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ABSTRACT : A column experiment was carried out to study the reaction of Cr(VI) with organic
carbon. Chemical analysis for the effluent collected at different times after the reaction of Cr(VI) with
organic carbon in compost and SEM observation for the solid samples remaining after the reaction
were conducted. Cr(VI) supplied to the column was not detected in the effluent from column at initial
stage, but the concentration of Cr(VI) increased abruptly and maintained the initial supplied concen-
tration (20 mg/kg), indicating that Cr(VI) was effectively removed from the solution at the first state.
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In general, the concentrations of cations and anions with the exception of PO, increased and decreased
again. Considering that most of these ions were not detected or showed very low concentration, these
ions are considered to originate from the organic carbon in the column. SEM observation showed that
Cr was coprecipitated with Fe on the surface of organic carbon with small amount of other metals
such as Mn, No, and Co. This indicated that on the reduction condition on the organic carbon, Cr(VI)
was reduced to Cr(OH); and coprecipitated with Fe(OH)s;, and that Fe is very important in the
precipitation of Cr. After the soluble Fe and Mn are not dissolved any more, Cr(OH); is not preci-
pitated. Different from other ions, the concentrations of PO4 decreased and increased, which was thought
to be the result of the release of PO4 from organic carbon and sorption on the precipitates. After the
maximum sorption on the precipitates and no further release of Fe, the concentration of PO, returns to
its original value measured for the ones released from the organic carbon.

Key words : Cr(VI), column experiment, organic carbon, Fe(OH)s, coprecipitation
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A e M Cre 25H +67bA TR Ahst
FHE EA4%Y. IFdA Crdl)¥ Cr(VI)o] <l
o] Egol ofste] AABF R FEHE FL
FTEoIth ol Atstekd A 9I(Eh)¢t pH ghell w
A Mz OE dHE SAst S 0lAM Crl)
o] 7} 943 ZFo|ti(Mohan and Pittman Jr,
2006; Chon et al., 2008). ™ pH #ko| 3.0:t}
vrom Cr(VI)7} eksta 3,580 £ 49 CrOH, ',
Cr(OH),", Cr(OH);’, 183 Cr(OH)y, Cr(OH);¥
22 pst oz EARTY. °of ¥ Cr(OH)s2
A JHEY HHE TAE A 1
U A4 0] Qe Cr(VD) T2 &3ll4d0] &1 A=
S B o oloja] #A o 540 o E3
Cr(VDhE EYEARZ Fd. Astee A=
=, 54, Al Z, ¢t g, 7t HY, SAY
7, 3o AlFE, AAAE, S T3 22 TR 7
A9 Croll ¢ty 29¥ 4 UTh(Kimbrough er
al., 1999). WetA Cr(VD)Y AAE Ast4ES 23+
g g stel| SlofA wlg- T st

44 HES-BA|(permeable reactive barriers, PRBs)
© O i =2 2 A8k Cr(VI)
g A3ty dst] ALEHAG. olH T Cr(VD)2}
PRB}Y| whgole 4, F%, AH Fo| Ao
(Chirwa and Wang, 1997; Mohan and Pittman Jr.,
2006; Jeen et al., 2008; Boni and Sbaffoni, 2009).
%714 (zero-valent iron, Fe')2 PRB A8 EA ¢
Aoz AFE A AR T shHEA Cr(V)
£ CrlIDZ YA 7= AHEFTH(Puls e al,
1999; Zhaohui et al., 1999; Jeen et al., 2007, 2008).

71E Al 93tH Cr(VI)E Cr-Fe F4H3E-9
AEA EFd AAEY FASERE AHEn.
02 EA2E = E(red mud), &, HIA0]
E, t}13|nlo] E(maghemite)e] Y=Y A+ 5ol &
3 HFo A Cr(VD)E EFRHoZ AANNE A
o] S th(Pradhan et al., 1999; Erdem et al.,
2004; Tel et al., 2004; Hu et al., 2005; Potgieter
et al., 20006).

