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Abstract

The present study aimed at determining performance and pollutant removal kinetics in the treatment of wastewater using a laboratory-scale
continuous flow stirred tank reactor (CFSTR) based on activated sludge process (ASP). The waste activated sludge from the Guheshwori Wastew-
ater Treatment Plant (WWTP) is used as a start-up seed sludge. The CFSTR is operated at varying solid retention time (SRT) of 1, 2, 3, 5, 7.5 and
10 days using synthetic wastewater prepared daily as an influent. Chemical Oxygen Demand (COD) and Total Kjeldahl Nitrogen (TKN) of the
influent, effluent and Mixed Liquor Volatile Suspended Solids (MLVSS) of aeration tank are analyzed at various SRT to determine the respective
kinetic coefficients. The COD and TKN removal increased with increasing SRT. The kinetic coefficients; maximum substrate utilization rate (k),
the half velocity constant (K), cell yield coefficient (Y) and decay coefficient (k) have been found to be 1.61 g COD/g VSS - day, 87.22 mg/L,
0.50 g Volatile Suspended Solid (VSS)/g COD and 0.07 day—! respectively for synthetic wastewater. Similarly, k, Ks, Y and kd for the treatment
of wastewater from Guheswori WWTP have been observed to be 1.86 g COD/g VSS.day, 107.77 mg/L, 0.32 g VSS/g COD and 0.04 day — 1.
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1. Introduction

Water bodies, in Hindu mythology, is considered as a form of
god and people perform various rituals at these bodies. However,
with increasing population and settlement near these water bod-
ies, these are being polluted and non-potable [1, 2]. Government
of Nepal in support of various other organizations are now plan-
ning and constructing many wastewater treatment plants. There
are many physiochemical processes for the removal of carboneous
and nutrients from the wastewater. Some of them are sedimen-
tation, chemical precipitation, adsorption etc but these methods
are mostly expensive and produce huge quantity of side products
(sludge) which again needs further processing [3]. Hence the bio-
logical process is the best alternative due to low operational cost
and environmental benefits [4]. In biologically treated wastewa-
ter treatment plants, organic contaminants is converted to sludge
(biomass) and gases like carbon dioxide, methane etc. [5]. Microor-
ganisms consume the organic matters present in the wastewater
and increase their numbers [6].

Government of Nepal also proposed 5 biological wastewater
treatment plants for the improvement of Bagmati River Basin. Cur-
rently, Guheshwori Wastewater Treatment Plant (WWTP) is the
only functional wastewater treatment plant among the centralized
wastewater treatment plants [1, 7, 8, 9]. The Kathmandu Valley
Wastewater Management Project of Project Implementation Direc-
torate of Kathmandu Valley Water Supply Limited is planning to
treat 90.5 MLD and 382.1 MLD of wastewater by 2020 and 2030 re-
spectively of Kathmandu valley. The activated sludge process is
the most commonly used biological system in the world as it is a
robust technology but the operating cost is slightly high [10-12].
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Most of the planned treatment plants are Activated Sludge Process
[13], some are Sequencing Batch Reactor (SBR) and Constructed
Wetlands. Most of them are still under design phase. With limited
data to design the existing treatment plants, most of the param-
eters were adopted using similar treatment plants in other coun-
tries. However the kinetic parameter depends upon the climatic
condition, microorganisms and technology involved and wastewa-
ter characteristics [14-16]. It is very common to design the wastew-
ater treatment using simplified hydraulic related parameters only
but this is not adequate for efficient operation and performance
[17]. The composition of municipal wastewater is very complex
and vary with a lot of physical, social, biological and other condi-
tions [14], [18], [19]. Kinetic approach should be used rather than
depending on hydraulic parameter only. Carbonaceous pollutant
is an important parameter to assess the quality of water as it re-
quires oxygen to decompose itself thereby depleting the DO level
in water which has negative impacts on aquatic life [14], [19]. Sim-
ilarly, nutrients (Nitrogen and Phosphorus) are the reasons for eu-
trophication. In most of the cases, even Nitrogen content only
can contribute in production of algae, hence removing nitrogen
only can help in reducing the eutrophication process [20]. Nitrate
and ammonium are the major nitrogen sources for phytoplankton
and plant growth. However, with lower energetic costs associated,
plants and phytoplankton prefer ammonium to nitrate during as-
similation. The productivity is higher in presence of ammonium
concentrations rather than nitrate concentration [21]. Also the
aquatic toxicity is higher for ammonia than nitrate [20], [22]. For
nitrogen removal, there are two stages: nitrification and denitri-
fication [23]. Nitrification is a process of nitrogen compound oxi-
dation (effectively, loss of electrons from the nitrogen atom to the
oxygen atoms), and is catalyzed step-wise by a series of enzymes
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Figure 1: Layout of experimental setup.

using Eq. 1 and Eq. 2.

