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B o 25 R GZiA ) R A 438 Cd \ Hg Zn P Al Cu S W 1975 e 5 E 4R M 4 RUARSE S VS ko . 64 LKA
B2 3 Cd P 5 YL, 3247 i Cd AR 4390 100% .69% Fl1 16% , Ph B FR 3R 551 4 100% .46% F1 13%. FUR 64 T K
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Assessment of heavy metal pollution and risk of farmland soil and agricultural products around a smelter in
Liaoning

DOU Xue-1i'?, LI Bo', CUI Jie-hua', LI Guo—chen'", WANG Yan—hong""

(1.Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: This study assessed the characteristics of heavy metal (Cd and Pb) pollution of farmland soil and agricultural products at
distances of 1~15 km to the north of a typical smelter in Liaoning. The sources of heavy metal (Cd and Pb) pollution of agricultural
products were explored. The results are as follows. According to the horizontal distribution of heavy metals in soil, the farmland soil around
the smelter was significantly polluted and enriched with Cd, Hg, Zn, Pb, and Cu. The over—the—standard rates of Cd and Pb pollution of the
edible parts of agricultural products were 100% and 100% for peanut, 69% and 46% for corn, and 16% and 13% for vegetables,
respectively. We recommend to reduce the cultivation of peanuts, corn, and pakchoi and appropriately increase the cultivation of Chinese

cabbage and radish. The horizontal distribution of heavy metals in soil showed that Cd and Pb content decreased with increasing distance
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from the smelter. Agricultural products with high heavy metal content were grown in fields near the smelter. The enrichment coefficients

(BCF) and transport coefficients (TF) indicated that peanut showed a stronger enrichment capacity of soil Cd than of soil Pb but Pb was

more easily transported to corn grains. Cd and Pb content of different organs of agricultural products varied between soil addition and leaf

spraying tests. Cd in peanut grains was mainly derived from soil, while Pb in corn grains was mainly derived atmospheric sedimentation.

Based on the exposure risk index (HQv), people in this region were found to be at a certain health risk due to Cd and Pb intake through

peanut, Cd intake through pakchoi, and Pb intake through corn.

Keywords : smelter; agricultural products; heavy metals; pollution; source apportionment; health risk
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1952—1998 4, & 7 5 T Ak Ak 1) FE 4= = i # op
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5.60 tea [ B HE A L HLIT S B0 K T Y 4 4
FIRE) 2 B AN [ RE BE A5 U o B 7 SR T 2 S
BRMEER ) IR T 1937 48, i3 8 hm?, 4F 7%
3.3x10° t B A B, 38 77 A2 Cu Zn Ph Fl Cd 4R
JB S e R AL SR JC 4y R HE R =R (%
HEZMELE) . VR ERaE) RR H 57
FE ) E ) E A T e ) e

M DX Y Kl 2 RS DU 2R L BR A
ZRIEA TR AR L RUATPE A6 R, B 22 %A 7 A< g KR RS
R AR 2 8 5 R 14.3~15.1 °C 4R - B AR <
9 2.3~4.0 °C, HF- B R /K i R 560~630 mm; B 5% X
A H 38 4 + A (B8R RIEW EZ DAL
A CEORFER SN B KRR B SRR K HE IR,
TGN T 5 5% 2% ) F T /K 8, JE 5 /K e . e
B AR L 2R 750 kg -hm ™,
1.2 HmEE

FH T IR R AR T RN R TR e, VY T DU R XA
F A A /N AISE R ) |, ARl T b 32 BEAE TR IX
. 2018429 A 19—20 H7EMA ) 1 km LASMRIR
77 RR A X (120.878~120.938°F, 40.729~40.858°N,
1) SR B2 BT A 28 AUAR ™ i, SR AR A i SOk vz FY
FJZ 1 (0~20 em) BE &L 73 %, Horb KBRS 31 %),
FEARERL 143, BESEREA 28 XF (/N FIZR 6 X R 3K 16
XT BN 6XT) o SRAE R L,
1.3 A E
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Figure 1 Distribution of sampling points around a northern smelter

