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Monitoring of Nitrogen Ion in Nitrifying Biofilm
using an Ion Selective Microelectrode
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Abstract An ion selective microelectrode (ISME) was fabricated to measure concentrations of ammonium (NH4*-N) and

nitrate (NOs-N) according to the depth of nitrifying biofilm. The limits of detectability and validity of results were
invesiigated to evaluate the ISME. The electromotive force (EMF) was directly proportional to the ion concentration,
and average detection limits of NHs* and NO5” ISME were 105 and 1058 M, respectively. The concentrations
of NH4s*-N and NO3-N in various depths on the nitrifying biofilm were measured by the ISME. When a modified
Ludzack-Ettinger (MLE) process was operated at an HRT of 6 h, concentration gradients of NHs*-N in the bulk
solution and biofilm at depths of 100 um decreased by 70 uyM, while NOs-N increased by 101 puM and
remained constant thereafter. At an HRT of 4 h, concentration gradients of NH,"-N at depths of 500 pm decreased
by 160 uM and NOs-N increased by 162 yM and remained constant thereafter. As HRT decreased, the
concentration gradients of NHs"-N and NO3;-N between bulk solution and biofilm was higher due to the
increase of nitrogen load. Also, the concentration gradients of the NH4*-N and NO3z-N of biofilm in the second
aerobic tank were lower than those of the first aerobic tank, suggesting differences of nitrogen load and
concentrations of DO between the first and second aerobic tank.
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Table 1. Characteristics of synthetic wastewater in this study

tem H SCOD¢, NH,"-N Alkalinity
P {mglL) (mg/ll)  (mg/L as CaCOs)
Value 709-7:36 18512212 37.8-42.2 278-312
(7.18) (195.7) (39.8) (302)

" Mean values.
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Fig. 1. Schematics of the reactor for lab-scale MLE process
equipped with cilia media.
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Table 2. The calibration curve, detection fimits and determination

coefficients
) S Detection Determination
ISME Times  Calibration curve limits (M) coeficients (Rz)
1 y = -54.2x + 2026 1077 0.9994
NHS 2 y=-532x+ 2019  10°% 0.9995
ISME 3 y = -52.8x + 201.3  10°7 0.9999
4 y = -52.6x + 2006  10°% 0.9999
1 y = 540x + 205  10°% 0.9982
NO;y 2 y = 532¢ + 195  10°% 0.9954
ISME 3 y = 555x + 191  10™¥ 0.9979
4 y = 545x + 196  10%" 0.9965
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Fig. 2. Calibration curve and detection limit of ISME response
according to the time (a) NHs" and (b) NOs.
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Fig. 3. Variation of NH,*-N and NOs-N concentration at HRT

of 6 h (a) first aerobic tank (b) second aerobic tank.
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Fig. 4. Variation of NH,"-N and NO3-N concentration at HRT
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