2NH," + 30, — 2 NO, +2H,0 (Nitrosomonas) (1)
2NO, +0, — 2NO;” (Nitrobacter) (2)

Denitrification is a microbially facilitated process where nitrate
(NO3") is reduced and ultimately produces molecular nitrogen (N)
through a series of intermediate gaseous nitrogen oxide products
using Eq. 3.

2NO;™ +10e” + 12H" — N, +H,0 (Denitrifiers)  (3)

For the removal, a separate chamber or facility is required
with carbon source for the growth of denitrifiers which are het-
erotrophs. Nitrification can be done in the same chamber that is
used for carboneous pollutant removal. Hence, most of the wastew-
ater treatment plants that are designed on regulation that doesn’t
have a criterion to remove nitrate, don’t consider nutrient removal
as an option. This study was conducted to study the performance
for COD and TKN removal for varying Solid Retention time (SRT)
and kinetic parameters for designing wastewater treatment plants
in Kathmandu and similar regions. This study was carried out at
Soil Water and Air Testing Laboratories, Kathmandu in 2018.

2. Materials and methods

2.1. Experimental setup

The synthetic wastewater was prepared with the concentration
of glucose of 150 mg/L, sodium acetate of 300 mg/L, peptone of 15
mg/L, meat extract of 15 mg/L, ammonium choloride of 140 mg/L,
mono potassium phosphate of 35 mg/L, magnesium sulphate hep-
tahydrate of 30 mg/L and ferrous sulphate heptahydrate of 5 mg/L
[24]. The wastewater quality was found to be; COD of 486 mg/L,
ammonia N of 32 mg/L, total nitrogen of 63 mg/L and total phos-
phorus of 9.5 mg/L. Sludge from Guheshwori WWTP was put into
the reactor. Similarly, wastewater from Guheshwori WWTP was
collected in jerrycan of 10 litres and was used for the study.

A 6-inch PVC pipe with a cap was used to construct the reactor.
The outlet was fixed at approximately 5 inches from bottom and
the volume was measured which was 2.3 liters. An overhead stir-
rer and aquarium pump was used to aerate and keep the sludge
suspended. A 2-liter pet bottle was cut and was inverted so as to
make a sedimentation tank. 2 peristaltic pumps were installed, one
for the continuous feeding of wastewater and one for recycling the
sludge. The recycling was controlled by Arduino so as to maintain
the SRT. The layout of the experimental setup is shown in Fig. 1.

2.2. Analytical methods

Samples were analyzed for influent and effluent in accordance
with the Standard Methods [25]. Analysis was done for mixed
liquor volatile suspended solids (MLVSS), Total Kjeldahl Nitrogen
(TKN) and chemical oxygen demand (COD). The analytical method-
ology adopted for the analysis of parameters are presented in Table
1.

Table 1: Analytical methods adopted.

S.N. Parameter Method Adopted

1 MLVSS 2540 E. APHA 21" edition

2 CcoD 5220 B. Closed reflux method, APHA 21%
edition

3 TKN 4500 Total Kjeldahl Nitrogen, APHA 21°
edition

Table 2: Performance of COD removal for synthetic wastewater.

SRT(d) CODin(mg/L) CODe(mg/L) Removal Efficiency
10 490.00 £9.16 33.90+0.72 93.08+0.13%
7.5 481.20+4.11 42.04+7.48 91.26+1.51%
5 494,36+0.67 57.92+5.23 88.28+1.06%
3 475.96+0.65 93.22+3.82 80.41+0.08%
2 455.62+2.97 166.28+4,99 63.50£1.21%
1 519.76+£3.65 248.50£6.63 52.19+1.33%

2.3. Removal efficiency

Removal efficiency was calculated by dividing the difference be-
tween initial and final concentration by initial concentration and
was expressed in percentage (%).

