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ABSTRACT 

 
 This paper presents different methods for wastewater treatment produced from fruits and vegetables processing industry. A 
continuous monitoring program for the end-of- pipe was carried out for almost 4 months. Characterization of wastewater indicated that it 
contains high concentrations of organics, suspended solids and nutrients.  The chemical oxygen demand, oil and grease, dissolved solids 
and total nitrogen concentrations were high and not complying with National Regularity Standards for wastewater discharge either into the 
sewerage network or agricultural drains. Two modules of treatment have been investigated; the first module was chemical coagulation-
sedimentation using different coagulants, while the second module was biological degradation using a multistage rotating biological 
contactor (RBC). The results obtained from the first module indicated that ferric chloride was capable to reduce the pollutants load to the 
pertinent permissible standards required for wastewater discharge into sewerage network. However, the second module was very effective 
for breaking down the organic matters. Residual chemical and biological oxygen demands did not exceed 21 and 22 mg/l, respectively. 
The treated effluent was amenable for safe disposal into agricultural drains. 
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INTRODUCTION 
 
 Agro-industries are major contributors to 
worldwide industrial pollution. Effluents from many 
agro-food industries are hazard to the environment 
and require appropriate and comprehensive 
management approach. Worldwide, environmental 
regulatory authorities are setting strict criteria for 
discharge of wastewaters from industries. As 
regulations become stricter, there is now a need to 
treat and utilize these wastes quickly and efficiently. 
With the tremendous pace of development of 
sustainable biotechnology, substantial research has 
been devoted recently to cope with wastes 
complexity generated by agro-industries [19]. 
 Although most of this type of industry works 
seasonally, whole process requires large volumes of 
tap water mainly for cleaning and washing the 
vegetables in several stages, as well as for different 
uses in the production plants [16,21,9]. Compared 
with other industrial sectors, the food industry needs 
a greater amount of water than other sectors [10]. 
Wastewater released from these industries are turbid 
with high concentration of biological oxygen demand 
(BOD), fats, oils and grease , suspended solids and 
usually nitrogen and phosphorous. Other 
characteristics of food processing wastewater are (a) 
large seasonal variation (b) large hourly variation and 

concentration in daytime (c) factories are often small 
scale (d) sometimes unbalanced ratio of BOD:N:P 
that induce bulking sludge (e) colored wastewater. 
[12].  
 Biological treatment technologies are in favor of 
wastewater treatment from food industries since the 
wastewater is rich in nutrients and organic matters. In 
biological attached growth processes, the 
microorganisms are responsible for the conversion of 
organic materials or other constituents in wastewater 
for simple forms which are attached to any inert 
packing material of the treatment system [8,11]. 
Rotating biological contactor (RBC) process as an 
efficient attached growth process has many 
advantages such as short hydraulic retention time 
(HRT), high biomass concentration, high specific 
surface area, low energy consumption, operational 
simplicity, insensitivity to toxic substrate, less 
accumulation of sloughed bio-film and partial stir 
[22].  
 Also, coagulation/flocculation is an essential 
process in industrial wastewater treatment in which 
coagulants such as ferric chloride, ferrous sulfate, 
alum, lime and polymers are added to wastewater in 
order to destabilize the colloidal materials, 
elimination of suspended solids and as much of the 
organic materials as possible and cause the small 
particles to agglomerate into larger settleable flocks 
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[5]. Coagulation/flocculation process may be used as 
a pre-treatment prior to biological treatment in order 
to enhance biodegradability of the wastewater during 
the biological treatment [2]. Several studies have 
been reported on the examination of this process for 
the treatment of industrial wastewater, especially 
with respect to performance optimization of 
coagulants, determination of experimental 
conditions, assessment of pH and investigation of 
flocculant addition [20]. Coagulation/ flocculation 
process has been found to be cost effective, easy to 
operate and energy saving treatment alternatives 
[6,14].  
 The aim of the present study is to assess and 
compare two alternatives for the treatment of 
wastewater generated from an agro-food industry. 
The first alternative was chemical 
coagulation/flocculation treatment, while the second 
option was biological treatment using four stages 
RBC reactor. 
 
