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ABSTRACT

The paper deals with monitoring of pollution arising due to oil and surfactants manufacturing
industries located along the Dombivali industrial belt of Mumbai, India. The study was carried for the
period of one year from June, 2012 to May, 2013 to study the level of toxic heavy metals and the
physico-chemical properties of waste water effluents discharged from the above industries. The
maximum concentration of majority of heavy metals like Cu, Ni, Cr, Pb and Fe were recorded as
13.48, 3.90, 13.30, 1.75 and 15.89 ppm respectively, which were above the tolerable limit set for
inland surface water. The maximum pH and conductivity values of the industrial waste water effluent
were recorded as 10.05 and 27800 pmhos/cm respectively. The majority of physico-chemical
parameters like chloride, cyanide, phosphate and total solid content were found to be maximum in the
month of March having the respective values of 2340, 0.09, 35.2 and 8755 ppm. The effluent samples
collected in the month of May was found to have low DO content of 3.33 ppm and high BOD content
of 643 ppm. The alkalinity and COD values were reported to be maximum of 1988 and 4410 ppm
respectively in the month of February. The hardness and salinity content was reported maximum of
131 and 5.76 ppm during the month of December and June respectively. The results of present
research work indicates that time has come to move towards ecosystem specific discharge standards
to maintain the health and productivity of natural resources on which the majority of Indians are
dependent.
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1. INTRODUCTION

Synthetic surfactants are economically important chemicals. Surfactants are a diverse
group of chemicals that are designed to have cleaning or solubilisation properties. They are
widely used in household cleaning detergents, personal care products, textiles, paints,
polymers, pesticide formulations, pharmaceuticals, mining, oil recovery and pulp and paper
industries.

The world production of synthetic surfactants amounts to 7.2 million tons annually [1].
Surfactants consisted mainly of three types: anionic, nonionic and cationic. Linear
alkylbenzene sulphonates (LAS) are the most popularly used synthetic anionic surfactants. It
has been extensively used for over 30 years with an estimated global consumption of 2.8
million tons in 1998 [2]. Alkylphenol ethoxylates (APE) constitute a large portion of the
nonionic surfactant market.

The worldwide production of APEs was estimated at 500,000 tons in 1997 with 80 % of
nonylphenol ethoxylates (NPE) and 20 % of octylphenol ethoxyalyes (OPE) [3]. APEs are
discharged to wastewater treatment facilities or directly released into the environment.
Concern has increased recently about the wide usage of APE because of their relatively stable
biodegradation products [4].

Many studies have reported on the wide occurrence of APE metabolites in the
environment [5-10]. These metabolites have been demonstrated to be toxic to both marine
and freshwater species [11,12], and to induce estrogenic responses in fish [13,14]. Studies
have found that APE metabolites are more toxic than the parent substances and possess the
ability to mimic natural hormones by interacting with the estrogen receptor [3,13,15,16].

The levels of these APE metabolites present in the environment may be well above the
threshold necessary to induce endocrine disruption in wildlife. These findings have raised
public concern over their environmental and human health effects.

Considering the environmental impact of pollution arising from oil and surfactants
manufacturing industries at global level, in the present investigation attempts was made to
carry out the comprehensive survey of pollution arising due to such industries located in
Dombivali MIDC industrial belt which is considered to be one of the most polluted industrial
belts of Mumbai.

2. EXPERIMENTAL
2. 1. Study area

The Dombivali industrial area was established by Maharashtra Industrial Development
Corporation (M.1.D.C) in 1964. The industrial belt occupies an area of about 347.88 hector, is
located in south of Ulhas River and about 45.00 km from Mumbai international airport. There
are about 30 highly polluting small /medium/ large scale chemical industries located in this
industrial belt.

Quantity of industrial effluent generated in the industrial area is about 14 MLD, which
is finally discharged into the creek through open drainages which was passing through
residential area [17].

2. 2. Climatic condition

Dombivali enjoys a tropical climate with mean annual temperature of 24.3 °C (min) to
32.9 °C (max). The hottest and driest part of the year is April-May, when temperature rises to
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38.0 °C. The humidity is usually in the range of 58 to 84 % and sea breeze in the evening
hours is a blessing to combat the high temperature and humidity during summer months.

