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Trichloroethylene Removal Using Sulfate Reducing Bacteria and Ferric Iron
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ABSTRACT

Sulfate reducing bacteria (SRB) is universally distributed in the sediment, especially in marine environment. SRB reduce
sulfate as electron acceptor to hydrogen sulfide in anaerobic condition. Hydrogen sulfide is reducing agent enhancing the
reduction of the organic and inorganic compounds. With SRB, therefore, the degradability of organic contaminants is
expected to be enhanced. Ferrous iron reduced from the ferric iron which is mainly present in sediment also renders
chlorinated organic compounds to be reduced state. The objectives of this study are: 1) to investigate the reduction of TCE
by hydrogen sulfide generated by tht growth of SRB, 2) to estimate the reduction of TCE by ferrous iron generated due to
oxidation of hydrogen sulfide, and 3) to illuminate the interaction between SRB and ferrous iron. Mixed bacteria was
cultivated from the sludge of the sewage treatment plant. Increasing hydrogen sulfide and decreasing sulfate confirmed the
existence of SRB in mixed culture. Although hydrogen sulfide lonely could reduce TCE, the concentration of hydrogen
sulfide produced by SRB was not sufficient to reduce TCE directly. With hematite as ferric iron, hydrogen sulfide
produced by SRB was consumed to reduce ferric ion to ferrous ion and ferrous iron produced by hydrogen sulfide
oxidation decreased the concentration of TCE. Tests with seawater confirmed that the activity of SRB was dependent on
the carbon source concentration.
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1. M £ FEAR AP s AE dolry] Sg AFES
QST SaH02 TCE U TlEe] 9%
3151917 (Sulfate reducing bacteria, SRBYS &7]Z<l S Yrslar, skie] grlE sk 3kl F
JHIE Hole HHEAA Bo] #3¥shal Y= ZeE & TE HES el uet #Eslar old] WE TCES]
HA lon 53] s EFE JeHes E¥slal T, AT wAde] e wErskE vlus)

St} RRLIFL Ao W7 eiolN Worlel Gl
(sulfate, SO )S HAAEAZ AMESIaL 5, ofr| =2t
B RS A FAAE AR8Sl SFE o]
HolN AR Fekeams el weae thewt o
(Menert et al., 2004).

2Lactate + SO,> + H" — 2Acetate + 2CO,+ 2H,0 + HS™
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8H,S + 8Fe,05+ 32H" = 16Fe* 1+ S¢”+ 24H,0  (2)

olFAl HEE TFE HA] 2 BYYeR EREER
olel@ (Trichloroethylene, TCE} 22 f7]od=4 ¥
% ohJe} FBEE AT 5 Y A7) Bo) 13
sjo] QItkShin et al, 2007; ZAlo] 9], 2005). 1 &
TCE®] ghglol] thgk §hE-2 T} ZTH(Matheson and
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2.1. AENE

Aol L3 AT EQRYE AT 3kt
Shelat iAol FReleAEde] F718 SRS widst
o ARgSIRTE BRI A RS Table 16 LERARL
I ZAIS viAE 121°CA 1587 ZIFEEial pH
72~745 A7 Fof] ARESI o, Rt 30°CY]
oA F71H oz A stk APl ARE
TCES &% 99.5+% ac.sg AI2FOZ AldrichAlollA
Yot on, 7FELEHES HA] AldrichAFollA] gk
Fe,03 powder(< Smicron, 99+%)& ARSI

2.2. TCEZ| Egtalae| d&| njX|l= W&
TCE®S] 502 Jghelyte] Aol J&FS vA ool
gt gslrae] Aol AflEleAE SISk st

Table 1. Composition of SRB medium

Ingredients Concentration (g/L)

NH,Cl 1

Na,SO;4 1

CaCl, + THO 0.1

FeSO, * TH,O 0.05
MgSO, * 7H,0 2

Sodium lactate (70%) 3.5

yeast extract 1

K,HPO, 0.5
Na-ascorbate 0.45
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AES st 500 mLe] wigE710l wiA] 500 mLE
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A d 5 J=AE gokrr] 93 AFES S5t 30
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71t et wiRE FYstar flo] A U x£o0F
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al3inh. QRERE 0HS WHElY] ffs] A ARE

H A 2 BF /IRPET $ ARRsIeH 71ds
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I} FAel wHksk] AlZtel wEh 7S] vials AR}
o fhls o] WA st CFU, 1913l TCES] &
=8 235

