
  

 

Abstract—Coimmobilization of the freshwater microalgae in 

alginate beads with the microalgae bacterium under continuous 

synthetic wastewater culture conditions significantly removed 

ammonium ions efficiently. It is proposed that coimmobilization 

of a microalgae with microalgae bacteria can serve as a tool in 

devising novel wastewater treatments. 

 

Index Terms—Ammonium removal, microbial immobilization, 

microalgae, wastewater treatments. 

 

I. INTRODUCTION 

Ammonium is toxic to aquatic species and causes 

eutrophication in natural water environments [1], [2]. The low 

maximum growth rates and growth yields of nitrifying 

bacteria make it difficult to obtain and maintain sufficient 

nitrifying bacteria in traditional wastewater treatment plants 

[3]. It has been pointed out that the immobilization of 

nitrifying bacteria to an appropriate carrier material is a 

feasible method to overcome the problem associated with the 

low growth rate constants of nitrifying bacteria [4]. 

Considering that there are few researches about ammonium 

degradation by co-immobilized micro-algae and nitrifying 

bacteria, this study was designed to investigate the 

characteristic and kinetic behavior of using mixed 

micro-algae and nitrifying bacteria immobilized onto 

microporous carrier and to determine the kinetic constants in 

ammonium removal process.  

 

II. MATERIALS AND METHODS 

A. Immobilization Method 

Microalgae and nitrifying bacteria was obtained from an 

aeration sludge tank of the Lanzhou (China) Petrochemical 

Sewage Treatment Plant. The composition of the inorganic 

medium used for the growth of microorganisms was (in g L
-1

): 

NH4HCO3 0.564, MgSO4·7H2O 0.380, CaCl2·2H2O 0.020 

and K2HPO4 0.087. The microorganisms’ suspension 

(microalgae and nitrifying bacteria) and culture medium (200 

ml synthetic wastewater) were added to a 500 ml conical flask 

containing sterilized 4 g polypropylene carrier. The flask was 

kept on a rotary shaker for 15 days at 140 rpm.  

B. Analytical Methods 

Ammonium content was measured using standard water 

 
  

   

analysis methods. 

C. Morphological Observation 

The samples were subsequently cut with a sterile scalpel, 

coated with gold, and examined using a scanning electron 

microscope (S-520 SEM, Hitachi, Japan). 

 

III. RESULTS AND DISCUSSION 

A. Factors Influencing of Ammonium Removal 

In stirred batch experiments, effects of processing 

parameters were showed in Fig. 1. C/N ratio is one of the most 

critical parameters of the ammonium removal process, for it 

directly influences the growth competition between 

autotrophic (nitrifying bacteria) and heterotrophic 

(denitrifying bacteria) microorganism populations. Fig. 1a) 

presents the ammonium concentrations decrease along with 

increasing reaction times and decrease currents were similar 

at the beginning 4 hours. However, the effect of C/N ratio on 

ammonium removal appeared at the latter 4 hours: the 

ammonium concentration was almost no change (about 15 mg 

L
-1

) during the following 4 hours at C/N ratio was 3.4 g COD 

g N
-1

; whereas the ammonium concentrations were decreased 

to 11 mg L
-1

 (C/N=6.0 g COD g N
-1

) and 7 mg L
-1

 (C/N=10.8 

g COD g N
-1

) at 8 hours, respectively. The low C/N ratio led 

total nitrogen removal efficiency to a low value. This 

phenomenon seems to be caused by the lack of organic 

compounds for use as an electron donor in denitrification [5]. 

The C/N ratio required for the denitrification can be 

determined by denitrification process stoichiometry and 

organic matter composition. It has been shown that NH4
+
-N 

could reach maximum rate of elimination at value 10.8 of C/N 

ratio. The stoichiometric requirement for denitrification is 4.2 

g COD g N
-1 

[6]. The excrescent organic matter supplied to 

the system might be consumed by oxidation or assimilation 

but not during the denitrification process. 2)It has often been 

found that DO is one of the most important factors affecting 

nitrification performance [7]. Fig. 1b) indicates that the slope 

of ammonium reduction curve at DO up to 2.0 mg L
-1

 is 

significantly smaller than that at higher DO concentrations. 

