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Concentration characteristics and health risk of heavy metals in soil and maize with

long — term application of swine manures in farmland of Jilin Province
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Abstract: The application of livestock manure in farmland can cause the accumulation of heavy metals in soil and crops. The heavy
metals can be transmitted through the biological chain, ultimately affecting the health of the populace. The maize fields with long — term
swine manure application around seven large hog farms in Jilin Province were selected to study the concentration characteristics of heavy
metals in soil and maize grains, and to clarify the effects of livestock manure application on soil quality and population health. The re-
sults showed that the average concentrations of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn in soil were 9. 430, 0. 128, 31.21, 28.15,
0.021, 19.60, 26.00 and 71. 76 mg-kg™', respectively. The average concentrations of As, Cd, Cu, Pb and Zn were higher than
the soil background values in Jilin Province. Geo — accumulation index and Nemerow integrated pollution index were used to evaluate the
pollution status of soil. The pollution levels of Cu and As in soil were with the highest values, reaching light — moderate pollution level,
and the comprehensive pollution was at the safety level. The average concentrations of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn in
maize grains were 0. 164, 0.036, 0.698, 2.196, 0.0038, 0.357, 0.295 and 25.23 mg-kg™", respectively, and the concentra-

tions of Pb, Ni and Zn exceeded the National Food Hygiene Standards to varying degrees. The enrichment ability of different heavy met-
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als in maize grains had great diversity, the enrichment degree of Zn was with the highest value, and the enrichment degree of Pb was
with the lowest value. The health risk of heavy metals to adults was small, the health risk index of As to children was greater than 1,
while the comprehensive health risk of both adults and children was greater than 1, indicating that maize with long — term application of
swine manure has certain health risks.

Key words: livestock manures; soil — maize system; heavy metals; concentration characteristics; health risk
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WE% T EF &SR E R, FRAEE A A B AE N, S FE AR AR R A ok
B IR T 3. AR R & IR P N R N T A R R I — 2R, E B TR
Ak RERRRCE RN RO AR L R EFE SRR R VRN 4R, AR A s N 50 T 4
JRILE L 150 J7 v, ELIRARELESIIIR P SE i, KR HE s AFREE R . BEE &
BIERR TR, KEHEASRE D BR, JET i R A, o AR R A4 A
WEREE . ik, BRI S 2E R N RSP E &8 & KB A R T e AT A 255800
FUFRBEIXG: , FFXT RO 25 0 B4 i

AR T A 0 B R UL R R M L R B IR KR, AR R AR 2 A A R
5%, WERMEILTO% LD, F, BFEFRFC RN SFHES N, BP0 5 BR8Pl
1) 50. 7% . 2019 4F, A FH IG5 300 J7 t, #F SA6H 0 A G E KRS . BE T
AR KT & & 2 T RSP &R V5 Y E DI, U R K& S 28 ik AR SRS
PREE X AN . PRI, AR SCHEHRGR MR A AR BR300 , SR F i DI R R 286 1) 6 KA T 3 )%
Xt L B T KAFRERE i, A A L M5 Yk S A e 4k, SR HR IR 260 450 T 4B AE 4 -
RAED RGN RS ERHE, MR HASIREERY . A7 5 g% 4 i PR R AR

1 A5 ok

L1 #HFmRE

DIt A 200 1 TR AR B 50T 4, JEBGE MRy AU S8+ (T, KB MA FWeT) . B
BEL (AR ) Akt (RFER) ST ZKRESEEY (R 1), X585 DK 6
WM RIZ L (0~20 em) DUKARN B FORFE M SEITREE . BAFREGIHTE 3 A RS, B A%
IR R AR 5 ARG . FORMEMC RS S I SR — 30, BUBRRE TR, JBRSIRS),
SR B BGE BRI —A EOKFE S . Sd, PR ORI AR 2E HA |, JRRCHE A ie, 245 N0t

AN 1.0 t-hm ™ R T K S AR 220 50RE 968 FNSE T 335, FEBHES RAEAL 3 km A WTEEIN, X
R ARt B B 2 A AR A X B . HIRRERN R AR TS, BBRIBR . kA . ARSI
FEpFEE L 100 HJE Jeiii; TR S IS KGR TER N A 28 B, AR A FRIEVE 3 ~5 Ik, FHIR4RM I
KK EHA T AT (80 C) T ZfaE, B E AU, o 20 BJE ki 5 2485
G307
1.2 StHhmEEREREH

