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Wastewater from a mahewu processing plant was collected for characterisation and jar testing using
Ferrifloc 1820 and a combination of Ferrifloc 1820 and the polyelectrolyte Magnafloc. Treatment showed
that Ferrifloc 1820 caused a statistically significant decrease on both the chemical oxygen demand
(COD) and oil and grease content of the wastewater. The mean decrease for the COD using Ferrifloc
1820 was 65.24% with the mean oil and grease reduction using Ferrifloc 1820 being 94.58 %. The
polyelectrolyte Magnafloc was shown to have a statistically significant impact when used in
combination with Ferrifloc 1820 on the COD. However, it did not show any statistically significant
impact in the reduction of the oil and grease content of the wastewater. Although the treatment of the
wastewater using Ferrifloc 1820 yielded significant results in the reduction of COD and oil and grease,
the resultant results did not meet the Zimbabwean legislative standard for discharge. The resultant
decrease of the oil and grease of the mahewu effluent due to this treatment makes it desirable to apply
the use of Ferrifloc 1820 as a pre-treatment method for anaerobic digesters. There is need however, to
determine the optimal pH and temperature and other operational parameters for Ferrifloc 1820 in the

treatment of the mahewu wastewaters.

Key words: Mahewu, chemical oxygen demand, coagulant, polyelectrolyte.

INTRODUCTION

The application of biotechnology in the food processing
and preservation industry extensively has resulted in the
commercialisation of traditional methods for making
fermented foods and beverages such as bread, beers
and wines, and fermented milk products. Mahewu is one
of the traditional foods that has seen research being
applied leading up to the commercialisation of its
production (Gadaga et al.,1999; Parawira and Khosa,
2009).

Mahewu is a cereal based non-alcoholic beverage that
traditionally has a national nutritional significance in
Zimbabwe as it is used for the weaning of children. It is
prepared from either thin or thick maize porridge. The
porridge is mashed and mixed with sorghum or millet or
wheat and left to ferment at ambient temperatures.
Industrially, flavour reagents, stabilisers and milk are
added to the formulations (Gadaga et al., 1999).

Dairy fortified mahewu and dairy fruit mix beverages
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processing are emerging as big businesses in Zimbabwe
as evidenced by the entry into this industry by the major
beverage companies such as Delta Beverages,
Dairibord, Igwebu and Rainbow Beverages whom have
invested in dairy fortified mahewu processing plants. It
was reported that, amid a decline in its sales volumes
and cash inflow, Delta Beverages reported a growth of
11% in its mahewu and dairy fruit mix beverages division
and has commissioned additional capacity at its plant in
addition to rolling out new flavours (Kadzere, 2015).

Despite this growth, there are no published scientific
reports on the treatment of dairy fortified mahewu
wastewater. Treatment of food and beverage wastewater
prior to discharge into the environment is desirable so as
to avoid environmental pollution (Vanerkar et al., 2013).
Physico-chemical processes such as coagulation and
flocculation can be applied in the area of wastewater
treatment either as pre-treatment or polishing treatment
or as specific treatment for reuse as process water
(Vanerkar et al., 2013).

These processes are often applied for the removal of
heavy metals, oils and greases, suspended matter,
emulating organic substances, organic and inorganic
compounds, non-polar organic substances, toxic
pollutants and phosphorus (Vanerkar et al., 2013;
Johnson, et al.,, 2008). Ayguna and Yilmazb (2010),
found that coagulation-flocculation processes using ferric
chloride can yield 84% chemical oxygen demand (COD)
removal when used to treat detergent wastewater. They
also found that the addition of polyelectrolytes as
coagulation aids improved this removal of COD by 10%
(Ayguna and Yilmazb, 2010), a phenomena also reported
by Vanerkar et al. (2013).

The aim of this study was to investigate the impact of
treating wastewater from a plant that produces dairy
fortified mahewu by a commercially available coagulant
Ferrifloc 1820. Further to this, the study also aimed to
assess the impact of coagulant aid Magnafloc on the
efficacy of Ferriffoc 1820 in the treatment of this
wastewater.

METHODOLOGY

Grab samples were collected from a Mahewu processing plant in
the Willowvale industrial area of Harare, Zimbabwe on three
sampling occasions. The wastewater was collected manually,
directly into 25 | opaque polypropylene sampling containers at the
point of convergence of all wastewater streams from the processing
plant. The bottles were appropriately labelled and stored at 4°C
during the trials.

Stock solutions preparation

A stock solution of Ferrifloc 1820 was prepared by adding 10 ml of
Ferrifloc 1820 to 1000 ml distilled water and vigorously shacking the
mixture. Another stock solution of Magnafloc was prepared by
adding 1 g of Magnafloc into 10 ml of warm distilled water and
adding another 990 ml of dissolved water into the solution.

Treatment with ferrifloc 1820 and magnafloc

Jar tests were done using the Lovibond ET750 model with six
stirring places and an illuminated back panel. Aliquots of the
wastewater were placed into the 1000 ml flasks of the jar testing
equipment. The first jar was used as control and 0 ml of Ferrifloc
1820 was added to it while the other two jars had 1 ml of the
Ferrifloc 1820 added to them. The remainder of the jars had 1 ml of
the Magnafloc stock solution added to them. The jars were then
placed onto the equipment with the stirring paddles fully immersed
into the jars. Rapid mixing at 100 rpm was allowed for one minute
followed by slow mixing at 40 rpm for 30 minutes. When mixing was
completed the mixing paddles were removed and the solutions
were allowed to settle. The water from the five jars was filtered
using a 24 cm MN 614 Whatman No. 1 filter paper. The treated
samples were tested for COD and oil and grease and compared to
the raw effluent.

