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Preliminary Study on Arsenic Speciation Changes Induced by Biodegradation
of Organic Pollutants in the Soil Contaminated with Mixed Wastes

Sanghoon Lee*, Challan Chun and Jiae Shim
Environmental Engineering, Division of Biotechnology, The Catholic University of Korea, Buchon 420-743, Korea

As industrial activities are growing, pollutants found in the contaminated land are getting diverse. Some contami-
nated areas are subject to mixed wastes containing both organic and inorganic wastes such as hydrocarbon and
heavy metals. This study concerns with the influence of the degradation of organic pollutants on the coexisting
heavy metals, expecially for As. As mainly exists as two different oxidation state; As(IIl) and As(V) and the con-
version between the two chemical forms may be induced by organic degradation in the soil contaminated by mixed
wastes. We operated microcosm in an anaerobic chamber for 60 days, using sandy loam. The soils in the micro-
cosm are artificially contaminated both by tetradecane and As, with different combination of As(IIl) and As(V);
As(IID):As(V) 1:1, As(Ill) only and As(V) only. Although not systematic, ratio of As(III)/As(Total) increase slightly
at the later stage of experiment. Considering complicated geochemical reactions involving oxidation/reduction of
organic materials, Mn/Fe oxides and As, the findings in the study seem to indicate the degradation of the organics
is connected with the As speciation. That is to say, the As(V) can be reduced to As(Ili) either by direct or indirect
influence induced by the organic degradation. Although Fe and Mn are good oxidising agent for the oxidation of
As(IIl) to As(V), organic degradation may have suppressed reductive dissolution of the Fe and Mn oxides, causing
the organic pollutants to retard the oxidation of As(Ill) to As(V) until the organic degradation ceases. The possible
influence of organic degradation on the As speciation implies that the As in mixed wastes may be have elevated
toxicity and mobility by partial conversion from As(V) to As(IIl).
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v fHEAS vES FsdE] fa= Qg
218715 A7 3l st FER A2 2
E3ltHBhumbla and Keefer, 1994). HlAE 1Al
AP AL o T 3= URY 548
Aoy E3] Q8T FFE HE Age] A A
FEo HFe vl A YEETH(Walsh and
Keeny, 1975; Huang, 1994). 3 8% 727}
Az BN 298H 7 Sk L A
Ae 23tsl 5y it A9E8E, 34T, AEA,
HE AR 52 ¥ AZ7EF 7] ¥4 o
flo]u}(Bhumbla and Keefer, 1994), ©|#i3l &5
H) 2% opE}l 7] 2HES A WET sHsAol
A,

HaE AePdee] wet 7138 79 arsenate
[As(V)], arsenite[As(ID)], arsenic metal[As(0)] 522
EAs 2o vEriv e {718 A9 ¥
el2% YePdtHBhumbla and Keefer, 1994; Huang,
1994). AAAA el s F8 Hl2FA As(V)e] 7
$ AzRkElEo AielE BHd &, 3RS F
3l o]l5Er} A AL Sl BHEE A, Al
A=) vAMok and Wai, 1994), eI As(ID
2 As(V)ell vlsle] galiEe} olert F7isle AA
Ao HFidez HA ¢ £ 54& 7t
(Masscheleyn ef al, 1991; Mok and Wai, 1994;
Manning and Martens, 1997; °1%-2 %5, 2001).
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2000). &, VJAEL #4718 T S FUES
AAQZAAZ o)83l9 AUAE JSsAY 355
slo] HE AR HVER o)A e AHE
Salo] B a/Sdd s HAshA 7)™ (Mass-
cheleyn et al, 1991; &3z A&H, 2000; Cha-
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2002) ©] IPL A, AR v Fejot =
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o 3Fsh= vAET 2 HAUCHeIFE 5, 2000).
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FHgE & EF vro] SRR autoclaveE ©]-&-3F
o gk & ey AIEEsTARl tetradecane
(Acros Chemica)& ©l&sld Bl HF =71
10,000 ppme] H=F L FAHT AT LAY
oES AEEE AMSSINeH 2 §F EWAE
£ INA AR JAVE FA8AEE stk o F
< N7 BN ET AWellA 24017 wRISEA B
ZF9 oMAES AASH.
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FEESS AN, EAF71L Nidfiltered Cu-ko

o}, 3°~60° 20 1= 3HAD 714 0.02°, FA:
o720 8 2435t

B9 f7iekie] dgke elemental analyzer(Carlo
Erba 1108)8- o83t A8t B pHE EYA]
2 109 CaCl, £ 20miE 430] 1087 ok &
pH meter(Orion 710A)Z &3} tHThomas, 1996).
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HEZ B35 As(V)E UH7 deprotonated®
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3.1. Eg4SY

£ Agd ALgs EYe] 318k 5442 Table 1]
yHepQth. 9714 CECgHe 39z #2231 1270
subsample £-4J9] HFgtelth, EY pH & ke U
ehlln CECe tidldoz we Helr) olg F£2 4
A, A 5OF o|Fojz FEEH A % Fo
2 AZ=EohFig. 1. A AR 9357 AHeE
B AEAe] Fo| FE A YE(sandy loam)ell
&3l AP ANFIE 44 AR vedth A
EFEZE ZUAMo] mfg- w[ekstA] Ve

Table 1. Chemical properties of the soil used in the study.

