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inverted measuring cylinder on a water 
basin, containing acidified brine solution 
which was prepared as described in (Iyagba 
et al. 2009). From the prepared mixture, 100 
ml were stored in a refrigerator at 4°C for 
analyzing volatile solids (VS), chemical 
oxygen demand (COD), and total solids 
(TS). However, in each experiment different 
conditions were investigated at a time. These 
conditions set for experiments were such as 

mesophilic temperatures (25, 30, 35, and 
40°C) because in mesophilic conditions 
bacteria can tolerate temperature 
fluctuations without affecting methane 
production (Weiland 2006), and pH (6.5, 
7.0, 7.5, 8.0, and 8.5) (Sorathia et al. 2012). 
The effect of inoculum was also tested 
together with substrate from TFL factory 
dairy wastewater. 

 

 
 
Figure 2: The set up of dairy wastewater biogas reactor 
 
Optimization of temperature 
In this experiment, four reactors containing 
640 mL of dairy wastewater each were 
injected with 160 mL inoculum and were set 
in duplicates. Reactors A, B, C, and D 
contained dairy wastewater with inoculum 
were set at temperatures 25, 30, 35, and 
40°C, respectively. The experiment was run 
for 35 days and after analyzing biogas 
composition, the effluent was taken for 
evaluation of pollutant reduction. The 
temperature was monitored using a 
thermostatic water bath system. The pH was 
measured to ensure the pH was within the 
recommended values, in this case 7.0 and 
regulation was done by 95% concentrated 

H2SO4. COD, TS and VS of the influent and 
effluent were monitored before and after 
each experiment. An inverted measuring 
cylinder containing acidified brine solution 
was used, supported with a beehive shelf for 
uplifting the measuring cylinder to allow the 
gas pipe (50 cm long and 10 mm in 
diameter) from the reactor for biogas 
collection. The experiment was set using 
separate water baths where each had a 
different temperature while all other 
conditions were kept constant. Biogas 
produced was recorded daily by reading the 
change in volume of acidified brine solution 
displaced by biogas in the measuring 
cylinder. The difference in volume of brine 
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suspended solids was 100 mg/L thus making 
the TFL wastewater inadequately treated. 
Fat content ranged from 00 to 810 mg/L in 
this study with highest value being observed 
at point 1 (Fig.1) which may be due to the 
accumulation of fat because it was less 
degraded by microorganisms (Mobarak-
Qamsari et al.2012). The point is also a 
receiving and mixing point of the effluents 
from all processes occurring in the factory. 
These could be the causes of all the fat to 
float on top of water and thus a clear 
separation that then allows only the water to 
move while leaving the fat behind. Higher 
values on the untreated effluents were also 
reported by other studies up to about 600 
mg/L (Demirel et al. 2005, Pawar and Kolhe 
2011 and Tikariha and Sahu 2014). The 
other points 2, 3, and 4 were found to have 0 
values indicating that all the fat was left in 
the septic tank.  
 
Volatile Fatty Acids (VFA) results were 
found to be negative in this study which 
indicated that acidogenesis process has not 
taken place in the treatment system to 
produce VFA (Wijekoon et al. 2011). The 
poor performance was because the system 
was overloaded, and the retention time was 
not enough for the wastewater to be utilized 
by microorganisms (ENVICON 2009) 
regardless of the fact that temperature and 
pH were favorable for microbial 
biodegradation. 
 
BOD5 values ranged from 530 to 975 mg/L 
in the four sampling (points 1, 2, 3, and 4) 
(Fig.1). The highest value of BOD5 was 
observed at point 1 (975 mg/L) on the raw 
effluent. The value decreased abruptly to 
reach the lowest value at point 2 (530 mg/L). 
The BOD5 was noted to increase at point 3 
to reach 685 mg/L, which again dropped to 
565 mg/L at point 4. The highest value of 
BOD5 observed at point 1, might be due to 
accumulation of organic matter (Noorjahan 
et al. 2004). This can be supported by the 
observed low value of DO (0.67 mg/L) and 

increase of total solids to reach 1275 mg/L. 
However, the presence of high and low 
values of BOD5 in this study still indicated 
high degree of pollution because they are 
beyond the discharge limit of (30 mg/L) 
given by TBS.  
 
