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JEF C 2148 Ph SEH{EA0 1. 85 £ 1.80 £, 2
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2.1 FRhRG SRR

T 2013 4ERK ARSI R B S RAE T A,
JERAE 58 BKRIME 250 AT RE A, LR I A 4
JZ B, AEERE A A AT B 5 A DL _ESRAE /D
X, AL IBUKAR 10 ~20 #k, H4 AL A4 PRUEAARE
HEART 500 go fEEFANBLG S FEREDT T, e A A FE
A2, T o AKREAR  ZE AR ) 2 i U [ B A
e T B OROKIS UL 25 8 T oK Pt , BIIR DRt
B, 55 I RAAREAE . ARARAE N
T B A e bk S B TG 2 o R AR R SR

Je kL, BRI T, Al K IE Ve T4 T 5 i e
F R BAFER I 200 g e R 40 H, 43 Hrill koo
Xt

TER KT YIFERL  REEMZ T IHE R
FEH 0 ~20 em A g E KT 2500 g, FERAER T
B TU AT RE LS N, T, IR i 5 2 10 H
i ( <2 mm) JBAI .
2.2 FERBlA

IKFEAR AN FEARAE Sk 22 A b 5T SR oY
BT K42 GB/T5009—2003 Il 5 #% i As . Cd  Cr,
Cu,Hg Ni Pb Se.Zn S5I0E ¥ . KAFHM  ZEMFR
HLO.5 g M A FE PRI 1.0 g Al , 50BN
it i 2R FH LR & 55 B A B (ICP — MS)
Cd.Cr .Cu Hg Ni Pb Se, BB A& 55 2 1A Kk 5
T2 (ICP — OES) Y 2& Zn, Jii %< 6otk ik (AFS)
ME As, B EEPE AR L (ISE) W 5E F, 4387 5 i
KSR 1, aILER T F oo & 4h, Hihoo R
BHR Y 23 A ot 8 2 A 4 v 1 M 5 A Ry AT Y
DD2005 — 03 { 4= 25 Hh Bk 4k 22 PR FF i 0 B 4 R 22
SR AR A AT R R

S it p v OB B R A L sk £k 2
s o 5% 0 SE B = U E Si0, L Al O, TFe, O, |
MgO ,CaO ,Na,0 .K,0 CEC .pH . A #LiK .As.Cd . Cr,
Cu Hg Ni Pb Se.Zn 5545 bR, B 10 H i 145
FE, ¢ LY/T1239—1999 % pH {8, #% LY/T1243—

A1 OREFER DT I R B I
Table 1 Analytical methods, detection limits and analytical

quality for vegetable samples

ik _ FFREIREL BUAAT

23 NS
fabr JRECE R KR itii;mf B IREERM ™" jf?
(mg/kg) (%) (%)

As TSR ICP-MS  0.03 100 6.81 15.42 100
Cd MMM ICP-MS 0.002 100 1.93 15.46 100
Cr {8 ICP-MS 0.005 100  5.33 13.85 100
Cu fUETSf ICP-MS 0.005 100  2.47 13.32 100
Hg i@ ICP-MS 0.0005 100  1.32 15.03 100
Ni  fiEf® ICP-MS  0.005 100 0.60 14.11 100
Pb AR ICP-MS 0.005 100  4.35 15.55 100
Se BEIYME ICP-MS 0.01 100  4.79 17.81 100
In BEUENAR ICP-OES 0.05 100 2.60 14.61 100
F o oy#gk ISE 0.5 100  20.18 13.33 100

T FORITASREE 9 1 3 ABREE T ARG 12 25 40 0 (E 2R AR T
10% 5 = = FIRKRER ZEM AL A4 58 1R 2Bt A7 X0y 73
B, BVEE S0 M B 174 1, 20 52 70 A7 AR X 15 22 20 3 (2R AR T
20% .
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1999 7 FHES 730t (CEC) o I 80g +4EkE, if
JEZ 200 HIG R EAL R — do Ar k0 E A LK,
AW - BT HOEEIEE (HG - AFS) i 5E As . Se,
R - BT PO (CV - AFS) i E Hg, [k
F IR X SRS (XRF) il Si0, (AL O, |
TFe,0, MgO ,CaO Na,O . K,O Cr, H JE 55 & T
R RS (ICP - MS) Jlj % Cd Cu \Ni Pb . Zn,

R E K — AR e AV S RE A5 oA o i
SIHTRH BR At 58 DA R TR B R % B S i S A
AR E T [ b S A SR AT Y DZ/T 0258—2015
22 H bR DXl 3R A6 2 30 A8 RS (1 2 250000) 1 245K
(£2),

