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A OE: AN 5 MARKEEESERIG, IR T MG ESE SRS TRESR SRR, JFRL T Fr

A RS R R P 49RR
mol/L DTPASEHR AL AT M T R L TR 2K,

0.1 mol/L HCI, 0.05 mol/L EDTA-2Na, 0.1 mol/L CaCl,, 0.1 mol/L HAc-NaAc, 0.05
M E4SECU. Zn, Cd. PhKHsr 5 8 35 il B A G, H &4k 2R GH

FHA RS Zny Cu SRR Zn, CultARYERE . FINATRIR T Oh S ORISR IO B 6 J 3 it 5 TR P
FR A A B AT B R ARSI, A T U TR o B < 5 H L Ak

XIE: T BN AREESE; BXK
FESES: X53

TIPS E IR e PR TR, 3R
TUETCEN WA (), BN A"
o AR 2 AP RE, AR
Ao ™. i CE A RN B 2 R R S,
AL AN pHL ATHL BT A
B, M BRI AN, SER S e
<) I RN AR RE 7, S BB TR AN S S
Rl 7/ Edbia wee 37 e 8 G RS SR S v L LT
& A R A A R A LR
QIR T =4k, B AT R
IR B RBGIEEAT TIRZ W98, AR ES
JE PRI e LR SR U (S R E) AeRdr
bW < S AR A ) S, RO R
SEHORI BRI < o AT B AR OG . il T3
T BT ZE S R P B < o £ 55 R A MR A T e )
HAMKIKR, ILH PN T E 88 A S e
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T A=A 20 T 4 AT 9 - 20 i ) 38 v
NNIMA R BR L  E, 2R RS A F
JE AR T4, ORBIFIT H R A R )
WG &R o BT A I 33 b (R B < S AR AEAE R
18] N L A BT, DRIRRIE 5T 45 - H 8] 5K B i
DAl RES e A W

AR FRATT LA Xy #5777 & Ml X A 8 7 <5 o v G O AT
FARKI, HEERLSES OKESE SR
KM . ACHASTE )R AR K I TR E 4

OF4TH -

TEF A

[E X ARBIAIE ST H (40271057) %),

JE S A E AR, HERR T Cd JCELLSA, Cus
Pb. Zn [AHR R, L5 FRNPRLIIAR SRR 2 o
Wk, MRIEAF R BP0 FE Ao
S LA s (R PR IBGR A AR 6 B o AURIG A A 5
R B DCREE AN TS R L T3, S e/ B K L
R FOK T B & AT IR, HR SRS A it
SRENAT RS R IS U

1 #MR57E%

1.1 HREXER

WEFEXAL Tl T A VU R X, R4S 119°13° ~
121°02", Jk4h 39°59 ~ 41°14°, AN 1199 km?,
JCFE ] 155 ~ 180 K, AZELIARIEK N T, HALIPHR
KA. AX TR 600 mELFG1L . g & F
Sk A IR DR o X XN iy
PR BT 2R RS X, PR I A o — A — 24,
FEAEY A K. mRMKE,
1.2 TEREREROFE

PR T FER A B X . R, SRAERT
]2 2005 4 9 H 4. FIH Maplinfo {2 il b 345
S KR AR VIARE R A 2, IR GPS Ay,
[0 RAR FOKR AR o HERAE T IERE i 40 AN A5 22 A6
I KA RAE i 40 Ao
1.3 #HEBINE
1.3.1 TP HUSESE KSR e FREX
i1 mm FEEXT 1 10.00 g JEON 100 ml BT

Zepies (1971—), B, dbmiN, Wb, BlEdR, TENH TS EE RS, E-mail: LLL204600@163.com
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s % 40 %

W, 430 0.1 mol/L HCI, 0.05 mol/L EDTA-2Na (pH
= 7.0), 0.1 mol/L CaCl, (pH = 7.0), 0.1 mol/L
HAc-NaAc (pH=5.0), 0.05mol/L DTPA (pH=7.0)
JANRIBC G BRAT R IR - WS A b2 DO 50.0 ml, 25°C T
e 1.5 h, Eo. HIEEHGECU. Pby Cdv Zniydll
JE K FOL B 5 S5 B 1A B
1.3.2 FWAE b b B 6 Bl TR EUAE P A i
0.500 g, R F M il G file, PR & 55 B 1A
SR 2 FE AR S ) Cuy Py Cdy Zn.

