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Abstract-A study was conducted to know the quality of effluent generated from the Mother Dairy,
Yelahanka, Bangalore, Karnataka for the purpose of mitigating pollution. The methodology
consists of collection of samples from the production unit and measuring the volume of effluent
released out, per batch of processing of milk and also characterization of effluent was done as per
the standard procedures. For amelioration, treatment methods like filtration through sand and clay
filters, chemical coagulation and the combination of different treatments were followed. Results of
the study revealed that, dairy units produce the effluent of exactly ten times of its production
capacity (ten lakhs liters of effluent per day where the processing capacity is one lakh liters of milk
per day). Dairy effluent was dark milky whitish in color, stringent smelling, which is dightly
irritating and also contains fair amount oil. Dairy effluent posses all the characters of polluted
water by having high pH, EC, BOD, COD, TSS TDSand other plant nutrients. The effluent treated
at dairy is also consist of huge amounts of pollutants. The methods followed for amelioration,
improved the quality of effluent by reducing the pollutants present in it. Among different
amelioration techniques physical filters followed by combination of different treatments are found
to be most effective method in improving the quality of effluent. Among the different types of filters
sand cum clay filter was found to be most effective filter in reducing the pH level to neutral,
complete removal of oil, reduction of TDS and TSS by 68 and 74 per cent respectively, reduction of
BOD and COD by 92 and 87 per cent respectively. From the study it was confirmed that treated
effluent samples can be used safely for irrigation of crops asit meetsthe IS standards.
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are directly or in directly discharged into canalsd
rivers.

Introduction
In the post independence era, an emphasis

was given for establishment of industries, whicls ha
resulted in propelling India as th& Targest nation of
the world in terms of industries. Majority of the
industries are agro-based and utilize large volahe

good quality water and other raw materials. These

industries generate almost entire quantity of water

effluent and appreciable quantity of solid wastes.

Water pollution by industrial effluents has beer afi
the vital issues of the environmental concern iidn
The effluents from almost all industries of the oty
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Due to continuous disposal of waste water
into the water bodies, surface water quality thieug
the country has deteriorated because of the miging
various chemical pollutants of the effluent withtera
The surface water quality has declined to suchvel le
at which it will not be useful for any purpose. Tinge
of industrial liquid effluent for agricultural igation
has been in vogue in many countries of the worlds T
effluent contains various micro nutrients esserftal
growth of crop plant. However, many industrial vesst
may have harmful effects and may cause soil fatigue
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Dairy industry is one of the most important agredzh
industries in India and produces huge amounts of
effluents through its processing units. The cleatew

is used in various stages of dairy operations, fs;h
milk processing, cleaning, packaging and cleanihg o
the milk tankers and releases the waste water which
known as dairy effluent. Water is used for proaassi

in the ratio of 1:10 (water: milk) per liter of rkil
Dairy effluent has high organic loads of milk as it
basic constituent with high level of chemical oxyge
demand, biological oxygen demand, oil and grease,
total suspended matter, nitrogen and other plant
nutrients 3

The effluent can supply greater input of
minerals for the better growth of plants; in aduiti
the use of industrial effluent for agriculturaligation
purpose can reduce the water pollution and
dependency of agricultural use of ground water. In
view of the adverse effects, the dairy effluentchée
be treated and discharged according to the stamdard
procedures.

However, indiscriminate use of industrial
effluents may cause pollution problems in the lomg
when they are not properly handled before and after
their application to land. Protecting natural reses
and their management for agricultural production is
one of the key exercises of this study.

With view of all the side effects the dairy
effluents is to be treated by using adequate trexatm

methods. Several approaches have been attempted

which includes physical filters, chemical coaguati
and combination of different treatments. These
ameliorative techniques remove the pollutants ftben
effluent most effectively and are very effective in
improving the quality of the effluent.

Material and methods

Collection of Dairy Effluent: The dairy effluent
samples were collected in dry plastic bottles widoh
rinsed with distilled water and then in effluentorh

the Mother Dairy, Yelahanka, Bengaluru, in the nhont
of November and December 2010. The combined
sample of effluent was collected at the main dpape
which is connected from washing tank to outside
discharge unit.

