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Abstract 

  

Nitrate is a common pollutant present in wastewater from many industries, sewage and leachate from municipal waste 

and this has become a major concern in recent past because of its effect on life forms and also to the environment. 

Biological nitrification and denitrification is one of the most versatile processes of nitrate removal from wastewaters. 

Experiments were conducted to evaluate the performance of draft tube spouted bed reactor for denitrification process 

using Pseudomonas syringae, which was isolated from secondary clarifier of a fertilizer waste water treatment plant and 

immobilized on granular activated carbon (GAC). The effect of dilution rates on denitrification was investigated and it 

was found that there is decrease in percentage nitrate removal with increase in influent nitrate concentration as well as 

dilution rate. For the range of dilution rates studied, the reaction attained a steady state between 30 to 45h. The results 

indicate that, nitrate and carbon simultaneously can be removed effectively in draft tube spouted bed reactor and 

therefore, it may serve as a promising reactor in COD and nitrogen removal fields.  

 

Keywords: Pseudomonas syringae, Draft tube spouted bed reactor, Granular activated carbon Dilution rate and Nitrate 

removal.  

 

 

1. Introduction 

 
1
 Nitrogen in various forms is a major pollutant from many 

industries like fertilizers production, explosive 

manufacture, coking, refining, food processing, organic 

chemical manufacturing, alcohol production, starch 

industry, metallurgy and petrochemicals. In many parts of 

the world where ground water is being used as a main 

source of drinking water, nitrate concentration in 

groundwater has steadily been increasing over the years 

mainly due to the extensive use of chemical fertilizers in 

intensive agriculture as well as discharge of municipal and 

industrial wastes (Wang et al, 2009). This excess nitrate in 

drinking water causes adverse effects including depletion 

of dissolved oxygen (DO) in receiving waters, 

eutrophication, ammonia toxicity to aquatic life, and 

public health problems like “methemoglobinemia” cancer, 

birth defects, abortions, hypertension thyroid 

hypertrophyin infants (USEPA, 1993; Burghate and 

Ingole, 2013; Srinu et al, 2011). Conventional physico-

chemical methods to remove nitrate from water are ion 

exchange, reverse osmosis and electro-dialysis. These 

processes are expensive and the concentrated waste brines 

require further treatment or their disposal is a problem 

(Sarina and David, 2004; Wang et al, 2009)  

 Biological nitrogen removal involves two successive 

processes, i.e. nitrification and denitrification. Biological 
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nitrification and denitrification is one of the most 

economical processes of nitrogen removal from 

wastewaters   (Han-Woong et al, 2002; Kyun et al, 2005; 

Youyuan et al, 2011). Denitrification is just one pathway 

in the nitrogen cycle. It is a biochemical reaction carried 

out by microorganisms, which transforms nitrates to 

nitrites and to the gaseous form nitrogen. This reaction 

couples the transport of electrons by the respiratory chain 

to energy production via oxidative phosphorylation. 
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Denitrification is accomplished by chemoheterotrophic 

bacteria that obtain energy from chemical reactions 

involving organic carbon material under anoxic conditions 

(i.e. when the dissolved oxygen conditions are very low 

but not necessarily zero). Recently, researchers have 

reported that aerobic denitrifying species isolated from 

canals, ponds, soils and activated sludge have the capacity 

to simultaneously utilize oxygen and nitrate as electron 

acceptors. These species are Thiosphaera pantotropha 

(Paracoccus denitrificans) (Su et al, 2001), Alcaligenes 

faecalis (Joo et al, 2005), Citrobacter diversus (Huang et 

al, 2001), Pseudomonas stutzeri (Su et al, 2001) and 

Pseudomonas aeruginosa (Chen et al, 2006), 

Pseudomonas putida AD21 (Kim et al, 2008) etc. Aerobic 

denitrification have some advantages over anoxic 

denitrification. (i) aerobic denitrifiers can be easily 

controlled during the operation and (ii) it can accelerate 
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nitrification and denitrification by directly utilizing nitrite-

N and nitrate-N, as the denitrifying reactant. (iii)  It can be 

operated simultaneously both nitrification and 

denitrification in the same reactor to reduce the 

construction cost and the operational complexity.  

 Various systems like rotating biological contactors 

(Gupta and Gupta, 2001), sequencing batch reactors (Lee 

et al, 2008) were investigated for removal of organic 

substances and nitrogen.  Yamagiwa et al, (1995) studied 

simultaneous removal of organic carbon and nitrogen in a 

plunging jet bioreactor for domestic wastewater treatment. 

Jianapag et al, (2003) was the first to use airlift reactor for 

nitrate removal. Dhamole et al, (2009) have reported that, 

at a minimum aeration rate, if all the oxygen is utilized in 

the draft tube (riser), for carbon utilization where oxygen 

level is very high and anoxic conditions will prevail in the 

annular part of the reactor, which helps to utilization of 

nitrate. 
 

