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SCIENTIFIC REPORT

Introduction

Water is essential for life to exist on Earth. Several creatures depend on it for survival, making it
their habitat. Walking on the water is like a miracle to us humans, but for some insects, it is part of
their existence. The life of the water strider is an example of how the surface tension of water
affects the life of water insects and their life cycle. Lowering the water quality can affect the ability
of aquatic insects to move on the water's surface. In addition, its quality is crucial for water insects'
well-being and the aquatic ecosystem's health.

=

itle

The effect of surface tension of different types of liquids in the life of aquatic insects.

Research Question

How does the polluted water impact the surface tension and thus negatively affect the life of
aquatic insects?

Observation

There are several water insects adapted to live in aquatic environments. Water strider can walk on
top of water due to the factor of high surface tension and their hydrophobic legs to help them stay
above water (Water Science School 2019). They have very fine hairs on the undersides of their legs
that trap air and repel water. The scientific term for this is called superhydrophobic (Pike 2017).
Some water insects called backswimmers swim upside-down in freshwater, rowing their hairy hind
legs under the water (Imbler 2021). They use oar-shaped back legs to row, and they breathe using
an air bubble that clings to their abdomen like a personal scuba tank. Oxygen from the water
diffuses into the bubble, keeping the insect’s air supply fresh (Sharp 2022).

Figure 2: Backswimmer can move
Figurel:Water strider walk above the surface below the water surface (Museum

(Dhliwayo 2022) Victoria collection 2024)

Surface tension
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Surface tension helps water spiders walk on water. The force of surface tension balances the
spider’s weight, helping it to walk on water. Surface tension affects the top layer of water, causing
it to behave like a stretched elastic sheet. It occurs because the attraction between water
molecules is not balanced at the liquid surface (Hu and Bush 2003).

Figure 3: Water spider (Hu and Bush 2003) Figure 4: Water spider robot (Hubner 2024)

| wonder how water insects and this insect-shaped robot can take advantage of surface tension.
Also, | noticed that Water insects have been rated from 1 to 10 according to their sensitivity to
pollution. They are grouped into 4 categories. They can be very sensitive, (eg. stonefly nymph,
Alderfly larva) sensitive (eg. water mite, diving beetle), tolerant (eg. side swimmer, mosquito
larva), and very tolerant (eg. back swimmer, water strider) (Streamwatch waterbed guide n.d). In
Adelaide, water insects can live in ponds or streams which includes water spiders, water boatmen,
water scorpions, etc. Quality of water is very important for them and other macroinvertebrates.

Background information:

Macroinvertebrates are sensitive to different chemicals and physical conditions including pollution,
dissolved oxygen level and temperature. Some can tolerate a wide range of conditions, including
water spiders, backswimmers, water striders, etc. These insects take advantage of surface tension.

Surface tension

Surface tension could be defined as the property of the surface of a liquid that allows it to resist an
external force, due to the cohesive nature of the water molecules (Water Science School 2019).
The cohesive forces between liquid molecules are responsible for the phenomenon known as
surface tension (Water Science School 2019).

Agnes Pockels was a pioneer in the field of surface tension and the
measurement of surface films. She discovered the science of it in
fluids by simply doing the dishes in her kitchen. Pockel’s story is one
of curiosity, determination and meticulous scientific inquiry (Sharp

2019). Figure 5: Agnes Pockels (Millar 2012)

Surface tension
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Figure 6: Water molecule interaction (Water Science School 2019)

The surface tension of a substance is indirectly proportion to temperature and is affected by the
addition of impurities (Kaushik 2019). When the temperature increases, the surface tension
decreases until it reaches zero (Bashyal 2022). A surfactant is a chemical that reduces its surface
tension when added to a liquid (Gatenby 2022). Cleaning products break up the surface tension of
water which is harmful to the water insects (Ampt 2000). Surface tension is caused by liquid
particle intermolecular forces. The higher the intermolecular forces of attraction, the higher the
liquid’s surface tension (Bashyal 2022).

