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Industrial waste management is nowadays one of the main issues for ensuring a sustainable environment. Dairy waste
management in particular, is very crucial in view of the high organic matter and high nutrient levels contained in dairy
effluents. Dairy waste can be effectively treated either with aerobic or anaerobic processes. The main advantages of the
former consist of low yield, high kinetics, pathogen free product, and high temperature operation whereas the latter is a
simple, low budget and conservative technology. Occasionally, pre-treatment strategies (i.e. wetlands) are required in order
to improve the efficiency of treatment methodology. Wetlands are a promising technology applied in order to remove the
greater part of nutrients and minerals contained in milk based products.
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INTRODUCTION

The production process of dairy products results in a signif-
icant amount of waste mainly in the form of chemically mod-
ified liquids. The latter are characterized by high organic load
(e.g. fatty acids and lactose), considerable variations in pH (4.2–
9.4) as well as increased content of suspended solids (0.4–2 g/l)
(Kosseva et al., 2003). Moreover, since the water requirement of
a dairy plant for washing and cleaning operations corresponds to
2–5 litres of water per litre of processed milk (Amritkar, 1995),
dairy industries produce a large amount of wastewater per day.
The dairy wastewater usually contains proteins, salt, fatty sub-
stances, lactose as well as residues of chemicals used during
cleaning processes (Thassitou and Arvanitoyannis, 2001). The
influence of those chemicals and their additives to the COD
(Chemical Oxygen Demand) of the dairy wastewater is rather
small, compared to the one caused by the presence of other
components such as milk cream or whey (Wildbrett, 1988).
However, detergents often contain sequestering agents and sur-
factants (Grasshoff, 1997) shown to strongly affect the river
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fessor, University of Thessaly, School of Agricultural Sciences, Department
of Animal Production and Aquatic Environment, Fytokou Street, Nea Ionia
Magnesias, 38446 Volos, Greece. E-mail: parmenion@uth.gr

ecosystems due to their high toxicity to aquatic animals (IDF,
1993).

Furthermore, flow and characteristics of the wastewaters vary
from one factory to the other, since a great variety of systems,
technologies, operational methods but also final products are
being used or produced (Rico et al., 1991). The application of
the ISO 14000, resulted in compliance with the increasingly de-
manding standards of environmental management systems for
industries with considerable challenges in a number of areas such
as water availability, wastewater discharge, air emissions, chem-
ical residues, solid waste disposal and food packaging materials
(Boudouropoulos and Arvanitoyannis, 2000). Several studies
concluded that discharging wastewater with high levels of nutri-
ents such as phosphorus and nitrogen, led to eutrophication of
receiving waters. Wastewaters from dairy industries often con-
tain high nutrient levels (Brown and Pico, 1979).

Several regulatory agencies in many countries, like the United
States, have placed restrictions to the nutrient discharge through
wastewater effluents. For example, a phosphorus discharge limit
of 1.0 mg/l was introduced for Wisconsin on January 1, 1997
[Wisc. Adm. Code NR 217.04, 1997 (Raskin et al., 1998)]. It was
therefore crucial for the industries such as dairy manufacturers,
to develop efficient and economically profitable ways of waste
management, thus resulting in reduction of the levels of multiple
severe contaminating factors (chemical and biological).
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380 I. S. ARVANITOYANNIS AND A. GIAKOUNDIS

Physical-chemical treatments aim at removing the organic
load of dairy wastewaters up to a point. The success of those
methods depends on how efficient will be the formation of pre-
cipitants of specific components of the dairy whey (such as pro-
teins and fat) with chemicals compounds such as aluminum sul-
phate, ferric chloride, and ferrous sulphide (Karpati et al., 1995;
Ruston, 1993). Since the reagent cost is high and the removal
of soluble chemical oxygen demand (COD) is poor, biological
methods are frequently used.

Some of the waste treatment methods developed in the past
are discussed below. These include two thermophilic bioremedi-
ation strategies which take place in two steps; one anaerobic and
one aerobic. Furthermore, one strategy for waste management
based on anaerobic digestions with the use of upgraded CST
(Continuously-Stirred Tank) reactors, construction of wetlands
for an initial treatment of wastewaters from dairy farm opera-
tions, as well as the potential for Biological Nutrient Removal
(BNR) of that type of wastewaters is discussed.

DAIRY WASTE TREATMENT METHODOLOGY

Thermophilic Bioremediation for Dairy Waste Management

Various methods based on mesophilic aerobic and anaero-
bic digestions of whey and whey derivatives have been reported
for dairy waste treatment (Cristiani-Urbina, Netzahuatl-Munoz,
et al., 2000). However, since many countries [like India which
possessed an annual milk production of 50 million tones at 1990
(Ramasamy and Abbasi, 2000)] produce large quantities of dairy
products which inevitably results in large volumes of excess
whey, a considerable disposal problem raises. In addition, more
stringent regulations regarding direct spraying on to land, hy-
giene issues to sludge disposal from mesophilic biotreatment,
and reduction in the use of landfilling were voted.

Thermophilic aerobic bioremediation treatment is a technol-
ogy for treating high-strength organic waste streams (Rozich and
Bordacs, 2002) endowed with characteristics which may hope-
fully provide answers to the above mentioned problems, since it
combines the advantages of low biomass yields and rapid kinet-
ics with those of high temperature operation and stable process
control of aerobic systems [Table 1 (Kosseva et al., 2003)].