Chemical oxygen demand

The closed reflux titrimetric and colorimetric method using a COD
digester was used to determine the COD levels of the raw effluent
samples, Ferrifloc 1820 treated wastewater sample and Ferrifloc
1820 and Magnafloc treated wastewater samples. Test tubes (20
ml) were prewashed with H,SO4. A 0.50 ml sample was added to a
test tube followed by 2.5 ml standard K,Cr,O7 and mixed slowly and
3.5 ml of H,SO,4 was added and allowed to go to the bottom of the
test-tube. The test tube was capped, mixed and cooled. The test
tubes were then transferred to a COD digester (Spectra
2015MCOD) and digested at 150°C for 2 h. Blanks were run by
substituting distilled water for the wastewater sample, and the same
procedures were followed with 3 blanks being run per sample. The
products of the COD digestion were transferred into a 100 ml
beaker. Distilled water was added to make the volume 50 ml and 1
to 2 drops of ferroin indicator were added to the samples. The
solutions were titrated against 0.05 ml Ferrous Ammonium Sulphate
solution using the zaaCT15 COD titrator with the results being
displayed directly in ppm.

Oil and grease

Oil and grease determination was modified from the APHA (1998)
method which was described by Westehuizen (2014) as follows:

Wastewater samples (100 ml), Ferrifloc 1820 coagulated and
Ferrifloc 1820 and Magnafloc coagulated samples were acidified to
pH 2 with HCI (1:1) solution.

For each sample 50 ml was weighed and transferred into a
separator funnel and 100 ml ethanol, 20 ml n-hexane and 20 ml
diethyl ether were added to the separator funnel and shaken
vigorously. The solution was left to settle and separate the bottom
layer was drained and the top layer was collected. The collected
layer was treated with 20 ml n-hexane and 20 ml diethyl ether three
more times. The sample was distilled in a rotavap (Eyela N-1200A
series) at 60°C and the distiled sample was measured
gravimetrically and quantified (Westehuizen, 2014).

Statistical analysis

Statistical analysis was performed using IBM SPSS Version 22
software. Comparative analysis involved the use of the paired t-test
at 95% confidence interval and the eta squared statistic.
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Figure 1. COD results for the mahewu processing plant wastewater.
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Figure 2. COD reduction efficiencies of Ferrifloc 1820 and Ferrifloc 1820+ Magnafloc on

Mahewu processing plant wastewater.

RESULTS
Chemical oxygen demand

Chemical oxygen demand (COD) is the amount of a
specified oxidant that reacts with the sample under
controlled conditions (APHA, 1998). The COD the
mahewu processing plant waste water ranged from 450
to 570 mg/l. These values were above the amount
specified by the Zimbabwean Statutory Instrument 274 of
2000 (S. I. 274 of 2000) which instructs the permissible
disposal limit into water bodies of COD to be 60 mg/l

(ZINWA, 2000) (Figure 1). The combination of
polyelectrolyte Magnafloc and Ferrifloc 1820 on the
mahewu processing plant yielded a reduction rate in
COD that ranged from 83.3 to 87% (Figure 2).

Oil and grease

The oil and grease content of the mahewu processing
plant wastewater ranged from 703 to 830 mg/l. The
amount of oil and grease permitted by S. I. 274 of 2000 is
450 mg/l (ZINWA, 2000) (Figures 3 and 4). The



100 Int. J. Water Res. Environ. Eng.

BOOD

Oik and grease (mgfL)
[y %] [¥E] o in [=1] =)
(=] (=] (=] (=] (=] (=] (=]
(=] (=] (=] (=] (=] (=] (=]

=

L L

sample number

N Raw wastewzter I Ferrifloc 1820

I Magnafloc+ FerrifloclB20

Standard

Figure 3. Oil and grease results for the mahewu processing plant.
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Figure 4. Oil and grease reduction efficiencies of Ferrifloc 1820 and Ferrifloc 1820+
Magnafloc on mahewu processing plant wastewater.

combination of polyelectrolyte Magnafloc and Ferrifloc
1820 on the Mahewu processing plant vyielded a
reduction rate in oil and grease that ranged from 94 to
97%.

DISCUSSION

The COD values for the mahewu treatment plant

wastewater were 450, 530 and 570 mg/l respectively
before treatment and these were reduced to 139, 217
and 185 mg/l respectively giving removal rates of 69.11,
59.06 and 67.54%, respectively (Figure 2).

The dosage rates of the Ferrifloc were 10 mg/l for all
the samples, 90 mg/l less than the permitted limit
according to the products toxicological effects
specification. A paired t-test was conducted to evaluate
the effect of Ferrifioc 1820 on the mahewu processing



plant wastewater COD levels. There was a statistically
significant decrease in the COD levels from the raw
effluent (M = 516.667 mg/l; SD = +61.101 mg/l) to the
treated effluent COD levels (M = 180 mg/l; SD = + 39.208
mg/l), t (2) = 13.818, p < 0.005 (two tailed). The mean
decrease of the COD scores was 336.33 mg/l with a 95%
confidence interval ranging from 231.605 mg/l to 441.060
mg/l. The eta squared statistic (0.98) indicated a large
effect size.

Ferrifloc 1820 is a combination of ferric chloride and a
polyquaternary amine, this makes it a high weight
molecular polymer (Westehuizen, 2014). However, the
treatment of this effluent by Ferrifloc 1820 did not result in
the reduction of the COD to the point 60 mg/l prescribed
by S. I. 274 of 2000 for discharge, this treatment has to
be followed by another treatment that will further reduce
the COD levels to the ones prescribed by the law
(ZINWA, 2000).