1.1 Draft tube spouted bed contactor 
 

Mathur and Gishler in 1955 developed a spouted bed 

technique for handling course size particles for drying of 

agricultural grains. Presently this contactor has been 

applied in wide varieties of operation. Spouted bed 

contactor has the following well defined regions. Inlet 

zone where influent stream mixes with gas and enters into 

the lower conical section of reactor. Riser is centrally 

located up flow region from where air, solids and liquid 

moves upward. It contains a central draft tube supported 

by two guides each at top and bottom of the column to 

hold the draft tube in its position (Toumi et al, 2008; 

Dhabade et al, 2009). 

 The insertion of a draft tube in a conventional spouted 

bed mitigates the limitations of the spouting for improving 

gas-solid and liquid contact. Several advantages of using a 

draft tube in a conventional spouted bed are (Buchanan 

and Wilson, 1965; Muir et al, 1990; Konduri et al, 1995; 

Ishikura et al, 2003): greater flexibility in the operation; 

lower gas flow and pressure drop; solids of any size or 

nature may be treated; narrower residence time 

distribution; better control of solid circulation; avoids 

maximum spoutable bed height. Consequently, solid 

circulation may be controlled by changing independently 

column diameter, stagnant bed height or particle diameter. 

Among the disadvantages the following are worth 

mentioning: lower mixing degree; complexity of design; 

risk of tube blockage; lower contact between gas and 

solids. 

 In the present study, performance of draft tube spouted 

bed reactor for denitrification process using Pseudomonas 

syringae, which was isolated from secondary clarifier of a 

fertilizer waste water treatment plant and immobilized on 

granular activated carbon (GAC)  for varying dilution 

rates and influent nitrate concentration was investigated. 

 

2. Materials and Method 

 

2.1 Microorganism 

 

A strain of microorganism Pseudomonas syringae was 

used for all experiments. It was isolated from wastewater 

treatment plant of a nearby fertilizer industry (Joshi et al, 

2014). The strains were   periodically sub cultured once in 

15 days on nutrient agar slants and were stored at 4
o
C 

 

2.2 Growth media composition 

 

Media composition for growth of microorganism used is 

as follows.  

 

NH4Cl-0.3g/L, KH2PO4-1.5g/L, Na2HPO4.7H2O- 7.9g/L,  

KNO3-2 g/L, C4H404Na2.6H2O-27g/L 

MgSO4.7H2O Solution (5 mL/L): 20g/L 

 

Trace element solution (5mL/L): 

 

 EDTA-50.0 g/L; ZnSO4-2.2 g/L; CaCl2-5.5 g/L; 

MnCl2.4H2O-5.06 g/L; FeSO4.7H2O-5.0 g/L; 

(NH4)6Mo7O24.4H2O-1.1 g/L; CuSO4.5H2O-1.57 g/L and 

CoCl2.6H2O-1.61 g/L.  

 

All the reagents used were of analytical grade. 

 

2.3 Analytical Methods 

 

Samples were collected from the draft tube spouted bed 

reactor at regular intervals and tested for various 

characteristics. The culture samples were centrifuged at 

10,000 rpm for 10 min (REMI, India) and supernatant was 

used for nitrate and nitrite. Nitrate and nitrite were 

analyzed using standard method by UV 

spectrophotometer. Attached biomass was analyzed by 

weight difference before and after washing of solids with 

0.25N NaOH soluion and drying it at 105
o
C  for 24 h. 

Biofilm thickness was mesured using scanning electron 

micoscope (SEM).  

 

2.4 Reactor and experimental details 

 

 
 

Fig.1 (a):  Schematic diagram of Draft tube Spouted Bed 

Bioreactor 
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The experimental setup of draft tube spouted bed reactor 

consisted of a cylindrical column with an inner diameter 

50 mm and outer diameter 60 mm as shown in Fig 1(a).  

 The draft tube had an  of inner diameter 12.2 mm, 

outer diameter 16 mm and height of 455 mm. Volume of 

the reactor is 1.2 L. The cylindrical column was provided 

with a conical bottom made of brass where the angle of the 

cone was 60
o
. Synthetic media of different nitrate 

concentrations maintaining carbon to nitrogen ratio 3:1 in 

distilled, reverse osmosis processed water with all the 

other nutrients as indicated in Section 2.2, were pumped 

using a peristaltic pump as shown in Fig. 1 (b). In all runs, 

the reactor was loaded with 40g granular activated carbon 

immobilized with P. syringae. Compressed air was 

introduced through filter in controlled rate just to spout the 

solids in the draft tube. Effluent samples were collected at 

appropriate time intervals and centrifuged at 10,000 rpm 

for 10 minutes. Supernatant was analyzed for the nitrate 

and nitrite and residue was analyzed for biomass. Reaction 

was carried till the steady state is attained. Then, contents 

were emptied and attached biomass and biofilm thickness 

were measured. 

