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Abstract: The bioavailability of heavy metals (HM) in soils and sediments could be evaluated by single
chemical extraction methods. Several single extraction methods were applied to estimate the bioavailable fractions
of HM in soil and sediment samples. According to the results from single extraction experiments and reports in
references, the extraction performances of single extraction methods for neutral salts, weak acids, chelated
reagents and combinable reagents were evaluated respectively. The factors affecting the single extraction methods
for bioavailable fraction extraction were also discussed. Some suggestions on establishing and effectively unifying
the single ex.raction methods for bioavailability evaluation of HM were put forward.
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1 REmBS ARGk
1.1 BRI

THERAER LT RE TR, HEERRE
JERASESSPIE R, 2 B RN T BB ZRE/NT
0.147 mm(100 H) ,{B57, Rl ek 5 HMS,

DI G K R UL YA GBW 07306,
1.2 KRR DTk

SalEE bR SRS RERG MR
#5i%7¥) CaCl, .NaNO, .EDTA .EDTA - NH,Ac.—Z,
B =T RER (DTPA) HAc #47 T BRI R
P ESBEYIRASHER, ERBEFRA
IR BRI A LR RAE A T R 1,

BERIRETRT , HTE.04 B (3000 1/min
TR 15 min) , FERSBESHAEE AR
LS (ICP - AES) A% 85 14 i i85 ¥ (ICP -~
MS) MR P ESRITENS &,
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Table 1 The extraction procedures of bioavailable speciation
of heavy metals

3§ BlERG

0.01 mol/L CaCl,3%#(pH =7.0) ;#/#i =1: 10 (m/V);
FRAER RS 2 h( %2 300 /min)

0.1 mol/L NaNO7E % (pH =7.0) ; B/ H =1: § (m/V);
FRAES RS | h(5% 300 /min)

0.05 mol/L EDTA %m(pﬂ =6.5) ;#/3&:] :5 (III/V);
FEAEHS | h(52% 300 /min)

0.05 mol/L EDTA %¥%i(pH =4.6) ;#/H =1 5 (m/V);
FIREE R 1 b(5HZ 300 r/min)
0.5 mol/L NH,Ac -0.02 mol/L EDTA ¥ ¥%i(pH =4.6,
EDTA -NH,Ac  HAc ) ;8/8i=1: 5 (m/V); BRELKSE 1 b
(%4 300 r/min)
0.005 mol/L DTPA - 0.1 mol/L TEA( = Z BEH;) +
DTPA 0.01 mol/L CaClL,%¥%i(pH =7.3,HCl &%) ; ¥/ =
1:5 (m/V); ZREFHKS 2 h( 37 300 r/min)

CaCl,

NaNo,

EDTA!

EDTA?

0.11 mol/L HAc; /¥ =1: 20 (m/V); ZREEES
16 h( $2 300 r/min)

(@ EDTA' #1 EDTA” $EBRBR AN pH 1, HAbAEIR A4,

HAc

Eaix+EANEY P ESBOEREM
xR, HUCOR S R AR, £k i B AR
B, XRAERPESRBRTEANEFZLHRA(E
FEARBES)WEREK. BAFELEITE Cd Al Zn
RAEYTTFASETEMRE, Cd WERETED
57% ;Cu.Co Mn 1 Ni B4 o] FIHA S B BB
;i Cr.Fe,V #1 Pb A9 ol F FI & & BRMK,
EEE KL 8% LT (BR Pb h 25% 5b) » HLEL
E ARG HE S P R E YRR AR, T
BYHPELBOEMERBMEREAS L+
PHER, RARGHEREREERANESR
TENFERE,