i, pH 3 & pH ;1 0.149 mm 5 , 5 A 484
A7 AR A S A SR AR T, R R S K TR
3R, A AR A R EORAE SRR RS UL T, J 5 F R A
PUB R, e A B BFASFFIS S 5% SR i (M3 43 )
UEARE TR 2K o, FHATREDLIS 54T 0E A B
BHASAE T VKRR, L ERE SR 7 SR T 38R
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Cd.Cu . Ni.Pb Fl Zn (% 75 5t o F Ho J8oRl & 55 25 1405
TEAL (ICP-MS) I 5E , As Tl Hg F)-& 105 R T2 6t
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YE - IFERE S GSS—14 F1 GSS—16 PEA 743, 4 7= i
FE S 8 R FE bR SR i GSB—11 F1 GSB-26 i#£47
Jo e A 0 A R 4 E R AR UE D (GB 5009—
2016) AR , IR A2 (U FEEA oK)
HEEJE S LU T B i, R (s 8 b g
) B4R S AR T . B Al sk Ak
PR FH Excel 2010, AR$E LR AP B AR A8 b5«

¥R E 4 R A (BCF) =Ff i 5 4 & 7 b/ A
o T 4 J 1 i

FERLFE 12 2280 (TF) =¥ 5 42 8 5 /25 A
HEeE
1.4 il
1.4.1 AR

kT 0 A A Y EE AR A R AR
WA AR | BRI — 25 I R Ak 5

R TR ZE AR A TS e X A R TS Y B
AT LG, BEE A AL T 5 s Y X - S A AR Y
HIURAE I H AT i e 4 @5 g . e
A3 A T 4G 7 X, R 0~40 em 3, KRR
AR AT RS, 1 1 emx 1 emii; H3EpH Ry 7.4,
CAd&HEM0.111 mg-kg'c CA{54¥ R CdCL-2.5H,0,
HEAAEAE A 22, L7525 O FLA% 28 em L /51 38 cm
HIFEZEL, St Ry SRR

TR AR 4 A Pk BB R T M L, Ol 0~
40 em 3, LR B A S, AT LIRS, 14 1 emx1
em i ; + 4% pH 24 6.0, Pb % 4 21.24 mg- kg . Pb
15 LW M Ph(OAc), - 3H,0, ik Tk b E4E 13 5,
PEIR 2548 B A% 28 em 15 38 em fE 7L, ok $E R}
KM
1.4.2 53T

(1) -5 Cd 5 - B A AT 12 12.5 kg, A
1.5 mg- kg™ CdCL - 2.5H,0 ¥ W, TR 2T, K- 30 d., 1
BUR/IN—E0 A6 A= Fh 7 10 KB RD , RO R ITF 2 Frin
FHHE P RABIS M 3k, 3K . 5 BT ISR
AL , H ok B\ A RO B A PR A 4R,
HN+K>16% A HLE=16% , A K i Cd.

(2) 5 hm Ph a5 - 442 BE 438 0m Pb ¥R & 15 6 -4k
HKF-, 4309014 0.20.100,200.300 ., 500 mg- kg™, F4
KVEINEE  BERNT £ 6 kg, HAE Ph Uk T
Pb (0Ac), - 3H,0 My I A it , ¢ KT £ . Pb(OAc). -
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3H0 F120 g EAMEIRST . SR AE K E1EH,
i R S A TR

(3) - Tt Ph 50565 « Fie B IBE G 19 Ph ¥ 152 6 4>
REFEAKSE L 40512 0.10.30.50 100,200 mg- L™, FE4
KVINEE AN T 6 kg 76 F KK HIZ
T 2 A0, 55 d T B4 9:00 X it 200 mLAS
646 i Pb(OAc),+ 3H,0 7 , L5t 13 7K,