The average southwest monsoon rainfall is in the range of 1850 mm to 2000 mm. The
average annual rainfall in the region is the range from 1286 to 1233 mm [17].

2. 3. Requirements

All the chemicals and reagent used for analysis were of analytical reagent grade. The
glasswares used in the analysis were washed with distilled de-ionized water; the pipettes and
burette were rinsed with the experimental solution before final use.

2. 4. Industrial Effluent Sampling and Preservation

The industrial waste water effluent samples were collected randomly twice in a month
in morning, afternoon and evening session from three representative oil and surfactant
manufacturing units of Dombivali industrial belt of Mumbai. The samples were collected
every month from June, 2012 to May, 2013.

Polythene bottles of 2.5 L and 2.0 L were used to collect the grab water samples
(number of samples collected, n = 20). The bottles were thoroughly cleaned with
hydrochloric acid, washed with tape water to render free of acid, washed with distilled water
twice, again rinsed with the water sample to be collected and then filled up the bottle with the
sample leaving only a small air gap at the top. The sample bottles were stoppard and sealed
with paraffin wax.

2. 5. Physico-chemical Study

The samples were collected were analyzed for pH, conductivity, alkalinity, hardness,
salinity, chloride, cyanide, phosphate content, Total Dissolved Solids (T.D.S), Total
Suspended Solids (T.S.S), Total Solids (T.S), Dissolved Oxygen (D.O), Bio-chemical Oxygen
Demand (B.O.D) and Chemical Oxygen Demand (C.O.D) values.

The techniques and methods followed for collection, preservation, analysis and
interpretation are those given by Rainwater and Thatcher [18], Brown et al. [19], I.C.M.R
[20], Hem [21] and A.P.H.A [22].

2. 6. Heavy Metal Analysis by AAS Technique

Water samples (500 mL) were filtered using Whatman No. 41 (0.45 um pore size) filter
paper for estimation of dissolved metal content. Filtrate (500 mL) was preserved with 2mL
nitric acid to prevent the precipitation of metals. The samples were concentrated on a water
bath depending on the suspected level of the metals [23].

The analysis for the majority of the trace metals like copper (Cu), nickel (Ni),
chromium (Cr), lead (Pb), iron (Fe) and zinc (Zn) was done by Perkin ElImer ASS-280 Flame
Atomic Absorption Spectrophotometer. The calibration curves were prepared separately for
all the metals by running different concentrations of standard solutions.

A reagent blank sample was run throughout the method, and the blank readings were
subtracted from the samples to correct for reagent impurities and other sources of errors from
the environment. Average values of three replicates were taken for each determination.
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3. RESULTS AND DISCUSSION

The experimentally measured pollution data on heavy metal content and physico-
chemical properties of industrial waste water effluents released from oil and surfactants
industries located along Dombivali industrial belt of Mumbai is presented in Tables 1 and 2.

Table 1. Physico-chemical properties of the effluents released from Oil and Surfactants
Manufacturing industries located along Dombivali Industrial Belt of Mumbai, India.
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TS (ppm) 2549.0 | 2820.4 | 3346.4 | 3728.8 | 4720.0 | 5717.9 | 5565.3 | 4983.4 | 8410.0 | 8755.0 | 8239.5 | 77345
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Table 2. Heavy Metal content in the effluents released from Qil and Surfactants Manufacturing
industries located along Dombivali Industrial Belt of Mumbai, India.
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Cu 054 | 048 | 156 | 198 | 2.34 | 3.75 | 6.98 | 9.49 | 1348 | 1298 | 10.50 | 13.35

Ni 045 | 032 | 066 | 0.52 | 0.65 | 059 | 0.80 | 0.62 | 0.67 1.09 3.90 0.57

Cr 055 | 049 | 068 | 1.54 | 055 | 150 | 0.65 | 459 | 11.10 | 13.30 | 12.75 | 10.20

Pb 124 | 170 | 160 | 1.30 | 1.75 | 1.00 | 098 | 1.39 | 0.76 0.97 1.25 1.20

Fe 124 | 265 | 445 | 490 | 542 | 868 | 998 | 10.10 | 15.89 | 14.50 | 15.60 | 15.79

Zn 0.72 | 0.86 | 098 | 1.00 | 1.03 | 1.57 | 1.95 | 243 | 2.73 2.56 2.87 2.75

Trace elements are those elements which are present in relatively low concentration of
less than few ppm. Among the special group of trace elements are the heavy metals which are
having the potential to create health hazards among humans, plants and other aquatic
biological life. Under the group of heavy metals are Cr, Ni, Zn, Cu, Pb and Fe. They are
classified under the group of heavy metals because in metallic form they have the densities
higher than 4 g/cm?®.

