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Electrocoagulation Process Using Aluminum Electrodes for
Treatment of Baker’s Yeast Industry Wastewater
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Background and Aims: Severe contamination with organic compounds and very high color is characteristic of yeast industry wastewater.
Discharging this wastewater into the environment has adverse effects on the environment. The present study was conducted to determine the
efficiency of the electrocoagulation (EC) using aluminum electrodes for the removal of color, turbidity, and chemical oxygen demand (COD)
from the baker’s yeast industry wastewater. Materials and Methods: In this experimental study, the effect of current densities (60, 80, 100, and
120 A/m?) and reaction times (15, 30, 45, and 60 min) using aluminum electrode was investigated on removal efficiencies of COD, color, and
turbidity. The pilot consisted of a reactor with a useful volume of 2.5 1 of epoxy glass, a direct current power supply, and aluminum electrodes of
8 cm x 8 cm in diameter. Results: The highest removal efficiencies were obtained to be 83% for COD, 93% for color, and 96% for turbidity at
density of 80 A/m? and 45-min contact time (pH = 7). Under these conditions, the power and electrode consumption was 16.89 kWh and 94.3 g/m?,
respectively, and the treatment cost of wastewater was estimated to be 1.5 $ per each cubic meter. Conclusion: The results showed that EC process
using aluminum electrode is an appropriate and effective method for removing color, turbidity, and COD from baking industry wastewater.
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sunlight absorption.[) Because of numerous environmental
problems, treating this wastewater prior to discharge into
the environment is essential. To date, different approaches
have been adopted to treat the wastewater of this industry.[®
Biological treatment, a combination of aerobic and anaerobic
systems, decreases BOD to an acceptable level, but it is
not efficient for removal of color and COD. In addition,
anaerobic treatment process is very slow and requires a long
period of commissioning.l”! Although oxidation methods
cause a decrease in color, they have no notable contribution
to removing COD;® and membrane processes are prone to
fouling and clogging.”” Furthermore, the application of reverse

INTRODUCTION

Increased global demand for bread as a staple food in many
countries, especially Iran, has turned yeast industry into an
important and developing industry.l! Throughout this industry,
sugar beet molasses, which is a combination of sugar and
nonsugar organic components, minerals, and water, is used as
a main raw material.’) During the fermentation process, the
sugar in molasses is used as a carbon and energy source, but
other compounds in molasses alongside the chemicals added
during the process, the remaining yeast cells, and the materials
resulting from yeast activity are introduced into the process
wastewater.># These types of wastewaters conventionally
contain high amounts of chemical oxygen demand (COD),

biochemical oxygen demand (BOD), nitrogen and sulfate,
unpleasant odor, and very dark brown color.® The dark brown
color of this wastewater caused by a pigment called melanoidins
is due to the compounds resistant to biodegradation and causes
disturbance in natural process of photochemical reactions and
delay in self-purification of surface water through disturbing
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osmosis technology due to creating high salinity can cause
problems for disposal.'”’

Although chemical coagulation and adsorption cause removal
of color and COD, it has some problems such as the coagulant
high dosage and adsorbent regeneration-related problems and
requires high costs at full-scale operation.''?! In recent years,
electrocoagulation (EC) has been widely used for strong industrial
wastewater, because of unique advantages including no need for
chemicals and production of low sludge, being environmentally
friendly, easy operation and maintenance, shorter treatment time,
low dependence on wastewater characteristics, and sustaining
till power supply for electrodes.>!4

EC is the process of destabilizing suspended, colloidal, or
dissolved pollutants, in an aqueous solution using an electric
current in a solution, through which the particles overcome Van
der Waals force between themselves by reducing the surface
charge and produce flocs.!"! This technology is the integration
of three basic techniques of electrochemistry, coagulation, and
flotation.l' The destabilization mechanism of the contaminants
in EC process includes compression of the diffuse double layer
around the charged species by the interactions of ions generated
by oxidation of the sacrificial anode, and creation of hydroxyl
ions by hydrolysis of metal ions and hydrogen gas production
in cathode based on Faraday’s law!'” (Equation 1).