2 #R5W®R

2.1 B ABRALIESESESEIHT

BT R A A HE pH S (E K 6.4, A8 S R KUK
11.0%, 5 4 @ & BARAE WL 1. 754 -3 Hg.
Cd.Zn.Pb.Cu.As.Cr I Ni {08 5 51k 3795 5
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H XA I T R iR ) R LR R A2
FFEE M Cd V5 Y, F V> E I T R ZIR T ik
A M+ 3 F %52 Cd . Hg . Zn A1 Cu (75 Ye 45 e — %0
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177.0% .62.6% .59.4% .57.3% F156.8% , i 5 Fh i 4>
JRAE T B R R, Z N TR . T
A PG Bl LA A X B KT Bl i b X
SIS Y B AZIR R I S

+HERE S Cd S VL A 0~20 mg-kg ', Pb 5 &7
Fil 4 22.5~160.8 mg-kg ™', A 3 {7 L EAE 5L 19 Ph % F 2
i, HI B R ) B .
22 BT BiARETESEETEITFM
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(GB 15618—2018 ) H {14 4 FH Hhy - 38 5 G JRUS: i 1% {1

R S, SR FH BRI 15 e g8 BOR I M 2 25 B 15 Y A
BOEE R JE Ak A 4 @ V5 YR, AH G2
Rk 2,

Cd H BRI Y A8 B Y (P) S 4.9, R E TS
YerKF i 5 X 2R AR I 5 R WA R L 15 km
YU I PN 38 Cd Dl 3B 5 YLK P25 SR — 350 Hg Al Zn 1)
BTG AR BT A 5 5 2.4 T 1.3, S R EETS YeR
BRSPS FROT R 1975 JA8 EOUIRF 1.0,
WA BB Ko SRR AR RS RS YRR 1Y
A Al AL, Cd | He F1 Zn T 15 2 5 51 4 58.9%
21.9% F12.7% , Cu 2 £ 15 4 34 6.8%; Pb . As . Cr FlI
Ni J& Vi 1t BB K o LA T5 AR B (Ps)
3.6, F W] e RO 5 RE TS YKo o B U S B
YR LI X -8R vh BT YKo 6 HE Y A AR
Ui WA 9T IX - S8 00 T AE AT AN DB 2 31 o 4 Ja i g .
X1 28 A8 15 V0 S0 BiE 9 SR FH 9 BB 5 8 A
#E) (GB 15618—1995) , AW 5 K I 1 58 BA 45 ot 1
A FH b A= 55875 G RS B P bR i (i1 7)) (GB 15618—
2018) o PHAHRUE EL#, He B XU 0 126 (B M 0.3 mg -
kg 1T 1.8 mg-kg™", Ni il XU i BE (M 40 mg - kg™
BT R 70 mg-kg ™", Pb A XU T 16 (M 250 mg - kg™ &
17090 mg-kg™', Cd . As . Cu. Cr F Zn [ XU 5 16 {H 1%
H 734K, 4 % 4 0.3.40, 50, 150 mg - kg™ 1200 mg -
ke FLESHTAL PSR E R Cd B (AR AS Ak, i B
ZHLIX Cd KA T 8BTS YK
23 AEABRFRESE S ST

AE AR FPRL 4 R O B (L T B ) AR 43 01 DL
3 MK 2a, AEAEFE S Cd 3 F Y0 Bl 1.381~2.138
mg - kg, Pb % 12y [l 4 1.723~8.724 mg- kg™, Cd.Pb
SRR AR S A A AER R MR . B4 Cd L Pb
S R TS B ) (GB 2762—2017)
B, LR AR 2 R 100%., FE42 Pb, As . Cu Fl Cr
(78 S 2R B Y0 Bl N 25.99%~47.0%, J& T & A

F1AKT AAKBLIEE SRS REHE

Table 1 Characteristics of heavy metal pollution in farmland around smelter

T H Ttems Cd Pb As Hg Cr Ni Cu Zn
(i Mean value/(mg-kg™) 4.9 88.4 11.7 2.4 55.8 252 54 402.2
AR 5 Z B0 Variable coefficient/% 62.6 59.4 48.7 177.0 10.5 12.7 57.3 56.8
1T T4 15 5418 Background value of Liaoning Province/(mg-kg™) 0.108 21.1 8.8 0.04 57.9 25.6 19.8 63.5
YIE /5 5 {5 Mean value/Background value 45.4 4.2 1.3 65.2 1.0 1.0 2.7 6.3
AP A 5 R AL I 1 (H (GB 15618—2018) 0.3 90 40 1.8 150 70 50 200
Screening value of soil pollution risk of agricultural land/(mg-kg™)
HFR# The over—standard rate/% 100 32.8 0 28.1 0 0 45.3 84.4
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(20%<CV<50%)™!, BLEH AT BBz 2N M) 2B 16 sh i)
T,

