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Biophysico - chemical treatment of pesticide wastes in effluent treatment plant
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Abstract

The present study has been carried out in a Pesticide manufacturing industry with special emphasis on Chlorpyrifos. Chlorpyrifos manufacturing involves use of
chemical compounds, during the manufacturing process these compounds remains as residues in the effluent along with the parent compound. The Effluent Treatment
Plant designed for the treatment involves primary & secondary treatment viz. equalization tank, neutralization tank, holding tank and final storage tank. The physico —
chemical parameters are studied at each stage of the treatment process. These parameters were found decreasing from initial to final stages, meeting the limit values as
prescribed by EPA 1986. The concentration of chlorpyrifos and its intermediate compounds were also studied and were found decreasing during the treatment.
Compounds like Docosane, Pentadecane and Heneicosane were found prominently persisting. The microbial treatment process employed has been found successfully
degrading these compounds and will eventually convert them into harmless products. The biophysico — chemical treatment carried out in the effluent treatment plant
would be effectively applicable to other pesticide industry also.
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Introduction

Chlorpyrifos {0,0-diethyl 0-(3,5,6-trichloro-2-pyridyl) phosphorothioate} is a broad-spectrum organophosphate insecticide. Chlorpyrifos acts on
pests primarily as a contact poison, with some action as a stomach poison. It is available as granules, wettable powder, dustable powder and emulsifiable
concentrate. Chlorpyrifos is class II - moderately toxic compound [3].
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Chemical structure of Chlorpyrifos

In humans, chlorpyrifos primarily affects the nervous system through inhibition of cholinesterase, an enzyme required for proper nerve
functioning [11]. Chlorpyrifos is moderately to very highly toxic to birds and freshwater fish, aquatic invertebrates and estuarine and marine
organisms [11]. Chlorpyrifos is moderately persistent in soils. The half-life of chlorpyrifos in soil is usually between 60 and 120 days, but can range
from 2 weeks to over 1 year, depending on the soil type, climate, and other conditions [6,12].

Pesticide manufacturing and formulation units have been classified as hazardous group of industries under the Environmental Protection Act,
1986. Pesticide manufacturing operations and processes generates wastes, which has potential hazards to health and environment. The waste
generated during pesticide manufacturing is very complex, containing chemical compounds used for manufacturing and the residuals generated
during manufacturing / formulation process [4]. These wastes can result from disposal of unused pesticide concentrates, diluted pesticide
formulations (wastewater), pesticide contaminated products, washing of chemical manufacturing plant, agricultural spraying equipment, used
chemical containers, and from unused spray liquors and other areas [1]. The waste generated by the pesticide industry has become a disposal problem
and is & will continue to be an environmental problem unless proper treatment technology is developed and transferred to the industry [5]. There are
several methods of disposal available, but most of them have some undesirable limitations.

The present study has been carried out to take a model example of Chlorpyrifos manufacturing industry and its developed treatment
technology to treat the pesticide waste using biomass as microbial consortium. The treatment technology developed by the industry involves an
Effluent Treatment Plant (ETP) for primary & secondary treatment of chlorpyrifos effluent using microbial consortium. The components of the
Effluent treatment plant are Bar screen & Aerated grit chamber, Equalization tank, Neutralization tank, Settling tank, Aeration tank, Clarifier,
Holding tank, Sand filter, Carbon filter and Final storage tank (Fig 1). The present investigation has been carried out to check the efficiency and
effectiveness of Effluent Treatment Plant to degrade complex chemical compounds used during the manufacturing of chlorpyrifos and the toxic
residuals generated therein.

Materials & Methods

Industry: The industry manufacturing Technical Chlorpyrifos and its formulations is located 250 kms away from Mumbai city in Ratnagiri district.
Manufacturing of technical Chlorpyrifos is the main product of the factory and is supplied to different pesticide formulation industry for
manufacturing of Chlorpyrifos formulations.

Sampling: The present study has been carried out in the Effluent Treatment Plant (ETP) of the Chlorpyrifos manufacturing industry. The effluent
samples have been collected from various locations viz. equalization tank, neutralization tank, holding tank and final storage tank. The samples have
been collected in polyethylene containers of 5-liter capacity and has been transported to the laboratory. The containers carrying the effluent samples
have been stored in cool & dark place for physico - chemical analysis.

Biomass: Biological treatment of the effluent sample using addition of biomass is carried out in the holding tank of the effluent treatment plant.
Samples of Biomass are collected in polyethylene containers of 5 — liter capacity and has been transported to the laboratory. The containers carrying
the biomass samples have been stored in refrigerators at 4 0C for further microbial characterization.

