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Abstract
This paper presents a method of fat recovery from wastewaters produced in the process of wet rendering. The solution may be used in protein recovery and for pretreatment of wastewaters. The essence of the
method is based on dissolved air flotation (DAF) used to separate fats in the 1st stage and protein fractions
in the 2nd stage of the process. Its special advantage is the possibility of the direct treatment of mixed
wastewaters and silts produced by centrifuges. This method enables the recovery of fats and proteins in a
non-rotten form, which permits their further utilization. A flotation system equipped with two separation
chambers, pipe reactors, a water saturation station and a control system for optimizing the process were
constructed in order to apply the method. The studied method was verified in a real scale installation by
treating after-centrifugal wastewater in the volume up to 10.0 m3/day. Using the method, the fatty compounds recovery exceeds 85% and suspended proteins are separated from mixed processing wastewaters
and after-centrifugal silts.

Keywords: wastewaters from animal fat processing, separation of fats and proteins, after-centrifugal
wastewaters and silts, two-stage flotation, dissolved air flotation (DAF)

Introduction
The amount of the pollutant load and its contents in
wastewater produced during the process of wet rendering
of animal fats depends on the type of raw material, the
way of separating a product and the effectiveness of the
devices used to separate the final product [1]. The basic
aim of the process of isolated animal fat recovery is the
separation of three main phases: fats, proteins and water
[2-4]. In the technological process a fatty tissue is ground
then thermally melted and finally separated from water
and cracklings by centrifuging [1, 3]. Raw, salted and
*Corresponding author; e-mail: zak@atr.bydgoszcz.pl

smoked types of fatback as well as leaf fat are raw materials of large and diversified contents of fat and protein substances. For example, the separated pork fats in a form of
edible lard are rendered from the hypodermic fatty tissue
and the leaf fat, rarely from the inner fatty tissue [2]. In
order to produce long storage lard, the following raw materials are used: fatback, leaf lard, fine grease, groin fat,
and jowl fat [1, 3], whereas salted and smoked fats [3] are
additionally used for manufacturing short-time storage
fats. Water separated in the process of centrifuging is the
wastewater containing fats and proteins that easily decay.
The decay is associated with the emission of hydrogen
sulfide, which is a product of protein decomposition and a
sulfate reduction [2]. Wastewater volumes in the form of
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gluey waters from wet rendering tallow and other types
of fats are estimated at app. 0.35 m3/Mg of the final product [2]. The content of fats and proteins in the processing
wastewater range widely and depend not only on the quality of the raw material and the time of rendering but also
on the effectiveness of the centrifuges used to separate the
product. The highest level of recovery is obtained by twostage centrifuging with the use of the three-phase vertical
centrifuges: a purifying one and a clarifying one [4]. The
elimination of fats in the stage of pretreatment is especially significant for the further non-collision biological
treatment of the processing wastewater [2, 5].
The proteins in the wastewater make a basic load of
the suspended solids, COD, BOD and nitrogen. They occur as soluble or insoluble ones, forming suspensions or
fat-protein emulsions [2-4]. These forms mainly result
from denaturation, which takes place in the process of
rendering, especially at high temperatures. Practically,
these substances are not exposed to physical separation
since there are no effective methods of their separation
into a pure phase – particularly the separation from ballast
fats. In well-known methods of the processing wastewater
treatment, the total denatured and colloidal proteins are
separated together with fats by coagulation with the use
of iron salts (III) and aluminum salts (III) and by flocculation and then treated by flotation [6-12]. A soluble form
of the proteins is a basic difficulty in the process of their
removal [13-16]. High reduction of soluble proteins can
be achieved by the use of phosphate salts, preferably in
their condensed forms [17-19]. These are: sodium orthophosphates, tetrapoliphosphates, hexamethaphosphates,
methaphosphates [19]. There are also well-known methods of protein separation with the use of the Colloidal
Gas Aphrons (CGA) and non-ionic surfactants techniques
[20-22].
A selective recovery of fats and proteins with the use
of physical methods is not applied (or seldom applied)
in practice and the organic load found in the processing
wastewater is mostly transformed into biogas [23-26].
Similar methods are used for floats separated during
wastewater chemical treatment [27]. The wastewater pretreated by physicochemical methods can be directed to
further non-collision treatment by biological methods [2,
27]. It is also possible to use the pretreated wastewater in
agriculture (as manure or field irrigation) after necessary
requirements have been fulfilled, such as sanitary requirements, reduction of BOD and COD, etc. [28].

