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INTRODUCTION

Among biological treatment processes, treatment by oxida-
tion ponds, activated sludge plants and anaerobic treatment
are commonly employed for dairy wastewater treatment
(Bangsbo-Hansen 1985). The dairy industry is one of the
largest sources of industrial effluents in Europe. A typical
European dairy generates approximately S00m?® of waste ef-
fluent daily. COD concentration of dairy effluents vary sig-
nificantly, and moreover, dairy effluents are warm and strong,
enabling them ideal for anaerobic treatment (Wheatley 1990).
The dairy industry, like most other agro-industries, gener-
ates strong wastewaters characterized by high biochemical
oxygen demand (BOD) and chemical oxygen demand (COD)
representing their high organic content (Orhon et al. 1993).
Most of the wastewater volume generated in the dairy in-
dustry results from cleaning of transport lines and equip-
ment between production cycles, cleaning of tank trucks,
washing of milk silos and equipment malfunctions or op-
erational errors (Kasapgil et al. 1994, Danalewich et al. 1998).
Since dairy waste streams contain high concentration of or-
ganic matter, these effluents may cause serious problems, in
terms of organic load on the local municipal sewage treat-
ment systems (Perle et al. 1995).

Dairy wastewaters are treated using physico-chemical and
biological treatment methods. However, since the chemical
costs are high and the soluble COD removal is poor in physi-
cal-chemical treatment processes, biological processes are
usually preferred (Vidal et al. 2000). In addition to environ-
mental problems that can result from discharge of dairy

The up flow anaerobic sludge blanket reactor for the treatment of dairy wastewater is often reported to be an
effective method of treatment. The objective of this paper is to summarize recent research efforts and case
studies in up flow anaerobic sludge blanket reactor for treating dairy effluents. The main characteristics of
the dairy wastewater have been identified and the degradation mechanism of the primary constituents in
dairy wastewaters, namely carbohydrates (mainly lactose), proteins and lipids has been described. Primary
attention is focused on bench, pilot-scale up flow anaerobic sludge blanket reactor for the treatment of
dairy wastewater effluents. Finally, areas where further research and attention are required have been

wastewaters, introduction of products such as milk solids
into waste streams also represents a loss of valuable product
for the dairy facilities (Baskaran et al. 2003).

Furthermore, no requirement for aeration, low amount
of excess sludge production and low area demand are addi-
tional advantages of anaerobic treatment processes, in com-
parison to aerobic processes. The aim of this paper is to sum-
marize the recent research efforts and case studies in anaero-
bic treatment of dairy waste effluents. In the paper, the gen-
eral characteristics of dairy waste streams are identified and
the anaerobic degradation mechanisms of the main constitu-
ents of dairy wastewaters, namely carbohydrates, proteins
and lipids, are explained. Anaerobic treatment practices of
dairy wastewaters, as bench, pilot and full-scale efforts, are
subsequently introduced overall in detail. Combined (anaero-
bic-aerobic) treatment systems for dairy wastewaters are also
summarized briefly. Finally, areas where particular research
and more attention required in the near future are identified.

General Characteristics of Dairy Wastewaters

Concentrations of suspended solids (SS) and volatile sus-
pended solids (VSS) are also used to evaluate wastewater
strength and treatability (Danalewich et al. 1998). Suspended
solids in dairy wastewaters originate from coagulated milk,
cheese curd fines or flavoring ingredients (Brown & Pico
1979). The inhibitory effects of lipids in anaerobic processes
can mainly be correlated to the presence of long chain fatty
acids (LCFAs), which cause retardation in methane produc-
tion (Hanaki et al. 1981).
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While, LCFAs were particularly reported to be inhibi-
tory to methanogenic bacteria (Koster 1987), difficulties ex-
perienced with the presence of lipids in anaerobic treatment
processes have been previously reported in literature (Sayed
et al. 1988, Rinzema et al. 1993, Alves et al. 1997, Alves et
al. 2001). Lipids are potentially inhibitory compounds, which
can always be encountered during anaerobic treatment of
dairy wastewaters.