M, +(2+n)H,0—(2+n/2)H
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n(OH™ )+ M"

Charged pollutants are removed while they are influenced
by the interaction of the ions produced by dissolution of
neutral sacrificial electrode and/or their absorption by each
other (i.e., coagulation). Furthermore, the hydrogen gas which
is released in cathode electrode causes further removal of
pollutants through floating some of the existing flocs in the
solution."! Because of advantages such as containing insoluble
hydroxides and cheapness, the electrode plates are mainly
made up of iron and aluminum as compared with other metals
with similar properties.['”’

A study of recent investigations indicates that EC process
has been already used successfully for the treatment of food
industries’ wastewater, including dairy industry,?*?! olive oil
industry,? poultry slaughterhouse,! vegetable oil refinery,?*
and other food industries. Despite many studies on treatment
of food industries’ wastewater by EC, few studies have been
conducted on this method with regard to treating baker’s
yeast industry wastewater. Regarding the abovementioned,
the present study was conducted to determine the efficiency
of the EC using aluminum electrodes for the removal of color,
turbidity, and COD from the baker’s yeast industry wastewater.

This experimental study was conducted in laboratory-scale
batch reactor with full-factorial method design. Samples were
collected from baker’s yeast raw wastewater plant of Naghan

located 80 km from Shahrekord, Iran. This plant produces 2500
tons of dry yeast for bakery per year and generates 600 m*/d
wastewater. The samples were stored at 4°C and transferred to
the laboratory within at most 1 h. In this study, the efficiency of
EC using aluminum electrodes for removal of turbidity, color,
and COD was evaluated at contact times of 15, 30, 45, and
60 min and the current density of 60, 80, 100, and 120 A/m>.

The pilot of EC used in this study was obtained from a
15 cm x 15 cm x 12 cm, epoxy glass reactor with useful
capacity of 1250 ml. Four 8 cm % 7 cm, aluminum electrodes
were placed in parallel at a 3-cm distance from each other in
the tank that they were operated as dipolar. A magnetic mixer
mixed the samples within the reactor uniformly at 150 rpm.
The required power for the process was provided by a direct
current supplier. Figure 1 depicts the scheme of the EC reactor
used in this study.

Atevery step, 1250-ml wastewater was entered into the reactor,
and after applying the current density in interval specified
time, sampling was done at the abovementioned intervals, and
after passing through 0.45-um Whatman filter, the specified
qualitative parameters were analyzed.

All the experiments were conducted at 20°C and in triplicate.

COD was tested by 5220B, color was measured by direct
reading spectrophotometer (DR 2000), pH was tested with
4500-HB method (METTLER pH meter, Model Mp230), total
suspended soilds (TSS) test was done based on 2540D and
total dissolved solids (TDS) test per 2540C.[!

It should be noted that before each round of testing, the grease on
the electrode surface was washed by acetone, and the impurities
on their surface were cleared by immersion in the solution
containing 100-ml hydrochloric acid (HCI) 3.5% and 200-ml
aqueous solution of hexamethylenediamine 2.8% for 5 min.

To measure the used electrodes, we placed the electrodes in
HC12% solution after completion of the process and dried them
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Figure 1: Scheme of the electrocoagulation reactor: 1: Electrocoagulation
reactor, 2: Direct power supply (direct current), 3: Electrode position
(bipolar connection)
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in the oven after rinsing with water. Then, the electrodes were
weighed by a digital weight scale.’ The consumed power was
measured using Equation 2:

g Yt 2
v

Where: E: the consumed power (kWh/m? treated wastewater),

U: voltage (Volt), I: current (A), t: reaction time (h), and V:

volume of solution (). The data were analyzed by Excel (office

2016) and SPPS ..

Table 1 indicates the quantitative and qualitative characteristics
of raw wastewater used in this study. Figure 2 illustrates the
effect of EC operation time on the COD, color, and turbidity
removal efficiencies in current density of 60 A/m?>.

The effect of EC operating times (15, 30, 45, and 60 min) on
removal of COD, color, and turbidity is depicted in Figure 3.
As illustrated in this figure with increasing in EC operating
times and current density, the removal efficiencies increased.

With respect to effect of current density in EC operation, in the
next stage of study, current density was elevated to 100 A/m?
and 120 A/m?. The result of influence of EC operating times
on removal of COD, color, and turbidity in current density of
100 and 120 A/m? is illustrated in Figures 3 and 4, respectively.

