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Abstract

This project focuses on implementing an efficient, sustainable technology to
treat wastewater from seafood processing industries near Kappithodu, a small
stream in Alappuzha Municipality, Kerala. The 14-kilometer stream drains
into Pookaithayar, a tributary of the River Pamba, and is heavily polluted due
to effluent discharges from prawn and fish peeling centres, hospitals, hotel
waste, and sewage from households and educational institutions. The goal of
the study was to identify the sources of pollution in Kappithodu and explore
sustainable technologies to treat the effluents, particularly from seafood
processing industries. Wastewater generated from seafood processing
operations—such as those involving fish, shrimp, clams, and tuna is known
for its high biodegradability. As per the EPA Seafood Processing Effluent
Guidelines (440/1-74/041), the COD values in such effluents generally
approximate the ultimate BOD, indicating that most of the organic matter
present is easily degradable. This is typically reflected in a BOD/COD ratio
well above 0.6, which further confirms the suitability of biological treatment
methods. Considering the elevated levels of BOD and COD in the effluent,
a hybrid treatment approach has been adopted. The system combines an
Upflow Anaerobic Sludge Blanket (UASB) reactor for anaerobic degradation
of organic matter, followed by phytoremediation using a constructed wetland.
This sequential setup enhances overall treatment efficiency by coupling
anaerobic digestion with natural polishing mechanisms provided by wetland
vegetation and associated microbial activity. A laboratory setup, including a
hybrid reactor, was established for this study. The combination of the UASB
unit and a phytoremediation system using Vetiver zizanoides was found to
be highly effective. The treatment achieved remarkable results, with BOD
removal efficiency at 97.5%, COD at 98%, nitrate at 97.5%, and phosphate
at 88.9%. This hybrid technology for wastewater treatment proves to be a
promising, sustainable, and cost-effective solution, especially for handling
high-strength wastewater, making it ideal for decentralised plants that benefit
small-scale industries while protecting water bodies.
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1.0 INTRODUCTION

Over the past few decades, water quality has significantly
deteriorated due to rapid industrialisation and population
growth. With increasing urbanisation and development, it
is crucial to safeguard the environment from these growing
threats. The need to address water pollution, a major factor
in the decline of water quality, has become more urgent.
Wastewater, particularly when discharged without proper
treatment, can contaminate natural environments and sewer
systems due to rising organic and inorganic pollutants.
Effective industrial wastewater treatment is a critical step in
environmental protection.

In fish peeling sheds and slaughterhouses, large amounts of
water are used during processing, resulting in wastewater with
high concentrations of suspended solids, nitrogen, phosphorus,
oil, grease, and biochemical oxygen demand (BOD). Biological
treatment methods, such as aerobic and anaerobic systems,
are considered the most efficient for handling such waste.
Anaerobic treatment, in particular, offers several advantages
over aerobic methods, including lower land requirements,
reduced construction and operating costs, minimal sludge
production, the ability to adapt to changes in temperature, pH,

and influent concentration, and rapid biomass recovery after
shutdowns.

Among various anaerobic treatment technologies, Upflow
Anaerobic Sludge Blanket (UASB) reactors are widely favoured
because of their ability to treat a broad range of polluted effluents.
Research has shown that UASB reactors can achieve high
removal efficiencies for COD, BODS, total solids, total dissolved
solids, total suspended solids, ammonium, phosphate, and
nitrate—up to 97.31%, 96.91%, 57.61%, 47.91%, 96.3%,
73.11%, 83.61%, and 93.01%, respectively, with a hydraulic
retention time (HRT) of 24 hours. However, the effluent from
UASB reactors may still not meet permissible discharge limits
and can be unsafe for direct disposal. To improve the quality of
the effluent, phytoremediation can be effectively utilised as a
sustainable post-treatment method. Phytoremediation involves
the use of living plants to control contaminants in soils, surface
water, and groundwater. This low-effort, sunlight-driven process
has been shown to significantly reduce contaminants, with a
86.74% reduction in BOD, 92.88% reduction in COD, 74.55%
reduction in TSS, and 71.44% reduction in TDS at a hydraulic
retention time of three days. This study aims to combine the
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benefits of both UASB and constructed wetlands to treat highly
polluted wastewater from fish processing facilities. The primary
objective is to evaluate the performance of a hybrid reactor by
setting up a small-scale laboratory plant to treat effluents from
fish peeling sheds and meat collection centres, and to assess
its efficiency. Also there are mechanisms of phytoremediation
which the plant perform, one of it is Rhizofiltration is a type
of phytoremediation where plant roots absorb, adsorb, and
accumulate contaminants (especially heavy metals and
nutrients) from polluted water. It is particularly useful for
treating industrial and agricultural wastewater, stormwater, or
even effluents with low concentrations of metals or organics.

