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Reductive degradation of Chlorinated compounds by using Iron Minerals

Sung-Kuk Kim* + Sang-Won Park

Faculty of Environmental Scince and Engineering Keimyung university

ABSTRACT

Chlorinated and nitroaromatic compounds are non-degradable substances that are extremely toxic and are known to be
carcinogens and mutation causing agents. Moreover, the half-lives of substances such as carbon tetrachloride, hexachloroethane
and nitroaromatic compounds are several decades. In this study, the optimal conditions to detoxify chlorinated compounds
by the reductive degradation were investigated. The following results were obtained in the reductive degradation of CCl,,
C,Clg, C,HCls, C,Cly, and C,HCIs by using Fe, FeS and FeS, as mediators. CCl, was reduced to CH,Cl; and CH,Cl, in
anaerobic conditions when FeS was used as a mediator. While the reduction of CCl, to CHCl; was rapidly proceeded, the
reduction of CHCl; to CH,Cl, was occurred slowly. Further reduction to CH;Cl was not observed. Unlike CCly, C,Cl¢ was
degraded to G;HCls, C,Cl,. G,HCl; and cis-1,2-C,H,Cl, by complicated pathways such as hydrogenolysis, dehalo-elimination
and dehydrohalogenation. A small amount of C;HCl; was detected only in the early stages of the reduction. However,
majority of the C,Clg was reduced to C,Cly. cis-1,2-C,H,Cl, was the only product among other possible isomers.
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A 2 HEZA f7] SHELS EUER e 5 ol FEERE A vl 53 BA2 gy Aok
53] Aldsleta:, SNEERg By UEZA W3S S ARAANIA EalEle slvie 44 do] ZH-ir)
o] AFelre A FVISES] dE BaRkeoR T3t 218 5808 Sk Fe’, FeSY FeS, & Whe-
WiHER o83 CCl, CCls, CHCL;, CCL Y CHCL Y 84 Baitgoir] vhgat & Aus |iek CcCl,
£ FeSE ke /B8 71 Z79)M CHCLS CH,CLE 397 Baurs-2 slct. CCl o4l CHCLOE g
g8 ufg- WA dojvfe whd CHCLOWN CH,CLE EaiEs wheEstt wig 2 dojuth COE
cCL et 2] B3g vhe A22 3lE B3 Bhe-S 3o, AT BhE, YALAANR ) EpAgql Al
SOE CHCl;, CCl, CHCLS: cis-1,2-C,H,CLS ) AAEZ EHET vhs 27)o)) A3k CHCIANAE
o] FRIElen, tIFE CCLL2E ke 3I3lth 53] CHCLOIAM FHduts YHEE cis-1,2CH,ClLyite] A4
E2 VRS, rrans-1,2-CHoCl, BE 1,1-CH,CL-S BAER VR &sitch

FHO : EHaShkE, SRR, AdsEe, AR

*Corresponding author : sk6922 @detec.or.kr
L7444 12003.12.9 AR 2004 2.26
Ze] 1 B9 :2004.9. 30 7HA]

11



12 A5 -

1. M £

A aeslkE gar AIE 7 #7) sjkee]
Z18EA ik Hlew, 1 ARSRo] uid &
7ietel met Bk 358 FHASH LAAITIAL §
o} ol SIRMEL LA f7] S0l HiFoe] EHU &
254 oy, Wiz, EdWe] fA B2 AE
3HA 9 sisby Zaljrt uile- ol wir vl tids] 21
E40] oH 2. B3] EYe Azl 7Y 2 B 4
Zo] Fhox Egke] RAgZ| HaEo) z)sl4e]
LG AGe LG TIH, Z7IZE Bt Akt B
FEEL 7] TS diAE ol shEde) giiE

FUAY, AGAGT FGAGoA FEHH, 1 9
W7, A, HeR Pse e T/ e
o] g=2AA /718t AR fdEe] LEA7Ia
I, 54 22 244 NS sigEe o &
£ Ul 92970l 94 Ee BE 3SR £7138
FEoH, ol T2 MEAY TiEX] FFoA AHE
Suj2 olg= Qi)

ol IRHE FoIM E4 ARWVE 7R "EA] 771
3J3HE &= tetrachloromethane, hexachloroethane, penta-

S

d

O

me rlo

chloroethane, tetrachlorethene®} 1,1,1-tichloroethanes ©]
o} o5 S¥tE tiFite] Edeld XelrE 2@ A=
T8 S2E0th 8 94 HSASFERE tetra-
chloromethane(CCly), hexachloroethane(C,Cls), pentachloroethane
(CHCL), tetrachlorethene(C,Cly)2F 1,1,1-trichloroethane(1,1,1-
GHCLy) 5°] v} o= =L 31544 3 A=3
Bk2o]| o5} chloroform(CHCL;), dichloromethane(CH,Cl,),
cis~,  trans-12dichloroethene(cis-frans-1,2-C,H,Ch),  chloroethene
(C.H,CD), 1,1-di-chloroethane(l,1-C,H,CL,) S°] & Tt}&
FaA] sitEe] FeE wstA B @A APy
Z 313}E (halogenated aliphatic compound) 3184 2
AES wi7fEe] fle 58 dolx Aehkgal epa
2 A1 (DehydrohalogenationyS PR LukEo g
olE W2 wie- =24 dojuhr, 571 (months)ell A
T d(decades)d] ¥FL7|(half-lives)yE 7}RITt

ko ] G4A e BEA 47t 3RIEL 25
MM 7iRslEE vl o ViE A JoP. 1y
U o G4 e BEA 497 sRES AY VR
3 ¥hgo] dohfA] ef7] wiRel EalEe v e 4
ol "}, o}F g2A 3gtee] 2RI} vhg £
© €24 N@r1e) TR ol vt APd] dEe B
o] W=t}