Experimental Procedures
The effectiveness of the method including the flotation unit was tested on the specially designed installation
system for both the physical separation of fats and proteins and the pretreatment of effluents from wet rendering (Figure 1). The unit for separating the phases consisted of: two flotation cells I and II separating fats and
proteins, a system saturating water with air – a saturation

station, pipe reactors for mixing streams of raw wastewater and air-saturated water, and a control system for
optimizing the process. The installation for testing the
method has been designed for the pretreatment of raw
highly concentrated wastewater and after-centrifugal
silts of total max. volume 10.0 m3/day. After dewatering
the product with the use of a vertical centrifuge at 4000
rpm, hot and raw wastewater (SS1) was accumulated in
the form of gluey waters in the tank of volume 2.0 m3
equipped with circulating and force pumps. It was transported from the tank by a pipeline to the chamber (1) of
flotation cell I, volume 3.0 m3, equipped with an inner
heating system (1.1). The contents of the chamber (1) of
flotation cell I were averaged by the circulating system
(1.2) with a circulating pump (1.3). Then, using air from
a compressor (3), they were aerated using a Pfleiderer
water system with a membrane duct diameter d=120 µm
and the aerating disc diameter D=240 mm (1.4). Water
was saturated under 400 kPa pressure in a tank (4) within
10.0-15.0 minutes. Then it was directed by a pressure
valve (4.1) into a pipeline of the circulating system (1.2)
and the pipe reactor (1.5). The after-centrifugal wastewater was mixed with saturated water in the volume ratio
4:1. The use of the circulating system permitted perfect
averaging and mixing of the contents, inhibited fermentation and evenly distributed air-saturated water. After
mixing the wastewater with the air-saturated water, the
contents of the flotation chamber were left for 5.0 hours
to separate phases. The mixture was additionally aerated
by a fine bubble system with the air rate of 2.0 Nm3/h. To
accelerate the wastewater degassing, the temperature was
held within 50-55°C with the use of the system (1.1) during phase separation. After that period of time, the separation was made by directing the middle (Ib) and lower
(Ic) phases into a flotation II chamber (2) with a force
pump (1.6), and the phase of thickened fat was drained
by the pipeline (1.7). Flotation cell II with a chamber (2)
of volume 3.0 m3 was equipped with a circulating system
(2.2) including a circulating pump (2.3) and an aerating
system (Pfleiderer water system) (2.4) with membrane
ducts of diameter d=120 µm and membrane disc diameter D=240 mm by using the air from the compressor (3).
Water saturated in the tank (4) under 400 kPa air pressure
within 10.0-15.0 minutes was supplied through the highpressure valve (4.2) into the circulating system (2.2) by
the pipe reactor (2.5). The treated wastewater was mixed
evenly with saturated water for 30.0 minutes. Then the
mixture was circulated during the next 30 minutes and
the 30% aqueous solution of hydrogen peroxide (d =
1.1110 g/mL) was added from station (5) to the pipe reactor inlet (2.5) in the amount of 400-450 mgH2O2 per 1.0 L
of the wastewater. The contents of the flotation chamber
were left for 5.0 hours to separate phases. The system
(2.1) held the temperature of the contents within 50-55°C
in order to accelerate the wastewater degassing during
the phase separation. It was additionally intensified by
fine bubble aeration with a rate of 3.0 Nm3/h. After that
period of time, the separation was made by directing the
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lower phase (II b) (SS2) to the general factory wastewater pumping station (6), and the upper phase (II a) – into
the centrifuge (7) to separate proteins. Effective mixing
in chambers (1) and (2) of flotation cells I and II was
required to achieve high efficiency of the technological
process and high homogeneity of the reagents. It was realized by installing pipe reactors (1.5) and (2.5) into the
circulating systems and introducing the fine bubble aeration by using the systems (1.4) and (2.4). The aeration
made a decrease in temperature. However, the process
was continued so as not to reduce temperature below
50°C. In those circumstances particles of fats floated at
total height of the flotation chamber. The fatty phase (Ia)
separated on the surface was directed to the second rendering after the lower (I c) and middle (I b) phases had
been drained, and directed into flotation cell II. Properly
selected temperatures and proportions of the air-saturated
water to raw wastewater prevented the formation of silts
tending to settle at the bottom of the flotation chambers.
This phenomenon was also eliminated by an inner circulation through pipe reactors. Moreover, it was found that
it had an advantageous effect on the wastewater mixing,
preferably on the rate of the flotation process and its effectiveness. The pretreated wastewater (SS2) was gravitationally drained into the factory pumping station (6)
and directed to further full biological treatment.
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To estimate the effectiveness of separation for the
particular phases and the pretreatment process in averaged samples of raw wastewater (SS1) (point A in Fig.
1) after the fat (point B in Fig. 1) and protein flotation
(SS2) (point C in Fig. 1), the following indicators were
determined according to the applications given in standards for water and wastewater [29]: reaction/pH-value
(PN-90/C-04540/01), chemical oxygen demand (COD)
determined by dichromate method (PN-74/C-04578/03),
biochemical oxygen demand (BODn) by dilution method
(PN-EN 1899-1, 2002), ether extract (EE) (PN-86/C04579/01) and total nitrogen (N) (PN-73/C-04576/12).
The obtained results of the analyses for raw and pretreated
wastewater are presented in Table 1. As hydrogen peroxide was used in the 2nd stage of flotation, the obtained
COD values were corrected. The actual chemical oxygen demand was presented after correcting the value by
subtracting the fraction induced by the residual oxidizer
on the basis of the relation: CODr = CODp – f·d (CODr
– actual, CODp – determined in the after-reaction sample,
d – concentration of H2O2 in a sample – determined iodometrically (titrant 0.05 M Na2S2O3), f = 0.25 – a correction
coefficient assumed on the basis of the data found in the
paper [30]). The separated fatty phase was estimated on
the basis of the analyses made in accordance with Polish
Standards, respectively: taking and preparing samples for