The proposed system combines advanced technological
treatment using a UASB (Upflow Anaerobic Sludge Blanket)
reactor with a nature-based solution—phytoremediation via
constructed wetlands. This marks a shift away from purely
mechanical treatment methods toward a more integrated and
sustainable approach. It is especially suitable for coastal and
rural seafood processing industries, where land is available
and access to centralised treatment infrastructure is often
limited. The biogas produced during anaerobic digestion in the
UASB can be utilised to power boilers or generate electricity,
contributing to circular economy practices. UASB reactors
are also well-equipped to handle fluctuations in organic load,
while the phytoremediation stage provides a natural, passive
buffering capacity, enhancing the overall resilience and stability
of the treatment system.

Together, the UASB and phytoremediation components
form a cost-effective, decentralised, and environmentally
sustainable treatment solution, offering significant
advantages from ecological, operational, and
economic standpoints. The novelty of this hybrid
model lies in its ability to bridge engineered
anaerobic processes with green treatment
technologies, making it a replicable and robust
option for industrial wastewater management in
tropical climates. Although this integrated system
has demonstrated success elsewhere (L.C. Martin
et al., 2009), it has not yet been implemented in
Kerala, despite the state's prominent seafood
processing sector. The study detailed below
emphasises the importance and relevance of
introducing this treatment model in the region.

2.0 METHODOLOGY

21 Study Area

Kappithodu is a small stream that flows for 14 kilometres
through the Alappuzha Municipality area, Kerala,India
covering the Punnapra (South & North) and Ambalappuzha
North panchayats. It passes through the paddy fields of
the Kuttanad region before draining into Pookaithayar, a
tributary of the River Pamba. Historically, this stream was
used for navigation and transporting agricultural products
to Alappuzha town. However, the canal is now in a severely
polluted state (Figure 1) due to the discharge of effluents
from nearby prawn and fish peeling centres, dairies,
hospitals, hotel waste, and sewage from households

Figure 1: Condition of Kappithodu which extends
to Arabian Sea (Year 2019)

and educational institutions. Water quality studies have
shown significant pollution, and environmental degradation
remains an ongoing issue.

2.2 Sampling

A field study was conducted in 2019 near Kappithodu to identify
the point sources of pollution. The areas of Valanjavazhi, S
N Kavala, Vandanam, and Kanjipadam were found to be the
most polluted. The OSM (Open Street Map) Tracker was used
to gather the geographic coordinates of the major pollution
sources along Kappithodu, and Google Earth was utilised to
map these pollution sources in the stream. The data collected
from the Open Street Map (OSM) Tracker was exported and
plotted in Google Earth is below in Figure 2.

Figure 2: Major sources of pollution using OSM tracker

To assess the actual wastewater discharge from the
peeling shed units near Kappithodu, wastewater quantity was
measured from selected peeling shed units. These sources
were referred to as sources 1, 2, 3, 4, and 5 in the text. The
wastewater quality parameters of the effluent from these
sources are provided in Table 1 which is attached with results
and discussions.

2.3 Water Quality Analysis
The wastewater quality parameters like pH, BOD and COD can
be analysed in the effluent from Sea food processing industries.