2.4. Sulfide0i| 2|3t TCE2| M7 A&

g3lgae] wxo wet g3kdde] 28] glol=
TCE®] E3)7} 7Fs3k A2 F2187] 948 30 mLe] vial
o sl5ro] TEE 2349 *‘@01]*1 s3heltol] 23]
A BABSE 52 438 mME FUS A 43.8mM,
438 mME Z7H07] AL Blasle] A]ﬂoﬂ w2 TCE9
& ¥slE A

2.5. Fe,0:2] T Al &stalio| M2 2|st TCES
M7 AE

3R] Al oJaiN Fsart S o,
3ol ofsiA 37kde] HEE $hlo] HeA|, Bt
3hdo] Eoh $dd 27FEol <JsiiA TCEZF AlA7F =]
TAE golry] S5 A3S FaPsITE 30 mL vialol]
Fe,0:2 3¢ ¥ Fol| 919 A3y} & oz )
AZ Ao g7 NaN= FJE3 5 TCES 30
mg/LE FYsIth. T3k 37187 TCES] EAlol e
SFehelre] A7) Wl 1| &l A9} skt
< FYU AF= SIS Azt wet 2 Al A
TCE, 33}, 3193, CFU, 9 2 aAPte] 714
(Fe*'yS 2931t
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e} 22 Whgo] A sl ME MRS IR
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Fgaqo] TFE AE S0uLE A7} FEHE
filtravetteo]] < ?3‘]-57_ somatic cell releasing agent(SRA) 3
e FAT F UYL slsel wAESH AT

EeulE SFch ol%F filtra-
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50 uiE YUk ATPE =73 th(Profile-1 biolumino-
meter Model3550ib, New Horizons Dianostrics Co. USA).
3T ATPES:
ing unit, cell/mL)2 &4F51ATH(Shin et al., 2007).

(adenosine triphosphate)S-

profile version 1.1°2& CFU(colony form-
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capillary column(30 x 0.25 mM id., AlltechyS A831%
on, QB RLTE= 100°C, FUFE 260°C, HEH
£ 280°CY] iﬁ_i S48k
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Fig. 1. Changes of log scaled CFU with and without TCE.
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Yt Ao} T3] &2 o] ARl e s
W23 A3}, Fig. 19 VRt Hlel o] TCES F43
A} FRUSHA] &2 A ehdre] 47 o] fA18H
A Yelsdt), A% ke 27 200V 545355 S}
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om o|g|3 A= uEko g TCES % 30 myL7HA =
Sedare] Al 54 JFS vRA] Lo} 3T
S 3lAE SIS 5= Qs Aog Bl
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o

3.2. ekl M E &slrao| wWiiu TCES
HA MY

Fete] Aol wel S FANA AR E
A= AES deolslar AAE B3ldol o8] TCE
7} BLAA 2 S JEAE Dopy] 23 AL 53
S 1 AE Fig. 29 YERASITE oF 500413F E3F
o] A7 B2 CFUE 100A7HA] W2A] A4S 3
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Fig. 2. Changes of TCE and sulfide concentration during the
growth of SRB compared to the sodium-azide treatment.

438 mM7HA] Z718kE AL BES 4= L v 4
HAs s Bkelyre] S WAIS iz vhS7]o
Ae FElgh g3l9Ae] 718 B 4 /it BAlel TCE
9] T E el o3k ¥-E-S Traore et
al(1981)2} Lens et al(2000)2] Aol AA3F wke-2]
= gehedatol] SJalir] Shldo] o] Eof slrae] &
7} 7 kR AlEEAL 1 WhE-Ale thea) 2

Lactate” + 0.37S0,> + 0.56H" — 0.98acetate” + CO, +
0.02ethanol + 0.5H,0O + 0.215HS™+ 0.16H,S + 0.48H,

4)
2Lactate”+ SO, +3H"— 2acetate™+ 2CO,+ 2H,0 + HS™

®)
Acetate” + SO — 2HCO; + HS™ (6)
Acetate”+ SO,> + 3H" — 2CO,+ H,S + 2H,0 (7

Fig. 2= GeIoliite] o2 2lsle] 24 3L 7|
gsjsmar} AAdo] FA olo] me TCES] FEHs
3514 Qi) olAe R B A AeE 8
FooRE WG Fwo| Fe4into gt TCE A7)
7} 54 gke o= wekEr).

fr o

3.3. gslea0 2|8t TCES| M A

Fig. 20 w2 33keiqte] Aol ofs) shitedo] 3
dEo] At AAAER SR A Sl
M= TCEZ} EE)A] &= 2 ER1gc). 3k
S HESHA 22 dHlollA Fslgiel ©$k TCES] $H9l
7Fs3S gohiy] flale] o9 TEE wslslHA A%
< et oI5 SP3l FSAE 438 mM, 43.8mM,
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Fig. 3. Reduction of TCE with the concentration of sulfide.

