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Inhibition of Biological Perchlorate Reduction by Nitrate and Oxygen

Hyeoksun Choi*
Division of Civil, Environmental & Urban Engineering, Wonkwang University

ABSTRACT

In this study, a chloride ion probe as a direct measurement for perchlorate reduction was used to determine whether
biological perchlorate reduction was inhibited by other electron acceptors (O, and NO5™) and to investigate competition of
electron acceptors for using electron donors. Profiles of chloride production (= perchlorate reduction) in flasks containing
perchlorate reducing populations were monitored by a chloride ion probe. Biological reduction of 2 mM perchlorate was
inhibited by 2 mM nitrate that chloride production rate was decreased by 30% compared to perchlorate used as the only
electron acceptor and chloride production rate was decreased by 70% when acetate was limited. Reduction of 2mM
perchlorate was completely inhibited by oxygen at 7 ~ 8 mg/L, regardless of acetate excess / limitation.
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B Aol AAINO T SEARDOP] o7 4B WZzdol= Blol As) el HAFIAE
371 918k oleid AAREASE) FAH BAS 2ABILA A2l TEH (chloride ion probeyS HHH Z
Yoz ATt HERdolE BAYRS TR FepaTold Polereng olgslel YAy (- ¥
2ol $9)2 RUHZSET 2 mM 2olEs] BB B0 2mMe] WG] o) A wgre.
v, Gaole gl HFTdolEst R0 Eashs A9l Hlsh 30% FE P4, oplEoES AT
Aejolr] Axelnt HERdolEsl FEE e Goles] AEEol oF 0% A% A2k -8 mgLe) §
Esh 2mMe] HFEAo|ES} FEE 20N obdHelE] FFAES ugle] HFzHolEe] B
F92g0] Sall AshE Bl
FHo] : aolemen, WZzaol 2, AN, 4k, Adl

LM = 9 WSl w&Eo]th(Urbansky, 1998). 3<%t AEL=Z

EAshs HERYo|EY] AAlFeiAde] Tl tig =

HEZHo|ExX ulolA] 1990 ZHRRE] B47)% o] Al&Ee] 2009 @A wlFollA HEZH|E] tigh
o) W <], S84 FYU0R AN 15E N3l = Al V1EEEE SRR 9 QITKNRC, 2005).
= X H5A e BEE AZE T glon, HEd o) 1998 o= vl= AL LH=E FHIXE (Contaminant
EV} 5 i EJ FE 908 Al s ERE V) Candidate List, CCL)oll 22} lom dA| F-3-3-8<l
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9] BUE o] A=l QITHUSEPA). 53] ml= 2]
FUo} F BAYE(CDHS)Y 6 pg/Le] 71EXE AYSF
AL grAlskaL Qlok. oo A B AslolA ]
ZZ2YOlE 2@ 1A 2AAE B4 Al wAst
E Zoz delA] UYth(Urbansky, 2002). & =]
7% slrelld Aske] HEZHolETL HEHoE Qs
7] o] e H L UTHEER, 2006).

HEZYo|Ex B gk &3liAo] vy o tE
430 ghgAdo] vhoba AelE Elal 1 2] Be]
7 A Ak olg S0 R Qlal 7] Rk %
FAZAAE (3, air strippingPlH= HEZHPEE £
Al AAZ = gick. 1A o] 2w
22 3% #e] FH(advanced separation processesyS
o] &3 HEZHYolE AA A7t P Yok
(Nerenberg and Rittman, 2002; Tripp and Clifford,
2006). 1 o5 FAHELS A HEZH0|ES} T}
E H(saltys EFRIE S5FAREC] dAs oF A
3] 91k F7HR1 A4 S B8 = ke WS
7HAAL Qie