2.3.1 pH Analysis

It was carried out to determine the acidity or alkalinity of a
sample, most commonly using the electrometric method with
a pH meter. This method is based on the measurement of
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electromotive force developed between a glass electrode
sensitive to hydrogen ions and a reference electrode, which
is directly related to the pH of the solution. The pH meter
was first calibrated using standard buffer solutions of known
pH, usually 4.0, 7.0, and 9.2. The electrode was then rinsed
with distilled water and immersed in the sample, and the pH
value was recorded once the reading stabilises. This method
provides accurate and reliable results and is widely used in
environmental, water, and wastewater analysis as per APHA
and IS: 3025 standards.

2.3.2 Bio-Chemical Oxygen Demand

Winkler’s method is a classical iodometric titration technique
used to determine the dissolved oxygen (DO) content of water,
which is essential for assessing water quality and for calculations
such as biochemical oxygen demand (BOD). In this method,
dissolved oxygen in the sample oxidises manganous sulfate
added under alkaline conditions to form a brown precipitate
of manganic hydroxide. Upon acidification with sulfuric acid,
the manganic compound oxidises potassium iodide to liberate
free iodine in proportion to the amount of dissolved oxygen
present. The liberated iodine is then titrated with a standard
sodium thiosulfate solution using starch as an indicator until
the blue colour disappears. The amount of sodium thiosulfate
consumed is directly proportional to the dissolved oxygen
concentration, which is expressed in mg/L. Winkler's method
is highly accurate and is widely used in laboratory analysis of
natural waters, wastewater, and environmental monitoring as
per standard methods.

2.3.3 Chemical Oxygen Demand

Chemical Oxygen Demand (COD) analysis using ferroin
indicator is performed to determine the amount of oxygen
required to chemically oxidise organic matter present in a water
or wastewater sample. In this method, the sample was refluxed
with a known excess amount of standard potassium dichromate
solution in the presence of concentrated sulfuric acid, which
provides the acidic medium, along with silver sulphate as a
catalyst to oxidise organic compounds and mercuric sulphate
to eliminate chloride interference. After refluxing for a fixed
period, usually two hours, the excess unreacted dichromate
was titrated against standard ferrous ammonium sulphate
(FAS) solution using ferroin indicator. The end point was
indicated by a sharp colour change from blue-green to reddish
brown. The difference between the dichromate added and the
amount reduced by FAS corresponds to the oxygen equivalent
of the organic matter, and the COD value was calculated and
expressed in mg/L, serving as a key parameter for assessing
the pollution load of water and wastewater.

COD and BOD are high in shrimp industry effluent
because: Shrimp contains organic-rich tissues (proteins,
fats) Processing produces residues like shells, blood, and
muscle debris. Cleaning and washing release large quantities
of biodegradable matter (EPA Seafood Processing Effluent
Guidelines 440/1-74/041).The volume of wastewater produced
was determined by monitoring water consumption in the
industry from January 7 to 14, 2019. Since the peeling shed
unit operated on an intermittent basis, variations in wastewater

flow on a daily, weekly, and monthly basis were recorded. It
was assumed that the wastewater generated accounts for 75-
80% of the water consumed (Source: Metcalf & Eddy, 2002).
The average wastewater production was calculated to be 1.52
MLD. Since the collected wastewater exhibited high BOD and
COD values [Table 1].

Table 1: Characteristics of constructed wetland

Constructed Wetland
Surface vertical flow

Characteristics

Flow pattern

Bed dimension 0.30mx0.25 m
Bed depth 0.50m
Surface area 0.081m2
Loading rate 8L/d

