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Abstract: The prevalence of the ideas of secondary
students (class X) about causes, consequences and
remedies of water pollution was determined using a
closed form of questionnaire. Many of the Indian students
in the present study were unaware of the devastating
effect of deforestation, chemical fertilizers employed in
agricultural fields, offshore mining, smoke, volcanic
eruptions, weathering of soil and rocks on pollution of
water and its impact on humans viz. blindness, DNA
damage, deformities of bones etc. Prevalent alternative
conceptions and misconceptions were: sewage,
pesticides, soil erosions do not pollute water; water
pollution causes acid rain; radioactive waste dumped in
oceans and greenhouse effect could minimize water
pollution and BOD of sewage water is very less than that
of pure drinking water. It exposes the lacuna in Indian
educational system and suggests a strong drive to
displace misconceptions at the early stage of learning
itself, before they become embedded in an alternative
conceptual frame work.
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Introduction

“Green” issues have gained a high profile and the
general publics become more aware of the environmental
problems that challenge humankind. Some of these
problems of a global scale which involve changes in the
biosphere are: global warming and ozone layer depletion.
Other problems are of a relatively ‘local’ nature: acute
pollution of a particular habitat would be an example. The
solution to local problems requires major changes in
human lifestyle (Houghton et a/, 1990; Tickell, 1991;
Francis et al., 1993).

Children now at school will become decision making
citizens at a time when these local environmental
problems will be of gaining much social importance.
Therefore educating children on these issues becomes
paramount importance. At the same time it is fundamental
to know how much the students know, how they feel and
what they are doing regarding environmental matters.
The need for such information has been recognized in
other countries (Towler & Swan, 1972; Perkes, 1973;
Eyeers, 1975; Bohl, 1976; Richmond, 1976; Blum, 1984;
1987; Cortes, 1991; Lau, 1992) as it would be useful for
better planning, organization and implementation of
environmental programmes and projects. In addition, the
information can provide educators with some insight into
the curriculum content of environmental education.
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Rapid increase in the world population within last 30-
35 years, improvement in industry and technology,
natural resources started to extinct have let
environmental problems to come to the agenda. Some
significant matters must be produced in an equal amount
they are exploited in order to lead liveliness in the nature
without any interruption. These matters having an
ecological significance of ‘give and take’ between living
beings and their environments. These matters complete
their circulation by following certain orbits by means of
solar energy. All matters are continuously reused by living
things through cycle. Most significant ones of these
matter required for living things and to be transferred are
water, oxygen, nitrogen, carbon, phosphorous, sulphur
(Cardak, 2009). Circulation of matter in cells, tissues,
system and organism, chemical reactions, sustainability
and consistency of the structure are ensured with water.
Water is so significant from this point. But now a days the
water resources are becoming polluted at a very high
scale and producing alarming effects on human too.

Procedure

This study aims to explore the secondary students’
(class X) understanding of an environmental problem, the
water pollution. A closed form questionnaire was
designed containing 32 questions in the form of
statements distributed in three sections. Section A
measures the students’ level of understanding about the
causes of water pollution contained 10 questions of which
six were scientifically acceptable and five are non-
acceptable. Section ‘B’ contains 11 questions on
consequences of water pollution in which 6 are
scientifically correct and 5 are scientifically incorrect
statements. The section C measures about students’
attitudes towards the prevention or what could be done to
reduce water pollution contained seven scientifically true
and four unacceptable questions. In each of the sections,
the scientifically acceptable and scientifically incorrect
statements were interspersed randomly.

Secondary schools were identified randomly. 651
students of class X were asked to complete the
questionnaire during free periods. They were asked to
respond each of the statements in the questionnaire by
ticking the box of their choice labeled, | am sure this is
right, ‘I think this is right’, ‘1 don’t know’, ‘I think this is
wrong’ and ‘ | am sure this is wrong’.

Results and discussion
A total of 651 secondary students of class X
completed the questionnaire. Of the 651 students, 376
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were boys and 275 were girls. The responses to the
questionnaire statements about the causes,

Fig. 1. Students’ responses to scientifically acceptable
statements about causes and sources of water pollution
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consequences and cures of water pollution are shown
graphically in Fig. 1 to 6. In these figures five different
colour shades are used which represents ‘sure right’,
‘think right’, ‘don’t know’, ‘think wrong’ and ‘sure wrong’
responses from bottom to top. In the description below,
the percentage mentioned are either for combined ‘sure
right' and ‘think right’ responses that is for those who
affirmed the statement or for the combined ‘think wrong’
and ‘sure wrong’ responses that is for those who do not
affirmed the statement.

Students’ ideas about causes of water pollution

The students’ responses to the statements of section
A of the questionnaire are shown in Fig. 1 and 2. About
three-quarter of the students knew
that pollution of water is caused by
pathogens like bacteria (73%). More
than one-half of the students
affrmed that in addition to the
above, deforestation (51.4%), off
shore mining and shipping (61.2%),
weathering of soils & rocks and
volcanic eruptions (54.9%); one-
third of the students (35.8%) could
link smoke coming out from
chimneys with water pollution. In
view of the complexity and its
intangible  nature, one might
anticipate that children will find this
concept difficult to understand.
Oxides of nitrogen and sulphur
present in smoke which are highly
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soluble in water when enter the atmosphere reacts with
water vapour to form nitric and sulphuric acids, resulting

in acid rain. This acid rain
increases the acidity of water
bodies, thereby causing harm to
aquatic ecosystem. The most
common misconception,
however, held by many of the
students were that hot waste
water released from thermal
power plants (68.2%), soll
erosion (44.4%), pesticides
used in agricultural fields
(36.3%) and sewage (24%)
would not pollute water.

