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Abstract : This research was done to evaluate the potential for destruction of perchlorate in municipal sewage. Laboratory experiments
were conducted in flasks containing 3 liters of raw sewage. Sewage was mixed with defined amount of perchlorate and various
additives. Perchlorate reduction in sewage did occur, but was quite variable, ranging from 0 to 72% over 72 hour. Addition of even
a small amount of perchlorate acclimated biomass (167 mg/L SS) significantly reduced the lag and resulted in complete perchlo-
rate removal. Perchlorate reduction in sewage-brine mixtures was inhibited when the dissolved oxygen level was greater than 2
mg/L, and when the mixture salinity was relatively high (conductivity = 14 mS with equivalent TDS =8 g/L). When nitrate (NO3)
was present with perchlorate in the laboratory flask tests of sewage-brine mixtures, nitrate reduction proceeded first. A significant
amount of nitrite (NO>) accumulated in the sewage-brine mixtures, accounting for about 66% of initial nitrate nitrogen (NOs-N).
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Table 1. Flask constituents in Phase 1, 2, 3, and 4 experiments with municipal sewage and additives

Flask1 Flask2 Flask3 Flask4 Flask5
Phase 1 1,000 ug/L ClIO4
DO =1.4-0.8 mg/L
1,000 ug/L ClOs 1,000 ug/L ClOs 1,000 ug/L CIO4
Phase 2 DO =15 mg/L DO =14 mg/L DO =15mg/L
50 mM NaNj3 (abiotic) TDS = 8,700 mg/L
1,000 ug/L ClO4 1,000 ug/L CIO4 1,000 ug/L ClOs 1,000 ug/L ClO4 1,000 ug/L ClO4
Phase 3 DO =0.5-4.1 mg/L DO =29-7.2 mg/L DO =0.1-1.6 mg/L DO =0.3-0.6 mg/L DO =0.6-4.9 mg/L
50 mM NaNj3 (abiotic) ClO4™ culture N2 sparged 100 mg/L NOs-N
500 ug/L ClIO4 500 ng/L ClIO4 500 ug/L ClOs 500 ug/L ClO4
68 mg/L NOs-N 68 mg/L NOs-N 68 mg/L NOs-N 68 mg/L NOs-N
EC=14mS EC=18mS EC=14mS EC=14mS
Phase 4 DO =0.7-3.1 mg/L DO =1.3-5.7 mg/L DO =0.3-1.4 mg/L DO =0.4-2.0 mg/L
N> sparged N2 sparged N2 sparged
50 mM NaNjs (abiotic) ClO4 culture

Phase 4: sewage-brine mixture experiment

DO values = initial-final flask concentration

Final DO concentrations were not measured at Phase 2
ClO4" culture: perchlorate-acclimated activated sludge culture
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Fig. 1. Perchlorate consumption in sewage-perchlorate mixture,
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Fig. 2. Perchlorate profiles in flask media containing municipal
sewage and perchlorate with separate treatments (NaNs

and NaCl),
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Fig. 3. Perchlorate profiles in flask media containing municipal
sewage and perchlorate with separate treatments (NaNs,
NOs', perchlorate-acclimated activated sludge culture, N»
gas).
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Fig. 4. Perchlorate and nitrate profiles in flask containing muni-
cipal sewage, perchlorate, and nitrate,
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Fig. 5. Perchlorate profiles for flasks containing municipal sewage,
perchlorate and nitrate with brine,
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Fig. 6. Nitrate nitrogen (NOs-N) profiles for flasks containing mu-

nicipal sewage, perchlorate and nitrate with brine,
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Table 2. SCOD, NOs-N, CIO4’, and DO concentration change
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Fig. 7. Nitrite nitrogen (NO.-N) profiles for flasks containing mu-
nicipal sewage, perchlorate and nitrate with brine,

THE HIFENaN B W22 ol =atun Rl gl
FESSAE LI SR PN PN S ER
Zepazol A of 66%2] WAL AA AYHE B
20| obUAINOY )| %2 E|rkFig. 7). o3 %7
| obIARE S T2A7H] WHIRFESE WASHA A A A
oforeh. W2 Ee o E4gugEe] E I headspacee]
Warhig FUT FekaA(flask 3014 oFAAYY] EA

