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Abstract The spent wash &om distilleries that produce arrack from coconut toddy, is 
a major source of environmental pollution in the Kalutara district of Sri Lanka. The 
preliminary studies reported here show that, in Sri Lanka, biological treatment using 
aerobic and anaerobic systems can be  used to  successfully treat the spent wash, after 
dilution, p H  adjustment and introduction of aerobicfanaerobic organisms. Aerobic 
treatment proved more efficient than the anaerobic treatment for reducing the 
biochemical oxygen demand of the effluent. Experiments with the effluent from the 
anaerobic system show that it is possible to use st?lvinio molesln, and Eichhornia 
crussipes for the final polishing. Improving the qual~ty of the effluent however, 
encouraged the breeding of mosquitoes. 

INTRODUCTION 

The of arrack from coconut toddy by the distillery industry is associated 
with significant environmental pollution in the Kalutara district.' According to the 
State Distilleries Corporation, the Kalutara district processed about 18,200,000 pure 
litres (containing 7.5% alcohol by volume) of toddy in 1990 which is about double that, 
of any other district. Hence the problem of pollution caused by distillery waste is 
particularly severe in Kalutara. The principal waste, locally referred to as "goda", is 
the waste water discharged from the alcohol stills after distillation of toddy. Other 
waste originates from the washing of fermentation vats, floor washings and cooling and 
condenser waste.* In Sri Lanka, the yeast sludge which deposits in the fermenters is 
drained along with the spent wash, a process which adds to the pollution. The spent 
wash from the distilleries is at a high temperature, has a high biochemical oxygen 
demand (BOD) and a large amount of suspended solids. It is also acidic and highly 
turbid. The values for suspended solids, BOD and pH in distillery waste are often 
above the permissible values specified by the Central Environmental Authority 
standards for the discharge of industrial effluents into inland surface waters. The 
polluting effects of the waste water of the distillery on a water course are multiple in 

2 nature. The high temperature of the waste can kill fish and other organisms. The 
acidity in the waste can also destroy the aquatic organisms and inhibit the self 
purification of streams. Suspended solids can settle at the bottom and destroy fish 
breeding areas. The greatest damage is caused by the high concentration of readily 
decomposable organic matter present in the waste water. This causes rapid depletion 
of the oxygen content of water, creates foul smells, promotes growth of nuisance 
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organisms and renders the water course unfit for propagating fish and for drinking. 
Three methods are available for the treatment of spent wash of an alcohol distillery? 
These are, 1) evaporation and incineration of the waste, to generate steam and 
recover potash - rich ash, 2) anaerobic digestion in closed digesters to recover fuel gas 
(methane) followed by aerobic biological treatment and 3) anaerobic lagooning 
followed by aerobic biological treatment in aerated lagoon or oxidation ditch. The use 
of anaerobic and aerated lagoons costs less than the other methods2 However, this 
process requires a large land area owing to the slow rate of stabilization of organic 
matter present in the waste water. In India, to obtain between 80-90% BOD removal 
from the spent wash, a residence time of 70-120 days in the lagoons is reported to.be 
required.2 Some of the drawbacks observed in the lagooning of waste water of alcohol 
distilleries in India were, the contamination of ground water due to seepage, foul 
odours, incomplete treatment and the high cost and restricted availability of land? 
Anaerobic digestion of spent wash in a closed digestor is a quicker process for 
removing BOD and requires less space and avoids problems of ground water 
contamination and smells. An additional advantage of this method is that the 
methane obtained as a by product can be utilized as a fuel? There is also at present 
extensive literature available on the use of aquatic plants for waste water treatment. 3 

At present, there is little or no treatment of effluents from distilleries in Sri Lanka. 
The effluent either contaminates the environment slowly from the storage tanks or is 
discharged directly into water courses. Preliminary studies on the feasibility of 
biologically treating distillery waste are reported here. 

