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A B S T R A C T

Paramecium is a unicellular organism, widely distributed in the freshwater environment, where heavy
metals are common contaminants. Parameciums are very abundant group in aquatic ecosystems, which
makes them effective biological indicators of water pollutants. The aim of this study was to determine
the ability of paramecium to survive in various concentrations of three different heavy metals: Ferrous
Sulphate (FeSO4), Mercuric Chloride (HgCl2) and Zinc Chloride (ZnCl2). The ciliates were incubated in
solutions with 0.3 to 1.5 ppm of FeSO4, 0.01 to 0.05ppm of HgCl2 and 0.10 to 0.95 ppm of ZnCl2. at room
temperature. Using compound microscope, microscopic observations of cell divisions rate was conducted
after 24, 48, 72 and 120 hours of incubation in the tested solutions and was compared to the control sample.
Microscopic observations revealed that all the concentrations of HgCl2 were lethal for all samples except
sample no. 3 while FeSO4 and ZnCl2 were found to be growth promoter for paramecium of all 10 samples.
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1. Introduction

Water is one of the most important compounds in the
ecosystem. Better quality of water is described by its
physical, chemical and biological characteristics. The
quality of water is a vital concern for mankind because
it is directly linked to human health. Water sources were
polluted by domestic wastage in rural areas whereas
industrial wastages discharged into natural sources in urban
areas.1 Humans need water every day for various domestic,
irrigation drinking purpose. When there was no revolution
in industry and agriculture, water quality was near about
good, but due to industrial and agricultural revolutions water
which is collected in the various water resources gets highly
polluted in various ways.

Heavy metals are considered very important and highly
toxic pollutants. Eco-toxicologists and environmental
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scientists use the term heavy metals to refer to metals
that have caused environmental problems. Heavy metals
including both essential and non-essential elements have
a particular significance in ecotoxicology, since they are
highly persistent and all have the potential to be toxic to
living organisms. Several heavy metals have been studied
extensively over the last few decades. Inputs of these toxic
heavy metals to the environment as a result of anthropogenic
activities is difficult to measure due to the very large
natural inputs from the erosion of rocks, wind-blowing
dusts, volcanic activity and forest fires. Atmospheric and
river inputs, dredging spoil, direct discharges, industrial
dumping and sewage sludge are some of the important
contributors to metal pollution, which lead to the release
of toxic heavy metals to the marine environment. Acid
rain resulting from dissolved hydrogen sulphide, sulphur
dioxide and oxides of nitrogen has contributed to alterations
of soil and freshwater acidity. As a consequence, there is
an increase in the bioavailability of many heavy metals

https://doi.org/10.18231/j.ijmmtd.2022.026
2581-4753/© 2022 Innovative Publication, All rights reserved. 127

https://doi.org/10.18231/j.ijmmtd.2022.026
http://www.khyatieducation.org/
https://www.ipinnovative.com/open-access-journals
https://www.ijmmtd.org/
https://www.ipinnovative.com/
https://orcid.org/0000-0002-4482-228X
https://crossmark.crossref.org/dialog/?doi=10.18231/j.ijmmtd.2022.026&domain=pdf
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:reprint@ipinnovative.com
mailto:hibamsshaikh4160@gmail.com
https://doi.org/10.18231/j.ijmmtd.2022.026


