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ABSTRACT
Food processing industries consume large quantities of water. The food industrial effluents in general
are characterized by high Biological Oxygen Demand along with fats, oil–grease and many other
recoverable nutrients like Nitrate and Phosphorous. In the present investigation thorough treatment
studies were carried out on alkwa abattoir effluents in Anambra state, Nigeria using alum, as
coagulant. Physicochemical characterization of the effluent was also carried out to check the
pollution potential of this wastewater. More emphasis was given on the representative water
parameters mainly pH, Electrical Conductivity, Total Dissolved Solids, Biological Oxygen Demand,
Turbidity etc. The coagulation was performed with alum at different dosage intervals in order to
check the variations in effluent parameters. Present studies revealed that coagulation has better
ability to reduce the abattoir wastewater parameters.

Keywords: Abattoir Wastewater, Coagulation, Physico-Chemical Parameters, Statistical
Analysis.
1.0 INTRODUCTION
Ever increasing industrialization and rapid urbanization have considerably increased the rate
of water pollution. The dwindling supplies of natural resources of water have made this a
serious constraint for industrial growth and for a reasonable standard of urban living. The
environmental protection agencies have imposed more stringent regulatory prohibitions to
protect the environment. This has made the water treatment more expensive and to comply
with the discharge quality standard itself, is becoming a huge burden for the industries. The
pollution of water resources due to discharge of poor quality effluents poses a serious threat
to human beings and aquatic organisms since they rely on water for sustenance. The problem
is more severe in developing countries where rapid population growth and industrialization
has increased complexity of effluents [1–3]. In recent years, researchers have shifted their
interests in possible reuse and recycling of various effluents where food industries are no
exceptions to it [4]. In most cases, these effluents are not treated and are simply thrown into
rivers where they contribute to eutrophication by addition of phosphorus and nitrogen
compounds. Treating food effluents is of crucial importance not only for the environment, but
also for the purpose of recycling water for use in industrial processes. The physico-chemical
processes suffer the disadvantage that reagent costs are high and the soluble COD removal is
low [5]. Moreover, chemical treatments could induce a secondary pollution due to the fact
that chemical additives may contaminate the treated water. Food industry wastewater
demonstrates a complicated system containing different components, including pollutants
coming from the processed raw materials, chemicals and residues of technological additives
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used in individual operations. In reference to food industry wastewater, treatment processes
have to assure first of all required quality of discharged effluents.
Food industry is of crucial importance to India and contributes 35% of the total Asian food. It
is the world's largest food producer in the entire globe consuming almost 100% of its own
food production. The food industries require large quantity of water for the purpose of
washing of cans, machinery and floor, the liquid waste in a food originates from
manufacturing process, utilities and service section. The clean water is used in various stages
of food operations, such as, meat processing, cleaning, packaging and cleaning of the milk
tankers and releases the wastewater which is known as food effluent. Water is used for
processing in the ratio of 1:10 (water: milk) per liter of milk. Food wastewater has high
concentration of dissolved organic components like proteins, lactose, fat and minerals [6] and
it is also malodorous because of the decomposition of some of the contaminants causing
discomfort to the surrounding population. The food industry generates huge amount of
wastewaters, approximately 0.2–10 L of waste per liter of processed food [4]. Food wastes
are largely neutral or slightly alkaline and have a tendency to become acidic quite rapidly,
because of the fermentation of food sugar to lactic acid. The lower pH may lead to the
precipitation of casein. Food wastes are characterized by strong butyric acid odor and heavy
black flocculated sludge masses [7]. Fats, oil and grease, also called FOG and can have
negative impacts on wastewater treatment systems [8]. Oil and grease is composed primarily
of a fatty matter from animal and vegetable sources, hydrocarbons of petroleum origin, the
interferences include sulfur compounds and certain organic dyes [9]. Organic load is
basically constituted by food (raw material and dairy products), reflecting an effluent with
high levels of chemical oxygen demand (COD), biochemical oxygen demand (BOD), oil and
grease, nitrogen and phosphorus. Moreover, the automatic cleaning system CIP (cleaning in
place) discards rinse waters with pH varying between 1.0 and 13.0, further complicating the
question of treatment [10].
Alum (Aluminum sulfate) is a nontoxic material commonly used in water treatment plants to
clarify drinking water. Cooke et al. [11] adopted 50 mg Al/l as a safe upper limit for posttreatment dissolved aluminum concentrations. Waste control is an important aspect of
resource management control and an essential part of food plant operations [12]. Water