The oil and grease removal rates using Ferrifloc 1820
were 94.03, 93.68 and 96.02% for the mahewu
processing plant wastewater (Figure 4). A paired t-test
was conducted to evaluate the effect of Ferrifloc 1820 on
the mahewu processing plant wastewater oil and grease
levels. There was a statistically significant decrease in
the oil and grease levels from the raw effluent (M =
762.33 mg/l; SD =+ 63.91 mg/l) to the treated effluent oil
and grease levels (M = 40.89 mg/l; SD = + 7.37 mg/l), t
(2) = 18.05, p < 0.003 (two tailed). The mean decrease
of the oil and grease scores was 721.44 mg/l with a 95%
confidence interval ranging from 549.46 mg/l to 893.42
mg/l. The eta squared statistic (0.99) indicated a large
effect size.

These results are in line with Westehuizen’s (2014)
findings when he treated grain distillery wastewater with
Ferrifloc 1820 and got removal rates that ranged from 92
to 95% with an average of 93.80%. In another study, the
combined use of magnetic powder and a coagulant
yielded FOG removal of 94.2% (Bavar, 2011). The oil and
grease levels were reduced by treatment with Ferrifloc
1820 to levels below 450 mg/l allowed for discharge by S.
I. 274 of 2000.

Treatment with combined Ferrifloc 1820 and

Magnafloc

The combined use of Ferrifloc 1820 and Magnafloc on
mahewu processing plant wastewater (Figure 2)
achieved COD reduction levels of 87.33, 85.7 and
83.33% on the raw waste water. A paired t-test was
conducted to evaluate the effect of Ferrifloc 1820 and
Magnafloc on the mahewu processing plant wastewater
COD levels in comparison with the effect of Ferrifloc
1820. There was a statistically significant decrease in the
COD levels from the Ferrifloc treated wastewater levels
(M =180.33 mg/l; SD = £ 39.21 mg/l) to the Ferrifloc and
Magnafloc treated effluent COD levels (M = 75.93 mg/I;
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SD = + 19.00 mg/l), t (2) = 5.63, p < 0.03 (two tailed).
The mean decrease of the COD scores was 104.40 mg/|
with a 95 % confidence interval ranging from 24.60 mg/I
to 184.21 mg/l. The eta squared statistic (0.98) indicated
a large effect size.

The addition of Magnafloc to the coagulant lime for the
treatment food industry wastewater yielded an increase
of 6.4% (Vanerkar et al., 2013). This shows that the
pairing of a polyelectrolyte with a coagulant is more
effective than the use of a coagulant alone in the
reduction of COD. Though there was a reduction in the
COD levels of the wastewater, the resultant COD values
did not meet the specified COD of 60 mg/l prescribed by
S. I. 274 of 2000. Hence, the treatment of this wastewater
with Ferrifloc can only be applied as a pre-treatment to
subsequent treatment process.

The oil and grease contents of the mahewu processing
plant wastewater (Figure 4) was reduced by 94.02, 94.00
and 97.01%. A paired t-test was conducted to evaluate
the effect of Ferrifloc 1820 and Magnafloc on the
mahewu processing plant wastewater oil and grease
levels in comparison with the treatment of Ferrifloc 1820.
There was a statistically no significant (p < 0.05)
decrease in the oil and grease levels from the Ferrifloc
1820 treated effluent (M= 40.89 mg/l; SD = £7.37 mg/l) to
the Ferrifloc 1820 and Magnafloc treated effluent oil and
grease levels (M= 37.36 mg/l; SD = £10.99 mg/l), t (2) =
1.44, p < 0.286 (two tailed). The mean decrease of the
oil and grease scores was 3.53 mg/l with a 95%
confidence interval ranging from -6.99 to 14.06. The eta
squared statistic (0.51) indicated a large effect size.

As shown, the combined use of Ferrifloc and Magnafloc
has no impact on oil and grease reduction in the mahewu
processing plant wastewaters. However, the high oil and
grease reduction levels achieved by the Ferrifloc 1820
treatment, it is advantageous to have it applied as a pre-
treatment to anaerobic digesters. The reduced oil and
grease contents will help in hampering the various
operational problems that are as a result of the
accumulation of lipids and other colloidal constituencies
onto the microbial aggregates by mechanisms of
adsorption, precipitation and entrapment (Westehuizen,
2014). These operational problems include but are not
limited to biomass washout, clogging, short-circuiting,
process inhibitions, poor final effluent and biogas quality
at lower HRT and higher OLR (Harush et al., 2011;
Rajagopal et al., 2013; Vanerkar et al., 2013).

Polyelectrolytes like Magnafloc are employed for the
reduction of the cost and amount of chemical coagulant
requirement (Vanerkar et al., 2013; Ayguna and Yilmaz,
2010). The results agree with what Ayguna and Yilmaz
(2010) claimed that generally, a little amount of
polyelectrolyte dosage is enough to reach high efficiency
in the efficacy of a coagulant. They also suggest that
when polyelectrolytes are used as coagulation aids the
metal coagulant dosage can be reduced without cutting
down the performance.
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Conclusions

