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Abstract: This paper presents the performance of the two
disinfection methods experimented at a pilot scale level as part of
an integrated treatment system involving Anaerobic Digestion
(UASB Process) followed by the Constructed Wetlands (CW) for
municipal wastewater treatment under Indian conditions. The
disinfection methods were installed in parallel at a pilot scale
levels involving solar driven Anodic Oxidation (AO) and
Ultra-violet (UV). The systems were implemented within the
Indo-Euro Research Project “SWINGS” at three places in India
namely, Aligarh, Kalyani and Amarkantak, with aim to develop /
deploy sustainable wastewater management. This study mainly
focused on three microbial groups, total coliforms (TC), fecal
coliforms (FC) and E-coli. Both the systems, AO and UV were
operated at a very less energy demand. This was in the range 0.25
to 0.30 kWh/m3. The energy requirements was met with the help
of roof top solar panels. The raw municipal wastewater contained
TC, FC and E. coli in the range of 105 to 107 CFU/100ml. It was
found that about 3-log unit indicator organisms were removed in
the UASB & CWs. The effluent of CWs were equally fed to the two
parallel disinfection systems, AO and UV. Results indicate that
UV has shown better performance. The final effluent of AO
contains average (TC 42.0±39.2, FC 16.1±13.2, E-coli 5.6±6.3)
CFU/100 ml whereas UV effluent was TC 6.6±4.1, FC 1.2±1.0,
E-coli 0.1 ±0.3 CFU/100 ml. The study concludes that solar driven
disinfection systems like AO and UV are very effective for small
flow rates and offers a promising way to energy scarce regions or
in remote areas.
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I. INTRODUCTION
Disinfection is an integral part of any municipal wastewater
treatment system. It involves inactivation or killing
pathogenic microorganisms of the secondary effluent which
may otherwise cause direct impact on human health and
receiving water body [1], [2]. In developing countries like
India chlorination is considered as the most conventional way
of disinfection because of its cost-effectiveness, and simple to
use [3]. However, in several studies it shows that chlorination
in presence of high organic carbon in water produces

unacceptable levels of Halo-acetic acids (HAA),
Trihalomethanes (THM) and other carcinogenic by-products
[4]. During recent past, many new disinfection methods have
been developed. Each method has its own merits and
demerits. One of the disinfection methods commonly used is
UV.
Recently,
another
emerging
technique
is
electro-chemical (EC) commonly called as ‘Anodic
oxidation’. Both the systems are energy driven with almost no
bi-products. However, with advancement, these systems can
also be operated by solar driven power that makes the
technology more attractive proposition from self-sustainable
point of view [5], [6]. The main advantage of the
electro-chemical disinfection is the production of on-site
disinfectants from chlorides present in the water [7]-[9].
Literature suggest that inactivation of micro-organisms
through EC is achieved through various mechanism; this
includes electro-chlorination, destruction caused by the
electric field and inactivation by intermediate products [10].
The free radicals produced during EC process, such as O2-,
OH-, HClO-, and ClO2- which plays an important role in
disinfecting the water. [11] The inactivation efficacy of
electrochemical disinfection systems is largely dependent on,
electrode material, electrolyte composition, cell configuration
and other experimental parameters, such as flow rate and
current density [12] Another disinfection method which is
also gaining large popularity is Ultraviolet (UV), as it doesn’t
produce any by-product, no odor, and considered to be more
safe and easy in operations [13], [14]. UV light emitted by
mercury arc-lamps (low or medium pressure), is effective
against a variety of pathogenic microorganisms including
viruses, bacteria and protozoan cysts [15]-[17]. The objective
of this study was to assess and investigate the effectiveness of
the two disinfection systems, AO and UV, using the same feed
(water quality) that was sourced from the final outlet of the
constructed wetlands for municipal wastewater at a pilot scale
level.
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Fig. 1. Flow diagram of SWINGS pilot plant, AMU, India
were also monitored by analyzing parameters; Chemical
II. METHODOLOGY
Oxygen Demand (COD), Biochemical
Oxygen Demand (BOD), Total Suspended Solids (TSS),
A. Pilot Plant and Monitoring
Total Kjeldahl Nitrogen (TKN), hardness and chlorides. All
The study was performed at a pilot scale level at Aligarh, these parameters were determined in accordance to the
India under a major collaborative research programme APHA, 2012.
“SWINGS” supported by the Government of India and
European Commission within FP7 Framework. It was led by
the Aligarh Muslim University (AMU), Aligarh as Indian
Coordinator. The AO and UV systems were installed in the
last stage of the treatment train involving anaerobic digestion
(UASB) and two-stage Constructed Wetlands (Vertical flow
and Horizontal Flow). A fraction of the raw sewage
(municipal wastewater) from AMU campus was taken on
continuous basis to this pilot plant located within AMU
campus at Aligarh, India. The treated effluent from CWs
undergoes through the disinfection systems (AO and UV)
installed in parallel. The flow diagram of SWINGS Pilot Plant Fig. 2. Picture of AO & UV systems installed at SWINGS
is given in Fig.1. The AO and UV systems installed at this
Pilot Plant AMU, Aligarh
plant is shown in Fig.2. In this study, the monitoring of the
two disinfection systems were performed for indicator
organisms which include total coliforms, feacal coliforms and
III. RESULT AND DISCUSSION
e-coil at inlet and outlet points at each stage. The study was
The treatment plant was continuously monitored for ten
started in January 2017 and ended in November 2017. All the
microbiological parameters were analyzed twice a week. months after its commissioning. The average physical
Total coliforms, fecal coliforms, and E-coli were determined -chemical parameters with standard deviation of raw sewage
by the membrane filtration technique, using 0.45 µm and both constructed wetlands effluents (in mg/l) are given in
pore-size
filters
(Merck)
and
selective
agars: Table- I.
Chromocult-coliform agar (Merck) for E. coli and TC
bacteria whereas m-FC agar (Hi media) for fecal coliform
bacteria (APHA, 2012). Quality of feed water to AO system