FEAI pH X HEBRA W, EX AR
MELBRTRZWAR,pH =6 o] LMFAER BT
YIMBR/NERAAEE H WESER™ ., & F
BB BOE Y 7 #EAE L 804% pH & EDTA?
WA 13 Cr.Fe Mn 1 Pb % EDTA' f9 BB
HE; T EY IR AESREK Cd.Zn ,Co . Cu #
Ni, i F H* 93553, EDTA’ 42 B 4% EDTA'
MK, HEERTURYHE: S Cd M1 Zn HIOERE
KU, TR EUKBEREFRBEFE;M K
WFAEESE BRI, B O KD RIS
RERKETVERSBRNEET YL EBHE,
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Table 2  Analytical results of heavy metals by different extraction procedures
wy/(ug - g™")
3.8 Feih
Cd Co Cr Cu Fe Mn Ni P A Zn
CaCl, HMS ()] 0.028 0.028 0.956 0.094 - - - -
NaNO; HMS 0.16 0.012 0.142 0.39 5.59 0. 168 - - - -
0.48 0.495 0.492 0.613 78.2 2.89 0.167 0.025 20.6
HAe HMS (1%)  (6.2%) (1.3%) (2.9%) 7 (na)  (s%)  (1.2%) (0.1%) (28%)
0.10 0.085 1.20 18.0 4,18 0.253 0.256 25.5
DTPA HS (12%) (1.1%) (5.6%) (0.1%) (0.9%) (1.4%) (1.9%) - (34% )
EDTA! HMS 0.38 1.05 0.334 2.42 69.4 72.6 1.80 0.903 0. 641 35.5
(45%) (13%) (0.8%) (11%) (0.3%) (16%) (9.6%) (6.6%) (1.2%) (47%)
0.149 2.63 0.894 53.1 4.22 2.18
1
EDTA GBI pm) (11%) (0.5%) (18%) (5.4%) (8.1%)
EDTA? HMS 0.31 0.782 0.356 1.48 71.3 78.3 1.50 1.88 0.694 32.1
0.33 0.851 0.728 2.21 72.0 76.8 2.21 0.942 0.852 24.6
EDTA - NH, A«
e HwS (39%) M%) (1.8%) (12%) (0.3%) (16%) (12%) (6.9%) (1.6%) (32%)
0.201 8.30 6.34 125 9.9% 6.91
~NH,A
EDTA-NHAc — GBWOTS06 o) (34m) (3.3%) (33%) (13%)  (25%)
O #PHIEN 3 KETERNTHE O RBIEIERE, “ -"RARREH,

2.2 FHGIESRAEYTRITSI R
HR2PLENTRYPESREYITNA
ARG R PTA, B — 3T IO R (] i 36 BRI 3
Fl—EL /BT RN AR, 3 5Bk ZE R
BB B A 6] 5 7] —ZE BRI AR R i
ESRBREMBRBARKRES, XEHTFLEKR
FREMERSIEM . B PR EHE R AR
RNt EABYPELRERBAGNER
203 MBS RAE XS MRy ES
BEREE N HER—Ho

satEh CaCl, ,NaNO, & DA 7 B IR 5| A1 B9 F 32
Bl Aot LTI E SR E T TR,
AR FEERAN R FH N RBUEM, &
ISR BUR IR BUR AR AR, 5 LAY P Cd,
CuZn $H—EMERRES, AERBRBTESE
BETHEREER, RRPEENFE— LR
RPESBREBRRRRY, pHEL S TR TE
BHEBRENE LM, B FPEERERER
% EEREROTR AKX ATFELRE
YERE S NERREAZE Y. 2RBTE
BRI R SR R P F 5 B (CEC) g ma, 3%
CEC #& , SR IHsHmE" .

FAYLER HAe X L ATBY P A EHELR
TR HRIAE 18P EER5E , %T Cd Mn \Ni BAERLEL
BEAETHEEAN. X—HERHT HAc BRI
RN, B—FEREN HAc 5XEELR
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BYRMES (R ~4) T8, HAc RER%E
BUEBRREEH S K RMITRYAE &, 535 HAc X
HERMERGERZEERM (RS T ) MW
5 EDTA #itb 91 B8 K™, KA A RINE B A
i EDTA &, $E5 R X BECREKE Pb R R
BAP , T HAc IR EL B A 3SR
HEAEY M TUBRLCBREE TR MESHE
&R, SEEY T A TS,

DTPA %f L AGTRY F Cd,Co Fe ,Mn F1 Ni
LEELRBITE  FEFIEX Cu M1 Zn HABBRFEI
8871, BT DTPA $#2EAY kS EDTA 32, DTPA
REB BT Cu Fe Mn 1 Zn %0EK B £ Y7 H]
RIS {8 DTPA 4 & 44 EDTA 55, Z A
14 EDTA 1§, e & S BURBA L™,