Ferrifloc 1820 is shown to cause a statistically significant
decrease on both the COD and oil and grease content of
the mahewu processing plants wastewaters with all
assessments showing a large effect size. The
polyelectrolyte Magnafloc has a statistically significant
impact when used in combination with Ferrifloc 1820 on
the COD only. The addition of Magnafloc to Ferrifloc does
not show any statistically significant impact in the
reduction of the oil and grease content of the mahewu
processing wastewater.
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This study was conducted to investigate the combined effects of municipal and industrial waste
discharges on the quality of the new northern Calabar River in the Niger Delta province (5.317°N,
6.467°E) of Nigeria. Water samples were collected in June 2015 from five regions along the stretch of
the river. The five regions comprised three observed pollution sources (abattoir, open market, and
noodle factory) and two non-pollution sources at the downstream and upstream sections of the river.
Using standard analytical protocols, results showed that the current pollution loads of the river varied
significantly (p < 0.05) across the three pollution sources. Over 33% of studied quality indicators of the
river including total hardness (1526.19+154 mg/l), biochemical oxygen demand (10.14t4 mg/l), and
chemical oxygen demand (57.62+13 mg/l) over time increased beyond their permissible limits due to the
disposal of municipal and industrial wastes into the river. The present quality of the river was only fair
with a Water Quality Index of 64.71. This result suggests that the water quality is usually protected but
occasionally impaired by the wastes discharged into the river, leading to conditions that often depart

from permissible levels.

Key words: Pollution loads, water quality index, river, Niger Delta

INTRODUCTION

Surface water is vulnerable to pollution from untreated
industrial effluents, municipal wastewater, run-off from
agricultural chemical fertilizers and pesticides, as well as
spillage of petroleum products in coastal areas
(Odokuma and Okpokwasili, 1997). Surface run-off
resulting from soil erosion, lumbering activities, forestry
operations, dredging activities, and domestic sewage
inputs may lead to wide-scale contamination of rivers and
other surface water sources (Asuquo, 1989). Increased

faecal discharges in surface water also are a problem in
developing as well as developed countries (Sinton et al.,
1993). This problem is even worse where sanitation
systems are lacking, thus posing an increased risk of
outbreak of waterborne diseases (Pretorious, 2000).
Surface water may be stagnant or moving. Moving
water dilutes and decomposes pollutants more rapidly
than stagnant water. Even then, many moving water such
as rivers and streams around the world are heavily

*Corresponding author. E-mail: okparanma.reuben@ust.edu.ng. Tel: +234-803-2626-169.
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polluted (Chandravathi and Resmi, 2013). In developing
countries, especially in the rural areas where potable
water supply is almost non-existence, most of the
dwellers rely solely on surface water such as streams,
brooks, rivers, ponds and lakes (Olugbenga, 2006).
Concerns over water quality are not limited to the water
itself, but also extends to the danger of migration of toxic
substances into other ecosystems (Pretorious, 2000;
Bezuidenhout et al.,, 2002). This is because aquatic
organisms can be affected by the quality of the water and
harmful substances in the water can easily
bioaccumulate in the food chain (Alam et al., 2006). The
aquatic environment is a complex and important
ecosystem that requires careful use to ensure
sustainability well into the future (UNEP-GEMS/WP,
2000).

In the Niger Delta province of Nigeria, available records
show staggeringly high levels of environmental pollutants
in aquatic systems due to industrial activities (Jack et al.,
2005). The new northern Calabar River is one of the
important sources of surface water in Choba community,
near Port Harcourt in the Niger Delta province of Nigeria.
Communities adjoining this river are directly dependent
on it for their agricultural, recreational, and sometimes,
domestic water supplies (Abu, 2008).

Due to high population density and increased industrial
activities in areas along the stretch of the river, water and
sanitation infrastructure in these areas are now
overstretched. As a result, the new northern Calabar
River has become a receptacle for all genera of wastes
as industries along the stretch of the river now discharge
their effluents directly into the River. As a constantly
moving water, the new northern Calabar River has
potential for pollution dilution and good assimilative
capacity for wastes arising from anthropogenic activities.
However, this is limited by the amount of biodegradable
component in the waste stream.

Therefore, it is essential to regularly monitor the nature
of wastes discharged into the river. In the Niger Delta
region where more than 60% of the populace depend on
aquacultural activities for their livelihood (Francis et al.,
2013), it is also pertinent to regularly monitor the pollution
loads and assess the effects of pollutants on the quality
of vulnerable river bodies including the new northern
Calabar River.

In the assessment of the quality of a river body, several
physicochemical and biological characteristics of the river
are usually considered. These characteristics include (but
not limited to) salinity, pH, temperature, turbidity, total
hardness, biochemical oxygen demand (BOD), dissolved
oxygen (DO), chemical oxygen demand (COD),
phosphate, nitrate, and oil and grease (O&G). Salinity of
a river, although difficult to define precisely, can be
conceptually defined as a measure of the concentration
of dissolved salt in the water. The salinity of a river
influences both the distribution and population of aquatic
organisms in the water and is affected by natural and

human influences including wastewater discharges. pH of
a river is generally described as a measure of the -
log[H'] in the water. It indicates the level of acidity or
alkalinity of the water on a scale of 0.0-14.0 and is
important because aquatic life can only survive within a
narrow range of pH - with most fish surviving between pH
ranges of 6.0-9.0 (Dey and Islam, 2015).

Alkalinity is related to hardness because it is increased
in the presence of carbonates and bicarbonates, which
are the major causes of water hardness. Turbidity results
from suspended solids in the water due to industrial
waste discharges and may be harmful to aquatic life.
Suspended solids in the water absorb heat from sunlight
thereby increasing the water temperature. Temperature
affects the rates of metabolism and growth of aquatic
organisms (Cleveland State University, 2001).