A ERE SR pH SRS AR E (KN 1:2.5) o AHLFCRH Walkley - Black s ikilz" . +
SERVEY) b T4 RS IR R R T R AT IN E ERERY (£90.200 g) A S mL HNO,, 5 mL HCIO,
13 mL HF, FRFFPRAFES (£90.500 g) JA 8 mL HNO,F1 2 mL HCIO, , 43545 &m0 i, 4 i b
As, Cd, Cr, Cu, Hg, Ni, Pb il Zn %% & F AEGE & 55 B PR BT (ICP - MS) i, B —HEFE 5
B+ 3EbE (GBWO7410) FIAE#RARFE (GBWOSS03C) A7 Jin & 4 i, 8 Fh i & J& 0y [l it R 4 7
90% ~110% =z |a], As, Cd, Cr, Cu, Hg, Ni, Pb Fl Zn #9# HBR 2 %~ 0.04, 0.001, 0.01, 0.1,
0.02, 0.1, 0.01 #10.1 mg-kg™',
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Table 1  General information of hog farm and surrounding farmland

L
) P Coordinate HURE S/ 4 B LA
Number Location 25 JiF 7 i Slaughter/per year Operation time/year
Longitude Latitude
HRTH RS
XJ 125. 8796 45.0970 200 2014
Xiaojia town in Fuyu city
A2 SL IR R
HLH 125. 1805 44,5373 50 2012
Halahai town in Nong'an
ST A A
BH 125.7262 44.4561 400 2012
Buhai town in Dehui city
KEM2RH
LJ 125. 2006 44. 0028 100 2016
Lanjia town in Changchun city
) AR LIPN (R
DYS 124. 6876 43. 6530 300 2009
Dayushu town in Gongzhuling city
REEKFH
DF 125. 5297 42.7228 250 2013
Dongfeng town in Dongfeng city
RAFEI
DX 125.4834 42.7647 300 2010

Daxing town in Dongfeng city

1.3 SEH
K ZFFE %L (Geo — accumulation index, L.) FHNigE LEAT5 Y435 80 ( Nemerow integrated pollu-
tion index, NIPT) X3 4 /@ p075 LR EHATIEM T 0 b BFIEEOTE AR R .

Csoi]
Igeu - 10%2 ( 1. SBSOH ) ( 1 )
X (1) e LR RBUEEG C WS+ S R, me-keg ™' B, N HHEE 4R RUHE,
mg-kg ™'
WD R 1T R AR .
P[Lgmax + P]Lzave
NIPI = [—ima T 2 Time (2)
2
Csoi]
PL = (3)

X (2) F(3) wr: NIPIRWNMER G 15 Q48 BUE ;. PR BV E SRS Q848G S, v —EH &R
JCEMIPRERRE . o BRSBTS 255015 Y5 U PR 0 g L Seik ™
1.4 ESEEERHY

KA E RS (Bioconcentration factor, BCF) PPA% T KATRIXT +HEH 4@ BOWcicR ™ o A nF .

Cmaize
BCF == (4)

X (4) B G M Car R EARCRA L3P I 4R 1 (mgokg ™) o
1.5 ABHERRREITMN

KHIfEF T (Hazard Quotient, HQ) DAY 42 J XA [FI4F i BE 1 AR HE AU " o i1 T A FL 3
BEREBEARAN, X5 RYR 32 RN, BRI, XA LS F K 4 5 e R KU 7331
v o BT G R TR R T3 A0 (5) - (6) R
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C.ue X IR X EF x ED

ADD = BW x AT (5)
ADD

X (5) F1 (6) Wi ADD HEEBAAEVRAR T HERGE ( (mg-kg™) -d™); C,. WEHT
FEJEUSE (mg-kg™'); IR HEEARK (kg-d™'); EF NRFHFHE (day-year ') ; ED Hy 5§ RrLzmt[a]
(year) ; BW B VYATE (kg); AT B VHFIEANREE (day) ; RD ESHFIE ( (mg-kg™) -d7'),

Z M4 R R G R EE A HQ J HI (Hazard index) £, HATHEAA N (6):

HI = Y HQ, (7)