There is little information available in literature about
the anaerobic digestibility of lipids. During anaerobic deg-
radation, lipid is firstly hydrolyzed to glycerol and long chain
fatty acids, followed by B-oxidation, producing acetate and
hydrogen (McInerney1988). Anaerobic fermentation of lac-
tose yields organic acids, namely acetate, propionate, iso-
and normal-butyrate, iso and normal valerate, caproate, lac-
tate, formate and ethanol (Kissalita et al. 1990). Two possi-
ble carbon flow schemes were proposed for acidogenic fer-
mentation of lactose, carbon flow from pyruvate to butyrate
and lactate, both occurring in parallel (Kissalita et al. 1989).

Lipids do not cause serious problems in aerobic
processes; however, they sometimes affect conventional
single-phase anaerobic treatment processes adversely
(Hanaki et al. 1990, Komatsu et al.1991). Anaerobic
degradation of proteins and the effects of ammonia on this
mechanism were recently investigated in detail (Pavlostathis
& Giraldo-Gomez 1991, Gallert et al.1998). Unsaturated
LCFAs seemed to have a greater inhibitory effect than
saturated LCFAs. Unsaturated LCFAs strongly inhibited

Table 1: Characteristics of dairy waste effluents.
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methane production from acetate and moderately inhibited
B-oxidation. Thus, unsaturated LCFAs should be saturated
to prevent lipid inhibition in anaerobic processes (Komatsu
& Hanaki 1991). Lactose is the main carbohydrate in dairy
wastewater and is a readily available substrate for anaerobic
bacteria.

Anaerobic methanation of lactose needs a cooperative
biological activity from acidogens, acetogens and
methanogens (Yu & Pinder 1993). The use of acid and alka-
line cleaners and sanitizers in the dairy industry addition-
ally influences wastewater characteristics and typically re-
sults in a highly variable pH (Kasapgil et al.1994,
Danalewich et al. 1998, Demirel & Yenigun 2004). Casein
is the major protein in milk composition and in dairy efflu-
ents. When fed to acclimated anaerobic reactors, degrada-
tion of casein is very fast and the degradation products are
non-inhibitory (Perle et al. 1995). Wastewaters from the dairy
industry are usually generated in an intermittent way, so the
flow rates of these effluents change significantly.

High seasonal variations are also encountered frequently
and correlate with the volume of milk received for
processing; which is typically high in summer and low in
winter months (Kolarski & Nyhuis 1995). The
biodegradation of lipids is difficult due to their low
bioavailability (Petruy & Lettinga 1997). As stated above,
dairy wastewater is composed of easily degradable
carbohydrates, mainly lactose, as well as less biodegradable
proteins and lipids (Fang & Yu 2000). High COD

Effluent COD BOD pH Alk. Susp- Vola- Total TKN Total Reference
Type (mg/L) (mg/L) (units) (as Ca ended tile solids (mg/L) phos-

CO,) solids S.S. (mg/L) phorus

(mg/L)  (mg/L) (mg/L) (mg/L)
Creamery 2000-6000 1200-4000  8-11 150-300 350-1000  330-940 - 50-60 - Kasapgil et al. 1994
Not given 980-7500 680-4500 - - 300 - - - - Kolarski &

Nyhuis 1995

Mixed dairy 1150-9200 - 6-11 320-970 340-1730  255-830  2705-3715 14-272 8-68  Demirel 2003
Processing Cheese 68814* - - - - - - 1462* 379*%  Malaspina et al. 1995
Whey
Cheese 1000-7500  588-5000 5595 - 500-2500 - - - - Monroy et al. 1995
Fresh milk 46568%* - 6.92% - - - - - - Strydom et al. 1977
Cheese 5340% - 5.22% - - - - - - Strydom et al. 1977
Milk powder 1908* - 5.80% - - - - - - Strydom et al. 1977
butter
Mixed dairy 63100* - 3.25% - 12500* 12100*  53000* - - Hwang &
processing Hansen 1998
Cheese 61000* - - - 1780%* 1560* 980* 510*%  Vanden &
Whey Kennedy 1992
Cheese - - 4.7% - 2500%* - - 830%* 280*  Gavala et al. 1999
Not given - - 4494 - 90-450 - - - - Eroglu et al. 1991
Fluid milk 950-2400  500-1300 5095 - 90-450 - - - - Oztuk et al. 1993

