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Abstract

In this work, electrocoagulation (EC) was used teat meat industry (frigorific)
wastewater. Effects of EC process variables suctlistance between electrodes and
potential on the removal efficiency of chemical ggg demand (COD), were examined.
Two factors with three levels response surfacegtesoupled with response surface
methodology (RSM) were employed to optimize thegE@ress variables. Second order
polynomial models were developed for the resporeas three dimensional (3D)
response surface plots were used to study theauitee effects of the process variables
on the EC efficiency. Experimental results showsat EC treatment, using a potential
of 40 V and electrodes with a 3 cm gap between thmesented a COD removal of
over 90% for the meat industry wastewater.

Keywords. Meat industry wastewater, Electrocoagulation, oesp surface
methodology (RSM)

Introduction

Meat industry effluents (mostly from refrigeratora)e characterized by high
outflows and concentrations of organic matter casepomainly of fat, protein
and cellulose. These, can be expressed by themicakoxygen demand (COD)
and biological oxygen demand (BOD), which reacthhigncentrations, varying
depending on the number of animals slaughteredy,daihimals diet and
byproduct seen during the process [1-3]. In Col@anb®9% of these
establishments do not have an adequate systemdstewater treatment. 93%
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discharge their wastewater directly to a body ofewasewers or open field. 84%
of the rumen contents are poured directly into wabedies or in the
environment. 33% do not make any use whatsoeviéredblood produced during
the processes of slaughter and dressing. Theseigsoljenerate a health and
environmental impact over 70% of the Colombian paion [4-5].

Current need to comply with increasingly stringentvironmental regulations
promotes research and development of new techredotfiat allow efficient
utilization, conservation and recovery of waterorgses. In recent years, an
electrochemical method named electrocoagulation &tisacted significant
attention for wastewaters treatments due to thesy eperation, less amount of
added chemicals, lower production of sludge andrepresentative co -
pollution, etc. [6-9]. The aim of this work was dwaluate the electrocoagulation
process of COD removal from meat industry wastematealifferent conditions
of potential and distance between electrodes, aphg the conditions of
maximum removal efficiency by response surface oulogy (RSM). The
obtained results will be helpful for the implemdida of EC process in
industrial level with lower environmental impact.

Materials and methods

Wastewater

Meat industry wastewater was collected from thealloadustry (frigorific),
Monteria, Colombia. The characteristics of meatusidy wastewater are
determined by the dichromate method based on #medatd methods of the
American Public Health Association (APHA, 2012). eThmeat industry
wastewater had a Chemical Oxygen Demand (COD) &6 4275 mg/L and pH
of 7.4.
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Figure 1. Schematic diagram of the electrochemical reactor.
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Experimental setup

The experimental set up used in this study is showhkig. 1, which mainly
consisted of a 1200 mL cell used as a reactor lb dasample of 1000 mL. Iron
(Fe) and aluminum (Al) plates of 0.25 cm thicknes2.5 cm width x 15 cm
height were used as electrodes. The total effestiviace area of electrodes was
22.6 cni. The potential was maintained constant by mearss cision digital
direct current power supply DC - PHYWE (0-50 Vedlolysis was carried out
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for 90 min. All experiments were conducted in batebde of operation and the
pH of the wastewater was monitored. After the eixpents, the electrodes were
polished, washed with sulfuric ‘acid (0.10 M) ahén rinsed with distilled water

before each run. After applying current for theabBshed period (i.e., after each
batch experiment), the sample was stored in omatabilize. After a settling

period of 20 min, the supernatant sample was delleto perform the analysis of
COD. All the experiments were performed in threplicates to check the

reproducibility.

Experimental design

Two factors three level response surface experiahetiésign was used to
optimize and investigate the influence of procemsables such as potential and
distance between electrodes on the treatment of iméastry wastewater using
EC method. Process variables and their ranges determined based on the
single factor experimental analysis and are showhable 1. After selection of
process (independent) variables and their ranggrienents were established
based on an experimental desigf) (8hich consists of 27 experiments. The aim
of the experimental design and analysis was tanddfie effective factors, and to
select the levels which give the maximum COD rerme¥tciency. The results
were analyzed using Statgraphics Centurion XV fiveare.