Students’ ideas about
consequences of water pollution

The data for the second
section of the questionnaire
about consequences of water
pollution are shown in Fig. 3 and
4. It is well known to many of the
students that water pollution
would result in reduction of
oxygen level in water (76%) and
loss of biodiversity (76.3%). Nearby one-half of the
students agreed that pesticides runoff from fields would
lead to blindness in fishes (53.6%), high fluoride content
in potable water would result in deformities of bone and
DNA damage (53.9%)d and blue baby syndrome could be
due to consumption of polluted water (44.7%). Only about
one-third of the students (34.6%) affirmed that certain
toxic pollutants present in polluted water could enter into
food chain. Surprisingly, one-half of the students (49.7%)
erroneously linked water pollution with acid rain, they
thought that water evaporated from polluted water bodies
would result in acid rain. Other misconceptions shown by
secondary students were that rate of primary productivity

natural process

Fig.2. Students’ responses to scientifically unorthodox statements about
causes and sources of water pollution (Legend as in Fig. 1)
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increases as water pollution increases in ponds and lakes
(47.7%), that BOD of sewage water is lower than BOD of
pure drinking water (49.9%) and that mina Mata disease
is caused by cadmium contamination in water (38.3%).
However, majority of the students (80.4%) rightly rejected
that water pollution at the surface of water body would not

Fig. 3. Students’ responses to scientifically acceptable
statements about consequences of water pollution (Legend as in Fig. 1)
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would reduce water pollution showing poor knowledge
about environmental problems. Similarly, one-third of the
students (34.3%) wrongly thought that by dumping
radioactive waste in oceans would minimize water
pollution. Some other misconceptions shown by students
were that water becomes impure when alum is added
(47.6%) and infra-red radiations could
be used to purify water (29.2%).

The results of the present study
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revealed that many of the students are
well informed about certain aspects
related with water pollution. For
example, they are aware of the facts
that pathogens, chemical fertilizers,
offshore mining, volcanic eruptions
causes water pollution and it affects
biodiversity, human health and reduces
oxygen level of water. However, the
results showed several misconceptions
prevailing in the mind of students, such
as green house effect could reduce
pollution of water etc. Misconception is
one of the significant factors which
affect learning. Misconceptions implies
thinking patterns which do not overlap
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affect submerged life.

Students’ ideas about reducing the water pollution

The data for the responses to
statements about actions which
might reduce the pollution of
water are represented graphically
in Fig. 5 and 6. The results of the
present study revealed that
children knew that chlorine is
used as disinfectant (83.1%),
reverse osmosis system could be
used to get rid of the impurities
from potable water (65.7%) and
ferric chloride coagulation system
is used to reduce arsenic impurity
from water (61.3%). In addition to
these, they were also aware of
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the facts that ozone and 20%-|
ultraviolet  treatment (41.4%), )
water hyacinth (40.4%) and 0%

peanut husks and cheap waste
products of food industry (33.9%)
could be used to purify water.
About three-fifth of the children (64.2%) suggested that
sewage could be used in gobar gas plants instead of
releasing it into water bodies and this would result in
reduced pollution of water. More than one-half of the
students erroneously linked greenhouse effect with water
pollution. They thought that increase in greenhouse effect
Sci. Technol. Edu.
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with scientific realities with general
meaning, rather contradicted with then
and are developed or made sense of
by individuals specific to them in their minds (Behar,
2003). Since these thinking patterns developed by

food chain

Fig.4. Students’ responses to scientifically unorthodox statementis about
consequences of water pollution (Legend as in Fig. 1)
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demand
students mostly based on their own interpretations are
contrary to scientific realities, they constitute a significant
barrier against science education (Wandersee et al.,
1994; Tekkaya, 2003). Students usually develop
misconceptions as a result of their own interpretations or
from some contradictory explanations in school or out of
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school environments in early periods of their school years
(Wandersee et al, 1994; Behar, 2003; Cardak, 2009).
Expressions of teachers or those in text books also may
lead to concept mistakes or may enhance existing
misconceptions of students in some circumstances

Fig. 5. Students’ responses to scientifically acceptable statements about
remedies of water pollution (Legend as in Fig.1)
)
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(Sewell, 2002). If misconceptions are not detected and
compensated, they continue for long years and constitute
significant barriers in understanding process. If science
teachers and curriculum designers knew students’
misconceptions ideas related to science concepts, it
might be helpful to prepare effective teaching schemes. In
this situation, teachers can play an important role in
teaching these concepts (O-Saki & Samiroden, 1990).
Moreover, with problems of this nature, it is unlikely
that the influence on students’ thinking will be restricted to
the cognitive domain, so they are likely to form attitudes
based on ideas from a plethora of sources with varying

Fig. 6. Students’ responses to scientifically unorthodox statements about

remedies of water pollution (Legend as in fig. 1)
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degrees of fidelity. Such attitudes are important because,
although the links between knowledge, attitude and
behaviour are far from straight forward, these three
domains undoubtedly interact, and it is patterns of human
behaviour which are of proximal importance to the
environment.
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