Fig. 1. Flow diagram of the installation for pretreating the processing wastewater from lard production, where: SS1 and SS2 are raw
and pretreated wastewater, 1) chamber of flotator I, 1.1) inner heating system, 1.2) circulating-mixing system, 1.3) circulating pump,
1.4) aeration system, 1.5) pipe reactor, 1.6) force pump, 1.7) fatty phase drainage pipeline, 2) chamber of flotator II, 2.1) inner heating
system, 2.2) inner mixing system, 2.3) circulating pump, 2.4) aerating system, 2.5) pipe reactor, 3) air compressor, 4) water saturation station, 4.1 and 4.2) pressure valves, 5) hydrogen peroxide dosing station, 6) SS2 to the factory wastewater pumping station, and
7) drainage pipeline for thickened proteins, T1 and T2 – temperature measurements, pH1 and pH2 – pH-meters.
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analyses: PN-87/C-04288.02, PN-EN ISO 5555:2002 and
PN-ISO 661:1995; determination of fat content PN-87/
C-04288.04; determination of peroxide value PN-88/C04288.10 and PN-ISO: 3960:1996; determination of acid
value PN-88/C-04288.06 and PN-ISO 660:1998; determination of protein content PN-87/C-04288.14. In order
to check the fatty fractions in the wastewater, fatty acids
were analyzed using a gas chromatograph (GC) (Hewlett
Packard HP-5890 series II, capillary column HP-1: length
l = 30.0 m, (φ = 0.53 mm, phase: Hypersil ODS Shandon)
with detection by AED and ECD and a mass spectroscopy
(MS 5972 series Mass Selective Detector – column: Pona
l = 25.0 m, (φ = 0.33 mm), extracting in the system liquidliquid by means of chloroform and ether.
Necessary microbiological tests for raw (SS1) and pretreated (SS2) wastewater were carried out in accordance
with the following techniques [31a-c]: Determination of
Salmonella sp. (pre-incubation at 37°C for 18 h in Buffered Water, Inoculation on Tetrathionate Broth – incubation at 43°C for 24 h, Inoculation on Selenite Broth – incubation at 37°C for 18-20 h and acc. to the procedures:
inoculation on – BPLS Agar – incubation at 37°C for 24
h, SS Agar – incubation at 37°C for 24 h, Bismuth Sulf.
Agar – incubation at 37°C for 24 h, Pril Mannitol Agar
– incubation at 37°C for 24 h). API 20 E (for Enterobacteriaceae) tests were also conducted to identify Salmonella genus [31a-c]. In order to establish the occurrence
of intestinal parasite eggs as well as their abundances
and viabilities, parasitological tests were carried out with
the use of microscopic methods, based on morphological
traits (enlarged 200 times with the use of the Vasilkova
method). Sample preparation consisted of extracting with
the 5% solution of NaOH, shaking and centrifuging. The
next step was extraction with the saturated solution of sodium nitrate and the centrifuging of the flotation phase in
which the microscopic analysis was made. The viability
was determined with the use of a climatic chamber at 2426°C and estimated every second day [32].