METHODS AND MATERIALS 

Effluent Source 

For this study, effluent was collected from a particular distillery in the district. This 
distillery produced effluents between 13500 - 33700 Vday. Fresh effluent samples were 
collected into 20 1 plastic containers as it was being discharged from the main outlet. 
The samples were stored in the laboratory at 25'~. Five day biochemical oxygen 
demand (BOD5), pH,turbidity and suspended solid values of the effluent were 
determined and the amount of effluent produced per day was also noted (Table 1). 
The BOD5 was determined for 5 days at 2 0 ' ~  according to the American Public 
Health ~sssociation; pH was measured using a pH meter, turbidity was measured 
using a turbidity meter (HACH model 16800) and suspended solids were determined 
after drying in an oven at 1 1 0 ~ ~ .  

Aerobic and anaerobic treatment of distillery waste 

a) Determination of the optimal dilution for aerobiclanaerobic treatment : A dilution 
series was made by diluting the effluent 1.7,3.3, and 10 times with distilled water. The 
dilutions were calculated assuming the BOD of the effluent to be around 
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approximately 10,000 mg/l. The dilution series thus had approximate BOD values of 
6000 mg/l, 3000 mg/l and 1000 mg/l. The pH value was adjusted to 7.0 using 20% 
K2C03 since this was more effective than KOH or NaOH. The experiment was 
w r i e d  out in rectangular glass tanks (24x16~19 cm) which had an outlet at the upper 
region to limit the capacity to five litres. Two treatments were carried out at room 
temperature (28'~) viz. aerobic and anaerobic treatment and a control. In each case 
5 1 of the diluted effluent were used per tank. Five plastic meshes each 10.7cm in 
diameter and 8.0mm mesh size were suspended in each tank to provide an additional 
surface for attachment of the micro-organisms. For the aerobic treatment, the effluent 
was aerated with an air pump connected to a plastic tube lying along the bottom of the 
tank and fitted with hypodermic needles between each of the suspended plastic 
meshes to distribute air through the system. For the anaerobic treatment, the tanks 
were covered with glass sheets to minimize contact with atmospheric oxygen 
(Figure 1). Freshly collected activated sludge and anaerobic digester sludge from a 
sewage treatment plant were introduced into the aerobic and anaerobic systems (10 
g/l) respectively. The treatment tanks were monitored daily for changes. 

b) Aerobic and anaerobic treatment of diluted distillery waste : Based on the results 
of the above experiment ten times diluted neutralized effluent (BOD5 approximately 
1000 mgA) was selected for subsequent experiments. The BOD value for the diluted 
effluent was determined. The treatment tanks were set up as (a) above. After two 
weeks, 1 1 of ten times diluted neutralized distillery effluent was introduced into the 
bottom of each tank daily for 37 days. When fresh effluent was being added to the 
aerobic system, the air pump was turned off so that fresh effluent would not overflow 
from the system without undergoing treatment. The effluent that overflowed from 
treatment tanks (primary effluent) was collected in sedimentation tanks similar in size 
to those of the treatment tanks. The effluent that overflowed from the sedimentation 
tank (secondary effluent) was collected in beakers for the anaerobic system (Figure 2). 
The BOD value of the effluent at the beginning and in the treatment tanks before first 
addition of fresh effluent at two weeks was determined and is given in Table 2. The 
BOD and turbidity of the primary and secondary effluents of the anaerobic set up and 
the primary effluent of the aerobic set up were measured. The results are presented in 
Figures 3 and 4 from 19 days after commencement of the experiment or from 5 days 
after the addition of fresh effluent was initiated. 