In this study, after each experiment, aluminum electrodes were
weighed and the consumed anode electrode was quantified.
In addition, the amount of consumed power was measured in
kWh/m?. Table 2 demonstrates the effect of current density
on the amount of consumed electrode and power in different
reaction times. From this table, it can be concluded that as
the reaction time and the applied current density increase, the
quantity of electrode and power consumption increases, so that
the highest weight loss in the anode electrode and maximum
power consumption was seen at the current density of 120 A/m?
and reaction time of 60 min and the least weight loss in the

Table 1: Characteristics of the raw wastewater that used
as samples in the experiment
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anode electrode and minimum power consumption at the
current density of 60 A/m? and reaction time of 15 min. At
optimal operating conditions, the rate of electrode consumption
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Figure 2: Effect of electrocoagulation operation time on the chemical
oxygen demand, color, and turbidity removal efficiencies (pH = 6.5,
current density = 60 A/m?)
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Figure 3: Effect of electrocoagulation operation time on the chemical
oxygen demand, color, and turbidity removal efficiencies (pH = 6.5,
current density = 80 A/m?)

Parameter Unit Values
BOD, mg/L 7500
COD mg/L 10,000
EC mS/cm 17.22
TDS mg/L 11,105
TSS mg/L 1846
TP mg/L 47.5
Total count No/250 mL 160
Flow m¥/d 600
Color TCU 17,400
Turbidity NTU 3200
pH - 5.4-6.5

BOD: Biochemical oxygen demand, COD: Chemical oxygen demand,
EC: Electrocoagulation, TDS: Total dissolved solids, TSS: Total suspended
solids, TP: Total phosphorus
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Figure 4: Effect of electrocoagulation operation time on the chemical
oxygen demand, color, and turbidity removal efficiencies (pH = 6.5,
current density = 100 A/m?)
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Table 2: Effect of current density on the amount of consumed electrode and power in different reaction times

Current density (A/m?)
15

60

Amount of electrode consumed (g/L) 0.0226

Amount of energy consumed (kWh/m?) 3.12
80

Amount of electrode consumed (g/L) 0.0426

Amount of energy consumed (kWh/m?*) 5.18
100

Amount of electrode consumed (g/L) 0.071

Amount of energy consumed (kWh/m?) 6.11
120

Amount of electrode consumed (g/L) 0.1367

Amount of energy consumed (kWh/m?) 8.56
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Figure 5: Effect of electrocoagulation operation time on the chemical
oxygen demand, color, and turbidity removal efficiencies (pH = 6.5,
current density = 120 A/m?)

was obtained to be 94.3 and the consumed power 16.89 kWh
per each cubic meter of wastewater.

Current density is a determinator of two factors affecting
the efficiency of the process, including the amount of
coagulant released from the anode electrode and the amount
of the bubble generated in cathode eclectrode. Oxidation
rate increases with increasing current density, and then,
the efficiency of the formation of metal ion on the anode
and cathode improves and consequently further aluminum
hydroxide is precipitated.?”-*"

Increased production of flocs results in improved efficiency
of pollutant removal.?’! The flocs formed as a result of
coagulation form a sludge blanket that traps colloidal particles
still in the aqueous medium.B%*") Furthermore, at higher
currents, the produced H2 bubbles in the cathode increase
and their diameter decreases.>** This creates a rapid upward
current, and the contaminants will be removed more speedily
through the sludge flotation.?” The fact that the treatment

Reaction time (min)

30 45 60
0.036 0.053 0.1048
6.49 10 14.44

0.0526 0.0943 0.1447
10.03 16.89 21.38
0.1158 0.1573 0.1765
11.37 17.51 22.89
0.198 0.23 0.29
16.74 27.46 35.51

efficiency increases with increasing current density has been
demonstrated by other researchers, as well.

For example, Drouiche ef al., in a study of fluoride removal
using aluminum electrodes, concluded that fluoride ions are
removed more efficiently because of increased production of
Al with increase in the current.*¥ Furthermore, Rahmani
and Samarghandi study of efficiency of COD removal from
wastewater using EC method found that with increasing
current density, the removal efficiency increased.!'”! In addition,
increased current reduced the time required for treatment. In
our study, the highest removal efficiency at current density of
80 A/m? and contact time of 45 min was obtained to be 83%
for COD, 93% color, and 96% for turbidity.