Journal of KoSSGE Voel. 9, No. 2, pp. 11~19, 2004

T B AFRES TEAA AME g%kEd YE
ZA RE SFEES 71 20004 B wilEe)
o3t glA Bl WS 8 AT dideE: dysia
o}, o 2 AFrIE Bol 7R SgEdsE A
Ape} ATF BESle] Alehhg Bk $hedvkgo] |A|
Yofupr] wjFolct,

Curtis?} Reinhard®5-2 hydroquinone®} 2,6-anthrahy-
droquinone disulfonate(AHQDSYS ¥H2- w7 &= o]&3)
] hexachloroethane©] tetrachlorethene &2 3 H&
gl

B (iotite)2} R (vermiculite)S oF83Ix] TFEAQ] T}
% GaA 77] 33EQ] tetrachloromethane®} hexachloroethane
S chloroform¥} tetrachlorocthene® -3 A)1ZcH.

=5 BEAS o)8g A2 7] sivtEe] X Ea
kol gk A7l BR3 olf= 7% SshEte) By
7 oo 54 f7) setEde] A8l sl X8t
Fu B o] Addels Eelal oS EalATle
A77F 2ol Hof A Kot 53] At BEdlA A
g FetEde] olg AR Ao Tvjal ols E-e] A
3, Al tigk S8 A7t Hol A @t

mEp B =Folxe AA Exske 3ER (R
FeS9t FeSyy& o8-8t @4 f71-8(CCLe C,Cly)
o] A Baluhg vl7fEel oiste] Asiddct. ol<f
22 A7e Akt BEYoRe] fr18ule) 22 {3
A EEH] e Bl {1 @EAS AASET)
3 viERlE 2 o)8-48 - g Aot

2. O|2X u{H

2.1. Fe-H,0 H|™(Fe minerals-water interface)0ilA2]
Erpda sl HES

HFVIEL-E BUgo A FEPL IUA=
2Ag3le, 3 o2 A o (Fe(ne] MAET /7]
SIRME-2 Fig. 19 Ehd 23 Zo] 27FA] 7453 ¥ke-
Az ddzas} 3-8 IS,

A 2dox) &2 Fe|ERX)E A7 FH)
-2 3l d gHogRE A AAE Ao}
A28} 93 §itt o] whEollA] HH Falog A4
© Fe(l)*]23} RH, X~ o]&o] A€}

iz g
it ok

[e4W)

Fe’+RX +H* — Fe?* + RH +X~ (1)

T A B2 Fgollitol| x| Feol HAoRXRE f3E
Fe(loll ofs) ¢ Sefoloe gatzds) vhe-s St



E BEl % d2A f1EREE o] SR 13

(A) Direct Reduction at the Metal Surfoce {B) Reduction by Ferrous iron

Felt >,/ RCi+HY
e Fglt . RH+CI

H0

OH-+H,

Fig. 1. Proposed pathways for reductive dehalogenation in anoxic
Fe®-H,O : (A) direct electron transfer from iron metal at the metal
surface; (B) reduction by Fe?* which results from corrosion of the
metal.
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Fig. 3. Reductive degradation of carbon tetrachloride in the
presence of FeS at pH 6.50.
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Fig. 10. Reductive degradation of trichloroethene in the presence
of FeS at pH 6.50.
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Table 1. Observed products, mass recoveries and pathways for halogenated aliphatic compounds in the presence of FeS.?

Compound Products Mas?asr;:)(:very Pathway
C,HCl;s 5.27 Hydrogenolysis
Gl 64.28 Hydrogenolysis
cCl C,HCl, 5.36 dehaloelimination
26 cis-1,2-CoH,Cly 1.69 Hydrogenolysis
C,Clg remaining 5.83
Total 8243
CCly 68.14 dehydrohalogenation
C,HCl; 7.54 dihaloelimination
CHCl; CHCls remaining 17.3
Total 92.98
C,HCL, 18.69 Hydrogenolysis
C.Cl cis-1,2-CH,Cl, 10.93 Hydrogenolysis
G C,Cl, remaining 525
Total 82.12
cis-1,2-C;H,Cl, 14.97
C,HC), C,HCl; remaining 47.04 Hydrogenolysis
Total 62.01

“Uncertainties represent 95% confidence intervals.

PRefer to the text for a description of how mass recoveries were calculated.
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