ol Whel| HF=o|ExE FAakh(anoxic) 22 o}l
A HFZHolE Y v|AE(perchlorate reducing
bacteria)oll &J8te] F71&Fg 5t A8 (electron
acceptor)= 2831 TS AHE glo] HFHo=
QAo F3fgk FAol o2 FETH(van Ginkel et al.,
1995 Logan, 1998; Coates et al., 1999). T2~ m|¥E
o o3t HEZeo|ES] S HERA Zlolth(Rikken
et al., 1996).
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e HERYE SAnYES T FE5IY
AE-(facultative heterotrophic bacteria)o]™ E2 FE9|
sleAelgel g4 E9A|, A8kF A aPla BEY 5
oget @AM F=, vidEIL UK (Coates et al,
1999; Logan et al., 2001). &)1l HEEHo|E in]
AES 2o AAE 913 2Evkea fAkskAl At
T (electron donor)@A] THIE f7|Es o-8sle] F-
b 22004 HEZHo|E Wk o} 2k Bt A
A 4 Atkal B3 =31 Aok(Logan, 1998; Rikken et
al., 1996). 27 BFRYo|E 3y} eazkge w
T Akl ofef WelE W ZloE deA th(Attaway
and Smith, 1993; Hermann and Frankenberger, 1998).
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Xu et al., (2003) HEFZH0|E 3Iu|APE2] Chlorite
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B3k, SEAITE Ak T) phAe] FET o] HERE
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Aol AH4F HZmEolE FLANBTL EAISGA
o) RS RS PabEde] SR

AEEZE(SBRYIA ke IR olEXS HAlE
A2A Fhste] R LEt =831 SBR HHeEE

10Le] Fa823S Ad 958 FHolmd=z A=
w SBR ®F&-R9] o8l ZFe] S WAE] 23l
FS Aksigint. SEAREEEE 60-70 pmeE RhS-
Z ) ddd EHE o83l ksl FiS
AR AE] S 2] S8 09 EelE
Jey=el] o3 U= EA T e HER
o|E/ddamMEEe] EitEo] Qi A flu=
7] B stk

SBRo|| ARSH Q1F M ] /34 Table 19 Y
BRI HEEH|0lEE NaClO, - H07} ©- 8530
150 mg/L ClO;", AUA /B2 200 mg/L CH,COO 7}
ARSEIATE FdA] "9} Qo] AR 100:12:3
o] C:N:P Z=5HIE o]&3l3om Y5+ 250 mg/L
CaC0;9] IZE=E EF3IATE SBRL fill, reaction,
settle, decantS ¥3sl= 24417+ V|2 AT
SBR ¥Rg-Z0] 7)== AR 2 aeRo] 7Fsgh Z1A|(XT
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Table 1. Characteristics of the synthetic feed water for SBR

Component Unit Concentration
ClOo,~ mg/L 150
CH;COO™ mg/L 200
(NH,4),SO4 mg/L 46.8
K,HPO, mg/L 13.7
MgSO, - TH,0 mg/L 513
CaSO, * 2H,O mg/L 43.0
FeSO, *+ 7TH,O mg/L 2.5

series, ChronTrol Corp., SanDiego, CAYPI 23l ZH]
Act.

2.2, ¥2A0|2ZZH(Chloride ion probe)S 0|28t
batch flask test

A=A HEZYE Shelo] & HAEAIQ1 gt
d e kol o3| Al WeAE AR Sl H
x| Fefam Agle] FEQlL 2 AFdMe HERH
o|E ZImAES] HIEZHO|E AATHY AE=EA ¢
2ol AHFEE P40 ZZ H (Denver instrument,
PN :300742.0) °l-&3l] SA8IATHXu et al. 2003).
Aol FEy] Ao HPAholLIZTIZHE [0mM
phosphate buffer® X&3= X7 (100~2.5 mg/L)<]
standards ©]-&3ld HAEICH Hio)le ZTEHE o]f
3}o] AoJZ standard curve= Fig. 1914 YERHITE.

