
Page | 1  
 

Start up of an Oxygen-Limited Nitrification 
Denitrification (OLAND) lab scale rotating 

biological contactor (RBC) 
 

Rodrigo Cruz 
15.11.2007 

 
Abstract 
 

In this study, the start-up of a lab-scale OLAND RBC was examined. After 221 days of 

operation, a maximum nitrogen removal rate of 2092 mg N/L.d or 6261 mg N/m2.d and a 

removal efficiency of about 91% were observed. 

During six operational periods, different supplements were added to the influent and several 

operational variables were manipulated. The influence of adding hydroxylamine, Dranco 

compost extract and humic acids (HA) were investigated. 

The reactor achieved the highest removal rate at a dissolved oxygen (DO) concentration equal 

to 0.26 ± 0.10 mg O2/L and pH 8.0±0.1 while adding humic acids at 25 mg/L. High nitrite 

concentrations up to 200 mg N-NO2
-/L did not cause irreversible inhibition. Successful inhibition 

of nitrite oxidizing bacteria (NOB) was achieved by hydroxylamine addition at a concentration of 

50 – 65 mg N-NH2OH/L in the influent.  

 

Keywords: RBC; OLAND; Anammox; biofilm; AOB; NOB; AnAOB 

____________________________________________________________________________ 

 

1. Introduction 
 
The removal of nitrogen from wastewater 

has become an important part of the 

wastewater treatment process due to the 

more stringent legislation as a 

consequence of the nitrogen impact in the 

environment. Biological nitrogen removal is 

effective, inexpensive and it has been 

adopted widely. 

 

Conventional nitrogen removal processes 

used in low nitrogen loaded sewage (with a 

typical ratio C:N = 7 ) require two biological 

steps: autotrophic nitrification (to convert 

the total ammonium nitrogen (TAN) to 

nitrate) and heterotrophic denitrification (to 

convert the oxidized nitrogen during 

nitrification to dinitrogen gas). As 

nitrification requires high levels of oxygen (> 

2 mg/L) (Third, 2002) and denitrificaton 

requires the absence of oxygen, 

conventional nitrification-denitrification 

systems carry out the two steps separately. 

In general, heterotrophic denitrification can 

be achieved when a ratio C:N of 7 is 

present. For lower ratios, only incomplete 

denitrification will be achieved. This 



Page | 2  
 

limitation can be overcome by adding extra 

supplies of carbon.  

In the other hand, many wastewaters are 

used to have low ratios C:N (< 1) making 

the addition of exogenous chemical oxygen 

demand (COD) unviable economically 

(Third, 2002). 

Recently, several new processes for N-

removal have been developed in order to 

treat waters with low C:N ratios. 

 

The single reactor system for high ammonia 

removal over nitrite (SHARON) process 

was the first process being successfully 

applied in full scale for the treatment of 

waters with high TAN concentration. As 

mentioned above, the typical SHARON 

process has the same biological support 

than others conventional nitrification-

denitrification processes. The SHARON 

process allows savings of about 40% of all 

the exogenous COD that would be added to 

carry out complete denitrification. 

 

The discovery of the Anammox process 

was a landmark for the development of new 

approaches in this field. The Anammox 

process consists in the microbiological 

conversion of TAN and nitrite to dinitrogen 

gas in the absence of organic carbon. 

 

Moreover, processes such as the “half-

SHARON” plus Anammox, the complete 

autotrophic nitrogen removal over nitrite 

(CANON) or the oxygen-limited autotrophic 

nitrification/denitrification (OLAND) allow 

complete denitrification without extra 

exogenous COD. Furthermore, CANON 

and OLAND are carried out in one single 

reactor. All these processes make use of 

anoxic ammonium oxidizing bacteria 

(AnAOB) to perform the desired Anammox 

conversion.  