2.4. Study of kinetics

Kinetic parameters were determined using the same method as
used in previous studies by [17], [26], [27].
ESUR
So—Se  k'S. kK
Where, X: MLVSS, 0: hydraulic rentention time or HRT; S,: COD
concentration in the influent, S: COD concentration in the effluent,
k: maximum substrate utilization rate; K: the half velocity con-
stant
Now plotting

% and 5% from equation (4), we get the value
of I;S and %, from which the value of Ks and k can be determined.
1 o —
1_y8-8
0. X-0
Where, Y': cell yield coefficient, 6.: Solid Retention Time or SRT
and kq: decay coefficient or endogenous respiration.
From equation (5), yield and decay coefficient can be calculated.

—ka (5

3. Results and discussion
3.1. Performance of reactor on synthetic wastewater

The synthetic wastewater was used as feed with varying SRT
ranging from 10 days to 1 day.

The plant was operated without analysis for number of days
equivalent to SRT for adaptation of microorganism. Based on the
analyzed data, the removal efficiency increased from 52.19% to
93.08% with increasing SRT. Similarly, Ammonia removal was sig-
nificant only after SRT was above 5 days. The details of removal
performance is given in Table 2 and Table 3.

Based on ANOVA test, p-value is very low, hence it can be con-
cluded that the removal efficiency for both COD and TKN changes
with SRT.

3.2. Performance of reactor on Guheshwori wastewater

The raw wastewater was collected from Guheshwori WWTP and
was used as feed with varying SRT ranging from 10 days to 1 day.
Based on the analyzed data, the removal efficiency increased from
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Table 3: Performance of TKN removal for synthetic wastewater.

SRT (d) TKNi(mg/L) TKNe(mg/L) Removal efficiency
10 33.1+£2.74 3.48+0.28 89.48+0.95%

7.5 31.4+1.84 3.74+0.36 88.07+£1.33%

5 33.6%3.45 8.96+1.56 73.30£3.23%

3 34.9+1.43 26.64+1.67 23.62+6.08%

2 32.6%£3.09 28.78+3.32 11.77#13.54%

1 32.7+1.95 32.20+2.10 1.59+3.99%

Table 4: Performance of COD removal for wastewater from Guheshwori

WWTP.
SRT (d) CODin(mg/L) CODe(mg/L) Removal Efficiency
10 808.78+£12.83 68.94+6.03 91.48+0.63%
7.5 782.60+8.80 82.54+2.19 89.45+0.27%
5 769.44+10.95 109.46+5.96 85.770.59%
3 784.60£16.58 199.78+4.22 74.54+0.13%
2 800.58+6.24 329.44+3.69 58.85+0.38%
1 803.92+4.01 367.88+3.02 54.24+0.17%

54.24% to 91.48% with increasing SRT. The NH4-N removal was ef-
fective only after the SRT was above 5 days. The details of removal
performance are given in Table 4 and Table 5.

Based on ANOVA test, p-value is very low, hence it can be con-
cluded that the removal efficiency for both COD and TKN changes
with SRT.

The removal of COD and TKN increased with increase in SRT
in both wastewater samples. The TKN removal increased with in-
creasing SRT. This is because at low SRT, nitrifiers growth was lim-
ited which increased with increase in SRT as they cannot compete
with heterotrophs at less SRT [28]. There is no justification for
COD removal but the reason could be increasing MLSS value with
increasing SRT. With more microorganisms, the removal also in-
creases.

3.3. Kinetic study

Table 6 and Table 7 was used to plot the graph Fig. 2, Fig. 3, Fig. 4
and Fig. 5. Based on these graphs, values of K, K, Y and kq were
determined.

3.3.1. Kinetic study on synthetic wastewater

The values of K, K, Y, kq and U, 4. were found tobe 1.61d 71,
87.22 mg/L, 0.50 (kg VSS /kg COD), 0.07 d~" and 0.81 d~* respec-
tively.

3.3.2. Kinetic study on wastewater of Guheshwori

Based on the experiment conducted, the yield of microorganism
using Guheshwori WWTP was found to be 0.32 (kg VSS /kg COD).
The kinetic values k4, K and K5 were found to be 0.05d ™%, 1.61 g
COD/gVsS-d, 1.86 gCOD/g VSS-d and 107.77 mg/L respectively. All

Table 5: Performance of TKN removal for wastewater from Guheshwori

WWTP.