Results and Discussion
Full management and treatment of wastewater and
silts after centrifuging from the animal fat production has
not been well recognized yet. Most factories producing
animal fats cope with the problem of their disposal [2].
Fat and protein recovery is a key issue as far as waste
management is concerned. The problem becomes particularly important for fat separation. It is connected with the
irreversible loss of the raw material, fast decay and protein
degradation, which limits the effective separation of fats
and makes their usage parameters worse. According to the
state rules, the wastewater from the animal fat production
belongs to the biodegradable category [28]. Analyses has
shown that for all 21 series of measurements the wastewater contained neither bacteria of Salmonella sp. genus
nor living parasite eggs (Ascaris sp., Trichuris sp. and
Toxacara sp.), which satisfied the sanitary conditions al-

lowing the use of wastewater in agriculture. A respective
regulation requires the additional BOD5 reduction in the
wastewater (no less than 20%) and the reduction of total
suspended solids content (no less than 50%) [28]. Besides,
it requires a proper reaction (pH) and the lack of contents
or even trace amounts of the following elements: As, Ba,
Be, B, Zn, Sn, Cr(VI) and total Cr, Co, Cu, Mo, Ni, Pb,
Se, Ag, Ra, Ti, V as well as some substances such as: free
and total chlorine, free and bounded cyanides, fluorides,
thiocyanates, surfactants and oil derivatives, etc. [28].
So far physical methods to separate fats (rarely proteins) have been used only to pretreat wastewater and the
rest has been fully treated by biological methods [2]. This
type of wastewater can also be used as a substrate for biogas production, which has become more and more popular [23-27]. To the basic disadvantages making the wastewater treatment difficult belong: significant variance of
the contents, high temperature of raw wastewater (tending
to drop during a long retention time) and the ability to
decay fast after cooling to ambient temperature. Phases
(fats and proteins) recovered from wastewater by wellknown methods are characterized by low quality and are
not commonly applied. To solve the problem, it has been
assumed that the pollutant elimination should be realized
in the possibly shortest time after the process of centrifuging. This is important, considering the limitation of the
decay processes inducing a partial fat hydrolysis and the
destruction of protein substances. The processes lead to
a fast growth of soluble COD and BOD and release ammonium nitrogen and hydrogen sulfide. This reduces the
usage parameters of the separated phases and makes the
pretreatment process less effective. Considerable fat volumes in the wastewater lower the effectiveness of aeration
during the biological treatment in chambers with activated sludge due to reduced diffusivity and because of plastering and plugging holes in the aeration systems. High
concentrations of fats in sludge result in foaming in separated fermentation chambers and disturb the work of the
sludge dewatering appliances [2]. The fat load of the active sludge cannot exceed threshold values, otherwise the
biological treatment processes are abruptly inhibited [5].
In raw wastewater directly after rendering, fats may occur
as soluble, emulsified or suspended forms. The emulsified
fats are a result of applying both very fine disintegration
and high temperature of rendering [1]. Additionally, the
presence of protein substances in the retained wastewater
leads to a considerable hydrolysis and forms mono- and
diglycerides of fatty acids 12:0, 14:0, 16:0, 16:1, 18:0;
18:1, 18:2, 18:3 and 20:1, known for their strong emulsifying properties [27].
The process of extracting fats from the raw material
in the factory where the solution was tested belongs to the
high temperature of fat rendering methods. It is continuous
and includes the following operations: disintegration in a
meat grinder of diameter 3-6 mm to destruct the structure
of the fatty tissue, to reduce the time of rendering and to
decrease heat demand; next come heating, fat rendering,
