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ABSTRACT

This study examined the release edges of Pb (lead) and Zn (zinc) in contaminated rice soilsin
Concentrations of lead exceeding the trigger levels established by the
Environmental Protection Agency of Taiwan were found in a soil sample obtained in Nantou County.

Successive extractions with HCl (hydrogen chloride) and EDTA (ethylene diamine tetraacetic acid)
ranging from 0.05 to 1 M and 0.0005-0.01M were observed, respectively. The experimental results

showed an increase in the release of lead (775.35 mg kg%, with a declining pH and a removal of as
much as 97% by HCI (1 M) extraction and 84% by using EDTA (0.01 M) as a chelating agent
and Langmuir model, with R? ranging from 0.92 to 0.99

) The
desorption behavior of Pb and Zn from the soil were al found to be best fitted with the Freundlich

Key Words. chemical extraction, heavy metals, isothermal desorption model, soil



40

RIS R T 51

=
w

P N T

il

PSSR 2001 & ﬁ@ﬁﬁjl%ﬁ? ST L
AE] 1000 2 FELSE1S SR B AT 2002 5 S (]

TSR 319 2 RE S U ELS BRI - A

s E?&fﬁ;léﬁ%ﬁ?ﬂf?{% fUsE] 184 Y10 MOC 2003
= 2005 # @&u_ﬁﬂi*’ﬁfﬁ FIEBmyel = gst
VS &4 7F#HI’W1H%?%?ET7J‘@%¢ Flagd = BP9 o
I 2 52 [~ S R L R S SR [ D S
(5 PIGHAEE e 8 PR POy B fs T AR PR
HE BN AU R B PR DTSR {4
DRIV RN 12T ek T RS AR
’F'}PF’JHJH'? (R B RS R S S e T 5
2 IR Y AR e [ TSRt B -

AT I 9 A SRS et S S R

l <1 {1%‘[#””3&7—;&; )T‘['@i Fl?fyf\u(gli‘?i{% 1,767
m/kg) - B USRI S T M v (R
1 Qx:(y

[§THE 11,400 mglkg) ~ LT Ei T WIS
SRR M PR R Rl SRR
Bt BT 5 SR PIES SE E
ARYE) o B Fip b+ SRS T (- R 55
it~ 0 B RIS HATE) 5 ST RO S
ﬁ I AETRELRE DRELSNE SERE. s i ity

167 “E"’*‘/’“'E"&**‘H BE SR (5 8 )
E:?F,;HFI e HAE) 20.46 21 Oy ;fyﬂfw F I B
E'ﬁf—ﬁmw FriF=’ wﬂéz{,m[ﬁs«' JRF O & el B
A [1,11] -

E'FJ'J“'fﬁEf‘iFW%“ NG TRe e wﬂpﬁzmuﬁ, #e
I A BRI BSA IV S PRV S I
/A f“‘%»ﬁ%%i < PR SRR © H PR
EH RGN T IR R A B SRS A
B4 R EERAT B 5 2002 2 SRR 319 R LR
FIU (EDATE T sl 20 A B (50 2 PSRBT S + oyl
I ETE i [ R e Linetdl. [12) O 4 89
CFPAGH R HC T IR IR 4 BRI ok
ISR+ LT S B 2 5 3% i 3 ik 7w E Y gy
TEA IR S T A fi PN B PR T

EEICE S NANIEE S C L I RS S
FPEIETT ~ P PEARTERD2E ) (U EDTA - i

Ha

t ] 15 B

e NTA) &7 T [FIRVHE T AR & e 1l
NES URNGIEEEE R Gek fJ [2] st
(I EAIS AT PG 3 4 R TS R TR 0
M HCH i 1y 70385 1 2L 4 it L J i U SR
S+ SR S 5L R S ) 2 ﬁ%ﬁ;ﬂg&@gfg :
IR i 61.8-86.4% ; SHUCHTERGRY FRIESHI T i -
R f] EDTA -
DTPA - LED3A SSfF1 & s A7 1 A [ 351 (7, 10] -
feifieny [5] SEEFUEE RN S R T
PTG ~ TP ~ i R R AR 8 Vi (R R IR
P /S SR S A s
AN R L A U L LT / TR (L
7] : 0.05M/0.05 M) » "B £ S50 R 1 1 T [k ~ Sigh
DRNENENCE et skess Tl IR M =
BV pH s T RIS - B S (6] 1) T R A 5
ISRt WEREFIPEYt 5 &5 T HCL - EDTA W citric
acid % TG RN U R VIR ST ]
0.2N HCl - 0.05M EDTA * 2 M citricacid » ' 30 min /%
SRS 20T s 1 ) 2y B whstfi
SRR S R eV (8, 9, 14] 0 I E'?J/I b ]
TR R [13,14] -
H A EDTA W HC 5% S0 £ 5