Characterization of Dairy Effluent: The physico-
chemical properties of dairy effluent samples were
analyzed according to standard proceduit¥s.
Amelioration of Dairy effluent

Physical and chemical treatments

Filtration of dairy effluent: The physical treatment
trial includes: passing the effluent through filter
containing 1. Sand alone 2. Clay alone 3. Saray+cl
The filtrate was collected and used independermty f
the analysis®"

Coagulation of dairy effluent: In order to reduce the
colour, odour, pH, EC, suspended solids, BOD and
COD and other pollutants of the biodiesel effluent,
different chemical compounds were tried as
coagulating agents. The coagulants used included

174

potash alum, ferric chloride and calcium hydroxide
two different concentrations.

One liter of well mixed biodiesel effluent was
taken in beakers and coagulants were added
simultaneously to all the beakers. The suspensiasm w
stirred thoroughly to ensure dispersion of the cteat
in effluent and allowed to settle for two hours.eTh
supernatant of the settled samples were usedgtinge
the characteristics of biodiesel effluent.

Experimental details

The filtration and coagulation experiment
consisted of seven different treatments as detailed
below.

Treatment symbols Treatments
T, Raw effluent
T, Effluent treated at dairy
F. Sand filtrate
F, Clay filtrate
Fs Sand + clay filtrate
C: Potash alum@ 100 mg/l
c Ferric chloride @ 200
2 mg/|

Combination of different treatments

Further, a set of treatments that combineth
the physical and chemical treatments were tried for
amelioration and the samples were used for analgsis
know the effect of different treatments on physico
chemical properties of dairy effluent.
Experimental details
The experiment consists of eight different treatments.
As shown below.

Treatment Treatments
symbol

T, Raw effluent

T, Effluent treated @ dairy

T, Sand filtrate + Potassium alum

T, Clay filtrate + Potassium alum

1 Sand + Clay filtrate + Potassium

5 alum

Ts Sand filtrate + Ferric chloride

T, Clay filtrate + Ferric chloride
Sand + Clay filtrate + Ferric

Tg .
chloride

Statistical analysis

Fisher's method of analysis of variance was
employed for the analysis and interpretation of the
data.™ The level of significance used in ‘F’ test was
P=0.05 and the CD values were calculated.

Results and discussion
Physico-chemical analysis of Dairy Effluent

The Dairy Effluent samples were collected
from milk processing unit of Mother Dairy Yeahanka,
Bengaluru, having the characters of polluted watet
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the results are described in Table 1. The results
obtained from the investigation showed that dairy
effluent is white milky in colour with small amouaf

oil and having stringent odour which is slightly
irritating. The dairy effluent is alkaline in na&yr
having high EC. This might be due to use of Calcium
carbonate in cleaning and also due to use of nsilk a
raw material. Effluent posses the characters dfifeal
water by having high amount of oil, oxygen
demanding waste and total suspended matter. The
effluent also consists of fairly high amount of mtla
nutrients

Effect of physical filters on physico-chemical
characteristics of Dairy Effluent:

The physical treatments improved the quality
of dairy effluent. Results were presented in tablé&
plate 1. Sand, clay and sand cum clay filters imgdo
the quality of dairy effluent by reducing the pHdan
EC, effectively removed the colour from the efflten
and makes the effluent into a clear solution. Sand
filters significantly removed the oil, reduced ttutal
solids and organic waste present in the spent #ash
The concentration of nutrients present in the spasi
is also reduced significantly by sand filtrationg(F2).
This could be due to the salts and other soluble
materials present in the effluent that adheredh®s t
minute sand and clay particles and thus reducieg th
concentration of salts. The microorganisms present
the surface of the sand filter could have decomgose
the organic matter in the spentwash and reduced the
organic waste from the effluefft® %

Among the different physical treatments
(sand filters, clay filters and sand cum clay file
treatment E (sand cum clay filters) followed by
treatment Ik (Sand filters) are found to be most
effective in improving the quality of dairy efflueby
reducing the pollutants present in it.

Effect of chemical coagulation on physico-chemical
characteristics of Dairy Effluent:

Chemical precipitation of diary effluent was
useful to remove particulate and colloidal matsrial
which determine the quality of spentwash. The tesul
were given in Table 2 & plate 1and figure 1.

Addition of coagulants improved the quality
of diary effluent. The results are presented inl&&h
The addition of coagulants improved the quality of
biodig}sel spentwash by reducing the pollutantsegres
in it.