This is because when DO was at low concentration, 

oxidization of ammonium was limited in the nitrification 

process. Therefore, the optimum DO concentration for 

ammonium removal in this system is 4.0 mg L
-1

. It can be seen 

that the proper DO is 6.0 mg/L, and the high removal rates of 

NH4
+
N can be achieved under this condition. 3)The influence 

of temperature over ammonium removal process is important 

for bioreactor design and operation. Fig. 1c) shows that 

ammonium concentration was more quickly degraded 25
 o
C 

than at any other temperature. According to Arrhenius 
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Equation, the activation energy in this process was 35.9 KJ 

mol
-1

, which was between that in single stage 

biodenitrification process, 28.6 KJ mol
-1

, and that in 

oxidizing nitrite by immobilized nitrifying cells, 63.6 KJ 

mol
-1

 [8]. For these reasons, 25
o

C should be selected as
 
the 

optimal temperature for immobilized microorganism. Plants 

designed for ammonium removal should be based on the 

expected temperature. 4)pH value is a key factor in microbial 

metabolic processes, because it influences the redox-potential 

and the enzymatic activity. Fig. 1d) shows the effects at 

various pH values in the range of 6.0-9.0 on performance of 

ammonium removal bioreactor. The slopes of the ammonium 

reduction curve at influent pH values up to 8.0 and 9.0 are 

sharper than that at the lower pH value. The optimal pH of 

immobilized microorganism was 8.0, and the similar result 

was reported previously [9]. 
 

 
Fig. 1. Effects of (a) C/N, (b) DO, (c) temperature, (d) pH on the removal of 

ammonium. 

 

B. The First-Order Kinetics Study 

In this set of stirred batch experiments, the first-order 

kinetics is used to simulate the nitrification process in order to 

determine the ammonium removal viability on various water 

quality parameters. The carriers with immobilized 

microorganisms in the bioreactor were floated in the stirred 

batch reactor. The kinetics of ammonium degradation can be 

simulated by using first-order kinetics: 

 

dS
kS

dt
                                       (1) 

 

S: substrate concentration (mg L
-1

); k: substrate removal 

rate constant (h
-1

).  

The equation used in the integrating algorithm within one 

time step is:  

0

kt

S
S

e
                                         (2) 

 

The substrate removal rate constant is given by: 

0
ln

S

Sk
t


                                        (3) 

In the various conditions of water quality parameters, such 

as C/N, DO, temperatures and pH, the ammonium removal 

rate constants k can be calculated by using (3). The values of k 

and substrate removal rate constant are summarized in Table I. 

 

that the kinetics of the reactions were almost linear, so it is 

feasible to use the first-order kinetics to determine the 

viability of the nitrification process. According to table I, the 

ammonia-nitrogen degradation rate constant (K) is 0.0952 h
-1

 

when C/N at 6.0; it reached 0.1556 h
-1

 when dissolved oxygen 

was 4.0. however, when dissolved oxygen was larger than 4.0, 

the K value changed little, the K value was between 0.0910 

and 0.1355 h
-1

 when the temperatur between 20 and 30 
o
C, 

while it dropped to 0.0634 h
-1

 at 40
 o

C. Therefore, room 

temperature can be suitable for denitrification reaction. In 

addition, pH value made a greater impact in ammonia 

nitrogen degradation rate constant, which reaches the 

maximum value (0.2054 h
-1

) when pH was 8.0. Therefore, the 

appropriate pH should be 8.0. 
 