 
 

Fig.1 (b): Experimental setup of Draft Tube Spouted Bed 

Bioreactor 

 

3. Results and Discussion 

 

3.1 Effect of dilution rate on percentage nitrate removal 

during startup of the reactor 

 

 

 
 

 
 

 
 

Fig.2:  Effect of dilution rate on effluent nitrate 

concentration during start up for different influent nitrate 

concentration (a):50 mg/L (b): 100mg/ L (c): 200 mg/L 

(d): 300 mg/L 
 

The effect of dilution rate on nitrate removal was studied 

for various inlet nitrate concentration in the effluent. Fig. 2 

(a),(b), (c) and (d) presents the effect of dilution rate on 

nitrate concentration  during start up of the bioreactor for 

influent nitrate concentrations of 50, 100,  200  and 300 

mg/L. It is evident from these figures that, there is a 

continues decrease in nitrate concentration  till 30
th 

h and 

thereon  removal rate becomes slow for influent nitrate 

concentrations of 50 and 100 mg/L. For influent nitrate 

concentration 200 and 300 mg/L there is a continuos  
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decrease in nitrate concentration till 40
th

 h and there after 

the nitrate concentration decreases as marginally.  

 The rate of denitrification during start up decreases 

with increase in dilution rate. It may be because of at 

higher dilution rate there will be higher velocity that leads 

to wash out of biomass, and also lesss retention time. The 

time taken to reach steady state has increased with 

increase in dilution rate for all influent nitrate 

concentrations. During initial stage, the adsorption of 

nitrate along with organic substrate onto GAC particle 

takes place and as the bacteria grows, the attached biomass 

increases and hence, biofilm thickness increases. Thicker 

and denser biofilm may offer more resistance to substrate 

mass transfer. It was presumed that the attached biomass 

consumes more of carbon in draft tube area where oxygen 

level is very high and  nitrate is consumed in annular area 

where oxygen level is low. This concept was also 

explained in their experiments by Dhamole et al, (2008). 

Once the biofilm  grows and becomes stable,  substrate 

mass transfer would have increases and then effluent 

nitrate concentration reaches to a steady state value. 

Higher nitrate concentration feeds result in the formation 

of thicker and denser biofilm, which may offer more 

resistance to substrate mass diffusional transfer rate, which 

intern results in lower denitrification rates. Therefore, time 

taken to achieve steady state value has increased for higher 

nitrate concentration feeds. 
 

3.2 Effect of dilution rates on percentage nitrate removal 
  

The effect of dilution rates on percentage nitrate removal 

was studied for varoius dilution rates. Fig.3 presents the 

effect of influent nitrate concentration on percentage 

nitrate removal at different dilution rates of 0.166/h, 

0.333/h, and 0.5/h by varying the influent nitrate 

concentration from  50 mg/L to 300 mg/L. The maximum 

steady state percentage nitrate removal was 98.45 percent 

for dilution rate of 0.166/h. At higher dilution rates 

0.333/h and 0.5/h the percentage nitrate removal decreased 

to around 96 percent for 50 mg/L nitrate concentration in 

the feed. For 300 mg/L nitrate concentration feed, the 

maximum steady state percentage nitrate removal was 97 

percent for dilution rate of 0.166/h. At higher dilution rate 

0.5/h the percentage nitrate removal decreased to around 

94 percent. 

 At a constant influent nitrate concentration, with 

increase in  dilution rate  the contact time between the 

liquid and solid phase reduces and this might have slowed 

down the biomass growth rate resulting in reduced 

attached biomass dry weight as observed in Fig.3. It is also 

observed that increase of dilution rate would have 

increased the attrition and shear section especially in 

disengagement section of the spouted bed (Wang et al, 

2003), which might have caused the sloughing of attached 

biomass. This would have reduced the attached biomass 

dry weight and hence the decrease in percentage 

denitrification. The hydrodynamics of reactor  substrate 

concentration and environmental factors etc affects the 

biofilm thickness (Toumi et al, 2008). Attrition and shear 

effect are major factors in the operation of spouted bed 

reactors. Increased dilution rate increases the liquid 

velocity resulting in shear and also cell wash out this 

might be the reason to decrease in percentage nitrate 

removal. 