BOD, DO, and COD are among the most common
measures of organic pollution in water. DO is the actual
amount of oxygen available in dissolved form in the water
while BOD is a measure of the amount of oxygen used by
microorganisms in the decomposition of organic matter in
the water. Thus, when BOD level is high, DO level will
decrease because the amount of oxygen available in the
water is being used by the microorganisms (Robson,
2002). COD is a measure of the ability of water to
consume oxygen during the chemical oxidation of organic
matter in the water (Robson, 2002). High concentrations
of phosphates in water are associated with eutrophication
condition (WHO, 1998), resulting from industrial
wastewater discharges (Gasim et al., 2012). Nitrate is a
naturally occurring form of nitrogen, which is very mobile
in water. River water high in nitrate levels is potentially
harmful to human and animal health (Gasim et al. 2005).
0O&G, including fats and oils and petroleum products
cause unpleasant films on water surfaces and negatively
affect aquatic life because of their toxicity (Jack et al.,
2005).

As stated, the new northern Calabar River is strategic
to the health and socio-economic activities of community
dwellers, not least because of its proximity to abattoirs,
open markets, and a number of industries including a
noodle factory and oil services companies. A number of
studies have shown that due to persistent dumping of all
sorts of wastes in the river by these companies, users of the
abattoirs, and traders the quality of the river water has
changed significantly (Asuquo, 1989; Odokuma and
Okpokwasili, 1997; Odokuma and ljeomah, 2003;
Akaninwor et al., 2007; Abu and Egenonu, 2008). Of
these studies, only Asuquo (1989) considered changes
due to waste disposal on selected physicochemical
characteristics of the river while the other studies focused
on the effects of waste disposal on the biological
characteristics of the river.

Since the work of Asuquo (1989), there has been a
steady increase in industrial and commercial activities near
the river. Therefore, studies on the current pollution loads
and the combined effects of pollutants arising from
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Figure 1. Sampling points along the new Northern Calabar River in the Niger Delta province of Nigeria
(Projection: Geographic Coordinate System (GCS)-World Geographic System 1984 (WGS84) in ArcGIS®
10.1; ESRI™, CA, USA). Inset: Satellite view with placemarks showing sampling points (2015 Google-Earth).

municipal and industrial waste discharge on the quality
indicators of the river are necessary. The current study
aimed to determine the combined effects of municipal
and industrial waste discharges on selected quality
indicators and evaluate the water quality index (WQI) of
the new northern Calabar River.

MATERIALS AND METHODS
Description of the study area

Choba, host to the new northern Calabar River, is located in the
Niger Delta province (5.317°N, 6.467°E), Nigeria and has a
population of about 12,000 with a total land area of about 1.3 km?.
The average temperature of the area is between 24 and 27°C with
an annual precipitation of about 1500 to 2500 mm during the rainy
season and a relative humidity of over 80 %. The area has two
climatic regimes consisting of wet season between March and

October and dry season between November and February (Amadi,
2004; Ehirim and Nwankwo, 2010).

Sample collection

Figure 1 shows the points from where we collected water samples
along the new northern Calabar River in the Niger Delta province of
Nigeria. First, we compartmentalised the river body into 5 regions,
namely: abattoir, open-market, noodle-processing, downstream,
and upstream. While the first three sampling regions covered the
three observed waste discharge points in the river, the fourth
sampling region was selected some distances downstream of the
third region, and the fifth was the upstream (4°53'46"N, 6°54'02"E)
end of the river (Figure 1). Samples collected from the downstream
and upstream regions served as the mixed-effluent and control
samples respectively. Then using a canoe, wading gear, and 2-m
long marine rope of 3-mm diameter, we collected samples against
the flow of the water from each region at depths of 30-50 cm under
the water surface. Samples were collected between 50- and 70-m
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distances from the shoreline. At the abattoir, open market, noodle
factory, and the downstream regions samples were taken at point 1
(4°53'25"N, 6°53'55"E), point 2 (4°53'21"N, 6°53'53"E), point 3
(4°53'18"N, 6°53'48"E), and point 4 (4°53'13"N, 6°53'38"E),
respectively (Figure 1). Samples were collected using 60 ml
centrifuge tubes and sealed with a PTFE tape. The samples were
preserved in a cooler containing ice blocks for a few hours until
shipment to the Microbiology Laboratory, River State University
Science and Technology, Port Harcourt for analysis.

Determination of the physicochemical characteristics of the
water sample

Salinity, pH, temperature, and turbidity

The HI 9828 Multiparameter Water Quality Meter (Hanna
Instruments, USA) was used for the analyses of salinity, pH,
temperature, and turbidity of the water sample according to ASTM
(2007) method D7315. For the properties of interest, the
appropriate sensors were selected and mounted on the probe after
initial activation protocols recommended by the manufacturer.
Three sensors were used in one analytical run — some sensors
measured more than one property in a single run. With the HI 9828
Multiparameter off, the multisensor probe was then connected to
the meter after carefully screwing the protection sleeve on the
probe for taking measurements or the transparent beaker for
calibration. The probe was then immersed into the water sample
before turning on the meter. Values for the selected water
properties were then read off the graphic display of the meter. The
resolution, sensitivity, and accuracy of the HI 9828 Multiparameter
for each property of interest are provided in the material safety data
sheet of the instrument.

Total hardness

Total hardness was determined by the ethylenediaminetetraacetic
acid (EDTA) titrimetric method according to APHA (2013) method
2340C. Using Eriochrome Black-T as indicator, the EDTA formed a
colourless stable complex with Ca®* present in the water sample at
pH of 10. The hardness, as CaCO; in mg/l, was deduced from
equation 1.

Ve xC¢ <1000

Cy
S

(€

Where, C,, = hardness (as CaCOs; in mg/l sample); Ve = volume
(ml) of EDTA used in sample titration; Ce = concentration of EDTA
solution (g/l CaCOs3), and S = original volume (ml) of sample taken
for analysis.