Kosseva and colleagues (2003) have compared two strategies
of thermophilic waste treatment. The first consists of an anaero-
bic, mesophilic first stage, followed by a aerobic, mesophilic
second stage. The second includes an anaerobic, mesophilic
first stage, followed by an aerobic, thermophilic second stage
(Kosseva et al., 2003). The following scheme of reactions to

Table 1 Main advantages of thermophilic biological methods

Low mass yield
Rapid kinetics
High temperature operation
Stable process control of aerobic systems
Production of pathogen-free products
Energy generation

describe the formation of biomass out of lactose found in whey
was proposed:

The homofermentative lactic acid bacteria (LAB) produce
lactase, which hydrolyses the lactose found in whey to glucose
and galactose:

C12H22O11 + H2O → C6H12O6 + C6H12O6 (1)

Lactic acid is produced via the Emden–Meyerhof–Parnas gly-
colitic pathway, via pyruvic acid (showing only the main
reagents and products):

2C6H12O6 → 4C3H4O3 + 8H+ → 4C3H6O3 + 4ATP (2)

The thermo-tolerant yeast directly utilizes lactose to produce
ethanol and carbon dioxide:

C12H22O11 + H2O → 4C2H5OH + 4CO2 (3)

Biomass formation might be described by the following simpli-
fied reaction scheme:

aCHxOy + bHlOmNn → CHαOβNχ + cH2O + dCO2 (4)

where CHxOy is a carbon source, HlOmNn is a nitrogen source,
and CHαOβNχ is biomass formed.

A Comparison of the Effectiveness between the Two Strategies

According to Kosseva et al. (2001), DO was maintained at
or above 80% of saturation during aerobic processing in both
strategies. Regarding the first strategy, a simultaneous degrada-
tion of carbon sources occurred which resulted mainly in carbon
dioxide and biomass. Furthermore, the release of carbon dioxide
was closely related with consumption of lactate. The respiratory
quotient remained near a value of 1 during consumption of lac-
tate while the total decrease of soluble chemical oxygen demand
(COD) of whey during the anaerobic and aerobic stages pro-
posed scheme was 68%. Finally, the soluble protein decreased
by 59%. As regards the second strategy, DO was maintained
above 65% of saturation. During the consumption of lactate, the
respiratory quotient remained near a value of one, as proved by
the similarity between the curves of the oxygen depletion and
those of carbon dioxide enhancement.

The average lactate biodegradation rate over the digestion pe-
riod varied between the two processes. In particular, during the
mesophilic process at 45◦C the average velocity was 0.5 g/h. On
the contrary, during the thermophilic process at 65◦C the mea-
surements for the same characteristic gave an average velocity
of twice as high [0.96 g/h]. Considering only the thermophilic
treatment, the average decrease of COD was 62.5% while for
soluble protein was approximately 47.5% (Kosseva et al., 2003).
Following the mesophilic-thermophilic strategy, approximately
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CURRENT STRATEGIES FOR DAIRY WASTE MANAGEMENT 381

Table 2 A comparison of the two bioremediation strategies for the
management of dairy waste (Adapted from Kosseva et al., 2003)

Mesophilic anaerobic first stage and
mesophilic aerobic second stage

Mesophilic anaerobic first stage and
thermophilic aerobic second stage

DO maintained above 80% of
saturation during the aerobic stage

DO maintained above 65% of
saturation during the aerobic stage

The respiratory quotient remained
near a value of 1 during
consumption of lactate

The respiratory quotient remained
near a value of 1 during
consumption of lactate

The average velocity of lactate
biodegradation was approximately
0.5 g/(1 h)

The average velocity of lactate
biodegradation was approximately
0.96 g/(1 h)

The total decrease of soluble COD of
whey was 68%

The total decrease of soluble COD of
whey was 62.5%

The total decrease of soluble protein
was 59%

The total decrease of soluble protein
was 47.5%

100% reduction of soluble COD and lactose was recorded ac-
companied with a 90% decrease in soluble protein in batch cul-
tures. A comparison between the two strategies is summarized
in Table 2.

It was also proposed that the ethanol produced at step 3,
produces acetic acid via bio-oxidation. Further, bio-oxidation
of acetic, lactic, and citric acid finally produces carbon dioxide
and water.

Anaerobic Management of Dairy Waste with the use of
Upgraded CST Reactors

Anaerobic digestion is one of the major steps involved in
the treatment of dairy industry wastewaters through process-
ing CSTRs (Continuously-Stirred Tank Reactors) (Ramasamy
and Abbasi, 2000). Many studies were conducted in order to
improve the performance of the particular technology, one of
which includes the incorporation of a biofilm support system
(BSS) within the reactor (Ramasamy and Abbasi, 2000). The
properties of the wastewaters (high organic content and presence
of nutrients) ensure the growth of micro-organisms and therefore
the facile biological degradation, biodegradation treatments of

Figure 1 A typical stirred tank reactor (STR) (Ramasamy and Abbasi, 2000).

wastewaters from dairy industries can be easily developed and
adopted.

Surveys of the current effluent-treatment systems revealed
that the aerobic activated sludge treatment is the most highly
energy intensive and widely used. Several conventional aero-
bic treatments have been used extensively in the dairy indus-
try which include aerated lagoons, activated sludge processes
(Stephenson, 1989; Scack and Shandhu, 1989), trickling filters
(Walsh et al., 1994) and rotating biological contactors (Radick,
1992). Apart from the high energy consumption of the particu-
lar technologies for aeration, it can not always ensure a stable
performance due to a variety of factors such as overloading,
seasonal flow variations, and bulking sludge (Ramasamy and
Abbasi, 2000; Timmermans et al., 1984).

On the contrary, the characteristics of the anaerobic technol-
ogy for waste treatment not only ensure a low-budget operation,
no need for aeration equipment, lower excess of sludge, rel-
atively low land demand (Colleran, 1991; Perle et al., 1995)
but also are accompanied with the prospect of energy produc-
tion through the utilization of the main product of the process,
methane (Ramasamy and Abbasi, 2000).

The Principles of the CST Methodology

Among the various technologies used for dairy waste anaer-
obic treatment, one of the most common and easiest is the
CSTRs (Figure 1). According to the method, the digester con-
tents are mixed either continuously or periodically. The key
for a good biodegradation is the maximization of the contact
surface between wastewater components and the anaerobic mi-
crobes. The CSTR assay showed good mixing properties which
in turn ensure a high biodegradation. However, efforts were
made focusing on performance improvement of this particular
technology, mainly by limiting the presence of active micro-
bial biomass from the reactor washout. Ramasamy and Abbasi
(2000) tried to retain a portion of the active biomass within
the reactor with the use of BSS (Biofilm Support System). The
concept of this particular technology was that the BSS applica-
tion would provide the support media for the active microbes to
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382 I. S. ARVANITOYANNIS AND A. GIAKOUNDIS

Figure 2a Comparison of start up perfomance between conventional and BSS-ST reactors regarding COD reduction (Adapted from Ramasamy and Abbasi,
2000).

attach and growth, thus making the biodegradation process more
effective.