K (7) W HQ WELENEER; H W AFESREEFRG S, X HQ o HIs1, FRKIRMERNX
WAk E e Ay s HQ 5 HI > 1, IR AT e & A= g Rl XU, H5C0EL 8 R U e e XU B K HQ w5 HI > 10 B, DU
ATREAFERRPETEPERL " o AR KU A S PR 3R 2,

F2 ABERXKEITFMEZSH

Table 2 Parameters of human health risk assessment model

e ] LA A L3 EZ BTN
Parameter Symbol Unit Adults Children Reference
A Ingestion rate IR kg+d ! 0.1 0.05
S8} 7] Exposure duration of crop ED 2 30 10 2]
BEIRE Exposure frequency EF day-a~! 350 350
XA HE Average body weight BW kg 60 15 3
YA T ] Average time AT d ED x 365 [14]

Cd: 0.001, Cr: 0.003, As: 0.000 3
FFEA & Reference dose RfD (mg-kg™') -d~'  Pb: 0.003 5, Cu: 0.04, Zn: 0.3, [15]
Ni: 0.02, Hg: 0.000 3

2 #RE5iw

2.1 RETESERESEHE

+3Erd As, Cd, Cr, Cu, Hg, Ni, Pb fl Zn WS IHFIEME LR 3. As, Cd, Cr, Cu, Hg, Ni,
Pb 1 Zn F¥ &40 310 9.43 . 0.13, 31.21, 28.15, 0.021, 19.60, 26.00 F171.76 mg-kg™" (LI T &
1) o AFZEE L HEh & 4R R AR MRE, As, Cr, Hg, Pb fl Zn &iAE K L&, Cd, Cu
FNI FESALR S A . ASRIZEA IR ERA P 2 S W B, a0 pH A . A HLE & R AR B A,
SR IR SR RN EENR, E8EAEMAR EMAK Erh S Ee TRS L, Rk TR
M REK NIRRT, RS EETRES L, BN ENTHESEOEE " B—Jrm, i
RIBA AR SEES TAK MBS, NESBEASIEHMR, AR TESBYERE; &5, BE5HH
pH {HA/ T 7.36 ~8.85 Z[i], WEm THRK L AMAR L — Bk, +3E pH A8k, R A7 OH B
Z, ANTESEEEY AL R, X5AR PRS2, TieZd T4 L% pH o &6
(>7.5), EEBUTEY SHRIELAMAEN, Wi S8 HEe RS RE . BRI TSR
T F I ) — A B R PR R R - DX 7 B RS g TR X, i P 2 AR BR K
S G ot 0 R & /=TI N 1 B A RSO 7 i S Rl g R IR s a1 a0 VAR 15 ) B AT 120 s
7125780 + T 48 2 I AS [R) 3 A A T S R
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Table 3 Statistical characteristics of heavy metals in soil and crop around hog farms
gk b, T4 & Heavy metals/ (mg-kg™") SOM/
. . . pH
Soil type Sites As cd Cr Cu Hg Ni Ph Zn (g-kg™)
1 8.50 0.0618 41.23 25.11 0.0142 18.95 18. 55 64.01 20. 01 7.58
2 5.31 0.0658 20.48 17.97 0.0140 17.55 17. 45 56. 17 19. 47 8.85
XJ 3 7.44 0.1388 20.85 23.70 0.018 8 18.43 21. 06 61.41 20. 69 7.59
X R
10.88 0.1265 30.22 14.74 0.0112 21.35 26. 10 50. 61 17. 89 8. 14
Control
A5
1 9.39 0.1236 19.83 27.54 0.016 4 20.05 20. 64 59.22 26. 32 7.59
Chernozem
2 6.66 0.136 6 20.05 29.24 0.0226 19.15 19.51 59. 12 25. 89 7.96
HLH 3 8.79 0.1282 31.51 38.58 0.0183 19.76 20. 04 69. 06 25.54 7.36
papitt
12.73 0.1956 22.13 21.02 0.0180 18.25 20.42 47.35 24.32 7.40
Control
SEI{E Mean 7.68 0.1091 25.66 27.02 0.0174 18.98 19.54  61.50 22.99 7.82
1 6.72 0.0971 25.76 30.32 0.0092 19.57 20.74 66.15 33.36 6.26
2 8.04 0.1081 34.96 29.82 0.0202 19.41 21.52  67.57 31.92 6.34
BH 3 9.31 0.1168 50.36  32.31 0.0212 21.32 22.10 71.89 31.25 6.11
X IR
13.33 0.146 9 47.03 18.61 0.1600 20.56 20. 53 54. 15 26. 38 6.25
Control
8.68 0.1396 24.56 31.36 0.0238 21.18 22.94  73.55 28.58 7.10
2 10.47 0.1177 40.42 36.81 0.0246 23.37 24.22  76.18 28.02 6.97
WA LJ 3 10.94 0.1342 42.35 29.81 0.0247 24.29 25.21 65.07 29. 56 7.07
Mollisols i HA
10.89 0.178 7 46.07 17.54 0.1125 24.67 29.76 51.96 26.9 7.02
Control
1 7.37 0.1417 24.47 32.05 0.0171 19.42 21.43 71.30 26. 61 6. 36
2 6.30 0.2748 22.57 40.59 0.0182 19.26 20. 88 73.42 25.82 6.42
DYS 3 9.07 0.1078 25.78 32.66 0.0143 20.06 20.89 69.14 25. 66 6.42
pOpiie
13.16 0.1622 40.41 23.46 0.101 6 23.07 19. 68 59.27 23.31 6.52
Control
SEH{E Mean 8.54 0.1375 32.36 32.86 0.0193 20.88 22.22  70.48 28.98 6. 56
1 9.85 0.1281 36.20 27.91 0.0320 19.79 33.88 89. 38 21.71 5.72
DF 2 8.94 0.1881 31.16 17.80 0.0196 17.07 28.49 128.3 20. 85 5.49
3 11.57 0.1308 40.25 20.13 0.0323 17.90 34,21 68.51 20. 50 5.75
- 1 11.00 0.1117 32.68 22.12 0.0245 18.60 40.12  71.57 20.70 5.17
Lessl 2 20.80 0.1458 35.24 24.20 0.0283 18.04 53.70  72.32 22.19 5.49
essive
DX 3 12.87 0.0906 34.76 21.17 0.0224 18.52 38.33 73.71 19.79 5.81
pOpiid
9.70 0.0458 47.09 17.20 0.106 3 21.38 31.00 67.90 17. 10 5.21
Control
SEI{E Mean 12.50 0.1325 35.05 22.22 0.0265 18.32 38.12 83.96 20. 96 5.57
/IME Min 5.31 0. 06 19.83 17. 80 0.01 17.07 17.45 56. 17 17.10 5.17
% RAE Max 20. 8 0.28 50.36  40.59 0.03 24.29 53.70 128.27 33.36 8.85
F-H{H Mean 9.43 0.13  31.21 2815 0.02 19.6 26.00 71.76 24. 46 6. 66
HrifE2= Standard deviation 3.21 0.04 8.74 6. 40 0.01 1.77 9.12 14. 80 4.29 0.93
A2 2% Coefficient of variation/% 34. 04 30.77 28.00 22.74 50. 00 9.03 35.08 20. 62 17. 54 13.96
T 58 Background value (BV) 5.93 0. 095 48.29 15.1 0. 035 20. 07 22.16 61.79
75 508 Proportion of exceeding the BV/%  95.24  85.71 4.76 100 0 19.05 42.86  80.95
T vE{H * Threshold 40 0.3 150 50 1.8 70 90 200