Paper clips made of steel, which is a higher density than
water, can float on the water's surface (Water Science School
2019). Small objects like paper clips will float on the surface of
the liquid because of surface tension. It will do this until it
breaks through the top layer of the water molecules. Water
surfaces have an invisible skin caused by surface tension
(Ampt 2000, p.g 14; Water Science School 2019).

Figure 7: Paperclip on water (Water Science School 2019)

Aim

Water's surface tension will affect the life of aquatic insects that can walk on the water's surface.
My experiments investigate the variation in water quality that affects aquatic insects that float on
water according to the concept of surface tension. This investigation also reflects on the impact of
water quality and the life of aquatic insects.

Surface tension
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Hypothesis

Hypothesis 1 Hypothesis 1: If the number of paper clips a cup can hold is high, then the
surface tension of the liquid will also be high.
Hypothesis 2
Hypothesis 2:If the number of drops of liquid on the coin is high, then the
surface tension of the liquid will increase
Variables

Experiment Independant Variable Dependant Variable Controlled Variable

Experiment 1 The number of Surface tension Volume of the liquid,
paperclips needed size of the paperclip,
before the liquid spills. size of measuring cup

Experiment 2 Number of drops the  Surface tension Coin, type of dropper

coin can hold.

Materials and Equipment for all 3 experiments

1 Tap water 2 Dirt water 3 Hot water 4 Sunflower oil
T

5 Mustard oil 6 7 Olive oil

Surface tension
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9 Hand wash 10 Fabric conditioner 11  Laundry liquid 12 Body wash

13 Mango juice 14 Apple juice 15 Pomegranate juice 16

17 Vinegar 18

1 Paperclip 2 Spoon 3 Tissue 4

5 6 Transparent cup 7 Glass eye dropper 20cent coin

Surface tension
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Personal
protective

Equipment

1 Gloves 2 Enclosed shoe 3 Mask

4 Protective glass 5 Apron

Risk assessment for both experiments

Potential Hazards Safety Measures

1 Liquids can spill and cause trip hazards. Make sure to clean up after each
experiment.

2 Hazardous liquids can get in the eye. Wear glasses (PPE)

3 Liquids can get on cloths and stain it. Wear the apron (PPE)

4 Liquids can get in hands of young children. Keep young children away from the liquids.

5 There are sharp objects Keep young children away from sharp
objects and wear gloves.

Procedure

Experiment 1

Take the measuring cups of 40ml.

Take the testing liquids in each cup with the quantity mentioned in the table below.
Fill the liquid into the measuring cup of 40ml.

Drop paper clips gently one at a time to each of the measuring cups.

vk wN e

Count the paper clips as you go.

Surface tension
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6. Continue dropping the paper clips until it overflows from the measuring cup.
7. Record the number of paper clips in your recording book.

The below table shows the amount of solution and concentration of the liquids

Number  Type of liquid Amount of water Concentration
1 Tap water 40ml 100%Tap water
2 Dirty water 40ml 100% Dirty water
3 Hot water 40ml 100 % Hot water 100°c
4 Sunflower Oil 30ml 10ml Oil add to tap water
5 Mustard Oil 30ml 10 ml add to Tap water
6 Coconut Oil 30ml 10 ml add to Tap water
7 Olive Oil 30ml 10 ml add to Tap water
8 Dishwash Liquid 30ml 10 ml add to Tap water
9 Hand wash 30ml 10 ml add to Tap water
10 Fabric conditioner 30ml 10 ml add to Tap water
11 Laundry liquid 30ml 10 ml add to Tap water
12 Body wash 30ml 10ml add to Tap water
13 Mango juice 30ml 10ml 99.7% reconstituted
juice add to Tap water
14 Apple juice 30ml 10ml reconstituted 99%
juice add to Tap water
15 Pomegranate 30ml 10 ml 100% juice add
16 Food colour 30ml 10 ml add to Tap water
17 Vinegar 30ml 10 ml add to Tap water
18 Soda water 40ml 100% soda water

Experiment 2:

Take the measuring cups of 40ml.
Take the testing liquids in each 40ml measuring cup with the quantity mentioned in the table
of concentration*.