Biochemical oxygen demand (BOD), dissolved oxygen (DO),
and chemical oxygen demand (COD)

The 5-day BOD and DO were analyzed using Winkler's method
(Bryan et al., 1976), which involved adding two drops of freshly
prepared starch to 25 ml of the sample and titrating with 0.0125 ml
sodium thiosulphate to obtain a colourless solution. COD was
determined by the open-reflux method (Medalia 1951) using a
Spectronic—20 spectrophotometer (ThermoFisher Scientific Inc.,
USA). In this method, 0.4 g HgSO, was added to 250 ml of water
sample in the reactor. Then, 30 ml of concentrated H,SO,4
containing Ag>SO,4 was slowly added before refluxing for about two
hours. After reflux, the mixture was diluted to about twice its volume
with deionized water. The cell was then rinsed and filled with the

water sample, wiped with a tissue paper, and inserted in the sample
compartment. Reading was directly taken from the display screen
on the spectrophotometer.

Oil and grease

The determination of oil and grease was done by infrared (IR)
spectrometry using an IRPrestige-21 Fourier Transform IR
spectrophotometer with standard wavenumber range of 7800 to
350 cm* (Shimadzu® Corporation, Japan). The Spectrophotometer
is equipped with a Michelson interferometer of 30°C incident angle
with a single beam optical system and a potassium bromide (KBr)
standard beam splitter. It has a cooling-type ceramic light source
and a DLATGS® detector with temperature control system. Its
spectral resolution is 0.5 to 16 cm™ around 263 to 8400 cm™ with a
signal-to-noise (S/N) ratio of 40,000:1 in the mid-IR range. The
method involved adding 30 ml of 1,1,3-trichlorotrifluoroethane
(fluorocarbon 113) as eluting solvent to the sample in a bottle and
shaking vigorously for 2 minutes before transferring the solution into
a separatory funnel. Since we were interested in total oil and
grease, the eluate was not contacted with silica gel. The
absorbance of the eluate was then measured at the specific
wavenumber of 2930 cm™ (~3413 nm) and compared against the
calibration curve developed for the spectrophotometer. The
instrument was calibrated beforehand using Bonny light crude-oil.
Total oil and grease was deduced using equation 2.

(RxD)

Totaloil andgrease(mg/l) = y

@

Where R = mass of oil in milligrams in solution determined from
calibration plot; D = extract dilution factor used; and V = volume in
litres of sample determined by making up sample volume to the
calibration line on the vial and correcting for acid addition.

Phosphate and nitrate

Usually, nine variables including dissolved oxygen, faecal coliform,
pH, biochemical oxygen demand, temperature change, nitrogen-
nitrate, total phosphate, turbidity, and total solids are recommended
in literature for calculating WQI, although six of those can typically
be used. Therefore, to enable us determine the WQI of the river,
phosphate and nitrogen-nitrate were tested in addition. Phosphate
determination was done using stannous chloride method. In this
method, 50 ml of the water sample in 100 ml volumetric flask was
mixed with 2.0 ml ammonium molybdate reagent and 0.2 ml
stannous chloride reagent as described in Robinson et al. (1971).
The brucine method, as described in Paragas et al. (2014), was
used for the determination of nitrate-nitrogen (N-NOs), which was
deduced using equation 3:

c=2
a

3
Where, C = Concentration of N-NOs in sample (mg/l); A = corrected
absorbance for the sample (no unit); and a = molar absorptivity

(I/mg/cm).

Determination of WQI of the river

According to several literatures, WQI is a measure of the pollution
status of a body of water. To calculate WQI for the river, we used
the test results for the selected quality indicators to determine their
corresponding Quality-values (Q-values) using the NSF® WQI
Calculator. Then the Q-values were multiplied by their respective
weighting factors. Weighting factors for water quality indicators are



freely available on the internet. Finally, the subtotals were added
and the resulting WQI rated on a scale of 0-100 (100 being best)
according to the following criteria: 95 < WQI < 100 means Excellent;
89 < WQI < 94 means Very Good; 80 < WQI < 88 means Good; 65
< WQI £ 79 means Fair; 45 < WQI < 64 means Marginal; and 0 <
WQI < 44 means Poor (CCME 2001). Since we did not have the
complete nine variables needed for WQI determination (less by
faecal coliform), the WQI we calculated was adjusted for the
missing data by dividing the sum of the subtotals by the sum of the
weighting factors that have data as recommended in literature. To
determine the Q-value for dissolved oxygen, we converted its value
from mg/l to % saturation using the DOTABLES Software Version
3.5 (USGS, USA). To determine the temperature change, the
upstream temperature was subtracted from the temperature
downstream and the corresponding Q-value calculated as
described.

Statistical evaluations

To ascertain if the pollution loads, in terms of selected quality
indicators, is the same for each of the three studied pollution
sources, we treated pollution source as a single factor affecting
each indicator and checked the statistical significance of the
differences by the analysis of variance (ANOVA) for a one-way
classification. Differences were considered significant at p < 0.05.
One-way ANOVA was implemented using Excel® 2010 (Microsoft
Corp., WA, USA). For each pollution source, three sets of samples
were collected, analysed, and results averaged. The standard
deviation for each set of measurement including the two control
regions (downstream and upstream) was also calculated using
Excel® 2010.

