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ABSTRACT: Prior to the application of an aerobic biological process, cheese whey wastewater has been 
pretreated by means of a precipitation stage by adding either NaOH or CaOH2. Both precipitating agents 
reduce roughly 50% of the raw wastewater chemical oxygen demand (COD). The sludge generated in the 
prestage shows acceptable settling properties, although solids from the CaOH2-treated effluent are better 
separated from the liquid bulk than those formed in NaOH-processed wastewater. In both situations, the 
presedimentation stage renders a supernatant more prone to biodegradation than the untreated effluent. The 
previous statement is corroborated by the determination of some biological kinetic parameters. Under the 
operating conditions used in this work, sludge generation after the biological process is reduced to a minimum. 
The sludge generated shows good settling properties, especially for those experiments in which CaOH2 has 
previously been added. 
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INTRODUCTION 

Within the food industry, the dairy industry is one of the major contributors to wastewater generation in 
terms of both organic load value and effluent volume. Dairy wastewater consists mainly of raw materials lost 
during handling and processing and cleaning materials carried into the processing water. The highly variable 
nature of dairy wastewaters in terms of volume, pH, and organic and suspended solids contents makes the 
choice of an effective wastewater treatment regimen difficult. Without proper treatment, this wastewater can 
pose potential environmental hazards. As regulations become more stringent and surcharges to dispose of 
dairy wastewater become more expensive, selected treatment should meet the required demands and reduce 
both costs. Broadly speaking, dairy wastewater composition involves a substantial concentration of fat, milk, 
protein (mainly casein), lactose, lactic acid, minerals, detergents, and sanitizers. 

With increasing social awareness about the environment, the dairy industry is forced to treat its effluents 
effectively and efficiently before disposal into the public drainage. The challenge is to find cost-efficient and 
environmentally sustainable approaches to water reuse, byproduct disposal, and waste management. 

Biological processes are normally recommended to deal with this type of effluent. Thus, dairy ponds use 
anaerobic treatment as a means of treating the wastewater. Anaerobic conditions are obvious from the 
continuous amount of gas bubbles off- gassing from the pond surface. However, this process tends to cause 
odors, which can be a source of complaints. Additionally, odor-generating ponds are prime spots for 
mosquitoes to live and grow, causing a further nuisance. The conversion of the dairy pond from an anaerobic 
system to an aerobic process creates a completely different environment. The use of surface aerators forces 
air below the water surface to add oxygen and mix the wastewater and settled sludge. The added oxygen 
creates a bacteria-friendly environment; therefore, the time involved in solids degradation is greatly reduced. 
Aerobic systems can be an alternative to small-medium factories where energy demand is not an important 
drawback commonly associated with aerobic biodegradation processes. 

Despite the significant biodegradability of dairy effluents, high detention times are normally required in 
aerobic processes. 

Physicochemical pretreatment is envisaged as an important stage for wastewater containing particles or 
debris that could damage downstream pumps or equipment. Pretreatment can also reduce the concentration 
of non biodegradable and/or bio recalcitrant chemical oxygen demand (COD), rendering, therefore, an effluent 
more susceptible to biotreatment. 

A survey of some scientific databases reveals that most works dealing with cheese wastewater are focused 
on biodegradation stages with no integration with supplementary steps. Improvement of the biological process 
is an attractive option in small and medium cheese-manufacturing industries where biological ponds are size 
limited. Use of more effective and economic coagulant reagents (as is the case of Ca(OH)2) as an alternative 
to the conventional ferric or aluminum salts is one of the targets of this study. Thus, this work is aimed at 
establishing the influence of an alkaline pretreatment on the aerobic biodegradation of a whey wastewater 
from the production of Serpa cheese. In this sense, a simplistic modeling of the biodegradation process is 
used for comparison purposes. 



 
MATERIALS AND METHODS 

Cheese Whey Wastewater (CWW). CWW was collected from a small industry located in the Alentejo 
region of Portugal. This small plant produces the so-called “Serpa cheese” typical of this area in southern 
Portugal. Wastewater was characterized and immediately frozen to avoid biological activity. The main 
properties of this effluent  

 

 
 
are displayed in Table 1. A detailed description of the effluent can be found elsewhere. 