HYEAR EDTA o ARERMR, EXt K%
WESRITE M ERURE Jy #0 8 H A 28 B XE U
RES1 98 (45 IR % Pb A1 Cd), BB BET
EDTA @B AWMIER SESRIRES . E
SRELENNBYEBIRERT. E¢EEF
Cd** , Co**/Co®*, Cr*, Cu**, Fe’*/Fe’*  Mn®"
Ni2* \Pb** \V**/V** f1 Zn®* 5 EDTA B S ¥ K
533135 16. 4.16.3/36.0,23.0,18.7,14.8/24. 2
13.8.18.6.17.9.12.7/26.0 1 16. 5, EDTA X171
H ZE B AR 1 K/ 55 2 B ORI 34 58
L—H XA EEHTHMERESRWRIZHM
EEREARS (EAWHMILH) Bm; Bt 1R
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HREWERE RSP HEERED,

HF NH,Ac 3~ & BTnEAH L TELEY
AR A B 3B eE 1, B 2 #1 EDTA
WX ELBH#THEER™ , % EDTA -
NH,Ac B4 XUk, EDTA B IV BE 44K, (B
# EDTA %% Cd.Cu.Co Fe Mn.V 1 Pb %5
A MZEBUEE S, BXF Cr Ni F1 V & E B
BEh, HTHEpH>4 W H' M ESBEAERAE
#11*) B 7E EDTA 3Btk 1 EDTA ~ NH,Ac %
B RIERIERTTUATEE,
2.3 EZBEEYRREEERREREE

BEEAEY) o B AYE A REBUF i 2
SR (Anee 8 B HLUR LCEC.pH #1 Eh %) K
w72 S FARIR SRR, R — 3
EMESBITEEBEB I MIFHA—E B &
BERHRESR T EWER %, B % kR L
RT3 I A TR AT LT

B GHERERAEW, KRG HFR
BB EE, £ R A FN L ERTTRY
IR YRR 32 BT B R R W, 4 1
RBOE- M6 8] Pk 7 7 R0 HAe M LA
A, REE A R pH AL B U B
FatE, AT S A WA pH B AE € R BT 0
HRIA AR AT, %F 0.05 mol/L ] EDTA
FEH, T2 pH 2 5.5 ~7.5, T IHBR AL B R pH B
AR . B/ YR A BB PR R R R TR B
I 0L 22 18] B AR EL VR DA RO & TR B F B MR R
Ho TEMPTR Y5 BN S W R/ B 54,
2f R 2 (8] Yy PR AL AR LA RS, 6
5500 Xt 4 J& B9 O B FH PR, AT 22 B A 43 G 2R
BB, BB R/ L R BN R R 1Y
P (R B KR ( <1: 5) ERBRN &4 E
SBERMA S, AELGA T EBEE™ , B/
HR 175 ~ 1720 B, X ERERE W T URTH
58 BB Bt pe it ), B A R 20 IE R E K.
B BRI B R EHEE R E

3 4

MR BEYHESROEYTHATE
B, bt S5 A VLA R OB A R A
SRIx—LEEBITRABRFHOENES; —LE
SRITRIVMERG ENERAREBRFHESN
HAo HEFR R ATy ok AT AR 4R B o 0 B R R AR
FURFE. Bl E—-FREH A EHTIERE

S B T BRI A ER 43, 1B A R 2 BUR R B Y BT
FI A SREYRIAEXE, R HE— T LR
BRI P ESRAEY T H AR 2R %,
S E SR A FASA SRR ARy
BREEA TN LRATIAY P ES R A
#, EHRE YR THRESTHE .

BT, LAY P E SR A BRI A i
BREARWG—, BARA W BT AR LR = I
SHTE L S A KRR ER A2 — 3. B,
TEBRFR Ml PEIE PR A T A 0 AT I e, AR
R R4 K TR B S SRR RS
AR, RIELE B A RV LAY B &
AR EY AT A SRR i
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