Experiment: The effluent samples have been analyzed for physico — chemical parameters [8] within 24 hrs to check the efficiency of the treatment
plant. The biomass used for biological treatment of effluent at secondary aeration tank is characterized for microbial consortium using standard
methods [8].
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Figure 1. Schematic Diagram of Effluent Treatment Plant

Extraction: The extraction of chlorpyrifos and its intermediates from effluent samples were done by liquid partition method. Effluent sample in the
range of 30 — 90ml was extracted in a 125ml-separating funnel using n — Hexane [13]. Extraction was done three times with 10ml, 10ml and 5ml of n
— hexane respectively. During extraction process, the sample-hexane mixture was shaken for Smins and then was allowed to settle for 5 minutes to
form a distinct aqueous — organic layer. The separated layer of n — hexane was passed through a layer of sodium sulphate to absorb any trace
moisture. The extract was condensed using rotoevaporator and appropriate quantity was used for GC — MS analysis. The percentage recovery of
standard concentration of Chlorpyrifos from spiked aqueous media was found to be around 90% (Figure 2).
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Figure 2. GC — MS spectra of Standard Chlorpyrifos

Analysis: Effluent extracts were analyzed using Gas chromatography / mass spectroscopy (GC-MS) (Hewlett Packard GC-MS instrument Model No.
G1800A) for chlorpyrifos and its intermediates. The instrument is equipped with electron ionization detector. Conditions maintained for the

quantitative & qualitative analyses are: oven temperature — 100 °C, Injection temperature — 250 °C, detector temperature — 280 °C.
Results & Discussion

Chlorpyrifos is commercially prepared by several methods, the most common of which includes reacting TCP with O, O-diethyl
phosphorochloridothioate under basic conditions with dimethylformamide, as the final synthetic step [7]. The most common formulations of
chlorpyrifos include emulsifiable concentrates, granules, and wettable powders. Liquid waste is generated during the manufacturing process of
Chlorpyrifos and its formulations. The chemical components used and generated during various manufacture processes of Chlorpyrifos and its
residues comes out in the form of liquid or effluent. Washing of chemical manufacturing plant, used chemical containers and from unused spray
liquors also contribute for generation of effluent. The generated waste is being treated at the site of the factory using Effluent Treatment Plant. The
treatment process involves primary & secondary treatment viz. equalization, neutralization, solid separation followed by biological treatment using
biomass.

During the treatment stages, effluent sample has been observed to have a brown color while after biological treatment at holding tank and then
subsequent passage through sand filter and carbon filter, the effluent has been found to become colorless. The physico — chemical parameters studied
in the ETP at various stages during the treatment are presented in Table 1. The effluent sample has been found to have a constant temperature of 27

¢ during the treatment. The pH of the effluent sample at various stages of treatment was found to vary from 4.4 in the equalization tank to 6.5 in the
final storage tank. The pH setting of the effluent sample is carried out in the neutralization tank using addition of neutralizing agents like limestone.
Conductivity of an effluent sample is a numerical expression representing its ability to carry electric current. Considerable decrease has been found in
the conductivity of the effluent sample varying from 13.5 in equalization tank to 0.18 in the final storage tank. The efficiency of treatment plant is
also evident from decrease in the total dissolved solid (TDS) of the effluent sample from 10.6 in the equalization tank, 12.4 in the neutralization tank
to 0.10 in the final storage tank. Percentage organic carbon in the initial stages of effluent treatment was 0.24 while it increased to 0.48 in the
neutralization tank and then subsequently decreased to 0.12 in the final storage tank.

Table 1. Physico — Chemical Characterization of Effluent during treatment in ETP

Parameters Equalization Neutralization Holding Final
tank tank tank storage
tank
pH 4.4 6.5 6.7 6.5
Color Brown Brown Dark Brown Colorless
Temperature (°C) 27.2°C 27.1°C 27.1°C 27.2°C
Conductivity (mS) 13.5 14.6 6.3 0.18
TDS (ppt) 10.6 12.4 4.1 0.10
Organic Carbon (%) 0.24% 0.48% 0.3% 0.12%
Phosphate (mg/l) 0.15 0.15 1.7 Negligible
Sulphate (mg/l) 0.22 0.38 0.31 0.015
Organic Nitrogen 5.6 7.0 5.04 0.56
(mg/l)
Nitrate (mg/l) 1.5 1.75 24 0.4
Ammonia (mg/l) 161.0 166.0 62.0 4.0
Chloride (mg/l) 8635.0 8635.0 3034.0 836.0
COD (mg/l) 290 310 170 120
BOD (mg/l) 10 50 20 4