Increase in the current density to more than 80 A/m? does not
cause a significant change in the removal efficiency. This is due
to the fact that at very high currents, metal ions are produced
much more rapidly compared with the coagulation process,
and therefore, pollutant removal efficiency decreases.*™ Too
much increase in the current density leads to side effects such
as heat production as well as increased production of sludge.!™*

According to obtained results of batch study experiments by
Arbabi et al., optimum operating conditions of EC process
for baker’s yeast wastewater treatment were achieved using
stainless steel electrode at current density of 120 A/m? and
retention time of 45 min. Based on the results from optimum
conditions, the removal efficiencies of COD, turbidity, and
color were obtained around 55%, 45%, and 40%, respectively.
Electrode corrosion and energy consumption rates were
0.086 g/L and 3.226 Watt/L, respectively.™

Jafarzade and Daneshvar also suggested current density of
100 A/m? as the optimal current density for treatment of
textile industry wastewater.?®! Kobya and Delipinar, in a
laboratory-scale study of baker’s yeast industry wastewater
treatment using EC, reported the highest efficiency removal
of COD and total organic carbon as, respectively, 71.53% and
90% at pH of 6.5, current density of 70 A/m? and operating
time of 50 min.! In another study in 2013, on baker’s yeast
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wastewater treatment using EC by Gengec and Kobya, at
current density of 80 A/m? and contact time of 20 min, they
removed 86% and 43% of color and COD, respectively.[*"

As the time of reaction increased, the removal efficiency
increased for all parameters of turbidity, color, and COD, as
well. Since the removal efficiency of pollutants is directly
correlated with the number of produced ions and according
to Faraday’s law, over time, the amount of produced ions
increases with increasing the contact time, the pollutant
removal efficiency increases, as well.?*" Hashemi et al.,%
and Massoudinejad et al.,” also found that as the contact time
increased, the efficiency removal increased, which is consistent
with the present study.

In the present study, the highest removal efficiency was
observed in the reaction time of 45 min. After 45 min,
the slope of removal efficiency line was not significantly
increased. In other words, after 45 min, removal efficiency
did not increase remarkably and continuation of the process
was not economical. In view of stable rate of removal for
COD, color, and turbidity after 45 min, and for consumption
of less energy throughout the EC process, the time of 45 min
was regarded as the optimal retention time in the present
study.

The cost of operating is one of the most important factors
in choosing an approach to treating wastewater. During the
EC, one of the most important parameters that affect the
cost of operating is the cost of used electrodes and power.[*")
Different studies have indicated that although the efficiency
of pollutant removal increases with increase in current density
throughout EC process, the consumption of electrodes and
power goes up, as well.*!l The cost of treating one cubic
meter of baker’s yeast wastewater by EC at optimal operating
conditions (current density of 80 A/m?, time of 45 min, and pH
of approximately 7) was estimated to be 1.5 $.

In this study, the COD concentration in baker’s yeast
wastewater reduced from 10000 mg/l to 2000 mg/l using
EC process. EC process can significantly reduce the COD
of this type of wastewater, but for further removal of COD,
and achieving discharge standard, it still require to sufficient
treatment.

In this study, the efficiency of EC for removal of color,
turbidity, and COD was investigated. The results indicated that
the efficiency of removal of all three mentioned parameters
was directly correlated with increase in retention time and
current density. Furthermore, the consumption rate of energy
and electrode increased with increase in the current density.
The highest efficiency of pollutant removal was obtained to be
83% for COD, 93% for color, and 96% for turbidity at density
of 80 A/m? and 45-min contact time with no change in pH of
the wastewater (approximately 7). Under these conditions,
the power and electrode consumption was 16.89 kWh and

International Journal of Environmental Health Engineering | 2022

94.3 g/m?, and the cost of treating 1 cubic meter of wastewater
was estimated to be 1.5 $.

Finally, EC using aluminum electrodes could be a suitable
approach to treating baker’s yeast industry wastewater in view
of some properties such as flexibility, low volume of produced
sludge, user-friendly equipment, easy commissioning, and no
need for chemicals.

The authors are grateful to the Deputy of Research
and Technology of Shahrekord University of Medical
Sciences (SKUMS) for financial support (No. 1120) and
laboratory assistance of the Department of Environmental
Health Engineering, School of Health, SKUMS.

