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Jiangmen city, Guangdong province, the enrichment characteristics of heavy metals in soil-rice
system were investigated in the present study. The soil element contents with no clear standards were
determined by the relationship between enrichment coefficients of heavy metals in rice and their
concentrations in soil. The enrichment coefficients of Cd in rice were 1—2, indicating a certain
degree of Cd enrichment in the study area. The enrichment coefficients of other elements were less
than 1, showing no significant enrichment. The enrichment coefficients of heavy metals in rice are in
the order: Cd>Cu>Zn>Ni>As>Hg>Cr>Pb. With the increase of heavy metal contents in soil, the
enrichment factors of heavy metals in rice changed in two steps: significantly reduced at first and
then the reduction slowed down when they reached corresponding threshold values. Compared with
China Environmental Quality Standard for Soils ( GB15618—1995, Grade 1), the threshold values
of heavy metals were basically within the range of 1/5—1/3 of the standard value of each element
except Hg and Pb, demonstrating the content of each element within this range is appropriate. The
ratio of enrichment coefficients of other elements (S, F, Cl, I, Ga, Sr and Se) in rice to the
corresponding elements in soil presented the same trend with heavy metals. By (using the distribution
pattern of heavy metals in soil to determine the appropriate range of elements” with no clear
standards, it can be found that the suitable range of other elements (S, F, Cl{oI, Ga, Sr and Se)
in soil are 450—800,480—800,900—1500,2.4—4.0,75—125,123=—205 . 1.2—2.0 mg - kg™,
respectively.

Keywords : soil-rice system, heavy metal, enrichment characteristies, standard range, Jiangmen

City of Guangdong Province.

A% 4 @ 7E b 1) s 4R 2 g R A 24 1 AR — T T S R A E AR K A R R RS R
L B i ISR X R T 2R GRS B BAE DI R EG  55 53— 1, AR H -4 rp iy
4 @A T LA M 2R e AR A | P e A% o R R A R R A A AR L KR
SEMSOR & 4 1 A R ) T B A 2 — A B () B SR S R ROK B i B, 2 ek A (AR i
R . H AT, KR R g b A m 00 AR KT S R XU B 5 © 245 BA G )iz
AT PRI D ST B A T S K R R G 4 RECIRGUI ST, A A R 43 i i
Rk AR FIAR 2R =30 U] o 4 T A SR 45 5 2= ™) A5 A vl 22 0 XK R 179 2 4 T IR
BT T BT

TR R A BRNES RS, KPS KB Y L F AT TR, B, HEcE LR
H LI 4 JRIC (U Cr Ni Cu Pb Zn 55 ) 14 B 19 B S B A o, (HIER A5 1R 2 00 1 A BRI 1
FREEFRIE (AN S FLCL.1.Ga, Sr 55) , LA 1= 48 rh AR 22 50 2 38 B 3% 12 L S Gk~ i v AR TG 1k A0S A
4] T

VLT TR A8 2R K R AR X, V0T T A KR v o 4 Ja 1 s 2 DR O [ A 5 o) 381Gt I B A
fEFREROL. ABIFGE XS VLT T Tl 7K RS AR FH 3 R A BRIV T T /KRS A - 48 B 4 19 13 /K F- LA
KAEHE GRS ERE. R K E SR E R HIEE SR S EN R GHL, SIN HE S
a7 T R A, LA R A X A 498 TG B 0 B b o T 2 A A A . AR IR IR A
FEIX K FE R G4 5 A SE L Kot Jo S I ARE ) T 3T R A — L F i de it 5%

1 #BS 7 ( Materials and methods)

1.1 e XA

YL (21°27— 22°51'N, 111°59'— 113°15'E) i F) AR ERIT =AM X . AR 1L 7 A X
sl BRI T T PR AV A A P AR L PR, AL 5o B Bl W X R T X R AR, B MRS
iR 7 S W W L= Y [ o = 1 e 9 B < R 6 e e I S TI SR U L AT
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=AM TE), FEBE G AR L) MR T RS S B e Z oo R L. VIR TAE R
XUZEREAEAE X ) L 5 5 D B WU AR W0 X, 5 SRR AE A TG B B 1 & R R AE. /KA ZE K30 B IR sk 8K
1200—1500 h, F#7K i 1000—2000 mm. HlifE %44 F B 212—253 d; Hif 235—273 d, il A WERE K.
AR UZEAG LK R AR 94% A4 .