438 mMo| E=E FSfar ARl wE TCES F=W
s 2gaI0

ol A} AR 438 mMe] B3}rae] FEd
Ae FBlg TCEY $& WPl Holx| gf= whdd
43.8 mM#} 438 mM2] FEoAM= FEEH ashe A
< E 4 SUtkFig. 3). F3slaol sk TCEY W2
UukH © 2 pseudo-first-order kinetic model® A&
Rom 1 HAE veERA 22 o33 ZTHButler and
Hayes, 1999).

4 r

[TCEl,, = [TCE],, g "™ ®)

aq,0

[TCE]yq: A1ZF 1A TCE®] 5% (mg/L)
[TCE]yq0: 7] TCE®] §%(mg/L)
kops : pseudo-first-order BHS- Zd<=(h™)

Table 2& B8}A4e] w0l w2 TCEQ] AAES ¥l
W3 A Axolr}, oF 5000 A7t Feke] whg- Axt
438 mM9] FIFAE 30 mgLE FYUE TCES thaled]
56%2] AAES B ¥heEE A7 2x10° h'Ql
e 571 438 mMYEWl= AAE 39%9F RS
e 2x 107 k') od A3 22 F=9l 438
mMOIIA= 2%2] AAER AL AA7} HA] = S
2 = Qledl ol B Ao ALeE 2olA] el
o ofal] A== sl oJsliA= TCEZF AlA =A
ethes 28 HoF= dyjo|th

34. Fo,0,2) 9| A| gatglZo| M| o|3 TCES)
HA Mg
gakelre] Aol s Dalrart AAEUS
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Table 2. TCE removal rate at various sulfide concentrations

Sulfide Removal rate  Reaction rate 2
concentration (mM) (%) constant (10°h™")
438 56 2 0.88
43.8 39 1 0.90
4.38 2 - -

gl osia 7Fdo] R SlEEA], 13k 8
HETHA ghl® 7Bl o TCEZF AlA7F HeA
E Yolrr] fgk AFS Pt 1 AAE Fig
4(a)-(c)ellA HolFar Stk 94 371do] Fekelyte] Al
ol PAE FFS LolRr] $I81 Fe,05,9] Foditol
e CFUE Hlaskal 1 o) TCES] §%F Fig. 4(a)l
YR, 283 o] Fe,050] A= S8kl 4%
o] YIS HIAA] Utk AAAHTL Z7] 5004 ARWIE
A FEEZ A3} o) Fel IAg FEE FAISh=E
AL B 4 ok

Fig. 4(bpll W2W Fe,0,9] 50l W& ko] 7
2T AR Aoz #FERL o /1] EA)
7h S3date] AFRETte] o}l S A=
o= FES vXA] eths A HoFT T3
Fe,058] T4l whe gslrie] w5 HslE AuR
W(Fig. 4(b) Fe,058 FU3HA| o3& ukg7Iol A= ARE
o wje} Flrao] 57 438 mMIHA S71ERs AL
E F Ao Fe,0y7F EAlckE 49w didez 1
FE7F 1 mM o8l B AElrE AAESl oA &
Skt ofsf AAE Sslrdvt w7 ol Qe 37t
S FUATIEAN Al oz Jkslr) B Bl
2 I o] Fe,0y7F EAIsHE Wkg7 oA S8kl
ol ol WAE F3lAr) 7S SAA wHES A
A= RS ABRIAATETHPyzik and Sommer, 1981).

2] ¥kl o3l 271do] A== Bt TCEY 5
ST Fig. 49t 2Tt Alzte] Aol wt TCEY] 5%
= A3 7AAEer 45001 AIRFEt C/cyt <F 0.27F
2| ol2g]t}. o]AL sl o3| FE o] o
Al HEE AslEEA e Aol 93] TCEZF 8
AA He vkgog Algdd.