decanting, separating by centrifuging, cooling and form-
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ing. Most of these operations are often carried out at diverse temperatures and pressures. The direct steam heating
of the raw material applies to fat rendering, and the water
phase is separated mechanically by centrifuging.
The method aimed at recovering fats and proteins and
at eliminating COD, BOD and nitrogen forms by the reduction of protein substances from the processing wastewater. The tested method was also used to work out the
procedure of the wastewater pretreatment so that it could
be used in agriculture for irrigation or as natural organic
manure, in accordance with the respective regulations
[28]. After a few hours of retention, the raw wastewater
was characterized by a three-phase structure: the lower
phase – containing thickened silts, the middle – waterprotein phase and the upper phase – containing mainly
fats. The chromatographic analysis of fatty phase contents
showed the existence of saturated fatty acids: 12:0, 14:0,
16:0, 18:0, monoenic: 16:1, 18:1, 20:1 and polyenic ones:
18:2, 18:3. The ratio of polyenic acids to the saturated
ones was 0.19-0.23, which is in accordance with literature
data [11, 28]. Fatty acids found in wastewater appeared
in combinations of triacylglycerols with the irregular distribution of acid chains. The other types of wastewater,
including the ones from washing the processing plant and
floors as well as the after-disinfection wastes, were not
directed into the tested installation.
The basic problem found during preliminary testing
was to the maintain the temperature at 50-55°C, which is
necessary for highly efficient separation. It was a result of
the additional bottom-up aeration to intensify the process
of the phase separation, which made the temperature drop
below the assumed threshold value (50°C). Therefore,
further results of the tests in the tables enclosed present
the ones carried out with minimal-optimal aeration at 2.0
Nm3/h (with diameter of pores in aerating disc membranes
d=120 μm and with the aeration disc diameter D=240
mm).
To estimate the effectiveness of the phase separation
and thickening, the following individual separation phases were defined:
a) in the 1st stage of the flotation (fat separation); Ia –
upper phase (fatty phase), Ib – middle phase (protein
phase) and Ic – lower phase (wastewater phase);
b) in the 2nd stage of the floatation (protein separation);
IIa – upper phase (protein phase), IIb – lower phase
(wastewater phase).
In order to make the data analysis and to assess the
processing wastewater pretreatment system as well as to
evaluate the level of phase recovery on the experimental
installation, the effectiveness was defined by the following function: η = 1 – [(X1-X2)/X1] (where: X1 – results
of the analyses for samples taken at the inlet, X2 – results
of the analyses for samples taken at the outlet) (Table 2).
The effectiveness was interpreted as a ratio of fats and
protein thickenings, which were to be recovered.
The second stage of flotation separation was additionally completed by introducing hydrogen peroxide
in order to limit decay processes. The introduction was
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followed by intensive foaming of the mixture and gas
emissions of ammonium and hydrogen sulfide mainly.
Hydrogen peroxide is characterized by bacteria- and
fungicidal and by bacterio- and fungistatic properties,
which significantly limits undesired processes or eliminates them totally [28]. It has been found that hydrogen
peroxide, applied in the amount of 400-450 mgH2O2/L in
the 2nd stage of the flotation, clearly inhibited both the
decay processes and the characteristic "swelling" of the
volume. Apart from that, the processes of hydrogen peroxide decomposition released molecular oxygen (H2O2
→ O2 + 2H+ + 2e), forming gas micro-bubbles which intensified the flotation of the protein phase [30, 33]. The
effect of producing micro-bubbles, which are advantageous for flotation, also results from the decomposition
of the organic substrate forming carbon dioxide [30, 33,