RESULTS AND DISCUSSION

Effects of waste disposal on pH and hardness of the
river

Figure 2 shows the pollution loads measured at five
different locations along the new northern Calabar River;
whereas the effect of waste disposal over time on the
selected quality indicators of the river is shown in Table
1. As can be seen in Figure 2, the pH across the different
regions of the river was fairly similar, especially around
the three sources of pollution, namely: the abattoir, open
market, and noodle factory. Overall, the mean pH of the
river increased from 5.35 (Abu and Egenonu, 2008) to
6.26 in the current study (Table 1). The mean pH of 6.26
obtained in this study suggests that the river is only
sufficiently basic for some species of aquatic organisms
as the pH is within permissible limits (Table 1).
Nonetheless, it is apparent from the pH of 7.84 at the
upstream region (Table 1) that the pH’s of the undiluted
effluents may be somewhat acidic. The ability of the river,
which is exposed to 100 % air saturation, to buffer the
acidity of the effluents implies that the alkalinity of the
river is high. This is explained in part by the relatively
high total hardness of the river with a mean value of
1526.19 mg/l (Table 1). Compared with the EUWMA
(1996) permissible value of 25 mgl/l, the total hardness of
the river was over 60 times higher than recommended.
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Meanwhile, the literature note that hardness values
ranging from 75 to 150 mg/l is optimum for fish survival
while hardness values greater than 300 mg/l is lethal to
fish life as it increases pH resulting in non-availability of
nutrients (Bhatnagar et al. 2004). Thus, the new northern
Calabar River is currently overly hard and this may be
detrimental to some species of aquatic organisms in the
river. This may explain why fishing activities in the river
are usually several kilometres away from the upstream
and downstream sections of the river.

Effects of waste disposal on turbidity, temperature,
and dissolved oxygen of the river

Figure 2 shows that the noodle factory region was the
most turbid with 3.0 Nephelometer Turbidity Units (NTU)
while the river, as expected, appeared to be clearer at the
upstream (control) region with turbidity of 1.5 NTU.
Although we could not fairly compare the past turbidity
level of the river with the present status because of
paucity of information in the open literature, the turbidity
of the river was within permissible limits (Table 1). This
suggests that the river is presently clear up to a
reasonable depth.

However, it is well known that turbidity results from
suspended solids in the water, including (but not limited
to) industrial wastes, which absorb heat thereby raising
water temperature and lowering dissolved oxygen levels.
Although the current temperature level of the river was
within permissible limits (Table 1), it can be inferred from
the increase in the temperature from 25.8°C (Abu and
Egenonu, 2008) to 29.3°C (this study) that the turbidity of
the river increased over time. This trend, if not properly
monitored, portends danger to the survival of aquatic
organisms in the river.

Sufficient supply of dissolved oxygen is necessary for
the survival of aquatic organisms, which could be the
major reason dissolved oxygen is said to be the most
important measure of water quality (Peirce et al., 1997).
As depicted in Table 1, dissolved oxygen in the river
decreased over time, dropping slightly below EUWMA
(1996) permissible limits but within WHO (2006) and
RCFAL (1993) limits. Overall, the dissolved oxygen of the
river was adjudged acceptable since it was within the
permissible limits of two out of the three international
standards considered in this study. Even then, the drop in
dissolved oxygen level over time is obviously unhealthy
for the river. As stated, the drop in dissolved oxygen in
the river may be attributed to increase in temperature due
to increase in turbidity (Table 1). Apart from increase in
temperature and turbidity, there is a possible reason for
the reduction in the level of dissolved oxygen in the new
northern Calabar River.

The river is the main navigation channel for sea vessels
owned by oil services companies operating near the river.
To maintain sufficient depth for the sea vessels, the river
is regularly dredged. The added depth slows down the
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Table 1. Effect of waste disposal over time on selected quality indicators of the new northern Calabar River in Nigeria.

Property Odokuma and Okpokwasili (1997) 2 Abu and Egenonu (2008) ® This study © RCFAL(1993) EUWMA (1996) WHO (2006)
pH NR 5.35 6.26+0.2 NA 6.5-9.0 6.5-8.5
Total Hardness (mg/l) NR NR 1526.19+154 NA 25 NA
Turbidity (NTU) NR NR 2.33x0.5 NA 5.82 NA
Temperature (°C) NR 258 29.3+0.9 NA 30 NA
Dissolved oxygen (DO, mg/l) 6.25 6.31 4.40£0.4 4-6 5-9.5 0-20
Biochemical oxygen demand (BODs, mg/l) 2.18 2.24 10.14+4 3 3-6 0-6
Chemical oxygen demand (COD, mg/l) 505 6.40 57.62+13 NA 40 NA
Salinity (%o, that is, ppt.) NR NR 0.2+0.08 NA 05 NA

Qil and Grease (mg/l) 2.5 0.01 0.03+0.01 0.05 NA NA

3Mean over two hydrological seasons — rainy and dry; "Mean of 10 sampling points; *Mean of 3 sampling points + standard deviation; NR, not reported; NA, not

available.

movement of the water body and impedes its
mixing ability. A navigation channel has
particularly low dissolved oxygen levels
(Cleveland State University, 2001). Sustained
reduction in dissolve oxygen level in the new
northern Calabar River in the years ahead would
have dire consequences as anaerobic condition
may set in, rendering organisms responsible for
self-purification processes in the river ineffective.