Ramasamy and Abbasi (2000) used as initial feed for the
reactor a mixed liquor, which was then replaced with dairy waste
exclusive use. As soon as the feeding of the reactor began, the
biogas production also started in both normal (served as control
in their experiments) and BSS reactor. The COD reduction of
the effluent was found to be low (Figure 2a). But as soon as
they used dairy waste as the only feed composition substrate
(50 days), the biogas yield increased (Figure 2b).

A greater COD reduction was also reported in the BSS reac-
tors than in the conventional ones. VS destruction was found to
be of an average of 60% in the BSS and only 40% in the control
reactor, when the HRT (Hydraulic Retention Time) was reduced

Figure 2b Comparison of start up perfomance between conventional and BSS-ST reactors regarding biogas production. (Adapted from Ramasamy, Abbasi,
2000)

to 10 days. The biogas released by both reactors was of a rate of
56 to 58%.

Vidal and colleagues (2000) introduced a different approach
to the specific technology. On their survey they have proved that
dairy wastewaters with differences in fat and protein content
and quality, can have a serious impact on the performance and
efficiency of the anaerobic reactors (Vidal et al., 2000). As men-
tioned above, the variety of dairy products is wide and that leads
to the necessity to have a reliable anaerobic technology to treat
those wastewaters regardless their protein and fat contents.

In their experiments, Vidal et al. (2000) used two types of
wastewater compositions, the W-type obtained by dissolving
full cream milk powder and the S-type obtained from shimmed
milk powder (Figures 3a and b). A direct relation between the
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CURRENT STRATEGIES FOR DAIRY WASTE MANAGEMENT 383

Figure 3a Composition of full-cream per 100 g of milk powder (Adapted
from Vidal et al., 2000).

initial amount of proteins and the final ammonia concentration
and pH value of the assay was established. Sugars degraded in
W-samples (with residual sugars) whereas almost all of the sug-
ars were degraded in the S-samples (Table 3, Figures 4a and
b). They have also reported that different anaerobic degradation
kinetics was observed for the two types of wastewaters. Further-
more, at lower concentrations (1–5 gCOD/l) the biodegradability
and the methanization were greater in the case of the W wastew-
aters. At higher concentrations (5–20 gCOD/l) the biodegrad-
ability of W wastewaters ranged between 98% and 99% while
the one of the S wastewaters diminished from 97.5% to 86%.

Construction of Wetlands in Order to Treat Wastewaters
from Dairy Operations

In the previous sections a presentation was made of the cur-
rently employed technologies toward treating the wastewaters
from dairy industries using mostly biological digestions under
both aerobic and anaerobic conditions. As already mentioned,
dairy wastewaters carry a high organic load and have a consid-
erable content in nutrients such as P and N. P and N are the two
main factors which contribute to the eutrophication of receiving
lakes and/or rivers. Wastewater production of a heavy organic

Figure 3b Composition of full-cream per 100 g of milk powder (Adapted
from Vidal et al., 2000).

load and nutrients, both leading to eutrophication, also occurs
in the dairy farms. Since the typical operation of a dairy farm,
includes a flush after each milking, some portion of the produc-
ing milk enters the waste streams through rinsing transfer pipes
and storage tanks (Cronk, 1996).

Milk’s five-day biological oxygen demand (BOD) is 100.000
mg per litre, which is high due to the existence of fat, sugars,
and proteins. Other contaminants that might end up to surface
or underground receiving waters of the dairy farm surrounding
area, are detergents which are usually alkaline and may contain
phosphates as well as water softeners containing sodium and
chloride. From 20 to 40 l of fresh water per day and the cow can
be used if flushing of waters is not practiced and up to 600 l of
fresh water per day and the cows are used if cow and manure
washing is part of the procedure (NRCS, 1992).

Principles of the Wetlands Methodology

It is therefore essential for provisions to be made on how dairy
farm wastewaters can undergo a primary solids separation. The
basic scheme of this procedure includes the construction of a
settling basin in which basic separation of solids occurs due to
precipitation and then the wastewaters can flow into a lagoon
and/or be land spread.

Constructed wetlands could replace or be downstream from
the lagoon and they could replace land spreading, especially now
that more strict regulations about it are applied (Figure 5). Septic
tanks can also be used for treatment of dairy waste. However,
possible formation of a bacterial slime can clog soil pores in the
drain system (Midwest Plan Service, 1987). If however, a septic
tank is in place, a constructed wetland could also receive and
treat the liquid portion of waste.

Characteristics of Wetlands Wastewater Treatment

Several natural and constructed wetlands have been tested
for their ability to retain or transform nutrient inputs from
municipal wastewater (Odum et al., 1977; Dierberg and Bre-
zonik, 1983; Kadlec, 1987; Knight et al., 1987; Brodrick et al.,
1988; Hammer, 1989). These have proven effective by decreas-
ing nitrogen, phosphorus, suspended solids, and BOD of dairy
wastewaters (Cronk, 1996).

A dairy farm wetland is very appealing as a waste man-
agement method because it is low-cost, with relatively low re-
quirements for technology know-how and with careful plan-
ning requires little human-controlled energy input after con-
struction (Hammer, 1992). However, BOD concentrations in
livestock wastewater are at least an order of magnitude
higher than those in domestic wastewaters. Therefore, although
wetlands for secondary and tertiary sewage treatment were
proven successful, new designs to be adapted for the high
BOD and nutrient characteristics of animal wastewaters, are
necessary.