3. Get a 20-cent Australian coins and place them on a small piece of tissue.
Place the tissues and coins on a levelled and flat surface.

5. Get a glass eye-dropper and fill it with the liquid that was labelled from the 40ml measuring
cup.

6. Using the glass eye dropper, carefully drop the liquid onto the 20-cent Australian coin. Do this
for the rest of the liquids and make sure to count the drops taken.

Surface tension
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7. Once the coin overflows with the liquid, record the number of drops taken.

N

* Table of the amount of liquid concentration same as experiment 1
Tables

Experimentl (based on the number of paperclips held by each cup)

Number Name of liquid Trail 1 Trail 2 Trail 3 Average
(number (number (number
of paperclips) of paperclips) of paperclips)
1 Tap water 61 62 63 62
2 Hot water 39 38 37 38
3 Dirty water 30 31 30 30
4 Sunflower oil 38 38 36 37
5 Mustard oil 30 30 32 31
6 Coconut oil 28 27 27 27
7 Olive oil 30 31 30 30
8 Dishwasher liquid 36 37 37 37
9 Hand wash 43 41 43 42
10 Fabric conditioner 28 29 27 28
11 Laundry liquid 27 26 27 27
12 Body wash 45 46 47 46
13 | Mango juice 32 30 32 31
14 Apple juice 37 30 30 32
15 Pomegranate juice 42 41 41 41
16 Food colouring 29 31 30 30
17 Vinegar 30 31 30 30
18 Soda water 22 21 20 21

Surface tension
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Experiment 2: (based on the number of drops held by the coin)
Number Name of liquid Trail 1 Trail 2 Trail 3 Average
(number (number (number
of drops) of drops) of drops)
1 Tap water 63 60 61 61
2 Hot water 39 39 38 39
3 Dirty water 36 35 35 35
4 Sunflower oil 34 32 35 34
5 Mustard oil 36 34 35 35
6 Coconut oil 29 30 30 30
7 Olive oil 33 32 32 32
8 Dishwasher liquid 34 32 32 33
9 Hand wash 28 26 28 27
10 Fabric conditioner 32 31 30 31
11 Laundry liquid 34 36 36 35
12 Body wash 37 36 34 36
13  Mango juice 23 22 23 23
14 Apple juice 29 28 26 28
15 Pomegranate juice 31 33 35 33
16 Food colouring 29 30 28 29
17 Vinegar 28 30 29 30
18 Soda water 16 20 18 18
Graph

Experiment 1

Surface tension
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Data Analysis

Experiment 1:

My data supports my hypothesis. The tap water had the highest surface tension compared to other
types of liquids. The liquid that had the least surface tension was the soda water. This was because
it had gas fizzing on the surface of it and was a delicate dance of surface tension. In the case of the
oil, I took four different types of it. The coconut oil had the lowest surface tension and the mustard
oil had the highest surface tension. As for the soapy waters, body wash had the highest surface
tension, whereas laundry liquid had the lowest. The mango juice is an example of citric and malic
acid and the apple juice is an example of malic acid. Pomegranate juice is mostly made of citric,
isocitric, tartaric and malic acid. In the case of surface tension, pomegranate juice had the highest
and mango juice had the lowest surface tension.

Experiment 2:

My data supports my hypothesis. The tap water had the highest surface tension compared to other
types of liquids. The liquid that had the least surface tension was the soda water. As for the oils,
mustard oil had the highest surface tension and coconut oil had the least surface tension. From the
category of juices, pomegranate juice had the highest surface tension and mango juice had the
least surface tension.

Discussion and Evaluation

Tap water had higher surface tension compared to other liquids in my experiments. When several
other liquids were added, the surface tension was broken. This means the molecules are no longer
attached. When | warmed the tap water to 100°C, it was less dense, because the increased space
between the fast-moving molecules decreased the density, which means that the surface tension
must be low, as the lower the density, the lower the surface tension. Also, the nature of the liquid
severely impacts the surface tension. Surfactants reduce the surface tension by disrupting the
hydrogen bonding between water molecules. Steel is eight times denser than water so it should
sink. However, here we have a little paperclip floating happily like a water bug on the surface.