1.2 FEARAE

R T SR AR B T A 7K A R BSR4 S ISR I, 7K R R AR i RIS SR AR AR ) B R R R I3 2
FIMGE S ISR I, LABRAE N 2. FESCRAEMEH GPS e, i TR K AR —1 | SR FH 2 s HORE , st T
M 2 m, FAFAETE KRR R L. B — SRR R B 3—5 ANTAR 1—3 m? (7K R B gk A7 BORE . R K
BRI A , 2 TG 2 A A4S REA RAEI AR (AR B /K T 4000 g AR R LUK FEIR R A
B AL A BT, R A PR RS , BHBURARAR R s L i 498, SR TAHARAR ZE L B2 AR 2
JiA% MR E AT 1000 g R 5 XTIAR B 353 ISR AEAE L 26 1
1.3 FEALALFE 505

FETA T 1] S5 3 )5, FH I SRR R IR /K e, Bt T 5 A BE RS , 105 °C 257 30 ‘min, 2R JF7E 70 CF
T 2 EE /N SR K RFPRL I S W e koKl FHEE 4R S8 iR A2, 18 200 H Je e i 14
FEG B ERIAT BIBRAR & AR P AR 2 A WLAR I B T DA AR, FH A A 0 18 e R 320 6 AT S boF 5 3
200 H Je b, FraREMH 1:3 B LS IR Eh IR HE.

Cr.Ni,Cu,Pb .Zn .Cl.S.Sr & Ga W& &AM X SHETOOEIEE(XRE) WA, Cd 1) & & R BT
RBTIE % ICP-MS 22 , As \Hg Fl Se i1 1 R FH IR 2 OOGHE I 2 R 1A 543 3R B8 1 i 8%
PR 3 R €5 L 8 . R A [ B S 5 I 4 W A B D O S B 43 Bk 7 rp Ry £
TERS 00 B I E I D MR 2, S8 40 M B OR FHAB ALK, BT AR 21 o e g 2. - 490 0 UK RE AR S A
AT R AR BN GSS-1 Al GSS-4 VE R AL B AR TATRE Al A T B s s i, i R o A 24
53 G HOE A S EATREAR X 25 35 /N T 5% , FER IR IBIECRFE 89.0%—108.0% Z [], 74 2 il i il
1.4 Fdukbr

Xof B U Bt SR FH B TR 3 (3AME £35h5 122 ) I ER T4 o BT AH 25 5 1 D7 i Bl bR S . &
SIBILE GRS  E S M i & 57 SPSS20.0 , Microsoft Excel 2010 I Microsoft Visio 2010 H?
5E I

2 R 51748 (Results and discussion)

2.1 HEEEKFEESE SEAHE

h#E 1 FH AR R L35 H As Cu Pb . Zn Cd Ni Hg F1 Cr #9875 Bl 4> 514 0.42—
20.00.2.80—46.00,17.50—67.10 .17.60—115.00 ,0.05—0.25 . 1.80—37.50 ,0.05—0.48 mg-kg ' Fl 4.30—
88.70 mg-kg ', ARALMEEEAL K. Hirh As Cu Ni M Cr iX 4 FhC R Ay AR B A K, HAR S 28000 501
79.70% .65.72% \77.25% .60.99% , F WA RT HE 32 N Rigmiade K1), 5 R HERR s i br i) T gbrife’ ' A
o T X BT R & 8 5 TR B B brie) [ AREc R & R EAAHZEROR, KA S, H
1 b T 0 375 5o, HOR AT ) VLT TR AR R £3E As \Pb Zn Hg & S A7 7E—E 1R
ARBE BEASBAR R AT N 7.69% .80.77% ,11.54% 61.54%. T UL Pb Fl He FE 5L HEARE R ™ &, 0] BEAFAE
—E TG Y.