128 Shaikh and Pimpliskar / IP International Journal of Medical Microbiology and Tropical Diseases 2022;8(2):127–131

to freshwater biota. Metals are separated into the essential
and non-essential in classes A and B, and in a borderline
class. Class A metals: Calcium (Ca), Magnesium (Mg),
Manganese (Mn), Potassium (K), Sodium (Na), Strontium
(Sr) Class B metals: Cadmium (Cd), Copper (Cu), Mercury
(Hg), Silver (Ag) Borderline metals: Zinc (Zn), Lead (Pb),
Iron (Fe), Chromium (Cr), Cobalt (Co) Nickel (Ni), Arsenic
(As), Vanadium (V), Tin (Sn). The world-wide emissions
of metals into the atmosphere (thousands of tons per year)
by natural sources is estimated as: Ni: 26, Pb: 19, Cu:
19, As: 7.8, Zn: 4, Cd: 1.0, Se: 0.4, (x103tons.Year-1),
whereas, from anthropogenic sources: Pb: 450, Zn: 320, Ni:
47, Cu: 56, As: 24, Cd: 7.5, Se: 1.1 (x103 tons. Year-1). It
is obvious from these numbers that Pb, Zn, Ni and Cu are
the most important metal pollutants from human activities.
Heavy metal pollution of freshwater has been shown to
be extensive. The behaviour of metals in natural waters
is a function of the substrate sediment composition, the
suspended sediment composition, and the water chemistry.
During their transport, the heavy metals undergo numerous
changes in their speciation due to dissolution, precipitation,
sorption and. phenomena which affect their behavior and
bioavailability. Hence, heavy metals are sensitive indicators
for monitoring changes in the aquatic environment. If
aquatic resources are not properly managed and aquatic
ecosystems deteriorate, then human health and well-being
may be compromised.2

In the last decades, governments have promulgated strict
regulations to guarantee the high quality of drinking water.
Some metals are very harmful to freshwater organisms, such
as cadmium or lead. On the other hand, metals like iron,
copper, zinc or nickel, though they are essential components
of living cells, at certain concentrations can be dangerous.3

Aquatic environments include both fractions, soluble and
inparticulate matter.4 The way in which heavy metals affect
the microorganisms is not clear. Scientists suggest metals
block some enzyme systems or can interfere with some
important cellular metabolites of protozoa and bacteria.5

Source of Copper pollution is from metal painting, plating
and mineral leaching into waste water. It is an essential
trace element not very toxic to animals, toxic to plant
and algae at moderate levels and harmful to human beings
at high levels. Copper sulphate is extremely harmful to
fishes. Even at low concentration of application, this may
create toxic effects to trouts and fishes in acidic soft water.
With increase in the water hardness, its toxicity to fish
gets decreased. As compared to young fishes, the eggs
of fishes get destroyed by the copper toxicity. Mercury is
a widespread environmental toxicant and pollutant which
induces severe alterations in the body tissues and causes a
wide range of adverse health effects and also has adverse
effects on animals, plants and microorganisms.6

The study of toxic and trace metals in the environment
is more important in comparison to other pollutants due

to their non-bio-degradable nature, accumulative properties
and long biological half-lives. It is difficult to remove them
completely from the environment once they enter into it.
With the increased use of a wide variety of metals in
industries and in our daily life, there is now a greater
awareness of toxic metal pollution of the environment.
Many of these metals tend to remain in the ecosystem and
eventually move from one compartment to the other within
the food chain. These essentially need the quantitative
analysis of major pollutants specifically the heavy metals
in water. Very scant data on these aspects is available from
Thane district, especially areas in and around Bhiwandi,
hence Bhiwandi city in Thane district, Western Maharashtra
was selected as location for study.

Paramecium is a unicellular organism, belonging
to ciliates, which play a significant role in aquatic
ecosystems.7 Ciliates are considered to be cosmopolitan
organisms. They can be easily found in various types of
watercourses and bodies of stagnant water. Ciliates mostly
fed on bacteria and they are prey of organisms of higher
taxons as well. That is why they represent important links
in the trophic chains, where they mediate the flow both
of biological substances and energy from a lower level to
a higher one.8 Additionally, they play an essential role in
the purification processes of both aerobic and anaerobic
biological wastewater treatment systems. Their sensitivity
to environmental changes suggested their use as biological
indicators of water pollution.9

Present research work aims at the analysis of the different
water reservoirs of Bhiwandi and determines the effect
of heavy metals on Paramecium found in different water
bodies. Special focus of this research work is on the
determination of the effects of Ferrous, Mercury, Copper
and Zinc on the growth of Paramecium using the compound
microscope in the water samples collected from the different
water bodies of Bhiwandi.