Type of loading Intermittent

Among the different anaerobic wastewater treatment
innovations, Upflow Anaerobic Sludge Blanket (UASB) reactors
have made impressive progress and these reactors have been
connected to treat a wide scope of effluents, for example, sugar,
mash and paper, dairy, chemical, potato starch, bean adjusting,
soda pops, fish preparing, noodle handling, yeast generation,
slaughterhouse, and coffee producing ventures. The effluent
obtained from UASB do not have water quality parameter
under the permissible limit, hence a post treatment was
required for the effluent from UASB. Upflow Anaerobic Sludge
Blanket (UASB) reactor is a wastewater treatment system that
uses microorganisms to break down organic pollutants. It's a
type of anaerobic digester that produces biogas. Wastewater
enters the reactor from the bottom. It flows upward through
a layer of granular sludge. Anaerobic microorganisms break
down the organic pollutants in the wastewater. The process
produces biogas. This method highly cost effective, energy
efficient and handles high organic loads. Anaerobic treatment
processes cannot achieve surface water discharge quality
without post-water treatment. The UASB Reactor maintains a
high concentration of biomass through the formation of highly
settle able microbial sludge aggregates. The wastewater
flows upwards through a layer of very active sludge to cause
anaerobic digestion of organics of the wastewater. At the top
of the reactor, three phase separation between gas-solid-liquid
takes place. Any biomass leaving the reaction zone is directly
recirculated from the settling zone. The process is suitable for
both soluble wastewaters as well as wastewaters containing
particulate matter.

Hence, a sustainable hybrid treatment system combining
an anaerobic process (UASB) followed by phytoremediation
(constructed wetland) was implemented L.C.Martin et al.
(2009), K.P. Gosami et al. (2020). Phytoremediation is the
immediate utilisation of living green plants for in situ, or set
up, evacuation, debasement, or control of contaminants
in soils, oozes, residue, surface water and groundwater.
Phytoremediation is a minimal effort, sunlight based vitality
driven clean up strategy. Most favourable at destinations with
shallow, low degrees of sullying. Helpful for treating a wide
assortment of natural contaminants. Viable with, or sometimes,
instead of mechanical clean up strategies. Phyto signifies plant
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is a conventional term for the gathering of advances that utilise
plants for remediating soils, sludge and water sullied with
organic and inorganic contaminants. Phytoremediation can be
characterised as the productive utilisation of plants to expel,
detoxify or immobilise ecological contaminants in a development
network (soil, water or sediments) through the natural biological,
chemical or physical exercises and processes of the plant.
Laboratory-scale reactors were set up accordingly. The UASB
reactor was fabricated using a 3mm thick acrylic sheet and
measured 0.47m x 0.15m x 0.15m, with a 60-degree hoppered
bottom. An Organic Loading Rate (OLR) of 0.76 gCOD/m?3day
was applied K.P. Gosami et al. (2020).The wastewater enters
the tank from the bottom, and flows upward through the sludge
bed, which gets formed during the process itself. The sludge
bed develops micro-organisms capable of flourishing in an
oxygen deficient environment. The sludge bed (blanket) traps
the suspended organics of the upmoving wastewater. The
suspended solids trapped in the sludge bed are degraded by
the anaerobic and anaerobically working facultative bacteria,
producing methane and carbon dioxide (i.e. biogas, which is a
mixture of 65-70% methane, and 30-35% carbon dioxide). The
biogas produced during the anaerobic decomposition helps in
providing gentle mixing and stirring of the biomass, thereby
increasing the efficiency of decomposition, reducing the BOD
and suspended solids of the wastewater. The UASB, evidently
operates as a suspended growth system, with no packing
material in the reactor. The effluent from the UASB reactor was
then directed to a constructed wetland (0.30m x 0.25m x 0.5m)
(Source: Metcalf & Eddy, 2002). The design of the wetland
followed the standards set by the Environmental Protection
Agency (EPA) in 2000 and 2008. The characteristics of the
constructed wetland were provided in Table 2. A post treatment
option, constructed wetland system was adopted for the
treatment of effluent from UASB, for the reduction of parameters
to the discharge standards.

