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Abstract: The contents for heavy metals of soil and paddy tissue were studyed by the soils and the paddy rice of samples were collected and
assessed with grade II criterion of GB 15618—1995 as benchmarks by the single pollution index and the integration pollution index in paddy
field with sewage irrigation of the spoil area of the smeltery. The results showed that the source of the heavy metals pollution in paddy soil o—
riginated mainly from irrigating the sewage of the spoil area and the paddy soil was on the heavy pollution level. Cu and Cd were the upper—
most pollution elements, its over—standard rates reached 100% and its maximum contents were 415.54 mg-kg™ and 6.87 mg-kg™, respective—
ly. The over—standard rates for As and Zn were 55% and 18% and its maximum contents were 71.99 mg+kg™and 503.31 mg-kg™ apart. How—
ever, Pb was not over—standard. The rice yield was reduced by 35%~70% while the rice quality was declined. And the heavy metal contents
both Cu, Cd and As in rice were all over the limiting criterion of standard for healthful food.

Keywords: spoil area; heavy metal; pollution characteristic; assessment

ELJRG RO — M EE2EIME e 3
el e E 4R ICE W Co Cu ,Cr Mn Zn %5 5
RS TS TR (BRI B A T AT e Y
fa ks R 54 Jm 15 PR 458 KRR AR
Fs, T HsZ A EY AR R &l B e N
IRpRE, HAT,FEZ Cd As .Cr.Pb 5 E 4@ i5 YL )
HE AU 2.0x10°% hm?, 24 &5 2 [ELEHFHB AR 1/5,
& B #5:2008-08-04
ELIWH : F% 973 71 XI51 H 48 (2007CB936604 ) ; [ 5 863 X1 33l

H i85 (2006AA06Z356 )
EB R R RYE(1981—) , 2, ] PURS TN 7Rt , =0F)r 1 R 4

WA 7%, E-mail :1jn01001@163.com
BIFAEE . H & E-mail:zhoujing@issas.ac.cn

Horp Tk =775 Je i AL 1.0x10% hm?, 75 7K 1%
AT AL 3.3x107 hm?, BR4FE32 8 4 R 15 YA Bk
1.2x10% t, 4 B R T 200 127TP,
ASCIR AT IR 2 E AT AR R R R
SR IR T %) VLA SR T B,
AR (AR KR PR AT ) 2 2.0x10%,
IR HEBOY 25 A e b (SRR I ), s vh 322
SAHEAEICE Cu.Cd As 1 Pb 28, 1 TiZHh X 7l
KEE, K Cu.Cd As Pb FEERICRENEE
HS Y, IFRERT KBTS KA 121 4 T Bk ek
A NAERAFE NI — DX A i A4 F A AR DGR 5%, (5
N T LAy R A A e 4 g ¥ Ytk il K H 4y



878 REWPEF AR LR HRE I K G R 5 Y iE 5P

2009 45 H

ATFIERFFEA DA 08 AR B I e A= 3K
R 2 25 5t Y EE 4 R A YRR RN Y 1 25 [R) 43 A
FRE, YEF T 2006—2007 4% X 87Kk H 42 F17k
FEFE A A T8 & Jm T R A FG T, B 7E eI
AL SR T KEVENR IR 2568 3 10 20 i
G YL A -G HD AR LS KR

I #RE5FE

1.1 HRREMSHHIE
L1.1 WFSE XA R

5 HARE XA A AR IS RPN BEAR BT 37
BN XA MR 275 HEiE ) T 2R i i 0%
T 5 7K 35 G (R TT. S 950 TR INAEL P g R 7K R o A i
BT ()75 Yt il I M AURE X IR 2 B HE
IR AR A 50 m 1% 1 AN SLARE X, AE LA
XN~ 100 m* SRFEIX, i 11 AR X
SREEA AR UL 1o (2) % JE DX S AURE IR B Al TS Y
FEHIIXARFE 2 km 7RI PR R 8 20 [R] MBI XK
H AR 1 100 m? % BRELIRURE X
1.1.2 -3 4k

FERIA B BLSRAE XN AR N4 S TEAT AL, K
FER+Z 0~20 cm +3E 8~10 N HIR AFE, RE
J5 VA4 H A AR BE 1 kg 2245 1 AE 5 A RIS
PR IR SRR R TR = e T
FARSIFE AL AT, ARG, i 10 HJE B i,
LA ESORPRAE AN , 1 100 H Je Je b , B IEms Edn
2 LA AT E H