 

Hydroxylamine is known to be a toxic 

intermediate in nitrification by NOB. Some 

studies revealed that in the presence of 42 

mg N-NH2OH/L no nitrite oxidation was 

observed. Addition of lower dosages of 

about 2.5 to 5 mg N-NH2OH/L was shown 

to promote nitrite accumulation. This 

inhibitory effect of hydroxylamine was found 

to be probably irreversible.  

 

In several wastewater treatment plants 

(WWTP), stable communities of Anammox 

were consistently detected in high numbers 

(Schmid et al, 2003). In some of these 

environments it is also possible to find 

appreciable concentrations of humic acids. 

It was hypothesized that these compounds 

could act as electron shuttles between both 

species of AnAOB and aerobic ammonium 

oxidizing bacteria (AOB) present in the 

biofilm.  

An extract was obtained with compost 

obtained from the Dranco process (Organic 

Waste Systems, Belgium). This compost is 

known to be rich in humic acids as a result 

of the microbial transformation of 

biomolecules.  

 

The objective of this study was to analyse 

the start-up period of an OLAND process, 

operated in a RBC. The influence of adding 

hydroxylamine as well as Dranco compost 

extract and HA was evaluated. Some 

insights concerning the hypothetical optimal 

operational conditions in terms of DO and 

pH are also presented.  
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2.Materials and methods 

2.1.Lab scale reactor 
 
The RBC used in these experiments had 

one axis with two groups of 20 discs. The 

discs were separated by an interspace of 4 

mm. After developing the biofilm for 221 

days, the interspace between discs was 

reduced to 1 mm. The total working area 

was determined according to equation 1 

and found to be equal to 1.42 m2: 
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In equation 1, di and de represent 

respectively the internal and external disc 

diameter, and n and l represent respectively 

the number of discs and the disc thickness. 

Figure 1 presents the used reactor set-up. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Reactor set-up: 1-Influent container; 2-
Effluent container; 3-Rotating Biological Contactor; 4-
Feeding pump; 5-Feeding timer. 
 

In one side of the reactor, an effluent 

overflow was installed at a fixed height of 

10 cm. The total reactor volume was equal 

to 3.9 L in the first four operational periods 

and equal to 4.25 L in the last two 

operational periods. As a consequence, 

50% of the discs were submerged in the 

wastewater in the first 4 operational periods 

and 67% in the last 2 operational periods. 

The rotation speed of the discs was kept 

constant at 3 revolutions per minute (rpm) 

all over the course of the experiments. The 

influent was dosed on one side of the 

reactor and the flow in the reactor was 

perpendicular to the axis of rotation of the 

discs. 
The reactor was kept at a fixed temperature 

of 34 ± 1 ºC to ensure mesophilic 

conditions. Reactor performance was 

evaluated in terms of N-removal efficiency 

calculated as: 
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Nin and Nout (mg N/L) represent 

respectively, the total concentration of 

nitrogen in the influent and in the effluent. 

Loading and removal rates were also 

determined per unit of volume and area 

according to:  
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Bv and Rv represent respectively, the 

volumetric nitrogen loading rate and the 

volumetric nitrogen removal rate. V (L) 

represents the volume of the reactor and Q 



Page | 4  
 

(L/d), the flow. In this text, both rates are 

given in mg N/L.d. The rates per unit of 

area were calculated by using similar 

equations and substituting the volume V by 

the total area of the contactor.  

 

As mentioned above, the Anammox 

denitrification produces also a certain 

amount of NO3
-. When both aerobic and 

anoxic processes are coupled, 

approximately 0.11 mol NO3
- are produced 

per mol of removed TAN. 

The following ratio was calculated in order 

to find the amount of nitrate formed per 

amount of TAN removed. 

100
244

33 ×
−−

−
−++
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outoutin

inout
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    (5) 

 

In a typical OLAND process without NOB 

activity, this ratio should be 11% (Schmid et 

al, 2003). 

