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Perchlorate (ClOy) is a contaminant found in surface water and soil/ground water. Microbial removal
of perchlorate is the method of choice since microorganisms can reduce perchlorate into harmless
end-products. Such microorganisms require an electron donor to reduce perchlorate. Conventional
perchlorate-removal techniques employ heterotrophic perchlorate-reducing bacteria that use organic
compounds as electron donors to reduce perchlorate. Since continuous removal of perchlorate requires
a continuous supply of organic compounds, heterotrophic perchlorate removal is an expensive
process. Feasibility of autotrophic perchlorate-removal using elemental sulfur granules and activated
sludge was examined in this study. Granular sulfur is relatively inexpensive and activated sludge is
easily available from wastewater treatment plants. Batch tests showed that activated sludge micro-
organisms could successfully degrade perchlorate in the presence of granular sulfur as an electron
donor. Perchlorate biodegradation was confirmed by molar yield of CI' as the perchlorate was
degraded. Scanning electron microscope revealed that rod-shaped microorganisms on the surface of
sulfur particles were used for the autotrophic perchlorate-removal, suggesting that sulfur particles
could serve as supporting media for the formation of biofilm as well. DGGE analyses revealed that
microbial profile of the inoculum (activated sludge) was different from that of the biofilm sample ob-
tained from enrichment culture that used sulfur particles for ClO4-degradation.
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Table 1. Constituents of the reactors used in the batch experiment

Batch reactors Constituents

AS-S° Mineral medium, perchlorate, sulfur particles, activated sludge

Abiotic control
Biotic control
Medium control

Mineral medium, perchlorate, sulfur particles
Mineral medium, perchlorate, activated sludge
Mineral medium, perchlorate
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Table 2. IC conditions used for anion analysis

Analysis condition

IC model Dionex ICS-3000
Sample loop
Clog, CI' 1 ml
SO 0.25 ml
Eluent
ClOy, CI 35 mM KOH
SO;” 32 mM KOH
Eluent flow 1 ml/min
Columns
Cloy, CI' Dionex AG16, 4x50 mm / AS16, 4x250
mm
S0~ Dionex AG18, 4x250 mm / AS18, 4x250
mm
Back pressure 1850 psi
Suppressor ASRS ULTRA II
Detectors Suppressed  conductivity ~ detector,
Dionex CD20
Current
ClOy, CI 87 mA
SO;* 90 mA
Temperature
Cloy, CI 30 °C
SO 2 °C
Detection time
ClOy 16 min
Ccr 4.5 min
SO4” 53 min
Detection limit
ClOoy 0.5 ng/l
Ccr 5 ng/l
S0~ 0.2 mg/l
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Fig. 1. ClO4 removal by activated sludge in the presence of sulfur particles. ClO; concentration (A) and ClO, removal efficiency
(B) with time. Data are given as meantstandard deviation (n=3).
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Fig. 3. Chloride and sulfate balance in the AS-S’ reactor. Data
are given as meantstandard deviation (n=3).
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Fig. 4. Medium pH in the batch reactors.
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Fig. 5. Picture of sulfur particles. Elemental sulfur granules used
in the study are shown on the right while unused ones
are on the left.
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Fig. 6. SEM pictures of sulfur particles. A - C, unused sulfur
particle; D - G, sulfur particle taken from enrichment
culture. Magnification: A, 50X; B and E, 200X; C and F
2000X; D, 60X; G, 5000X. G is more magnified image of
the boxed region in F.
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right, biofilm of sulfur particles taken from enrichment
culture.
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