Ut oz ol =dEL 1l A7 9
I wEA tiAAY] Bade] AT|EI = d 4
oA fFEE H71E A vlgol W] wE
A Cr(VDY FHAE Bo| dFHA=H 7Hs
4 e EAZ 7} 2X(bagasse), A4, H44
g2, Fo]Ey B4 Fo| A7EUtk(Sharma and
Forster, 1995; Cimino et al., 2000; Rao et al.,
2002; Hu et al., 2003; Acar and Malcok, 2004;
Bishinoi et al., 2004; Kobya, 2004; Garg et al.,
2007). ol& Aol stH olE2 AHAQ FF
A 9L ste Ao dHAT. ol EAE
o] AAL ol A Bl Falg EAXEE 3§t
A o= "HArke Aol A

EdY fIEFAE)S Y #lEE Folet
8% 4TS ste Ao E I A th(Banks er dl,
2006). Boni and Sbaffoni (2009 Z¥ A¥d<S
Eslo] RAEZ 7|Hlo7 3 AU a8
e Adstaon HaollA aEH0E Cr(VI)7H
AAEE B

2 A7 H32 BAEE o] &3 Cr(VDY Al
AL Zd APE Foto At FAHEE 7|6
S 2 g PRBY Cr(VI)ehe] WH3olA doju= F
B34 AF5ety HslE 97 g ot 2
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Fig. 1. The concentrations of Cr(VI) and the measured values of pH and Eh for the effluents collected from
the column.
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FeAe A AUt 9EF wjgA oA AFH  Jeen er al., 2008). FEFY & ABEL 045 ym
F AGEE AT o] AREE EY(QES o FEE o] &t AEE AE F Cr(V]) FEF
Mg =2, 20 mAIS 30 WA Aol AN B FAdAY e FoleH ol BHES s
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Fig. 2. Comparison of the concentrations of Cr(VI) with those of cations for the effluents collected from the

column.

ANEE FXIEAT

$Ze %, pH, Eh 52 A% AF & ZH34
on 478 =+ HACH €28 = 71E(Model AL-
DT)E 0.16 N9 H:SOs &H& ©]83t Model
16900 TA" HA7]E A8t 9™ Orion Ross
815600 pH ZA=3} Orion 9678 Eh A& AM-&-3}
o] pH9} EhE Z43A T

oFol &3t ol 29 Ae fEAF S} Y}
W& 23 (Inductively Coupled Plasma-Optical
Emission Spectroscopy, ICP-OES, Thermo Jarrell
Ash Corporation)¥} ©]& ZZu}lE712]3](Ion Chro-
matography, IC, Dionex DX 600)E ©] &3} &
Attt 29 A3F 1A ANEES ZHAA £
gt 2 SHFEFE 1, 2,7, 13, 22, 36 cm A
RS AFste] 1 Az s2RAxsNeH ol
FAZ A 7 (FE-SEM;  Leol530, Carl Zeiss
SMT GmbH)2.2 EA3t5it}.

O = >~ =
e B2RE o f359 274
2

e £ oluth ¢F 1.39 PVOlA A2
AE Cr(VDY BEE 0 mgkgCZA o83 &
¥ 345 PVHA AZEHA &4tk 22y O o
T Cr(VDY & 0.11 mgkgl g2 o}F We ke
Bol7] A&ata 7.29904 833 PV AtololA 1
FE7F 193914 1122 FA3A S8k 9.37
7} 10.76 PVelA 16.8% 17.6 mgkgl 2 F7}3t
T opxgo 2 Z4H 27.79 PVOlAE 19.9 mgkg
o2 A9 20 mgkgdll 7 Cr(VD)Y] 55 H

I M oWE o o [ rfr
2
R
o

o =

Atk FFo| MR FFF THE Fol 29 K

— 154 —



67} 283} f7R0ke) ol HE BETHA A Taheha W

20 — 1000
() =
o ) :
| i C
5 L
17 .- i HCO,
5—o— ¢ s L 100
- 4 > E g
) C
g
) g O—o ] = [] B é
5 PO, 2
5 @
c s 10 B
2 = 7]
E = £l | C 5
oo - &
o a + i=
c @
[=] kil - (&)
o 5
6]
=1
4 4 =
Cl B
0 T T T 0
0 10 20 30