-+ BE R 2 B ] RS 3 VS e
s W RCENEAE Y BN - $19E0T] Langmuir =
Freundlich 1 gV RISLA T AT = B Ao Bl e
PG 8 (B R (05 fepys et o

[Fi] e T

IS 38% T 14.8%: F| % ik E

=<
Akl
2

ey
& .

PR

AR B R TRT S AT (L) P
IR B 5153 RS R e o i B E’Va‘&%
DR AP S TR 1 () 5]
S CHEERRE G 4 B S S SRR B %’ﬁ'%
BRI IR 2 7 o APV EDTA S HCL - k|
EEDE RV VR =|J?F,EIT@;€W?“ VR B
P > 1) EWT P[RS B g J/ W
DR IEREBREASC - Langmuir 7 Freundlich I+ i
P BRI 2 R 1 [?Ei“\E';V R RS AR T g

L



41

PRk 462~ A FISH  MERPY < S0GES) HCI SR EDTA BURIOELS RS Yot Y 5ok

%1 Iﬁi*h‘s?ﬁﬁﬁi;?:‘ N2 el

R No.1 No.2
554
A (%) 21 22
54 (%) 51 52
it () 28 26
gl Zﬁﬁj Ly
CEC (cmol(+)/kg) 14.9 138
pH i 6.27 6.36
FIESET (%) 291 361

e (mg/kg)? 1831.94 775.35
ﬁ: : T Nol % ,ﬁ! 7&’*““ ymiet # No.2 ;Lf i%@ﬁff‘,i/ﬁﬁ“
4
TS

F 2. SHBEWH VI

ERERCH PRI
* FURNEE =L L OK
EDTA : 0.1M 3.4-5.6(EDTA)
HCI : 0.01M 4-6-8-10(HCl)
SRR ES FEEE ¢ 30T
% (mgkg) - B ¢ 150 rpm
FURIRE B - BRI - hr (EDTA) ~ 3hr (HCI)
Po 18438 26771 - B JEpEIH - 4500 rpm
Zn 6146 13334 - EESSHEIEHER ¢ 15 min

(=) SBFW VLR
V5 fﬂf‘[i{ £% 1831.94 mg/kg * 775.35 mg/kg [V + 15
= 50 mL EDTA (0.01 - 0.005~ 0.001 » 0.0005M ) » i * &&
» I' 150 rpm & < fisgf=i 2 hr> 1 %] 4500 rpm &
CRSEES 15 min o REEE T l_ﬁfrlf’:s‘j‘ﬁi} Fif e PV
107 F%‘H =100 mL HCl (0.05-0.1-05% 1M) &/~
TRBRF (320 ) FNER > BRI S" EDTA 2 20| 1 8 (B
AR -
O Ffﬁli&“ﬁ&ﬁfﬁﬂ?ﬁﬂ%
STV 5 £yl £ 1831.94 mo/kg - 775.35 mglkg .V
-+ 185 50 mL &4 0.01IM  EDTA i 74387 » F%J*L—%
Wi 150 rpm > el T FE PR H] (05~ 12~ 3~ 4>
5-6% 7hr)» I ixI'] 4500 rpm EE-ESEES 15 min - FlRES
oy ) f Bl 5347 o
(=) BTl pH AR
BRI pH LR 2 40 7 10 8] T
il PH A ("S5 SV EL VA 1 R (S EDTA %

)

T e R AR -

FICR 2 fab Vished SR 208 U5 80 mg/lL v
e‘[,%rfg kaﬁb 70 mg/L ! /%mlfﬁiﬁﬁi 1000 mL #% i 1
v 600 flu -+ 158} 600 mL Fi & G IFIEEAI AT 1LV PE
JE[ SR 1) 180 rpm BERIEFE 10 ik o N JEESES
g5 15 min (4500 rpm) » FJE ﬁ@fﬁ fiz > AL T A
oot e 4 SRS Y RUIAT 2 R 2 T
% (NIEA S321.60T) 3 » FH Vil PMIH%F