IR /NE
GEHFKR)

B 1 RERTE

Figure 1 Distribution of sampling sites
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Table 1 Hierarchical standard of soil pollution of heavy metals

SFIAN Y SRR IS RAR R TGULAELR 15K
Grade Comprehensive index Single pollution grade Pollution division Pollution index
I P=<0.7 P=<0.7 s GRE]
I 0.7<P<1.0 0.7<P.<1.0 L GG
i 1.0<P,<2.0 L0<P,<2.0 LHRET S TG YRS T R A R TG
v 2.0<P<3.0 2.0<P,<3.0 SREREE B N7l L e S
\ P>3.0 P,>3.0 FHATG Y TS AR TS A )

1.2.4 15 YL L9080 51 brife

LR TS Y dR AR A T S A Vs Y s N TS
YRR R R, [RIR S8 %t BRI T it (1 52
WCHZE A TS YR EOREM R 12 B SR TR
15 YRR SR N R AL BRG] SR A
T 3 30T KR H - 4 ) S AR 0 R oy
PARERHZ X A e 4 SR 15 YL S b A 13 o o

2 HR59M
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2.1.1 JKH -1 4R 4 A R

M 2 F il A A Ml i UE KB e |
A IR E AR TR TG Y A Y AR Cu TS
Yo TEMEME I E T 50 S FEIX, 158 rh Cu & fE ik
415.54 mg-kg™, NP AL 34.63 £5 , £ A FE X P
SEIR Y o PR HER R A VR, Cu 3 ST/ INE A
WK TT ] B FITRRAR (R T UiE Sn AR IX 3 ) Cu
S B ik 206.86 mg-kg™, /i AT Rl 17.24 15,
PRBS ) T S, FEIX RIS 8, Z ki T5 K
(RRZ ML, H A Cu (9 B RAR(102.31 mg-kg™) o
Zn . Pb Cd As (3 FFIEHES Cu 25,

FERTIAT I 11 ANEEXR, 3 Cu 1 B
g 102.31~415.54 mg-kg™, X IRIE Y 1.3~5.4 1%, 15
LT GB15618—1995 H R 1) + 3 — Hhnifi; +
1 Cd (& =G EITE 0.33~6.87 mg-kg™, LT HR(E L
ARG N, BRI T bR e s Ph (14 i B HL AR
DXHEAT BB, AR T 1 5 - A58 — b 5 1
In WEEBET S, Al S BEX AN, HAAE AL FEZK +
BEIREE bR . MR A + 1 4R A s i T3
HE, BRI SEMRESN, tbiheds
2000 A E A 19 A TG S (PMVETE A Y Cu Zn,
Pb Cd . As 1 °F $ {8 53 5] 24 :199.02.79.88 .160.8
0.83.22.17 mg-kg™ , FEAKL n=6)"", 35 132 1 5 |

ERK RS Em LR IMERES. HINEIF,
JKFEHHE & JBITER CuZn . Pb, Cd, As Z[AJAYHH I
HA 25, Zn 5 Ph Cd As BRI SCHENR B35 ,Cu 5
Zn Cd AHRME— M 2 o DU BZIX 0K H B T
AT UI I

F2 KALEELEEE(mg-kg)
Table 2 Contents of heavy metals in paddy soil(mg-kg™)

Ui Cu 7Zn Pb Cd As
S, 41554 50331 175.54 6.87 71.99
S, 102.31 72.63 4265 0.33 38.21
Ss 30139 295.99 153.87 2.34 4091
S, 296.08 183.35 115.25 1.62 34.64
Ss 169.36 130.26 29.97 1.81 33.82
S 263.36 83.88 50.76 233 30.15
S, 252.66 109.32 33.61 0.95 27.22
Sq 266.42 70.86 29.34 0.96 26.13
S, 336.34 154.94 27.17 1.01 18.09
S 290.91 60.96 2245 0.88 17.12
Su 206.86 39.11 19.63 0.39 17.01
P 263.75 151.92 61.57 1.77 30.37
it R 76.23 5477 24.80 0.56 14.01
e 12 42 29 — 5.0
TYbRE <50 <200 <250 <0.3 <30

TE - SHEERE S | A SCHR : AL S0 BRI R AT . 174 4
ey R BHEIG R PR B I AR S A5, 1984 1-120.46 4 5% 5 H 5
ARG T .

