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Treatment of milk wastewater using up-fl ow anaerobic packed bed reactor
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An up-fl ow anaerobic packed bed (UAPB) bioreactor has been designed on a laboratory-scale and used for treat-
ment of domestic milk wastewater (MWW). The UAPB bioreactor was operated under mesophilic temperature 
(37–45oC) and reactor performance evaluated at various organic loading rates of MWW effl uent at hydraulic 
retention times (HRT) of 1, 2, and 3 d based on the removal of organic matter COD, BOD, SS, pH changes 
and biogas production. The kinetic parameters were estimated using the experimental data to develop a reactor 
model. Empirical relations were generated for the characteristics like COD, BOD, and SS using modeling equa-
tions. This study proved that the UAPB reactor performance is excellent for treating domestic MWW and easily 
biodegradable dairy wastewater infl uent. Hence, this system can operate at low costs, making it suited for use in 
the developing countries and rural areas.
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INTRODUCTION

 Ever increasing population and rapid urbanization 
considerably increased the rate of water pollution. The 
dwindling supplies of natural resources of water have 
made a serious constraint for population, industrial 
growth and for a reasonable standard of urban living. 
The environmental protection agencies imposed more 
stringent regulatory prohibitions and they have started 
more strict vigil along with some non governmental 
organizations to protect the environment. Nagpur is the 
most developing city of central India, and due to rapid 
urbanization and uncontrolled growth rate of population, 
increased a hotels, restaurants, coffee houses and road 
side local tea canteens. The source of wastewaters is 
from domestic and industrial activities. Coffee houses 
and road side tea canteens used milk and fresh water 
for preparation of tea or coffee and frequently discharge 
their wastes directly to close surroundings, generating 
environmental nuisances. 

Wastewater contains number of pathogenic, microor-
ganisms and nutrients which can affect the human and 
the environment1. Milk wastewater (MWW) usually 
contains high concentrations of organic matter, solids, 
and some dissolved inorganic pollutants2–4. However, it 
has high concentration of dissolved organic components 
like whey proteins, lactose, fat and minerals and it is 
also malodorous because of decomposition of some of 
the contaminants causing discomfort to surrounding 
population5, 6. In these reasons, treatment of wastewater 
is of utmost important and treated wastewater can be 
used as an alternative source to fresh water. 

The energy water nexus can be positively affected by 
treating wastewater and recycling it to reduce fresh wa-
ter demand. That has been made wastewater treatment 
more expensive and to comply with the discharge quality 
standard itself. It was therefore felt that the possibilities 
of reuse of the wastewater for various purposes should be 
investigated. The recycling or reuse of water for similar 
duties mainly depends on availability of suitable process 
technology for water purifi cation7. There is tremendous 

need to develop reliable technologies for the treatment 
of domestic wastewater in developing countries. Such 
treatment systems must fulfi ll many requirements, such 
as simple design, use of non-sophisticated equipment, 
high treatment effi ciency, and low operating and capital 
costs8. In addition, consonant with population growth 
and increase in urbanization, the cost and availability 
of land is becoming a limiting factor, and footprint size 
is increasingly becoming important in the choice of 
a treatment system.

Anaerobic technologies should be considered for do-
mestic wastewater treatment as an alternative to more 
conventional aerobic technologies in most developing 
countries for a variety of reasons. Anaerobic technologies 
already have been applied successfully for treatment 
of a number of waste streams, including low strength 
wastewaters such as domestic wastewater, particularly 
under tropical conditions9, 10. Anaerobic treatment 
can be carried out with technically simple setups, at 
any scale and almost any place. The drawback of such 
treatment would be accompanied with mal-odorous nu-
isance problem. It produces a small amount of excess, 
well stabilized sludge, and energy can be recovered in 
the form of biogas. The process can be carried out in 
both centralized and decentralized modes, and the latter 
application can lead to signifi cant savings in investment 
costs of sewerage systems11, 12. However, while anaerobic 
processes have gained popularity over the past decade, 
skepticism related to their application for domestic wa-
stewater treatment remains widespread13–15.