 

2.2.Synthetic wastewater 
 
The synthetic wastewater used in the 

experiments was prepared with tap water 

and contained variable amounts of TAN 

(added as (NH4)2SO4), 6.75 g NaHCO3/gN 

(as carbon source and buffer), 0.07 g P/L 

(added as KH2PO4) and 0.05 g Nutriflok/L 

(Avecom NV, Ghent, Belgium). Nutriflok 

consists of a commercial mixture of macro- 

and micronutrients (Gernaey et al., 1997). 

The influent was added to the reactor twice 

per hour in a semi-continuous way. In the 

first four periods the flow rate was 15.6 ± 

5.4 L/d, whereas the last two periods this 

was 11.7 ± 0.5 L/d. 

2.3.Different operational 
periods 
 
Six different operational periods were 

distinguished during the total operation 

period of 221 days (Table 1).  

2.3.1.Start-up phase (First operational 
period) 

 

The reactor was inoculated with an active 

culture from another lab-scale OLAND RBC 

reactor. Approximately 200 g of mature 

biofilm (approximately 4,42 g VSS) were 

collected from this reactor. Through 

fluorescent in situ hybridization (FISH) 

observations was possible to conclude that 

the biofilm where the seeding sludge was 

collected was already enriched in the two 

major groups of bacteria responsible by the 

autotrophic denitrification (Pynaert, 2003). 

2.3.2.Hydroxylamine (NH2OH) (Second 
operational period) 

 
According to Peng and Zhu (2006), 

hydroxylamine exhibits acute toxicity to 

NOB causing build up of nitrite in a nitrifying 

system. In the beginning of the second 

operational period, 50 mg N-NH2OH/L were 

added to the influent. This dose was later 

increased to 65 mg N-NH2OH/L, since no 

NH2OH was measured in the reactor. 

Probably due to biological or chemical 

degradation it was not possible to notice 

NH2OH in the effluent. The addition was 

stopped on day 90.  

2.3.3.Operation at low pH (Fourth 
operational period) 

 
In order to evaluate the reactor’s 

performance at low pH, the concentration of 
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NaHCO3 in the effluent was decreased. As 

a consequence of an accidental strong 

decrease, pH fell down to 6.7 (lowest 

recorded value) and the average pH in the 

third period was about 7.4 against a value 

of about 7.9-8.0 registered in other periods. 

The impact in the removal rate is analysed 

further. 

2.3.4.Volume increase and addition of 
compost extracts (Fifth operational 
period) 

 
In order to decrease the DO in the reactor 

by submerging a larger portion of the 

contactor, the working volume was 

increased on day 158. As a consequence, 

the total working volume was increased to 

about 4.25 L in the last two operational 

periods. 

From day 161 to day 203, Dranco compost 

extract was dosed to the reactor’s synthetic 

influent. An appropriate volume of the 

extract was added to the influent container, 

generating concentrations of approximately 

153 ± 11 mg CODtotal/L.  

2.3.5.Humic acids (HA) addition (Sixth 
operational period) 

 
From day 203 on, a specific volume of a 

solution of HA (Acros Organics) was dosed 

to the reactor in order to generate a 

concentration of 25 mg HA/L or 23 mg 

CODtotal/L.  

 

2.4.Chemical Analyses 
 
TAN concentration was determined by 

using the direct photometric method with 

Nessler’s reagent (Greenberg et al, 1992). 

Nitrate and nitrite concentrations were 

determined by using a 761 Compact Ion 

Cromatograph (Metrohm, Switzerland).  

 

The determination of the volatile suspended 

solids (VSS) content of the reactor was 

performed twice (on day 150 and 229) by 

subtracting the ash content from the total 

suspended solids (TSS) content. Ash 

content and TSS content were determined 

gravimetrically (Greenberg et al, 1992). 

 

The COD analyses were performed to 

determine the COD content of Dranco 

compost extract and the HA solution, by 

measuring the excess of a solution of 

potassium dichromate after complete 

oxidation of the sample in acidic conditions 

(Greenberg et al, 1992). 