Use of aquatic plants for the treatment 

Even though the effluent improved more with aerobic digestion, due to the cost that 
would be involved in aeration of vast quantities of effluent generated in the distillery 
industry, if aerobic digestion was selected as the method of treatment, only the 
secondary effluent of the anaerobic set up was selected for use in experiment 2. 
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aerobic treatment tank 

Figure I: Aerobic and anaerobic digestion of dlslillary w o s k  
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a) Selection of aquatic plants : The secondary effluent of the anaerobic system of 
experiment b was used in this experiment. The following aquatic plants were selected 
for this study :- Azolla pinrtata, Cerafoplzyll~un demerszrnt, Eichlzontia crassipes, 
Lemna polyrrhiza, Lintnocharis Java, Pistia stratiotes, and Salvinia molesta. The plants 
were washed well, withered parts removed, and then acclimatized in pretreated 
distillery effluent. Since the effluent overflow per day was insufficient to start the 
entire experiment at the same time, different plants were used with the overflow of a 
particular day. In each case the initiai BOD5 value was determined. 500 ml of the 
secondary effluent was collected in a 1 1 beaker and 0.7g (fresh weight) of a particular 
plant was introduced. The amount of plant was selected based on quantity of Azolla, 
Pistia and Salvinia needed to cover the surface of the effluent in the beaker. This 
same quantity (0.7g) of Eiclzhontia and Li17vlocliarir and Ceratoplzylliun was used. The 
plants were allowed to grow for 8 days and the final BOD5 was determined (Table 3). 

b) Determination of the maximum BOD tolerated by Salvitzia and Eiclzlzomia: This 
experiment was done tu obtain information on whether aerobic /anaerobic treatment 
could be stopped earlier before treatment with aquatic plants. The effluent was 
diluted 67,50,25, and 17 times with distilled water to obtain approximate BOD values 
of 150, 200, 400 and 600 mg/l. The BOD5 of each dilution was measured. The 
experiment was carried out in 1 I beakers containing 500 ml of effluent. Salvinia and 
Eichhomia plants were cleaned as in experiment 2a and 0.7g (fresh weight) of each 
species was allowed to grow in these dilution series in beakers for one week. 

c) Determination of the BOD at which the highest reduction would be achieved with 
Salvinia and Eiclzhonzia : Three series of dilutions were made by diluting the effluent 
100,67,50, and 40 times with distilled water to obtain approximate BOD values of 100, 
150, 200, and 250 mg/l. The BOD level of each dilution was measured and is 
presented in Table 4. This experiment was carried out in 1 1 beakers containing 500ml 
effluent. To one series of dilutions 0.7 g of fresh weight of Salvinia was added while 
0.7 g of Eichhonlia was added to the other. A control without plants was also 
maintained. The BOD values were determined after 4 days . The results are 
presented in Table 4. 

RESULTS 

The distillery effluent had higher valucs for suspended solids, BOD and pH than the 
CEA permissible values (Tablc 1). 
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Table 1: Characteristics of the effluent used in the investigation. 

CEA standards* 
- - - 

Suspended solids (mg/l) 

Turbidity (NTU) 

pH value 

820 , 50 

390 - 490 not specified 

3.2 - 3.5 6.0 - 8.5 

The  CEA standards for effluents discharged into inland surface waters aftcr treatment are given for 
comparison. 

Aerobic and anaerobic treatment of distillery waste. 

(a) Detennirzaliort of llte optirltal dilutiorz for aerobiclar~aerobic Ireatnzertt. 

After two weeks it was observed that ten times diluted effluent having an approximate 
BOD5 of 1000 mg/l cleared up more rapidly Lhan the control and the effluents diluted ' 

1.7 and 3.3 times in both aerobic and anaerobic systems. Hence this dilution was 
selected to carry out 'furtller experiments. 

(b) Aerobic artd anaerobic trealr7lent ofdih~ted disfillety wusts. 

For this experiment even though the effluent was diluted to yield a BODS of 1000 
mgll, on determination it was found to be 844 meJI. 

Table 2: BOD5 of eflluent in control, aerobic and anaerobic tanks. 

day 1 2 weeks 

control tank 844* 683* 

aerobic tank 844 56 

anaerobic tank 844 263 

BOD5 in mgll of  effluent before addition o l  fresh cffluent. 