TABLE I: VALUES OF PARAMETERS AND RELATED AMMONIUM REMOVAL 

RATE CONSTANTS K 

Parameters 
Condition

s 
Unit K (h-1) r2 

Influent C/N 3.4 g COD g N-1 
0.059

8 

0.779

4 

 6.0 g COD g N-1 
0.095

2 

0.976

3 

 10.8 g COD g N-1 
0.108

1 

0.881

9 

DO 2.0 mg L-1 
0.095

2 

0.976

3 

 4.0 mg L-1 
0.155

6 

0.956

7 

 6.0 mg L-1 
0.155

8 

0.943

9 

Temperature 20 
o
C 

0.091

0 

0.978

3 

 25 
o
C 

0.135

5 

0.985

3 

 30 
o
C 

0.107

9 

0.971

2 

 40 
o
C 

0.063

4 

0.900

7 

Influent pH 6.0  
0.069

8 

0.989

0 

 7.0  
0.085

4 

0.992

6 

 8.0  
0.205

4 

0.977

5 

 9.0  
0.179

9 

0.964

9 

 

C. Michaelis-Menten Kinetic Study 

The ammonium removal process could also be considered 

as a simple enzyme-catalyzed reaction with one substrate and 

without product inhibition [10]. A simple but plausible 

steady-state model has been used to predict the 

biodegradation rate in batch experiment. The most common 

kinetics for biological substrate uptake is the 

Michaelis-Menten equation:  

 

max
-

m

dS v S
v

dt K S
 


                              (4) 
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The relative coefficient (r
2
) values from the analysis suggest 

where v is the substrate removal rate, vmax is the maximum 

growth rate, Km is the saturation coefficient and S is the 



  

substrate concentration. With regarding to reactor design, vmax 

contains the necessary information about the limit of the 

maximum load, whereas Km describes the achievable effluent 

quality for a specific substrate.  
 

TABLE II: VALUES OF PARAMETERS AND RELATED CALCULATIONS OF STIRRED BATCH EXPERIMENT 

t 

(h) 

S 

(mg·L-1

) 

ln

-

o

o

S

S
S S

 
-o

t

S S

 max

m
m

v S
v

K S




 
vk ve 

-
100%

me

e

v v

v


 -
100%

ke

e

v v

v


 

0 24.13 
0.045

6 

0.237

0 
4.1938 

5.914

3 

4.541

2 
7.6 -30.2 

1 19.91 
0.050

1 

0.256

1 
3.8512 

4.880

0 

3.904

2 
1.4 -25.0 

2 16.32 
0.055

3 

0.272

5 
3.4924 

4.000

0 

3.348

8 
-4.3 -19.4 

3 13.12 
0.060

8 

0.295

9 
3.1015 

3.215

7 

2.875

0 
-7.9 -11.9 

4 10.61 
0.068

0 

0.312

7 
2.7325 

2.600

5 

2.482

8 
-10.0 -4.7 

5 8.14 
0.076

2 

0.333

0 
2.2987 

1.995

1 

2.172

2 
-5.8 8.2 

6 6.11 
0.086

9 

0.353

2 
1.8741 

1.497

6 

1.943

2 
3.6 22.9 

7 4.31 
0.105

0 

0.369

7 
1.4313 

1.056

4 

1.795

8 
20.3 41.2 

8 2.49 
0.045

6 

0.237

0 
0.9024 

0.610

3 

1.730

0 
47.8 64.7 

Note: The unit of vm , vk and ve is mg L-1 s-1. 

 

 
Fig. 2. SEM of carrier and microorganisms’ morphology: (a) 100× carrier, (b) 

1,000× carrier with micro-algae and nitrifying bacteria, (c) 4,000× carrier 

with micro-algae and (d) 10,000× carrier with nitrifying bacteria. 

 

The effect of internal diffusion on the overall rate should be 

negligible, in respect that the macroporous structure (pore 

size≈1 mm) carriers have optimum mass transfer performance 

in the experiment. Therefore, the limiting rate process is 

chemical reaction. Hence, determined kinetics constants by 

operating experiment with immobilized microorganisms in 

the bioreactor are exactly intrinsic kinetics constants. The 

kinetics constants vmax and Km can be estimated by 

transforming integral form (4) into the following form: 

 

max
ln

1
-

- -

o

o m o m

S
v tS

S S K S S K
                          (5) 

 

In order to investigate the Michaelis-Menten kinetic of 

ammonium removal on the immobilized microorganism on 

macro-porous carrier, the concentration varieties of 

ammonium along with time under conditions of DO = 2-3 

mg/L, temperature = 25-27
 o

C, pH = 8.2-8.3 were studied. The 

batch experimental results and related calculations are shown 

in Table II. 