Ve w AR FE RS TR AR v — R T Hb S Y KU A bR (GB 15618 —2018) 1)

Note: # indicates Soil Environmental Quality Risk Control Standard for Soil Contamination of Agricultural Land (GB 15618 —2018) %],
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5 RIS SRAEAH L, B Cr. Hg #1 Ni P & AL F HIEH 5% EAh, As. Cd. Pb, Cu Fl Zn [
SEEE RN SR 1,59, 1,35, 1,17, 1.86 fi1 1. 16 f%, #BF SAEMI HL G430 95.2% | 85.7% |
42.9% . 100% F181.0% , FWFFRX L LZ5 As, Cd, Cu, Pb fl Zn FEEEAFRBERNRM, +
Herh As. Cd F1 Pb B ZECR T 30% , Z NFSIGBE AR, ARIE . A28 (it FH A RV 28 R S HE A 2
As, Cd il Pb 7+ 4Erh BB EBF " B @R b R — i R Cu 1 Zn F T4 A D 2%
FGRHE AR T3 & 4 m e R ORI R, KB Fe R, W & A WL A
AR AR T F 4 B e iz — 2 XS X - R 4 4 A AT H A R B, Cr R NG
AR, WA HIEREE R, Ui R Co A1 NG FEORIE T BEBT, A S0 X M 4
BRI TR/ IR Cd F1 Hg & &35 & TORoT X 48, W REJE i 1 47 it FH AR A B R 3 A i 5
As AR 2% BRI R 3 AR I R oe 2, AERIRSE ORI BE R S R S S, R
Hit AR 25 A B3 A7, NS R e b As i S TIPS X R, AT RR S 0) E  f IR i A
X, As FEACAE PO HOR BRI th i S TS 25 Ph 7R R AU i RS SR O, TRE R T
PHES I AT, RS HS I Ph 4 MR X HHEP Cu Fl Zn &3y TXHIR 58, RHRMES
FEAE it AR ARG i+ b Cu B Zn 1 SR, ATIIADR ST RAESE T, KMt B A S R 8 D R G 3
Cu I Zn S ARG HE, M SFM P E SR TR 3 &8 15 YR 1) RN &