Table 1. Ranges of the independent variables and thestde

Factors Levels
Variable (unit)
Xi -1 0 1
Distance between electrodes (cm) 1 X 1.0 3.0 5.0
Potential (V) % 20 30 40

Electrochemical energetic consumption
The electrical energy consumption was calculatedrms of kWh [15].

E(KWh)= (U* I*t) /1000

where U is the cell voltage (V), | is the currefy,(t is the time of EC (h).

Results and discussions

Two factors with three levels were used to evaluatel optimize the
electrochemical treatment process variables ororesgs, such as, COD removal
from meat industry wastewater. According to expenial design, a total of 27
batch experiments were carried out in triplicated the results (mean values) are
shown in Table 2.
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Table 2 Experimental design fBand its experimental results.

Removal efficiency %

Block Potential (V) Distance (cm) Anode (Fe) Anode (Al)
1 1 20 1 71.3 86.1
2 1 30 1 87.4 57.1
3 1 40 1 83.0 67.6
4 1 20 3 88.1 96.6
5 1 30 3 96.1 92.7
6 1 40 3 93.6 97.6
7 1 20 5 89.7 88.3
8 1 30 5 94.2 68.7
9 1 40 5 93.1 94.3
10 2 20 1 70.3 80.6
11 2 30 1 86.8 73.1
12 2 40 1 82.7 85.3
13 2 20 3 88.5 97.8
14 2 30 3 96.3 94.1
15 2 40 3 93.9 98.2
16 2 20 5 90.1 93.9
17 2 30 5 94.3 96.6
18 2 40 5 93.9 95.3
19 3 20 1 72.0 87.0
20 3 30 1 87.5 61.1
21 3 40 1 83.0 72.2
22 3 20 3 88.3 95.2
23 3 30 3 95.6 92.3
24 3 40 3 93.2 95.4
25 3 20 5 89.9 89.4
26 3 30 5 94.5 76.7
27 3 40 5 92.4 94.6

The results were analyzed using RSM, and the ANCQ¥Ble on the COD

concentrations is given in Table 3. It can be dban both linear and quadratic
terms are effective factors on the optimizationG&dD concentration removal,
due to their p values (p<0.05). Interaction termsenno statistical significant
effect on the COD concentrations. In this secorgteke mathematical model?R
(adjusted), which is a measure of the amount aficgon in the variability of y

obtained by using regression variables; % and x? is 78.1 % (Al) and 79 %

(Fe) [11-12]. The estimated regression coefficiaritBnear and quadratic terms
of the factors are given in Table 4. The remainpgycentage of the total
variation is explained by setting a mathematicaldetcand it shows that the
mathematical model with coded values is appropriatel acceptable. The
mathematical model is obtained as follows:

Aluminum

y1 = 206.794 + 22.1125% 10.4604% - 4.6541%*+ 0.1558x%*+ 0.3062xx2
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Iron

y2 = 89.9014 + 19.058x 2.09%- 2.317x%%- 0.042x%*+ 0.039x%x2

Table 3 Variance analysis for removal efficiency.

Source DF Sum of squares Mean square F P
Al Fe Al Fe Al Fe Al Fe Al Fe
Xi: Distance 1 273.375 365.040 273.375 365.040 5.64 22.28 0.0980 0.018
Xo: Potential 1 220.417 7.041 220.417 7.041 0.46 0.43 0.5483 0.558
Xq? 1 1 693.161 170.509 693.161 170.509 14.31 1041 0.0324 0.048
XXz 1 1 150.063 2.722 150.063 2.722 3.10 0.17 0.1766 0.710
X2 1 1 485.681 30.680 485.681 30.680 10.03 1.87 0.0506 0.264
Total error 21 21 145.295 49.148 484.318 16.382
Total (corr) 26 26 1.967.992 625.140
R? 0.7811 0.7904
Table 4. Estimated regression coefficients for COD conegians.
Aluminium Iron
Term
Coef. SE Coef. P Coef. SE Coef. P