TR R TIE R ) (GB2762—2005) RifEt " i As 1 R i da 2 LA JCHILE 9 % 2K BR S 19, T
DR BT A5 T A A A B i, O Tk B3 b AT 3 L, 75 B AT — W L B B A RE X b, AP R
BHER K FE R As BRGH AREE AR B TCHLER [ As (T) (As( V) ], P& 2 i KRG B il 55 1 1Y) 87%.
A FE S 5 TOHLER Z ] DLt e AT 3 5. 3R 2 AT A VLT T KA h E 42 J8 S0 & As Cu Pb,
Zn .Cd Ni Hg #1 Cr 09 & &5/ 4514 0.06—0.16 ,1.46—5.81 ,0.01—0.09 ,12.91—20.65 ,0.02—0.49
0.10—0.74 .0.001—0.007 ,0.07—0.78 mg-kg™", HFHI{E 4351 %9 0.09 3.19 .0.03 ,17.34.0.10,0.30 ,0.002 ,



7 TEAAE ; b -k R R G b B B0 T SRR SO0 ST R bR ERR K 1511

0.16 mg-kg ' (As & VL HI S ES B G THLM &S &) . SCaM sy R &) (GB2762—
2005 ) FRUEFEAT FLEC, BT /KRB A B4 JB e R, Cd SR B bR 51, Cd S EEAR BAR R N
3.85% (WZ% 2). nI WYL i KFEH & EATRITE bR Cd 48, B TEi5 e 4.

R LT R OCR SRS
Table 1 Descriptive statistics of the element contents in the soil in Jiangmen City
. i ROME ORI VM e St
Soil Rangeﬁ/] Mm/,l Max/i1 Mean{ ] Star.ndz.lrd CV/% Standard T / standard
(mg-kg™) (mg-kg™)  (mg-kg™) (mg-kg™)  deviation (mg-ke™) rate/%
As 0.42—20.00 0.42 20.00 6.75 5.38 79.70 15.00 7.69
Cu 2.80—46.00 2.80 46.00 19.28 12.67 65.72 100.00 0.00
Pb 17.50—67.10 17.50 67.10 51.60 14.68 28.45 35.00 80.77
Zn 17.60—115.00 17.60 115.00 60.97 28.04 45.99 100.00 11.54
Cd 0.05—0.25 0.05 0.25 0.11 0.04 36.36 0.20 0.00
Ni 1.80—37.50 1.80 37.50 13.14 10.15 77.25 40.00 0.00
Hg 0.05—0.48 0.05 0.48 0.20 0.11 0.55 0.15 61.54
Cr 4.30—88.70 4.30 88.70 38.89 23.72 60.99 90.00 0.00
S 181.00—1187.60 181.00 1187.60 461.51 217.90 47.21 — —
F 220.00—729.00 220.00 729.00 450.48 129.75 28.80 — —
Cl 42.00—478.60 42.20 478.60 127.03 125.39 98.70 — —
I 0.49—2.35 0.49 2.35 1.29 0.49 37.98 — —
Ga 6.70—26.30 6.70 26.30 18.80 5.09 27.07 — —
Se 0.13—0.56 0.13 0.56 0.38 0.11 28.95 — —
Sr 9.20—77.20 9.20 77.20 45.04 17.68 39.25 — —
R2 VLKA GRS ARSI
Table 2 Descriptive statistics of the element contents in the rice in Jiangmen City
PO N T = T
Rice Range/ Min/ Max/ Mean/ Standard Standard/ Over standard ~ Enrichment
(mg-kg™") (mg-kg™?) Amg-kg™') < (mg-kg!) deviation o rate/ % coefficient
(mg-kg™)
As 0.06—0.16 0.06 0.16 0.09 0.02 0.15 0 0.0131
Cu 1.46—5.81 1.46 5.81 3.19 1.03 10 0 0.1654
Pb 0.01—0.09 0.01 0.09 0.03 0.02 0.2 0 0.0006
Zn 12.91—20.65 12.91 20.65 17.34 2.08 20 0 0.2844
Cd 0.02—0.49 0.02 0.49 0.10 0.09 0.2 3.85 0.8568
Ni 0.10—0.74 0:10 0.74 0.30 0.16 — — 0.0225
Hg 0.001—0.007 0.001 0.007 0.002 0.001 0.02 0 0.0119
Cr 0.07—0.78 0.07 0.78 0.16 0.15 1 0 0.0040
0.12—0.77 0.12 0.77 0.16 0.13 — — 0.0004
F 0.07—1.48 0.07 1.48 0.55 0.37 1 11.54 0.0012
Cl 0.01—0.03 0.01 0.03 0.02 0.01 — — 0.0001
I 0.08—0.35 0.08 0.35 0.18 0.07 — — 0.1410
Ga 0.01—0.02 0.006 0.022 0.012 0.004 — — 0.0006
Se 0.001—0.269 0.001 0.269 0.03 0.06 0.3 0 0.0890
Sr 0.04—0.46 0.04 0.46 0.14 0.12 — — 0.0030