2.2 RHEITEPESEFREITN

3 8 i 4 1t SRR O I L A S YR BN ST TR E(E S T 4, M R BUREUR I Cu
As>Cd >7Zn>Pb >Ni>Cr>Hg, Cu, As, Pb, Cd Hl Zn 4> 34 76.2% , 47.6% , 23.8% . 14.3% F
4.76% HIREFAL T4 — thi5 KK, 4.76% 1) As Ab T rpis 4K, Hg, Cr Hl Ni #5075 JeKk-F. 13
Hi 4@ NIPT (1 F- 355y 0.46, 4b T4 45 Y 55 9%, NIPT {H 195 K R 0.69, ik T &M &k %%
(0.7 <NIPI<1), Py5liEdEdl, w0, K& &ML H HIEAE - ERENES R, Hrh
Cu, Zn, As, Cd, Pb 2 FZi5 YY), BE&BAMNFE LIEP L RREAEE -~ EWES, AKX
Hr, As Fl Pb b T8 — his ek, Cu (-0.04) $EE% - hisdekF, 2N As>Pb > Cu>Cd >
Zn >Ni >Hg > Cr (i #%; AR L RBE L, R Cu kb T4 - s Jukorah, Hih 7 FE &R T
YK, NIPLERI AR+ (0.51) >+ (0.42) =B85+ (0.42), HhbTFaanyis s
Yo BARTTE, KIEHEEE P — @ B Cu, As. Pb, Cd Al Zn V5%, XF IR +-Hih 6 48
(b RBE AR B As > Hg > Cd > Cu>Pb >Ni>Zn > Cr (YT, As fil Hg i I HAT 0 ~1 Z[A], 4T
- G RO, HAE SR L EE/NT 0, AT IG5 YK XFHR 0 NIPLSEEIME R 0. 41, 4bFic 4
MG Y5, XTI He o Cd A As 19 1, fH 5 TOF98 X 358, AT RE SR iy Tk AR 0 34 300 it FH A6 I g
2y, SECREM Hg, Cd Al As 76 H3Erh BBV E, B ESS0 XT Cu Fl Zn, BFFEIX 309 1, 6
e TATRR M, RTRER B TR K, S BORE Cu Al Zn 75 138 BB, KTt A 2508 i
M+ ek FAb T K, fH Cu, Zn, As, Cd, Pb S5 &R AF 17— BIE TS e, P SCHRAE" 3
WSl AR X B & IR E 0 TR IR 45 R BoR, Cd. Pb, Zn fl Cu sKBIR IS YUK, As 235 T
JETS KT, SABIE S R 8 BEFESMRRH, R TR ESEERRS, U
J& Cu Fl Zn PIRNE G JE , AR ML A P i R TR AT AE b, BRI, O3 44 il Rk Cu 1 Zn
s i L B2 DR Rt R i, T AERE P BT A T C B ARAL B, DAY/ 38 75 it S SR (44 EH BRA IXURS:
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Table 4  Pollution index of heavy metals in soil

