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Abstract

In this study distillery wastewater was treatechgdhe vermifiltration technology in a bid to
reduce downstream contamination by the effluenkgldf Eisenia Fetida earthworms were
used as the vermifiltration media in a 0.5m x 0)63m vermifiltration bed over a 40 hour
period cycle. The distillery effluent physicochealiparameters which included pH, total
Kjeldahl nitrogen (TKN), biological oxygen demanBdD), total dissolved solids (TDS),
total suspended solids (TSS) and the chemical axggenand (COD) were measured every 5
days. The vermicompost which was produced as dtreuhe vermifiltration process’s
nitrogen, phosphorous and potassium composition alas determined. The distillery
effluent pH changed from acidic to neutral whilstiecrease of 94.9% was observed for the
TKN, 91.1% for the BOD, 91.9% for the TDS, 92.4% tbe TSS and 89.4% for the COD
upon treatment with vermifiltration. The vermicongpoa by-product of the vermifiltration
process had a nitrogen, phosphorous and potassiompasition of 1.87%, 0.87% and 0.66%

respectively.
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1. INTRODUCTION
The distillery industry generates a lot of wastewrditom its processing and most distilleries
end up disposing their untreated effluent into watedies causing environmental threats to

aqguatic life due to high levels of biological camiaants (Shivajirao, 2012). Several low cost



technologies have been investigated for potensal in distillery effluent treatment which
includes biological, chemical and thermal treatmmethods and these technologies have a
shortfall one way or the other. There is need tokl@nto affordable and easy to use
technologies such as the vermifiltration processova cost and easy to use technology.
During vermifiltration, earthworms are used as li@ogical filtration media for removal of
bio contaminants in wastewater that result in Higll Kjeldahl nitrogen (TKN), biological
oxygen demand (BOD), total dissolved solids (TDi#8)al suspended solids (TSS) and the
chemical oxygen demand (COD). Studies conducteth@mpplication of the vermifiltration
technology in wastewater treatment has reportedtadndecline in the TKN, BOD, TDS,
TSS and COD concentrations over given periodswé tivith reductions ranging between 70-
90% (Anusha and Sundar, 2015). Popular earthwoimas have been applied in the
vermifiltration technology includeéEisenia Fetida and Perionyx Excavates (Rajpal et al.,
2011). Figure 1 shows a summary of how the verrafion technology is implemented in
wastewater treatment as well as the end products &s1a clean effluent and vermicompost,
a bio fertilizer that can be realized from the m®s During the vermifiltration process, the
earthworms also act as a biological filter enhagdime biological treatment of wastewater
(Sinha et al., 2008).
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Figure 1: Application of the vermifiltration techiogy in wastewater treatment (Gupta, 2016)

This study investigated the potential of applyirige tvermifiltration technology in the
treatment of distillery wastewater in a bid to eak®vnstream contamination from the

distillery industries.

2. MATERIALSAND METHODS

Vermifiltration of the distillery effluent was condted in a 0.5m x 0.5m x 0.3m
vermifiltration bed which was prevented from direcfposure to the sun. A sample of 100L
for the distillery wastewater was obtained fronpeal distillery in Harare, Zimbabwe. The
gravel and sand for the vermifiltration bed wer¢aated locally and set up in accordance to

Gupta (2016) as shown in Figure 2.
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Figure 2: Vermifiltration technology working prirgie

Eisenia Fetida earthworms were used as the earthworm of choicehi® vermifiltration
process and were obtained from the local fisherfmba.earthworms were loaded at a rate of
10 kg/n? in accordance to Komarowski (2001). Temperaturthénvermifiltration bed was
operated under standard conditions with temperatsseming to be ranging between 25 +1
°C. The vermifiltration process was allowed to tgikace over a period of 40 hours and the
changes in the distillery effluent physicochemigatameters were noted after every 5 hours.
The working principle of the vermifilter is showm iFigure 2 in accordance to the
methodology described by Gupta (2016). The physieotcal properties of the distillery



wastewater were measured using standard methaatscordance to APHA (2005). The pH
was determined by a HI Hanna instrument probetdted organic carbon loading (TOC) in
the vermicompost was determined by the Shimadzu -VOglid sample module (SSM-

5000A). Vermicompost which accumulated on the véltei was removed and analysed for
nitrogen, phosphorous and potassium (NPK) afted da cycle. The NPK composition was

determined using a Perkin EImer 800 atomic absammpectrophotometer.

3. RESULTSAND DISCUSSION

3.1 Raw distillery wastewater characteristics

The distillery effluent was characterized by higB@ values (92 500.0£500.0 mg/L), high
BOD values (25 466.7+814.5 mg/L) and high TDS (656.7+600.7 mg/L). These
characteristics made vermifiltration an interestopgion for the distillery effluent treatment.

A summary of the characteristics of the wastewatershown in Table 1.

Table 1: Raw distillery wastewater characteristics

Parameter Averagevalue
pH 3.740.2

TKN 1173.3+25.2
BOD 25 466.7+814.5
TDS 65 116.7+600.7
TSS 3466.7+450.9
COD 92 500.0+500.0

*All parameters are in milligrams per litre excépt pH

3.2 Effect of vermifiltration on distillery wastewater physicochemical parameters

3.2.1 Effect on pH

The pH of the distillery effluent changed from kgiracidic to neutral during the
vermifiltration of distillery effluent (Figure 3)The trend can be attributed to the removal of
bio contaminants from the distillery effluent byetkearthworms and their further conversion
to vermicompost. Sinha et al. (2008) reported amoat similar trend in pH behaviour and

this can be attributed to the removal of suspersdéids in the distillery wastewater.



