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ABSTRACT

Wastewater effluents generated from the soft drink industry contain pollutants which are higher than what
is acceptable for the discharge in the water bodies in Nigeria. This result in environmental unbalance which
causes adverse health issues. In this study, the performance of two macrophytes (Phragmites karkaa and
Typha domingensis) in a sub-surface vertical flow constructed wetland was investigated. One hundred litres of
wastewater effluent obtained from an Industry (Seven Up Bottling company in Ibadan, Nigeria) was applied
to the systems and the properties of the waste water effluent as well as the performance of the treatment tanks
with respect to parameters such as; pH; TDS; TSS; DO; BOD,; turbidity; nitrate and phosphate were evaluated.
The treatment performance of the systems was evaluated for a retention period of 6, 12 and 18 days. It was
observed that parameters such as pH, BOD_; and TSS did not conform to the acceptable limits; they had values
greater than those prescribed in the standards for discharge. The value for BOD, was 652 mg/l and after six
days retention in the vegetated tanks had reduced by at least 98%. The unvegetated control setup only reduced
the BOD, by 40.18% after the first six days of treatment. The performance of the Phragmites karka and the
Typha domingensis in the removal of organic substances and solid pollutants were similar with both plants
effectively removing the pollutants. However, Tipha domingensis performed better than Phragmites karaka
in removing organic pollutants and Phragmites karka gives clearer water than Typha domingensis in terms of
turbidity.
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INTRODUCTION

Wetlands refer to a wide range of wet areas surrounded
by land that are saturated with water (Brix, 1994).
A great variety of ecosystems around the world are
considered wetlands, including saltmarshes, tidal
freshwater marshes, inland marshes, riverine marshes,
forested wetlands, mangrove swamps, and peat lands
(Taylor, 2009). Natural wetlands typically have the
ability to treat wastewater and its sludge; they act
as bio-filters and remove heavy metals, sediments
and other pollutants (EPA, 2009). Natural wetland
systems have often been described as the “earth’s
kidneys”, because they filter pollutants from water
that flows through it, discharging into various water
course.

Wetlands have a tendency to form anywhere
the land terrain directs surface water to shallow basins
and where a relatively impermeable subsurface layer
prevents the surface water from seeping into the
ground. These conditions can be artificially created
to form a constructed wetland. This is done in order
to be used as treatment systems to treat a vast array of
wastewater effluent.

Vymazal, (2008) opined that it was difficult
for scientists to understand how plants are required
for the effective treatment of wastewater because
it was common practice to eliminate all vegetation
when it comes to sewage treatment. This greatly
hindered the development of constructed wetland
in  Germany. Constructed wetlands primarily
designed for wastewater treatment take advantage
of cleansing procedures found in natural wetlands.
They offer an energy efficient, low cost of operation
and maintenance compared to mechanical means of
wastewater treatment. (Ayaz ef al., 2001).

Constructed wetlands (CWs) can be used
to treat municipal or domestic wastewaters, storm-
water, agricultural and industrial wastewaters such
as landfill leachate, petrochemicals, food wastes,
pulp and paper and mining, usually combined with
an adequate pre-treatment process (Kadlec et al.,
2000).wetlands have a common feature, which is the
presence of surface or near surface water. Wetlands
have three main features which are the macrophyte,
the substrate - also known in the literature as filter
beds and an impermeable membrane. The substrate
in wetlands are usually saturated which lead to their
poor reception of oxygen. An impermeable membrane
is required to prevent the wastewater being treated to
infiltrate and percolate downwards in the soil (EPA,
1995).

Nigeria is among those with the highest soft
drink consumption rates according to Mazariegos et
al., which may be inferred that Nigerians are among
the countries of the world generating the most soft-
drink waste water effluent. There is therefore the
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need to find a cost effective way of treating these
large amounts of wastewater before discharging them
into our communities. The objective of this study
was to compare the purification effects of different
macrophytes used in constructed wetland in treating
wastewater effluent from the soft-drink industry

MATERIALS AND METHODS
Three Pilot Scale CW tanks to serve as impermeable
membranes/basin were used for the experiment.
The macrophytes were Typha domingensis and
Phragmites karaka. Soft drink industry wastewater
effluent obtained from an industry in Lagos was used.
Washed gravel granite and Sand bed (sharp sand) was
used as the substrate.