A very marked reduction of BOD during the two weeks in the aerobic and 
anaerobic tanks was observed (Table 2). The aerobic system produced a greater 
improvment in clfluent quality than the anaerobic system. Figures 3 and 4 show the 
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changes in the BODs and turbidity respectively, after the start of the daily addition of 
fresh influent to the aerobic and anaerobic systems. It can be seen from Figure 3 that 
in terms of BOD, the improvement initiated in the aerobic and anaerobic systems is 
maintained even when fresh effluent is added for over a month. Here too it can be 
seen that the aerobic system reduces the BOD more than the anaerobic system. 
However in terms of turbidity (Figure 4) the anaerobic system yielded lower values 
than the aerobic system. On comparing the BODs and the turbidity values for the 
primary effluent and the secondary effluent of the anaerobic system Figures 3 and 4, it 
can be seen that there is no marked difference between the two sets of values. Thus 
the sharp difference seen between the BOD and turbidity values for the influent and 
the primary effluent is not exihibited between the primary and secondary effluents 
indicating that no additional improvement is made by having the sedimentation tank. 

It was observed mosquitoes started breeding in the waste water after the BOD 
values were reduced in the treatment tanks. 

Use of aquatic plants for the treatment. 

(a) Selection of aqliatic plants for the fi~tal polisl1ing of seconday efl~renr of the 
anaerobic treat~nent. 

The BODs of the secondary effluent of the anaerobic set up when treated with 
different aquatic plants is presented in Table 3. 

It was observed that Salvirlia, Eicllhontia, Li~?utocl~aris and Ceratopltyllum 
produced the greatest reduction in BOD. However Li~nnocl~aris is a plant generally 
rooted in the mud, while Ceratopl~yll~rm is a submerged plant. Therefore, for large 
scale distillery waste treatment, Li17trtocltaris would have to be provided with a 
substratum for rooting and Ceratoplryll~irtt would be difficult to observe and also 
harvest due to its submerged habit. Hence only Salvinia and Eichkontiu were selected 
for subsequent experiments. 

b) Detemri~tatiort of the BOD tolerance of Salvinia artd Eicllhor7tia. 

The dilution series on determination of BODs values were 225,325,600 and 950 mg/l. 
On examining the plants after one week it was seen that the effluents with BOD5 
values 600 and 950 mg/l were toxic to the plants. The plants could grow and 
reproduce in the effluents with RODS values 225 and 325 mdl. From this experiment it 
could be seen that Salvinia 2nd Eicltltontia could tolerate BODS values from 325 to a 
value under 600 mgn. 
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Table 3: Effect of different aquatic plants in reducing the BODS of the anaerobic 
secondary effluent. 

plant initial BOD mean BOD after % reduction 
8 Days in BOD 

control(without 216 + 2. 9 2  1 
plants 

Salvinia 189 + 1 41 + 2 

Eichhomia 234 + 3 18 + 3 

Lenzna 225 + 5 81 + 2 

Pistia 180 + 2 77 + 2 57 

Limnocliaris 171 + 2 16 + 3 90 

Ceratophylluni 189 + 3 4 2  2 92 
* 

mean values and S.E of four replicates in m@. 

(c) Detemziriation of the BOD5 level at which the highest reductiori would be achieved 
with Salvinia and Eiclilionzia. 

The highest percentage reduction of BOD occurred when the initial BODS was 
167 mg/l. In terms of the total BOD removed, the maximum removal occurred when 
the initial POD5 was 230 mgll. 

DISCUSSION 

For distillery waste, the aerobic treatment proved to be faster than the anaerobic 
treatment. In the aerobic system the BODS level was reduced to 56 mgA - to a level 
close to the CEA standards while in the anaerobic treatment theBODslevel reduced 
to 263 mgA after a retention period of 14 days. The turbidity also decreased 
considerably both with the aerobic and anaerobic treatment. However, the turbidity 
values did not reveal that the aerobic treatment was more effective than the anaerobic 
treatment. Since the suspended solids were not measured during this experiment, a 
possible explanation to this cannot be offered. However, turbidity could be caused by 
particles that are not organic in origin, in which case a low BOD will not produce low 
turbidity. 