The COD values were observed to vary at 
all points whereby point 1 had a value of 
1245 mg/L. There was a continued decrease 
of COD value of 935, 907.5 and 903 mg/L at 
points 2, 3, and 4 respectively (Fig.1). Based 
on these results, a high value was observed 
at point1, which signifies the accumulation 
of organic matter and chemical substances 
as raw effluent. despite the fact that 
conditions like low DO of 0.67 mg/L and pH 
of 7.0 were favorable for anaerobic 
digestion, microorganisms could not degrade 
or transform the fat or scum into simple 
substances because the system does not 
favor hydrolysis instead the scum/fat builds-
up and increase the COD. At point 2, the 
COD decreased by 310 mg/L because most 
solids remained in sampling point 1 and the 
degradable organic matter was digested as 
proved by the decrease of BOD5 by 445 
mg/l. The marginal decrease observed at 
sampling point 3 and 4 is a sign that the car 
wash, kitchen streams and vegetation die-off 
in the wastewater ponds contained organic 
matters. However, the treated effluent was 
still concentrated with organic matter (Table 
1) because the discharge limit given by TBS 
was 60 mg/l. Therefore, this indicated that 
the whole chain of dairy wastewater was not 
sufficiently treated indicating that the 
endpoint was highly concentrated with 
organic matter (Sarkar et al. 2006). 
 
The values of nitrogen compounds were 
ranging from 0.115 to 32.5 mg/L for NO3 --
N, 0.33 to 0.62 mg/L for NO2--N, 3.65 to 
17.0 mg/L for NH3-N, 4.25 to 16 mg/L for 
NH4+-N, and 4.13 to 16 mg/L for NH3. For 
the case of phosphorous compounds, the 
range was from 9.47 to 16.0 mg/L for PO4

3-, 
3.25 to 6.4 mg/L for P- and 4.13 to 16.0 
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for wastewater containing heavy metal ions, and results
i n the loss of 2 0 - 4 0 % of the water (Feenstra etal., 2 0 0 7 ) .
More specifically, membrane treatment of industrial
wastewater is confined to a few applications where the
�P�H�P�E�U�D�Q�H�·�V characteristics and environmental resistance
are appropriate for the application (Mulopo, 2 0 1 5 ) .

Membrane separation techniques. Pressure,
c o n c e n trati on, electrodialysis, elec tricall y driven mem -
brane processes, a n d temperature - driven membrane
processes are a l l examples of water tr e a tme n t processes .
Reverse osmosis, u l t r a f il t r a t i o n , a n d n a n o f i l t r a t i o n , as
w e l l as h i g h - p r essu r e a n d l o w - p ressu r e fi l t r a t i o n , are
a mo ng the processes used . C o n t a m i n a n t s i n c l u d i n g
heavy m e t als, color, a n d dissolved solids can be
removed from wastewater via membrane f il t e r i n g . This
�W�H�F�K�Q�L�T�X�H�·�Va b i l i t y to produce solid - free effluents is
a p a r t i c u l a r l y a ppe ali ng characteristic ( W a n g et al.,
2 0 0 5 ) . M embra n e separation methods also have m a n y
advantages, i n c l u d i n g a sm all system, low c h e mi c a l
co nsumpti on , a n d easy operation a n d m a i n t e n a n c e .
The membrane separation t echnology has the disad -
vantage of i n a d e q u a t e removal of small mol e cular
w eight molecules a n d consumes a lo t of energy, n o t -
w i t h s t a n d i n g the benefits (Gambolas et al., 2 0 0 4 ) .
M em bran e f o u l i n g, which can develop from the
cl ogging of in organi c a n d organic elements i n the
membrane pores, is another cons trai n t of membrane
processes . Mem bran e fou ling reduces the rate of
treated water produ c ti o n a n d shortens the membrane
l if e , lowering the economic efficiency of membrane
operations (Laslo & Hodur, 2 0 0 7 ) .
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Coagulation and flocculation technologies C o a -
g u l a t i o n refers to the process of dest a biliz ing colloids
b y removing t he forces t h a t h old the m a p a r t . C a t i o n i c
coagulants decrease �F�R�O�O�R�L�G�V�·negative charge (zeta
p o t e n t i a l ) b y s u p p l y i n g positive electric charges .
Particles c o l l i d e , as a result, forming h uge particles
(flocs) . C o a g u l a t i o n is always used i n c o n j u n c t i o n w i t h
flocculation to remove particles t h a t s edim e n t a tion or
filtrati o n alone c a n n o t remove ( M o h d et al., 2 0 2 1 ) .
C o l l o i d s are sm all particles w i t h a size of less t h a n one
meter . They are accountable for the color a n d water
t u r b i d i t y du e to t h e i r poor settli ng qu a l i t i e s . C l a y s ,
m e t a l oxides, proteins, a n d microorganisms, as well
as some organic molecules, are among t h e m . The fact
t h a t t h e y a l l have a negative charge keeps the m from
aggregati ng a n d se t tling i n s t i l l water a n d so t h i s ,
combined w i t h the c olloidal �S�D�U�W�L�F�O�H�V�·in t e ra c tions w i t h
the water, prevents t h em from aggregating a n d s e t t l i n g .
C o l l o i d s a n d trivalent ions such as Al 3 + a n d Fe 3 + , which