Preperties Values
pH 6.10-6.34
CEC (meq/100 g) 9.4
Total Organic Cabon (%) 7.3410.06
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™~
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Fig. 1. XRD pattern of the soils used in the study.

Concentrations (ppm)

Fig. 2. Degradation of tetradecane in various soil microcosm
for 60 days.
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Fig. 3. Concentration changes of As(IIl) and As(V) with
time in different As(IIT) and As(V) mixtures.
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—8— As(11II) and As(V)
10 » —a— As(TIT) only
—¥— As(V) only

As(IIDAAs(IID+As(V))
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Days

Flg. 4. Changes of As(III)/As(T) with time in the soil
microcosm.

104 A & 2E AFM FFHOE 50ugl olskz
H23] HojRth, o]FA Hlie| Fxrt 23] "ol
€ olfre £ AgdA A HA FEEo|
manganiteg &Y §&Fo 2N FAERY H|AE )
Fo g A7 AL AE Ao BHETHChiu and
Hering, 2000). & §&4HE 543 vlxe] A FE
EH Fo] vig- we £x2 dojum(1A)7) W) A
MRy AdakBele F&, 47182 83 53
22 839 ot Bl gall=e Axrt 24 gk
T UthBowell ef al, 1994). ©] ™ monom-thylarso-
nateMMA)} dimethylarsinate OMA)ZF 72 §7[8] 4
3RRHE A4 5ol 7FsE Aolrh Asz As(VE &
FgA A& A4 3087 As@De] Rt
As(V)Ech stom 309 o]% Hat F7ksle] As(V)e]
FTEE 23T ThA] Z4sle As(V)e) sk ¥
opRith. AsMDOERE S HAIX A ES AL% o)) &
ARt Wsh A3g veR) 308 o3 40UrA Zvts)
7h Al gl As(MZFH 987 A8e] AS
30¢°] 7o W7tA] As(De] F=7F A< 00 7P
o7t 2 o] FErt AA Frsk As(V)s} FrAKsEA

FE FEE BRAth o] A% 94 608 A A7
= As(De] Fot ohA] 7hiEi,

ol ¥ WEATL {7180 Rl Hux
As(V)7} Az As(IDE AgEE AL vigdels A
o2 Az olF oA As(T) (& M)l sk
As(ID9] ¥1&N As(I/(AsAID)+As(V)8] Wzt o
£ HYE 409 A3 F ZE §900M As(IDY ¥
o] F7hsk el #APAKFig. 4). 2y 1 o|F
As(IDe] F== F43] Fidl] As@IDezsr 9
AR AN RE ALBiE A oo 7R 40
B F As(Do} vlgo] Frislal 1 o|F F73
dadhe A dg 7o 4ed 22 (1) =

) a As(I) in I+V
12000 a As(Y) in II+V
A As(Ill) in Il only
10000 P a As(V) in I only
= o As(II) in V only
E, 8000 " N . o o o As(V)in V only
- [+] L ]
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Fig. 5. Relationships between As and tetradecane concen-
trations during the experiment in different mixtures.

7] mlola2 35S AR purgingdtA %ol 2 o
AYE AVt AREEA Y-S DAL 7}
93 (2) BN g7l o8) Bt ARlElE v
%73 (Oscarson ef al, 1983) 5] At @74 Al
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Aoz Pt 4047k HE A} nj$ FANE B
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34. 718 B2 AsE s

AssiEZ} WslEls Ao e Hol WAy 4

€ rlolazsge] JFEEE B2t Asol slekE wislt
AL & ¢ Ak & F el As(Vyrt
As(IDog #9198 AXIc BE98de] Sishye
2 d 7S Mo HAE 58, JeEEN o8]y
As(E As(V)E AspAlich, ulebs B g 7
ol 718 a7t ALEBA op7lss gdEre) n
2 As(Vy7} As(De R Agsls 7ol wysie &
U Mn gx7F S71PHA Asel A181E ol 4
T 7o) FAO B 5 9 2o dibdrt
meb o] 7 7)1z e ApEE w@e BaM §7
T wellol o3 gt At MRS 59 9%
AEgdoz FEAE £ U Atk 58 2 AJgd
AR Bl pHE ofE "o gled o) A%
As(Vye Aribbsteo] 33AEAY ofge] =9
= AR F5 58 Sal 8 AAF =
FrhMok and Wai, 1994). @by B9y wae) A
2 ka8 wEE xgsl gt xaket
A e 7akg FAO IEfsior & Aotk