Analytical Procedures. COD was monitored by the absorbance of the sample after dichromate digestion at 
150 OC for 2hin the presence of silver and mercury sulfates. Biological oxygen demand (BOD) was obtained 
by a respirometric method (WTW OxiTop) under controlled conditions of temperature, agitation, and light 
absence. Microorganisms were taken from a municipal wastewater treatment plant and acclimated to the 
effluent. Turbidity was measured by a WTW Turb550 turbidimeter. Solids were analyzed after filtration of a 
determined volume of sample. Total suspended solids (TSS) were obtained from the residue in the filtration 
paper (Whatman 934-AH), whereas total dissolved solids were calculated after evaporation of the filtrate. 
Absorbance at different wavelengths was measured in an Ultrospec 2100pro spectrophotometer. Both pH and 
redox potential were monitored in a WTW InoLab apparatus (pH electrode SenTix 41 and redox electrode 
SenTix RP). Conductivity was obtained in a JENWAY 4510 conductivity meter. Total phosphor was quantified 
by the absorbance of the sample after reaction of orthophosphates and a solution of vanadate-molybdate. Oil 
and fats were determined after extraction by means of a Soxhlet apparatus using petroleum ether as the 
extracting agent. Chlorides were titrated with silver nitrate in the presence of potassium chromate. Lactose 
was analyzed by means of the Tell reagent. Total proteins were monitored by using Lowry's method. This 
method is based on the blue coloration of a complex formed in the reaction of Folin's reagent and proteins in 
alkaline conditions and in the presence of copper as catalyst. Ammonium and Kjedahl nitrogen were quantified 
by following the standard methods. References of the different analytical procedures can be found elsewhere. 

Reagents and Procedure. Sedimentation experiments were carried out in a Jar Test apparatus (Olabo 
ISCO) equipped with six- speed regulated stirrers. Runs were completed in 0.4 L beakers under initial fast 
agitation (150 rpm) for 2 min and further slow agitation (20 rpm) for 20 min. 

Sedimentabilitytestswereconductedinanormalized1 L glass probet 34 cm high. Some runs were also 
conducted in a 13 L column (150 cm high, 10 cm diameter) equipped with several sampling ports located at 
different positions on the column. 

Aerobic biodegradation experiments were conducted in a 2 L glass reactor continuously oxygenated by an 
air flow stream. Microorganisms were taken from a municipal wastewater plant and acclimated to the effluent 
for 5 days. 

Chemicals used in this study were acquired from Aldrich and used as received. 
 
RESULTS AND DISCUSSION 

Alkaline Pretreatment. NaOH Addition. NaOH was added to raw whey wastewater to achieve a precipitation 
pH value in the range of 11-12.5. In this narrow pH range no significant differences were observed. 
Accordingly, for economic reasons (lower NaOH requirements), replicas of experiments were conducted at 
the lowest tested pH of 11. Table 1 shows the removal efficiencies obtained for different parameters in 



comparison to values determined in the raw whey wastewater. 
As inferred from this table, with some exceptions, removal efficiencies are higher than those reported in a 

previous work8 by using FeCl3 as precipitating agent (FeCl3-PTted WW). FeCl3 pretreatment has also been 
shown to adequately render the raw whey wastewater more biodegradable. Another point to highlight is that 
both COD and BOD are similarly removed after the precipitation stage, so the biodegradability index, 
measured as the ratio BOD/COD, remains sufficiently high to apply a post biological stage. 

With regard to the solid separation step, when NaOH was used as precipitating agent, the sedimentation 
was flocculent; that is, no clear distinction is observed between the cleared supernatant and the solids. The 
profiles of solid concentration versus time for different heights in a cylindrical column (30 cm diameter X 
150 cm height) are shown in Figure 1. Solids at the top of the column are continuously removed throughout 
the whole process. In contrast, solids start to accumulate in those zones located at the column bottom until a 
maximum in concentration is achieved; thereafter, the sedimentation velocity is faster than the accumulation 
rate. In any case, it seems that solid sedimentation properties must be enhanced. Thus, the addition of 
flocculants can be suggested. Ca(OH)2 Addition. CaOH2 was added in the pH interval from 10.5 to 13.0, and 
again no significant differences were found for runs conducted at different initial pH values. Once more, Table 
1 shows an acceptable performance of the coagulation process with values comparable to the other two 
precipitating agents shown in the table. However, settling properties of the sludge formed are significantly 
better than those experienced when FeCl3 or NaOH was added to raw wastewater. Zone settling type 
sedimentation was obtained for CaOH2-PTted effluents (Figure 1). 