Material and Methods 
 
2.1 Site Location and Description of the 
Manufaturing Processes: 
 
 Wastewater from an agro-manufacturing plant 
located at Alexandria Governorate, Eygpt provides 

the material of this study. The factory produces 
several kinds of jams, artificial and natural syrups 
from different kinds of fruits, tomato paste and 
cooked horse bean. The main raw materials used are 
categorized as follows:  
• Fruits such as mangoes, figs, dates, pears, apples, 
oranges, strawberries, apricots, tomatoes, horse 
beans, lemons, pine apples, and peaches. 
• Other auxiliary materials such as citric acid, 
concentrates, honey, sugar, molasses, pectin, 
artificial colors, varnish, solvents, soldering flux, 
preserving agents, sodium benzoate, lemon salts , 
and sodium nitrate. 
It is worth noting that the manufacturing processes 
depend upon the availability of raw materials and 
market demands.  
 
2-2Water Consumption: 
 
 The factory uses governmental potable water. It 
is used in the factory for washing of vegetables and 
fruits, rinsing of equipment and floor washing. Also, 
water usages including boiler feed water cooling 
process, including vacuum in the evaporators, in 
addition to its use in domestic purposes. 
 

 
Typical consumption and usages of water are given below: 

Water consumption 936,000 m3/year 
Water uses:  
 Process and washing 67% 
 cooling 32% 
 domestic  1% 

  
Also, the production lines and service units in the plant are illustrated as follows: 

Production Lines Service Units 
 

• Tomato paste 
• Juice and syrup 
• Jam production line 
• Canned horse beans 

Boilers 
Cooling towers 
Laboratory 
Tin can manufacturing plant 
Mechanical & electrical workshops 
Garage 
Storage facilities. 

 
2-3 Sources of Wastewater: 
 
 The sources of wastewater are mainly from 
washing water of fruits, horse bean and vegetables, 
washing water of jams, manufacturing vessels, oil 
and grease leaked from the un-controlled cooling 
systems, garage and lubrication of machines. 
Average daily wastewater discharged from the 
factory ranged between 200-400 m3/d. The 
wastewater is discharged directly without any 
treatment into an agricultural drain. A schematic 
diagram of the manufacturing process, input and 
output materials is shown in Figure (1). The 

production line is operated intermittently on a semi-
continuous or batch wise depending on the market 
demand and availability of the vegetables and fruits. 
The jam and the tomato paste production steps are 
similar to that used in juice production but instead of 
water addition, water vaporization takes place. For 
canned peas there are three main processing steps for 
the production line, which are sorting and washing, 
soaking to remove the sulfur, cooking and finally 
backing the outputs to the units. The sources of 
pollution from different manufacturing steps are 
depicted in Figure (2). 
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Fig. 1: Schematic diagram of the process, input and output of juice, tomato paste and jam. 
 

 
Fig. 2: Schematic diagram of the process, input and output of the canned horse beans. 
 
2-4 Sampling program and laboratory analyses: 
 
 A continuous monitoring program for the end-
of-pipe was carried out for a duration of four months. 
Composite sample were collected to a represent the 
actual operating conditions.  The physico-chemical 

characteristics covered the following parameters: pH-
value, total suspended solids (TSS), settleable solids, 
total phosphate, chemical oxygen demand (COD), 
biological oxygen demand (BOD), oil and grease and 
total kjeldahl nitrogen (TKN). Moreover, sludge 
analysis including, sludge volume, sludge weight and 
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sludge volume index were also carried out. The 
analyses, unless otherwise specified, were carried out 
according to the American Standard Methods for 
water and wastewater analyses devised by APHA 
[4]. 
 