34]. Hydrogen peroxide shows bacteriostatic properties,
which increases the biological stability of the wastewater stream after flotation [30, 33, 34]. This concerns both
the recovered proteins and the pretreated wastewater.
The change in chemical compounds in the pollutant load
caused by hydrogen peroxide in the 2nd stage of flotation
may also induce reactions between the organic albumin
substrate (A) and H2O2, such as: addition (e.g.: H2O2 +
A → A·H2O2), substitution (e.g.: H2O2 + 2AH → AOOH
+ HA + 2H+ or H2O2 + 2AX → AOOA + 2HX) as well
as oxidation (e.g.: H2O2 + A → AO + H2O) [30]. Chemical changes which run in accordance with the schemes
mentioned above lead mainly to the synthesis of forms
more susceptible to biodegradation in the final stage of
wastewater biological treatment.
The exemplary results of the analyses of the selected
indicating parameters listed in Table 1 (including 21 measurement series for raw and pretreated wastewater) show
characteristic dispersion of the indicator values. The applied method of separation with the assumed constant
parameters of: circulation flow, aeration, temperature and
the period of the individual operations, permitted better
analytical values in the 1st stage of flotation (thickening
of fat and protein phases), respectively in phase Ib with
reference to raw wastewater (Tables 1 and 2): chemical
oxygen demand (COD) 3-18%, 5-day biochemical oxygen
demand (BOD5) 43-106% and total nitrogen (N) 6-26%.
It should be emphasized that the research was conducted at low temperatures outside – in the winter (December, January and February), which had a significant
effect on the quality of the raw material used in the process of rendering. Additionally, the time from the moment
of separating fat from the primary animal material to the
second processing in the factory where the tests were carried out, did not exceed 12 hours and the raw material was
stored at temperatures lower than 5oC.
As a result of applying the method, the increase in
fatty compounds in phase Ia (in reactor I) exceeded 70%
of the phase weight and fats recovery amounted to 85%
(Table 2). The two-parameter values differed and depended on the type of the raw material used for rendering fats.
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Table 1. A list of selected analytical parameters for raw and pretreated wastewater from the individual phases of separation - drained
from the tested installation.
Type of wastewater or
Range
Effectivenes
Unit
phasea)
of occurence
of eliminationb)
1
raw wastewater
6.0 – 6.4
2
phase Ia
6.7 – 7.1
3
phase Ib
6.1 – 6.5
reaction
pH
4
phase Ic
6.1 – 6.4
5
phase IIa
6.4 – 6.9
6
phase IIb
6.2 – 6.6
7
raw wastewater
6920.8 – 44704.1
8
phase Ib
7321.2 – 56402.3
ηIb = 0.06 - 0.26
mgN/L
9
total nitrogen (N)
phase Ic
1920.8 – 14704.1
10
phase IIa
10288.7 – 51055.0
ηIIa = 0.14 – 0.49
11
phase IIb
970.0 – 2724.8
12
raw wastewater
49770.6 – 95482.3
13
phase Ib
58588.6 – 98302.1
ηIb = 0.03 – 0.18
chemical oxygen
14
phase Ic
mgO2/L
26220.1 – 53832.2
demand (COD)
15
phase IIac)
64299.4 – 99220.0
ηIIa = 0.04 – 0.29
16
phase IIbc)
2977.4 – 11304.6
17
raw wastewater
13108.2 – 32028.6
18
phase Ib
18802.0 – 66114.2
ηIb = 0.43 – 1.06
biochemical oxygen
19
phase Ic
mgO2/L
15108.2 – 19028.6
demand (BOD5)
20
phase IIa
52776.7 – 80488.3
ηIIa = 1.51 – 3.03
21
phase IIb
1367.6 – 4878.3
a)
pretreated I - after first stage of fat separation (a, b and c - phases: upper one - fatty phase, middle one - protein phase and lower one);
II - after second separation of the protein suspensions and colloids (a and b - phases: upper one - protein phase and lower one); b) the
effectiveness of thickening for 1st stage was defined as: (ηI = 1 - [(A-B)/A] (where: A - the results of analyses for wastewater samples
taken at point A, B - the results of analyses for wastewater samples taken at point B); the effectiveness of thickening for 1st stage was
defined as: (ηII = 1 - [(B-C)/A] (where: B - the results of analyses for wastewater samples taken at point B, C - the results of analyses for
wastewater samples taken at point C in Fig. 1); c) COD presented as the corrected CODr = CODp – f·d.
Item