 

 
 

Fig.3: Effect of dilution rate at different influent nitrate 

concentration on percentage nitrate removal at steady state 

for GAC loading 40 gm 

 

3.3 Effect of influent nitrate concentration on percentage 

nitrate removal 

 

The effect of influent nitrate concentration on percentage 

nitrate removal was studied for varoius nitrate 

concentration feeds. Fig.4 presents the effect of influent 

nitrate concentration on percentage nitrate removal for 

influent nitrate concentrations of 50 mg/L, 100 mg/L, 200 

mg/L and 300 mg/L at different dilution rates. It is evident 

form the Fig. 4 that percentage nitrate removal decreases 

with increase in influent nitrate concentration. For influent 

nitrate concentration  of 50 mg/L the maximum steady 

state percentage nitrate removal achived was 98.45 percent 

and decreases to 94.01 percent for influnet nitrate 

concentration of 300 mg/L at 0.166/h dilution rate. It is 

observed that higher inlet nitrate concentration in feed 

would have resulted in forming more thicker and  denser 

biofilm on solid particle. Biofilm consists of microbial 

cells and EPS mixture (Extra cellular polymeric 

substances) (Toumi et al, 2008; Shetty et al, 2008).  

 

 
 

Fig.4: Effect of influent nitrate concentration at different 

dilution rates on percentage nitrate removal at steady state 
 

As biofilm becomes thicker and denser then external mass 

transfer of substrate (nitrate in this case) in the film gets 
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reduced through the film because of resistance. The dense 

and heterogeneous structure of biofilm  may contain a 

fraction of biofilm that is inactive due to presence of EPS 

and dead cells (Dabhade et al, 2008). Such a dense biofilm 

offers more resistance to diffusional mass transfer. This 

could be the reason for slow and less nitrate removal 

observed for higher influent nitrate feeds. The percentage 

denitrification using different rectors and microorganisms 

by various researchers is presented in table. 

 

3.4 Effect of dilution rate on attached biomass dry weight 

and  biofilm thickness at steady state 

 

 
 

Fig. 5: Effect of Dilution rate on attached biomass for 

different infuent nitrate concentration at steady state 

 

 
 

Fig. 6: Effect of dilution rate on biofilm thickness for 

different infuent nitrate concentration at steady state 

  

The effect of dilution rate on biofilm thickness  was 

studied for different infuent nitrate concentration at steady 

state. Fig. 5 and 6 presents the effect of dilution rate and 

influent nitrate concentrations on the attached biomass dry 

weight and  biofilm thickness obtained at steady state are 

shown in respectively. It is evident from the figures that as 

dilution rate increases, attached biomass dry weight and 

biofilm thickness decreases for all influent nitrate 

concentration. With increase in dilution rate, the time of 

contact between the cells and substrate (residence time in 

the reactor) reduces and this would result in less cell 

growth. As the dilution rate increases, the flow velocity 

past the particle increases. This increased flow velocity 

might have resulted in higher erosion of the biomass from 

the biofilm surface. Reduced cell growth and increased 

cell detachment by erosion, would have resulted in 

reduction in attached biomass dry weight and biofilm 

thickness, with increased dilution rates.  

 This may probably be due to the structure or 

morphology of the biofilm formed, owing to the exposure 

of microorganisms to high substrate concentrations during 

start up. Structure and morphology of the biofilm depends 

on the conditions at which its grown.The becteria 

produced heterogeneous, dense and slimy biofilm on the 

GAC particle. (Fig 7). The extracellular polymeric 

substance (EPS) molecules are the exopolymers, which 

provide the forces responsible for cohesion of the biofilm 

and adhesion to the substratum. The stress and grwoth 

conditions  affects the compostion of EPS (Schmitt et al, 

1995). Biomass is believed to detach when the tensile 

forces caused by the external shear exceed the tensile 

strength of the EPS matrix that holds together the biofilm 

(Kwok et al, 1998; Ohashi and Harada, 1994). This could 

be the reason to reduction in biofilm thickness at higher 

dilution rates. 

 

 

 
 

Fig.7: SEM Pictures of biofilm on Granular activated 

carbon 

Conclusion 
 

Present work demonstrates a novel application of draft 

tube spouted bed reactor for nitrate removal under aerobic 
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conditions using Pseudomonas syringae which was 

isolated from secondary clarifier of fertilizer waste water 

treatment plant and immobilized on granular activated 

carbon (GAC) (Joshi et al., 2014). A 98% nitrate removal 

for 50 mg/L inlet nitrate concentration feed and 94% 

nitrate removal for 300 mg/L inlet nitrate concentration 

feed was observed for 0.166/h dilution rate. High rate of 

nitrate removal was observed in present study with 

controlled airflow rate in draft tube spouted bed reactor in 

its distinct conditions in different zones of the reactor. The 

feasibility of gas–liquid–solid three-phase flow draft tube 

spouted bed reactor for treating nitrate-nitrogen 

wastewater has been demonstrated in the present work. 

Therefore, the draft tube spouted bed reactor may serve as 

a promising reactor for removal of COD and nitrogen in 

industrial effluents.   
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