Thus, wetlands for animal wastewater treatment should al-
ways be coupled with additional waste management strategies.
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384 I. S. ARVANITOYANNIS AND A. GIAKOUNDIS

Table 3 Initial and final concentration of the major components of the W- and S-wastewaters after the anaerobic digestion. (Adapted from Vidal et al., 2000)

Initial Conditions (mg/l) Final Conditions (mg/l)

W-COD W-Fat W-Protein W-Sugar W-COD W-Protein W-Fat W-Total ammonia
W-type 689 121 120 175 78 32 14 0

1377 239 240 350 51 53 8 0
3444 598 600 875 91 42 18 0
5548 964 965 1410 100 48 28 120

11101 1928 1932 2822 130 135 56 159
16639 2890 2895 4229 175 261 85 384

Mean 6466 1123 1125 1644 104 95 35 111
S-COD S-Fat S-Protein S-Sugar S-COD S-Protein S-Fat S-Total ammonia

S-type 396 4 135 207 100 43 16 0
791 8 24 414 73 4 8 0

1978 20 676 1035 176 61 0 0
6549 66 2240 3427 132 112 0 102

13114 131 4485 6863 400 0 0 488
19668 197 6727 10293 3011 0 0 1196

Mean 7083 71 2381 3707 649 37 4 298

Several pretreatment strategies are in use and their effectiveness
is of great importance to the constructed wetlands performance.
The accumulation of solids shortens the effective life of a con-
structed wetland, making solid removal a necessary pretreatment
step. Upstream settling basins, lagoons, or septic tanks can re-
move solids and ideally release only liquid effluent for treatment
within the wetlands (Cronk, 1996).

Many of the most elaborate pre- and post-treatment systems
are at research and demonstration sites. It may be more difficult
to plan and operate these components on a private farm since
daily operation may be labor intensive and expensive. Nonethe-
less, upstream removal of BOD and TSS is essential to any an-
imal wastewater treatment wetland because the concentrations
are typically too high to be treated in a wetland. Without pretreat-
ment, a constructed wetland is ineffective (Reaves et al., 1994b).

Plants have also a beneficial action on the waste manage-
ment with wetland, as a substrate and a carbon source for

Figure 4a Initial chemical characteristics of W- and S- type wastewaters before the anaerobic treatment (Adapted from Vidal et al., 2000)

microbes. Wetland species oxygenate the substrate immedi-
ately to their roots and therefore increase the aerobic portion
of an otherwise anaerobic zone (Brix, 1993). Plants are also
in need of minerals for their development, which can be ob-
tained by absorption of wastewater components like N and P.
Plant nutrient uptake is usually not the major pathway of nu-
trient removal such as N and P from the wastewaters but nev-
ertheless it has been credited with 16–75% of the total N re-
moval and 12–73% of total P removal (Reddy and DeBusk,
1987).

There are some characteristics that plant species should have
in order to be qualified for establishment near a wetland. Those
plants should have high productivity in order to ensure major
nutrient uptake, they should be able to produce a rich and near
to surface rhizome and to be able to colonize. In order to en-
sure a more stable performance, perennial species are prefer-
able (Hammer, 1993) and of course they should be easily and
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CURRENT STRATEGIES FOR DAIRY WASTE MANAGEMENT 385

Figure 4b Final chemical characteristics of W- and S-type wastewaters after the anaerobic treatment (Adapted from Vidal et al., 2000).

inexpensively obtained. Regarding some specific characteristics
which will ensure the survival of those species under the wetland
conditions, these plants must tolerate high concentrations of nu-
trients and, in particular, ammonia unless reliable pretreatment
methods are used to control this pollutant (Cronk, 1996).

Wetlands can not be constructed in every type of soil. In any
other case, that could only enhance the problem of underground
waters pollution. The site of an animal wastewater treatment
wetland must be predetermined by the topography of the farm,
existing structures and land availability. Hydraulic conductivity
should be measured and if it is greater than considered desir-
able [under 10−6 cm s−1 (Hammer, 1994) a clay or plastic liner
perhaps will be able to retain standing water and prevent con-
tamination. Calculation of the investment required for wetlands
construction includes the following costs: an engineering plan,

Figure 5 Proposed scheme for the handling operations for the dairy farm wastewaters (adapted from Cronk, 1996, and NRCSB, 1992).

preconstruction site preparation, construction (including labor,
equipment materials and supervision), long-term management,
pest controls, as well as contingency (Tomljanovich and Perez,
1989).

Further factors which can contribute to the increase of the
cost is the type of the wetland, the singularity of the location,
the treatment objectives, as well as the special characteristics
of some substrates, the addition of a clay or plastic liner, the
cost of protective structures and the required maintenance cost
(Newling, 1982). Maintenance includes active management of
the solid portion of the waste. In order for the wetland to treat
effectively the waste, the amount of solids entering it must be
minimized. Solids management is an ongoing problem and the
farmers are advised to pre-consider it (Healy and McLoud, 1994;
Reaves et al., 1994b).
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386 I. S. ARVANITOYANNIS AND A. GIAKOUNDIS

Table 4 The advantages and disadvantages of both aerobic and anaerobic
technologies for dairy waste management

Aerobic technologies Anaerobic technologies

Advantages
Low mass yield Simple technology
Rapid kinetics Low budget requirements
High temperature operation Energy conservative
Stable process control of aerobic

systems
Potential of energy generation from

utilization of the producing
methane

Production of pathogen-free products
Energy generation

Disadvantages
Energy intensive Washout of active microbial biomass
Uncertainty in achieving a stabilized

performance
Low efficiency (with potentials of

improvement)

Potential for Biological Nutrient Removal Treatment
of Dairy Wastewaters

Dairy Wastewaters Production

As mentioned above, wastewaters from dairy industries, con-
tain a heavy organic load due to the existence of proteins (such as
casein), fats, and sugars. This type of wastewaters also contains
nutrients such as nitrate and phosphorus which can lead to eu-
trophication effects to the receiving lakes and rivers, if provision
regarding the removal of the above, does not take place.

Biological Nutrient Removal (BNR) is a technology includ-
ing pre-treatment practices in order to alter the properties of
the wastewater (municipal either industrial) in a way which will
eventually allow the removal of specific nutrients (such as N
and P) with the use of microrganisms. According to Reardon
(1994), enhanced biological phosphorus removal (EBPR) can
be more cost effective than the usual chemical precipitation
methodologies. EBPR combined to nitrification or denitrifica-
tion of dairy wastewaters can provide an alternative for the re-
duction of the dairy wastewaters high nutrient content. However,
since there is a variety of dairy industries, each of those produc-
ing different final dairy products, one can easily conclude that
their corresponding wastewater properties will significantly dif-
fer. In fact, that is the case and due to which, high variations in
flow and chemical characteristics make the BNR of this type of
wastewaters not a straightforward process (Danalewich et al.,
1998).