are present i n a l u m i n u m a n d ferric salts can be used as
c h e mic al coagulants to aggregate the particles ( Amud a
& Alade, 2 0 0 6 ) . These tec hnologies, c o a g u l a t i o n , a n d
flocculation are u t i l i z e d i n m u n i c i p a l wastewater
purific a tion p lants to h a nd le both i n d u s t r i a l a n d trea -
ted sewage effluent . The most widespread a p p l i c a t i o n ,
however, is found i n the field of potable water purifi -
c a ti on (Bratb y, 2 0 1 6 ) . Amuda a n d Alade ( 2 0 0 6 ) em -
ployed the coagulation/ flocculation procedure to treat
a b a t t oir effluent a n d discovered t h a t c o agula tion is
costly when c hemicals a n d sludge disposal are factored
i n . As a result, i t is vital to develop a n d employ low -
cost alternatives for wastewater trea t m e n t ( M o h a n a et
al., 2 0 0 9 ) .

Oxidation treatment processes. For water a n d
wastewater t r e a t m e n t , ozone is a pot ent o x i d a n t .
Ozone interacts w i t h a greater a m o u n t of organi c
molecules once i t has been dissolved i n water i n one
of two w a ys : ei t h er d i r e c t l y as molecular ozone or
i nd ir ec tl y as secondary oxidants for instance free r a d i ca l
species, p a r t i c u l a r l y radicals of hydr ox yl . The radicals
of both hydroxyl a n d ozone are powerful oxidants,
w hich oxidize a wide range of substances (Bes - Pia et
al. , 2 0 0 3 ) . Ozonation m a y be u t i l i z e d to help w i t h the
c o agula tion - flo c cula ti o n process b y removing inorga ni c
species (Laslo & H odur , 2 0 0 7 ) . Dyes, pesticides, a n d
phenolics have a l l been treated w i t h ozone, w hi c h
s i m p l y changes the chromophore groups i n the efflu -
ent w i t h o u t destroying the dark - colored p olymeric com
pounds (Pena et a l . , 2 0 0 3 ) . According to S a t y a w a l i &
Balakrishn a n ( 2 0 0 8 ) , c h e mic al decolorization usi n g
ozone a n d c hl orine results i n tr a nsie n t color redu c tion
du e to chromophore group c h ang e, hence t h e y are n o t
preferred methods . If n o t m a n a g e d , ozone tr e a tm e n t
can produce undesired by - products l i k e formaldehyde
a n d bromate, w hi ch can be hazardous to �R�Q�H�·�V h e a l t h .
Furthermore, ozone is ineffective i n the removal of
dissolved salts a n d minerals (Johnson, 2 0 0 5 ) .

Electrochemical method. The electrochemical proce -
dure for wastewater tre a tm en t was developed by
m i x i n g sewage a n d saltwater i n a ra ti o of 3 : 1 a n d
electrolyzing i t to p u r if y the sewage produced onboard
ships . The electrochemical m e t hod was w i d e l y used t o
treat i n d u s t r i a l wastewater such as t a n n e r y effluent,
d i s t i ll e r y effluent, c a t tl e effluent, olive m i l l s , a n d textiles
effluents ( Vija y ar aghava n et al. , 2 0 0 8 ) . Electrolytic
procedures are costly, a n d t h e y necessitate specialized
e q u i p m e n t a n d upkee p . As a result, the creation of a n
al t erna t e trea t m e n t approach is c r i t i c a l (Dash et al. ,
2 0 0 9 ) .