1YL Lo

NIPI

Pollution degree As Cd Cr Cu Hg Ni Pb Zn
H/ME Min -0.74 -1.21 -1.87 -0.35 -2.51 -0.82 -0.93 -0.72 0.28
KA Max 1.23 0.95 -0.52 0. 84 -0.70 -0.31 0. 69 0. 47 0. 69
(. Mean 0.02 -0.23 -1.27 0.28 -1.39 -0.62 -0.42 -0.39 0. 46
BAAE 4 Chernozem -0.24 -0.46 -1.56 0.22 -1.62 -0.67 -0.77 -0.59 0.42
H A Mollisols -0.08 -0.12 -1.22 0.53 -1.50 -0.53 -0.58 -0.40 0.51
13 4 Lesslve 0.43 -0.14 -1.05 -0.04 -1.01 -0.72 0.17 -0.18 0.42
%f H& Control 0. 40 -0.13 -0.95 -0.29 0.15 -0.49 -0.46 -0.76 0. 41

TS B E %

Proportion of contaminated soil in the total

JGi5 Y% Non contamination 47.62 85.71 100 23.81 100 100 76. 19 95.24
% — Fpy5 Yt Light — moderate  47. 62 14. 29 0 76. 19 0 0 23.81 4.76
1754 Moderate 4.76 0 0 0 0 0 0 0

2.3 ERFHHIESESE

RS WX FRAPRL P B S ST RHIE . EOKRFPRL As, Cd, Cr, Cu, Hg, Ni, Pb il Zn
2 &3 3R 0. 164, 0.036, 0.698 ., 2.196, 0.004, 0.358, 0.295 F125.23 mg-kg ™', &AMk
YK Zn > Cu > Cr>Ni >Pb > As > Cd > Hg, SEFEH TAERME M, EXFR Ph F &5 N E
FARUER 1. 48 7%, HARFR N 81% , Hofth 7 PG Jm 09-F- 25 i AR EI R T 5hniE, (B, Ni il As
TP IA 14. 3% i1 4. 76% (RE Rl R SR . ZR WU 28 0 X F 5 DX Kb o < s 5 2 F) R )

BN

RS ERVFHPESERE

Table 5 Heavy metal concentrations in maize seed

S /ME SEON:I

i )m o o 22 LETEN PR iE(E 713
Mean/ Min/ Max/
Heavy metals Standard deviation  Coefficient of variation/% Standard References
(mg-kg™)  (mg-kg™')  (mg-kg™")
As 0. 164 0.074 0.526 0.098 59. 54 0.5 [25]
Cd 0.036 0. 005 0.057 0.123 346.5 0.1 [25]
Cr 0.698 0.590 0. 803 0. 047 6.750 1.0 [25]
Cu 2.196 1.398 3.760 0.503 22.92 10 [26]
Hg 0. 004 0. 002 0. 005 0. 001 23.42 0.02 [25]
Ni 0.357 0.295 0.590 0. 060 16. 68 0.4 [27]
Pb 0.295 0. 154 0.570 0.101 34.22 0.2 [25]
Zn 25.23 20.98 34.18 3.383 13.41 50 [28]

KT HEB RN RS BRI, N A XA T AT . 55 AR AN ) D R A AL
AR S EAM, 8 A E AR A i W T AL VLR URAT T R A AR 5 5K AR X KR
FREGEAMALL, DX ERFFRIFR As Fl Zn & EHE, Cu FI Hg ALK, Cd, Cr, Ni F1Pb Siif2E
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AKREY S ORI FRAPR P 4R A — R 2SR, SRRPEE LT IR R %
BB 2N Y S X KPR P R AR SR, B IX TR R 4R S R A TR K
2.4 ERHHNMNESERNRE

TFRPRL Y 5 FR R AR T 4 A S A AR T A R RBUE SRRE Y . R 1 PR, A
JETE T KA 1 B 4R R ECR/IMKIR R Zn (36.12%) >Hg (20.13%) >Cd (9.94%) >Cu (8.12%) >
Cr (2.43%) >As (1.92%) >Ni (1.84%) >Pb (1.22% ). M3 /&¥i, Zn. Hg. Cd Fl Cu (15 2
FERLwm, Ph W E R ERAR, Zn FI Cu B FRAKILFHICER, WEKEKAEAREEN, 5% E
KAERRAY AT, LS PR B 42 o 78 TR K+ 3 Hg Al Cd i & AT, (H F k%t
Hg Fl Cd 5 58 R A0 TR AKF, X AT fES He A1 Cd A S SR . MK THMESRE,
Pb A T35 5 5 HIE A WU Y B 255 8 iU E 48 B W a B G ), BEAS T R e A i AR AL
R . A—JrE, FERAEARRT Pb AW AE B K 0 SRR, FRAR R AR FE X Ph Y i B
153 BRAFRLEY 100 ~ 1 000 £5F1 20 52547, EARMRRFIRG AL T &R 5> Ph, M- FBOFRLX Ph 1 &
P RBNY L EE R SN AT HUIE TR kb b T 4 i 0 R B AR RE T MBS A A — 8. R
[FIARAEY L A B T AR SE L, e BE S 1 AN [R) 3 8 0 A T XU/ N2 X0 AN [ i 42 3T 8 SRR L R 3,
INFEE Cu Rl Zn (Y EESERE 1w, TiGH Ph M As B R SEAE S AR o Ik, 76K 0 P 7 4 2 A Ak
ARG, B 6 & Sk AR T R R, LUESRICE & @ s e /e, FRAED 23
=EREH.
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Fig. 1  Bioconcentration factors of heavy metals