Harper and colleagues in the late 60s (1971) carried out a
survey over the dairy waste characteristics. According to their
results, although dairy wastewaters carry a heavy organic load,
dairy industry had limited knowledge of that fact. In addition,
the concentrations of many wastewaters components (such as
nutrients) were not determined. It was also reported that the
existing on site treatment systems had low efficiencies (Harper
et al., 1971). A similar survey was carried out in order to de-
termine the effectiveness status of the current dairy wastewater
treatment practices and also to estimate the potential for BNR
(Danalewich et al., 1998). In that study 14 dairy industries,

12 of which producing one or more types of cheese and pro-
cessed dairy whey as a secondary product were included. In
other studies waste generation was shown to be characterized
by high daily fluctuations in association with washing proce-
dures at the end of production cycles (Goronszy, 1989; Eroglu
et al., 1991)]. Furthermore, high seasonal variations frequently
occur and are correlated with the volume of milk received for
processing, which is typically high during summer and low dur-
ing winter months (Eroglu et al., 1991; Kolarsji and Nyhuis,
1995).

Harper and colleagues (1971) have concluded that manage-
ment planning and efficiency of management supervision were
the controlling factors in the amount of wastewater produced.
Danalewich and colleagues (1998) reported significant reduction
in the volume of wastewaters produced per amount of milk pro-
cessed, compared to Harper’s results. It was concluded that the
increase in the industries size, the automation in product process-
ing and the introduction of cleaning-in-place (CIP) systems over
the last few decades resulted in considerable reduction. How-
ever, they also mentioned that management strategies are still
the major factor determining the waste generation (Danalewich
et al., 1998).

In an attempt to evaluate the contribution of specific industrial
activities to wastewater generation, it was shown that cleaning
transport lines and equipment between production cycles as well
as cleaning tank trucks and washing milk silos, appeared to be the
most important factors in waste generation (Table 5), followed
by equipment malfunctions and/or operational errors (Eroglu
et al., 1991).

Table 5 Contribution of industrial activities in wastewater generation.
(Adapted from Danalewich et al.,1998)

% Percentage of industries which
consider the specific activity as:

Specific production
activities Major contributor Minor contributor

Cleaning of transport lines and
equipment between production
cycles

28.6 71.4

Cleaning of tank trucks 21.4 64.3
Washing of milk silos 21.4 64.3
Milk and milk product spills during

processing
0 85.7

Milk spills during receiving 0 85.7
Milk and milk products discharge

during production start up and
change over

0 85.7

Leakage from pipes, pumps and tanks 0 64.3
Overflow from tanks 0 64.3
Loss during packing operations 0 64.3
Discharge of cooling water 0 28.6
Discharge of spoiled milk and milk

products
0 21.4

Lubrication of casers, stackers,
conveyors and other equipment

7.1 7.1

Cleaning of whey evaporators 7.1 7.1
Sterilization of equipment 0 7.1
Vegetable oil leaks 0 7.1
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Table 6 Preatreatment and final treatment stategies for dairy wastewaters of ranging temperature and pH value (Adapted from Danalewich et al., 1998)

Dairy wastewater

pH Temperature (Celsius degrees) Pre-treatment strategy Final treatment

(3–13 ) (32–43) Treatment in equalization basin, DAF, trickling filters, oxidation ditch, post
treatment in series of two lagoons before discharge into river, chemical
additions include polymers for dewatering and sulfuric acid for pH
adjustment

Aerobic digester, thickening tank,
filter press, composting, land
application

(7.5–8.1 ) ( 2.8–21 ) Pretreatment in equalization basin and conventional activated sludge
system

Belt filter press dewatering and land
application

(1–14 ) ( 14–32 ) Pretreament in equalization basin and completely-mixed activated sludge
system

Land application

(4.8–11.3 ) ( 22–38 ) Pretreatment in grit chamber, extended aeration activated sludge system
with addition of ferric chloride for phosphate precipitation and addition
of polymers in clarifiers

Aerobic digestion, gravity
thickening, land application

Influence of Chemical Usage on Wastewaters Properties
regarding BNR

Harper et al. (1971) and Danalewich et al. (1998) reported
on the chemical usage practises in the dairy industry since 1960
(Table 7). They have also made an interesting comparison be-
tween the current cleaning practices and the ones used during
1960 (Harper et al., 1971). They have concluded that the clean-
ing practices used in dairy industries have been altered signif-
icantly during the last decades. The use of nitric acid for high
temperature cleaning of equipment was not utilized during 1960
while today it has replaced the various organic, sulphuric, and
hydrochloric acids which were the most frequently used.

Nowadays, the swift from the use of phosphoric acid to
phosphoric/nitric blends or nitric acid was accompanied by
waste minimization practices such as reclamation of clean-
ing acids and caustic soda. Those changes probably are re-
lated to compliance of the dairy industries with stricter envi-
ronmental regulations. The reduced use of organic acids corre-
sponds to the implementation of the Clean Water Act (1972)
whereas the switch from phosphoric to nitric acids is based
on the implementation of regulations for an overall reduc-
tion in phosphorus limits. However, Brown and Pico (1979)
mentioned that non-phosphate cleaners are not as effective
as phosphate and that can lead to increase in the cleaning
cost.