The two different plants that were used are
TBypha domingensis and Phragmites karkaa planted
on a pilot scale constructed wetland. The flow path
was vertical by gravity, the plastic unit served as the
impermeable membrane mounted on block units for
stability of the CW for the first sixteen (17) weeks
transplanted rhizomes of each of the plants were
grown in a vegetated submerged bed CW until they
were well established before introducing the soft
drink industry wastewater effluent into the system.
The CW units contain three identical beds thathave a
surface area of 1 x 1 m and depth of 1 m. Two beds
were planted with Phragmates karka and Typha
domingensis separately while one was left unplanted
to serve as control to the research. The tanks were
layered with gravel and sharp stone. The base of the
units were layered with gravel to a depth of 400 mm,
while the subsequent layer was made of sharp sand to
a depth of 200 mm in order to aid the growth of the
macrophytes to be planted. Freeboard of 400mm was
left in order to facilitate sludge accumulation. The
CW was conditioned by planting nine macrophytes
in each planted constructed wetland. A drainage pipe
was connected for easy discharge of drained water
from the bed.100 litres of wastewater was applied
to the each bed after maturation of the macrophytes.
The bed had a retention period of 6, 12 and 18-days,
treated wastewater was withdrawn from the beds by
the use of sampling bottles. The surface loading of
the CW was 216 kg/m?.
Grab samples of the treated wastewater were taken
from the pilot tanks for day 6, 12, and 18. PVC bottles
(100ml) were obtained to this effect. The wastewater
was then collected in the bottles in a manner such that
it leaves no space for air bubbles, and is completely
filled. After collection, the wastewater was kept in a
refrigerator in order to render the microorganisms in
the wastewater inactive. The samples were taken to
a laboratory in LASEPA (Lagos State Environmental
Protection Agency) for accurate testing of parameters.
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RESULTS AND DISCUSSION
Soft-drink Wastewater Characteristics
The characteristics of the effluent from the beverage industry obtained in the laboratory are shown in table 1

Table 1: Characteristics of the wastewater effluent from the soft drink industry

Parameter Soft Drink industry Effluent Flgg;::ﬁzgg:)rd (Ll;?lglz;t;l?gggn)

Temperature (°C) 26.8 <40 <40
PH 10.68 6-9 6-9
EC (us) 1344 - -
TDS (ppm) 920 2000 2000
TSS (ppm) 48 30 -
Turbidity 50 - -
DO (mg/l) 1.18 - -
COD (mg/l) 559 - -
BOD; (mg/l) 652 50 500
PO,* (ppm) 42 5 10
NH, (ppm) 3.53 - -

PERFORMANCE OF THE CONSTRUCTED WETLANDS (CWs)
The performance of both planted tanks showed similar results after the specified retention times adopted for
the research. The performances are represented in the tables 2-4.

PERFORMANCE EVALUATION OF TANK VEGETATED WITH PhragmitesKarkaa
The performance of the tank vegetated with Phragmites Karkaa with respect to temperature, pH, EC, TDS,
TSS, Turbidity, DO, COD, BOD.;.PO Ae NH, was evaluated and the results tabulated in the table 2 below.