Table 2: Wastewater quality parameters of the effluent
collected from sea food processing industries

Sampling Points pH BOD (mg/l) | COD (mg/l)
Source1 71 4.5 212
Source2 7.2 52 126
Source3 71 7.2 158
Source4 7.8 6.8 222
Sourceb 7.2 786 1220

3.0 EXPERIMENTAL SET UP
(DESIGN OF CONSTRUCTED WETLAND)

The design procedure for the constructed wetland (CW) unit
was adopted in accordance with the guidelines prescribed
by the United States Environmental Protection Agency (EPA,
2000; 2008). The computing procedure for the design of a
vertical subsurface flow constructed wetland was carried out
as follows. Initially, the type of media, vegetation, and depth
of the wetland bed to be used were selected. The porosity
and effective hydraulic conductivity of the chosen media were
assumed. The influent biochemical oxygen demand (BOD)

concentration and average daily wastewater flow rate were
determined, and the desired effluent BOD concentration was
assumed. Based on these parameters, the required bed
surface area was calculated, followed by the determination of
bed length and width for an assumed length-to-width ratio. The
design was carried out based on first-order plug flow kinetics.
The area required for pollutant loading was determined using
the Kickuth equation, expressed as

As=Q (In G, — In C,) / (ke d n), where k; = ky x 1.06%(T — 20).
Here, Q represents the average daily sewage flow (L/d), d
denotes the depth of the water column (m), n is the porosity
of the substrate medium, C, is the influent BOD concentration,
and C. is the effluent BOD concentration. For the present
study, the average daily flow rate was taken as 8 L/d, the bed
depth as 0.5 m, and the porosity as 0.39. The influent BOD
concentration was assumed as 219 mg/L, considering a 70%
BOD reduction achieved by the upstream UASB reactor,
and the desired effluent BOD concentration was fixed at 30
mg/L. Based on these values, the required surface area was
calculated as 0.080 m2. A bed width of 0.25 m was assumed,
and the corresponding bed length was obtained as 0.30 m.
The hydraulic residence time (HRT) of the wetland was then
calculated using the expression t = nLWd / Q, where L and W
are the length and width of the bed, respectively. Substituting
the design values, the HRT was obtained as 1.9 days, which
was approximated to 2 days. The area loading rate (ALR)
was calculated using the relationship ALR = Q C, / As, where
Q is the average daily sewage flow rate (m®d), C, is the
influent BOD concentration (mg/L), and As is the surface area
of the wetland (m?). The area loading rate was determined as
38 g/m?-d, which satisfies the EPA-recommended criterion
of being greater than 6 g/m?-d. The effluent BOD concentration
was further verified using the first-order kinetic expression
Ce / Co = e”(-kit). Based on this relationship, the effluent BOD
concentration was calculated as 19.78 mg/L, which is less
than the permissible limit of 20 mg/L. Hence, the designed
constructed wetland unit was found to be hydraulically and
organically adequate as per EPA standards.

The substrate material used was M sand and aggregates
of 12mm. The plant species selected for the study was Vetiver
zirzanoides considering excellent growth rate and their ability to
remove pollutant from wastewater Farari Masinire et al. (2021).
The schematic diagram and the experimental models are
shown in Figure 3 and Figure 4 respectively. For the laboratory
scale constructed wetland a ball type valve was provided at
the outlet and treated effluent was collected. The efficiency of
UASB & constructed wetland were monitored from the treated
effluent collected from the reactors.

The wastewater from a sea food processing unit was
collected and its water quality parameters like pH, BODs, COD,
Nitrate &amp; Phosphate were analysed. (APHA 2005). Also
to determine the efficiency of the UASB &amp; constructed
wetland, treated effluent of the system was collected and
the water quality analysis was carried out frequently. For
the laboratory scale constructed wetland a ball type valve
was provided at the outlet and treated effluent was collected
from that. The wastewater was initially stored in an overhead
settling tank for 2 hours and wastewater was directed to the
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Figure 3: Schematic diagram of experimental setup

Figure 4: Laboratory scale set up

UASB reactor from the bottom, it was allowed to flow through
granular sludge and kept for 10 hours and later directed to
Phytoremediation unit having a Hydraulic retention time of 2 days.