2R, Zhk, a8ja @A) Alghd 22 HEZ0]
E S ES] Aslizs At 432 SBRAA &
2319t 240 mLe] RRUYE
FEERNoH o] 50 mL 8]

H FAuAES 1
(MLSS)®] SBROJ|A =

¥ Foky AR FRO ARG &A%
MLSS¥= 2000~3000 rpme] &5 350 4Ee]7]

(Beckman, GS-6 centrifuge)s ©|-83}] A9} AAES
EZ3Itt. 28]3L 10mM phosphate buffer (pH =7.0)
o83t L Faol2(ChHE A1, AAS T
Qe 23] FYPSIaL ols F
3 w59 PAE(MLSS)S 250 mL Zefi ol v
o} 7 3=t

ANFE FH0BE(MLSS)S 200 mg/L HEZH|ES
geela dom Akxe] §/AZAMDO=0 or 7mg/L),
Ao F/A-(NOs-N=0mg/L or 28 mg/L) 1]l &

2919] A|gH(limitation) FA-(Table 2)2} o] thksl o
F=2Yo|E SvBES] 3 Wl 208 7R F
= &0l M=) pH 7.0& A5 $18IAM phosphate
buffer7} H7F=| At

i

©]2{3}t phosphate rinse
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Fig. 1. CI” standard curve by using chloride electrode probe.

e pwe) SgRdelst @ 49l Aguger)
1 olf= 3R, BdrAES] =2 W8-S (reaction rate),
A faoleZar o] Jaol2EAsH] 1 mgL ©
ApoR sietgeel] o siFEsiol= elikga o
shd B2 o] HERHIE Felo] a7E7] wEolt
(Choi and Silverstein, 2007).
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Fig. 2. Effect of nitrate on biological perchlorate reduction with
excess carbon addition in flasks (only ClO,: 2 mM ClO, and
6.78 mM CH;COO", CIO,+NO;™: 2mM ClO,", 2 mM NO;~
and 6.78 mM CH;COO").
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Fig. 3. Effect of acetate limitation on biological perchlorate
reduction in the presence of nitrate in flasks (Excess Acetate:
2mM ClO;7, 2mM NO;™ and 6.78 mM CH;COO™, Acetate
limitation: 2 mM ClO,, 2 mM NO;™ and 0.42 mM CH;COO").

AHIP]EE 6.78 mM(400 mg/L. CH;COO)2] FE& Z
oAl FHERNCH opAH | EL AFAFNA =
0.42 mM(25 mg/L. CH;CO0" 9] F=Z ZAAA FUst
Aot 283l Eeeaddde] FEe ot Fekeay
HIZH|E Y FHuES] s== °F 5.0 MLSS
gL

YT s ANy HERHO|EVL 3EE
Fg opAElo|EXL H7HESSOlE Bskal dAAA
EEFRHC|ESLE 0] TS BATH(Fig 2). 18
31 obMJEo|ET} ASkE ZolME FR3] ¥5E =4
o Hlsl| A AL EEEZEIE AAE )] 3
23199t Fig. 3).

A% ofgt HERHYolE 3kl Asf7} e Algh
of oJgk Asfrrt 1 FIo] o HS Ae=E Yeptth
(Fig. 4).

Fig. 5= HEZ2H0|EV} @502 EXE o g e}
AElO|E)e] Algto] mX= ikl tigt AFA7E YEt
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Fig. 4. Effect of acetate limitation on biological perchlorate
reduction in the presence/absence of nitrate in flasks (only C1O,":
2mM ClO;” and 0.17mM CH;COO~, CIO,+NO;™: 2mM
Cl0,~, 2 mM NO;™ and 0.42 mM CH;COO").
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Fig. 5. Effect of acetate limitation on biological perchlorate
reduction with only perchlorate as an e~ acceptor in flasks
(Excess Acetate: 2 mM ClO,™ and 6.78 mM CH;COO™, Acetate
Limitation: 2 mM CIO, and 0.17 mM CH;COO").

o O Ail= oAHIO|ES 98%E TAAIZS uf
HEZYo|E dEo] AR HAES HojFr)

3.2. L4200 23t Y=EHQ HFEZE0|E el
L

B A TeEe) STt HEwdelEs) 3
zolus sgedel=del tige] Bade AR B

2] 7] SlEiA A el A} sEREo|Er) ¥
Edhe AFoA AHgE FEG Y g€ 847mM
(500 mg/L CH;COO") oMAH[o|E7} o] &= 3]Tt.

