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Abstract. The wastewater of a slaughterhouse was characterized for parameters like pH, COD, BOD, TDS
and TSS. All parameters were above the permissible limits of National Environmental Quality Standards
of Pakistan. The slaughterhouse wastewater is rich in organic matter with BOD and COD being 5820 mg/L
and 6970 mg/L, respectively. In this study, wastewater was treated by coagulation process using lime and
alum (both individually and in combination) as coagulants. COD removal increased with increase in alum
dose to a maximum of 92%. The high sludge volume made the process infeasible. Increase in lime dose
increased the COD reduction to a maximum of 74%. The sludge settling speed was very high and sludge
volume was low as compared with alum. The combined doses of lime and alum gave removal of COD
to a maximum of 85% with sludge volume comparable to lime. The optimum dose of lime and alum
reduced BOD, TSS, and TDS to a maximum of 85%, 98% and 77%, respectively. The combination of
coagulation/precipitation gave enhanced COD removal with minimal sludge produced.
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Introduction

Slaughterhouse wastewater (SHW) causes harmful
impact on the environment of receiving water body.
They are high in organic content. Effluents discharged
from slaughterhouses cause the deoxygenation of rivers
(Quinn and McFarlane, 1989) and the contamination
of groundwater (Sangodoyin and Agbawhe, 1992). The
pollution potential of meat-processing and slaughter-
house plants has been estimated to be over 1 million
population equivalent in the Netherlands'and 3 million
in France (Sayed, 1987). Blood has chemical oxygen
demand (COD) of 375,000 mg/L which is one of the
major dissolved pollutants in slaughterhouse wastewater
(Tritt and Schuchardt, 1992). In addition, slaughterhouse
wastewater contains high concentrations of suspended
solids (SS), including pieces of fat, grease, hair, feathers,
flesh, manure, grit, and undigested feed (Tritt and
Schuchardt, 1992).

Slaughterhouse wastewater quality depends on blood
retention during animal bleeding. This is considered to
be an important measure for reducing biological oxygen
demand (BOD) (Sayed et al., 1988). Water economy
usually translates into increased pollutant concentration,
although total BOD mass will remain constant. BOD
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is higher in wastewater from beef slaughterhouse than
hog slaughterhouse (Tritt and Schuchardt, 1992).

Most of the slaughterhouse wastewater quality data
comes from Europe (Sayed, 1987; Bull ef al., 1982),
Australia (Quinn and McFarlane, 1989) and the
USA (Johns, 1995). The wastes produced by animal
slaughtering are biodegradable and if properly managed
it provides nutrients to plants. But it becomes highly
polluting when put to drain without proper treatment
causing deoxygenation of receiving water body posing
life threat to aquatic life and ultimately cause red-tide
and eutrophication. Moreover, the effluent is a source
of dangerous microbes and drug-resistant bacteria into
water supplies causing various water borne diseases
like cholera and diarrhoea. Slaughterhouse effluent also
produces toxic gases such as ammonia, hydrogen sulfide
and methane.

The processes like coagulation, ozonation and biological
process are being used for wastewater treatment
depending upon the nature of wastewater (Khan ez al.,
2010; Khan and Jung, 2008; Tchobanoglous et al.,
2003; Johns, 1995; Sayed et al., 1988). The process of
coagulation/flocculation is under extensive study for
improvement of slaughterhouse waste treatment (Amuda
and Alade, 2006; Aguilar et al., 2005). These insoluble
and slowly biodegradable suspended solid (SS)
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represents 50% of the pollution charge in screened
(1 mm) slaughterhouse wastewater, while another 25%
originated from colloidal solids (Bull ef al., 1982).
Under the stable conditions, the attractive forces between
particles are considerably less than the repelling forces
due to the net negative surface charge on colloidal
particles (Tchobanoglous ef al., 2003). Brownian motion
keeps the particles in suspended state. In the process of
coagulation the colloidal particles are destabilized
resulting in particle growth to a flock as a result of
particle collision. Gravity separation (sedimentation or
flotation) removes the coagulant flocks from water.
Coagulation process depends upon the (1) particle size
and number, (2) particle shape and flexibility, (3) surface
properties including electrical characteristics, (4) particle-
particle interaction and (5) particle-solvent interactions
(Shaw, 1966). Coagulation/flocculation processes are
commonly used to remove suspended matter or colour.

