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Abstract

The dairy industry is one of the most important sectors among the food process industries. But it generates a significant amount
of wastewater due to more quantity of water usage in various processing units, i.e., pasteurization, homogenization, equipment
cleaning, and sanitation. On an average, about 2.5 to 10 liters of wastewater are generated for each liter of milk processed. This
wastewater contains a large concentration of pollutants like carbohydrates, proteins, oil, greases, suspended solids and other
nutrients. Because of these, the concentration of BOD and COD in the waste water was pretty high. If it is dumped directly to
the water resources without appropriate treatment, it may serious problems like, polluted water, bad smells, even damaged aquatic
life. In this study, an environmental-friendly approach was adopted by transforming agricultural waste materials like dried guava
leaves and coconut shells into granular activated carbon for the wastewater treatment. To simulate actual industrial conditions,
synthetic dairy wastewater was generated in laboratory scale. Then it was treated using these low-cost adsorbents. Their
performance was evaluated by measuring the reduction in COD, BOD, and TDS concentrations. Activated carbon derived from
guava leaves achieved the removal efficiencies of 76% for COD, 78% for BOD, and 65% for TDS. In comparison, the coconut
shell derived activated carbon performed somewhat better, achieving 84% removal of COD, 80% of BOD, and 68% of TDS.
The study demonstrates that converting waste into valuable resources through biotechnological processes provides a sustainable
and eco-friendly solution for the efficient treatment of dairy wastewater.
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1. Introduction

Industrialization is considered as an important parameter  25% of global milk production. Dairy industry in the world is
for economic growth of country [1]. Based on data reported growing 2% per annum [3]. In dairy industries, more amount
by the Food and Agriculture Organization’s Corporate Statis- of water is used in different steps of processing starting from
tical Database (FAOSTAT), India has held the top positionin ~ milk receiving station to packaging station [4]. It produces
global milk production since 1998 [2]. Now it is contributing
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11.217 million m3 of waste water per year [5]. It has been re-
ported that, 2.5-10 L of waste water is generated for 1L milk
processing in India. Dairy Waste water disposal remains a ma-
jor challenge for the industry [6]. It contains high concentra-
tion of COD, BOD due to the presence of organic compounds

along with increased level of TDS, TSS contents [7]. Hence,
adequate treatment is essential before its discharge to the en-
vironment [8].

Table 1. Regulatory Standards for Physicochemical Parameters in Dairy Industry Effluents.

Parameter World Bank Report CPCB, India Maximum Value (mg/l)
TSS 150 50

COD - 250

BOD5 100 (based on BODS) 50

Oil & Grease 10 10

pH 6.5-8.5 6-9

Temperature Rise - <=30°C

Coliform Bacteria -

2. Materials and Methods

2.1. Materials Required

Granular activated carbon derived from coconut shells
(CGAC) was prepared using discarded coconut shells col-
lected from a temple. The shells were thoroughly cleaned
to eliminate surface impurities and then dried under sun-
light before further processing. It was then carbonized in a
furnace at 400 <C for 15 minutes, followed by cooling and
grinding to obtain particles of approximately 1 mm in size.
After carbonizing the material, it was treated with hydro-
chloric acid to boost its surface area and adsorption abili-
ties [9-11].

To make GGAC, guava leaves was used. It is easy to find
and usually considered agricultural waste. We let the leaves
were dried in the sun for about two weeks. After drying, it was
ground with a hammer mill and shifted the particles to get a
size of roughly 1 mm. Next, powder was carbonized in a fur-
nace with a temperature ranged from 600 to 1000<C all in
about 20 minutes, then let it cool down. Finally, cooled mate-
rial was washed with sodium hydroxide, which helped create
pores and turned it into granules [12].

2.2. Experimental Procedure

The adsorption studies were carried out using a batch col-
umn setup. As-prepared CGAC and GGAC were used as the
adsorbents. To evaluate the effect on adsorption performance,
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400 MPN/ 100 ml

five different bed heights, i.e., 2 cm, 4 cm, 6 cm, 8 cm, and 10
cm were set up in individual cylindrical columns, each with
an internal diameter of 5 cm [13]. The experiments were car-
ried out separately for CGAC and GGAC to provide a clear
and reliable comparison of their performance.

Figure 1. Experimental Set-up.