SRT (d) TKNi(mg/L) TKNe (mg/L) Removal Efficiency
10 75.26%3.35 10.70£1.23 85.78+1.23%

7.5 75.00+4.36 13.68+1.82 81.76+2.41%

5 73.44%2.59 19.28+6.33 73.75+7.87%

3 71.92+4.05 59.74+7.59 17.02+7.62%

2 74.20+4.47 62.16+4.84 16.23+6.01%

1 75.963.78 70.72+3.38 6.90+3.04%

Table 6: Values obtained from experiment to determine kinetic values for

synthetic wastewater

(So—S)  (X-HRT)
SRT Xvss 1/SRT (HRT-X) (5.—95) 1/S
10 1985.4 0.1 0.46 2.18 0.0294
7.5 1667.8  0.13 0.52 1.91 0.0238
5 1245.6 0.2 0.7 1.43 0.0173
3 1135 0.33 0.68 1.48 0.0107
2 687 0.5 0.84 1.19 0.006
1 247.2 1 2.21 0.45 0.004
1.2
R
! f(x) = 0.5 x —0.07
R2=0.93
0.8 g
< 0.6 /"_/
i * P .
0.4
.
0.2 TS
’0
0
0 0.5 1 1.5 2 2.5
(S,=S)/6-X
Figure 2: Evaluation of Y and kg4 for synthetic wastewater using perfor-
mance data.
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Figure 3: Evaluation of K and K for synthetic wastewater using perfor-
mance data.
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Table 7: Values obtained from experiment to determine kinetic values for
wastewater from Guheshwori WWTP

(So—95) (X-HRT)
SRT Xvss 1/SRT (HRT-X) (5,=3) ]./S
10 1877.4 0.1 0.79 1.27 0.0145
7.5 1801.8 0.13 0.78 1.29 0.0121
5 1421.8 0.2 0.93 1.08 0.0091
3 1317 0.33 0.89 1.13 0.005
2 801.4 0.5 1.18 0.85 0.003
1 264.4 1 3.3 0.3 0.0027
3
i
2 f(x)=5389x+062 7
G *=083 .ﬂ,x
[
= M -
= .
= L
*
0
0 0.01 0.02 0.03

1/S

Figure 4: Evaluation of Y and k, for wastewater from Guheshwori WWTP
using performance data.

the kinetic values K5, Y and kg4 are in the standard range [14], [29].
The value of K plays a significant role in required volume of the re-
actor. This value can be used for designing other biological treat-
ment systems too including aerated lagoon or stabilization pond
[17]. The obtained value is toward the lower range [14]. Lower
value of kq means larger net sludge volume production from the
treatment plant as the decay of microorganism is low.

All the kinetic values k (d"), Ks, Y and kg4 are in the range
[14], [29]. The kinetic parameter at Guheshwori WWTP for yield
coefficient (Y), decay coefficient (kq), maximum specific growth
rate and saturation constant (K) for GWWTP was reported to be
0.18 g VSS /g COD, 0.05 d ™!, 5.26 g COD/g VSS.d and 27.26 mg/L
[27], however, the same kinetic parameters for the wastewater ob-
tained from same WWTP is different from this study. This result
suggests that the Guheshwori WWTP is not functioning properly
and there is limited biological activity at Guheshwori WWTP. The
kinetic parameter of wastewater from Guheshwori WWTP and syn-
thetic wastewater also varied in our experiment. This suggests
that the Guheshwori WWTP might have toxicity that is avoiding
the yield and growth rate of the microorganisms.

Oxidation ditch is supposed to have higher endogenous decay
value than completely mixed activated sludge process. Higher
value indicates larger sludge volumes from biological treatment
[14], [17]. kq value of Guheshwori WWTP was very low compared
to the experimental values of both wastewaters. This might be be-
cause the SRT of Guheshwori WWTP was lower than design value
[27].

