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Abstract

Chemical Oxygen Demand (COD) test involves chemical oxidation using chromic acid as a strong oxidizer. COD of a
wastewater sample is the amount of oxidant- potassium dichromate that reacts with the sample when it is heated for 2 hours
under controlled environmental conditions and result is expressed as mg of oxidant consumed per liter of a given sample of
wastewater. COD can be helpful in determining the quantity required for dilution needed for conducting Biochemical Oxygen
Demand (BOD) five day test. In the present investigation attempts have been made to use other oxidants like hydrogen peroxide
H202, sodium hypo-chlorite, calcium hypo-chlorite and potassium permanganate for measurement of COD by standard method
and compare the results obtained using potassium dichromate as strong oxidant. Experiments were carried out for each oxidizing
agent for COD removal at temperatures like 100°C, 75°C and 50°C. The duration of exposure time in each experimental set up
was taken as temperature wise, for 100°C, it was 1-5 minutes , for 75°C it was 20-40 minutes and for 50°C it was 45-75 minutes.
It was found that temperature plays very important role in in deciding the exposure time to be allocated for reduction of COD.
The various oxidants have different oxidizing capacity at the given exposure time and temperature. When the temperature is
lower and exposure time is higher the percentage reduction of COD for any given oxidant is found to be higher. Out of the five
oxidants the hierarchy of each of the oxidant based on oxidizing power can be generalized as K>Cr,07, H, 02, Kmn04, NaOCI and
then Ca (OCI) 2,
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l. INTRODUCTION

Wastewater produced by different industrial activities contains various organic, inorganic and biological contaminants that are of
environmentally significance. It can significantly pollute ground and surface water when discharged without treatment. The
concentration of organic constituents present in the waste water is determined in terms of Chemical Oxygen Demand (COD) of
the waste water. [1]

The COD values include the oxygen demand created by biodegradable as well as non-biodegradable substances, because it
involves oxidation organic matter with strong oxidizing chemical. As a result, COD values are greater than BOD and may be
much greater when significant amount of biologically resistant organic matter is present. . [2]

Chemical Oxygen Demand (COD) is a vital test for assessing the quality of effluents and wastewater prior to discharge. The
COD test predicts the oxygen requirement of the effluent and is used for the monitoring and control of discharge s, and for
assessing treatment plant performance. Chemical oxygen demand (COD) is a vital test for assessing the quality of effluents and
waste waters prior to discharge. The COD test predicts the oxygen requirement of the effluent and is used for the monitoring and
control of discharges, and for assessing treatment plant performances. COD is a broad measure of oxidizable material and may
indicate the presence of a wide range of substances. There is little information on whether hard COD, either non treatable (inert)
material or non — treated material, is associated with particular substances.®

This test always determines the measurement of waste in terms of the total quality of O, required for oxidation to CO- and
H>0. It is based on the fact that all organic compounds with a few exceptional can be oxidized by the action of strong oxidizing
agent under acidic condition. During the determination of COD organic matter is converted to CO2 and H,O regard less of the
biological assimilability of substance.

Generally K,Cr,O7is used for the estimation of oxidizing agent consumed in stabilizing the waste. K>Cr,O7 has been the
acceptable oxidizing agent in accordance with the standard method 20™" edition . Thus the removal of COD takes place on account
of presence of oxidizing agent. Other Oxidizing agents such as, K,Cr,O7, H202, KMn0., NaOCI and Ca (OClI),, Ozone, and u/v
rays can also be used for oxidizing the waste thereby removing COD from wastewater. 4

In Gujarat, common effluent treatment plant has been encouraged by government of Gujarat and also by ministry of
environment and forest. It is difficult to predict the COD concentration in common effluent treatment plant. Variability of COD
concentration is very high in common effluent treatment plant. Common effluent treatment plant is managed by the green
environment services co-operative society Itd. This CETP has almost 1400 members and the plant has been designed for 16,000
md/d of the flow having inlet maximum COD of 3000m?/d.[5,6]
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It has been proposed to use oxidizing agent other than K2Cr207 and compare the results of COD reduction with K2Cr207. It
is also further proposed that standard method for measurement of COD should not deviate and therefore the sample collected
from common effluent treatment plant are proposed to be first treated with oxidizing agent and then measure the COD in
accordance with the standard method. [7]

Similarly K2Cr207 was first used as oxidizing agent and then COD was estimated by standard method so that the inference
can be drawn on a uniform manner. [8]

Il. MATERIALS AND METHODS

The basic objective of this investigation is to determine the effectiveness of various oxidizing agents in reduction of COD from
the industrial waste water. It is therefore better to study the combined effluent from various industries rather than studying the
effluent from the one specific industry. It was determined to collect samples from CETP Vatva. Samples were therefore drawn
from the equalization tank from the CETP. The samples so collected were analyzed in the lab of Sophisticated Instrumentation
Centre for Applied Research and Testing (SICART), Vallabh Vidyanagar. SICART is recognized as a Research Center by the
Department of Science and Technology, Govt. of India. This laboratory is sponsored by Central and State Government and it is
also recognized schedule I lab of GPCB. The results of the analysis is reported in the Table 1. It is crystal clear that the initial
COD of the untreated waste water collected from equalization tank is 2416 mg/L.
Table—1