Alum treatment is a coagulation/flocculation process
in which the hydrolysis products of alum causes
coagulation and destabilize the colloidal state of the
particles in wastewater. The gelatinous precipitates of
the hydrolysis products of aluminum attach themselves
with the colloidal particles and the flocks formed settle
under gravity depending upon the density of particle
and liquid. The lime treatment is a chemical precipitation
process. In this process calcium carbonate formed is
slightly soluble in water and excessive quantity
precipitates and the particles in the wastewater settle
by attachment with these precipitates.

The most commonly used coagulants are polyelectrolytes
or multivalent cations like aluminum, iron, calcium or
magnesium. These chemicals, under appropriate pH,
react with water to form insoluble hydroxides which
link together to form long chains or meshes, physically
trapping small particles into the larger flock (Tchobanoglous
et al., 2003).

[Al (H,0)s]*" 2= [Al (OH)(H,0)5] —2“—
[Al (OH), (H0)s] 22—

[Al (OH); (H,0)3](s) —2“— [Al (OH)4 (H,0),]

Prior to the production of aluminate ion polymerization
takes place as follows (Shaw, 1966):

[Me(OH)(H,0)s]* <> [(H:0): Megg Me(H;0):[+2H,0
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These hydrolysis products can cause coagulation by (1)
adsorption and charge neutralization, (2) Adsorption
and inter-particle bridging and (3) enmeshment in sweep
flock (Thomas, 1934). When alum is added to waste-
water, it forms the precipitate of Al (OH); on reaction
with calcium bicarbonate alkalinity, as follows
(Tchobanoglous et al., 2003):

3Ca(HCOs), + AL(SO4)s.18(H0) <> 2AI(OH); +
3CaS0, + 6CO, + 18H,0

Lime reacts with calcium bicarbonate alkalinity and
gives precipitates as follows (Tchobanoglous ef al.,
2003):

Ca(HCO3), + Ca(OH), <> 2CaCO;s + 2H,0

This study was divided in two stages. In first stage,
assessment of slaughterhouse wastewater quality compared
with the National Environmental Quality Standards
(NEQS, 1993) to determine the pollution load. In second
stage, the wastewater was treated with different
coagulants, to reduce the pollution load. Parameters
were optimized to increase removal of various pollutants
in the slaughterhouse effluent and to keep the sludge
settling time and sludge volume at a minimum.

Materials and Methods

Materials. Chemicals and reagents used during analysis
and treatment were of analytical grade obtained from
E- Merck Germany and used without further purification.
Various reagents used for this work were prepared in
accordance with standard methods.

Survey and characterization of slaughterhouse
effluent. Slaughterhouse located at Bakar Mandi, Band
Road, Lahore, Pakistan (BML) was visited and found
that it has two major portions; beef section for cow,
buffalo and camels slaughtering and meat section for
sheep and goat slaughtering. All the drains from each
section fall in the main drain of slaughterhouse which
is 200 m long and ultimately falls in the municipal
drain. Slaughtering is performed five days a week in
two shifts of three hours each day. Grab samples were
collected from the main drain of slaughterhouse every
30 min and collected to get a composite sample for six
working hours. About 30 liters of composite sample
was taken to laboratory where it was mixed and
homogenized.

Physical appearance of slaughterhouse effluent indicated
reddish brown liquid with malodorous odour. Also the
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effluent contained blood clots, hairs and stomach waste
particles. The slaughterhouse effluent samples were
analyzed for the following parameters by the methods
reported in the Standard Methods for the Examination
of Water and Wastewater (APHA, 1998) mentioned by
method numbers in parenthesis:

e pH (4500 H' B),

e TDS = total dissolved solids (2540 C),

e TSS = total suspended solids (2540 D),

e (COD = chemical oxygen demand (5220 B)

e BOD = biochemical oxygen demand (5210 B)

Effluent treatment. Characterization of slaughterhouse
effluent for the selected parameter indicated a heavy
pollution load in the effluent. Different biological and
chemical methods are being used for the treatment of
wastewater. In the present work, chemical treatment of
wastewater by coagulation was applied to treat the
slaughterhouse effluent. The coagulants such as alum,
lime and combination of both were used for treatment
of wastewater.