Fig. 3. Comparison of the concentrations of Cr(VI) with those of anions for the effluents collected from the

column.
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J A 3 O o] FEF e X0l Yoy
gol &5 &It A Uoe o HG
(Cimino et al., 2000; Rao et al., 2002; Hu et al.,
2003; Acar and Malcok, 2004; Bishinoi et al.,
2004; Kobya 2004; Bhattacharyya et al., 2005;
Garg et al., 2007).
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Table 1. Concentrations of Cr(VI), Cations and Anions of Effluents Collected from the Coulmn

PV Cr(VI) pH Eh alkalinity* Na Mg Ca Cl PO;  SO4 Fe Mn
0 0 776 480 125 07993 8079 2388 142 4371 178 0.762 0.101
139 0 804 454 766 0.6964 97.1 3118 149 429 083 0.806 0.826
243 0 692 534 5112 03558 3633 2406 083 286 081 0203 0.997
347 0 67 520 5079 0329 2295 1833 0.68 672 089 0547 0.961
486 011 674 513 4685 05248 19.05 2392 068 556 087 1.033 0.821
59 029 687 525 3414 02473 1401 1192 064 218 073 0605 0446
729 193 723 465 2914 03249 1175 1131 042 571 052 0.124 0326
833 112 723 465 1539 02239 6.045 5529 027 2793 033 0882 0.124
937 168 748 428 137 03289 4.882 4579 03 22 039 3291 0.062
1076 176 737 462 956 02166 4366 4266 027 3484 031 0104 0
1215 18 7.09 414 927 02397 4559 442 028 3577 037 0139 0.001
1423 18 7.08 526 1115 0.8867 4.643 4306 04 3578 123 0042 0
1666 184 687 497  103.8 03128 3936 3996 034 3654 022 0028 0
2082 192 741 442 96.1 03097 2.857 5441 029 2248 042 009 0
2776 196 72 595 749 03541 0.6729 4208 022 3629 043 0.006 O
" alkalinity as CaCOj3
o[ 2 oA galEo] UstE ZoE FZHEY. Mgy
Bee 27 FuTdA FF8HA gRey 7=
Fole A9 Ke 7] FaTd = 9 FolAE 2719 97 mgkglE M W dE B
o] FEFolE & HE §lo] B2 do] HAEHo  oln I FEE HAHOE T WolAA Uz
o5 7|Z3HA AUt &ZE 249 A K 9 dle 1 mgkeg ©l5te] e 2t webA Mg
o Na o]2o] AZHoH ol A% = W Af Fusol g7l B e Mg =3
T2 YAR AAHOE Fol Evtd #sY AF fU] g4 frd HAle AeE AdEn. &
& B3R et a¥ 2). TETY BF Nav ¥l AF Mnd FFTdA ofF ¥ F%
oF 0.1~0.27 mgkgrtolZ Ao U4eE Nae ©] 2 YeAY AEHA &It 18y 27] 5
Hos 9 2 752 S04 &9 08 mgke T dole EF 0.8 mgkg AEY TEE HAF
o] F7HE #E Astie thFE 270 BdH  © ARke] AYHA Fast] £3] Cr(VD)Y =
7t AR SR dAG e BT Atk ojd3  7F molAHA 2 Od0] log 2AYYE AT
HES 2719 f719a W o7t - &8sl W 9435 faste HE A we A9 odll 7Ht
Naol| 9J3 F7I2 HojAy F3ofs HOE A & gE BTt 94 Fest Mno H 5 7]
glo] ol A& I FEOE FAHAT T2 BAoA FHstHE AoE AZET Fedt Mnd
08 dol29 A Naste t& AFS BoFE Zart Co(VDS Cr(VDE S7h7F dAsh #do]
th O%F Cad AF 3359 A% F32~37mg oS AAST
kgd BEE BAFEH Z7]d= 311 mgkgl =
A e & FEE HAFT XA Fistd Z0[2
729 pv °]FZE 100 mgkg ©)5tY] e HAF
™ 40~50 mgkg BEONA HFstET 27] FH o] g At mE FEFAAY &
& HT Be 49 Ca 5 F/HoE f718 & 7 Sol29 FHO mEtA tgE P B
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Fig. 4. SEM photographs of precipitates on the organic carbons and their EDS showing the compositions of the
precipitates. (A) Organic carbon showing original plant texture, (B) Precipitates on the surface of solid samples
(C) Precipitates on the surface of solid samples (D) EDS result for the sample (C) showing Fe and other

metals are coprecipitated.
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