T KRR A R i (BT B )RR 43 01 DL
F AR 2b, T OKFE S Cd 7 & 75 Bl 0.003~0.204
mg - kg™, Pb % {6 4 0.002~7.250 mg- kg™, R 2
ANFES IO P S B AR, HL 2 NRE S A AR R )
BiFIE . £ OK Pb V34 50 £ GB 2762—2017 fR &
{H, Cd . Pb AR 2K 5 5 4 69.2% F1 46.2% . £ K Cd.,
Pb.Cr.Ni Hg i725 5 ZE KT 50% , J@ T3 i 745 5
(CV>50%) 5 As Fl Cu #9728 5 5 5043 3y 38.1% Fil
21.9%, J& T 2528 S BB KRR T 43 R 1
b s A N I | U BA S ) T e R

B oK T AR O i R 8 0 i) R AE 43 501 DL 3% 5
FE 2c. B AR o Cd & fEEH 4 0.015~0.636 mg -
kg™, Pb 5% B YL 0.009~0.320 mg - kg™, 3 ANFE i )

Cd &5 2 F1 2 ANFE 0 Ph 3 B i, 31X S AR S R
BT BT, LGB 2762—2017 FREHE MR e,
3 Cd Ph #FRE> MM 15.6% F113.1% , Hodr /N 3%
AR 518 30.3% F119.1% , K AR RS N A
B, BEEI/INAISE S 4 Cd P INBE ST R T R ASEFI &
N X5 BN R X/ IS Cd  Ph 5 YL FE K
FREAZME NOUFTRLE S —8, RATHT IS
R, DR AEERSZ B, RNz — 28 M
HRZERAEY) , B3 e i s 4 Jm™ . AeA e
NG SR SCEREHL R, i A4 Cd L Ph bR 8 ™ 8, SRR
SEACE S SR E P S A SRS Cd Y
FELLER

B AR R A5 AT AL, B ORI I 3805 e g
M BB R AR A L KRNI SE GE RN
RIS SR

R2 BIUSHEH(P) M AT AT REH (PO XA £ (0-20 cm) EE B FHRRRHITMN

Table 2 Pollution status of s0il(0~20 ¢cm) heavy metals around a smelter in the north assessed by the pollution index methods