Table 2: Performance evaluation of the tank vegetated with Phragmites karkaa

Retention Temperature | pH [ EC | TDS [ TSS | Turbidity | DO | COD [ BOD, | PO* NH3
Period (Days) (9] (ns) | (ppm) | (ppm) | FTU (mg/l) [ (mg/) [ (mg/l) | (ppm) | (ppm)
0d (influent) 26.8 10.66 | 1344 |920 48 50 1.18 559 652 42 3.53
6-d 28.1 7.13 | 646 |450 6 24 2.78 29 10.4 NIL 0.12
12-d 28 7.3 634 |460 3 18 2.75 12 2.5 2.5 NIL
18-d 28 7.4 650 |[460 NIL 1.35 2.38 56 16.6 NIL NIL

PERFORMANCE EVALUATION OF THE TANK VEGETATED WITH Typha domingensis
The performance of the tank vegetated with TyphaDomingensiswith respect to temperature, pH, EC, TDS,
TSS, Turbidity, DO, COD, BOD.;. PO,*, NH3 was evaluated and the results tabulated in table 3.

Table 3: Performance of the tank vegetated with Typha domingensis

Retention Period | Temperature | pH EC TDS TSS | Turbidity | DO COD | BOD, | PO* | NH3

(Days) &) (us) | (epm) [ (ppm) | FTU | (mg/l) | (mg/) | (mg/) | (ppm) | (ppm)
0d (influent) 26.8 10.66 | 1344 | 920 48 50 1.18 559 652 42 3.53
6-d 27.9 6.93 |[549 (420 6 65 3.25 29 12.5 NIL 2.39
12-d 27.5 7.12 552 ]380 16 73.4 3.08 1.3 NIL 0.72
18-d 27.6 6.85 |[528 [370 4 21.4 1.75 0.84 NIL NIL

PERFORMANCE EVALUATION OF THE CONTROL TANK
The performance of the control tank with respect to temperature, pH, EC, TDS, TSS, Turbidity, DO, COD,
BOD,; PO,*, NH, was evaluated and the results tabulated below in table 4.
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Table 4: Performance of the control tank

Retention Temperature | pH | EC | TDS | TSS | Turbidity | DO COD | BOD, | PO NH3

Period (Days) O (us) | (ppm) | (ppm) | FTU | (mg/l) | (mg/) | (mg/) | (ppm) | (ppm)
0d (influent) 26.8 10.66 |1344 1920 48 50 1.18 559 652 42 3.53
6-d 28 7.64 975 |690 4 28 1.67 500 390 NIL 0.23
12-d 27.2 7.1 894 1620 43 18 5.18 324 225 NIL 1.32
18-d 27.5 7.94 816 |550 102 217.81 2.58 56 25.8 NIL NIL

VARIATION IN PARAMETERS

The pH was reduced across the three pilot tanks, DS

however the tank vegetated with macrophytes : 1000

experienced their largest reduction after six days & 800 '

of retention time, while the control tank reached its ; fﬂﬁ II

lowest pH value in a retention time of 12 days. All 3 20 _ II II II

the treatment tanks effectively reduced pH to the £ b -

acceptable levels of 6-9 according to FEPA standard %E. P m"“::"mh T;;' “:;? “:;;R

of discharge into streams and .land application. The :‘::.h_mﬂmma'mm 0 bo a0 o

range of pH was neutral ranging from 6.85 to 7.94. e - o o0 )

This average neutral pH range agrees with results
obtained from a previous study carried out using a
surface flow CWs by Yadav et al.,(Year????)
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Fig 3.7: Electrical Conductivity variation

Electrical conductivity is seen to have reduced in the
three CW units after 18 day retention period (Figure
3.7). Electrical conductivity is an indicator of the total
amount of Total Dissolved Solids present in a water
sample; therefore a general reduction in EC indicates
a fall in the volume of TDS present after 18 days
retention time across the tanks.
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Fig 3.8: Variation in quantity of Total dissolved solids

Total dissolved solids was reduced from 920 ppm
to 450 ppm and 920 ppm to 420 ppm in the tanks
vegetated with Phragmites karkaa and  Typha
domingensis respectively, while it only reduced from
920 ppm to 690 ppm in the control tank after a
retention time of 6 days (figure 4.3) . By day 12, the
tank with Phragmites karkaa had increased its TDS
concentration by 1% (450 ppm to 460 ppm), while
the tank with Typha domingensis further reduced its
TDS concentration by another 4 %( 420 ppm to 380
ppm) . The control tank also continued to drop its TDS
concentration by 7.6 % (from 690 ppm to 620 ppm).
By day 18, the TDS concentration in the vegetated
tanks remains relatively stable while the control tank
dropped by another 7.6%, but still did not reduce as
much as the vegetated tanks. This shows that plants
play a significant role in the removal of TDS in CWs.
This result showing a reduction in the amount of TDS
after treatment in a CW agrees with research findings
carried out by Brix ef al.