Nil.

There are no conflicts of interest.

1. Rahimpour A, Jahanshahi M, Peyravi M. Development of pilot scale
nanofiltration system for yeast industry wastewater treatment. J Environ
Health Sci Eng 2014;12:55.

2. Kobya M, Delipinar S. Treatment of the baker’s yeast wastewater by
electrocoagulation. J Hazard Mater 2008;154:1133-40.

3. Arbabi M, Shafiei S, Sedehi M, Mazaheri Shoorabi E. Investigation of
electro-coagulation process by using iron and stainless steel electrodes
for baker’s yeast wastewater treatment. Shahrekord Univ Med Sci
2014;16: 1-2.

4. Zhou Y, Liang Z, Wang Y. Decolorization and COD removal of
secondary yeast wastewater effluents by coagulation using aluminum
sulphate. Desalination 2008;225:301-11.

5. Uysal A, Demir S, Sayilgan E, Eraslan F, Kucukyumuk Z. Optimization
of struvite fertilizer formation from baker’s yeast wastewater: Growth
and nutrition of maize and tomato plants. Environ Sci Pollut Res Int
2014;21:3264-74.

6. Agarwal R, Lata S, Gupta M, Singh P. Removal of melanoidin present
in distillery effluent as a major colorant: A review. J Environ Biol
2010;31:521-8.

7. Satyawali Y, Balakrishnan M. Wastewater treatment in molasses-based
alcohol distilleries for COD and color removal: A review. J Environ
Manage 2008;86:481-97.

8. Pala A, Erden G. Decolorization of a baker’s yeast industry effluent by
Fenton oxidation. J Hazard Mater 2005;127:141-8.

9. Balcoglu G, Gonder ZB. Recovery of bakers yeast wastewater with
membrane processes for agricultural irrigation purpose: Fouling
characterization. Chem Eng 2014;225:630-40.

10. Nataraj SK, Hosamani KM, Aminabhavi TM. Distillery wastewater
treatment by the membrane-based nanofiltration and reverse osmosis
processes. Water Res 2006;40:2349-56.

11. Zhen LiangabYanxin WangaYu ZhouaHui LiuaZhenbin Wu. Variables
affecting melanoidins removal from molasses wastewater by coagulation/
flocculation. Sep Purif Technol 2009;68:382-9.

12. Tahar FB, Cheikh RB, Blais JF. Decolorization of yeast wastewater by
adsorption on carbon. Environ Eng Sci 2004;3:269-77.

13. Ahmadi Moghaddam M, Amiri H. Investigation of TOC Removal
from Industrial Wastewaters using Electrocoagulation Process. Health
Environ 2010;3:186-94.

14. Takdastan A, Azimi A, Salari Z. Technical and economic analysis
of electrocoagulation for the treatment of poultry slaughterhouse
wastewater. Water Wastewater 2011;22:19-25.

15. Bouhezil F, Hariti M, Lounici H, Mameri N. Treatment of the OUED
SMAR town landfill leachate by an electrochemical reactor. Desalination



[Downloaded free from http://www.ijehe.org on Monday, February 6, 2023, IP: 5.238.149.26]

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Akyol

Arbabi, et al.: Electrocoagulation process treatment of industry wastewater

2011;280:347-53.

. Li X, et al. Landfill leachate treatment using electrocoagulation. Proc

Environ Sci 2011;10:1159-64.
A. Treatment of paint manufacturing wastewater by
electrocoagulation. Desalination 2012;285:91-9.

. Behbahani M, Moghaddam A, Arami M. Comparison between

aluminum and iron electrodes on removal of phosphate from aqueous
solutions by electrocoagulation process. Environ Res 2011;5:403-12.

. Rahmani A. Survey of electrocoagulation process for COD removal

from wastewater. Water Wastewater 2009;64:9-14.

Kushwaha JP, Srivastava VA, Deo Mall I. An overview of various
technologies for the treatment of dairy wastewaters. Crit Rev Food Sci
Nutr 2011;51:442-52.

Tchamango S, Nanseu-Njiki CP, Ngameni E, Hadjiev D, Darchen A.
Treatment of dairy effluents by electrocoagulation using aluminium
electrodes. Sci Total Environ 2010;408:947-52.