3.Results 
 

A summary on the characteristics and 

performance on each one of the operational 

periods is given in Table 1. 

3.1.Start-up period 
 
The start-up period was initially 

characterized by the gradual increase 

loading rate accompanied by nitrite 

accumulation. The loading rate was 

increased more than ten times, from about 

220 mg N/L.d to a maximum value of 2437 

mg N/L.d. 
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Table 1 Characteristics and performance of the RBC 
reactor during the six operational periods (* no data 
was recorded for these periods). 

 

The low amount of NOB present in the first 

days of operation was confirmed by the low 

nitrate concentrations, always below 100 

mg N-NO3
-/L during the first 50 days.  

Some problems with the feeding pump 

were noticed on day 63. Consequently, 

almost all of the TAN was completely 

oxidized to nitrate.  

However, in the end of the first period, 

nitrate concentration started to increase 

confirming the development of NOB clearly 

noticeable after 50 days of operation. 

In the first operational period, concerning 

DO, no data was collected. In general, the 

DO was kept as low as possible all over the 

course of the experiment in order to inhibit 

NOB growth, given their lower affinity for 

oxygen than AOB. At the same time, a low 

DO in the reactor avoids penetration of 

oxygen in the inner part of the biofilm, 

 

 

 

 

promoting suitable conditions for the growth 

of AnAOB.  

3.2.Hydroxylamine addition 
and third period of operation. 
 
In order to prevent out-competition of 

AnAOB by a growing population of NOB, on 

day 76, hydroxylamine start being dosed to 

the influent. It was possible to notice a 

sudden decrease on the nitrate 

concentration and subsequently, an 

accumulation of nitrite. The removal rate 

remained instable and only slightly higher in 

average, when compared with the first 

period. Hydroxylamine addition stopped on 

day 90. 

In the third operational period, a 

consistently low concentration of nitrate 

was observed. A period of 19 days was 

considered to adapt a trend line, in order to 

express the removal rate as a function of 

 Periods 
 1 2 3 4 5 6 

Day 0-76 77-90 91-135 136-157 158-201 202-222 

Main changes Start 
operation 

Hydroxylamine 
addition 

Normal 
operation 

Operation at 
low pH 

Reactor volume 
increase; addition 

of compost 
extract 

Humic acids addition 

pH * * 7.9±0.1 7.4±0.3 7.9±0.1 8.0±0.1 

DO (mg O2/L) * * 0.9±0.1 0.6±0.1 0.3±0.1 0.3±0.1 

Rotation speed (rpm) 3      

HRT (h) 5.9±1.1 6.0±0.2 6.1±0.7 8.0±0.8 8.0±0.3 8.1±0.3 

Bv (mg N/L.d) 1660±465 2121±128 1694±197 1535±211 1735±182 2081±161 

Bs (mg N/m2.d) 4969±1391 5824±351 4651±541 4217±578 5192±544 6230±483 

Suplement/Concentration  
(mg/Linfluent) 

- 
Hydroxylamine  

(50 – 65 mg 
N-NH2OH/L) 

- - 
Compost extract 

(153 mg 
CODtotal/L) 

Humic Acids 
(23 mg CODtotal/L ) 

Rv (mg N/L.d) 186±234 420±158 534±429 550±73 1118±336 1828±144 

Rs (mg N/m2.d) 556±700 1154±433 1467±1177 1511±199 3348±1005 5471±431 

N removal (%) 4.2±5.1 19.6±6.6 32.3±25.7 36.1±4.6 63.8±14.8 87.9±2.3 
NO2

- effl concentration 
(mg N-NO2

-/L) 165±65 231±63 129±94 77±31 90±46 8±2 

N-NO3
- formed/N-NH4

+ 

removed 
(%) 

60±50 49±11 56±41 53±6 16±10 8±1 
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the time, between days 111 and 130. The 

following expression was obtained: 
d

v eR 0626.031.0=  (111 < d < 130)    (6) 

After applying the first derivative to equation 

24, a growth rate equal to 0,063 d-1was 

obtained.  