2-5 Aerobic biodegradability experiment: 
 
 Agro-food wastewater treatment has been 
extensively studied in conventional biological 
treatment systems, mainly under aerobic conditions 
[7,13]. In order to understand the process 
mechanisms of the biodegradation efficiency of the 
raw wastewater a fixed amount of activated sludge 
sample 3-4g/l was taken from a nearby full scale 
activated sludge plant treating domestic wastewater. 
It was transferred to 2 liter Plexiglas laboratory 
column to which the investigated wastewater was 
added. Air supply was adjusted to maintain dissolved 
oxygen concentration between 2-3 mgO2/l. Also; 
nutrients were added to the culture to promote the 
microbial growth rate. The system was incubated at 
room temperature (25 ±20C) for one week. Daily 
aeration was stopped to let the sludge settle then the 
supernatant was drained and the column was refilled 
by a mixture of industrial wastewater and sewage. 
This was followed by two weeks using 100% 
industrial wastewater, till a considerable amount of 
adapted sludge was produced. To study the impact of 
detention time on the biodegradation of wastewater, 
a fixed amount of adapted sludge (3g/l) was 
transferred to another column at which the 
wastewater was added. Different aeration periods 
ranging from one to twenty four hrs were 
investigated. The chemical and biochemical oxygen 
demands (COD and BOD5) and the total suspended 
solids concentration were measured at the start up 
and at different retention times after 60 minutes 
sample settling. This experiment was repeated three 
times.  
 
2-6 Treatability study: 
 
 Two different treatment modules were applied to 
the end-of-pipe. The first module was chemical 
coagulation–sedimentation, while the second one 
was biological treatment using a multistage 
biological rotating contactor (RBC). 
 

a- Chemical coagulation- flocculation treatment: 
 
 Chemical coagulation-flocculation was carried 
out using different coagulants. The coagulants used 
were ferrous sulfate, ferric chloride, lime and ferric 
chloride aided with lime.  The optimum pH and dose 
of each coagulant which produces the best removal 
efficiency were determined using jar test procedure. 
For the jar test, 800 ml sample was transferred in 
each jar. The samples were rapidly mixed at a paddle 
speed of 250 rpm and then coagulants were 
instantaneously added. The rapid mixing was for 1 
min., followed by slow mixing for 10 min. at 20 rpm. 
Characteristics of the chemically treated effluent 
were determined after 60 minutes settling. Samples 
were withdrawn by means of a suction device 
allowing the withdrawal of accurate amounts from all 
jars at the same time. Physico-chemical analysis of 
raw wastewater and the treated effluent, at the 
predetermined optimum conditions, were carried out. 
For each coagulant, the experiments were repeated 5 
times at different working days. 
 
b- Biological treatment using rotating biological 
contactor (RBC): 
 
 A lab-scale four stages RBC system was 
designed fabricated and put into operation. The 
schematic experimental setup is shown in Figure (3). 
The rotating discs experimental unit consists of 
5.19L basin, divided into four compartments of equal 
volumes, 32 (PVC) discs each with a thickness of 0.3 
cm were mounted on horizontal shaft and rotated by 
a variable-speed electric motor. Each compartment 
accommodated 8 discs of 14 cm diameter. The total 
surface area of the PVC discs was 0.95 m3. This 
allows a suitable area for microbial growth. The discs 
were immersed in the basin at about 50% of the disc 
diameter. The discs were rotated at 6 rpm. The RBC 
unit is followed by a 2 liters sedimentation tank. 
Table (1) shows the geometric data of the 
experimental RBC system. The system was fed 
continuously with wastewater using a peristaltic 
dosing pump. The biological unit was operated at a 
hydraulic load of 0.03m3/m2.d. The average organic 
loading rate was 0.63 kg BOD/m3.d. After two weeks 
operation, a thin biofilm was developed. The 
efficiency of the system was monitored via daily 
analysis of raw and treated effluents. 

 
Table 1: Geometric Data of the Experimental RBC System. 

No. of stages 
Arrangement of discs 
Discs diameter,(cm) 
Total discs surface area(m2) 
Basin volume in liter 
%  submergion 
Specific surface area (m2 m-3) 
Rotational speed, (rpm)  
Hydraulic load, m3/m2.d 
Sludge load, kg/m2 

4 
4×8 
14 
0.95 
5.19 
50% 
183 
6 
0.03 
0.018 
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Fig. 3: Schematic Diagram of Multistage Rotating Biological Contactor (RBC). 
 