22 HHUEM T KR B PR
Table 2 Analytical methods, detection limits and analytical

quality for soil samples

» . e AR A

fabr BT K iR (%) VIR atR AR
(%) (%)
Si0, XRF 0.1% 100 100 100
ALO, XRF 0.1% 100 100 100
TFe,0, XRF 0.1% 100 100 100
MgO XRF 0.05% 100 100 100
Ca0 XRF 0.05% 100 100 100
Na,0 XRF 0.05% 100 100 100
K,0 XRF 0.05% 100 100 100
CEC  ZRR%cHik 0.25 cmol( +)/kg 100 100 100
pH LTS 0.1 100 100 100
ALk POT 0.1% 100 100 100
As HG - AFS 0.2 mg/kg 100 100 100
Cd ICP - MS 20 ng/g 100 100 100
Cr XRF 2 mg/kg 100 100 100
Cu ICP - MS 1 mg/kg 100 100 100
Hg CV - AFS 2 ng/g 100 100 100
Ni ICP - MS 2 mg/kg 100 100 100
Pb ICP - MS 2 mg/kg 100 100 100
Se HG - AFS 0.01 mg/kg 100 100 100
n ICP - MS 2 mg/kg 100 100 100

T XRE IR - X BP0k ICP - MS 45 5 TR g ik ;
HG - AFS WA - T HO01EE; CV - AFS B 1 - &
THOCICTEE ; POT Sy AL - Lk

2.3 Pk

AR GB15618—1995 ( A 4 B 53 o 12
HE) (17K FH 38 — bR ME T 4 & U SR BR{EL, AR 9
$ pH {EAE R U ME (E, PR LR T

R E S AR E GB2762—2012( £ il 24 42 [ X bn
HEED i {5 G BR B TR AR AR CRER ) 42 Ja8 FR P15
P, AR RE K F R 4 U A WS S, PRI AR A B
et

3 g5
3.1 R ERE RSB

T H R S ST W2 3, ] WK ARG+
pH {HAETE 4.5 ~7.8 Z (0], i 4 5. 8, 148385 3k
IRYE A 8 FHEN pH7E6.5 ~7.5 Z[A),2 fF4f
G pH KT 7.5, 28 GB15618—1995¢ + 33155 Ji
HIEIARE) T AR T R, AR TR A
Hg .Cd . Zn Cu. As, #4540 3K 27. 6% .10. 3% .
6.9% 3.4% 1.7% ,Cr Ni . Pb STTE AN #HR. WL
X T3 G Jm U R 2 5 R ATy Hg > As > Cu
>Ni>Cd.Cr>Pb>7n, )l Hg B R 2H I NK(1.0),
Zn 75 5 Z 8RN (0. 40) , 20 4w 178 5 R AR
T 0.4, RWPTR G RERER, X HARUCRH L7
ZiTR(EN:E ) 05 I o ) AR T ¥R NI [ S S

43 K ESRS RSSO (0 =58)
Table 3 Statistical parameters of heavy metal concentration in

paddy soils (n =58)

Wi H As Cd Cr Cu Hg Ni Ph 7n pH
SEEE 6.8 210 35 27.5 315 15.1 68 122 5.8
el IVR 4 6.7 200 33 254 175 143 62 117 5.8
T2 5.6 100 16 163 329 8.0 30 51 0.8

BRAK 0.81 0.47 0.46 0.59 1.04 0.53 0.45 0.42 0.13
e/ ME 0.9 72 1 7.2 3 35 20 27 4.5

KM 43.0 738 87 119.0 1612 38.5 205 353 7.8
HEVREERR = 1 6 0 2 16 0 0 4

BEEZ(%) 1.7 103 0 3.4 216 0 0 6.9
I1:Cd \Hg BN K ng/g, HoAthly mg/kg, bR R H & 2K T L350

FEFRIEAARME(GBIS618—1995) Ffk I -3 — Zipnififi

3.2 KFEEESBRE RSN

H1¢ 4 0L, WFEAR -2 -, & FcR &
AR TREES, M 28 im R TR S
i, R UK R AR X 48 T R s B B 8 E
FANY R HUERS T As Pb A 5 E TR, MR—
Rt A A A I R | T E R TR
Cu.Zn,

W UMY SRR oo RSB RE(E
FE0, VL BCF 2R ) R R AEA P 4 + T 2 (1 I il
AR o AR, DK - 25— R4, & F
JCRINE L RBENY B TGS, By E 5
JUER As Pb S5 IEGHE AR LR THEYE RO R Cu,
Zn, Y E SR R KRR R h I IZ B RE R
TAEEFILR ., M EEREBHT R Cd > Zn > Cu
>Se >Ni >Hg > As > Cr >Pb, I EHEZRZECH Cd >
Cu >Zn >Se > As > Hg > Ni > Pb > Cr, FiiR & ££ R4



553 4]