Effects of waste disposal on biochemical
oxygen demand (BOD) of the river

From several literatures, BOD has been described
as a measure of the amount of oxygen consumed
by microorganisms in decomposing organic
matter in streams and rivers (UNESCO, 1996). As
shown in Figure 2, the highest level of BOD was
recorded in the noodle factory region. This implies
that the effluents from the noodle factory region
had the highest input of organic waste to the new
northern Calabar River. This further explains why
the lowest level of dissolved oxygen was recorded
in the noodle factory region (Figure 2). It has been
noted in several studies that BOD directly affects

the amount of dissolved oxygen in rivers and
streams — the higher the BOD, the lower the
dissolved oxygen. Table 1 shows that over time
there has been an increase in the BOD level of
the river. As can be seen in the Table 1, the BOD
level of the new northern Calabar River was poor
and way beyond permissible limits. The poor BOD
status of the river indicates that the river is
somewhat polluted with organic matter. If the
current trend is not properly monitored, then the
river risks being populated by macro invertebrates
such as leeches that are more tolerant to lower
dissolved oxygen levels and concomitant
disappearance of organisms that need higher
oxygen levels.

Effects of waste disposal on chemical oxygen
demand (COD) of the river

COD is widely used as a measure of the
susceptibility to oxidation of the organic and
inorganic materials present in water bodies and
effluents (UNESCO, 1996). As can be seen in
Figure 2, the highest level of COD was recorded
in the noodle factory region, suggesting that the

factory effluents contributed the highest amount of
oxidizable organic materials to the river. This
corroborates the reduced dissolved oxygen level
recorded in the region. On the average, Table 1
shows that there has been a dramatic fluctuation
in the COD levels of the river over time. On one
occasion the COD level of the river was reported
as 505 mg/l (Odokuma and Okpokwasili, 1997)
before it reportedly plummeted to 6.40 mg/l at
some other time (Abu and Egenonu, 2008). In this
study, the COD level of the river rose to 57.62
mg/l — almost one-and-half times higher than the
permissible limit (Table 1). At the moment, we are
unable to resolve the cause for the dramatic
fluctuation in the COD level of the river.
Nonetheless, rising COD levels in river water is
widely known to reduce dissolved oxygen levels.
As discussed, reduction in dissolved oxygen can
lead to anaerobic conditions, which are harmful to
higher aquatic organisms.

Effects of waste disposal on salinity of the
river

Salinity is generally described as a measure of all
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Figure 2. Selected quality indicators at five different locations along the new northern Calabar River in the 285 Nigerian Niger Delta (Charts show error bars with

Standard Error).

the non-carbonate salts dissolved in water.
Typical salts that can dissociate into ions in water
include NaCl, MgS0O,, KNO3;, and NaHCO3;. As
shown in Figure 2, two of the three pollution
sources in the river showed a narrow range of

salinities; 0.14 (0.01) and 0.16%o0 (0.02%) at the
abattoir and open market regions respectively.
This is indicative of the similarity in the salinities of
effluents released into the river. However, the
salinity of the effluent from the noodle factory

almost doubled the salinities of effluents from the
abattoir and open market. Generally, both the
industrial and municipal effluents released into the
river lowered the salinity from 0.34%. at the
upstream region (Figure 2) to an average of 0.2%o
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(Table 1). Albeit, the salinity of the river was within the
acceptable value (Table 1) and is typical of freshwater
like lakes, rivers, ponds, streams, and aquifers. At the
moment, we do not have sufficient information to
ascertain how the salinity of the river changed over time.
However, from hindsight, there is need to closely monitor
the effluent from the noodle factory because of its
relatively high (albeit acceptable) salinity. It is important
to add that salinity is a major driving factor that affects the
density and growth of aquatic organisms’ population
(Maucha, 1940).

Often salinity limits vary with the species of organism;
fresh and brackish water fish species generally show
poor tolerance to large changes in water salinity
(Maucha, 1940).

Effects of waste disposal on oil and grease (0O&G) of
the river

The O&G status of the river is shown in Figure 1. As can
be seen in Figure 2, the amount of O&G from the open
market region was the highest (0.042 mg/l). There are
two potential sources of O&G in the river. One likely
source is the oil services company (Figure 1), and the
second source is due to the activities of operators of
passenger boats, who repair their broken-down outboard
engines in the dock at the open market region. This explains
the high level of O&G in the open market region compared
to the other regions (Figure 2). Overall, the O&G level of
the river was within the permissible limit (Table 1).

Statistical data analyses

Table 2 shows the result of the one-way ANOVA
performed to ascertain if the pollution loads is the same
for each of the three studied pollution sources in the new
northern Calabar River. As can be seen in Table 2, there
were significant differences (p < 0.05) in the quality
indicators of the river due to differences in the
characteristics of the effluents from the three pollution
sources. This suggests that the pollution sources are
independent.

Current WQI of the new northern Calabar River

Table 3 shows the WQI of the new northern Calabar
River determined using the selected quality indicators of
the river. As shown in Table 3, the WQI of the river was
64.71, which ranked the overall quality of the river as fair
(CCME, 2001). This implies that the water quality is
usually protected but occasionally impaired with conditions
sometimes departing from desirable levels (CCME,
2001). Thus, before use either for domestic or agricultural
purpose; it is essential that the water is treated.

Conclusions

In this study, we investigated the combined effects of
municipal and industrial wastes on selected quality
indicators of the new northern Calabar River and
evaluated the WQI of the river. Results obtained support
the following conclusions: (1) Over time, 33% of the
quality indicators of the river including total hardness
(1526.19+154 mg/l), BOD (10.14+4 mg/l), and COD
(57.62+13 mg/l) increased beyond their permissible limits
due to municipal and industrial wastes discharges in the
river; (2) The overall quality of the river was ranked as
marginal or average (WQI = 64.71), which suggests that
the water quality is usually protected but occasionally
impaired by the waste discharges into the river; often
leading to the departure of the quality indicators from
permissible levels. Consequently, regular monitoring of
effluents from the main pollution sources in the river is
recommended.
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