Lime and alum were used separately as coagulant to
treat the slaughterhouse effluent. Lime and alum solution
of 10% strength were prepared and different volumes
of these solutions were added to wastewater to make
the predefined concentrations of these chemicals. The
slaughterhouse effluent (500 mL) was taken in a series
of 1-liter cylinders. Different incremental doses of the
lime solution were added in each cylinder to get the
lime dose of 1.0, 1.5, 2.0, 2.5 and 3.0 g. The samples
were mixed thoroughly for about 30 seconds at a speed
of 100 rpm and allowed the sludge formed to settle
down. The same above procedure was employed for
treatment of slaughterhouse wastewater with the alum
dose of 1.0, 1.5, 2.0, 2.5 and 3.0 g for 500 mL of
wastewater.

In the second stage of this experiment combinations
of lime and alum were applied for the slaughterhouse
effluent treatment. The slaughterhouse effluent (500 mL),
taken in a series of 1L cylinders, was dosed simul-
taneously with a fixed amount of lime (2.5 g) and an
incremental amount of alum (0.5, 0.7 and 0.9 g). The
mixtures were stirred thoroughly for 30 seconds at a
speed of 100 rpm and allowed to settle. The physical
observations made after 30, 60 and 120 min and
samples taken at 120 min were analyzed for chemical
parameters. Based on above reaction coagulant dose
was optimized and one reaction was performed at the
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optimal conditions to get the maximum wastewater
treatment.

Results and Discussion

Characterization of slaughterhouse effluent. Table 1
presents the analysis results of slaughterhouse effluent.
The effluent was neutral in pH and reddish brown in
colour. These values of other parameters were compared
with National Environmental Quality Standards (NEQS,
1993) set by Environmental Protection Agency (EPA),
Pakistan. It was found that all values except pH were
tremendously higher than NEQS. COD and BOD were
about 46.5 times and 72.7 times higher than NEQS
(1993), respectively. While 11.2 and 3.2 times higher
values than NEQS (1993) for TSS and TDS, respectively
were observed. These values for various parameters
indicated a high pollution load in the slaughterhouse
effluent and point out a dire need for treatment before
release into municipal drain.

Table 1. Characterization of slaughterhouse effluent

Parameters Value NEQS

pH 6.70 6-10

COD 6970 mg/L 150 mg/L
BOD 5820 mg/L 80 mg/L
TSS 2250 mg/L 200 mg/L
TDS 11250 mg/L 3500 mg/L

Treatment by coagulation. Treatment of slaughterhouse
wastewater with alum gave very encouraging results
regarding the removal of COD (Fig. 1A). The COD
removal increased from 68 to 92% with increase in
alum dose from 1.0 to 2.5 g. Further increase in alum
dose gave no improvement in results. Regarding the
cost efficiency of the treatment, increase in alum dose
decreased the COD removal per gram of coagulant very
sharply from 2.4 g COD/g alum to about 1.1 g COD/g
alum. The volume of sludge produced increased from
about 120 mL to 400 mL when alum was increased
from 1.0 to 3.0 g. The speed of sludge settling also
decreased drastically with increasing the alum dose
and even after 2 h of settling, sludge could decrease to
about 400 mL and further settling was almost negligible
(Fig. 2A). The colour of treated wastewater was light
reddish brown, light brown, yellowish brown and pale
brown with alum dose of 1.0, 1.5, 2.0, 2.5 and 3.0 g,
respectively. The optimum alum dose, with reference
to removal and cost efficiency was 2.5 g for 500 mL of
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slaughterhouse wastewater. These results showed that
alum is a very efficient coagulant giving very high COD
removal and it could destabilize the colloids formed in
the wastewater. But due to small particles and high
organic contents of wastewater the flocculation process
of sludge settling was very slow which decreased the
cost efficiency of this process.
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doses.
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Lime treatment of slaughterhouse wastewater also
increased the COD removal with increasing the lime
dose from 48% to 65% with increasing the dose from
1.0 to 2.5 g (Fig. 1B). Further, addition of lime gave
no improved results. Cost efficiency of lime treatment
decreased from 2.2 to 0.7 g COD/g lime with increase
in lime dose from 1.0 to 3.0 g. Lime treatment was not
found to be very efficient for COD removal. The sludge
formed in the lime treatment settled very fast in all the
cases and after 30 min of settling no further settling
was observed (Fig. 2B). The quantity of sludge increased
from 60 to 80 mL with increasing the lime dose from
1.0 to 3.0 g. The colour of treated wastewater was
reddish brown, light brown, yellowing brown and
yellowish brown with lime dose of 1.0, 1.5, 2.0, 2.5
and 3.0 g, respectively. Lime was found to be very
efficient regarding the settling time and quantity of
sludge formed.