The following standard analytical methods were used to
identify the wastewater quality: - Dissolved oxygen demand was
measured by Winkler’'s iodometric method. Chemical Oxygen
Demand (COD) was estimated using the standard titration
method. Phosphate and nitrate levels were determined using
phosphate and nitrate analysers, respectively. Biochemical
oxygen demand (BOD) was determined using the Winkler’s five-
day method, chemical oxygen demand (COD) was analysed by
the open reflux titrimetric method, phosphate was estimated by
the colorimetric method using a phosphate analyser, and nitrate
was determined using the UV spectrophotometric/analyser
method. For BOD analysis, reagents such as manganous
sulphate solution, alkaline iodide—azide reagent, concentrated
sulphuric acid, standard sodium thiosulphate solution (0.025
N), starch indicator, distilled water, and nutrient buffer solutions
including phosphate buffer, magnesium sulphate, calcium
chloride, and ferric chloride were used, and equipment such as
300 mL BOD bottles, an incubator maintained at 20 °C, conical
flasks, burette, pipette, measuring cylinder, titration stand, and
thermometer were employed. COD analysis utilised potassium
dichromate solution, concentrated sulphuric acid, silver
sulphate as catalyst, mercuric sulphate as a chloride masking
agent, standard ferrous ammonium sulphate solution, ferroin
indicator, and distilled water, with a COD reflux apparatus,
heating mantle or hot plate, reflux condenser, conical flasks,
burette, pipette, and measuring cylinder. Phosphate analysis
was carried out using ammonium molybdate solution,
potassium antimonyl tartrate, ascorbic acid, sulphuric acid,

phosphate standard solution, and distilled water, employing
a phosphate analyser or spectrophotometer, sample cells or
cuvettes, volumetric flasks, pipettes, and measuring cylinders.
Nitrate analysis was performed using nitrate standard solution,
analyser-specified buffer solution, and distilled water, with the
aid of a nitrate analyser or UV-Visible spectrophotometer,
sample cells or cuvettes, volumetric flasks, pipettes, and
measuring cylinders.

The reagents used for BOD analysis include manganous
sulphate, alkaline iodide-azide reagent, sulphuric acid,
sodium thiosulphate, and starch indicator. COD analysis
employed potassium dichromate, sulphuric acid, silver
sulphate, mercuric sulphate, and ferrous ammonium sulphate.
Phosphate was analysed using ammonium molybdate and
ascorbic acid reagents, while nitrate was determined using
nitrate standard solutions. Equipment used included BOD
bottles, incubator, reflux apparatus, burettes, pipettes, and
phosphate and nitrate analysers.

Reagents of analytical grade supplied by standard
manufacturers namely Merck Life Science Private Limited, Plot
No. EL-3, TTC Industrial Area, MIDC, Mahape, Navi Mumbai
— 400710, India, and Sisco Research Laboratories Pvt. Ltd.
(SRL), 68/69, MIDC, Dhatav Industrial Area, Roha, Raigad
— 402116, Maharashtra, India were used for the analysis of
BOD, COD, phosphate, and nitrate. Equipment including BOD
bottles and glassware from Borosil and Tarsons, BOD incubator
and heating devices from Labline Instruments Pvt. Ltd.,
Ahmedabad, Gujarat, India COD digester and reflux apparatus
from Spectralab Instruments Pvt. Ltd., Mumbai, Maharashtra,
India and phosphate and nitrate analysers/spectrophotometers
from Systronics India Pvt. Ltd., Ahmedabad, Gujarat, India
were employed for the experimental work.

4.0 RESULTS AND DISCUSSIONS
4.1 Water Quality Analysis

4.1.1 Trend of BOD & COD after Treatment in UASB

The wastewater from Source5 was collected and characterized
for water quality parameters like pH, BODs, COD, Nitrate,
Phosphate (APHA, 2005). Sedimentation tank with HRT 1
hour was used to remove the settleable solids initially, followed
by treatment through UASB & Constructed wetland. Treated
effluent from UASB was analysed for BOD, COD & Phosphates
shown in Figure 5 & 6. The water quality parameters were
checked daily.