120
T 100
&0
E Gl
SRl
0
0 — __. -
Dy 0 Influent] Dy & Dy 12 Dy 18
wPhragmites Karkaa 1% b ] 1]
u Typha Domingensls 15 ] 16 4

Control 18 ] 13

Retention time in days

102

Fig 3.9: Variation in quantity of Total suspended
solids
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It was observed that TSS was reduced significantly
from 48ppm to 6ppm in the vegetated tanks and even
reduced a little more from 48ppm to 4ppm in the
control tank after a retention period of 6 days (figure
3.9) . After 12 days retention time, it reduces further by
another 6.25% in the tank vegetated with Phragmites
karkaa but begins to increase in the tanks vegetated
with Typha domingensis and the control tank by
20.83% and 81.25% respectively. This implies that
the optimal retention time for the removal of TSS
in the tank with Typha domingensis and the control
tank is 6 days. At day 18, the tank vegetated with
Phragmites karkaa showed no signs of TSS, while
the tank vegetated with Typha domingensis further
reduced its TSS concentration by 25%. The control
tank however was observed to have increased its
TSS concentration by 122.9%. This also shows that
vegetation plays a vital role in the effective removal of
TSS in a CW. The general reduction trend in the Total
Suspended solids agrees with results obtained from
previous studies carried out by Brix ef al., (Year)and
Vidales et al.(777?year)
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Fig 3.10: Variation in quantity of Turbidity

It was observed that turbidity in the tanks vegetated
with Phragmites karkaa and the control tank reduced
progressively after 12 days retention time, while the
tank vegetated with Typha domingensis increased
in turbidity by 46.8% after 12 days retention time
(figure 3.10). This implies that the activities in the
tank vegetated with Typha domingensis are such that
it increases the turbidity of the influent wastewater.
After a retention time of 18 days, the tank vegetated
with Phragmites karkaa had reduced its turbidity by
another 33.3%, however a swing occurs in the tank
vegetated with Typha domingensisas it begins to
reduce in turbidity while the control tank increases
the turbidity of water by a staggering 399.2%. This
also implies that CW s require vegetation in order to
reduce turbidity effectively.
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A significant increase in the concentration of DO
was observed across all platforms. This is resulting
from the supply of oxygen to the systems through the
atmosphere and the photosynthetic activities of the
plants. However, after day 6, the vegetated systems
had started to reduce in their DO concentration
while the control system continued to rise in DO
concentration (figure 4.6). At day 18, the DO reduced
across the three tanks, with the control tank still having
the highest concentration of DO. This results from
the fact that oxygen is being used up in the vegetated
systems as the plants grow, whereas in the control
system, there are no plants to make use of its oxygen.
Also, at day 18, a general reduction is recorded across
all platforms which shows that oxygen has been used
by bacteria in breaking down the organic compounds.
However, on the average, there was a rise in DO
concentration across all platforms when comparing
the results from day O until day 18, which conforms
to results obtained from a previous study carried out
using CWs by Yadav et al.
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Fig 3.12: Variation in COD