4. Conclusion

With increasing SRT, the performance of COD and TKN removal
increases. The mixed liquor suspended solid (MLSS) value is lower

=
) f(x) =53.89 x +0.62
2 — .
. R2=10.83 e
9]
5
*
= *
<
. >
N
1
*
0
0 0.01 0.02 0.03

1/8

Figure 5: Evaluation of k and K for wastewater from Guheshwori WWTP
using performance data.

at lower SRT which increases the Food to Microorganism ratio
(F/M) thereby limiting the removal. The removal of TKN is very
less below the SRT of 5 days. At lower SRTs, nitrifiers cannot com-
pete with heterotrophs which reduces the TKN removal. The yields
at Guheshwori WWTP from previous study and experimental value
of wastewater from Guheshwori WWTP were lower than the exper-
imental value of synthetic wastewater which suggests the possibil-
ity of toxicity in incoming wastewater at Guheshwori WWTP. The
kinetic values obtained from this experiment can be used to design
wastewater treatment plants in Nepal and in regions with similar
environmental conditions. This study is limited to removal of TKN.
Similar study can be conducted considering the removal of nitrate
and phosphorus too.

Acknowledgments

We would like to thank the members of CREEW (Center of Re-
search for Environment, Energy and Water), Nepal for awarding Bi-
jay Thapa the CREEW-Young Researcher Fellowship and financial
support to conduct this study and team of Soil Water and Air Test-
ing Laboratories (SWAT Lab) for providing us with logistic support
and feedbacks to conduct this experiment. We also acknowledge
the advice and practical viewpoints provided by Dirk Koot of PUM,
Netherlands.

References

[1] Mishra B K, Regmi, R K, Masago Y, Fukushi K, Kumar P, &
Saraswat C, Sustainability of Water Quality and Ecology As-
sessment of Bagmati river pollution in Kathmandu Valley:
Scenario-based modeling and analysis for sustainable urban
development, Sustainability of Water Quality and Ecology, 9
(2017).

[2] Purandara B K, Varadarajan N, Venkatesh B, & Choubey V
K, Surface water quality evaluation and modeling of Ghat-
aprabha River, Karnataka, India, Environmental Monitoring
and Assessment, 184 (2012) 3.

[3] Wei Y, Van Houten R T, Borger A R, Eikelboom D H, & Fan,
Y, Minimization of excess sludge production for biological
wastewater treatment, Water Research, 37 (2003) 18.



Kathmandu University Journal of Science, Engineering and Technology, Vol. 14, No. 1, April 2020 5

[4] Aziz A, Basheer F, Sengar A, Khan S U I, & Farooqi I H, Biolog-
ical wastewater treatment (anaerobic-aerobic) technologies
for safe discharge of treated slaughterhouse and meat process-
ing wastewater, Science of the Total Environment, 686 (2019).

[5] Low EW & Chase H A, Reducing production of excess biomass
during wastewater treatment, Water Research, 33 (1999) 5.

[6] Henze M, Loosdrecht M Van, Ekama G, & Brdjanovic D, Biologi-
cal Wastewater Treatment, I, (2008), London: IWA publishing:
(2008).

[7] Shrestha N, Lamsal A, Regmi R K, & Mishra B K, Current Sta-
tus of Water Environment in Kathmandu, Water and Urban
Initiative Working Paper Series Number 03, (2015) 03.

[8] GreenH, Poh S, & Richards A, Wastewater Treatment in Kath-
mandu , Nepal Masters Thesis, Department of Civil and Envi-
ronmental Engineering, Massachusetts Institute of Technol-
ogy, Massachusetts, USA, 2003.

[9] Shrestha P, Shrestha R, & Dangol B, Status of Wastewater gen-
eration and management in urban Nepal, Journal of Environ-
ment and Public Health, 1 (2017) 1, pp. 1-6.

[10] [10] Kulkarni S J, Sose A T, and Sose M T, Characterization
of Sludge and Design of Activated Sludge Process for Sewage
Treatment, IOSR Journal of Environmental Science, Toxicol-
ogy and Food Technology, 11 (2017) 9.

[11] [11] Chan Y ], Chong M F, Law C L, & Hassell D G, A review
on anaerobic - aerobic treatment of industrial and municipal
wastewater, Chemical Engineering Journal, 155 (2009).

[12] EstradaJ M, KraakmanN]JR, LebreroR, & Mufioz R, Integral ap-
proaches to wastewater treatment plant upgrading for odor
prevention: Activated Sludge and Oxidized Ammonium Recy-
cling, Bioresource Technology, 196 (2015).

