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HCI-HF-HCIO " 7, WG ES, &4 BCEHETE .
Jorh AR BGS A R 0.1 mol/L () HCI 1248, Uk
FEh 1:1, &% 90 min JEaldEAFI . BESERER 2
S B SRR 2 8 /K b, 105°C R ,65°C Mt 48
h, HES SRR BT U1 5 TS ES ORI RE, 1 40 H ek
i, FREX 1.000 g T =, MEEHE®T Cus Zn,
Ni. Cr. Pb % 5 FiESEICHE . BAT Sl 45 R
W R A B R e e N E AR S
o TIBERE SRR SRR S A I R A o S N T SR b
YEDJFRE S GSS—16. GSV—4 1E kA HIEE S (1 72 LA
AT oM s, LA IRAF & s ik,

2 H#RE5IR

2.1 FERMWERXEEESE

AN AN ERSERE S TR Cus Zn. Niv Cry Pb %53
SR E RGO OBEREIE 1 PR, 43 DNECEFER
H1, Pb. Ni BRI, 70liE 20 f5H0 17 1%
Pb. Ni (1748 Rt d5 s, A5 AE 5, Zn, Cu. Cr 4
HEERR AR S, UL BHANIRIER SR SR 25 ST 4 AR R
AR IR AR 22 08, Sph 22 3% Po AT Ni [R5

Widsesik, Zn. Cr K2, Cu Bh. HEZ i BAERME
OTAALE, Po bR, 1K 20.9%, HUUENI, bR
Hh 7.0%. FEST Cu. Zn BAREAHbR, EMNILE
WK, B RATAE— BB Z 8, Zn 1 Cu &
NERLIRERTCE, IEF RN ER= A FHE R
), AR a2z N R R T
e, PrA— Bk AR S KA Zn, Cu g, 1
FERDHEZ . FAOWHO # e N HEERT Zn
Al CufFH B354 0.3 mg/(kg-d) A1 0.05 mg/(kg-d),
MNEXF Zn Fi Cu K AeiFEHA 1 mg/ (kgd) i1 0.5
mg/ (kg-d) B8, $erlo 2004 4F R ARIEESENY
WA 0292 kg/d, DA AARTE 65 kgl Yt R
MBI Zn « Cu 43514 0.016 mg/ (kg-d). 0.002
mg/ (kg-d), 1rA7Zn. Cuf=R&E) 5.3% 1 4.0%, 71
AVHEANE (FAOMWHO) 1] 1.6% M1 0.4%. 7& Znff
SR, Y Zn 410 76%, IAEREY) Zn h, #i3E Zn
SEH AN M, 5 ZnAab, EAR M SEEN
(1) Cu Luhlse/N, A% U3 1) Cusk A T#ik. M
DU, b RS XSRS B S 8Zn. Cutl A
ACEUR, N5 .

F1 BRESBHITHE (n=43) (mg/kg)
Table 1 Statistic features of heavy metals in leafy vegetables

E| Cu Zn Ni Cr Pb
IeME 0.167 (138 1.76 (A3 0.038 (435 0.083 (13 0.022 (F13%)
KMH 0.74 (3 12.21 CGEL) 0.674 (Jr%) 0.366 (JF3%) 0.445 (A3
HARSME 0.391 3.500 0.134 0.198 0.132
RGBT 0.375 3.223 0.106 0.181 0.087

T 0.378 (R 3.32 (130 0.1 GE» 0.193 ([12%) 0.063 (1%
IR 0.117 1.754 0.117 0.083 0.136

BRERE (%) 30.0 50.1 87.3 42.2 102.9
bR (%) 0 0 7.0 0 20.9
it PAERRUE 10.00 20.00 0.30" 0.50 0.20

e R DA B A F RS L AEARE (GB/T18406.1-2001).

22 TEGDESELERTRISESE

2.2.1 IEESESERME O PIARX 61 g
HERES T Cus Zn. Niv Cr. Pb (S FIATHREUAS &
WSS RIE 20 5 RE A S L,
Cu. Zn. Ni. Pb. Cd¥j S8l —E R 2, HrpPbir
SRR R, FOP ) BAR O 1.90, (H&FE fiCu.
Zn. Ni. Cr. PoFEIET (CHEEAEE s brifE) e
PIRRYE 1 b . A E FE AR AR (LU 4R
B AUV AAE) TR KE, RSETEH IR
P2 PP ISR M G5 Y. 96.8% A AT 2 Ff