Table 7 Chemical usage practises in the dairy industry since1960 (Harper et al., 1971; Danalewich et al., 1998)

Chemical factor Usage description Major effect on wastewater properties

Na2CO3

NaOH
Component in alkaline cleaners Effect on biological treatment efficiency due to the increase

of pH values
Polyphosphates Emulsification, dispersion and protein peptizing
Sulphated alcohols
Alkyl aryl sulphonates
Quaternary ammonium surfactants

Wetting agent Major contributor to the increase of BOD5

Acetic acid, Propionic acid, Lactic acid,
Citric acid, Tartaric acid

Organic acid cleaners utilized to clean
high-temperature equipment

Effect on biological treatment efficiency due to the decrease
in pH values, erosion of metallic parts of equipment

Phosphoric acid, Nitric acid, Sulphuric acid Inorganic acid cleaners utilized to clean
high-temperature equipment

Effect on biological treatment efficiency due to the decrease
in pH values, erosion of metallic parts of equipment

Sodium hypochlorite, Iodine compounds,
Quaternary ammonium compounds

Sanitizer Impact on biological wastewater treatment efficiency

The use of caustic soda and various acids can have a severe
effect on wastewater pH values, thus influencing the microbial
activities during BNR (Table 6). The large variations in wastew-
ater temperatures can also influence the effectiveness of BNR.
This is due to the fact that the treatment practises employed,
vary greatly among the industries.

Chemical Characteristics of Dairy Wastewaters suited for BNR

BNR is based on the wastewaters microbial treatment. Since
living micro-organisms participate in a direct way in the pro-
cess, the effectiveness of the method is assessed based on the
achievement of an environment that will benefit their survival.
Thus the wastewaters which are to be treated with BNR, must
have certain chemical characteristics. If not, then pre-treatment
methodologies are required.

The wastewater industries participated in Danalewich and
colleagues (1998) survey, are described by a wide range of
chemical characteristics mostly because they produce a vari-
ety of different products, as mentioned before (Figure 6). First
of all, the mean values of total BOD5 and COD confirmed that
dairy wastewaters have high organic matter strength. Further-
more, the BOD5/COD ratio in all cases was above 0.5 with a
mean of 0.63 ± 0.16. Harper and his colleagues (1971) reached
the conclusion that ratios below 0.6 can suggest a less efficient
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Figure 6 Chemical characteristics of dairy wastewaters (Adapted from Danalewich et al., 1998).

biological oxidation of milk waste compared to pure milk. When
ratios are below 0.4, Harper et al. (1971) suggest that this is due
to waste toxicity. Since low ratios coincided with major periods
of equipment cleaning, toxicity can probably be related to clean-
ing operations. Danalewich et al. (1998) concluded that most of
the dairy wastewaters are easily biodegradable.

As for the acidity of the wastewater samples, all had pH
values above 6.0 and many above 7.0. This was attributed to the
use of alkaline cleaners and sanitizers. Wastewater pH is a major
factor affecting the biodegradation properties of the wastewaters
because most microorganisms exhibit optimal growth in a pH
range between 6.0 and 8.0 while values above 9.5 or below
4.0 cannot be tolerated (Danalewich et al., 1998). Furthermore,
according to Tchobanoglous and Burton 1991), low pH levels
are often connected with erosion of metallic parts of equipment.
In that case, pre-treatment by using equalization basins can be
installed upstream of biological treatment systems to stabilize
wastewater pH (Danalewich et al., 1998).

Last but not least an important parameter is the organic mat-
ter to nitrogen ratio, expressed as the COD : TKN, BOD5: TKN
or BOD5: NH3-N ratio. These ratios are important to evalu-
ate the potential for successful nitrogen removal since sufficient
amounts of organic matter must be present, thus reducing equiv-
alents for denitrification. Furthermore, poor phosphorus removal
was attributed to the presence of nitrates in the anaerobic zone of
activated EBPR sludge system. A number of studies suggest that
EBPR inhibition in the presence of nitrate is due to competition
by denitrifying bacteria (Iwema and Meunier, 1985; Yamamoto
et al., 1990; Takeuchi, 1991; Carucci et al., 1994; Kuba et al.,
1994). According to Grady and Daigger (1999), COD : TKN,
BOD5: TKN, and BOD5: NH3-N ratios greater than 9.5, and 8
should result in excellent nitrogen removal.

CONCLUSIONS

The thermophilic bioremediation technology appears to com-
bine the advantages of low mass yields and rapid kinetics associ-

ated with high temperature operation and stable process control
of aerobic systems. It also has the potential of both produc-
ing pathogen-free products and the generation of energy out
of the process. Furthermore, the average velocity of the ther-
mophilic bioremediation was almost twice as high as that un-
der mesophilic conditions and compared to the fact that COD
and soluble protein levels were reduced during the thermophilic
process compared to the mesophilic one, calls for further in-
vestigation of the opportunities of this particular promising
technology.

The aerobic technologies adapted by many dairy industries
for processing of their wastewaters, are usually, highly energy
intensive and may lead to uncertainty regarding a stabilized per-
formance, due to factors such as overloading and bulking sludge.
On the contrary, anaerobic technologies are simpler, require a
lower budget to operate and have the potential of producing en-
ergy out of the utilization of the main process product, biogas
with a high content in methane (Table 4).

As mentioned above, the different content of fat and pro-
teins in the dairy wastewaters from industries with various prod-
ucts, can seriously relent the efficiency and performance of the
anaerobic degradability. Vidal and his colleagues (2000) con-
cluded that the anaerobic biodegradation of fat-rich wastewa-
ters is slower than that of fat poor wastewaters, due to the slower
rate of fat hydrolysis step. Furthermore, ammonia production
seems to be significant in wastewaters with a high content in
carbohydrates when the COD is high.

Although CST reactors stand for the simplest and most com-
mon anaerobic technology ensuring high biodegradation, the ef-
ficiency of the system is considerably reduced due to the washout
of active microbial biomass from the reactor. Moreover, there
are several ways to improve that performance (like using BSS)
and to upgrade the conventional anaerobic technology in a way
that will prove to be more competitive compared to the aerobic
technology.

Wetlands are a promising solution towards reducing or pre-
treating a major portion of the pollutants such as minerals and
nutrients like N and P, abundant in the dairy wastewaters. The ef-
fectiveness of wetlands can be ensured with careful design prior
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to construction and by taking into account factors such as the
topography of the location and the characteristics of the wastew-
aters as well as pre-establishment of provisions for proper main-
tenance.

Nevertheless, the construction of a wetland is not always the
ideal solution for waste treatment in every farm. Since there is
no standard design that can be applied everywhere, a wetland
may have to be altered after construction. A period of time is also
necessary to elapse before the effective removal of the pollutants
from a wetland takes place because plant and microbial com-
munities must first get established before removal rates reach
acceptable levels.