The objective of the present study was to enhance the 
anaerobic treatment of domestic milk wastewater infl uent 
in up-fl ow anaerobic packed bed (UAPB) reactor and 
studied the infl uence of hydraulic retention time (HRT) 
on operational parameters, COD (chemical oxygen de-
mand), BOD (biological oxygen demand), SS (suspended 
solids), pH changes and biogas production rate were 
investigated and high treatment of domestic wastewater 
effl uent from coffee houses and tea canteens has been 



  Pol. J. Chem. Tech., Vol. 17, No. 2, 2015 85

and 50 ml of sewage. The reactor was fi rst completely 
fi lled with collected MWW and allows to kept stand for 
about two weeks, and biological growth occurred inside 
the reactor. Then the reactor was fed with the diluted 
MWW infl uent starting with a detention time of 1 days 
which was gradually increased up to 3 days and the 
pilot was operated at a hydraulic retention time (HRT) 
[reactor volume (L) divided by the volume of treated 
water per hours (L/h)] of 24 h. Infl uent fl ow rates were 
kept constant as 0.58 L/h, 0.29 L/h, 0.19 L/h for HRT 
of 24, 48 and 72 hours (1, 2 and 3 d) respectively. Or-
ganic loading rates (OLR) were observed 1.5, 0.75, 0.5 
(g COD/L day) at HRT of 1, 2, 3 days respectively. At the 
top of the reactor two calibrated glass bottles of volume 
5 L were used to collect and measure the volume of gas 
generated per day. The volume of biogas determined 
daily by the water displacement method. Generated gas 
was displaced water from one bottle to another bottle 
and quantity of displaced water in the glass bottles were 
considered as volume of gas produced16. Gas volume 
was recorded with respect to constant HRTs. Effl uents 
were collected in the 5 L plastic container placed at the 
ground level of the reactor and connected to outlet (fi rst 
port) of the reactor. Changes of pH were recorded by 
using Systronic, India pH meter. 

Regular analysis were performed on samples for the 
infl uent and effl uent of the reactor which included 
(chemical oxygen demand) COD, (biological oxygen de-
mand) BOD and suspended solids (SS) using procedures 
outlined in standard methods17. Collected sewage for the 
study diluted with plane water to make the concentra-
tions of COD, BOD and SS constant throughout the 
study and the reactor was fed with a real diluted effl u-
ent. However, kinetic studies on MWW using UAPBR 
were performed. The experimental observations and 
their kinetic interpretation were used to evaluate the 
substrate utilization (COD removal) kinetics of the 
anaerobic process of treatment having attached growth 
system18. The general mathematical expression that re-
lates organic loading rate (Bv, g COD/L) and removal 
effi ciency was given by the equation E = K1 [ln (1/ Bv)] 
+ K2, where E is the removal effi ciency at a given value 
of Bv, K1 is a dimensionless empirical constant and K2 
is another empirical constant equivalent to the E value 
obtained when OLR is equal to unity and, therefore, 
ln(1/Bv) is equal to zero. All mathematical calculations 
were implemented using Microsoft Offi ce Excel 2007.

RESULTS AND DISCUSSION 

The characteristics of MWW samples are shown in the 
Tables 1. In order to determine the analytical parameters 
of MWW during UAPB reactor treatment, 1500 mg/L 
of COD, 900 mg/L of BOD, 1000 mg/L of SS and pH 
7.2 of diluted infl uent were maintain throughout the 

achieved. The kinetic parameters were also estimated 
using the experimental data to develop a reactor model.

EXPERIMENTAL

Milk wastewaters were collected every day, between 
7:00 and 11:00 h in the morning from local canteens 
(road side coffee shops and tea stalls) located various 
places of Nagpur city. MWW was pumped just below 
the water surface using a mini submersible pump (Mach 
Powerpoint Pumps India Pvt. Ltd., India) immediately 
after the screens and grit chamber, and stored in tightly 
closed 1 L containers at 4oC. The characteristics MWW 
were determined.

A laboratory scale anaerobic experimental setup of an 
up-fl ow anaerobic packed bed reactor (UAPBR) used for 
MWW treatment shown in Figure 1. The UAPBR was 
fabricated using PVC pipes and fi ttings with an internal 
diameter of 16 cm and a height of 90 cm. The reactor 
was randomly packed with pieces of corrugated PVC 
plastic rings. The total volume of the reactor was 16 L 
including packed 1.5 L and 14.5 L volume for working 
liquid phase. Reactor contains four ports with heights 
at 17 cm, 38 cm, 57 cm and 74 cm from the bottom of 
reactor. The experiment was performed at room tem-
perature and reactor was operated during the months 
of March to June (summer season) the natural reactor 
temperature was 37–45°C. The inlet for MWW infl uent 
provided at bottom of the reactor and outlet for MWW 
effl uent collection only fi rst port from top of the reactor 
was used. An outlet also provided on top of the reactor 
for collection of gas.  