Parameter

Table 2. Balance of: COD, CODr, BOD5 and N ratios after two-stage flotation*.
Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Ratioa)
BOD5/COD
BOD5/CODr
COD/N
CODr/N

BOD5/N

Type of wastewater
or a phase
raw wastewater
phase Ib
phase Ic
phase IIaa)
phase IIba)
raw wastewater
phase Ib
phase Ic
phase IIaa)
phase IIba)
raw wastewater
phase Ib
phase Ic
phase IIa
phase IIb

Stated value of the ratioa)
0.26 – 0.34
0.32 – 0.67
0.35 – 0.58
0.81 – 0.82
0.43 – 0.46
2.14 – 7.19
1.74 – 8.00
3.66 – 13.65
1.94 – 6.25
3.07 – 4.15
0.72 – 1.89
1.17 – 2.57
1.29 – 7.86
1.58 – 5.13
1.41 – 1.79

* results were calculated for 21 series of measurements; a) CODr = CODp - f·d (f = 0.25)

After defatting in the 1st stage of flotation, the 2nd
stage was characterized by constant parameters of circulation flow, aeration, temperature, individual oxidizer
doses (450 mgH2O2/L) and the periods of the particular
operations. The evident enlargement of the selected ana-

lytical values (increase in concentration of the suspended
protein phase mainly) with reference to the raw wastewater in the 2nd stage of flotation in phase IIa was as follows (Tables 1 and 2): chemical oxygen demand (CODr
including coefficient f = 0.25) 4-29%, 5-day biological
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Table 3. Exemplary parameters of the separated fatty phase (Ia)*.
Item
1
2
3
4
5
6
7
8
9

Fat
recoverya)
[%]
90.2
91.4
92.2
85.6
86.6
87.0
88.3
89.6
84.6

Fat
contentb)
[%]
73.8
77.4
76.8
82.3
78.1
79.3
79.4
78.0
74.5

Protein
contentb)
[%]
1.7
1.3
1.4
0.6
2.2
2.3
2.1
1.6
1.1

Acid
valueb)
[mgKOH/g]
9.5
8.4
12.1
10.5
14.2
12.1
11.9
14.7
16.3

Peroxide
valueb)
[meq/kg]
2.4
2.6
2.2
3.7
3.5
3.8
4.1
5.4
5.8

* for samples from different batches of the raw material tested in winter months: December-February: 1-3) unsalted raw leaf fat; 4) jowl
fats, 5-7) leaf fat, 8-9) poultry fat, a) measured with the reference to the contents in raw wastewater, b) measured in phase Ia