FE 258X Sample numbers/}~

Eléfms P P<0.7% 4 0.7<P.<1 %3 1<P<22RE G Y 2<P<3PIETGYE P>3 TG Euj
Security Guard Mild contamination ~ Middle level contamination Serious contamination
Cd 4.9 7 2 6 15 43 73
Ph 0.3 66 7 0 0 0 73
As 0.3 64 9 0 0 0 73
Cu 0.5 62 4 5 0 0 73
Hg 2.4 53 1 2 1 16 73
Cr 0.2 73 0 0 0 0 73
Ni 0.4 73 0 0 0 0 73
Zn 1.3 14 15 33 9 2 73
P 3.6 9 0 17 11 36 73
R3 BEMFNESREAERFE(=14)
Table 3 Characteristics of heavy metal contents in peanut seeds(n=14)
5 H Ttems Cd Pb As Cr Ni Cu Zn
{1 Mean value/(mg-kg™) 1.723 5.023 1.270 1.243 6.635 15.626 66.004
A5 5t Z KU Variable coefficient/% 18.7 47.0 40.9 41.4 96.5 25.9 17.6
FRAEE (GB 2762—2017) Limited value/(mg-kg™) 0.5 0.2 — — — — —
FHFR K The over—standard rate/% 100 100 — — — — —
R4 EXMFHESESERFME=31)
Table 4 Characteristics of heavy metal contents in corn kernels(n=31)
il H Ttems Cd Ph As Hg Cr Ni Cu Zn
{11 Mean value/(mg-kg™) 0.076  2.462 0.016 0.003 0.165 0.532 1.897 31.965
A5 5 Z 8 Variable coefficient/% 745 1019 38.1 56.6 116.1 55.6 21.9 16.7
FRA(E (GB 2762—2017) Limited value/(mg-kg™) 0.1 0.2 0.5 0.02 1 — — —
#FR K The over—standard rate/% 69.2 462 0 0 — — —
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Figure 2 Characteristics of Cd and Pb contents in peanut, corn and vegetables
x5 BREEEAERHE(n=28)
Table 5 Characteristics of heavy metal contents of vegetables (n=28)
i H Ttems Cd Pb Hg Cr Ni Cu Zn
J{f Mean value/(mg-kg™) 0.110 0.084 0.003 0.051 0.043 0.342 9.511
AR SE ZEL Variable coefficient/% 115.8 97.6 153.8 85.8 119.5 74.6 95.0
PR E Limited value/(mg-kg™) 0.2 0.3 0.01 0.5 — — —
#FR# The over—standard rate/% 15.6 13.1 1.4 0 — — —
2.4 KK AL TR & Cd . PhRIESH HE A LR TR R I, BE R MR BE RS Y

FR AR R AT, F64E AR ORI Cd  Ph AR R 5
Fo PRI, FRATTHE— 2530 3 s 57 BURE A A N AR AR AL
AR 25 G 1 HORR G IR IE 4B A A F oK Cd
Ph I fe I8 S HAF RS B A
2.4.1 13 Cd . Pb & A S i RAE

13 Cd P FHIKF A RE LK 3. B4R

B, 5 Cd . Ph & i Y BRI, AN HY, AR

JUHE B 5 e AR i R R

B BB, 1~15 km (4 FH - 498 K AIAR 9 ¢ 7™ it 34

ZF| Cd PhisHL,

2.4.2 Cd.PbTEAEAE K K E 5 R 558 R
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Figure 3 Horizontal distributions of Cd and Pb in soil
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Table 6 The seed BCF and TF of different agricultural products

WA RHBCF I8 REUTE

Kicdh R o -
Agricultural Heavy S5 FHiE BSliAa| FHfE
Average Average
products  metal Range 8 Range g
value °© value
B Cd 0.001~0.039 0.113b  0.001~0.025  0.011c¢
Corn Pb 0~0.051 0.022¢ 0~0.424 0.151b
s Cd 0.294~0.982 0.657a  0.093~0.441 0.254h
Peanut Pb 0.019~0.250 0.104b  0.561~5.028  2.374a

VE [ A AN [l - B R Ab B ) 22 53 W 25 (P<0.05)
Note: Different letters in the same column indicated significant
difference among treatments ( P<0.05).

&R B E KT Ph(P<0.05) , B AE A bk & 4
158 Cd BE J1 R T Phs EoRFFRL Ph 1Y & 45 R 5 %
/NF CA(P<0.05) , 2 B F K FFRL & 4 11 Pb 19 fE
T Cdo fEAAFRL Cd W% 32 R B % /N T Ph(P<
0.05) , & Pb Lt Cd B 75 5 B ZE M [mpFERL % 2 5 BOK
FERL Cd %12 800 /T Ph(P<0.05) , & W Pb [b
Cd B 255 t 25 PR %2 .
2.4.3 Ry E Cd Pb 2 A FFAE

FEWNAARI (LRI Cd 1.5 mg-kg!) W, 1E
A ARE Cd & MRS >ZE> 7> Hr R (B 4) , Ui
Y Cd il AR RS B 25 I SERUEERL 1R B
J RS BR R (3R RS R TR Cd) L AR
B E Cd & i Ry > ZES MRS58 > FPRL, i FIZE 1Y 7 i
TR, BB R ZE G Cd AR R, R
AR, H XA Cd A — 2 STl SEPR K R
AL AR T AR 1 km 9 4 R Cd & &
SEE R 1.8 mg-kg ! BEIGHR) 10~15 km [ 5 4FE i
Cd & FHE N 1.6 mg-ke', BEM AR 1B il 1
i AEA H Cd B A FEAR (B IC B 325 5 . RIIAE
Az KPR AT 1 35 Cd HLA AR B 0 & 4 RE 17, M -
JEACAERERE Cd 1Y A