Figure 1. Schematic diagram of Up-fl ow anaerobic packed bed 
reactor (UAPBR)

Table 1. Characteristics of the domestic milk wastewaterThe UAPB reactor provided higher surface area per 
unit volume. A trap has been provided at an outlet which 
serves following purposes. The reactor was operated at 
mesophilic temperature 37–45oC. It was seeded with 
750 ml of granular anaerobic sludge culture obtained 
from milk processing plant (Amul dairy, India) containing 
200 ml nutrient solution, 500 ml synthetic milk waste 
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94.23% at HRT 2d and 3d respectively. Earlier report 
also indicated that as HRT increased 6, 12, 18 and 24 h 
then SS reduction effi ciency were also increased 82.89, 
83.86, 81.2 and 87.4% respectively21. From the present 
study results evident that the UAPBR was a suitable for 
MWW treatment. The biochemical parameters removal 
effi ciency were enhanced with increasing HRT, the best 
sludge setting properties for the MWW were obtained 
at 3 d HRT are aerated period of 72 hours. 

The most important process control parameters for ana-
erobic treatment are pH and alkalinity22. In the present 
study, the pH of the raw MWW in range 7.2–9.2 and 
it adjusted during treatment to pH 7.2. Table 2 shows 
that the pH of the MWW effl uent varying between pH 
4.2 to 4.4 at HRT. The low pH value indicated that 
acid production occurred inside the reactor and that 
was requires a proper attention in further studies on 
the reactor. Previous study laboratory-scale experiments 
were carried out to evaluate the effect of initial acidifi ca-
tion of feedstock consisting of different components on 
biogas production and composition, the results showed 
that acidifi cation increased the biogas production in the 
bioreactor23. In the present result the pH of the effl uent 
a low value and this may be due to a longer detention 
time being provided to the MWW. In order to the pH 
may remain well within the acceptable limit. It was ne-
cessary that two stages of anaerobic degradation such as 
acidifi cation and methanogenesis reactors were separated 
and as a remedial measure to that, with a smaller deten-
tion time so that acidifi cation should not occur beyond 
control and the gas production obtained. In this context, 
domestic MWW on gas generation was conducted and 
nature of curve gradually increased (Fig. 3). It was ob-
served that, as HRT increased, the gas production rate 
also increased. It was mainly due to decreased loading 
and increased activity of the biomass. However at each 
change of loading rates, marginal increased in gas pro-
duction rate was observed. Maximum biogas of 0.59 L d 
was obtained at an OLR of 0.5g COD/L d. This is due 
to fact that more COD was satisfi ed with the increased 
HRT. The maximum gas production at HRT 2 and 3 
d were 0.50 and 0.59 L/d L respectively and minimum 
value around 0.40 L/d L at HRT 1 d. The actual gas 
production was measured only about 59% at 3d HRT 
during the experiment; this may be due to increased in 
pH in the reactor. Earlier reports shows that in the acidic 
environment, methanogenesis unable to work properly 
and production of gas was less, 300 and 380 ml/h gas 
produced at HRT 30 and 40 h respectively24. However, 
anaerobic treatment of dairy wastewater shows that bio-
gas production rate and COD removal effi ciencies were 
increased with an increased in operating periods, it was 
observed that there was decreased in COD reduction 
whenever the OLRs increased. It can be attributed to 
the fact that an increased in OLR was obtained by an 
increased in feed concentration, which inhibited very sen-
sitive methanogenic bacteria temporarily. In comparison 
with other previously reported study based on different 
confi guration of the system and operation at different 
geographical conditions that results difference may vary. 

The success of any biological treatment plant lies in 
kinetics of the process as they determine the dimensions 
of the unit operation and dictates the control parameters 

experiment and effl uent parameters values were signifi -
cantly change with respective to time in days (HRT). The 
reactor was run on continuous mode up to three days 
without interruption, and effl uents were collected three 
times in a day for analysis of different parameters after 
completion of 24, 48 and 72 h and results are presented 
in the average form in Table 2. Previous report shows that 
biological treatment of dairy wastewater by sequencing 
batch reactor; the elimination of COD increased with 
the time up to 6 h, more than 90% COD removal effi -
ciency was achieved in the reactor with infl uent COD19.  