2000 ——
1800
1600
1400
1200
1000
800
600

Effluent COD —— Effluent BOD

Effluent characters(mg/I)

0 50 100 15QpTmddd 250 300 350 400

Figure 5: Variation of characteristics of effluent from UASB
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Figure 6: Variation of characteristics of effluent from UASB

Due to the presence of high organic content in the
wastewater, high values of BOD and COD are present. The
effluent from sedimentation tank having a high COD (1890
mg/l) was reduced to 480 mg/l after passing through UASB.
This is due to the action of anaerobic degradation occurring in
UASB. Similarly, BOD of 1252 mg/I reduced to 32 mg/I.

4.1.2 Trend of Nitrate and Phosphate after Treatment
in UASB

After treatment in the UASB reactor, there was a significant
reduction in the concentrations of BOD, COD, nitrate, and
phosphate. Phosphate reduction was also observed in the
UASB, which could be attributed to the presence of trace
elements that enhance phosphate removal. Tchobanoglous
et al. (Wastewater Engineering), Rao et al. (Bioresource
Technology, 2008). Initially, the wastewater contained 35.1 mg/I
of ammoniacal nitrogen. However, in the UASB reactor, there is
minimal conversion of ammoniacal nitrogen to organic nitrogen
and further to nitrite and nitrate due to the absence of oxygen.
The treated wastewater from the UASB was then fed into the
phytoremediation unit, and the effluent was collected for further
analysis of BOD, COD, nitrate, and phosphate levels.

4.1.3 Trend of BOD & COD after Treatment in
Phytoremediation Unit

There was reduction in BOD from 250mg/I to 32mg/I (Figure

7). The reduction in the Biological Oxygen Demand may be

due to the degradation of complex organic matter into simpler

matter by phytodegradation action

4.1.4 Trend of Phosphate and Nitrate after Treatment
in Phytoremediation Unit

Initially there was an increase in nitrate concentration
to15.6mg/l due to the aerobic condition existing, this nitrate
concentration was reduced to 1.4mg/l due to the considerable
uptake by the plant shown in Figure 8. A reduction in COD,
BOD, and Nitrate & Phosphate was observed. There was an
increase in nitrate concentration due to the aerobic conditions
prevailing. This nitrate concentration was reduced due to
the uptake by the plant. The aerobic environment favoured
the microbial oxidation of ammonium to nitrate (nitrification),
and the resulting nitrate was partially removed via plant
assimilation. The values of different parameters in the influent
and effluent of sedimentation tank, UASB reactor and CW are
shown in Table 3.

300

250 —@— EffluentBOD( mg/l) —@— EffluentCOD(mg/1)

200
150
100

50

Effluent characteristics (mg/l)

HRT(Hours)

Figure 7: Variation of characteristics of effluent from
Phytoremediation unit

20 —@&— Effluentphosphate(mg/I) —&— Nitrate(mg/l)
g
g
g 1
&
g
-] 5
g
&
g .
g 0 1 2 3 4 5 6 7
é HRT(Hours)
=

Figure 8: Variation of characteristics of effluent from
constructed wetland

Table 3: Characteristics of treated effluents

of Vetiver zizanoides. There

is the possibility of storing the Concentration of Various Parameters from Different Processes
ollutant in the aerial part of the Parameters | Process

Elant by process knowrr)w as phyto Sedimentation | UASB | CW efﬁg:ﬁ?y"(%) Stanggflgg?:“g")
stabilisation. The BOD was reduced Initial 1320 1280 | 250

to32mg/l which is not within the (?nOgI/DI) Final 1280 250 28 975 30
permissible limit, hence recirculation o%removal 3 201 | 872

of effluent was done which further nitial 1840 1750 | 135

reduced the BOD value to 28mg/l coD :

which is acceptable. The Chemical (mgll) Final 1750 135 | 36 98 250
Oxygen Demand was found to be Yeremoval 4.8 745 | 951

reduced to significant level due to Initial 46 43 18

the degradation of organic matter Ph(ons]gn?te Final 43 12 5.1 88.9 4

by the plant shown in Figure 7. %removal 6.5 72 | 716

The plant has a property known as Initial 58 55.5 96

rhizofiltration with which plant root Nitrate Final 555 15.6 14 975 45

filter the wastewater by taking up (mgfl) - - : ’