Results and Discussion 
 
3-1 Wastewater Characteristics: 
 
 Physico-chemical characteristics of the end-of-
pipe are depicted in Table (2) and illustrated 
graphically in Figure (4). The results showed that the 
wastewater contains high concentrations of COD and 
BOD which reached 1518 mg O2/l and 1050 mgO2/l, 
respectively, with average values of 776.5 mgO2/l 

and 408.8 mgO2/l. Average concentrations of 
suspended solids, total phosphate and oil and grease 
were 255 mg/l, 5.3 mg/l and 88 mg/l, respectively. 
The wastewater also contains 61% of dissolved COD 
and 73% of dissolved solids. The data showed that 
the wastewater demonstrates very low settleability as 
indicated from the Imhof Cone preliminary settling 
test. These results are in the normal range of 
wastewater produced from a typical preserved food 
plant. 

 

 
Fig. 4: Characterization of the end-of pipe. 
 
3-2 Chemical Coagulation-Flocculation –
Sedimentation: 
 
 Chemical coagulation- flocculation treatment of 
the final effluent using different coagulants was 
carried out.  The selection of a specific chemical 
depends on its efficiency of removing pollutants, its 
availability in the market, and its cost. Results 
recorded in Table (3) show the efficiency of the 
optimum dose for each coagulant used. The results 
indicated that 150 mg/l ferric chloride, gave better 
removal values compared with other coagulants. 
COD removal values reached 71% at pH 8.5. Sodium 
hydroxide has been used to control the pH value of 
the wastewater to the desired value. The experiment 
was repeated five times with different samples at the 
predetermined conditions (Figure 5). It is obvious 
that the percentage removal of chemical oxygen 
demand is ranged between 55% to 79%; with 
residual values of 225-690 mg/l. 
 Pendent on the predetermined optimum 
conditions, complete analysis of the chemically 
treated effluent with ferric chloride was carried out 
(Table 4). Average percentage removal of COD and 
BOD were 68% and 78% respectively; with 

corresponding average values of 364 mg/l and 162 
mg/l, respectively.  
 The results obtained in (Table 4) revealed that 
the average sludge volume was 90 ml/l with total 
sludge weight 1.4 g/l and the sludge volume index 
was 64. This indicates a good range for sludge 
settleability, compatibility, good dewatering 
characteristics [15,18].  
 Amuda, et al. [3] stated that the amount and the 
characteristics of the sludge produced during the 
coagulation/flocculation process are highly 
dependent on the specific coagulant used and on the 
operating conditions. However Amuda and Amoo, 
[2] found that the use of ferric chloride for treatment 
of beverage industrial wastewater produced higher 
volume of solids, where the sludge volume ranged 
from 282 to 669 ml/l. The relatively high volume of 
sludge generated from the chemical treatment of 
industrial wastewater hindered the adoption of such 
process as an alternative wastewater treatment 
strategy. 
 The results obtained from the chemical treatment 
process tends to show that the use of ferric chloride 
may be considered good techno-economically 
feasible alternative for treatment of wastewater 



6503                          Hala S. Doma, 2013 /Journal Of Applied Sciences Research 9(10), December, Pages: 6498-6507 
 

 

generated from agro - food  industry if the 
wastewater will be discharge to public sewage 
network. However, the chemically treated effluent 
not complies with the National Regulatory Standards 

for wastewater discharge into the nearby agriculture 
drain. Therefore, biological treatment is 
recommended. 

 
Table 2: Physico- Chemical Characteristics of the End-of –Pipe. 

Parameters 
No.  of Samples 

Units 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Average 

pH-value - 7.3 7.2 6.6 6.8 8.2 6.6 8.2 7.7 6.9 7.5 8 7.3 7.9 8.2 7.4 
Chemical oxygen 