3.3.Operation at low pH  
 
In order to evaluate the reactor’s 

performance at a low pH, the concentration 

of NaHCO3 was decreased. As a 

consequence of the lower buffer capacity, 

protons produced during TAN oxidation to 

nitrite were able to produce a stronger 

decrease than initially desired. pH fell down 

to 6.7 on day 139. A sharp and sudden 

decrease in the removal rate accompanied 

by accumulation of nitrite were noticed.  

3.4.Volume increase and 
Dranco compost extract 
addition 
 
After stabilizing the pH value around 8.0, 

the working volume of the reactor was 

increased from 3.9 to 4.25 L, on day 158. It 

was possible to notice an immediate effect 

in the DO. The average DO value that had 

been close to 1.0 mg O2/L decreased to an 

average value of 0.33 and 0.26, 

respectively in the fifth and in the sixth 

period. In the beginning of this operational 

period, the VSS content of the reactor was 

determined and found to be equal to 42 ± 2 

g VSS (ratio VSS/TSS = 0.68). 

Addition of Dranco compost extract started 

on day 161. From this moment on, till the 

end of the fifth period it was possible to  

 

observe a stable increase of the removal 

rate. At the same time, nitrate concentration 

was kept in low values confirming the 

successful NOB inhibition. No accumulation 

of nitrite was verified during this period. 

As performed previously in 3.3.2, one 

period of time was considered in order to 

adapt one trend line. An exponential trend 

line was obtained for the period of time 

between day 147 and 221 (Figure 2). The 

following expression was obtained:  

 
d

v eR 019.0924.33=  (147 < d < 221)      (7) 

 

Therefore, a growth rate of 0.019 was 

obtained for equation 25. 

3.5.Humic acids addition  
 
In the last period of operation, instead of 

Dranco compost extract, a specific volume 

of a concentrated solution of HA was added 

to the influent container in order to produce 

concentrations of about 23.5 mg COD/L. 

This period was characterized by the same 

positive trend already verified in the fifth 

period. A trend line was adapted to the 

period of time between d 201 and 221 and 

a removal growth rate of 31 mg N/L.d2 was 

recorded. A maximum removal rate value of 

2092 mg N/L.d or 6261 mg N/m2.d was 

obtained on day 221. A maximum removal 

efficiency of 91% was verified on day 213. 

In the end of this operational period, the 

VSS content of the reactor, was found to be 

equal to 65 ± 12 g VSS (ratio VSS/TSS = 

0.73). 
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Figure 2 General overview of the reactor 

performance during the six operational periods 

(represented by white and grey areas in the 

graph). The two exponential trend lines that 

were adapted to the removal rate values are 

also presented. 

 

3.6.Removal efficiency 
 
The following ratio was used to calculate 

the removal efficiency:  

 

100×
−

=
in

outin

v
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N
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B
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     (8) 

 
In general, was possible to notice a clear 

trend of the efficiency removal increase 

since the beginning of the test. However, in 

the last days of this test it was noticeable 

the attainment of a steady state around 95 

% removal efficiency. 

 

 

 

 

 

 

 

 

 

 

 

 
 

4.Discussion 
 
During the first period of operation it is 

possible to distinguish two different 

moments. The first one (day 0 to day 35) is  

characterized by a low constant loading 

rate and a low AOB activity. 

From day 35 on, almost all the TAN started 

to be converted to nitrite, probably as a 

consequence of AOB growth. After day 63, 

till the end of the first period it was possible 

to observe a growing NOB activity. At the 

same time, a thin brownish biofilm started 

to develop.  

