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Effect of Sulfate Reduction on the Hydrogen Competition among Dechlorination, Methane

Production, and Sulfate Reduction

II-Su Lee - Jac-Ho Bac'

School of Environmental and Civil Engineering, Inha University

ABSTRACT : Batch experiments were performed to evaluate the effect of sulfate reduction on methane production and reductive dechlori-
nation, both compete for hydrogen with sulfate reduction. Dechlorination was inhibited by sulfate reduction at lower hydrogen concentra-
tion because their threshold values for hydrogen are similar (2 nM). Unlike methane production mainly inhibited transformation of ¢DCE
to ethene, sulfate reduction inhibited the initial dechlorination step, PCE reduction into ¢DCE as well as ¢cDCE dechlorination. The presence
of sulfate eliminated methanogens as hydrogen competitor because of its high threshold value of 10 nM. When sulfate coexisted with
PCE, dechlorination efficiency was not affected by the increase of seed concentration as both dechlorination and sulfate reduction were
stimulated simultaneously by the increased seeding culture.

Key Wonds : Reductive Dechlorination, Sulfate Reduction, Hydrogen Competition, Hydrogen Threshold Value
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Table 1. Mass of electron donor and acceptor in batch experi-

ments
¢ donor ¢ acceptor .
Case (ngS/i) benzoate : PCE _ sulfate _ /a(clg:::or arr:crt?:;c
umol | peeq. |pmol jpeeq. |pmol|peeq.
1l 5 |267]1602 | - - - - - 1)
Case| 2| 5267|1602 | 20 | 160 | - - 1.00 1), 2)
1 [3] 5 |267]1602| - - 12 9% 1.67 3)
4 5 [267)|1602 | 20 | 160 | 12 9% 0.63 |1), 2), 3)
Case 2| 5 |267)|1602 | 10 | 80 | 12 9% 0.91 |1), 2), 3)
1] 5 [267|1602 | 20 | 160 | 12 9% 0.63 |1), 2), 3)
Cz;se o 10 [267]1602] 20| 160 [ 12] 9% | 063 [1)2),3)
31 15 2671602 | 20 | 160 | 12 9% 0.63 |1), 2), 3)

*6 pe eq.=3 umol of Hy) is produced from the fermentation of
1 pmol benzoate
** 8 pne eq. is required to dechlorinate 1 pmol of PCE com-
pletely to ethene
**% 8 11" eq. is required to reduce 1 pmol of S0/ to §¥
1) methanogenesis; 2) dechlorination; and 3) sulfate reduction



49 gdukgo] ggls vedy 2 849 89 T £23480 X 9% 637

A skt ¢ & Eo] 20 umole) PCES} 0.2 mMe] g4
of ofHlT sulfide @3 BAH7] FANE 22 160
pe’ eq(8 pe eq./pmol of PCE x20 pumol of PCE)$} 96
pe’ €q.(0.2 mmol SO*/L x 0.06 Lx8 me eq./mmol x 1,000
pe eq/me’ eq)d HWATFo] QFHD, o]F WEAde
2 3338 42 26.7 umol# 16 pmolo] o).

2.3, EMuy

7t AJEE 2+ serum bottles®] head spaceZRE 100-
200 ulL¥ AHAGFoH, Heh dae T3S g3t o=
F ARER £ FEE P9 Wg ¢ gd
F ESEE, T4, W29, oRHEAY, T F4Y9)
A olg w)Ve] o)) AR wiel 2Tk

J 2t & n#

3

2 9249 94 499 B%, g¥as 58, 17
3 MgAgEe] wWshe Fig. 19] vebd bl 2o W=
ElSE(Fig 1(a))= PCE T 499 A4 9
3 T TS YA, AvtE AzAGLe APNF &
16-26d o 2F AAHIUT. oA ERFY F WA
@ AAZA wAdd S en, BE 494 3A7kh
HZAG 02 RE ol2Hoz H4E ¢ J: ¥F A3
Rt C)ZHE HENGLS vdis F 49 $4, 1
2 WY Wl AY ol 8HA Jee ¢ 5 AUtk
249 #9e 4927 o 8Y A=Y AAVNE vg=
H(Fig. 1), olx &7 v Eo] B/ Y] =55
A FRA7] WE &S A7 Ve #dEn &8
717 ©1% 34 F9L WA JPFo] F 209 oo
FTEHUT. 849 FDL FII% EA8E Case 1-39)
A PCES} gtdo] F&3 Case 1-4RT o 59 AT W
EA JPH PCE @¥4Asl s FFL v AL ¢

T AR
g9asts 49 Fd g g8 A F2IAoh
Zdgo]l S 42 Case 129 B¢ 2¥4s age
209 Boll 94%el =EEton, FRPYEQ TCE 9
cDCEE FA A 43 VC who] ZH35M4th 20 pmols)
PCEE EF oz 294s & & s 49 A=z
o] A7HEALANE BT VCIF 4% ZHFY AL F2
9 LRI HEAg whgel ol 8H A7 wRolh Fargol
EAGRY Case 144 F49 @] A%h 8104
olFe gdid &xrt IA FirIL AFE ggis

BEE 60% olst2 FasYtHFig. 1(c). 53] F4rgol
#dH = 3¢ TCES cDCEZY #AAE A JAHo

TCE7} 10 pmol o2 2 A =gon, 23 TCE: &
el AAD ¥ FadAHARE AATA Fe). WE

49 pAZRE +2o FISEE FAY AR ge

60

filled : benzoate
empty : acetate

40 |

Benzoate (pmol)

20

b)

16

12 §

Sulfate (pmol)

Dechlorination efficiency (%)

15

10

Methane (pmol)

1000

-
>
>

H: in liquid (nM)
o
=)

0 10 20 30 40 50 60
Time (days)

Fig. 1. Experimental result of Case 1: a) benzoate and acetate;
b) sulfate reduction; c) dechlorination efficiency; d)
methane production; and e) hydrogen concentration
(log scale) in liquid. (diamond: Case 1-1; triangle:
Case 1-2; square: Case 1-3; circle: Case 1-4).
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Table 2. Electron equivalent balance in Case 1

added pe’ oq. recovered pe eq. as H reel:z:‘:rf;
2 Hy total |[DHL" | SR” |methane”| (%)
Case 1-1 158 151 - - (1(5)(1)) 96
Case 1-2 160 170 (17382) - (;;) 106
Case 1-3 159 148 0 ( 697?3) (3;?75 93
Case 1-4 170 180 (48539) (5277) (82) 106

() : fraction of electron eq. used for each reaction based on
recovered electron equivalent, %

1) dechlorination; 2) sulfate reduction; 3) methane production; and
4) unit: pmol
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Fig. 2. Effects of the acclimation of anaerobic mixed culture
to sulfate on dechlorination and sulfate reduction: a)
dechlorination tendency; b) dechlorination efficiency;
and c) sulfate reduction.
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Fig. 3. Effects of seeding concentration on dechlorination,
mathane production, and sulfate reduction: a) ben-
zoate and acetate; b) sulfate reduction; ¢) dechlorina-
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