Among different types coagulants used,
potash alum followed by ferric chloride are better
coagulants in removal of colour and odour, redurctio
of pH and EC and removal of suspended salts, BOD,
COD and other nutrients from the effluent. Potash
alum and ferric chloride addition to dairy effluent
formed insoluble alluminium hydroxide and ferric
hydroxide respectively. They in turn must have
facilitated the precipitation of colloids and inased
the sedimentation rate of other particulate martte¢he
effluent. Thus it reduces the total suspended matte
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present in the effluent and also enhances the
sedimentation rate of organic matter presentff it

Effect of combination of different treatments on
physico chemical properties of dairy effluent:

The combination of different treatments
effectively reduces the pollutants present in iheT
results were presented in table 3, figure 2 & plate
Among the different treatments treatmeng (Fand+
clay filtrate+ Potassium alum) was found to be most
effective in reducing the pollutants load from the
effluent. It might be due to reduction of pollutant
from the sand cum clay filter and also in precijita
due to the addition of potash allth

Among all the different ameliorative
techniques sand cum clay filters are better in re&gho
of pollutants from the effluent which is most efiee
in removal of pollutants and also economically ghea

Conclusion

The study infers that untreated effluent (Dairy
Effluent) was unsuitable for irrigation and other
purposes, as it contained high amounts of toxic
substances. On the other hand the treated efflfremts
from colour, odour, pollutants and other toxic
substances and can be used in agriculture foricerta
selected crops. Therefore the different amelioeativ
techniques like physical filtration (Sand, Clay aszhd
cum Clay filters), chemical precipitation and
combination of different treatments can be used to
reduce the toxic substances from the dairy effluent
The effluents treated by using different ameliv@ti
techniques showed better results than the samples
treated by dairy itself. Among the different
ameliorative techniques sand cum clay filters are
considered as one of the efficient method for redyc
the toxic substances from the dairy effluent and loa
used for treating the effluent.
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Table 1: Physico-chemical properties of untreated Biry Effluent

Parameters Values ISI standards
Colour Milky, turbid Clear
Odour Unpleasant Odoaurless

8.33
pH 5.5-9.00
1.37
EC (dSn) <1.00
138.33 10
Qil content (mg/l)
1182.69
Total solids (mg/l) -
448.29
TSS (mgll) 100.00
734.40 )

TDS (mg/l)

634.06 )

BOD (mg/l)

1171.82
COD (mg/l) 250.00
1.07
Nitrogen (mg/l) 100.00
1.01 )
Phosphorus (mg/l)
0.67
Potassium (mg/l)
0.33
Sulphate (mg/l)
Calcium (mg/l) 1.23
Chloride (mg/l) 19.83 600
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Table 2: Effect of physical and chemical treatmeniethods on physico-chemical properties of Dairy Effient

Oil Total .
Treatments Color Odour pH EC | content TSS DS solids BOD coD N P K S ca Chloride
(mg/l) (mg/l) (mg/l) (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l) (mg/l)
(mgfl) (mg/l)
T, M'r"ng Unpleasani 8.64 1.35 1089.44 447.93 74030 1188.856.45| 1160.5] 1.36| 1.04 074 044 127 21.41
T, | Turbid | Unpleasant 8.17 | 0.86| 250.50| 173.73 638.40 811.93 126/60 245.02.44 | 094 | 041| 026 065 12.78
F. | clear | Odourless] 7.91 08F 11880 179.80 523.47 2703. 64.83 | 180.13] 1.31| 071 074 02f 0.7 12.27
. £, | SONY 1 ogourless| 7.42 | 095 115.07| 19187 52484 71640 56.19 190.4@.89 | 066 | 070| 020 096 21.91
Physical turbid
Fs | Clear | Odourless| 7.70 | 0.88| 5203 | 114.89 369.30 48400 3661 150.78.450 051 | 029| 020 0.89 21.42
C, Stlfgit('jy Odourless| 4.77 | 1.11| 137.27| 20827 532.93 74120 13593 319.68.38 | 041 | 027| 032 0.82 16.43
Chemical | B;ﬁ‘:‘gi‘fh Odourless| 4.27 | 1.13| 180.60| 247.83 45040 69823 15960 326.28.77 | 0.83| 045| 042 074 18.80
F _ _ * * * * * * * * * * * * *
cv - - 297 | 836 8.2 20.66| 458 8.29 668 591 2149 0211.42| 2677 10.25 8.27
SEm+ - - 012 | 005| 1286 | 61.73] 2020  10.7 681 12654 012 .05Q 003| 005| 005 0.85
CD@ 5% - - 036 | 015 3901 | 18725 61.26 3245 2066 38p5 03015 | 010| 0.15| 0.16 2.59