In this study, the colloidal particles were destabilized
effectively as shown by the high COD removal. The
flocculation process could not settle the sludge effectively
as was seen in the high sludge volume and low settling
speed. COD removal by lime was not very efficient as
compared to alum. The precipitates formed in this study
were heavier than alum and settled very fast and
efficiently. Therefore, a combination of alum and lime
was used in the next step of wastewater treatment to
combine the coagulation efficiency of alum and the
sludge settling efficiency of lime.

During the treatment with lime, optimum COD was
removed with 2.5 g lime. For the combined treatment
2.5 g lime and varying doses of alum were added to
wastewater. Alum was a good coagulant as it removed
above 60% of COD with 10 mL alum solution. There-
fore, 0.5, 0.7 and 0.9 g alum was added to each cylinder
during combined coagulation test in addition to lime
(2.5 g). In this test COD removal increased from 75%
to 86 % with alum dose increasing from 0.5 to 0.7 g
(Fig. 1C). The results with 0.9 g alum dose were similar
to 0.7 g alum. In the combined lime and alum coagulation
process sludge settled faster than alum alone but slower
than lime alone (Fig. 2C). The colour of treated waste-
water was pale brown, light yellowish brown and pale
yellowish brown for alum dose of 0.5, 0.7 and 0.9 g in
addition to 2.5 g lime, respectively. The optimized dose
of both coagulants i.e. 2.5 g lime and 0.7 g alum was
applied to 500 mL slaughterhouse effluent and the
supernatant was analyzed for various parameters in
addition to COD i.e. pH, BOD, TSS and TDS. The
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Fig. 3. Removal efficiency of different parameters
at the optimum conditions with the combi-
nation of alum and lime.

treatment increased the pH of the supernatant due to
addition of lime, which was then neutralized with dilute
sulfuric acid before the tests where required. Analysis
results of treated effluent were presented in Fig. 3. The
concentrations of all parameters were decreased very
much. COD and BOD were still above the NEQS
permissible limits though, TSS and TDS values
(35 mg/L and 2560 mg/L, respectively) met the NEQS
limits (Table 1).

Conclusion

The slaughterhouse wastewater was characterized for
pH, BOD, COD, TDS, and TSS parameters, which were
alarmingly above the permissible limits of National
Environmental Quality Standards (NEQS, 1993). The
high organic content in slaughterhouse wastewater and
the absence of treatment facility was causing a high
pollution loading to the receiving water body. BOD and
COD values were about seventy three and forty six
times of the NEQS (1993) values, respectively. For the
treatment of slaughterhouse wastewater, the coagulation
process was tested. Lime and alum were used both
individually and in combination for coagulation/
flocculation process. The optimum COD removal was
92% with 2.5 g alum for the treatment of 500 mL
slaughterhouse wastewater and produced a sludge
volume of 400 mL. Lime (2.5 g) reduced about 72%
COD and produced sludge volume of 80 mL for the
treatment of 500 mL wastewater. When increasing dose
of alum was dosed from 5 to 9 g in addition to 2.5 g of
lime to 500 mL effluent, optimum COD removal was
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85% with 130 mL sludge. With optimized conditions
percentage removal of COD, BOD, TSS, and TDS was
85.46%, 85.4%, 98.44% and 77.3%, respectively. It
was concluded that lime and alum reduced the pollution
load of slaughterhouse wastewater with fast sludge
settling, when used in combination.
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