ﬂ/ =¢=Run 1
T ¢ |
o

/ == Run 2

4 - Run 3
r
0

10 20 30 40

Time (hours)

Figure 3: Effect of vermifiltration on distilleryfifuent pH

3.2.2 Effect on TKN

The TKN decreased by 94.9% in the distillery effiueluring the vermifiltration process
(Figure 4). Xinget al. (2010) reported an almost similar result whery tinglicated that the
TKN reduced by 62.3% when domestic wastewater waatdd usingEisenia Fetida
earthworms using different types of vermifilter st The high decrease in this study can be
attributed to the fact that high earthworm concarans were used in this study increasing

the distillery wastewater treatment efficiency.
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Figure 4: Effect of vermifiltration on distilleryffluent TKN

3.2.3 Effect on BOD

The distillery effluent decreased by 91.1% durihg vermifiltration process (Figure 5). As
the vermifiltration process occurs, the earthwor®ed on the bio contaminants in the
wastewater effectively lowering the BOD concentmatiSinhaet al. (2008) reported a BOD
decrease of more than 90% when sewage effluentrea@gd using a mixture & Fetida, P.
Excavatus, andE. Euginae earthworms. Natarajan and Kannadasan (2015) afsorted a
90% decrease in distillery wastewater BOD upon yapgl Eudrilus Eugeniae as the

vermifiltration media.
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Figure 5: Effect of vermifiltration on distilleryfiiuent BOD

3.2.4 Effect on TDS

The TDS in the distillery effluent decreased by994.during the vermifiltration process
(Figure 6). There is potential for the TDS to acalate in the vermifilter during the
vermifiltration process resulting in decreased T&®centrations. Previous studies by Sinha
et al. (2008) reported TDS decreases of 90-92% whengewastewater was treated using
the vermifiltration technology. This was furthernfiomed by Natarajan and Kannadasan
(2015) who reported an 82% decrease in distilleagtewater TDS upon applyirigudrilus

Eugeniae as the vermifiltration media.



70000
60000
50000 -

40000 - L —6—Run 1
== Run 2

TDS (mg/L)

30000 -
Run 3

20000 - Ny

10000 \
)

Time (hours)

Figure 6: Effect of vermifiltration on distilleryfifuent TDS

3.2.5 Effect on TSS

The TSS reduced in the distillery wastewater up@atinent using the vermifiltration
technology by almost 92.4% (Figure 7). The earttmgprovided a bio filtration mechanism
during the wastewater treatment period which altbwibe total suspended solids to
accumulate on the vermifilter thereby reducing T®S concentration in the distillery
wastewater and later converted to vermicomposhé&shal. (2008) reported a 90% decrease
in sewage wastewater upon application of the vdtraiion period with a hydraulic
retention period of 6-9 hours. This was also coméid by Natarajan and Kannadasan (2015)
who reported an 88% decrease in distillery wastewBSS upon applyinBudrilus Eugeniae

as the vermifiltration media.
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Figure 7: Effect of vermifiltration on distilleryfifuent TSS

3.2.6 Effect on COD

The COD in the distillery wastewater decreased ®y® upon vermifiltration (Figure 8).
The decrease in the COD was attributed to botldéwoeease in the bio contaminants due to
ingestion by earthworms during vermifiltration whibas potential to effectively lower the
COD. Previous studies reported COD decreases wkeket80-90% when sewage wastewater
was treated using a combination Bf Fetida, P. Excavatus, and E. Euginae earthworms
(Sinhaet al., 2008). In addition, Natarajan and KannadasailXR@lso reported a 94%
decrease in distillery wastewater COD upon applyiBgdrilus Eugeniae as the

vermifiltration media.
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Figure 8: Effect of vermifiltration on distilleryfituent COD

A summary of the distillery effluent after treatmhewith vermifiltration is given in Table 2.
The treated distillery effluent can be used agation water lowering the demand from other

water bodies.

Table 2: Distillery effluent characteristics aftezatment with vermifiltration

Parameter Average value
pH 7.320.1

TKN 60.0£5.0

BOD 2266.7+208.2
TDS 52766.7£971.3
TSS 263.3+35.1
COD 9783.31464.6

*All parameters are in milligrams per litre excépt pH

3.3 Vermicompost properties
Vermicompost, a bio fertilizer was produced duritige vermifiltration process as the

earthworms fed on the organic matter in the desylleffluent. The characteristics of the

vermicompost obtained from the distillery sludge given in Table 3.




Table 3: Vermicompost properties from the distilleffluent

Parameter Average value
pH 6.9+0.1

TOC (%) 62.7+0.2
COD (mg/L) 1785+4

BOD (mg/L) 82545

TN (%) 1.87+0.09

P (%) 0.87+0.07

K (%) 0.66+0.03

4. CONCLUSION

The vermifiltration technology can be used to dffety treat distillery wastewater which
has high solids content and is highly biodegradablee COD, BOD, TKN, TSS and TDS
were significantly reduced by more than 90% duthng40 hour vermifiltration process. The
treated distillery effluent can be used for irrigatpurposes. In addition, vermicompost, a bio

fertiliser which was rich in NPK was produced ag p@the vermifiltration process.
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Paper highlights
» Didillery wastewater treatment using the vermifiltration technology

» Decreases of > 90%% observed for physicochemical parameters