2.2 JKAEXT TR M E ERIE

R B T S R A B R AR B AR AL TS R M e I 5 M R S Qe Y
A L VR S xd e b T G Y R AR AR R R RO IR, A RO, HOx) 1
Hh i 453 Y T S RE ) DB T R S R Ao - 4 S 110 AR 1 ) R 4 J A R e AR Y
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TR ERES . fEFTIF S /KA HE 4 )8 As.Cu.Pb. Zn Cd Ni Hg Fl Cr TR, Cd FRIPFEA M 5 4
FERT 1 H/NT 2, 3R — @ W s SR 00, At o R i & 5 R RS 1, RWDIF IO 85 4.
KB E 4R IS % R BIF J . Cd>Cu>Zn>Ni>As>Hg>Cr>Ph (W55 2). BA ML R Fm e
— LRGP B ERE— M N Cd>Zn>Cu>Ph, AR FKFEE 48 10 & 4 REC/METF 5 0 A RS
RIS YR KR - 1 SR R AR R R, HOK A h i 4R B A R B KO NHER
4 :Cd>Zn>Cu>Cr>Ni>As>Hg >Pb'™ . A i 0HC T = M s XK f b 3 4 8 & 2 0 A ST & 3,
HE 8RB MEF N : Cd>Cu>Zn>As>Hg>Pb>Crt '™ . A 1L Cd Zn .Cu B 5 TE/K R TR & 4. % 1 30
% S.F.Cl.I.Ga,Sr Se W& &, #A7/KF T S F Cl1.1,Ga,Sr.Se B & LKF-o0#7 (£ 2), /AL HE
FEBNT 1, RUPKAF X ST R T s 2 B R R BOR/MET 2 . 1>Se>S>F>Ga>S>Cl.
2.3 X TCEFIRER TR & BRI

SR EES R ST E S KEESEN SRR K ESENEEREGCH X. LK
T GBI R S B REC A bR, T8 5 8 % 5 D AR AR 0 I T IR A5 H R i) H S e it 46
(B 1). ATRVE KR B 4R e R s S R A 1R S8 & T AR e ey o I 43 R 6 A
B REAIG, Y3k B — > B E I G A AR g2 5 AR s b)) 1 SOhnfEAH b, 7] HiBR Hg
1 Pb A, 34 BB FEA AL T TC BRI 1/5—1/3 28], [FH 20 3 P& e & (A & &
{BLYE B P9 3 B B i (ILER 3). 1 Hg A1 P il F e RE A AR R A i, i R I AN B .