management in the food industry is well documented, but effluent production and disposal
remain a problematic issue for the food industry [13, 14]. Effects of the presence of these
wastes include, contamination of drinking water, killing of aquatic life, increased danger in
swimming and objectionable physical conditions such as off odors and accumulation of
debris. Land disposal of farm effluents can cause water logging conditions and contamination
of groundwater along with surface water by leaching and runoff in nearby areas. The
chemical methods may cause further contamination to the environment and while breaking
down the organic pollution, microorganisms deplete the oxygen from water [15].
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In the present investigation, an attempt has been made to study the physicochemical
characterization and effects of alum coagulation techniques on the selected abattoir food
industrial effluents. The treatments were studied in relation with important water quality
parameters mainly associated with estimation of pH, EC, TDS, BOD, Turbidity and etc. of
the treated effluents.
2.0 MATERIALS AND METHODS
Abattoir wastewater samples were collected from abattoir site located in Awka city in
Anambra state, Nigeria. The samples were labeled and preserved as per standards methods.
The methods used for analysis were in consistent with as mentioned in ‘Handbook of Water
Analysis’ [16].
2.1. Electrical Conductivity (EC), Total Solids (TS), Total Suspended Solids (TSS) and
Total Dissolved Solids (TDS)
(TS, TSS and TDS)
Electrical conductivity and total dissolved solids of the diluted effluent concentrations
namely 1%, 2%, 3% and 4% were determined by using ELICO EC-TDS meter (CM 183,
Make-India) where electrode was directly dipped into the respective solutions to display
result on a digital scale. Total solids were determined by gravimetric method and then
suspended solids were calculated by using equation
𝑇𝑆 = 𝑇𝐷𝑆 + 𝑇𝑆𝑆
(1)
2.2. Turbidity and pH
Turbidity of the sample was determined by using CL 52D ELICO Nephelometer while pH of
the samples was recorded by using ELICO LI 127 pH meter.
2.3. Nitrate
Nitrate nitrogen is the most highly oxidized form of nitrogen found in wastewaters. Where
secondary effluent is to be reclaimed for groundwater recharge, the nitrate concentration is
important. The nitrogen present in fresh wastewater is primarily combined in proteinaceous
matter and urea. Decomposition by bacteria readily changes the form to ammonia. The age of
wastewater is indicated by the relative amount of ammonia that is present. In an aerobic
environment, bacteria can oxidize the ammonia nitrogen to nitrites and nitrates. The
predominance of nitrate nitrogen in wastewater indicates that the waste has been stabilized
with respect to oxygen demand. Nitrates, however, can be used by animals to form animal
protein. Death and decomposition of the plant and nitrates can be reused to make protein by
algae and other plants, it may be necessary to remove or to reduce the nitrogen that is present
to prevent these growths.
2.4. Phosphorus Content
Phosphorous may appear in many forms in wastewater. Among the forms found are the
orthophosphates, polyphosphates, and organic phosphate. For our purpose, we will call of
these together under the heading “total phosphorous (as P)”. Phosphorous is also essential to
the growth of algae and other biological organisms. Because of noxious algal blooms that
occur in surface waters, these is presently much interest in controlling the amount of
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phosphorous compounds that enter surface waters in domestic and industrial waste discharges
and natural runoff.
2.5. Biological Oxygen Demand (BOD)
BOD was estimated by preparing required volume of dilution water with the addition of
nutrients namely phosphate buffer, magnesium sulfate, calcium chloride and ferric chloride.
The diluted sample was transferred to BOD bottles. After determining initial DO, final DO
was estimated of the bottles kept for incubation period of five days. The bottles kept for DO
determination and blank were fixed by adding 2 ml manganous sulfate (𝑀𝑛𝑆𝑂4), 2 ml of
alkali iodide azide (𝑁𝑎𝑂𝐻 + 𝐾𝐼 + 𝑁𝑎𝑁3 ).
2.6. Fats, Oils and Grease Contents
Fats and oils are the third major component of foodstuffs. Fats and oils are contributed to
domestic wastewater in butter, lard, margarine and vegetable fats and oils. Fats are also found
in meats, seeds, nuts and in certain fruits. The term “grease” as commonly used, includes the
fats, oils, waxes and other related constituents found in wastewater. The grease content of
wastewater can cause many problems in both sewers and waste treatment plants, if grease is
not removed before discharge of the waste, it can interfere with the biological life in the
surface waters and create unsightly floating matter and films.
2.7. Heavy Metals
Heavy metals and minerals mainly Zn, Fe, Pb and Mn were estimated from the abattoir
wastewater effluents. The samples were digested following the standard method by Toth et
al. [17] and were estimated using Atomic Absorption Spectrophotometer (Perkin-Elmer, 3030
A).
2.8. Alum Treatment
10 g alum was added to 1 L of distilled water to prepare stock solution. Each 1.0 mL of this
stock solution will equal 10 mg\L (ppm) when added to 1000 mL of water to be tested. Total
six dosages were applied 40, 80, 120, 160, 200 and 240 mg/L, respectively and samples were
analyzed.
Table.1. Characterization of Alkwa food industrial effluents
Sr. no.
Parameters
Abattoir water
1
Color
Dark gray
2