% (Perkin Elmer, 3300) 57 ﬁ,ﬂ e = I/FAI?, . eﬂg—?g
Bl QA ~ QC (IR ~ = FrHIbRl ~ MRS £1%
UG Tl R (e R o

(p4) F B & st

1. Langmuir 3R P
Q.= a BCJ1+C, (1)

A
a - B AR

Ce © &I f?ﬁﬁi?}’i&fl@é%‘ﬁ’ﬁé% »mg ™
Qe & [IFff- Birfel + BT & Rl > mgkg?
2. Freundlich S JE s i fgt

Qe—KiC" (2)

Bl

Ks F{'Jgf

Un: RefitHpge > n tj[qug\r

Ce t Mt @%ﬁ??ﬁﬁ[@f@ﬁ%@ »mgl?
Qe+ [T B -+ SRPFETE ffkt > mg kgt

(=) BEFVIERGI g

1 T i% EDTA S HCl V4 V3R
IR R T VR EDTA S HCLE S IRI (F20)
%ﬁuﬂbﬁgé%Wﬁi§W$3%Wﬁ“’#ﬁjﬁh
2 2 L £ (183194 mglkg) M (ML £} (775.35 mgkg)
VRS e SRR 1 255 5
IR [ T%I J EDTA 5 HCI £33 Jush] » Hj%
LSS B0 S SV RIET PIY  2 5 sk
FEHIRLR PO E) A 5 I A R



42
RIS QR 31T 6 AN NBe 2

12
U Highconc.soil E Low conc. soil
10
0.78 0.79 082 084
0.8
Q
Q
5 06
04
0.2
0.0
0.001
EDTA conc. (M)
il 1. TflE%E EDTA 3 v ﬁFI'%ﬂ”«lﬁl‘l’ﬂ*
12
O Highoonc. soil B Low conc. soil 097
10 0.8 093 091
08 '
° 0.66 0.6
Q
S 06 0.
04
0.2
0.0 ; ;
0.05 1

" HC cone. (M)

2. P IRIRE HCI 22V Bl s B

97% (HCI) = 84% (EDTA) » =" H1 PRIy gl ok
PRI [3,4) - PRI 102 2800141 0.01 M EDTA S
F'ﬂ%@‘fﬁ/ RIS 82% - iy E 1] HCL R ?V)?%Jﬁ‘*’

HIPHHIFS 05M Ve Hnﬁfkwpiﬁ' il S
o [l EDTA I fjli [R5 (S5 HCL 7 ] &
2. EDTA I R it

PRI B (SR S P 5

Hujfﬁ,jgaj: ;ﬁ-:;ﬁ;r‘%’ﬂi/‘j "‘*EJJEF eI ﬁiﬁl*@ TRV

P SRR B D 3 57 o I R B B ’15?34 THP
VAR > ﬁﬂﬁ@ﬁﬁ > AIFA R
&1 AR 34 [EE o EDTA T2 RTE 3 (6 1

TR VLSRR A AR ﬂ '} EDTA 5%H %
Siayed S T GERRL 3 [ B - PR R R
B RITRRY = By 2% -

3. pH (i EDTA &5t 1 fyz%

I pH iy (S B SR £ Tt sl et
BRI 2 Ry RIS P (3] NIk
AP S SRS EDTA JHEGIS st MLV By 70T

HCI ~ NaOH ﬁ;ﬁ&i’ﬁ& pH i 2~ 4~ 7 ~ 10 Ul »

1.0
0.9 L.0-=--"0+-~-0-=---0---0
O
/O_ .
8 0.8 o’
5
0.7 (
06 —&— High conc. soil
- - - Low conc. soil
05
0 1 2 3 4 5 6 7 8
Time (hr)
B 3. "R g3 e (0.0LM EDTA)

SR RCE VR PR (L R AR
(o pUIEp 4 5§ EDTA Ss5 i il UM i
FHINE RIS (0,002 M) PR S {1 d:fi e
EDTA (0.01 M) [if » F1 3 ZV35ii pH '/@E#JIFJI

A TR Al P Sl E EDTA R & sk
R L o Sy S R RIS IR pH L ST R R
P JEGT RV E RTR O ELE TRRe TR S
T TIP3 T B EERE s VYR T ]
Hiife JlﬁngFJﬂﬁ%TfEf:IEI [6] - PRIt — il > pH [
(S~ AR 2 OIS pH T 8 9
TPl S IS pH R o o SRR S s N >
£ PEET LAY Y LB [y iy pH [ 4
BT & edpope ok 8 T pARFE
(Z) *Z it AR RN