A rough estimation of the reagent needs associated with the previous processes indicates that 2.7 g of 
NaOH is needed to shift the pH of 1 L of raw wastewater to 11.0. Additionally, CaOH2 requirements are located 
in the range of 3.8-5.0 g L-1 depending on initial pH. By taking into consideration that FeCl3 price doubles the 
lime price,11 the use of CaOH2 is recommended as a pretreatment stage. 

Aerobic Biodegradation. Kinetics of the Aerobic Biodegradation. Aerobic biodegradation experiments of 
raw and pre- treated effluents were carried out at different initial substrate/ biomass ratios. For comparison 
purposes, some additional biodegradation experiments were also carried out by using FeCl3-pretreated 
wastewater (FeCl3-PTted). 

 

 

 
Figure 1. Settling characteristics of solids precipitated after NaOH or CaOH2 addition to raw whey wastewater: normalized solids concentration in 
a column at different heights (NaOH addition) (O, -140 cm; 0, -120 cm; 4, -40 cm; 3, -20 cm). Solid-liquid interface height (h) when CaOH2 is 
added is represented by ]. 

 
Figure 2 shows the results obtained when raw wastewater was treated in an aerobic batch process. As 

observed from this figure, COD and BOD follow similar trends, indicating the biodegradable nature of the raw 
wastewater. Both parameters (COD and BOD) seem to linearly decrease until a roughly 90-95% removal is 
obtained. Thereafter, the biodegradation process comes to a halt. Accumulation of nonbiodegradable 
material is likely to occur at the end of the reaction period. Another point to highlight is the rapid and efficient 
elimination of turbidity with reductions close to 98-99% when the process is finished. 

Depending on the operating conditions, COD accumulation is experienced after approximately 150-200 
min from the start of the biodegradation. In no case was total COD elimination attained. Consequently, the 
concept of residual COD was used in assessing the biological treatability of this effluent.12 According to the 
model proposed by Orhon and co-workers,12 initially, substrate (measured as COD) can be catalogued as 
readily biodegradable (CODB) and biorecalcitrant or inert (CODI) to the microbial community. The latter is 
not removed in the process and bypasses the treatment system. Additionally, part of the remaining COD at 
the end of the experiments can be generated in the course of the microbial growth and decay stages 
(CODM). Accordingly, the final effluent can be constituted by three COD fractions: 

 
 



CODtotal = CODB + CODI + CODM (1) 
 
The different COD fractions are not distinguished in the COD analytical procedure. Usually, CODB is 
completely removed in the biodegradation process, whereas the remaining COD 
 

 

Figure 2. Aerobic biodegradation of raw whey wastewater. Experimental conditions at T = 290 K and pH 7.5, COD (mg L-1), BOD (mg L-1), turbidity 
(NTU), and XA0 (mg L-1): (top) 11358, 9700, 658, and 3280; (middle) 13150, 12700, 575, and 6528; (bottom) 8983, 7500, 342, and 8510, 
respectively. Symbols: b, COD (XA in right-hand figures); O, BOD; 4, turbidity (T) removal (1 - T/T0). Lines = model calculations. 
 

 

 
 

 

Figure 3. Aerobic biodegradation of FeCl3-PTted wastewater. Experimental conditions at T = 290 K and pH 7.5, COD (mg L-1), BOD (mg L-1), 
turbidity (NTU), and XA0 (mg L-1): (top) 6420, 4700, 31.2, and 1360; (middle) 4840, 3640, 91.8, and 2450; (bottom) 4775, 3700, 52.9, and 4790, 
respectively. Symbols: b, COD (XA in right-hand figures); O, BOD; 4, turbidity (T) removal (1 - T/T0). Lines = model calculations. 



accounts for the sum of CODI + CODM. In this study, given the high biodegradability of the raw effluent and on 
the basis of data reported for similar effluents,12 CODI was considered to be absent in the raw wastewater. 
Thus, the calculation of biodegradation kinetic parameters was accomplished by considering the model of 
Dang and co-workers 
 

 
 
where ft is the maximum specific growth rate (h-1), YH is the yield coefficient for heterotrophic bacteria, Ks is 
the half-saturation constant for growth (mg L-1), XA is the active biomass concentration (measured as volatile 
suspended solids), YM is the soluble microbial product concentration coefficient, and b is the specific 
endogenous respiration rate (h-1). 