demand 
mgO2/l 484 925 504 1518 775 584 126

0 
354 664 437 459 1389 741.2 115

1 
776.5 

Dissolved chemical 
oxygen demand 

mgO2/l 176 398 161 567 279 196 530 185 240 140 154 525 265 506 345 

Biological oxygen 
demand 

mgO2/l 168 370 320 1050 510 268 704 160 300 165 291 525 483.6 500 408.8 

Total phosphate mg/l 2 11 3 0.2 1.1 1.6 4 5.3 7.9 9.6 9 6.7 8 8.4 5.3 
Total kjeldahl nitrogen mgN/l 11.2 20.7 30.3 25.2 27.5 11.2 23 9 18 47 5.6 17 22.4 16.8 255.1 
Total suspended solids 

at 105°C 
mg/l 254 352 138 290 90 190 304 138 265 114 206 710 264.8 710 78.4 

Oil & grease mg/l 51.8 87.4 30.8 241.
2 

43 38 97 36 57 42 37 204 90.8 42.4 2.6 

10 min  N.D
* 

3 N.D 8 N.D N.D 5 3 5 3 2.8 3 0.5 3.7 
 

3 
 

Settleable solids ml/l               7.4 
30 min  N.D 5 N.D 8 0.2 N.D 6 4 8 2.8 2 3.5 0.5 4 

 
*N.D not detected    
 
Table 3: Efficiency of Chemical Coagulation/Flocculation Process Using Different Coagulants. 

coagulants 
doses 

 
 

Influent 

FeSO4 FeCl3 CaO FeCl3+ CaO 
190 150 210 200+150 

     
pH 6.8 6.4 8.5 9.5 8.5 

COD 1165 629 335 570 443 
% removal - 46 71 51 62 

TSS 200 90 48 79 62 
% removal  55 76 61 69 

Table 4: Efficiency of the Chemical Coagulation-Sedimentation Using Ferric Chloride*  
Parameters 

 
Units Raw wastewater Treated 

effluent 
%R Ministerial 

decree 
44/2000 

Law 48/82 
discharge into 

agriculture drain 
pH-value - 6.5 8.5 - 6-9 6-9 

Chemical oxygen demand mgO2/l 1165 364 68 1100 20 
Biological oxygen demand mgO2/l 719 162 78 600 20 

Total suspended solids mg/l 120 30 75 800 30 
Total kjeldahl nitrogen mgN/l 20 2 90 100  

Total phosphate mgP/l 1 ND** 100 25 1 
Oil &grease mg/l 40 10 75 100 5 

Sludge analysis -      
Sludge volume ml/l  90    

Sludge weight at 1050C g/l  1.4    
Sludge volume Index ml/g  66    

*Average results of 5 runs ** ND not detected 
 

 
 
Fig. 5: Effeciency of the Chemical Treatment Using 150 mg/l FeCl3  at pH8.5. 
 
3-3 Biological Treatment: 
 
3-3-1 Aerobic biodegradability: 
 
  The removal of organic matter and suspended 
solids (COD, BOD and TSS) in the aerobic 

bioreactor are illustrated in Figure (6). It is clear 
from the results that the maximum degradation of 
wastewater occurred after six hrs. The residual 
concentrations of COD, BOD and TSS were 19, 18 
and 30 mg/l, respectively. The maximum percentage 
removals were 99, 96 and 91 % for COD, BOD and 
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TSS, respectively. Increasing the retention time from 
6hrs up to 24 hrs. resulted in a slight increase in the 
removal efficiency (Figure 7). Accordingly,6hrs. was 

chosen as the optimum time required for 
biodegradation.  

 

 
Fig. 6: The COD, BOD and TSS degradation during the aerobic treatment. 
 

 
 
Fig. 7: The COD, BOD and TSS % removal during the aerobic degradation. 
 
3-3-2 Biological Treatment Using RBC: 
 