Bl AL 50 MK ] Excel K. DPS 4y #r#ff:
o

2 H#R5IR

ok

2.1 FERBRFRENECEENAILE

MR 1 ATLUEH, THEDUR RO, 250 wh, fF
Wirh 4t % Cus Pby Cd. Zn ARk S FEL# LL
K, BEHHFOKRZ R FIEh B o R# MmN, A
HF TR DA (R IE S0 e R A ] s I X 3 o 52
Brig i, HEHL T 0.1 mol/L HCI, 0.05 mol/L EDTA-2Na
(pH = 7.0, 0.1 mol/L CaCl, (pH =7.0), 0.1 mol/L
HAc-NaAc (pH =5.0), 0.05mol/L DTPA (pH =7.0)
5 B HEGEAT T LR RS, 2 HIlsE T 4
PEFHEEK) Cus Pby Cd. Zn KI5, # IS 1
pH {HE M, BTk H3ERES pH £ 475 ~ 75
Z 1], FAREGRE K 1 R

* 1 MRRTBNEREERESBHRHKIT (mo/kg, n = 40)

Table 1 Contents of heavy metals in soil and maize organs studied in Huludao

IjiH Cu Pb cd Zn
ic) 3t 5.52 ~ 53.46 1.50 ~ 104.25 0.20 ~ 48.87 17.58 ~ 125.72
THIE 16.00 18.94 5.08 48.49
LR 0.53 1.10 1.80 0.48
ES FlEA e 2.33 ~34.37 0.37 ~ 37.54 0.05 ~28.72 14.93 ~ 89.80
FHMH 9.41 7.54 3.83 45.96
R 0.51 0.99 1.98 0.35
I 3t 3.20 ~ 59.29 6.60 ~ 187.80 0.27 ~ 64.30 16.51 ~ 1126.20
THIE 17.65 41.47 12.58 173.75
LR R 0.56 0.99 0.65 1.53
ki FlEA e 0.78 ~ 19.37 0.01~5.42 0.01~0.70 7.43 ~42.45
TEME 4.48 244 0.12 26.92
R 1.1 0.73 1.17 0.28
133 3tz ] 8.55 ~ 238.55 14.12 ~ 217.05 0.03 ~ 66.65 35.75 ~ 1466.00
THIE 40.01 48.67 2.71 297.40
LR 0.97 0.61 2.69 1.19
T ggs 5 1 07 %0: 0.1 mol/L HCI, 0.05 mol/L EDTA-2Na,
07 m Cd 0.1 mol/L CaCl,, 0.1 mol/L HAc-NaAc#! 0.05 mol/L
5 25 _ = DTPAS FE4RAIX LT 48  Cu. Pb. Zn IR
2 20 e DAEmiF E—8 % 0.05 mol/L EDTA-2Na>0.1
% 15 | mol/L HCI>0.05 mol/L DTPA>0.1 mol/L HAc-NaAc
g Ll >0.1 mol/L CaCl,. JUfi Cd fU4RILAE S RIA 22 52,
240.05 mol/L EDTA-2Na>HCI>0.05 mol/L DTPA>
0 0.1 mol/L CaCl,>0.1 mol/L HAc-NaAc. 0.05 mol/L
0.0

HClI EDTA-2Na CaCl, HAc-HaAc DTPA
PRI

B 1 FREZEFINTIEESERNAEE D LR

Fig. 1 Extraction efficiencies of different extractants

to heavy metals

DTPA. 0.1 mol/L HAc-NaAc #1 0.1 mol/L CaCl,3 Fi
TGS A Cd KRR AE ) 225 EUb
2.2 FEENFRBMBUSEERSEIATESR
BEERMEXME
BALTIER TERAERETI SN, FEHUE S A BOB RN
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HILTA REFMAHRN, RIS ASER)E
SEMGRII H A R R T ik LR SR IBGRI SN

R EES TR ESRESBENARKRWE 2
I

® 2 TREBHRIMNBFSEERSERTPEERERSEMIEXME (n=40)

Table 2 Correlation coefficients between heavy metal available contents of soil and of maize organs

EIRAEPIES FAKERAL HCI EDTA-2Na CaCl, HAc-NaAc DTPA
Cu R 0.721™ 0.540" 0.652"™ 0.812" 0.747™
= 0.516™ 0.409™ 0.539™ 0.630" 0.456™

I 0.501" 0.435" 0.483™ 0.567" 0.527"

ke 0.319" 0.090 0.339" 0.271 0.326"

Pb R 0.788"™ 0.742" 0.691" 0.752" 0.647™
= 0.751™ 0.504™ 0.412™ 0.382" 0.431"

I 0.773" 0.520" 0.448™ 0.572" 0.412™

¥k 0.622™ 0.217 0.201 0.175 0.304"

cd R 0.911" 0.827" 0.939™ 0.945" 0.931"
= 0.918™ 0.801™ 0.906™ 0.921™ 0.892"