How are these findings useful to aquatic insects and their habitat?

Pollutants like oil spills, detergents, coloured water, acidic water and wastewater can seriously
harm aquatic insects living in freshwater. Oil spills make it difficult for water insects that live on the
water surface to float and can cover their bodies, making it hard to move and breathe. Detergents
decrease the water surface tension and can be toxic, destroying the insect’s protective layers and
breathing systems. Coloured water blocks the sunlight, which disrupts the food chain, while acidic
water releases harmful chemicals that can hurt the water insects. Wastewater containing heavy
metals and harmful nutrients can create a toxic condition for water insects to live in and also can
lead to oxygen-depleting algae blooms. These pollutants affect either the chemical or physical

Surface tension
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structure of the water system and thus change the surface tension, leading to the destruction of
habitat.

In my experiment, | created an oil spill using sunflower oil, mustard oil, coconut oil and olive oil.
Detergent chemicals are created with dishwashing liquid, hand wash, laundry liquid, fabric
conditioner and body wash. For coloured water, | used the red food colouring liquid. | used vinegar
and juices to make an acidic liquid. For wastewater, | used a mud mixture (dirty water).

What other related questions could be further investigated?

What are the effects of different liquids with varying pH levels on the growth rates of aquatic
insects?

What are the factors that lead to the absence of water striders in the waterbodies of Adelaide?

Errors and improvement:

One improvement that could have been considered is the temperature. This may have caused
errors in my experiment because surface tension is high with cold temperatures. When
experimenting, the liquid temperature varied. An example is coconut oil. It was not in its liquid
condition when experimenting, so | heated it for 20 seconds before experimenting. It's important
to ensure that the temperature of the liquids used in the experiment is consistent to obtain
accurate results. Another error that could have occurred was the size of the drops. When
conducting the second experiment, while | was pouring drops onto the coin, the drop size could
have differed with could have caused errors with my results. However, the overall sizes were fine
and were moderately controlled.

Limitation:

One of the limitations | encountered was the lack of a stalagmometer. Its
principle is to measure the weight of drops of a fluid of interest falling from a
capillary glass tube, and thereby calculate the surface tension of the fluid.
This can accurately measure the surface tension. Additionally, if | had access
to actual water insects, they could have been used in the investigation to

monitor their movement and determine when there is a change in the

surface tension.

Surface tension
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Conclusion

Water quality significantly impacts the ability of water insects to walk on the water surface as
demonstrated by the difference in behaviour and movement observed in clean versus polluted
samples. Maintaining clean, high-quality water is essential for supporting healthy water insect
populations and preserving the interstate of aquatic ecosystems. Lately, there has been news
about the water quality. “Tap water is now getting less pure than before and potential cancer-
causing chemicals are being found in it”, which was said in 9 News Australia by Dr Marian Lloyd
Smith. This was the importance of my scientific report. | used a tiny water insect to illustrate why
water quality is so vital, not just for the insects themselves, but for all living creatures, including us.
The smallest changes in water quality can have a massive impact on insects, humans, and the
world as a whole. This serves as a huge reminder of the connections of all life and the urgent need
to protect our water sources.

Word count: 2020 words without including titles, headings, figure

captions, tables, log book and references
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14-05-2024

When starting my
project, | wanted to focus
on the surface tension of
different liquids. Here are
a few of my topic ideas

15-05-2024

Generating ldeas:

Originally, | thought to investigate my scientific report
on water striders, but then | realised that there were
none in Adelaide, so | changed my topic to water

insects.
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16-05-2024

In my daily life, | observed examples of surface tension of water. | collected some photos for my
science inquiry.
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17-05-2024

| remember in my childhood when | went to school, | always passed a creek called the Linear
Creek. | used to see things in the water, so | decided to go there to observe any water insects.
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18-05-2024

After visiting the creek, | called my grandpa, who is a retired Physics professor, and | got knowledge

about surface tension from him.