the contaminants through roots. Yremoval 45 71.8 | 854
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Figure 9: Figure 10: Figure 11:
WW* before Effluent from Effluents from
treatment UASB constructed

wetland

WW* =Wastewater

There was also a reduction in COD, Nitrate and phosphate.
Due to the necessity of a post treatment system after UASB
phytoremediation unit helped in reducing the load by an
appreciable percentage. A performance study of a sewage
treatment system consisting of a settler followed by an UASB
was reactor carried out by Seghezzo et al., (2002). In the study
COD concentration averaged 224.2 and 152.6 mg/L, for raw
and settled sewage, respectively. The effluent concentration
was 68.5 mg COD/L. Total and suspended COD removal
efficiencies were approximately 70 and 80%, respectively.

Fortunately, for this study there was an overall reduction
of BOD by 97.5%, COD by 98%, Nitrate reduction by 97.5%
and phosphate reduction by 88.9%. It is evident that how the
wastewater turns to good quality water by referring the Figure
9, 10 and 11. Table 4 shows change in various parameters
during the decomposition process. A quantitative measure in
various water quality parameters can be easily recognised
from Table 4.In this study BOD/COD removals (=97.5-98%)
are very high — higher than the study conducted by Abdullah
Sanghir et al; (2022) biological treatment example (~89.5%)
and somewhat higher than the phytoremediation case (BOD
~86.7%, COD ~92.9%). That indicates that the treatment
system/process achieved exceptional organic load removal
compared with typical reported biological and phytoremediation.
The Nutrient (nitrate, phosphate) removal (97.5%) is very
strong and suggests either effective denitrification or uptake
processes in your system. Phosphate at 88.9% is also high
but slightly lower than the very best TP removals reported for
specialised processes (some SBR/chemical/tertiary schemes
report >95% TP). This is consistent with the general literature:
nutrient removal efficiency is more variable and more process-
specific than BOD/COD. Results so obtained for UASB and
constructed wetland were found to be compatible with previous
studies (Azad et al; (2018), Abdullah Sanghir et al; (2022) and
Neharika (2015).

5.0 CONCLUSION

The laboratory-scale hybrid treatment system combining a
UASB reactor with phytoremediation showed high efficiency
in treating high-strength wastewater, achieving removal
efficiencies of 97.5% for BOD, 98% for COD, 97.3% for nitrate,
and 87.5% for phosphate. Organic matter removal occurred
mainly in the UASB reactor through anaerobic microbial activity,
while the constructed wetland acted as a polishing unit to meet
discharge standards. The system is more economical than
conventional aerobic processes, with 70-80% lower operation

and maintenance costs due to low energy requirements, biogas
recovery, and minimal maintenance in phytoremediation.
While suitable for rural and semi-urban areas, the system has
limitations such as dependence on wetland performance for
nutrient removal, climatic sensitivity, and limited removal of
emerging contaminants.

The laboratory-scale hybrid treatment system integrating
an Upflow Anaerobic Sludge Blanket (UASB) reactor with
phytoremediation demonstrated high efficiency in treating
high-strength wastewater. Significant reductions in organic and
nutrient loads were achieved, with overall removal efficiencies
of 97.5% for BOD, 98% for COD, 97.3% for nitrate, and 87.5%
for phosphate. Organic matter removal in the UASB reactor
was primarily attributed to anaerobic microbial activity, while
the constructed wetland served as an effective polishing
unit, bringing effluent concentrations within permissible
limits. Economically, the integrated system is more cost-
effective than conventional aerobic treatment processes. The
UASB reactor requires low to moderate capital investment
and minimal energy input, with the added benefit of biogas
recovery. Phytoremediation systems involve minimal capital
and operational costs, with maintenance limited to periodic
plant harvesting. Overall, operation and maintenance costs
are estimated to be 70 — 80% lower than those of aerobic
systems such as Activated Sludge Processes and Sequencing
Batch Reactors. B
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