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2.4.2. Hydraulic Retention Time-40 min 
Figure 7 presents the results from 40 min retention time; shows that the two electrode 

arrangements were highly effective in terms of pollutants removal, with up to 100% re-
moval efficiency achieved from turbidity when the wastewater was subjected to the Al-Ti 
electrode arrangement, as well as up to 99.95% removal efficiency when the wastewater 
was subjected to the Ti-Al electrode combination. Very high removal efficiencies can also 
be observed from color, TSS, COD, BOD, Cr, Ni, and Mn. A little challenge in terms of 
removal efficiency for both electrode arrangements can be observed, marking the lowest 
removal efficiencies from the investigation. In the literature, the EC treatment methods 
have also been observed to be highly effective in the removal of pollutants such as COD 
in other types of wastewaters. For instance, according to the study conducted by Chopra 
and Sharma [37], which investigated the effect of EC purification on the COD removal 
from biologically treated municipal wastewater, up to 85.8% removal efficiency was 
achieved. Generally, from the removal efficiencies, the Al-Ti electrode arrangement per-
formed slightly higher than the Ti-Al arrangement, except for manganese. 

From t-test (Two-Sample Assuming Equal Variances) analysis results, the p-values 
for turbidity (0.0136), TSS (0.0208), COD (0.0223), ammonia (0.0119), and manganese 
(0.0399) were less than 0.05; a phenomenon that rejects the null hypothesis, and justify 
that the data means were different. However, for color, BOD, chromium, and nickel; the 
p-values were higher than 0.05, failing to reject the null hypothesis. 
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2.5. Percent Compliance 
Figure 8 provides a summary of the percent compliance of the studied water quality 

parameters based on drinking water quality standards. The parameters above zero line 
(positive values) are the ones complying with the drinking standards, while those below 
zero (negative values) are the ones not complying with the standards. The general trends 
show that the electrode combinations had a similar pattern in terms of pollutants removal 
and compliance to the drinking water quality standards. Although the Ali-Ti electrode 
combination can be observed to show better compliance than the Ti-Al electrode arrange-
ment. The highest compliance is seen from the combination of Al-Ti electrode combina-
tion and TSS with 100% compliance. The lowest compliance can be observed from the 
combination of Ti-Al electrode combination and color, with compliance of −480%. In 
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Figure 7. Removal efficiencies from 40 min retention time.

2.5. Percent Compliance

Figure 8 provides a summary of the percent compliance of the studied water quality
parameters based on drinking water quality standards. The parameters above zero line
(positive values) are the ones complying with the drinking standards, while those below
zero (negative values) are the ones not complying with the standards. The general trends
show that the electrode combinations had a similar pattern in terms of pollutants removal
and compliance to the drinking water quality standards. Although the Ali-Ti electrode com-
bination can be observed to show better compliance than the Ti-Al electrode arrangement.
The highest compliance is seen from the combination of Al-Ti electrode combination and
TSS with 100% compliance. The lowest compliance can be observed from the combination
of Ti-Al electrode combination and color, with compliance of −480%. In general, turbidity,
TSS, COD, BOD, Cr, and Ni were within the compliance levels, while color, ammonia, and
manganese were below the compliance levels.
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3. Materials and Methods 
3.1. Case Study, Water Samples, and Analytical Methods. 

The research work used samples collected from one of the biggest poultry farms in 
Central Asia located in Izhevsk village, in Kazakhstan. A discrete sampling approach was 
used to collect wastewater samples in 5 L plastic bottles. To preserve the natural condition 
of the samples, had to be stored at 4 °C before being subjected to transportation, analysis, 
and treatment. Generally, nine physical and chemical water quality parameters were con-
sidered in this research work, namely; turbidity, color, total suspended solids (TSS), bio-
chemical oxygen demand (BOD), chemical oxygen demand (COD), ammonia (NH4)-nu-
trient, as well as potentially toxic elements; chromium (Cr), nickel (Ni), and manganese 
(Mn). 

After transporting the samples to the lab, were then analyzed to check the quality 
characteristics of the raw wastewater (Table 4), and after treatment samples were again 
collected to check the quality of the treated effluent. During the analysis, several scientific 
procedures, test kits, and reagents were used to assess the quality of the water. The am-
monia concentration levels in the samples were determined using the multiparameter 
7500 Photometer (Palintest, CO, USA), with standard reagents as well as the test kits. The 
potentially toxic elements (chromium (Cr), nickel (Ni), manganese (Mn)) in the water sam-
ples were determined using the Atomic Absorption Spectrometry (Analytik Jena, Upland, 
CA, USA). In summary, the analysis of all the investigated water quality parameters was 
accomplished following the recommendations in the APHA Standard Methods for the 
Examination of Water and Wastewater [38]. 
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Figure 8. Percent compliance from Ti-Al and Al-Ti treatment systems.