Differential eqs 2-4 were numerically solved and the un- known parameters adjusted to fit experimental 
and calculated results. Obviously, the number of unknown constants is too high, and estimated parameters 
strongly depend on the initial guess in the optimization procedure. Consequently, common literature values 
were initially used in the fitting process. Figure 2 shows an acceptable modeling of COD and XA by using the 
parameters listed in Table 2. 

Additionally, for comparison purposes, Figures 3 and 4 display the results obtained when whey wastewater 
was first pretreated with FeCl3 (FeCl3-PTted) or CaOH2 (CaOH2-PTted). 

From Figures 2-4 it is inferred that FeCl3-PTted and CaOH2- PTted wastewaters contain a COD more 
prone to biodegradation than COD from untreated effluents. In any case, given the differences in operating 
conditions, the previous statement could be corroborated by direct comparison of biological kinetic parameters 
(Table 2). Thus, the value of ft, directly related to the COD degradation rate, is 4-5 times higher when 
pretreated wastewater is bioprocessed in comparison to the untreated effluent. Moreover, YH, the yield 
coefficient for heterotrophic bacteria, also decreases in value for pretreated wastewaters. This involves a faster 
COD removal and a lower sludge production. The influence of these two parameters (ft and YH) is illustrated 
in 

 
 

 

 
Figure 4. Aerobic biodegradation of CaOH2-PTted wastewater. Experimental conditions at T = 290 K and pH 7.5, COD (mg L-1), BOD (mg L-1), 
turbidity (NTU), and XA0 (mg L-1): (top) 8733, 6700, 14.8, and 1362; (middle) 9088, 7500, 90.2, and 2546; (bottom) 5400, 4500, 27.1, and 2714, 
respectively. Symbols: b, COD (XA in right-hand figures); O, BOD; 4, turbidity (T) removal (1 - T/T0). Lines = model calculations. 



 

Figure 5. Aerobic biodegradation of wastewater. Influence ofi and YH on process modeling (other parameters: KS = 800, YP = 0.04, and b = 
0.008). Experimental conditions: COD, 6430 mg L-1, XA0, 2580 mg L-1. Symbols: b, experimental data for NaOH-PTted wastewater. 

 
Figure 5. Also, the experimental points of a NaOH-PTted run are significant influence on the COD removal 
rate. Hence, under given in the same figure. As inferred from Figure 5, i exerts a identical operating 
conditions (given in Figure 5 caption) and 
 

 
 

 
 

 
 
 

 

 

 
Figure 6. Solids sedimentation test after aerobic biodegradation of raw 
whey wastewater. XA0 concentration before the biological treatment: 
3.23 g L 1 (top), 6.53 g L 1 (middle), 8.51 g L 1 (bottom). 
 
 
 
 
 
 
 



 
 
Figure 7. Solids sedimentation test after the aerobic biodegradation of FeCl3-PTted whey wastewater. XA0 concentration before the biological 
treatment: 1.36 g L-1 (top, circle symbols), 2.45 g L-1 (top, square symbols), 4.79 g L-1 (bottom). 
 

similar values for the rest of the kinetic parameters, an increase of from 0.004 to 0.02 involves a decrease in 
the COD half-life from 125 to 17.5 min. 

A comparison of the kinetic parameter values obtained in this study and those reported by Orhon and co-
workers12 for a similar effluent reveals a lower (bibliographic value of 0.13 h 1), higher KS (bibliographic value 
of 100 mg L-1), and comparable values for the rest of the parameters. 

 

 
 
 
Settling Characteristics of the Biosludge. Another important aspect to take into account in an activated 

sludge process is the settling capacity of microorganisms. Figures 6- 8 show the solids interface profile for 
experiments conducted at different initial biomass concentration. As observed from these figures, no 
significant differences are observed in the sedimentability tests regardless of the wastewater processed (raw 
or pretreated). However, an unacceptable deterioration of the liquid-solid separation rate and extent is 
experienced when high concentrations of solids are initially present. Thus, values of roughly 80% of solids are 
removed in pretreated wastewaters when the lowest microorganism concentrations were used; however, 
increasing the initial amount of biosolids to values in the range of5-6gL-1 involves an increase in time in the 
interval of 300-500 min to achieve a poor 50% solids removal. Moreover, extended times do not significantly 
improve solids separation, experiencing final removal efficiencies in the proximity of 60-70%. According to 
these results the addition of a low amount of microorganisms is recommended. 