Result of analysis of effluent collected from C.E.T.P., Vatva
Sr. No. | Sample | Vole of COD mg/L | Avg. COD mg/L

1 [ 2432 2416

Five oxidizing agents were procured for the experimentation from Department of Environmental Science, Institute of Science
and Technology for Advanced Studies & Research (ISTAR), Vallabh Vidyanagar. In accordance of stoichiometric equation each
of the oxidizing agents were added in the sample of the waste water having 10 ml volume.

The measurement of COD throughout the investigation was carried out in consonance with standard method 20™ edition. The
different oxidizing agents were used to remove COD by imparting different temperature and different exposure time.

Five experiments were carried out for each oxidizing agent for COD removal at temperatures like 100°C, 75°C and 50°C. The
duration of exposure time in each experimental set up was taken as temperature wise, for 1000C, it was 1-5 minutes , for 750C it
was 20-40 minutes and for 500C it was 45-75 minutes.

The results of the experiments have been reported in Table -2 Graphical presentation is also made.

At given temperature, using any oxidizing agent, the results obtained in reduction of COD at different exposure time as
reported in Table 2 , it can be seen that as the period of exposure of given temperature increases the concentration of COD
reduces. For instance, at 100 °C temperature using H,O- as oxidizing agent, the results obtained in reduction of COD at different
exposure time as reported in Table 2 it can be seen that as the period of exposure of given temperature increases the
concentration of COD reduces. The initial concentration of COD of 2416 mg/l gets reduced to 640 mg/l within 2 minutes and
496 mg/l at the end of 5 minute i.e. The percentage reduction of COD varies from 73.50 to 79.47

Similarly at 75 °C temperature using Ca(ClO), as oxidizing agent, the results obtained in reduction of COD at different
exposure time as reported in Table 2 it can be seen that as the period of exposure of given temperature increases the
concentration of COD reduces. The initial concentration of COD is 2416 mg/l gets reduced to 1072 mg/l within 20 minutes and
864 mg/l at the end of 40 minute. In other words, the percentage reduction of COD varies from 55.62 to 64.23

Table—2
Comparison of COD reduction in (mg/L) for Different Oxidizing Agents
o Time COD (mg/L)
Temperature (°C) | (inin) [KzCr,07 | KMnOs | Hz02 | Ca(ClO); | NaCIo
2 520 600 640 1456 1728
100 3 400 488 512 1200 1496
4 382 430 498 1166 1354
5 356 428 496 1152 1344
20 528 544 560 1072 1424
25 354 380 426 926 1338
75 30 176 198 208 880 1272
35 168 182 198 872 1252
40 154 172 192 864 1216
45 96 116 128 480 736
50 84 94 108 436 636
55 64 72 84 416 562
50 60 42 46 66 400 496
65 26 38 48 392 486
70 22 36 48 384 468
75 22 36 48 384 448
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Comparision of COD reduction at 100 °C Temperature for all
oxidizing agentsin percentage
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Fig. 1: Comparison of COD reduction at 100 °C Temperature for all oxidizing agents in percentage

Comparision of COD reduction at75 ‘c Temperature for all
oxidizing agents in percentage
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Fig. 2: Comparison of COD reduction at 75 "C Temperature for all oxidizing agents in percentage
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Comparision of COD reduction at 50 °C Temperature for all
oxidizing agents in percentage
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Fig. 3: Comparison of COD reduction at 50 °C Temperature for all oxidizing agents in percentage

I1l1. CONCLUSIONS

Based on the results and discussion made following conclusions can be drawn.

— The various oxidants have different oxidizing capacity at the given exposure time and temperature.

— The most powerful oxidant during the experiment was found to be K,Cr,O7 for 50°C, 75 minute whereas the feeblest
oxidizing agent was found to be NaOCI for 100°C, 2 minutes.

— For the given temperature and exposure time, from the comparative study made in Table 2, .it is crystal clear that as the
exposure time increases the percentage of COD reduction increases at any set of temp.

— For any given oxidizing agent at any temperature the percentage of COD reduction increases with increases of exposure
time.

— At any given temperature the reduction of percentage COD with any given oxidant is found to be appreciable at the initial
exposure period. With the passage of time the percentage of COD reduction relatively decrease.

— Out of the five oxidants the hierarchy of each of the oxidant base on oxidizing power can be generalized as under K,Cr,Oy,
H202, Kmn04, NaOCI and Ca (OCI)

— The temperature plays very important role in deciding the exposure time to be allocated for reduction of COD.

— When the temperature is lower and exposure time is higher the percentage reduction of COD for any given oxidant is found
to be higher.
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