0.200

0.05 H
0.150 0.04 |
2 5
= 0100k 9 0.03 ¢
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00501 N\, 001}
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Fig.1 The relationship between element coefficients of rice and element contents (mg-kg™') of soil in Jiangmen City

o1 T £EICE S F C1.1.Ga . Sr.Se H, FHATER Se A WIHHHIFT MV RS, FAt o0 2R 35 JC W B B [ 5 FR
SR, BORIFTE I AR ST A 2 A [ 58 R b o A 1 398 4 TR o0 3R A I B B v ML, X T
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FATEN T R & BRI . FIRERE KR iR e R EEREGC R X AEH DL EiR TR &4
RECHYP AR, AN O R B B AR A AR B (8], A5 LR A i R (] 1) . n LK AE S F
Cl.1.Ga Sr.Se TERME LR S LN TR & EET 2 GHMESF TR -2, KRS,
F.Cl.I.Ga . Sr.Se JCE M5 5 REPHIX L0 R A TP A0 & i (B TH S 5] 2 FRAIG, 23k B —A> B {E
FEAC S TP, T A4 B 48 oo 2 R IR RUAEXT B AR e AR T R I A4, th B
XoF 7 AR 25 A Sk (A7 043 BT (B BB BT 9 L) |, O L B 1ol HE S8 JC WA s M D 3R 19 348 P 7 13
. AT LA - 2Erh S (F (C1.1,Ga ,Sr.Se Y 5 f2 FRIE [FEl 73591 4 - 450—800 ,480—800 ,900—1500 ,2.4—
4.0.75—125,123—205 . 1.2—2.0 mg-kg ' (& 3) , B _L- 34 Jo WA [ bR o 1) 1 3800 FAK T e e il e v
A A AL 3 B L

3 VLT TR RER

Table 3 Threshold range of soil element in Jiangmen City

JGZ Elements As Cu Cr Ni Zn Hg cd Pb
[ FR Threshold
range/ (mg-kg™!)
(8 3R 5 BT AR R
ey 19

Standard [ /
(mg-kg™")

JLZ Elements S Cl F 1 Ga Sr Se

B FR Threshold
range/ (mg-kg™")

2.5—5.5 8—15 20—90 6—20 30—55 0.12—0.20  0.06—0:15 35—60

15 100 90 40 100 0.15 0.2 35

450—3800 480—3800 900—1500 2.4—4.0 75—125 123—205 1.2—2.0

3 2518 ( Conclusions)

(1) S¢S R briE) T HpruEM L, VLT TTTRS H E3Eh As Pb Zn Hg & B AFTE— & B bR
ARV, FEAS AR R 50 7.69% .80.77% . 11.54% 61.54%. Pb il Hg Ff i B AR5 0 ™ 8, 1775 — 2 1)
15 Y.

(2) H(ER 5 YR E) (GB2762—2005 ) brifE 4T L&, LI THi K FE & E A @ on K, #/rkF
fir Cd A A v B EL AR A AR R N 3.85%. A WYL T /KFEh 4 E 4 @ oe R, bk Cd 4h, ¥ 5 4L
PG KR4 R s SR BT A : Cd>Cu>Zn>Ni>As>Hg>Cr>Pb.

(3) Z5EVLT T HHEE S m & i KR E 4R M5 R B R G, I 5 (R IR bR i)

1 brEAE L. PRI Hg F1 Pb Ab B P A — B, XA B (E BEAS b T 45 ST R AREME 1) 1/5—
1/3 Z ], [Flaf 3R ] FEERp £ 0 R S i EAE I & A P oS B i RS I e A B R R s
YHERY 18 H 4 0 3 S R R AR, X TC B AR e R S BRI . KA S,
F.C1.1.Ga Sr.Se TRINE LRSS HIEXN N TR S EENMEANBHR SHESBOTR 8 1 s,
F.Cl.I.Ga . Sr.Se Y7+ PR I 8 4> 51 4 . 450—800 , 480—800 ., 900—1500 . 2.4—4.0 . 75—125 [ 123—
205.1.2—2.0 mg-kg™".
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