Recent surveys showed that coefficients in the dairy industry
are 2 to 3 times lower than those in the 1960s. This reduc-
tion is attributed to increased plant size, automation in product
processing, introduction of clean-in-place systems, and waste
minimization practices such as recovery of chemicals and reuse
of rinse waters.

These findings suggest that management strategies still stand
for the determining factor in waste generation. Therefore, EBPR,
in combination with nitrification and de-nitrification, will likely
be the successful strategies toward removal of nutrients from
dairy wastewaters.

REFERENCES

Amritkar S.R. 1995. Introduction of anaerobic pretreatment of dairy efluents: A
positive step towards conservation and co-generation of energy. Proceed-
ings of 3rd International Conference on Appropriate Waste-management
Technologies for Developing Countries, NEERI, Nagpur, India, 127–132.

Boudouropoulos I.D, and Arvanitoyannis I.S. 2000. Potential and perspectives
for application of environmental management system (EMS) and ISO 14000
to food industries. Food Rev. Int., 16(2):177–237.

Brix, H. 1993. Macrophyte-mediated oxygen transfer in wetlands: transport
mechanisms and rates. In: G.A. Moshiri (Editor), Constructed Wetlands for
Water Quality Improvement. Lewis Publishers, Boca Raton, FL, 391–398.

Brodrick, S.J., Cullen, P., and Maher, W. 1988. Denitrification in a natural wet-
land receiving secondary treated effluent. Water Resourc., 22:431–439.

Brown H.B., and Pico R.F. 1979. Characterization and Treatment of Dairy
Wastes in the Municipal Treatment System, 34th Purdue Industrial Waste
Conference, West Lafayette, IN. 326–334.

Carucci A., Majone M., Ramadori R., and Rossetti S. 1994. Dynamics of phos-
phorus and organic sub-strates in anaerobic and aerobic phases of a sequencing
batch reactor. Water Sci. Technol., 30:237–246.

Colleran, E. 1991. Anaerobic digestion of agricultural and food-processing ef-
fluents. Microbiology Control Pollutant, 199–226.

Cronk, J.K., 1996. Constructed wetlands to treat wastewater from dairy and
swine operations: A review. Agriculture, Ecosystems and Environment,
58:97–114.

Danalewich J.R., Papagiannis T.G., Belyea R.L., Tumbleson M.E., and Raskin,
E. 1998. Characterization of dairy waste strems, current treatment practices
and potential for biological nutrient removal. Water Res., 32(12):3555–3568.

Dierberg, F.E., and Brezonik, P.L. 1983. Nitrogen and phosphorus mass balances
in natural and sewage-enriched cypress domes. J. Appl. Ecol., 20:323–337.

Eroglu V., Ozturk I., Demir I., Akca L., and Alp K. 1991. Sequencing Batch and
Hybrid Anaerobic Reactors Treatment of Dairy Wastes, 46th Purdue Industrial
Waste Conference, West Lafayette, IN, 413–422.

Goronszy M.C. 1989. Batch Reactor Treatment of Dairy Wastewaters: A Case
History, 44th Purdue Industrial Waste Conference, West Lafayette, IN, 795–
805.

Graßhoff A. 1997. Cleaning of heat treatment equipment, in: H. Visser (Ed.),
Fouling and Cleaning of Heat Exchanges, Bulletin of the IDF, No. 328:32–44.

Hammer, D.A. 1989. (Editor), Constructed Wetlands for Wastewater Treatment.
Lewis Publishers, Chelsea, MI, 831.

Hammer, D.A. 1993. Constructed wetlands for wastewater treatment: an
overview of a low cost technology. Presented at the Constructed Wet-
lands for Wastewater Treatment Conference, Middleton, County Cork,
Ireland.

Hammer, D.A. 1992. Designing constructed wetland systems to treat agricultural
non-point source pollution. Ecol. Eng., 1:49–82.

Hammer, D.A. Guidelines for design, construction and operation of constructed
wetlands for livestock wastewater treatment. In: P.J. DuBowy and R.P. Reaves
(Editors), Proceedings of a Workshop on Constructed Wetlands for Animal
Waste Management, Lafayette, IN, pp. 155–181.

Harper W.J., Blaisdell J.L., and Grosshopf J. 1971. Dairy Food Plant Wastes and
Waste Treatment Practices. U.S. Environmental Protection Agency, Washing-
ton, DC.

Healy, J.W., and McLoud, P.R. 1994. Use of constructed wetlands and infiltration
areas in NRCS approved waste management systems. In: P.J. DuBowy and
R.P. Reaves (Editors), Proceedings of a Workshop on Constructed Wetlands
for Animal Waste Management, Lafayette, IN, 65–71.

Holmes, B.J., Massie, L.R., Bubenzer, G.D., and Hines, G. 1992. Design and
construction of a wetland to treat milkhouse wastewater. Presented at the
International Summer Meeting, Pap. No. 92-4524, ASAE, St. Joseph, MI,
USA.

International Dairy Federation, 1993. Environmental influence of chemicals
used in the dairy industry which can enter dairy wastewater, Bulletin of the
IDF, No. 288.

Iwema A., and Meunier A. 1985. Influence of nitrate on acetic acid induced
biological phosphorus removal. Water Sci. Technol., 17:289–294.

Kadlec, R.H. 1987. Northern natural wetland water treatment systems. In: K.R.
Reddy and W.H. Smith (Editors), Aquatic Plants for Water Treatment and
Resource Recovery. Magnolia Publishing, Orlando, FL, 83–98.

Karpati, I., Bencze, L., and Borszerki, J. 1995. New process for physicochemical
pretreatment of dairy e.uents with agricultural use of sludge produced. Water
Science and Technology, 22(9):93–100.

Knight, R.L., McKim, T.W., and Kohl, H.R. 1987. Performance of a natural wet-
land treatment system for wastewater management. J. Water Pollut. Control
Fed., 59:746–754.

Kolarski R., and Nyhuis G. 1995. The Use of Sequencing Batch Reactor Tech-
nology for the Treatment of High-Strength Dairy Processing Waste, pp. 485–
494. 50th Purdue Industrial Waste Conference, West Lafayette, IN, 485–
494.