T
ab

le
 4

: 
R

ed
u

ct
io

n
 i

n
 B

O
D

5 
by

 S
ul

vi
ni

a 
an

d
 E

ic
hh

or
ni

a.
 

8 
in

iti
al

 B
O

D
S 

B
O

D
s 

af
te

r 4
 d

ay
s 

%
 re

du
ct

~o
n 

re
du

ct
io

n 
in

 m
g/

l 
gr

ow
th

 in
 m

g/
l 

in
 m

g 

C
on

tr
ol

 
E

ic
hh

om
ia

 
Sa

lv
in

ia
 

C
on

 tr
ot

 
E

ic
hh

or
ni

a 
Sa

lv
in

ia
 

C
on

tr
ol

 
E

ic
hh

om
ia

 
Sa

lv
in

ia
 

11
7 

65
 

32
 

2 7
 

44
 

,7
2 

76
 

52
 

85
 

90
 

16
7 

11
0 

32
 

23
 

34
 

80
 

86
 

5 7
 

13
5 

14
4 



Treatment of Distillery Warte 249 

The above results were obtained after dilution, and pH adjustment of the waste water 
and on the introduction of aerobiclanaerobic organisms. The best results were 
obtained when the effluent was diluted ten times to yield a BODS of approximately 
1000 mg/l and the pH was adjusted to 7.0. The necessity for dilution, and thus a large 
increase in the volume of effluent to be treated, would have to be taken into 
consideration when a treatment plant is designed. Distillery effluents are usually 
deficient in nitrogen and phosphorus and these often added to produce an influent 
ratio of B0D:N:P of 100:5:1 for effective and rapid biological oxidation of organic 
matter.' No nitrogen or phosphorus was added in the present experiments. -Better 
treatment might have been achieved with N and P supplements. Even though 
experiments with the aerobic treatment yielded better results, this system is more 
expensive and it may be more economical to improve the anaerobic treatment system. 
The experiments with the aquatic plants showed that it was possible to use Salvinia 
and Eichhornia for the frnal polishing of the effluent from the anaerobic system. Since 
there is no difference between the primary and secondary effluents in terms of BOD 
and turbidity, the secondary treatment (sedimentation) may be omitted and the plants 
introduced directly into the sedimentation tanks, and thereby reducing the retention 
time by 5 days. Thus a BODS of 840 mgA could be reduced anaerobically to 260 mg/l in 
about 2 weeks, and then further reduced Salvinia and Eiclthomia for 8 days. The 
whole treatment process will thus take about 22 days. Thus for this type of effluent an 
anaerobic digestion tank follwed by a series of tanks with plants until the required 
level of BOD achieved is suitable. 

In this study the anaerobic treatment was allowed to continue for 2 weeks before 
any fresh effluent was added. Similarly in the experiment with plants, the plants were 
allowed to grow for 8.days without adding fresh waste water. In a real waste water 
treatment system there will be continuous addition of waste water. Therefore, the 
stability of the system has to be studied when waste water is added daily and the 
process is operated for a longer period of time. 

An important aspect that was made very obvious during these experiments was 
that when the effluent improved, mosquitoes started breeding in the waste water. 
This is another problem that would have to be considered in areas where mosquito 
borne diseases like malaria and filariasis are prevalent. Larvivorous fish can be 
introdued into the system along with plants for the control of mosquitoes. 

The preliminary work carried out shows a possible means for treatment of 
distillery effluents even though treatment is possible only after increasing the volume 
of effluent to be treated. By this method it is possible to reduce. the BOD of the 
effluent considerably and bring it down to the values close to CEA standard values 
before release to the environment. The practical aspects of incorporating this system 
into the effluent release from distilleries are not considered in this paper. 
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The plants that are suitable for the final polishing of distillery effluent Eichlzomia 
and Salvinia are troublesome weeds of aquatic habitats. Hence great care has to be 
exercised when using these plants for biological treatment. These plants can however 
be harvested from time to time and used for composting or animal feed. 
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