B Aol ARgE WAES FakhZcA HERZE o
ENRS fdg AAEAR o83l 4D Et vl
A}, SR E Aol 7-8 mg/Le] §EAAT) FES
o, SAHo2 HEZYo|E FAZEo] HUFATh(Fig.
6). T12]aL o] e 7] wAhe] FFEE) AdHgle]
YAl JERThEAe] AlgkE AF Ay} dlolEle
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Fig. 6. Effect of high DO on biological perchlorate reduction
with excess carbon addition in flasks (DO =0mg/L: 2 mM
ClO4 and 6.78 mM CH;COO™, DO =7 mg/L: 2 mM CIlO, ", and
8.47 mM CH;COO").

olggt AH}ELS HIZYJE
(facultative)°]™ ©]de] Ad7d=z=zi0] ’E}J&%’io] RS A=
7187 A (substrate electron)E At
gt} AEE 8 EAle OW]Eﬂ ] Eo] o]g%=9}
wAgle] =S| HERY0|E Slses dxs] Wl
slact. olefg AvEe -H%?_HIO]E Shelol] tisiA At
a8t Aol mAlE ¥ oivt: ME HE
mechanisme Zt= A& 7187|H °l= Paracoccus
denitrificans?A] a7t Aikde] Al F55 el
< H‘Zile Stouthamer(1991)2] A7l 7|23 F=
= ot
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3.3. Specific CI” generation rate

A2 A E(Specific chloride generation rate, mgCl/
gMLSS - min)& Fig. 2~69] G4 ZTZulA-S 283
X AR (linear regressions)ol] 2J3l] AlAk= ATt
ALHFZRZHO 27| lag VTS AAS] S18IA 20%
oA 60F Alele] HolHES o83l Altalion Al
AFE H]&-(rates)y Table 29 Q°Fs}iTt.

HEZHY|ES TF HAGEAZ AMESH Aol ol
AR FmAEY EAA48ES 021 mgCl/gMLSS -
min®| At HEZHo|EL} Akdo] FESh= ZolA
E AaMAES oF 33% HAE AT 0.14 meCl/
gMLSS - min{th. HEZHO|EV} U5 HA&A|o]1
g EHEIC)E )] AR M e A8 EC]
0.07 mgCl/gMLSS - minZ 74313th. HE2g olE9}t
Axrkdo] FZ3h ERALo] AgkE Ado|xe] dagAl
B2 gaelo] ARk «ﬂﬂiﬁﬂolEE = AARG-8A
2 AR Ao AAEE HE 14% ol HAT

Hasol] o3 AE3HE] B2 R 0] E ghelo] A3 33

Table 2. Specific CI” generation rates in flask batch tests
(ClO4 : 2 mM, NO;™: 2mM, DO : 7 to 8 mg/L)
Only ClO,~ ClO4 with NO5~ ClO4 with O,
Acetate  Ex. Lim. Ex. Lim. Ex. Lim.
(mM) 678 017 678 042 847 085
rate* 0.21 0.07 0.14 0.60 0.04 0.04

* mgCl/gMLSS - min
Ex: Excess, Lim: Limitation

0.06 mgCl/gMLSS * min®|AT}.

t-test(Kleinbaum et al., 1998)5 ©]-&3F SAF42] Hlw
£ B3l sUg 2w Ain HERHo|EV) 3L
W] specific perchlolrate reduction(chloride generation)
rate’} HEZHO|EV} oz EAT ol H]3)] §#|3]
2Aags FRISHITHp <0.05). - AFd] A8-%F SBR
cultures = & Z3te] =28 Zo| Q7] wZel o]
AL v FH|EE AFe|Aet. T2jal opAH|o|E A%
ZoME ZAEY FE of R AFAgle] specific
perchlorate reduction rate’} €A3] A4S JERITH
(p £0.05).
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%, HI5 3 oAH|o|ET} Z47}% FE DA HF
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