Fig. 3041 4.38 mMe| &3l2x0l] ofafix= TCEZ} Al
A HA &= oz WeHaL, ¥ AFlA Fe,057F &
Ak ¥Eg719] &8lae] 5= oF 1 mME TCES]
AAN FFE vHA] e Aolglal 7PEEEE o,
TCE] AA= A= 3sl52hol o) $E 27Fdol <
g Aoz W3t} Hol o3k TCEQ W& oAl 33l
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Fig. 4. (a) Change of log scaled CFU and TCE concentration
during the growth of SRB with and without Fe,O3, (b) Change of
sulfate and sulfide concentration during the growth of SRB with
and without Fe, 03, (¢) Change of aqueous and sorbed ferrous ion
concentration with and without SRB.

Table 3. Effect of Fe,O3; on TCE removal rate

Ineredients Removal rate  Reaction rate 2
er (%) constant (10~h™")
SRB + Fe,04 78 3.1 0.93
Fe,05 21 0.7 0.41
438 mM of sulfide 56 2 0.88

2ol ofgk Aake} o] pseudo-first-order kinetic model
2 A9 4 a1 1 A3E Table 390 Bla8e]siaict.

10 2.0
(@) —@— [CFU| SRB + Fe,0;
—O— [CFU] SRB
81 —O— [CFU| SRB +lactate | | s
—— [TCE] SRB + Fe, 05
>
2 v S
S, 1.0 %
= )
=
0.5
f , : . : 0.0
0 50 100 150 200 250
30
(b)
25 -
25
] |
— 20 ~
= =
E 15 E
2 15 3
& —@— [Sulfate] SRB + Fey03 &
= =
@ 10 1 —O— [Sulfate] SRB 10 2
—(O— [Sulfate] SRB + lactate
mmmm [Sulfide] SRB + Fe;03
51 == [sulfide] SRB 5
C—— [Sulfide] SRB + lactate
0L : —0 . : 0
0 50 100 150 200 250 300
Time (hr)

Fig. 5. Effect of Fe,Os and lactate in seawater test. (a) Change of
CFU and TCE concentration. (b) Change of sulfate and sulfide
concentration.

ololl =M Fe,0:5 skl Fehts HER whe7]
el AAEEI NS = 247 8% 0312
oFE 438mMe| FrAE FYUsl] TCES AU
7d5-(Table 2Rt} 2helel Jefe] o] #AT 734 2
Be ol TCES wEA $AZ

k.

n
3:(_){
rr
L
tlo
Lo
=

3.5. siirol|l M Egtldel MAT TCES 5= XMz A8

Aol Fe,0:9F FET wl, 44| 8ol M=
TCEZ} AARS FRlsl] {1 A3S st sl
A =AY Q1] S9e] el AL, AF
243 3kde] wr A3 AME3 ujx|e] FE
1 1800 mg/LE LYERSAIRE &8keiyte] ehhloZ ALg-
= e FHIE(TOCKE WiA19] E52) 628 mg/L
Hoh A2 114 mgLE e vAE BiXE ARSSH A
AxAL 53] F A7) vl =39-S ERIsGiTh

FGE o83 AP o] A FUI F719]
30mL vialoll HJX|elA wijkst HAE 2 TCES 9%
HE FUsHA FaPsiet. SRRt sig-E o83 TCES]
SAAFoM = oF 250A7FS FIaYSH Ao} SBdre] &

e

o

Journal of KoSSGE Vol. 13, No. 1, pp. 24~31, 2008



30 71 - AR

= BE HRSTOIA 100 cel/L7HA] A58t fAHm g
A A} dolgh A& HolA] e¥SITHFig. 5(a)). TCE
F5 HA] Table 20 VRS A} fAleHAl £ A
Pl & AAEA LUt

SHAIRE S3lAe] FERislE A EW(Fig. 5(b)), 3l
Gtk o] 83+ AT el Fe,0.2 FU3F vhgr|oxle
3t AL AR eigkar, 7]l ghado g &l
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ke A& B 4 ok EESE 3o Fms]el wj=
W, TR ¥hg7lelxle S4kede] F8ish vish #EEA]
ok

o o i1

oo

-

Fou} 2NE FU WMEINE Bakdel wr) G
sy} AEE oF 10083 o) mha] ks

PN 24T

a2

£ d7e EREY AMAEia v S8kl B
HEZ Q) HABHER] Fe,0,2 o83t] T3z #7129
E42 TCES FAIAs] 218 Aot} 3kl
| XA sl F3ledvt A% 02 TCE &
£ 3] TCES A|AsIaL BE3F 3ol 23] gkld
2o M= TCEE AAZ 4= Uthe AS S93)
7] 9k AFS FEA 1 BAE RIS

TCEZ} S8kl S/do 7o) gk A4, & A+
A= 30 mg/L ©l8ke] TCE= 3ol Aol I3k
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