VLS4 S s, 87.3% MWFESA 3 MLl LitES
JE AR, 68.3% MIFFSA 4 FhUl by E4E bR,
57.1% HIFESH 5 Rl BRI ESEER, 42.9% FIFE
A6 FLL M ES B, 25.4% MFESA 7 FRL
I ESEER. UL R, RETESEIEUE
BRI BB AT R ] (3% 3), Cr.
Cu. Ni\ Zn AHHZ A3 EA W Z WA, X —
S T LLE 4 JeENNE A Je AT R,
i, BEA AN AR, IS
B fe B bl R AR, HinizX LD 2R
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s % 40 %

sy, GHUREEAR. pH KD, (135 As 4
D RRRE G ey ok 2y | NPT R S R WD tos R I N S GRS 2

Wi - SRS A, X g < e 1 e AE AN 1)

AR

R 2 TEEEEREREME (mgky)

Table 2 Total concentration and effectiveness of heavy metal in soils

E| Cu Zn Ni Cr Pb
R A B/ ME 7.700 42.610 2.290 3.690 40.470
SEIN] 65.100 98.300 42.140 74.560 137.200
AR 21.786 70.928 18.187 35.335 68.162
JUT A 18.232 68.867 15.186 30.272 63.607
RRiss 18.650 67.900 19.160 38.700 55.52
bRt 2= 15.631 17.256 9.621 16.185 28.642
BRFE (% 71.746 24.329 52.909 45.804 42.021
JURA L Sl 17.65 49.71 17.8 56.53 35.87
4 Ak e/ MH 0.090 0.049 0.024 0.005 0.071
KA 0.467 0.425 0.171 0.119 0.272
AR 0.184 0.212 0.072 0.020 0.156
JUTEIE 0.166 0.189 0.057 0.014 0.147
E 0.159 0.204 0.044 0.012 0.143
b2 0.094 0.100 0.052 0.026 0.055
52K (%) 51.142 47.008 72.836 130,514 35.052

T AN T RIS SR S RS XN R SRR L .

* 3 ETRDERBYEMXMESN

Table 3 Correlation coefficients between total and extractable concentrations of heavy metals in soils

Cu Zn Ni Cr Pb pH oM
Cu 1 0.261* 0.380** 0.287* -0.014 -0.021 0.108
Zn 0.091 1 0.362** 0.348** 0.023 -0.048 0.309*
Ni -0.053 0.402** 1 0.809** 0.169 0.314* 0.330**
Cr -0.477%* 0.267* 0.181 1 0.452** -0.208 0.383**
Pb -0.037 -0.112 -0.117 -0.227 1 -0.077 0.394**
pH -0.279* 0.353** 0.045 0.498** -0.280* 1 0.296*
oM 0.304** -0.211 -0.354** -0.363** 0.017 0.296* 1
A *p<0.05, **p<<0.01, F; A LM FRIZRE N EE )8 MK RE, Ao F A R R

2.2.2 M PIEESEAKE EESEASR
AR AT RLYE] I (175 Gk, (FBOR B2 (I FIE R
W], A AR TN E 4R LI E R AT
FEALRIVE A 9 TE 4 e 3l 0 B BT A AR D Ak
SRR, B2 E R 38 R 4 e W O il e,

WFFTIX 3RS & TR o 4%, A SCR T DA
ERTR R BRI — 5 SRR A M T 48 (R ZE A 3%
PEo BT A — TN [ AN S T G 1 n AR BG4
R B ZER, PEU I B ) R A R
SE R R L ) AR B2, DRk, ARHT

FAH PIEES B ARAE, RS S TgES
JE S SR RIEA R R E S S ARk 1o
§5. Wik 2 Pon, HIEESENAGREBRAE, A
M5, Zn FAERERER, WA 0212, HikiE Cu.
Pb, A%k 0.184. 0.156, Ni. Cr M5 R%
B/, XERW, T Zn, Cu. Pb EEEIEM
R, T Niv Cr BIVEHERAG. X 5 RS )E A
B RIA R PE ST R I, Cu 5 Cr MR Aok,

Zn 5 Ni. Cr M EIEAICH R EAL, i Pb
HIE 4 MESEWILEEMISHE R 3.
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2.2 TREERESRRECESEMHEXES
ML 4 e R A, HIRESE R
B AT PRI Z A7 AE 58 (I IE AR G, (A4t bl &
R BRI B R P LR A RO B A X
WHE— 2B RAIE T AT SR ST iR AR A R R AT 2K
PER 3R SS FUR— MR P T T e T 4
WAASREE pH. AP (OMD B BT R,
Cu. Pb [l fe AR EBE pH (M BRREA HL