R3 KHIFEESRTEREMEXE(=11)
Table 3 Correlation(r) among heavy metal in paddy soil(n=11)

JLE Cu Zn Ph Cd As
Cu 1
Zn 0.694* 1
Pb 0.583 0.904#* 1
Cd 0.672%* 0.916%* 0.786* 1
As 0.368 0.880**  0.835%*  0.885%* 1

TE % FORARME 3 % FORA G 3 .
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Table 4 Integrated index of pollution(P,) for heavy metals
in paddy soils

S Po  Pw Py Pa Py X Y P
S, 831 252 070 2290 240 737 2290 17.01
S, 205 036 017 110 127 099 205 1.6l
S, 603 148 062 780 136 346 780 6.03
S, 592 092 046 540 115 277 592 462
S 339 065 012 603 113 226 603 4.55
Se 527 042 020 777 101 293 777 587
S, 505 055 013 317 091 196 505 3.83
S 533 035 012 320 087 197 533 402
S, 673 077 011 337 060 232 673 503
Sp 582 030 009 293 057 194 582 434
Sy 414 020 008 130 057 126 414 3.06

TR 528 076 025 590 101 264 590 457
XM 152 027 010 187 047 085 187 145
WEE 024 021 012 - 017 019 024 025
TE X O 35 YR 39 Y o R 75 Y b e B
KAH

22 BB EEEBEGEN T AEEKNESES
SRR R A SR
2.2.1 JKFEAERRTS YLk

M 5 FH KRR Cu Cd As B W H

g, UK AR RBE R AR MR E L, ik
e ) i BEART A AR K IRRAIG , RER i 15 1 S L
ZEM AR, TAAE XN, KRR BORR 250 AR T
Cu .Cd B = T M) ™ A m & 5t(d . 4% GB
1354—1986 (LA FEEMIOK AR ERHE) TR
FE, KoK Cd As SR VF I S 2 4 i 0.2.0.5
mg-ke™, JEA X KFE AT BB REKT Cd As & 547
BIAE 0.26~1.40 mg-kg™ 1 0.61~2.99 mg kg™ i [ , #B
AT T E BT RV i B i, Hirh Cd AR N
0.13~17.0 1%, As #8H5H 1.55~6.0 1% ; Mife K Cu 1)
PrHTE 11.63~40.73 mg-kg™ Z ], i T E S E
B Cu FREFRE (10 mg-kg™,GB15199—1994)
A 4 4% .

RS KBHNEEESE(ng-kg')
Table 5 Contents of heavy metals in rice plant tissue grown in

paddy fields irrigated by sewage(mg-kg™)

Cu Cd As

M ZEM Rk R ZE Rk R M Rk

S, 399.05 200.59 23.54 1.76 0.54 0.26 3505 4.95 2.89

S 391.64 1483 23.24 11.63 588 1.4 12870 620 2.13

S; 22402 119.08 27.85 7.54 226 0.99 163.70 7.64 2.99

Sy 32853 147.60 11.63 7.13 2.04 034 5479 572 0.6l

Sy 42933 218.02 40.73 450 1.75 0.33 184.20 1422 0.77

S 440.60 202.18 3291 434 1.82 0.37 23150 12.96 2.40

Sy 42223 20339 3533 2.12 111 0.31 240.90 15.08 2.66

YRR 14522 57.28 21.19 172 130 0.52 168.60 647 0.74
PR 704 267 1.1 127 056 0077 — @ — @ —

Ffh

222 KigtEkhE SRR IR E SR Y OCR

HMIE A SRV G VEY T AR R It
B E S E , AR E S, — i B A
Fr, A — 5B bl AR R A i Bhis #5425 A1 R
JHL, -3 ek 40 ) 143 B, 2 Ao AR g e A 6 )
ST BEVEYIZE IS AR B RS B, O A B AE
VEPZEME AFStid Sk T TS Yt R Cu Cd As 7F
TEERN IR shila s, BRATTR TESEEITE Cu,
Cd As 7E/KFEMR ZEMT RER AW ICE 4 R ECk I
W 4B R AV E IR AT T Rl B . TSR 4
FBAR TR 4B U R A KRB RIAR A B e
3R R AU 2 L, WO 4 R BT DL RAE
+ KRR 4 R T R IR RS R,