In the present study reactor was started with an initial 
OLR of 1.5 g COD/L d (i.e. feed concentration of COD 
1500 mg/L) at a HRT of 1 d. Then the reactor loadings 
were decreased stepwise 1.5, 0.75, and 0.5 g COD/L d with 
increased in HRT from 1 to 3 d and decreased fl ow rate 
of infl uent. The results indicated that as HRT enhanced 
from 24 to 72 h (1 to 3 d), there was increased in COD 
reduction effi ciency of the reactor performance, similarly 
concentration of effl uent BOD and SS reduction effi cien-
cy increased with increase in HRT (Fig. 2). Treatment of 
MWW in the UAPB reactor, results obtained removal 
effi ciency of COD were 62.32, 71.66, and 83.42% at HRT 
1, 2 and 3 d respectively. The COD effl uent was redu-
ced up to 248 mg/L for MWW. Previous reports shows 
that COD removal effi ciency increased with increasing 
HRT, when HRT increased from 36 to 48 h, the COD 
removal effi ciency increased from 88 to 97.5%20. The 
infl uent BOD concentration of MWW (900 mg/L) was 
considerably reduced to 163 mg/L and removal effi cien-
cy of BOD were noted to be 66.11% at HRT 1d and 
76.55%, 81.88% at HRT 2d and 3d respectively. Howe-
ver, the initial SS concentration of MWW (1000 mg/L) 
was considerably reduced to 58 mg/L and SS removal 
effi ciency were recorded 75.24% at HRT 1d and 84.55, 

Figure 2. Infl uence of HRT on COD, BOD and SS percentage 
removal effi ciency

Table 2. Effect on analytical parameters by treatment of do-
mestic MWW using UAPBR
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and operating values. The experimental observations 
and their kinetics interpretation were used to evaluate 
the substrate utilization (COD removal) kinetics of the 
anaerobic process of treatment having attached growth 
system18. Removal of COD was envisaged for the maxi-
mum percentage, with necessary operating variables of 
infl uent COD, SS, pH, biogas and HRT. The loading rate 
of organics on the biological system, the composition of 
biological systems and the active status of the biological 
systems were correlated to explain the process of COD 
removal25. Better utilization of organics by the biological 
system for their energy requirement (during which they 
also stabilize most of the unstabilized waste constituents) 
better the COD removal. 

According to the results obtained by regression analysis, 
logarithmic type functions appear to describe the effect 
of Bv on the removal effi ciency26. The results obtained by 
using above general mathematical equation. The values 
for the empirical constants K1 and K2 obtained in the 
experiment and the correlation factors were summarized 
in Table 3. The above mathematical model only valid wi-
thin the experimental range of Bv studied. An decreased 
of Bv 1.5, 0.75 and 0.5 g COD/L d caused virtually a 
linear increased in the removal effi ciency of COD  62.32, 
71.66 and 83.42% respectively. When Bv increased from 
0.5 to 1.5 g COD/L d, the effl uent COD concentration 
increased moderately from 248 to 565 mg/L. Hence, 
the process was capable of assimilating a considerable 
increased of the organic loading without failure. The 
following empirical relationship was found between Bv 
and effl uent COD (E COD) = 19.105Bv + 89.979. The 
BOD levels decreased at a satisfactory rate. The removal 
effi ciency equations for BOD was obtained as E BOD 
= 15.343Bv + 88.911. Likewise, empirical relations were 
developed for SS parameter whose percentage of removal 
effi ciency decreased with increased of Bv. The rate of 
removal effi ciencies of SS proceeded at a slower pace, 
the removal effi ciency equations for SS was obtained as 
E SS = 17.488Bv + 100.71. The plots of drawn curves 
are shown in the Figure 4 of loading rate Bv versus the 

percentage removal effi ciency is made to study the COD, 
BOD and SS parameter. 

Figure 3. Infl uence of HRT on biogas production rate

Figure 4. Removal effi ciency graphs of (A) Bv vs % COD, (B) 
Bv vs % BOD and (C) Bv vs % SS

Table 3. The empirical constant K1 and K2, and the regression 
coeffi cients R2 of parameters COD, BOD and SS

CONCLUSIONS

This study reveals that treatability of domestic MWW 
and investigated the infl uence of various HRTs on COD, 
BOD, SS, pH changes and biogas production rate in 
the UAPBR. The UAPB bioreactor was given a high 
performance and achieved a treatment goal successfully. 
The results showed that by increasing the HRTs, the 
treatment of infl uent was more effective with gradual 
increased in percentage COD, BOD and SS removal and 
also increased in biogas production rate. At HRT 3 d, 
the COD, BOD and SS removal of 248, 163 and 58 mg/L 
respectively and removal effi ciency were achieved 83.42, 
81.88 and 94.25% respectively. The empirical equations 
for removal effi ciencies of other characteristics were 
developed. Hence, the results from this study proved 
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that the UAPB reactor performance is excellent for 
treating domestic MWW and easily biodegradable dairy 
wastewater infl uence. Furthermore, this system suited 
for use in the developing countries and rural areas for 
the treatment of MWW.
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