Today | went there to take photos.
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19-05-2024

| researched where water striders were in Australia and watched some YouTube videos. The best
example | found to understand surface tension was using water striders.
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20-05-2024

Before | started my experiments, | made a flowchart for my science inquiry report.
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25-05-2024

| tried an experiment based on Agnes Pockel’s test. Also, | read a book, which was named
“Chemistry for Kids”.Preliminary test 1:

Surface tension
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26-05-2024

Preliminary test 2 for comparing the surface tension of water to

other liquids

If the surface tension of the water is high, the time aquatic insects (paper clips) can stay on it will
be longer

Procedure

1. Label the transparent cups and pour the adequate amount of cold tap water.

2. Tear a piece of tissue and place the paperclip on it.

3. Gently place the tissue and paperclip onto the water surface. The tissue paper will slowly go
down leaving the paperclip on the surface of the water. The tissue paper is used to get the paper
clip on the surface of the water because, without it, the paper clip will likely sink to the bottom of
the cup as soon as it is placed.

4. Turn on the stopwatch to see how long surface tension can hold the paperclip on the surface of
the water.

5. Once the paper clip sinks, stop the stopwatch and record how long it took.

6. Repeat steps 1-5 by conducting trials again for reliability and changing the type of liquid used.
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Preliminary test 2: How long will a liquid hold a paperclip in 10
minutes? (10 min*60 = 600 second)

*| did this experiment with Items at home with the resources that | had.

Numbe Name of liquid Traill
r
1 Tap cold water >600
second
2 hot water >600
second
3 Dirt water 1second
4 Ol <1second
5 | Soapy Water <1second
6 Juice 3second
7 | Food colour 100 second
8 | Vinegar 1second

| concluded that tap water has the highest surface tension. It can hold the paperclip for the most
time.

27-05-2024

Curious question?

When testing soapy water some bubbles on the surface formed. | thought about why this was
happening. | remember seeing sea foam on the beach one day. | took an old photo from my mum's
mobile.

Surface tension
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| researched the seafoam phenomena.

28-05-2024

When | was doing my experiment, to check how long a paperclip can last on a liquid, | found
something interesting with the hot and cold water.

Again Curious?

When | was doing my experiment, to check

how long a paperclip can last on a liquid, |
found something interesting with the hot and cold water. When the paperclip was on the surface
of both waters, the tissue had sunk. However, a few seconds later, the tissue in the hot water came
to float, but the tissue in the cold water still was sunken.

Molecules in hot water move faster and are farther apart than the molecules in room-temperature
water. This is why objects in hot water float.

Reference: (ACS 2023)
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1-06-2024
Critical thinking:

My cousin told me if | used the stalagmometer, my data would be more reliable and accurate. |
checked with my teacher. However since | did not have access to it, | used the glass eye dropper.
| started my experiment. | purchased a few items including Mango juice, Pomegranate juice,
Mustard oil, Olive oil, Coconut oil, fabric conditioner, laundry liquid, an eye dropper and other

liquids.

* The procedure was given previously.

Surface tension
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| conclude that water can hold the most paper clips compared to other liquids.

* Table, graph, analysis and evaluation were shown previously.

8-06-2024

Experiment 2

Today, | thought about proving my facts using another experiment. | decided to do this one based
on the number of drops with my hypothesis being: If the number of drops of liquid on the coin is
high, then the surface tension of the liquid will increase.

* The procedure was given

previously. e
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* Table, graph, analysis and evaluation were shown previously.

My second experiment was also successful because my data supported my
Hypothesis.

9-06-2024 to 25-06-2024

During these days | edited my scientific report

Surface tension
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FINISHED MY SCIENTIFIC ENQUIRY
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stalagmometer. I'm looking forward to conducting higher level

experiments in our science lab.

The risk assessment form is on the next page
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