H % 6 AT UL K AR FE 48 Cd (-l &
BOERLIE KT Cu Al As, XUEHH Cd b Cu Fl As S
S IR KRR PR, . Rle B AT th i 24
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Table 6 Enrichment coefficients of Cu, Cd and As in rice root,

straw and grain

i H Cu Cd As
+ 3 /mg kg™ 245.55 0.98 24.85
Gisd 1.53 5.68 5.97
2204 0.72 2.44 0.38
ek 0.11 0.58 0.08

+HEHZ AR ICFE TG Y, R ETCE R E
HE Z B — R R« Cd>Zn>Cu>As>Ph , i 24 1 158t 57
HL B A5 Yt AR 4 R W LA RE IR E VR X
&R ITER WIS R AR AR i IX S 4 R T R AR IR
WINIERS . 46, W3R 6 Wl LIA ), 48t E Cu,
Cd Tl As ZE/K AN 1Y 53 A5 KA AR > 25> AR
VB HE A KRR P 9 5 4 JE Je 28 AR ) L ds i
Z B IEFPRHAY, ] BRSO A BT R A R AR
Hk B i, G AKREIR RS, SR B R Y
A=A T AR, T EUR RO R TIRE TR,
MR RRCR TS B TARAR T & &, 3%
TR T /KREIARER , X — &5 £ RN 4518 2
_‘ﬁzmlo
2.2.3 FHER GRS YSE KR AR

Cu. Zn B RAEYIER T LT ESR TR, bE
1) Cu A ARSI s AR KR LB 2 11
) Cu. Zn il @iy, NAEFEREWMIERE ALK,
1M Cd AR KT TR, R — A
#HEEE RN EENESREILE, ElfERS
Cu .Zn %55 4> J& 70 R E AR R B I xR A 4 = A
BEEAEAN, AR R, S IINE YA Y
KH T EE R Y™ E, K EC a4l m =S A
TE R UERY Sy Fl Se~Sy SRAE X FPAEA KRS, K REAR £
ANEIR FEAR T, I DL e s Ty A, 7K KR
(7= 7E 2 025~3 750 kg-hm™ Z i), -4 3 375 kg-
hm™, 7 2 km SRR HRIXH 7 528 5 250 kg -hm, 11
BETT AR 177l 5 494.95 kg-hm™, PRI, B
X E 4B ICE CuZn (P, Cd, As [HE &5
e, IR T KRR A KR =, e S X B
FEAR T 35%~70%.,

3 it

M R 2 DX e R i e R R T
JERP KRR A A 70 A1 TR ) R GE R £ S E 9, 15
U JLsi e

(DRI LR E M KB T 5 12K H 42358
HAEEI5 Y, H CuZnPb.Cd.As & &5 5 K
102.31~415.34 mg-kg™.39.11~503.31 mg-kg™".19.63~
175.54 mg kg™ .0.33~6.87 mg kg™ .17.01~71.99 mg *
kg, A 25404 Cu Al Cd,

(2) I 52 13 Z AR ET ol 1, B DY 595
RARHCE , FrifehE XA L HERE i T Cu (Cd T5 L4 4L
HRT 1, RIEEARFR N 100%; As BRTE Si~Se FEIX 19 1
ST AR ORI 1A, HoR s/ T 1, HB AR RN
55% , ok ok Zn F1 Ph, HAR R R 18%F1 0% 5 25
BISHRECR TR Y Ty 11 MEXER T S, H
Z PRI YA A X R T B R 5 g, LR &
T5RAE%0N 3.06~17.0, RVEEAEXT R X o2 31 T 2 (Y
AR, W X E 2 2 B SR T

GIBHILE AR K S e 2 XHE IR 1Yy
KPS B 1 T5 5%, H s Yue B 25 (] 734 5 i U 2 il
BV TR 5 4% R st 3 G, BRIV 32 v ) L 3 37
R BRAR 5 e B, 3k S AH OGP — 30,

(4)1Z X - HE T 4 15 Y R A4 /KR 7
it AR TR, KRR SRR XA L, T
FEIREE N 35%~70%, Fekrh Cu.Cd As &5
A 11.63~40.73 mg -kg™.0.26~1.40 mg -kg™.0.61~
2.99 mg kg™, Pyl it [ S 2 RO E A TUARE BRAEARAE,
Horpr Cd )™ B, (M I 20 AR it AR
RIFEFE , I (R H .
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