I 0.915™ 0.832" 0.815™ 0.858" 0.909™

¥k 0.720” 0.638" 0.739"” 0.742" 0.725"

Zn R 0.788"™ 0.708" 0.621" 0.645" 0.613"
= 0.667" 0.573" 0.471" 0.459™ 0.532"

I 0.703™ 0.753" 0.747™ 0.627" 0.483"

i 0.243 0.339" 0.330 0.334 0.335"

* o WURKE B E AN p<0.01;  *: XURAL W KFE N p<0.05, FEF,

F 2 MKRRBEY, 5 MR 2= A3
Cu L FEARMR I 7y 52 o 3 sl W A G,
EDTA-2Na #1 HAc-NaAc #EH b2 Cu 5%
KAFRLEA AR, i HL LA 2B IGRIFR IU A 2L
Cu 5 T KFFRLIAH G R B L LL K. CaCl,
1 DTPA #BUKAE R Cu H5EKPHESEE Cu &
R AR B A, HA O R A T HAh R
7. % TEDTA-2Na. CaCl,. HAc-NaAc $2H 4%
A Pb S¥FRitt Ph AHSCHERZELIAL, 5 FRREEH]
PIAE AT SE Phby Cd SRR & 53
R A G . U Cd, AU SR B2, i H
MR R LI EW R . Zn 5 Cu RILELUK)
U, SR BOGNEE I AE 2 Zn 5T KFFRI) Zn
ASAHOCE R ARG, (HAH DG R B 40 {3 LUK
HCl UMb 20 Zn 5 5Kk Zn B M55
;K;Eo

SR, MNEHGRIPE I G R S TR
P74 Jm A BAH R R AR, A3 X P
A FORMR>FOKZE. mF>HERE, S 2R EUGRIE
MARMESES Cd RIS LF . A REH
= EMCIRT 4 Cd>Pb>Cu. Zn. 5 F4REGHH 0.1

mol/L HCI M4 &S TSIV ESESEREZ R
2 3 A S HLAH ¢ R B (i e LA B GR g, AL
0.1 mol/L HCI 1A 3 T 4 i IR IR R b — 2
2.3 IR BAREREMNEESESEATEELEES

ENXER

L ESEEG g5 AT LUEH, 72X Zn 5 Cu W+
BAMSES BRI b, 5% HMERIGIA —2m
BRFE. 0.1 mol/L HCI %f L3 sk &5 Fmii g, o
LB +3% . 0.05 mol/L EDTA-2Na #1 0.05 mol/L
DTPA J& T2 &7, XSS AKm, A
XA pH EESCEA K, (HIE R TR E A G
JIEASF—SEAN G A A DA ) o 4 o - B
Hi5k. 0.1 mol/L CaCl,, 0.1 mol/L HAc-NaAc &g+
H Pk R RS IR T i, o R AR BR BN,
I, ARSI AR BRG], (H A
BRI FhAR JEE I A A8 v 11 A JEC AL Aof 730 52 TR
M, i HILHTER I E A S S S oK S E
HEAHZEROR, AEETEARR FOKPTRENO M 48 11
Ho

tHT- 0.1 mol/L HCI, 0.05 mol/L EDTA-2Na, 0.1
mol/L CaCl,, 0.1 mol/L HAc-NaAc, 0.05 mol/L DTPA
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s % 40 %

RIMHEARE Cus Zn 5EKKFRLT Cus Zn #
B, 4 T IRPEEAN A, A SCE LAEDTTTN
HEfiti AR YR R 7 W) R R K PR A LR
—FPBRIR AN AT RBEATRC L, A < AR
RUWFTIARNE e KR, IRARABOA
MEE R SEIOR I RK 7y, TR 1) KA i s oK
RHEID . B IZIE Y A S A KR L
R, eNDHaE R aimtae S, HALH 22
SUEMRERI pH 22 KA G B L IUR IS o B
TE e MR BRI W] KRR B - 3 b 7E S AT HLIR AN 2L
FER AN, FPEIR . AR R AR T fE

Peiam, - ELBEAE AR ERR B 3 0, SRR B
R, KRR 8 mmol/L A1 16 mmol/L (15 HL
R, XA WU AR b Sz _E AP AE
5 FiC b 1 S UM AT A 1R - A R LA 4 il o 08
mmol/L:8 mmol/L; @8 mmol/L:16 mmol/L; ©)16
mmol/L:8 mmol/L; @16 mmol/L:16 mmol/L; &32
mmol/L:32 mmol/L. B i) A [Al e b B (1) 77
W, BB —AEE PRI AR A B GRR
W HEAREESRESES KD ESR G E N
PIFHR KRR IE 3.