RS T BRI T

Pl ARpAE A 04 g B R 7] 0.1 M HCI % 0.01 M
EDTA FLH JUGRY = e+ SR B et > 1

FATyEY 4 1

12

10 O o.

0.8

Ci/Co

0.6

04 | —m— 0.01 M(High conc. soil)
- - 0.01M(Low conc. soil)
0.2 | —=— 0.002 M(High conc. soil)
- @ - 0.002 M(Low conc. soil)

L L L

0.0

i1 4. pH [ EDTA MRS B I



43

PRk 462~ A FISH  MERPY < S0GES) HCI SR EDTA BURIOELS RS Yot Y 5ok

JEZV0.1M HCl % 0.01 M EDTA S5 ~ 7 yo e+ i8R s
o Tf*L}P%(O.l M HCI = 0.01 M EDTA %}+ %HITE’I;%FETPDU/

SRV R o R BRG] UGB Qe [
i Langmuir S EVREIHSY (Bl 505 # 1) InCe 3 InQe [l
T Freundlich ZREVIRAS (ﬁ%ﬁf 6) - fliEmRET 01 M
B Pb IV
Langmuir * Freundlich Z{EVIR I8 W R8s 1 R? (&
3) B 0.1M HCI % 0.01 M EDTA %+ 18 Pb - S35
BT ] Freundlich i v REgEE g -

Eﬁ]' 7 Eq‘%ﬁ[ 813 0.1M HCl % 0.01 M EDTA %}-+ ] IES

B Zn I ENEVEII R > T @;E\ﬂj??ﬁ[*ifl e+ S VR
RAIET) o 7 KT BT UC B Q. (BT
SUNRIHB - B! 8 P} InCe B InQe [H TR

HCl % 0.01M EDTA ¥fi¢ * T ysiet g &

Langmuir =7

0.0070
= 0.1M HCI

0.0060 [ R =0.9234 [ ]

0.0050 -
& 0.0040
=

0.0030 -

0.0020 © 0.01IM EDTA
0.0010 R=0.927

0 OOOO L L L L
0.0055 0.0060 0.0065 0.0070 0.0075 0.0080
1/Ce

ﬁ' 5 4 gﬂlﬁ‘ V Langmuir =%

= 0.1HCI

5701 Re= 09504

© 0.01M EDTA
- R?=0.945
5.10 Il Il Il

4.80 4.90 5.00 5.10 5.20
InC,

qa' 6. 4 ﬁf[lﬁ‘,ﬂ/ Freundlich &=t

0.0700
0.0600 - o
0.0500 -
S i
Q 00400
0.0300
0.0200 = 0.1M HCI °© 00IM EDTA
0.0100 R’= 0.9973 R®=0.9761
0.0000 ‘ ‘ ‘
0.1000 0.1200 0.1400 0.1600 0.1800
1/C,
ﬁ?ﬁ' 7. 2 BpigE Y Langmuir B¢
= 0.IN HCI o 0.01M EDTA
330 R=09811 R’=0.9539
320 F
310
E
3.00
2.90 o
2.80
2'70 L L L L L
1.70 1.80 1.90 2.00 2.10 2.20

InC,

ﬁ' 8. 3 d#y[ig& D Freundlich =%
Freundlich 7 S3EVIRFFHES » B REFRFHS 2 35 » pli=f]|
25 0.1 M HCI 551+ B 1 Zn SRV Langmuir H2 A5t
AL RPN o (R R R e P s
FPERL TR LT R B8 A SRR

P RFEEA
1. ]} 0.0L M EDTA SIEI0f18 s et M » H i & 5
SV RSk 0.1 MERPRILE > & EDTA [lufgh [iRg
S TV RS E PEIROBYAE » H R SRIRE EDTA iR
ST €A g -
2. PRIRTDSEHT RS 19 EDTA SIEIE12 T+ ) sy
P B RIS A T 80% 1) AR