By biomass measured during operating bioreactor, average 

concentration of biomass was about 3.52g microorganism L
-1

 

H2O, The value of Km and vmax are estimated to be 4.96mg L
-1

 

H2O 2.05 mg L
-1

 s
-1

.The constants for nitrification determined 

from our experiments are in good agreement with the 

literature. 

The ammonium removal rates v can be calculated by 

Michaelis-Menten equation (vm=vmaxS/(Km+S)) and 

first-order kinetic (vk=kS). The characteristic relation between 

ammonium concentration (S) and time (t) can be described as 

third-order polynomial. The experimental ammonium 

removal rates ve could then easily be calculated from the 

derivative of the obtained polynomial. ve thus derived are 

compared to vm and vk in the last two columns of Table II. 

Good agreement is observed between ve and vm. The relative 

errors of predicted and experimental nitrogen removal rate 

were less than 10% with the exception of the last two data. vk 

didn’t agree with ve as well as vm. It implies that 

Michaelis-Menten equation can better describe the 

ammonium removal kinetics in this system. 

D. Morphological Observation 

After operating the continuous experiment for 60 days, the 

microbial population and distribution in the microporous 

carrier was microscopically observed. Fig. 2a) shows the 

scanning electron micrograph of the microporous 

polyurethane foam carrier without microorganism present. 

The average aperture was 1 mm approximately, which 

conducive to gas and liquid pass through the microorganisms 

and accelerate metabolic activity due to the increase of 

microorganism density per unit volume. It can be seen from 

Fig. 2b) that a large number of microorganisms were observed 

in the macroporous carrier. Therefore, such a carrier structure 

can provide a good environment for microbial metabolism 

and proliferation. A further amplification (Fig. 2c) and (Fig. 

2d) ) shows that many kinds of microorganisms were 

immobilized, such as filamentous, spherical bacteria and 

rod-shaped bacteria. The porous structure of the carrier can 

provide different microenvironments that meet the 

requirements of different micro-organisms for proliferation 
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and nutrient. 

E. Performance of the Ammonium Removal Bioreactor 

The operational stability of immobilized mixed 

microorganisms in the continuous reactor was tested and the 

results are shown in Fig. 3. Within the first 4 days (hydraulic 

retention times (HRT) = 20 h), the ammonium concentration 

of effluent stream decreased quickly to below 10 mg L
-1

. As 

HRT reduced to 16 hours, it rose to 16.9 mg L
-1 

and then 

decreased to 10 mg L
-1

 in the following two days. When HRT 

was reduced to 12 hours, it rose to about 15 mg L
-1 

and then 

reached a steady level. The volumetric load at last with HRT 

of 4 h was 0.24 kg N m
-3 

d
-1

 approximately. At the same time, 

nitrite and nitrate did not accumulated in the bioreactor. This 

may be attributed to different micro-environment of the 

carrier, which could achieve simultaneous nitrification and 

denitrification (see Fig. 3). There are two reasons could 

explain this phenomenon: first, due to diffusion restriction 

and oxygen requirement of nitrifying bacteria, the center of 

the carrier could be starved of oxygen; second, diffusion 

limitations within a large floc can also protect 

microorganisms from excess oxygen. The DO gradient in the 

carrier and floc can provide multi-entironments adapt to 

diversified microorganisms live with. So aerobic nitrification 

and anaerobic denitrification can simultaneously take place in 

a single reactor, which can promote the efficiency of nitrogen 

removal. 
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Fig. 3. The operational stability of immobilized mixed microorganisms in 

the continuous reactor containing ammonium as major contaminants. 

 

IV. SUMMARY 

This study investigates the characteristic behavior of 

coimmobilizing microalgae and nitrifying bacteria onto 

microporous carrier and selects the optimum conditions, 

demonstrating that coimmobilization of microalgae and 

nitrifying bacteria has a potential in treating wastewater. 
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