[13] Asian Development Bank, NEP: Kathmandu Valley Wastewa-
ter Management Project (Initial Environmental Examination),
Manila, Philipines, (2013).

[14] Metcalf E & Eddy H, Wastewater engineering: treatment and
reuse, Tata McGraw-Hill Publishing Company Limited, 4th Edi-
tion, New Delhi, India (2003).

[15] Rao G VR S, Murty K S, & D N B, Biokinetics of Removal of
BOD and COD from Domestic Sewage Using Fluidized Bed Bio-
Reactor, International Journal of Engineering and Science, 5
(2015) 5.

[16] Sarkar S & Mazumder D, Determination of Kinetics Coeffi-
cients for Municipal Wastewater Treatment in Aerobic Hybrid
Bioreactor, in International Conference on Recent Trends and
Challenges in Civil Engineering, 2014, Motilal Nehru National
Institute of Technology Allahabad-211004, India, 12-14 De-
cember 2014.

[17] Haydar S & Aziz ] A, Kinetic Coefficients for the Biological
Treatment of Tannery Wastewater Using Activated Sludge
Process, Pakistan Journal of Engineering and Applied Sci-
ences, 5 (2009).

[18] Rittmann B E & McCarty P L, Environmental Biotechnology:
Principles and Applications, New York: McGraw-Hill (2001).

[19] Sawyer C, McCarty P, & Parkin G, Chemistry for Environmen-
tal Engineering and Science, Fifth Edition, McGraw Hill Com-
panies Inc., New York, USA (2003).

[20] Camargo] A & Alonso A, Ecological and toxicological effects of
inorganic nitrogen pollution in aquatic ecosystems: A global
assessment, 32 (2006).

[21] Domingues R B, Barbosa A B, Sommer U, & Galva H M, Ammo-
nium, nitrate and phytoplankton interactions in a freshwater
tidal estuarine zone: potential effects of cultural eutrophica-
tion, Aquatic Sciences, 73 (2011).

[22] Chaudhary R, Tong Y W, & Dikshit A K, Kinetic study of nu-
trients removal from municipal wastewater by Chlorella vul-
garis in photobioreactor supplied with CO2-enriched air, En-
vironmental Technology, (2018).

[23] Guerrero L, Montalvo S, Huilin C, Barahona A, Borja R, & Corte
A, Simultaneous nitrification - denitrification of wastewater:
effect of zeolite as a support in sequential batch reactor with
step-feed strategy, International Journal of Environmental
Science Technology, 13 (2016).

[24] Loosdrecht M C M van, Nielsen P H, Lopez-Vazquez C M, & Brd-
janovic D, Experimental Methods in Wastewater Treatment,
IWA Publishing, London, UK (2016).

[25] APHA, AWWA, and WEF, Standard Methods for the Examina-
tion of Water and Wastewater, American Public Health Asso-
ciation, 23rd ed., Washington DC (2017).

[26] Sharada S & Kumar M K, Studies on Waste Water Characteris-
tics of Dairy Effluent and Evaluation of Kinetic Parameters, In-
ternational Journal of Engineering Research and Technology,
3(2014) 8.

[27] Thapa B, Khatiwada N R, Ghimire A, Adhikari B, & Badaila
R, Study on Kinetics of Pollutants Removal in Guheshwori
Wastewater Treatment, Journal of Water Pollution and Con-
trol, 2 (2019) 1.

[28] Li B & Wu G, Effects of sludge retention times on nutrient re-
moval and nitrous oxide emission in biological nutrient re-
moval processes, International Journal of Environmental Re-
search and Public Health, 11 (2014) 4.

[29] Wang LK, Pereira N C, & Hung Y-T, Handbook of Environmen-
tal Engineering, Volume 8- Biological Treatment Processes,
Humana Press, New York, USA (2009).



	Introduction
	Materials and methods
	Experimental setup
	Analytical methods
	Removal efficiency
	Study of kinetics

	Results and discussion
	Performance of reactor on synthetic wastewater
	Performance of reactor on Guheshwori wastewater
	Kinetic study
	Kinetic study on synthetic wastewater
	Kinetic study on wastewater of Guheshwori


	Conclusion