* 3 FRBR-BARRINMNANEESRSEXRTEERESEMNMEXME (n=40)

Table 3 Correlation coefficients between heavy metal available contents of soil determined by citric-tartkc and of maize organs

HEJEITH FOKFBAL FIAER - WG4 TR FIAGR AT TR Frtgme - WA R FRETE - P4 T2 FIAER - WG4 TR
8:8 8:16 16:8 16:16 32:32
Cu R 0.451™ 0.440™ 0.542" 0.454" 0.379"
ES 0.316" 0.307" 0.429™ 0.501" 0.404™
- 0.321" 0.435™ 0.323" 0.426" 0.336"
b 0.219 0.249 0.369" 0.483"™ 0.237
Pb R 0.568" 0.654"™ 0.489" 0.567" 0.432™
ES 0.431" 0.404™ 0.412" 0.537" 0.401"
- 0.263 0.391" 0.548" 0.402" 0.235
bR 0.222 0.217 0.401™ 0.461" 0.243
Cd R 0.853" 0.729™ 0.865" 0.844" 0.803™
ES 0.812" 0.813"™ 0.872" 0.862" 0.814™
- 0.652™ 0.856™ 0.855" 0.869" 0.543"
b 0.520” 0.543™ 0.723" 0.871" 0.495™
Zn R 0.392" 0.408™ 0.521" 0.574™ 0.412™
ES 0.277 0.373" 0.411" 0.394™ 0.253
- 0.432™ 0.363" 0.457" 0.441" 0.439™
KL 0.213 0.339" 0.470" 0.475" 0.235

e R LB AR TR R AT TR (1 B SR E L (mmol/L:mmol/L) .

* 3 WoR IR WA RS ok 16 mmol/L:8
mmol/L F1 16 mmol/L:16 mmol/L 2 Fhc Lt 2 H ik
I AMSES RS TR E S & =AY
BT AL 3 FIECLLERIGH, eI Cu. Zn,
Cd AR FORKF R 4 7 f 3y R AR ARG, A
KEZBCE T 0.1 mol/L HCI, 0.05 mol/L EDTA-2Na,
0.1 mol/L CaCl,, 0.1 mol/L HAc-NaAc F1 0.05 mol/L
DTPA X 5 PP HUGRIHE A R 5 B KRR 4
JE SRR X 2 FHERGREET P 5%
KAFRL Pb 5 5 A G R BURAREL 0.1 mol/L HCIY)
AR REUN, (IR T o2 Bl w25 A0 G

Peox 2 ML BRI, BATTAR AR « 1
A A 16 mmol/L:16 mmol/L FEHCEHEE® Cu.Zn.
Cd A& 5E KKk Cu. Zn. Cd S EIAIPEE
If—3%, HAHMAESE Cu. Pb. Cd . Zn K
PEHCR Y A E] 4.3%. 4.5%. 17.5% Al 5.6%, [L 0.1
mol/L HAc-NaAc ¥ 20 4 Ja PR IR g i — 1%,
T3 NI AN A X I R T K I R R 2K
AT EL A 25 S 5 o DRI e B E LU AT R IR < TS 4 R A
16 mmol/L:16 mmol/L FIHEEGRR T T KAk o
SRR LRAEN . XA ESEIRDGT
N F R RS TR 28R, WA R
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Bioavailability of heavy metals from polluted soils to plants.

On Relation Between Heavy Metal Available Contents of Soil Determined
by Different Extractants and of Maize Organs

LI Liang-liang, ZHANG Da-geng, LI Tian-lai, YIYan-li, ZANG Jian, HU Rui
(Shenyang Agricultural University, Shenyang 110161, China)

Abstract: The relation between heavy metal contents of soil and of maize organs in Huludao city was studied. The available heavy metals in
soil were extracted by five different extractants, i.e. 0.1 mol/L HCI, 0.05 mol/L EDTA-2Na, 0.1 mol/L CaCl,, 0.1 mol/L HAc-NaAc and 0.05 mol/L
DTPA, and a new extractant was reported. The results showed that there were significant correlations between the available heavy metal contents of
soil extracted by different extractants and of the roots, stems and leaves of maize, but the correlations between Zn and Cu contents of soil and of the
seeds of mazie were insignificant. However, significant correlation was found between the heavy metal contents of soil extracted by citric-tartkc and
of the seeds of maize. This extracting method could be helpful to estimate the heavy metal contents in the seeds of maize.

Key words:  Soil, Extractant, Available heavy metal, Maize