2.5 REMBNRIRERRTH

i o o5 R P UL A (B U 45 AN 6 o, TR AR L i, T Rl i
TR A W EEHE R ITF I J . As > Cr > Ph > Zn > Cu > Ni > Hg > Cd, A 1 4 J8 WA iy HQ 7
BN |, BB ET. As () HQ FAIMN 0.872, BT 1, N As 1R A{iA5) T2. 801,
IFA7 23. 8% HORE HQ > 1, W) As MERA AT — & MEHERI . As (0L HQ FI9(E N 1.745, M4
SR HQ FHIGEHNT 1, 0 As XL HA — & B HE IR . W AHL 3 9 HE 2405 1. 708 7l
3,415, FUIBFIEK 0 5 A A RE LA — & MR IR, b As X HI A9 STk A, G4 FIS1. 1%,
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8 FhE A Jm i, As X AR MUK i 3, EBURIR As 2% VR AR 0.000 3 mg-kg ™',
S THEARIKAF-, 7oA MR XU B R . A, LB Y Bp— (R XU a5 s TN, R 4 8 4 TRk
AN L2 1 A B B XU D 585 RO, 2T 4R G a2 . Cu A1 Zn i B ARIDLEE (1 HQ {8
BENT 1, R B AR, 1 EX HI 5Tk W%, (5. 14% F17.87% , KL, &&
ZE P I it FH X 5 DX A A it R JXUIS: 52 i A5 /)N

RO RHEFEXRMFHN ARG ITNER

Table 6  Results of health risk assessment of farmland corn kernels on population

EEE WA Adults JLE Children TR
Heavy metal fe/IME Min R Max  SFX{E Mean  #/MA Min RAE Max P34 Mean Contribution rate/%
As 0.397 2.801 0.872 0.793 5.603 1. 745 51.1
Cd 0. 008 0.091 0.018 0.015 0. 183 0. 035 1.03
Cr 0.314 0. 428 0.372 0. 629 0. 856 0. 744 21.8
Cu 0. 056 0. 150 0. 088 0.112 0.300 0.176 5.14
Hg 0. 009 0. 027 0. 020 0.019 0. 054 0. 040 1. 18
Ni 0.024 0. 047 0.029 0. 047 0. 094 0. 057 1.67
Pb 0.070 0.937 0.175 0. 141 1. 875 0. 350 10. 24
Zn 0.112 0.182 0. 134 0.223 0. 364 0.269 7.87
HI 1.708 3.415
3 4% #®

(1) X T Kt R0 TR AR F - e b i & Js i 40 AR AR 28 5 e e M i G . ISR
DX A EREAR AL T IEIS oK, (HERSr TR T As, Cd, Cu, Pb Fl Zn ST &)@ AL T4% - P EETS Yy
KV, HACHIE PR N T R Cu il Zn 54

(2) KMt AREEE T, FRAPRA Ph P2 & i E & PAARIE, Cu Bl Zn P2 8T
KA DAERRE, RV E & 208 it F XTI 2T IX B KAL) TS P RE BE /N, Bk APRi R Zn, Hg, Cd I
Cu AR, Pb BRI RAR,

(3) EHEEH T IR b, Eaml e R BA —E @R, As &2 FETTkE, JLEK
@%m&%?ﬁkomﬂwmﬁﬁmﬁﬁﬁﬁﬁ,%%%%ﬁﬁ%ﬁ%mmﬁfﬁm%ﬁﬁﬁﬂﬁ%
BN,
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