2. Materials and Methods

In this study, Paramecium isolated from 10 water sample
collected from different parts of Bhiwandi city, Dist.
Thane, Western Maharashtra, India (Table 1). Paramecium
cells were cultured in Hay-Wheat medium, at room
temperature. The single cells were picked from the
sample by micropipette and placed in a culture tube.
Each tube included five cells of the studied organism.
We can see various cell reactions after addition of
various concentrations of different heavy metals and the
concentrations were found from the research papers based
on Bhiwandi and nearby area.10,11

The ciliates were incubated in 2ml Hay medium
containing 100µl solutions of 0.30 to 1.5 ppm of FeSO4,
0.01 to 0.05ppm of HgCl2 and 0.10 to 0.95 ppm of
ZnCl2. To determine the toxicity of these three compounds,
microscopic observations of the rate of cell division of
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Table 1: Site collection area and type of water samples in Bhiwandi city

Sample No. Area Sample Type
1. Samad nagar Textile effluent
2. Varal devi Talav Pond water
3. Khadipar Well water
4. Tandel mohalla Well water
5. Pokhran Well water
6. Eid’gah near Memon masjid Well water
7. Eid’gah near Muslim kabrastan Well water
8. Eid’gah near Well water
9. Eid’gah near Shiya masjid Well water
10. Waja mohalla Well water

Table 2: Heavy metals used and their concentrations

Sample No. Heavy Metals Concentration (ppm)
1. Ferrous Sulphate (FeSO4) 0.30, 0.90, 1.50
2. Mercuric Chloride (HgCl2) 0.01, 0.03, 0.05
3. Zinc Chloride (ZnCl2) 0.10, 0.50, 0.95

Paramecia were carried out after 24, 72 and 120 hours
of incubation in three different concentrations under room
temperature (Table 2). Each sample was performed the same
way and included the same number of cells.

3. Results

In this study, using compound microscope, carried out
microscopic observations of the rate of cell division of
paramecia after 24, 72 and 120 hours of incubation
in different concentrations, at RT. According toTable 2,
we can see various cell reactions after addition of
various concentrations of different heavy metals and the
concentrations were found from the research papers based
on Bhiwandi and nearby area.10,11 In case of Ferrous
(FeSO4), occurrence of the reaction depended on the
concentration of Ferrous. We used different concentrations
of FeSO4 from 0.3 to 1.5 ppm and a control sample.
The reaction we were observing was the rate of cell
divisions. It can be easily noticed that Ferrous was
acting as growth promoter, in all the concentrations cells
were dividing similarly to the control sample (Table 3).
Mercury (HgCl2) is known as one of the most effective
growth inhibitory/immobilizing agent for protozoa. In this
study cell growth retardation was depended on mercury
irrespective to the concentrations i.e. in all the samples
except sample 3, death occurred in all the concentrations
(Table 4). While no growth was observed after addition of
Zinc (ZnCl2), zinc was also acting as growth inhibitor for
paramecium. (Table 5).

4. Discussion

The accumulation of the heavy metals in wastewater
depends on many local factors, such as the type of industries
in the region, lifestyle and awareness of the impact on the

environment through the careless disposal of wastes. Being
a city with extensive industrialization and civilization, water
pollution by metal ions has emerged as one of the serious
challenges currently faced by water service authorities
in Bhiwandi. Hence, this study focused on the effect of
heavy metal concentrations on paramecium isolated from
10 water samples collected from different water bodies of
Bhiwandi city, Maharashtra.12 Shunmugam, A.P et al. did
the experiments in which they found the presence of heavy
metals impacts on movement of Paramecia’s, showing a
significant decrease in their speed even when zinc chloride
and copper sulfate concentrations are only half of those
considered unsafe for drinking water.

Some metals like ferrous, mercury and zinc which were
used in this study, though they are components of cells,
at certain concentrations, turn out to be harmful. In this
study, there were no lethal effect of Ferrous observed in
fact they acted as paramecium growth promoter but all the
concentrations of Mercuric Chloride i.e. 0.01 to 0.05ppm
was found lethal for paramecium other than sample 3
because no change in number of cells was observed, and
all the concentrations of Zinc was found to be lethal for all
10 samples.