The addition of hydroxylamine was able to 

inhibit the activity of NOB. However, at least 

30% of their activity was retained as it’s 

possible to observe by the lower but 

existing nitrate production. In this second 

period of operation, a higher removal rate 

was also observed. However, it is unsure if 

AnAOB were responsible for this removal, 

given its low growth rate and vulnerability 

towards oxygen. Possibly chemical 

denitrification in the presence of NH2OH 
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contributed to the observed nitrogen 

removal. 

Given an average pH close to 8.0 and a 

temperature of about 34 ºC, ammonia 

stripping could also be responsible for a 

significant part of all the nitrogen removal. 

The nitrite concentration in the influent 

achieved its maximum value in this period 

(302 mg N-NO2
-/L).  

 

After stopping hydroxylamine addition it 

was possible to maintain NOB inhibition. 

The hydroxylamine inhibition was kept all 

over this 47 days period. 

For the very first time, on the third 

operational period, removal rate started to 

increase at an approximate growth rate of 

0,063 d-1. At this point, the low nitrite 

accumulation and the relatively low nitrate 

production were probably accompanied by 

the start up of AnAOB activity. 

According to the constant growth observed 

for the removal rate, it was also possible to 

observe a stable growth of the removal 

efficiency (Figure 2), approximately from 

day 110 to the end of the third period (day 

137).  

According to Jetten and Strous (1999), 

nitrite concentrations higher than 180 mg N-

NO2/L would inhibit AnAOB activity. In face 

of the rapidly increasing removal efficiency 

verified in the third period, it is possible to 

hypothesize that AnAOB subjected to high 

concentrations of nitrite for several days 

were able to deal with it. 

Considering the stoichiometry of equation 

17, approximately 11% of all the removed 

TAN should be converted to nitrate by 

Anammox. Despite a higher value in the 

first half of the third period, a ratio equal to 

29 ± 8% was found between day 117 and 

135.  

 

Probably, after 137 days of operation, a 

mature OLAND biofilm with anoxic zones 

was formed. However, an induced pH 

decrease from 8.0 to 7.3 had an immediate 

effect on the removal rate that fell down 

from 906 to 300 mg N/L.d at day 136. 

The fourth operational period was then 

characterized by an average removal rate 

of 550 ± 73 mg N/L.d. The removal 

efficiency fell to values below 40% before 

starting to recover from day 150 on. 

Although there were no irreversible 

inhibition reported for AOB or AnAOB for 

pH 6.7 (lowest value recorded), only 35 

days later, in the fifth operational period it 

was possible to notice again the same 

removal efficiencies.  

 

After increasing the working volume to 4.25 

L, the bulk DO concentration decreased 

from 0.62 ± 0.08 mg O2/L in the fourth 

period to 0.33 ± 0.10 mg O2/L, in the fifth. 

Probably, given the higher volume of water 

and a larger part of the discs that became 

submerged, AOB oxygen uptake was 

enough to decrease the DO. The dosing of 

Dranco compost extract was performed in 

parallel with the volume increase. Therefore 

it’s possible to conclude that both effects 

when taken together had a neutral to 

positive impact. At the same time, during 

the fifth period, the biofilm started to 

increase its thickness, developing optimal 

conditions for AnAOB growth. 

 

The HA dosing started immediately after 

stopping adding Dranco compost extract to 
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the influent, till the end of the sixth period. It 

was possible to notice the same growth 

trend of the removal rate as previously 

observed. This trend was kept without 

slowing down till the end of this last 

operational period. At the same time, nitrite 

levels fell to the lowest levels ever achieved 

and the average ratio nitrate formed per 

nitrogen removed had a value of 8 ± 1%, 

even lower than the initially predicted. The 

highest removal rate was achieved on day 

221 (2092 mg N/L.d or 6261 mg N/m2.d). 

The highest removal efficiency (91%) was 

also achieved during this period. In face of 

these results it’s possible to conclude that 

HA addition at a dosage of 25 mg/Linlu had a 

positive to neutral effect.  
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