bo 206.728 5.177 0.2732 89.9014 3.012 0.2083

by 22.1125 5.671 0.0987 19.0580 3.299 0.0180

b -10.456 5.671 0.5468 -2.090 3.299 0.5592

b11 - 4.6541 9.822 0.0321 -2.317 5.714 0.0477

b22 0.3062 9.822 0.0504 -0.042 5.714 0.2682

b12 0.1558 6.945 0.1766 0.039 4.040 0.7047

Three dimensional (3D) response surface plots wemestructed from the
developed models in order to study the individuad anteractive effect of the
process variables on the responses and also ugdehtdy the optimal condition
of each factor to determine the maximum removactieificy of COD (Fig. 2).
The point indicated by the letter P for each grabbws removal > 90%. From
the results, it is found that the removal efficignof COD increased with
increasing the potential applied. This is attribute the higher formation of
Fe(OH} and Al(OH} species, which have strong affinity towards organi
matters present in the wastewater to be treated, ttie removal efficiencies are
increased [13-14]. Further, there is a negligiifea on removal efficiencies of
COD. Although not tested, pH is an important opagatactor influencing the
performance of the electrochemical process. Thisecglained by the fact that,
when the pH is in the range of 6—7 (pH found foratmeadustry wastewater was
of 7.4), the formation of Fe(lll) and Al (lll) spes in the form of Fe(OH)and
Al(OH)z are seen, which increases the COD removal effigi€hts-17]. Distance
between electrodes is one of the most importanarpater that affects the
electrocoagulation method to treat meat industrgtexaater. From the results, it
is found that the removal efficiency of COD increadswith increasing the
distance. This is attributed to the electrostadtdfwhich is formed during the
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electrocoagulation process and depends on thendethetween electrodes
generating the metal ions produced by the anodéchwimain function is to
destabilize loadings possessing contaminant pastigtesent in water, neutralize
the systems that keep the particles in suspensibowing the formation of
contaminant aggregates and initiating the coaguigirocess [18-19].
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Figure 2. 3D response surface contour plots for resporsbgAl), c-d (Fe).

The model generates the optimum values for thealobes in order to obtain the
maximum Hg removal efficiency as a function of pui@ and distance between
electrodes (Table 5). Significant differences weoé observed (p<0.05) when a
point near to the maximum response is compared ht® dorresponding
experimental value, which confirms that RSM can used to optimize the
process parameters.

Table 5 Optimum values of the process parameters fomtagimum COD removal
efficiency.

Aluminium Iron
Parameter ) . . .
Optimum value Experimental value  Optimum value Experimental value
Removal (%) 98.9 97.6 98.6 98.2
Distance (cm) 3.2 3.0 35 3
Potential (V) 39.6 40 37.8 40
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Economic evaluation

The implementation of EC unit in large scale lavglinly depends on the cost of
the treatment process. In order to find out thenenoy of the proposed treatment
method, the economic evaluation is made in optinoperating conditions and it
is found that the energy required to treat wastewhy EC is 0.03 kwh and
given the price of Kwh in Colombia ($349.7; $US 3),1the final cost for
treatment is $10.49 for volume of solution (0.003),nthe equivalent to 10490
$/m® (3.99 $US/M). This result illustrates the economic feasibility the
proposed treatment in the on-field implementatioe, wastewater treatment
plants (WTP’s).

Conclusions

These results indicated that electrocoagulatiorcgs® is an effective treatment
method to treat meat industry wastewater (frigoyifin terms of removal
efficiency with reasonable operating cost. Theroptioperating conditions were
found to be: potential (Al: 39.6 V; Fe: 37.8 V)stiince (Al: 3.2 cm; Fe: 3.5 cm).
Under identical conditions (40 V, 3 cm), the remlogdiciency of COD was
found to be 97.6% (Al) and 98% (Fe). Significarifeliences were not observed
(p<0.05) between the COD removal using iron or ahwm as sacrificial
electrode. This study is a first step in implemegtsystems with continuous
electrocoagulation of meat industry wastewater.
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