LRz, AR X DR ES R S B R R SRR

835 &

A Cd > As >Cu >Z7Zn.Se >Hg >Pb >Ni >Cr, 2
HERITR Cd WEERSE R THYEFR TR
Cu Zn X 5439 Cd LEWERERA L, KE
FERW] TIPS kIR ER S A AL
A ERAE T FIHAS Cd He il R K 00t A
APUE KRS Cd B4 AR S E LS
KU ERICR A YT BRI R, RS X 1 5
ERRE ) SILH I FRK”, A JEUB AT A i it
M —KFaE . EAKE ,Pb . Cr Hg As Ni &4 R
AR/, EHE ARG, U K A AR AR JC 2 AR b+
PIFE A X T4 1 4 JE TO 2R i R R AR

4 REHL A AR SR B HGHFIE(n =58)

Table 4 The mean values of heavy metal content in root, stem
leaf and rice (n =58)

TiH M As Cd Cr Cu  Hg Ni Ph Se  7Zn

fEi4¥ 0.14 0.15 0.25 6.14 0.006 0.67 0.17 0.060 34.13
SEHfE ZEm 1,32 0.61 0.5323.930.028 0.39 1.77 0.203 101.22
FEMR 9.28 1.07 1.4231.430.030 1.17 10.72 0.242 121.26

Pt %4

TR 0.2 1 0.02 0.2
it

SI/NE L) a2

(s S 20.70 0 0 17.20
(%)

fii4¥ 0.03 0.810.0090.28 0.04 0.064 0.003 0.27 0.34
EAERR 20 0.26 3.420.0191.09 0.19 0.038 0.026 0.89 0.98
FEMR 1.59 5.850.0481.43 0.18 0.094 0.168 1.03 1.26

{E:Cd \Hg B0 ng/g, Hof oy mg/kg.

GB2762—2012( £ i 42 4 [ ZE AR 2 i vh {5
YRR ) Th R A OB oK ) 4 Jm FRAELE #5270 391 P
0.2 mg/kg . Cd 0. 2 mg/kg Hg 0. 02 mg/kg .Cr 1 mg/
kgo HZHHLAUCRER) S8 MERAFEM  Cd
PR 12 £, Pb AR 10 15, AR 25350 20. 7% Fi
17.2% o i T iZbr gy 1R R JCHLAR R &y 0. 2
mg/ kg, HABAT ) OB IR REAT ) B Ak A S At BR
N 0.5 mg/ke, MAKME T AEA B, I
MELLTH A5 43 i AR AR O (AR T B e 1
Ph SRR, (HAFAT Ph 51 H B — & A AR, Sk
T IR 135 Ph AR E (T BEA S G B, F 5L B AR
Kot RS BB L 3T TEAE T R A
LR B AR v (GBI5168—201X, ISR 2 WA )
Heae 1 4 HE Pb AR #E & O 80 mg/kg, im AR T
GB15618—1995( L3 FREE it PFO Fn i) P i — 4%
PRUERR(E . 2R LA -3 Pb 80 mg/kg N pRifi, WA
FLIX -4 Pb ARk 20.69% .

3.3 R ETS RSN %
ABFFEIX 13 Ph e 2 A A FH 38T — 2

PRl (BARE A HT B AR R HGE 17.2% . L, G 6%
WS AR AR T B4 0 WA A LA S e R 2%
T RS R B B IR SR AR AR o SR 4
Ao ENAESHERNRRZ , 04 L5 P 25 pH
{8 AR T 5 2 ARSI LA i R
AT TR R
3.3.1 +HEPLGE

KA AT e H - 5 i 4R i 2ok
P G, NEE EVREMA N E AR R TR
HAR RN, A R B RS R TER TS
PR E LK, ARAFTEIX 58 B ALK
P17 Pb AHC R ECH 0. 401 (& 1a) , HIBR 1 A~ B5HEL
PGSR ECN 0. 451, 35 BIMR I 25 1E A0 K,
LI L3 Ph X REAY P i A EE W, -
B Pb & R R P AR E R A
3.3.2 +HEpH{H

St AR RS P i 5 I pH A2 55
AR KR (R = -0.148) , BIRRIBF] I EAH R
IR AHHIE 23 A (] 1h) AT 0L, 358 pH B X 75
A G EA B R, R LR R
A B BB R U0 BH R O R 1 SRR R A
5 8 Pb AR R , G SR AR 5 4T 118 P [y
WO ARRE ST o X R4 Ph OB ARAE i B i — 2 o i &
B, 54 P MBRFE X A9+ HERE pH (£
<6.5, )& Tomm Pk Rtk 3, (U 2 PR A
X0 - 4 (pH 25 6.7 #16.9) . £33 pH X}
T4y Pb & 2 13X — S M AL, SR 4IE 1l e 15 10
PR Bl 5 > R4 1 P AR APk, 3 21 BH R i 2
TKFEXS - SRR, PR AR K £ e PR 38 P
YRR . F50 b, 7ERR P 4 18 43 A DX 3 i
St A KON T 4 I Vs e fa B TS e
S GHEATE
3.3.3 +HEAH