The wastewater was allowed to enter from the top of each
adsorption column in downward direction through the CGAC
and GGAC beds under gravity. 20-minute contact time was
fixed for each experimental run to enhance adsorption effi-
ciency. Samples of untreated and treated water collected from
various bed heights were subsequently analyzed for COD,
BOD and TDS to evaluate the treatment efficiency of CGAC
and GGAC.
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2.3. Analytical Method

COD analysis was done using standard method for 11 sam-
ples (50 mL each) one untreated, five treated with CGAC, and
five with GGAC. Each sample was mixed with potassium di-
chromate, put in a water bath to heat at 100<C for 1 hour. It
was allowed to cool for 30 minutes, then titrated with sodium
thiosulphate by adding a known amount of potassium iodide
and Sulphuric acid. In each sample, potassium dichromate was
added and heated the mix at 100<C for an hour [14, 15]. After
cooling for half an hour, potassium iodide was added followed
by sulfuric acid. Then it was titrated with sodium thiosulphate.

For BOD, 11 samples were put into BOD bottles and incu-
bated them at 20<C for five days. Once the incubation was
done, the BOD values were recorded to see how well CGAC
and GGAC worked. For TDS, a 50 mL sample was filtered to
remove suspended particles. The clear water was collected in
a clean evaporating dish [16, 17]. Then, it was evaporated by
the help of water bath. The solid residue was dried at 103—
105<C with the help of an oven. After cooling the dish in a

desiccator, it was weighed to determine the final mass of the
residue.

3. Result

The initial test result of the sample before any treatment was
found as COD at 785.67 mg/L, BOD at 438.67 mg/L, and TDS
at 1200 mg/L. It was a serious level of contamination. Then
the expected treatment process was conducted. The sample
was flown through cylindrical columns filled with various
beds of adsorbents. Proper operating conditions was main-
tained to obtain a consistent and meaningful result. After pass-
ing through the different beds, different parameters were ana-
lyzed. The removal efficiencies for COD, BOD, and TDS un-
der these various conditions were obtained as shown in Table
2. The adsorbent bed used made a major difference in cleaning
up the wastewater. This comparison gives a good result of the
method worked best and the variation in adsorbent quantity
impacted the results.

Table 2. COD, BOD and TDS Removal Efficiency.

Bed Ht COD Removal % COD Removal % BOD Removal % BOD Removal % TDS Removal % TDS Removal %
(cm) (CGAQ) (GGACO) (CGAQ) (GGAC) (CGAQ) (GGACO)

2 30.28 32.17 22.54 26.95 28.40 30.15

4 45.15 49.11 31.76 37.16 40.22 43.87

6 50.61 54.92 54.99 58.24 52.63 55.14

8 61.49 63.66 61.83 66.14 60.85 62.73

10 66.03 73.46 77.12 81.18 68.00 65.00
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Figure 2. Comparative graph: removal of BOD.
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Figure 3. Comparative graph Removal of COD.


http://www.sciencepg.com/journal/ajset

American Journal of Science, Engineering and Technology

http://www.sciencepg.com/journal/ajset

80
70
60
50
40
30
20
10

%age removal of TDS

5
Bed Height

—e—TDS Removal % (CGAC)
—e—TDS Removal % (GGAC)

10 15

Figure 4. Comparative graph: Removal of TDS.

4. Discussion

Table 2 shows that more the height of adsorbent bed, the
cleaner the sample will be. COD, BOD, and TDS removal ef-
ficiencies improve as the bed height increases. At a height of
10 cm, COD removal efficiency was obtained 66.03% for
CGAC, while 73.46% for GGAC. The same trend was ob-
served for BOD. At 10 cm bed height, BOD removal effi-
ciency was obtained 77.12% for CGAC and 81.18% for
GGAC. For TDS, the numbers peak at the highest bed height
tested, with CGAC removing 68% and GGAC removing 65%.
With variation of adsorbent bed height, two different variables
like surface area and the contact time will vary. The water
sample has more contact time with the adsorbent to get more
cleaned up. This exposure helps to remove more pollutants,
leading to better treatment process.

5. Conclusion

The best removal of COD, BOD, and TDS was observed at
the adsorbent bed of height 10 cm. Comparing the perfor-
mance of both adsorbents, GGAC performed better than
CGAC in the adsorption process. These results show real
promise for scaling up the method. It fits right into continuous
industrial wastewater treatment systems.

Abbreviations
COD  Chemical Oxygen Demand
BOD Biochemical Oxygen Demand
TDS  Total Dissolved Solid
TSS  Total Suspended Solid
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