 The results presented in Table (1), showed that 
COD/BOD5 was 1: 0.53, means that this wastewater 
can be treated easily by biological treatment. The 
Aerobic biodegradability test (Figures 6 and 7) 
indicated that the optimum detention time for the 
biological degradation was six hrs. The continuous 
treatment by the attached growth microbial film 
process retains very high biomass and it has the 
capacity to treat high strength of influent wastewater. 
Also, it can tolerate high organic and hydraulic 
shocks [17]. Thus, the raw wastewater was subjected 
to biological treatment using four stages rotating 
biological contactor. After an acclimation period of 
two weeks, regular analyses were performed on raw 
as well as treated effluent.  
 Four stage RBC was successfully operated for 
the whole experimental duration of 12 weeks without 
any system failure. Figures (8 - 9) illustrate the 
performance of each stage of treatment for COD and 
BOD removal at six hrs retention time. The results 
indicated that the first stage of the RBC was the most 
efficient one for COD & BOD removal, where 79% 
and 66% were achieved. Whereas; COD and BOD 
removals percentage were 88% and 83% in the 

second stage. Progressive COD removal efficiency of 
93% and 98% in the third and fourth stages were 
achieved. The results denoted that, the last two stages 
act as secondary treatment units where only 14% to 
19% of the overall system efficiency was related to 
the last two stages.  
 Biofilm in the first and second stage was thicker 
and creamy color but the biofilm in third and fourth 
stage were brownish and thin. Differences in color 
and thickness of the biofilm are clear indications for 
high performance of the first and second stage [1,17]. 
 The results presented in Table (5) and (Figures 
10 - 11) illustrate the efficiency of biological 
treatment using RBC.  The average residual 
concentrations of COD and BOD5 values reached 
18.9 mg/l and 15 mg/l, respectively. Suspended 
solids percentage removal value was 94% with a 
residual concentration around 20 mg/l. In order to 
satisfy the National regulatory standards for 
discharging industrial wastewater into agricultural 
drains, oil & grease in the final effluents should not 
exceed 5 mg/l. Thus, an oil trap is recommended 
before applying either chemical or biological 
treatment. Also, BOD5, COD and suspended solid 
values must be less than 20, 20 and 30 mg/l, 
respectively are required.  
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Fig. 8: The average residual COD concentration at the four stages of the RBC. 
 

 
Fig. 9: The average residual BOD concentration at the four stages of the RBC. 
 
Table 5: Efficiency of Biological Treatment Using (RBC) System. 

Parameters units Raw wastewater Treated Effluent Average 
% R 

Law 48/82 
discharge into 

agriculture 
drain 

  Min. Max Average Min. Max. Average   
Chemical oxygen demand mg O2/l 834 1389 1109 13 22 18.9 98 20 
Biological oxygen demand mg O2/l 346 567 461 10 21 15 97 20 

Total Organic Nitrogen mg N/l 4.5 47 25 ND* 13 11 69  
Total phosphorous mg P/l 4 9.6 7.5 1 6 4.5 60  

Total suspended solids at 
105°C 

mg/l 163 710 348 19 25 20 94 30 

Total dissolved solids 105°C mg/l 569 1462 1090 471 871 727 40  
10min 

Settleable solids 
30min 

 
ml/l 

3 
 

2 

8 
 

7 

4 
 

4 

ND 
 

ND 

ND 
 

ND 

 100 
 

100 

 

*Oil & grease mg/l 36 42.9 40 ND 4 3 75 5 
 

 
Fig. 10: Removal Effeciency of COD  in RBC. 
 

 
Fig. 11: Removal Effeciency of BOD  in RBC. 
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Conclusion: 
 
 In this study, two alternatives for the treatment 
of agro-food wastewater were investigated in order to 
produce an effluent complying with the National 
Regularity Standard for wastewater discharge either 
into the public sewerage network or into agricultural 
drains. The treatment technologies applied in this 
study were chemical and biological treatments. 
Results indicated that chemical treatment using ferric 
chloride proved to be an effective method for the 
treatment of agro-industrial wastewater in case of 
final discharge into municipality according to the 
Egyptian environmental regulation. The COD 
removal reached 68% with an average residual 
concentration of 364mg/l. However it is not 
satisfying the regulation for wastewater discharge 
into agricultural drains. 
 The use of the four stages rotating biological 
contactor produced a very high quality effluent. The 
first stage was capable to remove 70% of organic 
matter as represented by COD value and it increases 
by 16% in the second stage. The over all efficiency 
of COD removal in the biological treatment using 
RBC reached 94% after six hrs detention times. 
According to the Egyptian Environmental 
Regulation, the treated effluent is suitable for 
disposal into agricultural drains. 
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