Odor

Unpleasant

3

pH

6.19 – 7.98
*7.35
±2.16

4

EC (𝜇S)

595.00 – 1413.00
*863.00
±403.50

5

TDS

43.80 – 60.18
*51.25
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±16.11
6

TSS

3.92 – 7.88
*5.75
±2.18

7

Turbidity (NTU)

172.00 – 242.00
*221.80
±68.98

8

Oil and grease

17.70 – 36.00
*27.61
±10.1010

9

DO

68.40 – 73.20
*71.18
±19.98

10

BOD

368.00 – 386.00
*408.80
±113.57

11

Nitrate 𝑁𝑂3−

4.272 – 19.19
*11.72
±7.21

12

Phosphate 𝑃𝑂43−

17.184 – 26.082
*20.90
±6.79

84.00 – 214.00
*127.40
±61.61
All Values in mg/L except EC in 𝜇S and turbidity in NTU; ±SD, *AV
13

chlorides

2.9. Statistical Analysis
Mean and standard deviation of the raw data were calculated by using MAT Lab 7.9
Software.
3.0 RESULTS AND DISCUSSION
The results of the present investigation on the abattoir wastewater in Alkwa city in Anambra
state, Nigeria and its follow-up discussions are as depicted in the following sub-headings,
followed with conclusion.
3.1. Characterization of the Food Industrial Effluent
In the present investigation, initial characterization of the effluent showed (Table 1) varying
levels of various physicochemical parameters where dark gray effluent along with unpleasant
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odor were observed. The average pH of the abattoir effluent was observed as to be neutral.
Average electrical conductivity was also observed to be high across the abattoir with a value
of 863.00 μS. In general, average total solids were observed to be below FEPA limits as
compared with the effluents standards. Turbidity of abattoir effluent was high with a value of
221.80 NTU indicating higher solids and organics. Dissolved oxygen and BOD were also
higher (71.18 mg/L and 408.80 mg/L) than the FEPA standard limits for this abattoir effluent
7.5 mg/L and 50 mg/L, respectively. In general, it was also observed that nitrate and
phosphate were either within or above FEPA standard limits in all the abattoir effluent
samples indicating the fertilizing values after sufficient treatment and possible recovery.
Chlorides were observed to also be high in abattoir effluent by a value of 127.40 mg/L. From
the initial characterization of the effluent, it can be concluded that abattoir effluent was with
more pollution potential but it should also be noted that the concentration and polluting
strength of the effluent varies largely and dependent on the season and type of process used in
the industry.
Related food industrial processing effluents are generated in an intermittent way and the flow
rates of these effluents change significantly [18]. The types and size of processes and
equipment used are determined by raw material inputs and the finished products
manufactured. These related food industrial processes generates about 0.2–10 l of effluent per
liter of processed food[19] with an average generation of about 2.5 l of wastewater per liter of
food processed [20]. Food industrial processing wastewater contains food solids, detergents,
sanitizers, food wastes, and cleaning water. They are characterized by high concentrations of
nutrients, and organic and inorganic contents. Significant variations in physicochemical
parameters have been reported by various investigators of industrial food wastewater. If the
COD value is much bigger than the BOD value, the organic compounds in wastewater are
slowly biodegradable [21].
Table 2: Heavy Metal Content of Alkwa Abattoir Food Industrial Effluents (Values in mg/L)
Effluent
Zn
Fe
Pb
Mn
Abattoir water
1.351 – 5.689
2.432 – 9.018 0.011 – 0.069 0.871 – 1.900
* 3.301
*4.49
*0.04
*1.36
±1.70
±2.91
±0.03
±0.54
±SD, *AV
3.2. Minerals and Heavy Metals
Table 2 shows heavy metal content of Alkwa abattoir food industrial effluents. The nickel
and cobalt were absent in all industrial effluent samples considered. Concentration of zinc