*Mean concentrations are reported.
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Table 2: Concentrations of selected elements in dairy wastewaters.
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Effluent Na K Ca Mg Fe Co Ni Mn Reference
Type (mg/L) (mg/L)  (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)
Creamery 170-200 35-40 35-40 5-8 2-5 0.05-0.15 0.5-1.0  0.02-0.10 Rasapgil et al. 1994
Cheese/whey 735% 42.8% 47.7* 11.4% - - - - Danalewich et al. 1998
Cheese/alcohol 423%* 41.2% 54.3% 8.3*% - - - - Danalewich et al. 1998
Cheese/beverage  453* 8.6% 33.6% 16.9%* - - - - Danalewich et al. 1998
Cheese/whey 419% 35.8% 52.3% 11.0% - - - - Danalewich et al. 1998
Mixed dairy 123-2324 8-160 12-120 2-97 0.5-6.7 0 0-0.13  0.03-0.43 Demirel 2003
Cheese 720-980 - 530-950 - - - - - Money et al. 1995
*Mean concentrations are reported.
Table:3: Typical operating conditions for anaerobic digesters.
Anaerobic digester configuration Load (kg COD/(m3 day)) Retention COD removal (%)
CSTR 0.5-2.5 1-5 days 80-90
Anaerobic filter 2-10 10-50 h 70-80
UASB 2-15 8-50 h 70-90
Fluidized bed 2-50 0.5-24 h 70-80

concentrations indicate that dairy industry wastewaters are
strong and fluctuating in nature. Significant fractions of the
organic components and nutrients in dairy waste streams are
derived from milk and milk products.

In industrial dairy wastewaters, nitrogen originates mainly
from milk proteins, and is present in various forms; either an
organic nitrogen (proteins, urea, nucleic acids), or as ions such
asNH,*,NO, and NO,". Phosphorus is found mainly in inor-
ganic forms; as orthophosphate (PO,*) and poly-phosphate
(P2074'), as well as organic forms (Guillen-Jimenez et al.
2000). In cheese-processing wastewater, 97.7% of total COD
is accounted for by lactose, lactate, protein and fat (Hwangs
& Hansen 1998). Thus, dairy wastewater can easily be de-
fined as a complex type of substrate (Fang & Yu 2000,
Angelidaki 1999, Yu & Fang 2000). A summary of data ob-
tained from literature for general properties of dairy waste
effluents from full-scale operations is given in Table 1.

Concentrations of selected elements, namely sodium
(Na), potassium (K), calcium (Ca), magnesium (Mg), iron
(Fe), cobalt (Co), nickel (Ni) and manganese (Mn) are also
given in Table 2. Particularly high Na concentrations point
out the use of large amount of alkaline cleaners in dairy
plants. The concentrations of heavy metals, such as copper
(Cu), nickel (Ni) and zinc (Zn) were reported to be in a range
that would not affect adversely the performance of a bio-
logical treatment step (Danalewich et al. 2003).

Conventional (Single-Phase) Anaerobic Treatment of
Dairy Effluents

Atan OLR of 8.5 g COD/day and an HRT of 5 h, 87% COD

removal was achieved at 30°C. Another laboratory-scale in-
vestigation pointed out that more than 97% COD reduction
could be achieved in a UASB reactor during anaerobic treat-
ment of cheese whey (Yan et al. 1989).

Methanol addition during start-up of UASB reactors
treating a dairy waste from raw ice-cream production facil-
ity provided rapid granulation of biomass and enhanced the
settling velocity and specific activity of the sludge (Cayless
et al. 1990). However, methanol addition also resulted in
severe biomass wash-out from the system. During labora-
tory-scale anaerobic digestion of cheese whey, increased
substrate loadings led to the failure of the UASB reactor, in
a range of influent substrate concentration from 4.5 to 38.1
g COD/L, at an HRT of 5 days (Yan et al. 1990). Anaerobic
treatment of cheese-production wastewater using a labora-
tory-scale UASB reactor provided a COD removal of about
90%, at an OLR of 31g COD/day (Rico Gutierrez etal. 1991).
Furthermore, OLR peaks above 45 g COD/day yielded a
COD reduction between 70 and 80%. Sudden increase in
the OLR was accompanied by biomass granulation, result-
ing in a more stable reactor operation during waste treat-
ment.