Table 4. Exemplary parameters of fatty phase (Ia) separated under different conditions of the environment*.
Item

Type of raw material - fat

Month

Storage timea,b)
[h]

1
2
3
4
5
6
7
8
9
10
11

leaf fat
leaf fat
leaf fat
leaf fat
fatback
fatback
poultry fat
poultry fat
poultry fat
poultry fat
poultry fat

April
July
August
October
July
August
March
May
July
September
November

10
6
18
12
14
14
12
12
8
14
8

Temperature of the
environmentc)
[oC]
15-20
25-30
25-30
15-18
25-30
25-30
10-15
15-20
25-30
15-20
10-15

Acid
valued)
[mgKOH/g]
10.4
29.9
42.8
7.8
26.3
48,6
10.4
17.8
29.8
14.7
7.8

Peroxide
valued)
[meq/kg]
3.8
4.2
7.8
12.9
23.0
10.9
3.1
9.9
13.6
8.2
6.4

* accordingly to the seasons of gaining and processing raw material, a) measured from the moment of primary output (animal partition)
up to the secondary rendering, b) time with tolerance ± 0.5 h, c) temperature of raw material storage (including its transport), d) measured
in phase Ia

oxygen demand (BOD5) 151-303%, and total nitrogen
(N) 14-49%. It was found that the flotation process aided
with hydrogen peroxide changed the COD(BOD5)/N ratio (and CODr) in phase Ib with reference to IIa. Total
nitrogen increased twice in the 2nd stage, COD – about
20-60% and BOD5 – three times, considering a full range
of the determined analytical values. The relatively lower
COD concentration in relation to BOD5 is a result of a
higher fraction of soluble COD with reference to total
COD, compared to total BOD5 and the distribution of the
amounts of soluble compounds in relation to the insoluble ones. It is related to a significant contribution of this
parameter in the total suspended proteins concentrated in
phase IIa.
The fats separated in phase Ia were characterized by
parameters presented in Table 3. The fat found in the
phase had the acid value no higher than 20.0 mgKOH/
g and the peroxide value lower than 6.0 meq/kg (meq/
kg – in accordance with PN-ISO 3960:1996, a peroxide
value defined in miliequivalents of active oxygen in 1.0
kg of fat), which classified the material after its re-ren-

dering for the further use, e.g. as a fodder supplement.
The quality of the fatty material recovered with the use
of the discussed method is an essential problem in seasons characterized by high temperatures, especially in
the summer. It is connected with worse parameters of the
recovered fatty phase (Ia), and particularly with a higher
acid number which is the result of both the decay processes taking place in the raw material. and the hydrolysis of triglycerides forming free acids. Table 4 presents
exemplary parameters of the fatty phase (Ia) recovered in
different periods of the year.
The wastewaters pretreated using the discussed method can be directed to further full non-collision biological
treatment [2, 6]. Their further application in agriculture, as
manure or field irrigation, can also be taken into account
after the respective regulations have been fulfilled [28].

Conclusion
The method with the designed system for the
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two-stage flotation permits the recovery of fats and
proteins of advantageous usage parameters from after-centrifugal processing wastewaters. Another benefit of the method is the possibility of pretreating the
wastewaters to make their further non-collision biological treatment possible, e.g. by using the method
of activated sludge. Full elimination of fat and protein
suspensions is a crucial benefit, which, considering
favorable sanitary parameters and trace amounts of
toxic elements and substances, makes the wastewater
pretreated by the discussed method usable in agriculture.
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