SRR, M Zn. Niv Cr #5224k, Hnf
PGSR A pH A B AR AT LTS 2 (R B i F
%, XRYIES R EWA RS AR, 1 pH. A7
DUTCS B R AR, R RN 4w
5 3% ) R IO < T e S S R A A 2 B
A W e R A, Al R S 4
G R ICTTIN BN 3 et nke N (7 I E ES &AL T
EER KB Z N,

* 4 ELRTREFRMBIRZBEBEXEN T (n=43)

Table 4 Correlation coefficients between different factors of heavy metals

WiH Cu Zn Ni Cr Pb
PRI A 0.640** 0.242* 0.252* 0.196 0.213
i g T I e 0.184 0.061 0.095 -0.009 -0.058
i Il e 0.129 0.084 0.034 0.283** 0.026
R E SR E R 0.088* 0.344** 0.360** 0.469** 0.766**
PRI AR R AL -0.749** -0.609** -0.559** -0.558** -0.299**

2.3 BEMIIEEEEMNSERMN

2.3.1 BXEEEEERL TIEES BN AEY
& #E Z% (bioconcentration factor, BF) &1 f 1 &
& BAE PR ) FEFE R He bR . DU IS 2 AR
b ESES RS TIBEESESRENIMER R, [,
5 4 R T AN BE L S8 s e w] B AR ) RO R 1)
i, NEXESRESTEL HIBEESEASEMTIRIGE
TrRAHE ST R, N TR ESENE, R
KSR G a S PR E R WA S s T
B 5 E A R A A O, XS TR IS A
([t o) w0 R g A R B /R STy P IS W/ £ s o R
SR AE N n0 DA G PO 4 R AR AR
TR AR ), P UL G B 4 & & 5 T R S
b 1) LU T B S W g S0t T 4 e 1R IR AL R
B6 A= s SR R E0m LME IE, SR CBF Ccultural bio-
concentration factor) K7:

CBF=C,,./C D

plant extractable

X, CBF RRNBIEAWE LRI, Coan RARTEY)
HESIE Y, Cextractale 2o/~ TN PRGN HE 48 &
i WWHARWE 5 P, X LgEd Cr s
LRI R, 15 0.394; HIUE Zn, Cu. Ni, HE4HE
ZREUr 1 0.238. 0.124 F1 0.124; Pb 1 &A%
BN, 4 0.010. XEW Pb AL S
B, Cr A SPWi. R¥ Cr. Zn. Cu S#kfE
YL, {H-3ER Cr. Zn. Cu [ $REUS & BHUIE,
WAED T IF AR AR G o X HE A5 S AP R S Ni

A Pb [ E R ARKCG IR AR AT LUA Y, Ni B RRR B
FRy e S HLS A . T e 1R AR AR AR B, 1 P
AR FIA L KUK Pb S
FRAR A R A T 2%, T BE AR e 3 R,
DA SRR BRSO KA ER A P HATHR )
TR B g T

* 5 BXEEENEELYEERK
Table5 Modified accumulation factors of heavy metals to vegetable

A Cu Zn Ni Cr Pb

RME 0.015  0.063 0016 0139  0.002
RRMH 0.488  0.714 0553  1.366  0.097
AR 0.162  0.284  0.172 0482  0.016
IR GEL 0.124 0238  0.124 0394  0.010
PE 0.157 0236  0.119 0402  0.007

5% 0105 0171 0146 0323  0.020

A RH (%) 64.9 60.1 84.7 67.0 120.4
AT AL L L L AL

e AL R BUER M L s BUER .

2.3.2 EARRKG WSS A OHE L RS R
JUEAEAWT I AR OGS HLG 8 5 i S e (I
B A ANAE BB AN, (HIH SN 5 Fh
S 0 S AR T RIS G A A
K (3R 4), R 7 MEEA Cus Zny Ni. Cr. Pb (1)
AR AR MO B 3 ORh Y AT IS T R A Y
PRI S il LN P S L2 et A Sz e we I K
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b1 40 %

BNEEE ST RVCHEBE VS (8 2). G-
EEE SRR (Cu &7 3 mg/kyg, Zn f&T 135
mg/kg, Ni 1T 0.8 mg/kg, Cr i+ 0.5 mg/kg, Pb i
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Fig. 2 Correlation between accumulation factors and extractable heavy metals in soil
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B 5 KB YE R (RP) FIAHC B MR
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p ED M R SR . AU 45 2R T LU