Fe, Mn F=03te 42 249 5 d4 2% 40
U 508 AlEzpA] Hdsielrt 608 JRes A

1200 ¢ - As{Tl+Y)
B —x— As{Hl)
1000 ~B— As(V}
800 - ~—¥%— Conuol(ii+V}y
S
E &
&
400
Zm -
0 2
0 10 20 0 40 30 60
Days
700 ¢
~ g AsIHV) /
600 o AS(TD //
7
500 - —— As{V}
-3 Contol@ll+V) - /
400 + 7

Ma (mg/h)

300 | /‘/

200 + /-
28

100 - W“W

[} 10 20 30 40 50 60

Days

Fig. 6. Fe and Mn concentration changes with time in the
soil microcosm under anaerobic condition.
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48] st 3U1Ee Bk 7188 284914
e g AR 2715 A8 S8 Hx
S7FcHFig. 6). §7188 53 A8 Fe, Mn
Tt AE717E kel 48] Svlshe AL Bols
olfroll i 7 Uv HBL oltE f718e 2
/LAY Fe, MnEY o Eon waby Feud
Mn A8}Eo] SEwr 455 28 A9N7)7] 9
9 Ao2 AzbElel(Klinchuch of 4l, 2000). 2, o
Z2F ABeMEe el g vlolmzzaZel HA
714 ez uiAEA Fe, Mn AH81E9] Sig8So] w
, o FEAEe] Tyt A3 Z718i) wide] §7]
Eol $HE A A §7189] Bajr) slRelse)
#HA ol tiEA HUM Fe, M9l g5
AztEle] 609 A5k Fof AEelMol Fe, Mnd] B&
ol dAlslE Zlog g

&O

F

Iy

o udk

48 B

vlolARAEE Al 471298 HlAE B4
2FAT F H7IEE Bl e uihe] slelEyg
o] Wgls At 60U rlelagIE M)
7 B3 R71E 89, s EE SYsigen o
&3 2o AEL 9L 4 ook

L #7198 299 Egr uiiEns By
Fwol Hisl] 43 hslgon olglel Fria
As7} Fe, Mn#e] 3314, BEdsqd) e 5 v
monomthylarsonateMMAM} dimethylarsinate(DMA)=}
e F7MASE ¥4 B o8 gl A
HAS Ao E Azhec

2. wpo|aRaE M7 3 As(De) FwZviet
A FulagEe] g Ay Bl EA] Walsks
HRlth olugk Wishs {7185 wlavl BAY] o4
g Adelr {78 Bairt vl2F ¥ d%s
A 2 AEE AR o] B AhEes 4o
FE As(DY] w0t S7ke d4dog gAYy
o} e SuAE 4 9E Aew daEn

3. Fe, Mn 5%t 7FEx1HE 4 gasitt
60Y AR ojFellMyt FH3] Fvlshe bl f
2EATA 92 AMEoME 28 2U1%E Fe, Mn
FE7t F7H olEd Aole {78 Fajo] oe
Fe, Mn #91&&0] YA dAE7] g8 Hew
AzpEct,

4. B3 7P f71EC 258 Aoy nle)=
IR TSt ALEHEM Fe, Mnol $slgs
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dojur o] g2 As@DE As(V)E Al Zlo
t} zev ol & v)iEEE Fvlske Aol BT
FkKlinchuch ef al, 1999).

FH AEL R7129E Eed e Eh) As(V)
oA AsIDo 2] Hsldd=} Asl) 2 As(V)9] &
TS o FRlsaat siem A
71233 AslEA 2434 ATE A ATAR 4
Al B AEEAES vge R (1) AsE A
A sl wE H/AZE AdsEg TR AREA
9] I &, Q) IEE Eollo] e mjAlEe]
71l #g A7 og Ao AgH

2 A7E B3l fU1e9ER Havt B oF
H A HollA vldE f7]LH9E] dEgog SAo] o
7o AsDE F#e] 7FsiH Fe, Mn 53 72&
HAEe Asi/Bded F3E vAE Zo| T
Act. £ AFE B RILEHER S
= 7397t AR Erbehe AEelA, T1LgE Y 4t
/3 FujEx e JIPEe) ol ME Fa4 §
B 2 F=usge] g & o ZA clsistaalsie,
ol FF LHEARS HFHo|l XAHOZ ofg) 3]
= A2 Hawyol € ol

o] F&3t

AL A
o] EE-2 2000 B3R EA THEKRF-2000-003-

DO0L45)e] X Qo] olgle] ATEALH olo] Ak
518

A7, oFE, AR (2001) FFAL Fu]olA 9] Bl AR

2] (speciation) ¥ F5& 54 Ig A7 $AYT
813]=], 239, p. 1711-1719.
740 (2000) B AL HEF] AR Bl

£ 9%, 71EeusaE A = F, 63p.

olF&, A&H™ (2000) Y4 A|FFEH A vl
deljolsl 9 AR A2 A7 % A
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