The kinetic model and the kinetic coefficients of labo-
ratory-scale continuous UASB reactors treating whey per-
meate were determined, in an HRT range between 0.4 and 5
days and at a constant influent substrate concentration of
10.4 £ 0.2 g COD/L (Hwang & Hansen 1992).

The maximum substrate utilization rate (k), half
saturation coefficient (K)), yield coefficient (Y) and decay
rate coefficient (K ) were determined to be 0.941, 0.773 kg
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COD/(kg VSS day), 0.153 kg VSS/(kg COD) and 0.022 day
I, respectively. Under the same HRT and influent substrate
concentration, COD removal efficiency in the UASB reactor
ranged between 64.2 and 99 %. Higher than 90% of COD
removal could be attained, with an OLR maintained around
5-6 kg COD/(m?® day). Moreover, the fat content in dairy
wastewater could successfully be degraded by the anaerobic
filter reactor.

Up flow anaerobic sludge blanket (UASB) reactors have
been successfully employed for dairy wastewater treatment
in full-scale applications for almost two decades (Malina et
al. 1992). COD removal rates varied between 85 and 99%,
at an HRT of 6 days and in an OLR range from 2to 7.3 g
COD/day, while removal rates were around 81% in an HRT
range between 30 and 40 days.

Anaerobic treatability studies of dairy effluents from a
large integrated industry processing milk were carried out
using a laboratory-scale hybrid UASB reactor (Ozturk et al.
1993). The anaerobic digestion of cheese whey was investi-
gated, in terms of instability caused by the strength of the
influent in a UASB reactor (Yan et al. 1993). Biological treat-
ment of a cheese-producing wastewater by a laboratory-scale
UASB reactor was reported for influent wastewater concen-
trations between 12 and 60 g COD/L (Gavala et al. 1999).
The IC reactor system is able to handle high up flow liquid
and gas velocities, which enables treatment of low strength
wastes at short HRTs, as well as treatment of high-strength
effluents at very high volumetric loading rates feasible. Re-
cently, feasibility of using UASB reactors for dairy
wastewater treatment was explored by operating two types
of UASB reactors (Ramasamy et al. 2004).

Two-Phase Anaerobic Treatment of Dairy Wastewater

Actually, numerous studies have been performed covering
particularly the anaerobic acidogenesis of dairy wastewaters.
Initially, acidogenesis of lactose was investigated extensively
in laboratory-scale studies, mostly focusing on the degrada-
tion kinetics of lactose (Kissalita et al. 2000). High influent
substrate concentrations, fluctuations in dairy wastewater
flow rate and composition, excessive suspended solids and
lipid concentrations in dairy effluents, the presence of suffi-
cient amount of alkalinity in anaerobic digesters and appro-
priate anaerobic reactor configuration employed for treat-
ment are common factors that affect maximum loading rates
and expected treatment efficiencies (Yan et al. 1990, Rico
Gutierrez et al. 1991, Kasapgil et al. 1994, Strydom 1994).

Biomass granulation must definitely be achieved for
stable and satisfactory UASB reactor operation and finally,
sufficient amount of alkalinity is frequently discussed to be
the most important factor for controlling process reliability
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during anaerobic treatment of dairy wastewater (Rico
Gutierrez et al. 1991). For the cheese factory effluent, 97%
COD removal was achieved at an OLR of 2.82 kg COD/(m?*
day), while at an OLR of 2.44 kg COD/(m® day), 94% COD
removal was obtained for the fresh milk effluent. For the
powder milk/butter factory effluent, 91% COD removal was
achieved at an OLR of 0.97 kg COD/(m® day).