The Cu content in the effluent samples collected was found to be vary in the range of
0.48 ppm in the month of July to maximum of 13.48 ppm in the month of February. The
values reported were above the permissible limit of 0.05 ppm set by W.H.O and 1.0 ppm as
per the USPH standards. The Ni content in the waste water samples was found to vary in the
range of 0.32 ppm in the month of July to maximum of 3.90 ppm in the month of April.

The overall experimental observed Ni concentration was above the maximum limit of
0.1 ppm set by W.H.O. The average Cr content in the industrial effluent samples was found to
vary between 0.49 ppm in the month of July which was minimum to maximum of 13.30 ppm
in the month of March, which was higher than the maximum permissible limit of 0.05 ppm
set by W.H.O [24].

The concentration of Pb in the effluent samples was observed to vary in the range of
0.76 ppm in the month of February to 1.75 ppm in the month of October, which was
extremely higher than the general standard limit of 0.1 ppm lead set for effluents discharge in
inland surface water [25].

The Fe concentration in the industrial waste water effluent was observed from 1.24
ppm in the month of June to 15.89 ppm in the month of February. The observed
concentration levels of Fe in the effluent samples collected from the month of August to May
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were above the permissible limit of 3.0 ppm set for effluents discharge in inland surface
water [25]. The concentration of Zn in the effluent samples was found to vary in the range of
0.72 to 2.87 ppm throughout the assessment year, while was extremely lower than the general
standard limit of 5.0 ppm Zn set for effluents discharge in inland surface water [25].

In any environmental monitoring study related to pollution of surface water, physico-
chemical parameters gives valuable information regarding the pollution load. It is found that
most of the industries in India are located near the water bodies because of their extensive
requirement of water for various industrial activities.

The waste water from such industries are generally discharged in drainages which
finally enter the nearby water bodies creating extensive pollution creating threat to the
aquatic life and health of surrounding human population.

The most common physico-chemical parameters are pH, conductivity, hardness,
alkalinity, suspended and dissolved solids, BOD, COD and DO. These parameters generally
decide the extent of pollution and help in planning the waste water treatment technology
which is to be adopted. In the present investigation it was observed that the pH value was
minimum of 8.33 in the month of June to maximum of 10.05 in the month of January. It is
important here to note that the permissible pH range of inland surface water subjected to
pollution load is 5.5 to 9.0 [25-30].

The conductivity of the industrial waste water effluent was found to vary in the range of
5298 umhos/cm in the month of October to maximum of 27800 pmhos/cm in the month of
June. The majority of physico-chemical parameters like chloride, cyanide, phosphate and
total solid content were found to be maximum in the month of March having the respective
values of 2340, 0.09, 35.2 and 8755 ppm.

The effluent samples collected in the month of May was found to have low DO content
of 3.33 ppm and high BOD content of 643 ppm. The alkalinity and COD values were
reported to be maximum of 1988 and 4410 ppm respectively in the month of February. The
hardness and salinity content was reported maximum of 131 and 5.76 ppm during the month
of December and June respectively.

4. CONCLUSION

With the rapid industrialization in the country, environment pollution by industrial
waste has increased tremendously. The discharge of waste water from industries such as oil
and surfactants industries, tanneries, pulp and paper, textile, petroleum, chemical industries
etc. pollute water bodies.

Nature has an amazing ability to cope up with small amount of waste water and
pollution, but it would be hazardous or harmful if billions of gallons of waste water produced
everyday are not treated before releasing them back to the environment. The quantities and
characteristics of discharged effluent vary from industry to industry depending on the water
consumption and average daily product.

Characterization of raw effluent from oil and surfactants industries revealed a wide
variation in the effluent quality and quantity over time, characteristic of the different
processing stages employed in product manufacturing. Thus, physico-chemical treatment of
these effluents is required to bring them into the biodegradable zone and ensure local sewer
standards are meeting.
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