was observed (3.301 mg/L) to be above the FEPA standard limits (< 1 mg/L). Iron
manganese contents were observed (4.491 mg/L and 1.36 mg/L) to be below the FEPA
standard limits (20 mg/L for iron and 5 mg/L for manganese), respectively. One of the
interesting features of the present investigation was the presence of lead in all the samples.
Presence of lead was observed in the abattoir effluent with a value of 0.04 mg/L to be within
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the FEPA standard limits (< 1 mg/L). Oil and grease as expected were observed to be present
in these food industrial effluent samples with average (27.61 mg/L) and were above FEPA
limits of standard (10 mg/l). Heavy metals and other toxicants enter in soil which is irrigated
with polluted waters and show toxic effects on plants and animals [22]. Trace elements (iron,
zinc etc.) and other heavy metals (cadmium, arsenic, chromium, mercury etc.) also enter in
abattoir effluents through therapeutic compounds and organic materials from pesticides [25,
26].
Table 3: Changes in pH, EC and TDS of food industrial wastewater after treatment with alum
Dose
pH
EC (𝜇S)
TDS(mg/L)
(Mg/L)
80
4.20 – 12.50
290.00 – 630.00
9.68 – 30.80
* 8.35
*460.00
*20.24
±0.05
±120.00
±0.88
±SD, *AV
Table 4: Changes in BOD and turbidity of food industrial wastewater after treatment with
alum
Dose
BOD(Mg/L)
Turbidity (NTU)
(Mg/L)
240
135.00 – 368.00
100 – 200
* 251.50
*150.00
±18.50
±50.00
±SD, *AV
3.3. Alum Treatment
It was clear from the result obtained (Table 4) that the BOD value for the effluent decreased
serially. Turbidity also showed maximal decrease after addition of 240 mg/L of alum to the
effluent. In Table 6, maximal decrease in electrical conductivity (460.00𝜇S) was observed
when 80 mg/L was added to the abattoir effluent. TDS value was also decreased after the
addition of 80 mg/L of alum and the value was 20.24 mg/L, respectively. Turbidity showed
decrease at 240 mg/L of alum in all the abattoir effluent samples. Coagulation-flocculation is
one of the most important physicochemical treatment steps in industrial wastewater treatment
to reduce the suspended and colloidal materials responsible for turbidity of the wastewater
and also for the reduction of organic matters which contributes to BOD and COD content of
the wastewater [23]. The performance of a particular coagulant depends upon the quality of
the wastewater. Alum was found to be effective coagulant in reducing solids, organics and
nutrients in the wastewater industry effluent to reuse it in irrigation but performance of the
coagulants was highly dependent on pH and dosages [24].
CONCLUSION
In the present study, satisfactory diminution of various parameters, mainly of turbidity, BOD,
EC, TDS etc. were observed. From the initial characterization of the effluents, abattoir
effluent was observed with more pollution potential which varies with the season and type of
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process used in the industry. Toxic parameter (lead) was observed in all the food industrial
effluent samples (abattoir) and may cause damage to the aquatic and other life forms through
bioaccumulation. Alum dosage is a convenient route for the treatment of the food industrial
effluents. After alum dosage study, BOD, Turbidity, EC and TDS showed decrease in values
which also indicated that the technique was best and more efficient to treat such type of
effluent. We also recommend that the effluent should be used for irrigation purposes as it has
good fertilizing value. Useful nutrients from this effluent can be recycled from the sludge.
Alum dosage should be promoted for such type of food effluents and other highly
complicated liquid wastes.
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