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Sequential Anoxic/Aerobic Biofilm Reactors and MF Membrane
System for the Removal of Perchlorate and Nitrate
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Abstract : This research was conducted to investigate whether sequential anoxic/aerobic biofilm reactors and microfilteration (MF)
membrane system can be used as a direct treatment for the removal of perchlorate and nitrate in groundwater. The biofilm process
consisted of an anoxic first stage to remove perchlorate and nitrate and aerobic second stage to remove remaining acetate used as
a carbon source for dissimilatory reduction of perchlorate and nitrate. In final stage, hollow fiber MF membrane was used to remove
turbidity. In this research, perchlorate was reduced from the influent concentration of 102 pg/L to below the IC detection level
(5 pg/L) and nitrate was reduced from 61.8 mg/L (14 mg/L NOs3-N) to 4.4 mg/L (1 mg/L NOs3-N). Acetate used as a carbon
source was consumed from 179 mg/L CH3COO to 117 and 11 mg/L CH3COO' in effluents from anoxic and aerobic biofilm reac-
tors, respectively. Turbidity was reduced from 3.0 NTU to 1.5, 0.3, and 0.2 NTU in effluents from anoxic/aerobic biofilm reactors
and MF membrane, respectively. It is expected that the sequential anoxic/aerobic biofilm reactors and MF membrane system can

efficiently remove perchlorate and nitrate in surface water or groundwater.
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Fig. 1. Schematic diagram of bench-scale anoxic/aerobic biofilm
reactors and MF membrane: anoxic biofilm reactor (left),
aerobic biofim reactor (middle), MF membrane (right).

Table 1, Experimental system parameters in biofilm reactors

Empty bed reactor volume 2L

EBCT 8 hr

Biofilm reactor w/ internal recirculation 1:90
Influent : recirculation '

Media characteristics (plastic rings)

- Diameter 1.6 cm
- Surface area 361 m*/m®
- Specific gravity 09

- Void space 88%
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Table 2, Synthetic media components for perchlorate and nitrate
reducing study

Concentration
Component Unit ClOs ClOs & NO5
experiment experiment

ClO4 ug/L 491, 105 102
NOs mg/L 0 62
CHsCOO mg/L 43~45 179
(NH4)2SO4 mg/L 113 0

KoHPO, mg/L 34 126
NaHCO3 mg/L 168 168
MgSO;4 - 7H-0 mg/L 513 513
CaS0; - 2H0 mg/L 430 430
FeSO, + 7H0 mg/L 25 25
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Fig. 2. ClIO4 concentration profile in anoxic/aerobic biofim re-
actors at 496 ug/L ClO4 influent (Eff 1: effluent from
anoxic biofilm reactor, Eff 2: effluent from aerobic biofim
reactor).
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Fig. 8. ClIO, concentration profile in anoxic/aerobic biofim re-
actors at 105 pg/L ClO4 influent (Eff 1: effluent from
anoxic biofilm reactor, Eff 2: effluent from aerobic bio-
film reactor),
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Fig. 4. ClOs and NOs concentrations profiles in anoxic/aerobic
biofilm reactors and MF membrane at 102 ug/L ClO4
and 14 mg/L NOs-N (61.8 mg/L NOs) influent (Eff 1:
effluent from anoxic biofim reactor, Eff 2: effluent from
aerobic biofilm reactor).
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Fig, 5. CHsCOO" concentration profile in anoxic/aerobic biofilm
reactors and MF membrane at 102 pg/L ClOs and 14
mg/L NOs-N (61.8 mg/L NO3) influent (Eff 1: effluent
from anoxic biofim reactor, Eff 2: effluent from aerobic
biofilm reactor, Eff 3: effluent from MF membrane).
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Fig. 6, Turbidity profile in anoxic/aerobic biofilm reactors and MF
membrane at 102 pg/L ClO, and 14 mg/L NOs-N (61.8
mg/L NO3) influent (Eff 1: effluent from anoxic biofim
reactor, Eff 2: effluent from aerobic biofilm reactor, Eff
3: effluent from MF membrane),
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Table 3, Water quality parameters measured at perchlorate and
nitrate reduction study

ClOs NOs-N CHsCOO  Turbidity

(wg)  (mgl)  (mg/L) (NTU)

Influent 102 14 179 30

Eﬁlgept of anoxic BDL* ’ 117 15
biofim reactor

Efﬂgerﬁ of aerobic BDL* ’ 11 03
biofim reactor

Effluent of MF BD.L* 1 9 02

B.D.L*: Below detection level
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