#3342 FHER Bl PO Zn VRIS

L) F ik Langmuir R? Freundlich R?
0.1M Hcl Qe=0.72*C4(1-0.0036* C,) 0.923 |Qe=2.095C. %" 0.950
i 0.0IM EDTA  |Qe=123* CJ(1-0.0018*C)  0.927 |Qe=0.2492C, %" 0.945
0.1IM HCl Q.= 0.07* C4/(1-0.0853*C,) 0.997 |Q.=0.0133C.°% 0.981
zn 0.0IM EDTA _ |Qe=3.00* CJ(1-0.0093*C) 0976 |Q.=3.04C.** 0.954




RIS R T 51

=

P N T

75 (SR EDTA BCRIE & it V3SR pH ey * [as«HfF R A A PR S T” .
S 4. [fi (N 88) > Fie iniiet SF|" | FRpk ik
3. Freundlich %2 Langmuir V ZEVR AR %;;’[5%-’;}’%‘,2 Al s il Hﬁ?‘*q; L@iﬁiﬁ%_[ﬂf i S rlu
SEL RIS B PSS e (R R s 1 5. WHRy (2 90) - i Rt 1 £ e bt
FESLFC I Sl AR SRS g g L SRR ¥ SRR E T A S ﬁﬁd/ °
B o 6. HidH (HN93) ?fﬁ,f!@iﬁiw (“Z vk = 4
4. SPERRIEHT A" EDTA IEIfl £ s et Y 8 D i W B R R A
FLTE AR SR > NIRRT YY) EDTA ik RIS R i -
-+ ﬁ;ﬁﬁj AR ?:I%*ETZ4 % pH i = ] &R pH i+ 4-5) 7. Chang, S. H., K. S. Wang, C. Y. Kuo, C. Y. Chang and C.
VR BRI o T. Chou (2005) Remediation of metal-contaminated soil by
5. ¢Wﬂ | Langmuir * Freundlich ByEfeiss fssi s an integrated soil washing-electrolysis process. Journal of
o OB AU Y AL (RE) > B e R0 Soil and Sediment Contamination, 14(6), 559-569.
8. Davis, A. P. and B. V. Hotha (1998) Washing of various
i OEL e85 SRS R i‘SﬁF A G R~ lead compounds from a contaminated soil column. Journal
')’Tgﬁﬁ &Y e Wj’FJ?EU?IFWT% of Environmental Engineering, 124, 1066-1075.
6. Fi8 T BTSRRI~ pH I e - 2 BRIEEFTET 9 poong, R A., Y. W. Wu and W. G Lei (1998) Surfactant
PSR ETRYAY o RIS ORISR *ﬂ%ﬁi o enhanced remediation of cadmium contaminated soils.
7. FIH] 9;;&?1@75 TEE TS e BRAEE I (R R Water Science Technology, 37, 65-71.
FI& g (EY T fedidd Ml PRl (B wT (F 10. Heil, D. M., Z. Samani, A. T. Hanson and B. Rudd (1999)
WA R LS P l'*“’??ﬁﬁ fﬁ?ﬁ\ Fo /59?11:52?\ Remediation of I(.aad contammr.slted soil b?/ EDTA.- I. Batch
. ) o and column studies. Water, Air, and Soil Pollution, 113,
s BRI I [ SV A I )
) 77-95.
R 11. Lin, C. W. (2002) Mapping soil lead and remediation
needs in contaminated soils. Environmental Geochemistry
BT and Health, 24(1), 23-33,
H P BE IR B R :gﬂgﬁszg|ﬂ§z[;, FEFSHY 12. Lin, C. W, J. Lian and H. H. Fang (2005) Soil lead
(5t &7 r: & iy Yo 1 gk @F;;}[h immobilization using phosphate rock. Water, Air, and Soil
93_2815_0212_006_'5)’ b PRI - PoIILlltion, 161(1-4), 113-123. | o
13. Martin, T. A. and M. V. Ruby (2004) Review of in situ
remediation technologies for lead, zinc, and cadmium in
YR _ o
soil. Journal of Remediation, 14, 35-53.
Lo SRR+ R NS - URL 14. Neilson, J. W., J. F. Artiola and R. M. Maier (2003)

http://ww2.epa.gov.tw/Soil GW/index.asp

2. RNl (2 89)  RE(R I YIIE £
?@Tﬂf\uﬂﬁf &3l HF:*%F[ » B[RRI o

3. U (N 89) R IV Wk T L & Wt T

Characterization of lead remova from contaminated soils
by non-toxic soil-washing agents. Journal of
Environmental Qualily, 32, 899-908.

If¥ : 95.01.09 {27-:95.0224 #+:95.04.20