In addition to these works, the operating criteria for pre-
acidification of dairy wastewater obtained from a milk and
cream bottling plant were determined in a laboratory-scale
CSTR (Ince et al. 1995). Studies covering the acid phase
digestion of industrial and synthetic dairy wastewaters have
been reviewed in different aspects previously in this paper
(Hwang & Hansen 1998, Hwang et al. 2003). Two-phase
anaerobic treatment systems are particularly suitable for
wastewaters containing high concentrations of organic sus-
pended solids, such as food and agricultural industry
wastewaters (Guerrero et al. 1999). In an influent substrate
concentration range between 2 and 30 g COD/L and at 55°C,
carbohydrate degraded under all conditions, however, pro-
tein and lipid conversions both decreased when the substrate
concentration increased.

The major acidogenesis products were measured to be
acetate, propionate, butyrate and ethanol. Acidification of
mid-and high-strength synthetic dairy wastewaters were stud-
ied in a laboratory-scale up flow reactor (Yu & Fang 2001).

The authors reported that the high-strength wastewater
favoured production of hydrogen (H,) and alcohols. Inhibi-
tory effects of zinc (Zn) and copper (Cu) on anaerobic
acidogenesis of dairy wastewater were investigated in a labo-
ratory-scale study (Yu & Fang 2001). The authors concluded
that copper seemed more toxic than zinc to the overall pro-
duction of VFAs and hydrogen in the acidogenic reactor.
Start-up of two acidogenic reactors under mesophilic
(37 °C) and thermophilic (55°C) conditions were compared
using a methanogenic granular sludge and dairy wastewater.
It took more than 2 months to establish a microbial commu-
nity with a stable metabolic activity. Acidogenesis of syn-
thetic dairy wastewater was also studied at a pH range be-
tween 4.0 and 6.5, in a laboratory-scale up flow reactor at
37°C. At an HRT of 12 h and a pH of 5.5, 95% of carbohy-
drates, 82% of proteins and 41% of lipids could be degraded
in the acid phase reactor. Moreover, batch reactors were used
to investigate the thermophilic anaerobic acidification of a
synthetic dairy wastewater at a pH of 5.5. According to the
authors, hydrogen production could be attributed to the fer-
mentation of carbohydrate.

Two acidogenic up flow reactors were operated under
mesophilic (37°C) and thermophilic (55°C) conditions with
a synthetic dairy wastewater, in order to compare the effects
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of temperature on the performances of both reactors. Almost
no difference was reported for the performances of both re-
actors in terms of COD removal and degree of acidification,
at any given OLR.

A cheese-processing wastewater was used to determine
the biokinetics of mesophilic acidogens (Yu et al.2002). At
a pH of 7 and 36.2°C, the maximum microbial growth rate
() half saturation coefficient (K ), the microbial yield
coefficient (Y) and microbial decay rate (kd) were computed
to be 9.9 per day, 134 mg COD/L, 0.29 mg MVSS/ mg COD
and 0.14 per day, respectively. While at a pH of 7.3 and
36.2°C, uoo K, Yand k Jwere determined to be 9.3 per day,
482.5mg COD/L, 0.20 mg MVSS/mg COD and 0.25 per day,
respectively. In a more recent study, the effects of HRT be-
tween 12 and 24 h on anaerobic acidogenesis of dairy
wastewater was investigated using a laboratory-scale con-
tinuous-flow completely mixed anaerobic reactor with sol-
ids recycle (Demirel & Yenigun 2004).

Typical operating conditions for anaerobic digesters are
outlined in Table 3. Treatment of dairy wastewater using
UASB reactors operated in an intermittent mode, improved
the efficiency of the biological conversion by reducing the
accumulation of organic matter in the sludge bed through a
higher methanization with a high feedless period. In addi-
tion, it was possible to attain higher loads with the intermit-
tent operation as compared with continuous system (Coelho
et al. 2006).

CONCLUSION

Conventional up flow anaerobic sludge blanket (UASB) re-
actors are often used for treating dairy wastewater. In fact
the UASB reactor are suitable for treating food industry
wastewaters, since they can treat large volume of wastewaters
in arelatively short period of time. Removal of nitrogen and
phosphorus from diary wastewater has recently gained sig-
nificant attention due to more strict environmental regula-
tions, so current research efforts clearly seem to focus on
nutrient removal from dairy waste effluents is worth inves-
tigating.
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