(£ 6) , MEREFEHN 5 e 1) s £ RE
THERNSES R SR URERSE (y=a®) &
BOR B, Hopxt Ccu LA B (R MH N
0.885), Zn. Cr. Ni &2 (R*4r%|2% 0.615. 0.537.
0.490), {H Pb LA ERAL (R® {6 0.187) , X
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AL, 0T IR AR 4 1) A R
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HeRE i R 2R, BRI ILE SR Y R AR AR A T



% 5 1 OGS A S AR ENX TR RARE SR A 5 R E 817
FOTS B I TR, P A R S B X B A%

REMAD, ERAREMOPREAR, SRy
(R AR IO b . M 2 T LR,

0 b TR TR A R O D R e [0 A, R, B, R, W R L
WVEII B R L B A, U WED™ LB L JF R BB 25 W R LA P VT3

A RESARAY, AR, PRI B S R I,
A B PR S I o SR AR BRI S v TR B
Ub, SRR, PRI s ) R AR N %
GIERCE -SSP IV E /i O oy el LD CIVE|
BERBEAT A (3R 6D, JLHERPE 2w T B N R 2
{EEE.

* 6 BETARIEGHEREEREEEFRZ@IAAE (n=43)
Table 6 Regression functions between cultural accumulation

factor (y) and extractable heavy metal in soil(x)

e SV Epip F K50 R? p
Cu y =0.341x 0% 315.555 0.885 0.000
Zn y = 2.539 x 0908 65.438 0.615 0.000
Ni y=0.110 x °78 39.440 0.603 0.000
cr y =0.191x 9% 47.589 0.537 0.000
Pb y = 0.224 x4 9.444 0.187 0.004
3 iR

(1) BFRIX 7 KSR E A B A 74
J& TG E AR i E s R = . LBl Ph
Fr#dg o, 15 20.9%, HUGE Ni, BIEENR 7.0%;
Cu. Zn EERAC, Mh)E RGP R Zn, Cu
X FAO/WHO € M5 N H G & Zn HT Cu
M7 ) 5.3% Ml 4.0%, MN5lEET.

(2) HIEESE SRS ILIRIGS 2 MAEE R %
m%@ HARAMTIRSESE S RSHEESE

%&ﬁﬂ%mm%@ A - 38 4 J T

FAAE AT R e s e i AR S s

@)Tﬂmﬁﬁ o} ) — T 4 JE U0 N AR
ANFL, SRR E SN 4 B TC R I A R AR R I B
PE, X Cr WE 4R ik, HXh Zn. Cu. Ni,
Pb 599, AR+t Cr. Zn. Cu MIFIEEA S &
BAK, WEYIAR I b .

(4) RUSEEAM T S E LR & B S
R e AR SR A DG, H DA AT $ )
A PR O A R AR R EOT IR G 4R s 1
AIPEHGS T 48 SR A R AR, RN R] A g sk
XoF % T 4 e 1Y) A AR AN T PR IS T R i SRR
Fow sk, HiBwoa A S Th RS E S E &
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Distribution and Correlation of Heavy Metals in Soil —~Vegetable System
of Typical Township-Enterprise Dense Area

DOU Leit* MA Jin?,

YOU Yuan-hang,

CAl Li-mei?

(1 Guangdong Provincial Survey of Geology, Guangzhou 510800, China;

2 Center for Earth Environment and Resources, Sun Yat-sen University, Guangzhou 510275, China)

Abstract:

Both the toxic pollutants’ bioavailability in soil and its migration-accumulation in soil-plant system are current hot topics. 61 soil

samples and corresponding 7 kinds of leafy vegetable samples were collected from Dongguan which is a township-enterprise dense area in

Guangdong Province, the total contents and extractable concentrations of 5 heavy metal elements (Cu, Zn, Cr, Ni and Pb) were measured. Results

showed that the leafy vegetables faced obvious problems of both the excess of toxic metal (Pb, Ni) and the shortage of useful metal (Zn, Cu). The

metal concentrations in leafy vegetable had no significant correlations with either the total or the extractable heavy metal concentrations in soil. While

the heavy metal concentration in leafy vegetable evidently related to the accumulation factors which are calculated from extractable heavy metal

concentration. The accumulation factors of heavy metal in different kinds of leafy vegetables decreased with the increase of the extractable heavy

metal concentration, which can be described best by the exponential equation (y = ax”). The descending trend has close correlation with the

concentration range of extractable heavy metal in soil. The optimal estimation of accumulation factors resulted from the exponential equation was

more precise than both the mean and the medium in the case of limited samples.

Key words:

Vegetable, Soil, Heavy metal, Bioavailability, Accumulation factor