Inan H, Anatoly Dimoglo, Simsek H, Karpuzcu M. Olive oil mill
wastewater treatment by means of electro-coagulation. Sep Purif
Technol 2015;36:23-31.

Bayar S, Yildiz Y, Yilmaz A. The effect of initial pH on treatment of
poultry slaughterhouse wastewater by electrocoagulation method.
Desalination Water Treat 2014;52:3047-53.

Tezcan Un U, Koparal AS, Bakir Ogutveren U. Electrocoagulation of
vegetable oil refinery wastewater using aluminum electrodes. J Environ
Manage 2009;90:428-33.

APHA. Standard Methods for the Examination of Water and Wastewater.
20" ed. Washington DC: American Public Health Association; 2005.
Kobya M, Senturk E, Bayramoglu M. Treatment of poultry
slaughterhouse wastewaters by electrocoagulation. J Hazard Mater
2006;133:172-6.

Daneshvar N, Sorkhabi HA, Kasiri MB. Decolorization of dye solution
containing Acid Red 14 by electrocoagulation with a comparative
investigation of different electrode connections. J Hazard Mater
2004;112:55-62.

Jafarzade N, Daneshvar N. Textile wastewater treatment containing dyes
basic electric coagulation method. Water Wastewater 2006;57:22-9.
Ilhan F, Kurt U, Apaydin O, Gonullu MT. Treatment of leachate by
electrocoagulation using aluminum and iron electrodes. J] Hazard Mater
2008;154:381-9.

Mollah MY, Morkovsky P, Gomes JA, Kesmez M, Parga J, Cocke DL.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Fundamentals, present and future perspectives of electrocoagulation.
J Hazard Mater 2004;114:199-210.

Amrose S, Gadgil A, Srinivasan V, Kowolik K, Muller M, Huang J,
et al. Arsenic removal from groundwater using iron electrocoagulation:
Effect of charge dosage rate. J Environ Sci Health A Tox Hazard Subst
Environ Eng 2013;48:1019-30.

Can OT, Kobya M, Demirbas E, Bayramoglu M. Treatment of the
textile wastewaterby combined electrocoagulation. Chemosphere
2006;61:181-7.

Muftah H El-Naas, SulaimanAl-Zuhair, AmalAl-Lobaney, Souzan
Makhlouf. Assessment of electrocoagulation for the treatment of
petroleum refinery wastewate. Environ Manage 2009;91:180-5.
Drouiche N, Ghaffour N, Lounici H, Mameri N, Maallemi A,
Mahmoudi H. Electrochemical treatment of chemical mechanical
polishing wastewater: Removal of fluoride sludge characteristics
operating cost. Desalination 2008;223:134-42.

Peter K Holt, Geoffrey W Barton, Mary Wark. Aquantitative comparison
between chemical dosing and electrocoagulation. Colloids Surf A
2002;211:233-48.

Gengec E, Kobya M. Treatment of baker’s yeast wastewater by
electrocoagulation and evaluation of molecular weight distribution with
HPSEC. Sep Sci Technol 2013;48:2880-9.

Horton DK, Orr M, Tsongas T, Leiker R, Kapil V. Secondary
contamination of medical personnel, equipment, and facilities resulting
from hazardous materials events, 2003-2006. Disaster Med Public
Health Prep 2008;2:104-13.

Hassan Hashemi, Elham Alipour Samani, Mohammad Mehdi Amin,
Bijan Bina. Survey on Electrocoagulation process efficiency on
Isfahan Composting plant Leachate treatment. Health Syst Res
2013;9:969-78.

Massoudinejad MR, Khashij M, Soltanian M. Survey of
electrocoagulation process in the removal of pathogen bacteria from
wastewater before discharge in the acceptor water. Saf Promot Injury
Prev 2014;2:4-9.

Dalvand A, Jafari AJ, Gholami M, Ameri A, Mahmoodi NM.
Treatment of syntheticwastewater containing reactive red 198 by
electrocoagulation process. Health Environ 2011;4:11-22.

Adhoum N, Monser L. Decolourization and removal of phenolic
compounds from olive mill wastewater by electrocoagulation. Chem
Eng Proc 2004;43:1281-7.

International Journal of Environmental Health Engineering | 2022 -