4
© Aol BAG SFolgth o2 Bl ol ANY HHS §
Feagde] AstE §EAL] A0 WAL LSS 4

= 15,16)
o 4 sk

422

2 AT shprolA] AESHA HE R lE ghelo] Yo
U=A] gRelstaral e glom shpofa] AETHA HE
g2 olE ol mAl= ade ARSH] o 22 4
2 ¢tk

1) Sl A w2z dol e A
AbapE o) w2 d o] =8k A

2) §EALFET 2 myl ol 183 ¢ 4
14 mS; TDS 8 g/L)7} & 3h/brine B7k4o 4 B4
Haedo|= SUL YIS Wkt HI o= 2 1)
Qo] BjursiA AASHE Sl A e S
FAE AR HI2dol= UL I3 S Fas 2
4oltt

3) MEzdol 2ot Warglo] FEFH: sH4/brine £
oA B wZmdlo]= Bhelel Hls) B Palo]
SHHoR AYEglon], 27] WA PL oF 66%e] 3

FEL B o] opuAgol £ H 9k

CHeHErAZatsx| | M35 M9E] 20134 92

, 679



480 ,

J. Kor. Soc. Environ. Eng.

L
AL AL

o] =E-& 20118hdE Yrstmo] mul A Yol o)A
e

o2

—_

iz

o

Gullick, R. W., Lechevallier, M. W. and Barhorst, T., “Oc-
currence of perchlorate in drinking waster sources,” J. Am.
Water Works Assoc., 93(1), 66~77(2001).

Urbansky, E. T., “Perchlorate chemistry: implications for an-
alysis and remediation,” Biorem. J., 2(2), 81~95(1998).
Urbansky, E. T. and Schock, M. R., “Issues in managing the
risks associated with perchlorate in drinking water,” J. En-
viron. Manage., 56(2), 79~95(1999).

U.S. Environmental Protection Agency, ‘“Perchlorate treat-
ment technology update,” EPA 542-R-05-015(2012).
Attaway, H. and Smith, M., “Reduction of perchlorate by an
anaerobic enrichment culture,” J. Ind. Microbiol., 12(6), 408~
412(1993).

Rikken, G. G., Kroon, A. G. M., van Ginkel, C. G., “Trans-
formation of (per)chlorate into chloride by a newly isolated
bacterium: reduction and dismutation,” Appl. Microbiol. Bio-
technol., 45(3), 420~426(1996).

Logan, B. E., “A review of chlorate- and perchlroate-respi-
ring microorganisms,” Biorem. J., 2(2), 69~79(1998).

10.

11.

12.

13.

14.

15.

16.

Coates, J. D., Michaelidou, U., Bruce, R. A., O'connor, S.
M., Crespi, J. N. and Achenbach, L. A., “Ubiquity and di-
versity of dissimilatory (per)chlorate reducing bacteria,” Appl.
Environ. Microbiol., 65(12), 5234~5241(1999)

Wu, J,, Unz, R. F.,, Zhang, H. and Logan, B. E., “Presistence
of perchlorate and the relative numbers of perchlorate- and
chlorate-respiring microorganismss in natural water, soils, and
wastewater,” Biorem. J., 5(2), 69~79(2001).

Choi, H. and Silverstein, J., “Inhibition of perchlorate reduc-
tion by nitrate in a fixed biofilm reactor,” J. Hazard. Mater.,
159(2-3), 440~445(2008)

Ginestet, P., Audic, J., Urbain, V. and Block, J., “Estimation
of nitrifying bacterial activities by measuring oxygen uptake
in the presence of the metabolic inhibitors allylthiourea and
azide,” Appl. Environ. Microbiol., 64(6), 2266~2268(1998).
Johnsen, A. R., Bendixen, K. and Karlson, U., “Detection of
microbial growth on polycyclic aromatic hydrocarbons in
microtiter plates by using the respiration indicator WST-1,”
Appl. Environ. Microbiol., 68(6), 2683~2689(2002).

Cang, Y., Roberts, D. J. and Clifford, D. A., “Development of
cultures capable of reducing perchlorate and nitrate in high
salt solution,” Water Res., 38(14-15), 3322~3330(2004).
Herman, D. C. and Frankenberger, J. W. T., “Microbial-me-
diated reduction of perchlorate in groundwater,” J. Environ.
Qual., 27(4), 750~754(1998).

Oh, J. and Silverstein, J., “Oxygen inhibition of activated
sludge denitrification,” Water Res., 33(8), 1925~1937(1999).
Oh, J. and Silverstein, J., “Acetate limitation and nitrite ac-
cumulation during denitrification,” J. Environ. Eng., 125(3),
234~242(1999).

| Journal of KSEE | Vol.35, No.9 | September, 2013