Phosphorus occurs in effluent in the form of various types of phosphate, which find its way from various manufacturing procedures of
chlorpyrifos. Removal of phosphate to permissible limit is essential because discharge of effluents rich in phosphates to receiving water may
stimulate the growth, in nuisance quantities of photosynthetic aquatic organisms. The concentration of phosphate in the final storage tank was
negligible whereas, in the equalization tank and holding tank stages it was reported to be 0.15mg/l and 1.7mg/l respectively. Concentration of
sulphate was found to vary from 0.22 mg/l in equalization tank to 0.015 in the final storage tank. Considerable decrease was found in the
concentration of organic kjeldahl nitrogen from 5.6mg/1 in the equalization tank to 0.56mg/I in the final storage tank, whereas concentration of nitrate
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from initial to final treatment steps varied from 1.5 mg/l to 0.4mg/l and ammonia varied from a high concentration of 166mg/1 in the neutralization
tank to as low as 4mg/l in the final storage tank. Concentrations of Chloride was found higher in the ETP, during the initial stages it was as high as
8635mg/l which subsequently got decreased after the treatment at various stages to 836mg/l in the final storage tank. The Chemical and biological
oxygen demand is the direct indicator of the toxicity of effluent / waste water and gives a measurement for monitoring carbonaceous matter removal
[2]. The COD has been found fluctuating from 290mg/l in the initial stages i.e. in the equalization tank and 310mg/l in the neutralization tank
whereas; during the course of treatment it has been reported to be decreasing to 170mg/1 in the holding tank and further to 120mg/1 in the final
storage. Similarly, BOD was highest during the pH setting up stages i.e. 50mg/l which eventually got decreased after treatment in the ETP to 4mg/1
during the final storage. The percentage decrease in Chemical Oxygen Demand (COD) measured during the treatment of effluent from equalization
tank to final stage is 58.6%. Similarly, percentage decrease in Biological Oxygen Demand (BOD) measured for neutralization tank to final stage is
92%. Microbial status of the biomass used for the biological treatment of effluent in the effluent treatment plant was characterized and is presented in
Table 2. The data shows presence of diverse microbial population, which has been found to have great influence on the treatment of chlorpyrifos
manufacturing industrial effluent.

Table 2. Microbial Characterization of Seed used for Treatment of Effluent

Parameters Microbial Culture
Total viable count / ml at 37 (°C) 2,89,000.0
Total viable count /ml at 20 (°C) 4,385.0
Total Yeast & Mold count / ml 310.0
MPN/100ml Nil
Total coliform count / ml 1,98,000.0
E.coli/25ml Absent
Salmonella / 25ml Present
Vibrio cholera / 25ml Present
S. aurius /25ml Absent
Shigella /25ml Absent

The Figure 3 indicates concentration of intermediates present in effluent during the course of treatment in ETP. Chemical hydrolysis,
photolysis and microbial action at various stages has attributed towards the degradation of chlorpyrifos and its residues [3,10]. The study shows the
effectiveness of effluent treatment plant in converting the intermediates into harmless compounds and also decreasing the concentration from higher
to lower during the course of treatment. The GC —-MS data illustrates that 4-hydroxy-cyclohexanone is persisting in the equalization, neutralization
and holding tank while the same has been disintegrated completely at the later stages and thus could not be detected in the final storage. The
investigation shows that the intermediate Heneicosane was persistent at all the stages of treatment. The intermediates like Docosane, Pentadecane and
Heneicosane have been found present till the last stages of treatment i.e. final storage. It has been found that these chemical compounds are used in
the manufacturing processes of Chlorpyrifos and other pesticides [9].
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Figure 3. Concentration of Chlorpyrifos intermediates present at various stages viz. Equalization Tank, Neutralization Tank, Holding Tank and Final Storage Tank.

The manufacturing and formulation of chlorpyrifos generates toxic wastes, which are treated at the site of the manufacturing unit using an
Effluent Treatment Plant employing biophysico — chemical methods. The Effluent Treatment Plant comprises of treatment at various stages viz. bar
screen & aerated grit chamber for preliminary treatment by means of a bar screen and aerated chamber to remove solid objects, equalization tank to
allow solids to begin settling, neutralization tank are designed to facilitate the dilution and neutralization (pH setting) of harmful wastes. The
chlorpyrifos effluent further enters the settling tank where using alum, the wastewater is given a residence time to allow the particles to settle down,
then it passes through filter beds consisting of a layer of sand or gravel for removing the suspended particles or filtration. After filtration the effluent
enters holding tanks where secondary treatment or biological treatment of the effluent takes place. In these tanks, microorganisms and wastewater in
various stages of decomposition are mixed, aerated, and maintained in suspension. The contents of the holding tanks, which require a delicate balance
of food and oxygen, are commonly referred to as the mixed liquor suspended solids (MLSS)[5]. The microbial action converts organic substances
into oxidized products and a settleable floc, which is settled out in the secondary clarifiers. Sand filters are use as biological processes to clean the
water and Carbon filter is used for removing contaminants and impurities, utilizing chemical adsorption. Treated effluent is stored in final storage
tank and then is sent to central effluent treatment plant (CETP) for further thorough treatment and then is discharged into creek after meeting the
prescribed limit values by EPA.

The pesticide effluent treated in the ETP using biophysico — chemical methods by employing microbial consortium was found effective in
converting chlorpyrifos effluent and other chemical residues into less toxic compounds. The intermediates like Docosane, Pentadecane and
Heneicosane have been found present till the last stages of treatment which in longer duration and on sufficient acclimatization in the soil — water
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environment will ultimately get converted into biomass, inorganic and nutrients. Larger microbial population used during secondary treatment of
effluent has proved that the microbial biomass is effective for biodegradation of toxic chlorpyrifos effluent into simpler less toxic and less harmful
compounds.

Conclusion
The present ETP designed for the treatment of pesticide wastes with special reference to chlorpyrifos manufacturing has been found effective
to treat chlorpyrifos residues & intermediates including the toxic compounds used during the manufacturing process into less toxic or harmless

environmental friendly compounds. This treatment technology will be applicable for the treatment of waste generated by other chemical industry also.
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