > Pb, i 4 FhiE 4
JBICET, In RASGTERAK , EKRF/NE HE 5,
I Pb AT & 5, Wiee M THHAS & EIER
YEYIRARES , iR SC 5 4 Ph AEXT 8. AR
KAEYRR —E LR RN E LRI RE, Pb &

B4 Pb WEE ) LR KO, ﬁﬁ*l%di%%%
%Pb W2 is 5 a1 N IF R 4518 — 2 (2], ; Cd, Zn
ﬁm;%%ﬁkdmmﬁﬁﬁdi>£*>m
K, BEH/NEE S EAE Cd, Zn Fl Cu, HKEE XK.
2.5 WHREYESIRNTE YT
Mk 9 Frw, T RENITA KA T,
Pb. Cd, Zn, Cu 4 FE & EITR M REER
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AR PR UERRAE , 4> AL R Ph & B ABRAR, HERR
H17.4% , Cd, Zn FI Cu YA S AR, HbRR
¥R o, EXFEAT, Pb, Cd, Zn, Cu L4 R4
JRICE MV & B AR R o R, HE 53 s
) Pb, Cd. Zn, Cu & &8 br, &b %5 50 H
12.1% . 12.1% . 6.06% . 6.06% ; /N #E 7
Pb, Cd, Zn, Cu#t4 FiEEETEN V& EIAR
FEIE AR ERRAE, (HE 2 A5 6289 Ph Al Cd 7 Bl AR,
HFRFRIT I 6. 67% F133.3% , Zn Fl Cu HIT%A
PIAERR , HARRIIN 0. 28575 Y38 BOTM 1 25 1
TR, NREIRIEWNTILEE 15 Y A8 5N
WA /NZE > REK > Bk, W98 KRB KR A K5 e
GRI RGN A TR

CGREGETRE . HeR B
PRASERAR AT, IR XA ERAEY) w15 G
FERE R /INAE fe dE, REOKORI K 75 e B EAR . I
SR AT RE R T 5 4 B R ORAE R R S AR
BEOR, YRR EGR, ESR AR
BCALHERAR > 25t > ppac, 25 Wl 4w 1% i
R EYI IR 20% ~40% , B KKFSE WA
B/ SR 36 1 X T AR X KRS T 4
J& AT R S A S R AR, )R P A1 Cd 1
RER B S AR T AR . ZEAT AR 5 HLK I A4
Pl TRZUESRIEEROUR, LIRAEEKER
FAF T D A EE PR B, G R A AR AR,
X KRR A S I i/ 2

R BEKEVMESEARFSRIEBMGESTLRIEH

Table 9 Single factor pollution index and comprehensive pollution index of heavy metals in grains

TG YR BRI AR R/ %

LA YIREL

RAEY Ph cd Cu Ny e T

ISHAEEC MR SRR EERR SRR MR TSRURM. EERE ' =/ §
LR 0.727 17.4 0.085 0.00 ~0.339 0.00 0.270 0. 00 0.572 =
Xk 0.471 12.1 0.545  12.1 | 400536 6. 06 0.446/ " 6.06 0.523 /e
hE 0.242 6.67  0.847 333 0.707 0.00 0.543 4 0.00_ | | 0.847 %’%aﬁé

2.6 BRRIEPRAGEHARIH | 5 =
ﬁi%*iéﬁﬂﬁﬁKW%ﬁ%%@ﬁﬁg%
{ARPT R SR R AN ] 2 R S, R e

IR EORTR AR R T 0 i

it B plo™ TS, ABHFTERIRA K (4)
() i 3 LTSS, I T s

UL 573 5 AR A B A T & R By COFTR
HQ A THQ fif, 1445 503 10, % Tl AFIL
HORUL, ANE4LE Pb, Cd, Zn, Cu B HE A&
(CDI #8%0) YT EPA 5% ZEEH & (RD) (£
4), DU 4 A X A U R . A
4 U SR BT 28 R, AT 5T IX 480
BHAANEYIN L 2 P77 KU

F10 SRASEREVNESEENERBERXKE

Table 10 Intake and health risk of heavy metals by consumed grains

CDI/mg- (kg-d) ! HQ
R LN — L LN JLE
Pb 0.003 0. 002 0.757 0.539
cd 0. 000 0. 000 0.165 0.110
Zn 0.102 0. 062 0.338 0.208
Cu 0.016 0.010 0. 406 0.251
THQ 1. 666 1.107

2.7 BRI SR AR
PRA PRI TR S A RN R nl B o

R IR R B TR Ml L, i+
ST G % B S (R T £ 5 L I B
%%ﬁmﬁgpw%%gﬁkmm%%%;ﬂmw
AT A P TR DA S P R RN 7 4 T 4 R B /0
5h e E IR R, TS LD &
SRR A RS B HEHIE . A K B oY
FH kR EAR SRS LHOh RS R
WA | A A . B RE I A 4k
BFFE P T KR KRR T - ST 4 T o B T/ N b
() - T 4 T i, /N 1 SR R T A K
RIE KT, B, 45T R84 m e, &
AU e 0 T 4 S A e, 36 % 4 1
RABAEB ST/, W B E SR A RS
ot H I ) TR EE | T LA S L A R R
Jo/N, P HEAT A A SO, A BT AU T
i M T L0 T 4 V5 e VTR

R HHMIESESESHAENEDESES=MXESF

Table 11 Correlations of heavy metals in soils and

heavy metals in crops

o AW 45 )
tREEN Pb Cd Zn Cu
Ph -0.081 -0.035 -0.041 -0.082
Cd -0.084 0. 146 0. 002 -0.043
Zn -0.095 0. 005 -0.026 —-0.086
Cu -0.002 0. 164 0. 105 0. 146
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3 HZig

ﬁiﬁﬁ%ﬂ%%ﬁ@@%
P T X SR A

TGYLRBL, HFM T f miﬁﬂ&ﬂ@%ﬂm
RN, L1730 E 48 AR R AT
Cd y5 4%
5, HA BN TE Gy
K )5 Y
L —
AR, EEHEESRTS
AU
Gigry i

By,

B X g BT 51X
Kﬁ%i%%%
, UK
ﬁ%ﬂ@%x@ﬁ%?%%%ﬁ%
FEJE N /INA e, R
FEFEAH 2 B HIZ XA A5
F4JE P, Cd, Zn, Cu Kb A A HE 1 LB
Gk N L 1 47 A e P
Mt - e G S S A AR A T 'R A
i 6] TG A O
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