Fo 8 A AR R (- HEAS TN Ph ., A& A LR 56
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BT EEIEA AR ok AR B KU PEA , R 5|
AR 25 8 TR . HFFE AP 8 Ar T B AT
F 8 AU 5 B (HQv) {52 AU 45 5 (HRD) L & 9 %
(MS) . & £ [N F (EF) fR UL R 1 (UF) 22, 5%
D& SRR AR SR 2 388 AU 48 850 (HQv ) PEA 3F
A= i 1 Cd  PhOE A A f B 7= A 1 AU, et

2256
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Figure 4 Characteristics of Cd content in various organs of peanut

in the actual field and pot experiment
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2 T HAB R, 5 i Ph il 45 A ]
Ul B S B R oK Rk i R W R S Y Ph
FE AR IR R Ph F 2 g /N TR T S R HRFRE Ph
R E = TR (P<0.05) , I H 58 Ph {5 YRR 4
IRET, F 2K PhBARRA A 46.2% , I K< Ph A& KoK
F1H7 P () BRI
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Figure 5 Characteristics of Pb content in different organs of corn

in the actual field, pot experiment and page spray experiment

HQ=CDI\/RfD (1)

CDIy =(Fi+ C))/BW (2)
Ao HQy o 4 2% % XU 46 5 CDI Syl 1) 8 52
HEA PR HE 42 T34 H AL s RID R 8 42 )i 7 5
PR FEEA T H S % &, 2 ML E R R (USE-
PA)BHUE, Cd P 2510 1.3.5 pg-kg' - d s Fe N
Al PR B S b [ RRE £ 48 B (2016) Y
300~500 g, fEAEHL50 g5 Coy i 32 AT & i 47 42 R
T BW O AP SR &, 60 ko 5 HQuv<1, 3R
T N AR A7 A AR AU s HQv=>1, 3R B X AR A7 12
i BREJRURSE 5 HQu 88 K, Xof AR 7 A 118 fd ke XU 1K

AN[F A P i ) Cd Ph 5 88 AU HR B L 7, fEA:
Cd ZR & NS AR ECR 1.4, UL E 1L 18R SR Cd 20
AR A — s R AR XU 5 oK /NS KSR
B D Cd 758 KSR EUA/INT 1, UL I 4 R ™ i 16
A Cd X NARFEAS AT 7 A f R AUSS

1642 F1 K Ph % 58 KUBS: 48 5053 518 1.1 F 4.7,
Ui B B A EORAEAE A Ph 26 AR —
S R R KU 5 /NI 3 R SRS | Ph 2R 52 XL
B B /N F 1, BB AR R 3 FhoA 7 S A P XA
PRSEAC A 77 HE AR XU

WFFE X E K Cd AR R 69.2% , /)N 1€ Ph A5
K 19.1% , Uk BB 5 X35 40 B OKR R/ (136 %7 35
L o1 K Cd /NS Ph 2 58 KU 48 45038/ F 1,
B3 ) FORFEA K Cd BN TS ER A Ph SR AR 25

&7 Cd.Ph BBNEMRZEXBIEH(RD=1)
Table 7 The daily intake and exposure risk index of Cd and Pb
(RfD=1)

TiH b7 S S S (% SV E B 2 PNEES #

Ttem Element Corn Peanut Pakchoi Chinese cabbage Radish

HfgEAR  Cd 04 14 07~12 0.3~0.5 0.2~0.3

CDIv Pb 165 39 07~1.1  0.4-~07 0.4~0.7
BTN Cd 04 1.4 07~12 0.3~0.5 0.2~0.3
IECHQY  p, 47 11 02403 0.1~02 0.1~0.2
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