Some preliminary sedimentation tank design calculations can be carried out by considering the most 



favorable cases (lowest initial XA concentration) after the biological processing of pretreated wastewaters. 
Thus, the method of Coe-Clevenger was adopted for that purpose (see ref 8 for details). In the case ofFeCl3-
PTted wastewater, if the initial XA concentration is 1.36 gL-1 and the sludge from the sedimentation tank is 
concentrated 3.3 times (around 4.5 g L-1), the minimum clarifier area needed for a small plant (wastewater flow 
rate of100 m3 day-1) would be approximately 12 m2. If the same analysis is completed with the CaOH2-PTted 
effluent, the area necessitated is reduced to roughly 5 m2. 

 
AUTHOR INFORMATION 
Corresponding Author 
*E-mail: fjrivas@unex.es.. Fax: 0034 924 289385. Phone: 0034 924 289300-6951. 
Funding Sources 
We appreciate the economic support received from the Research 
Group TRATAGUAS (Spain) and Fundação para a Ciência e a Tecnologia, Ministério da Ciência Tecnologia 
e Ensino superior (Portugal). 
 
REFERENCES 

(1) Kushwaha, J. P.; Srivastava, V. C.; Mall, I. D. Organics removal from dairy wastewater by 
electrochemical treatment and residue disposal. 
Sep. Purif. Technol. 2010, 76, 198-205. 

(2) Baskaran, K.; Palmowski, L. M.; Watson, B. M. Wastewater reuse and treatment options for the dairy 
industry. Water Sci. Technol. 2003, 3 (3), 85-91. 

(3) Smith, B. M.; Ross, C. C.; Walsh, J. L. Food-processing wastes. 
Water Environ. Res. 2004, 76 (6), 1589-1650. 

(4) Vourch, M.; Balannec, B.; Chaufer, B.; Dorange, G. Nanofiltra- tion and reverse osmosis of model 
process waters from the dairy industry to produce water for reuse. Desalination 2005, 172 (3), 245-256. 

(5) Demirel, B.; Yenigun, O.; Onay, T. T. Anaerobic treatment of dairy wastewaters: a review. Process 
Biochem. 2005, 40 (8), 2583-2595. 

(6) Paleia, M.; Ifrim, G.; Barbu, M.; Bahrim, G.; Caraman, S. Strategies for the aerobic biological treatment 
of the dairy wastewaters in controlled conditions. Environ. Eng. Manag. J. 2010, 9 (3), 399-405. 

(7) Cokgo€r, E. U.; So€zen, S.; Insel, G.; Orhon, D. Respirometric evaluation of biodegradation 
characteristics of dairy wastewater for organic carbon removal. Environ. Technol. 2009, 30 (11), 1169-1176. 

(8) Rivas, J.; Prazeres, A. R.; Carvalho, F.; Beltrén, F. Treatment of 
cheese whey wastewater: combined coagulation-flocculation and aero- 
bic biodegradation. J. Agric. Food Chem. 2010, 58 (13), 7871-7877. 

(9) Kushwaha, J. P.; Chandra Srivastava, V.; Mall, I. D. Treatment of dairy wastewater by inorganic 
coagulants. Parametric and disposal studies. Water Res. 2010, 44 (20), 5867-5874. 

(10) Dabhi, Y. M.; Parmar, K. A. Effective use offerric sulphate and ferric chloride in treatment of dairy 
industry wastewater. Asian J. Chem. 2010, 22 (10), 7615-7620. 

(11) http://ed.icheme.org/costchem.html (accessed Oct2010). 
(12) Orhon, D.; Go€rgu€n, E.; Germirli, F.; Artan, N. Biological treatability of dairy wastewater. Water 

Res. 1993, 27, 625-633. 
(13) Dang, J. S.; Harvey, D. M.; Jobbagy, A.; Grady, C. P. L., Jr. Evaluation of biodegradation kinetics 

with respirometric data. Res. J. Water Pollut. Control Fed. 1989, 61, 1711-1721. 
 
This is a post-peer-review version of an article published in Journal of Agricultural and Food Chemistry, 

2011 following peer review. The version of record Rivas, J., Prazeres, A. & Carvalho, F. (2011). Aerobic 
biodegradation of precoagulated cheese whey wastewater. Journal of Agricultural and Food Chemistry, 59, 
2511–2517. https://dx.doi.org/10.1021/jf104252w 

 

mailto:fjrivas@unex.es
http://ed.icheme.org/costchem.html
https://dx.doi.org/10.1021/jf104252w