AR R, A LTS AR T R )
K i HLE S e 4w T 2% G 0 T e L
TEEE R AR . B 1 - ¢ BoR, RS Pb &
YA LS A SC (BB 1 DR,
R=-0.320,ik 8 F 0 A KT, RS L3R
PUBR 3 I, A A5 40 & i R R 3 X W] IS 2
Wt A AL , 7E 46 v AR I i[RI, 38 ] RRAIR 1 4%
B B D B R I ARE A LA, AR
- S G A 2 XU 35K A, 3 o 3 e A AT A (]
b 5 R T A BIME BAR B TS L T IR R AL
Pree™
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Fig. 1 Relationship of lead in rice withlead, pH and organic carbon in soil
3.4 FEAT IS R

AT RIS Cd B8R R ik 20. 7%
(FR4), X5 LECd FHFLEBRFER (X
10.3% , 1032 3) , AR A 3 Cd s E 2B E T
HMELECR, L2 & THYEFRITE Cu il Zn
MEER(FRL) AKX,

AR XA 5 3 Cd 75 R I 3 AH G
L9 2 B BN A S, A 55 1E A OC BOR
(R=0.139,n=56) , i Wk T L4 Cd ¥R EES, i A
R B EEEmBREASXT Cd ik, AR
+3 Si0, (AL, 0, Fe, Oy 4 WiAE— & FE 1 e T+
HEFHL >, (ALO; +Fe,0,) ,Si0, Bk, [ i+ 3R 4]
PERER . AWFFE P S BAE RN 0.05 B, FFAXT Cd o
R EERE(BCF) 5 14 Si0, il B FIEAHE (R =
0. 384) ,Wﬁﬁﬁﬂﬁifz( Corg. ) \Alz 03 \Fez 03 %E%ﬁ
FH (R B4y —0. 378, —0.378 1 —0.407) , JiH
B AU ATRRS P 1 T D AR A T -4 Cd Y
W, FEAext Cd w4 R ¥ 158 Mg0 . CaO 2 3%
TR, AR XL R R A5 & S h 3 B iy 135, Cd
(A S RS ARG . FEZRRT Cd B R ES +
S fAHK(R = -0.395) , Alfig & Y LIS F i
B, R TR W K 2 T 3 S A3 R S AR
oW B F EAR AR CdS, AT AR 48 Cd (2B
AR BT BRI, I8 I HLAE R i+ e
BT, 30 5 TR S B A P v A — R R A
+3E Cd AR

4 &g

AR SO A BIF A T i DX L — KRR A
A WZH X FEHE X LI KRS RS E S
FUREAE , & B 38 Pb A WA kA s, pH A HL
Bk ST AE S HRAL 1 A R i HL A A R L K
AT WM S A T B2 IR 5K, AR O M3 R 5 o
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Relationship of Heavy Metal Contents between Soils and Riceas Well as
the Influencing Factors in Coastal Areas, Fujian Province

WANG Teng-yun'”, ZHOU Guo-hua®* , SUN Bin-bin>, HE Ling’, ZENG Dao-ming”,
CHEN Ya-dong"’, YE Rong'"

(1. School of Earth Science and Resources, China University of Geoscience ( Beijing) , Beijing 100083, China;
2. Institute of Geophysical and Geochemical Exploration, Laboratory for Applied Geochemistry, Langfang 065000,
China)

Abstract ; The lead content in soil in coastal areas of Fujian Province is higher than background value of China. So
there is potential risk for food safety. Based on 58 suites of soil and rice analytical data, we found the significance
of the lead and cadmium contents and their critical influencing factors. The research shows that the concentrations
and BCF values of heavy metals decrease rapidly from root to stem leaf to rice and the descending speed of toxic
element like arsenic and lead is faster than plant nutrient like copper and zinc, meaning rice root has barrier effect
for toxic element uptake. Lead content in rice is significant positively related with lead content in soil. This means
that soil lead is the main source of lead in rice. Lead content in rice is negative related with organic carbon
contents, and weakly negative related with pH of soil. This means that abundant of organic carbon and neutral-
alkaline soil condition may reduce bioavailability of lead in soils. The Bio-concentration factor of cadmium has good
relation with soil physicochemical conditions. The relationship indicate that relative abundance of organic carbon,
AL O;, Fe,0,, CaO, MgO and S can hinder the uptake of cadmium by rice and reduce its eco-risk. This research
provides the foundation for restoring paddy field polluted by heavy metal and predicting the impact of soil heavy
metal pollution upon the safety of rice.

Key words: rice; soil; heavy metal content; BCF; influencing factors; coastal areas in Fujian Province