The COD of the effluent was significantly reduced
by 94.8 % within the first six days of treatment in
the vegetated systems (figure 4.7), whereas it only
reduced by 10.55% in the control system. After 12
days retention time, the COD had undergone a further
reduction of 3.04% and 4.11 % in the tanks vegetated
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with Phragmites karkaa and Typha domingensis
respectively. Also the control system further reduced
the COD concentration by 31.48%. After a retention
time of 18 days, the tank vegetated with common
reed begins to increase by 7.87%. The tank vegetated
with cattails remained stable, while the control tank
experienced its largest reduction in COD, it reduced
by 47.9% (324 mg/1 to 56 mg/l). It can be seen that
the vegetated systems performed far better than the
control systems, therefore plants play a vital role
in the removal of COD in a CW. Plants provide
attachment sites for bacteria which speed up the

process of removal of COD.
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The BOD,; of the influent wastewater was reduced
by over 98% in the first 6 days in the vegetated tanks,
while it only reduced by 40.18% in the control tank
after 6 days retention time. At 12 days, the BOD;
had been reduced to 2.5 mg/l and 1.3 mg/l in the
tanks vegetated with Phragmites karkaa and Typha
domingensis respectively (Figure 4.8). According to
(FEPA 2007), the allowable BOD, concentration level
for discharge into streams is 50mg/1 and the vegetated
tanks have reduced the value of BOD; to far less than
that. The result also agrees with the required standard
of 95% removal of BODS5required for discharge into
streams (Brix et al., 2003). It is observed that the
vegetated tanks performed far better than the control
tank in reducing BOD.. This result also indicates that

plants speed up the removal of BOD from wastewater.
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It is observed that phosphate is reduced to zero after
6 days retention time and continues till day 18 across
the three tanks. The reduction in phosphate content
agrees with results obtained from Brix ef al.year, and
Arias et al., year??

[
45

Ny in g pm
i
o

: II
5

: ) il
Day 0 {InHhient) [y i Day 12 Dy 18

wPhragmites Larkaa | 151 112 . 0
3,83

353

141
1.7
447

w Typha Domingensds L9 o
0.13 131

Retention time in days

Fig 3.13: Variation in NH,

Comtrol

It can also be observed that nitrate concentration
is reduced generally in the vegetated tanks and the
control tank after a retention time of 6 days. After
which it reduced further in the vegetated tanks but
begins to increase in the control tank. After day 12,
a general increase is recorded across all tanks. This
result signifies that in terms of reduction of NH3, the
control tank reaches its optimum efficiency at day
6, while the vegetated tanks reach their optimum
treatment efficiency at day 12. The general reduction
in NH, content conforms to results obtained from
studies carried out by Brix et al., (2003).

CONCLUSION

From the analysis of the wastewater effluent from the
soft drink industry, it was observed that the effluent has
a high level of organic content; a BOD, concentration
0f652 mg/l and a COD content of 559 mg/I. It also had
a high pH value of 10.68, a high volume of dissolved
and suspended solids. These values were high when
compared to the criteria for the discharge into water
bodies. The performances of the two vegetated units
in respect to treatment of wastewater was highly
effective with Typha domingensis performing slightly
better than Phragmites karkaa in treating organics
by a small margin. Both macrophytes, reduced the
concentrations of organic content and solids in the
wastewater to acceptable standards. They had both
decreased the BOD,; of the wastewater by at least
98% after the first six days. The two vegetated units
also had reduced the pH of wastewater to acceptable
standards after the first six days of treatment. It
was however observed that the tank vegetated with
Phragmites karkaa was adjudged as being better in
terms of reducing the turbidity level of the waste
water effluent drastically when compared with the
tank vegetated with Typha domingensis where the

turbidity had increased after treatment. The reeds/
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macrophytes have been found from this study to play a vital role in the treatment of waste water effluent using
a CW.

Based on the analysis carried out, CWs serve as alternative means of treating wastewater effluents
from a soft drink industry. The two reeds, Phragmites karkaa and Typha Domingensis are equally adequate in
treatment of wastewater but it is highly recommended that mixed plantation be adopted in order to check the
inadequacy of each type of reed used. This will help increase the efficiency of the CWs in treating wastewater
generated from municipal and industrial sources.

Furthermore, locations of considerably low power supplies should adopt this particular treatment
method as it requires virtually no power in accomplishment of greater treatment efficiency as required of
wastewater effluents before discharge into various water courses.
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