S.no

Table- I: Characteristics of Inlet & Outlet at different stages of the SWINGS pilot plant
Raw Sewage
Parameter
UASB
After V-CW
After H-CW

1.

Turbidity (NTU)

58.8±24.6

29.1±10.2

1.5±0.59

1.1±0.5

2.

COD (mg/l)

264.5±45.1

123.2±16.9

15.4±12.7

10.3±8.6

3.

BOD (mg/l)

116.9±17.5

59.6±9.4

4.02±1.9

2.67±1.68

4.

TSS (mg/l)

183.1±18.4

65.3±12.7

2.5±2.1

1.9±2.68

5.

TKN (mg/l)

33.02±4.7

25.8±5.6

1.1±0.88

0.3±0.65

6.

Hardness (mg/l)

329.36±33.9

325±30.1

339.2±24.6

344.7±34.5

7.

Chlorides (mg/l)

104±9.1

103±12.2

103.7±9.4

102.9±8.9
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8.

TC

9.

FC

10.

E-Coli

1.41E+07±
9.60E+06
3.87E+06±
2.56E+06
1.17E+06±
7.76E+05

1.1E+06±
5.60E+06
7.7E+05±
8.6E+05
4.1E+05±
3.6E+05

V-CW Vertical Flow Constructed Wetlands
H-CW Horizontal Flow Constructed Wetlands
The overall efficiency of the treatment plant for indicator
organisms involving secondary stage and AO and UV system
is summarized in Fig. 3a, 3b, and 3c. The graphs show the
concentration of three pathogenic indicator microorganisms
(TC, FC and E-coli) monitored during the course of study. It
has been observed that the reduction rate of coliform bacteria
is slightly higher in cold as compared to the warm weather
conditions. This may be attributed to bacteria becoming less
resistive in cold conditions for disinfection [14]. The Average
values for indicator organisms in AO effluent are (TC
42.0±39.2, FC 16.1±13.2, and E-coli 5.6±6.3) CFU/100ml
whereas for UV effluents values are (TC 6.6±4.1, FC 1.2±1.0,
and E-coli 0.1 ±0.3) CFU/100 ml.
Additionally, few peaks in the AO effluent quality were also
observed. The reason is in concurrence to the findings of [18],
[19] which mentions calcium deposits at electrolytic cell
slows down the process of chlorine formation and hence the
removal rate of coliforms. Graph shows that fecal coliform
and E-coli bacteria in the UV effluent were several times
found zero or less than 5 CFU/100ml.

3.67E+04±
2.3E+03
8.3E+03±
2.34E+03
2.6E+03±
3.2E+03

2.07E+04±
1.67E+04
4.78E+03±
4.14E+03
1.32E+03±
1.12E+03

Fig. 3. (c)
Fig. 3 Shows graph between concentration of (a) FC (b) TC
and (c) E-coli (CFU/100ml) in AO and UV outlet with respect
to time (days).
IV. CONCLUSION
Based on the findings of the study, significant removal of
TC, FC and E-coli has been observed which indicates that
anodic oxidation and UV works quite effectively. When using
solar panels for their energy demand, the whole concept of
integrated treatment system becomes self-sustainable. The
final effluent quality after AO or UV meets the discharge
norms far below the standards and thus it can be concluded
that these systems are effective and one of the most promising
ways to disinfect municipal wastewater.
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