Kosseva M.R., Kent C.A., and Lloyd D.R. 2003. Thermophilic bioremediation
strategies for a dairy waste. Biochemical Engineering Journal, 15:125–130.

Kuba T., Wachtmeister A., van Loosdrecht M.C.M., and Heijnen J.J. 1994. Effect
of nitrate on phosphorus release in biological phosphorus removal systems.
Water Sci. Technol., 30:263–269.

Midwest Plan Service, 1987. Structures and Environment Handbook, MWPS-I
1lth edn. Iowa State University, Ames.

Newling, C.J. 1982. Feasibility report on a Santa Ann River marsh restoration
and habitat development project. In: M.C. Landin (Editor), Habitat Devel-
opment at Eight Corps of Engineers Sites: Feasibility and Assessment. US
Army Engineer Waterways Experiment Station Environmental Laboratory,
Vicksburg, MS, 45–84.

NRCS, Agricultural Waste Management Field Handbook, Part 651. 1992. Na-
tional Engineering Handbook 210-VI. Natural Resource Conservation Ser-
vice, United States Department of Agriculture, Washington, DC.

Odum, H.T., Ewel, K.C., Mitsch, W.J., and Ordway, J.W. 1977. Recycling
treated sewage through cypress wetlands in Florida. In: F.M. D’Itri (Edi-
tor), Wastewater Renovation and Reuse. Marcel Dekker, New York, pp. 35–
67.

Perle, M., Kimchie, Sh., and Shelef, G. 1995. Some biochemical aspects of
the anaerobic degradation of dairy wastewater. Water Research, 29(6):1549–
1554.

Radick, K. 1992. Dairy wastes. Water Environmental Research, 64(4):417–418.

D
ow

nl
oa

de
d 

by
 [

C
an

ak
ka

le
 O

ns
ek

iz
 M

ar
t U

ni
ve

rs
ite

si
] 

at
 2

3:
29

 0
6 

N
ov

em
be

r 
20

14
 



390 I. S. ARVANITOYANNIS AND A. GIAKOUNDIS

Ramasamy E.V., and Abbasi, S.A. 2000. Energy recovery from dairy waste-
waters: impacts of biofilm support systems on anaerobic CST reactors.
Applied energy, 65:91–98.

Reardon R.D. 1994. Cost Implication of Design for Nutrient Removal, Water
Environment Federation 67th Annual Conference and Exposition, Chicago,
IL, 551–562.

Reaves, R.P., DuBowy, P.J., and Miller, B.K. 1994b. Performance of a con-
structed wetland for dairy waste treatment in Lagrange County, Indiana.
In: P.J. DuBowy and R.P. Reaves (Editors), Proc. of a Workshop on Con-
structed Wetlands for Animal Waste Management, Lafayette, IN, pp. 43–
52.

Reddy, K.R., and DeBusk, W.F. 1987. Nutrient storage capabilities of aquatic
and wetland plants. In: K.R. Reddy and W.H. Smith (Editors), Aquatic Plants
for Water Treatment and Resource Recovery. Magnolia Publishing, Orlando,
FL, pp. 337–357.

Rico, J.L., Garcia, P. and Fdz-Polanco, F. 1991. Anaerobic treatment of
cheese production wastewater using a UASB reactor. Bioresource Technology,
37:271–276.

Samson R., Van den Berg B., Peters R., and Hade C. 1985. Dairy Waste Treat-
ment Using Industrial-Scale Fixed-Film and Upflow Sludge-Bed Anaerobic
Digesters: Design and Start-Up Experience, 40th Purdue Industrial Waste
Conference, West Lafayette, IN, 235–241.

Shack, P.A., and Shandhu, D.S. 1989. Update on filament control
strategies in food industries activated sludge systems. In: Proceed-
ings of 1989 Food Process. Waste Conf., Geogia Tech. Res. Inst.,
Session 4.

Stephenon, J.A. 1989. Experience in providing high level wastewater treatment
at Ontario dairy. In: Proceedings of 1989 Food process. Waste Conf., Georgia
Tech. Res. Inst., Session 13.

Takeuchi J. 1991. Influence of nitrate on the bacterial flora of activated sludge
under anoxic conditions. Water Sci. Technol., 23:765–772.

Tchobanoglous, G., and Burton F.L. 1991. Wastewater Engineering: Treatment,
Disposal and Reuse. McGraw- Hill, Inc., New York.

Thassitou P.K., Arvanitoyannis I.S. 2001. Bioremediation: a novel approach to
food waste management, Trends Food Sci. Technol., 12:185–196.

Timmermans, P., Haute, A-Van, J.L. 1993. Influence of the type of organisms on
the biomass hold-up in a fluidized-bed reactor. Applied Microbiology Biotech-
nology, 19(1):36–43.

Tomljanovich, D.A., and Perez, O. 1989. Constructing the wastewater treatment
wetland—some factors to consider. In: D.A. Hammer (Editor), Constructed
Wetlands for Wastewater Treatment. Lewis Publishers, Chelsea, MI, pp. 399–
404.

Vidal G., Carvalho, A., Mendez, R., Lema, J.M. 2000. Influence of the content in
fats and proteins on the anaerobic biodegradability of the dairy wastewaters.
Bioresource Technology, 74, pp 231–239.

Walsh, J., Ross, Ch., and Valentine, G. 1994. Food processing waste. Water
Environmental Research, 66(4):409–414.

Wildbrett G. 1988. Bewertung von reinigungs- und desinfektionsmitteln im ab-
wasser, Dtsch. Milchwirtschaft., 39:616–620.

Yamamoto R. I., Komori T., and Matsui S. 1990. Filamentous bulking and hin-
drance of phosphate removal due to sulfate reduction in activated sludge.
Water Sci. Technol., 23:927–935.

D
ow

nl
oa

de
d 

by
 [

C
an

ak
ka

le
 O

ns
ek

iz
 M

ar
t U

ni
ve

rs
ite

si
] 

at
 2

3:
29

 0
6 

N
ov

em
be

r 
20

14
 