5. Conclusion

The outcomes of the study revealed that the all 10 water
samples of Bhiwandi, Maharashtra contain good population
of paramecium. Paramecium can serve as a bioindicator to
evaluate the quality index of effluents released from textile
or leather industries, or, effluents rich in Ferrous, Mercury
and Zinc contents. The studied concentrations of Ferrous
served as growth promoter in all samples. Thus, as per the
current analysis, it can be proposed that, Mercury and Zinc
are toxic to freshwater ciliate Paramecium, but with the
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Table 3: Effects of different concentration of ferrous Sulphate on Paramecium within 120 hours from the beginning of incubation of
microscopic observation.

S.
No.

Initial
number

of
cells

Concentration of Ferrous
0.3 ppm 0.9 ppm 1.5 ppm

24h 48h 72h 120h 24h 48h 72h 120h 24h 48h 72h 120h
1. 5 10 18 35 60 6 15 32 67 5 7 13 22
2. 5 7 20 40 64 6 13 26 50 6 10 18 37
3. 5 12 27 48 75 10 23 45 82 8 20 43 73
4. 5 12 20 45 92 10 17 41 75 6 15 38 70
5. 5 10 25 52 103 7 19 47 91 5 9 25 52
6. 5 5 6 18 47 5 5 15 32 5 5 11 20
7. 5 10 21 47 79 7 17 40 74 6 15 35 67
8. 5 13 30 58 100 7 15 43 81 7 15 39 70
9. 5 11 28 62 116 8 20 49 90 5 12 30 66
10. 5 9 20 47 69 6 19 42 70 5 9 25 57

Table 4: Effects of different concentration of Mercuric Chloride on Paramecium within 120 hours from the beginning of incubation of
microscopic observation.

S.No.
Initial

number
of cells

Concentration of Mercury
0.01 ppm 0.03 ppm 0.05 ppm

24h 48h 72h 120h 24h 48h 72h 120h 24h 48h 72h 120h
1. 5 0 0 0 0 0 0 0 0 0 0 0 0
2. 5 0 0 0 0 0 0 0 0 0 0 0 0
3. 5 5 5 5 5 5 5 5 5 5 5 5 5
4. 5 0 0 0 0 0 0 0 0 0 0 0 0
5. 5 0 0 0 0 0 0 0 0 0 0 0 0
6. 5 0 0 0 0 0 0 0 0 0 0 0 0
7. 5 0 0 0 0 0 0 0 0 0 0 0 0
8. 5 0 0 0 0 0 0 0 0 0 0 0 0
9. 5 0 0 0 0 0 0 0 0 0 0 0 0
10. 5 0 0 0 0 0 0 0 0 0 0 0 0

Table 5: Effects of different concentration of Zinc Sulphate on cells of Paramecium within 120 hours from the beginning of incubation
of microscopic observation.

S.No.
Initial
number

of
cells

Concentration of Zinc
0.10 ppm 0.50 ppm 0.95 ppm

24h 48h 72h 120h 24h 48h 72h 120h 24h 48h 72h 120h
1. 5 0 0 0 0 0 0 0 0 0 0 0 0
2. 5 0 0 0 0 0 0 0 0 0 0 0 0
3. 5 0 0 0 0 0 0 0 0 0 0 0 0
4. 5 0 0 0 0 0 0 0 0 0 0 0 0
5. 5 0 0 0 0 0 0 0 0 0 0 0 0
6. 5 0 0 0 0 0 0 0 0 0 0 0 0
7. 5 0 0 0 0 0 0 0 0 0 0 0 0
8. 5 0 0 0 0 0 0 0 0 0 0 0 0
9. 5 0 0 0 0 0 0 0 0 0 0 0 0
10. 5 0 0 0 0 0 0 0 0 0 0 0 0
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studied concentrations of Mercury, maintenance of number
of viable cells of Paramecium from sample 3 implies that
these could be a mutant spp., as mercury is a known growth
inhibitor for Paramecium at these concentrations.
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