*: Significant at 5%
Legend:
T1: Raw effluent
Fs: Sand+ Clay filtrate

NS: Not significant

T: Effluent treated @dairy

€ Potassium alum @ 100 mg/I

1FSand filtrate
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i Clay filtrate

2:Gerric chloride @ 200 mg/I
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Table 3. Effect of combination of different treatment methods on physico-chemical properties of Dair§gffluent

Qil

Total

Treatme TSS TDS . BOD COD K Ca Chloride
nts Color Odour pH EC content (mg) (mg/l) solids (mall) (mg/l) N (mg/l) | P (mg/l) (mg/l) S (mgll) (ma/l) (mg/l)
(mg/l) (mg/l)
T, mlr”t% Unpleasant| 8.64/ 1.35 1089.44 4479 74080  1188/2356.45 1160.51 1.36 1.04 0.74 0.44 1.47 214
T, Turbid | Unpleasant 8.17 | 0.86| 250.50| 173.73  638.2 811.93 126.60 24507 1.44 0.94 0.41 0.26 0.65 12.78
Ts St'iﬁgit('jy Odour less| 6.73] 0.83 92.13 94.93 134.17 229.10  396[7 215.37 0.41 0.89 0.61 0.36 0.8 11.7
T, St'iﬁgit('jy Odour less| 6.77 | 0.84| 82.07 88.80 119.53 208.33 86.53 192.93 430/ 0.82 0.56 0.26 0.27 12.76
Ts St'l'ﬁgitgy Odour less| 7.23 | 0.99| 30.80 76.63 118.73 195.37 101.20 211.80 .20 0| 0.44 0.16 0.24 1.10 10.74
Te St'iﬁgit('jy Odour less| 5.81 | 0.84| 93.20 100.83|  141.2 242.08 106.93 199.93 0.35 0.51 0.38 0.26 1.30 10.83
T, Biﬁ‘:‘t’;i‘és“ Odourless| 5.89 | 1.07| 9587 74.30 109.8( 18410 86.47 19313 790/ 033 | 022| 026 0.79 12.15
Te Clear | Odourless| 6.15 | 0.92| 7567 7253 114.27 186.84) 80.90 180.20 810/ 0.62 0.25 0.35 0.76 21.41
F - - * * * * * * * * * * * * * *
cv - - 2.69 | 4.95 9.62 3.51 5.26 12.06 6.90 5.37 24.02 6.2212.58 | 18.13 | 14.18 1031
SEm+ - - 0.11 | 0.03| 1259 5.36 12.33 9.83 6.68 10.07 0.0 30. 0.03 0.03 0.07 0.85
C5E3/§@ - - 034 | 008| 3775 16.08 36.96 29.47 20.04 30.1p 0.80 0.08 0.09 0.10 0.22 2.55
Note: *: Significant at 5% NS: Not signifidan
Legend:
T,1: Raw effluent T: Effluent treated @ dairy sTSand filtrate+ Potassium alum 4. Clay

filtrate+ Potassium alum
T-.Clay filtrate+ ferric chloride

sIsand+ clay filtrate+ Potassium alum Tg: Sand filtrate+ Ferric chloride
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Tg: Sand+ clay filtrate+ ferric chloride
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Figure 1: Effect of physical and chemical ameliorate methods on pH, EC, Oil, Total solid, BOD, COD
and nutrient content of dairy effluent
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Figure 1. Effect of combination of different treatments on pH, EC, Qil, Total solid, BOD, COD and
nutrient content of dairy effluent
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- adll T1 T2 CT \CT o l"s

Plate 2: Effect of physical and chemical amelioratin on Dairy Effluent

Plate 1: Raw Dairy Effluent

Legend:

T,: Raw effluent i Clay filtrate

T2: Effluent treated @dairy sFSand+ Clay filtrate

F1: Sand filtrate @ Potassium alum @ 100 mg/I

C.: Ferric chloride @ 200 mg/I
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T T2 T3 Ta Ts Te Tz Ts
SR — -

- -

Plate 3: Effect of combination of treatments on Day Effluent

Legend:

T1: Raw effluent I Effluent treated @ dairy

Ta: Sand filtrate+ Potassium alum 4. Clay filtrate+ Potassium alum

Ts: sand+ clay filtrate+ Potassium alum Te: Sand filtrate+ Ferric chloride
T.Clay filtrate+ Ferric chloride Tg: Sand+ Clay filtrate+ Ferric chloride
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