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General Health

Introduction

Electromagnetic fields (EMF) are invisible waves of energy produced by electronic devices such as
Wi-Fi routers, laptops, and mobile phones. While EMF is commonly used for communication and
power transmission, researchers have raised concerns about its potential effects on biological
organisms, including plants and humans. Studies have shown that prolonged exposure to EMF
may influence various cellular processes in plants and animals (Cucurachi et al., 2013). Plants, in
particular, may be affected at the germination stage and during early development due to their

sensitivity to environmental changes (Roux et al., 2008).

In this experiment, we will investigate how EMF exposure from a Wi-Fi router, a laptop, and a mobile
phone influences the germination, growth, and general health of green bean plants on days 4, 7,

10 and 14.

Aim

To determine whether exposure to electromagnetic fields from common household electronic
devices affects the germination, growth, and overall health of green bean plants.

Hypothesis

1.

Green bean seeds exposed to EMF will have lower germination rates than those not
exposed.

2. Green bean plants exposed to EMF will have slower growth in terms of height and root
development.
3. The general health of EMF-exposed plants may be negatively affected, showing signs of
weaker stems, fewer leaves, or discolouration.
Variables
1. Independent Variable: The type of EMF exposure (Wi-Fi router, laptop, mobile phone, or
no exposure).
2. Dependent Variables:
o Germination rate (number of seeds that sprout).
o Growth rate (height of plants and root length).
o General plant health (leaf colour, stem strength, number of leaves).
3. Controlled Variables:

o Same type of green bean seeds.

o Same amount of water for all plants.

o Same light and temperature conditions.
o Same type of soil and container size.

o Same distance from the EMF emitting device



Materials
1. 40 green bean seeds (10 per test group)
2. 4 planting trays or pots
3. Potting soil
4. Measuring cup (for watering)
5. Ruler (to measure plant height and root length)
6. Labels (to identify test groups)
7. Wi-Fi router (turned on)
8. Laptop (turned on with Wi-Fi and Bluetooth enabled)
9. Mobile phone (turned on with Wi-Fi, Bluetooth, and mobile data enabled)
10. Notebook (to record daily observations)

11. Camera (optional, for documenting plant health)

Method
Step 1: Preparing the Experiment
1. Label four test groups:
o Control (No EMF Exposure)
o Wi-Fi Router Exposure
o Laptop Exposure
o Mobile Phone Exposure
2. Fill four planting trays with equal amounts of potting soil.
3. Plant 10 green bean seeds in each tray, spacing them evenly.

4. Using a measuring jug, water each group with the same amount of water daily (100 mL
per group).

Step 2: Setting Up the EMF Exposure
5. Control Group: Place the tray in a separate room, away from electronic devices.
6. Wi-Fi Router Group: Place the tray at a distance of 5 cm from an active Wi-Fi router.

7. Laptop Group: Place the tray 5 cm from an open, connected laptop (Wi-Fi and Bluetooth
turned on).

8. Mobile Phone Group: Place the tray 5 cm from an active mobile phone (Wi-Fi, Bluetooth,
and mobile data turned on).

Step 3: Observing Germination
9. Check all trays daily and on days 4, 7, 10 and 14, record:
o Number of seeds that have germinated.

o Any visible differences in sprouting speed between groups.



Step 4: Observing Plant Growth

10. After germination (day 4, 7, 10 and 14), continue monitoring plant growth for two weeks,
measuring:

o Height of each plant (use a ruler).
o Root length (after carefully removing a few sample plants).

o Leaf colour and a number of leaves (signs of poor health include yellowing or
wilting).

o Stem strength (observe if plants are weak or bending).
Step 5: Analysing General Health
11. At the end of the experiment, compare the overall health of the plants using:
o Leaf colour (healthy green vs. yellow or pale).
o Stem thickness (thicker stems suggest stronger plants).

o Overall appearance (stunted growth, discolouration, or deformities).

Quantitative Results

The Impact of Electromagnetic Fields on Seed Germination, Plant Height and Root Length

N.o. of Seeds Germinated
D (Number) Avg. Plant Height (cm) Avg. Root Length (mm)

Control Laptop||Mobile ||Wi-Fi Control||Laptop||Mobile||Wi-Fi ||Control |[Laptop ||Mobile ||Wi-Fi

6 5 5 3 4.2 (|4 4.1 |3.7 ||2.2 |2 21 1.8

51 (4.8 |49 4.2 |41 (3.8 (3.9 |_3.7

N/A |IN/A |IN/A |IN/A ||6.3 |5.9 ||5.8 |49 |5.2 |4.7 4.5 4.1

aZ3IN/A |IN/A (IN/A IN/A - [[7.4 |6.8 ||6.7 ||5.8 ||[7.3 ||6.9 6.7 5.2

Table 1: This table shows the Impact of Electromagnetic Fields on Seed Germination, Plant
Height and Root Length at Days 4, 7, 10 and 14 for each group (control, laptop, mobile and Wi-Fi)
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Graph 1: Average Plant Height Over Time

This shows the growth of shoots across all groups (Control, Laptop, Mobile, Wi-Fi) from
Day 4 to Day 14.
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Graph 2: Average Root Length Over Time.

This graph compares how root growth differed between the groups over the same period.



Number of Seeds

Number of Seeds Germinated on Day 4

Control Laptop Mobile Wi-Fi

Graph 3 Number of Seeds Germinated on Day 4

A bar chart showing the number of seeds that successfully germinated in each group at the
beginning of the experiment.



Qualitative Results:

Day4 Day7 Day10 Day14

Day4 Day7 Dayi10 Day14

Table 2: This table shows the Impact of Electromagnetic Fields on Seed Germination, Plant
Height and Root Length at Days 4, 7, 10 and 14 for each group (control, laptop, mobile and Wi-Fi)



Discussion
1. Comparison of Germination Rates

The control group showed the highest germination on Day 4, with 6 out of 10 seeds sprouting
(Table 1, Graph 3). In comparison, the EMF-exposed groups (Laptop, Mobile, and Wi-Fi) showed
reduced germination, with only 3-5 seeds germinating in each group. The Wi-Fi group had the
lowest germination rate (3 seeds), suggesting it had the strongest inhibitory effect on germination
(Table 1, Graph 3). This supports the hypothesis that EMF can reduce seed germination success.

2. Growth Trends
a) Plant Height

Across the observation period (Days 4 to 14), the control group consistently had the tallest plants,
reaching an average height of 7.4 cm by Day 14 (Table 1, Graph 1). The Wi-Fi group had the lowest
final average height (5.8 cm), followed by the mobile phone group (6.7 cm) and the laptop group
(6.8 cm) (Table 1, Graph 1). These findings indicate that EMF exposure slows shoot growth, with
the Wi-Fi group again showing the least amount of growth.

b) Root Length

By Day 14, the control group had the longest average root length at 7.3 mm, while the Wi-Fi group
was the shortest at 5.2 mm (Table 1, Graph 2). Both the laptop and mobile phone groups also had
reduced root lengths (6.9 mm and 6.7 mm, respectively) (Table 1, Graph 2). This trend suggests
that root development was negatively affected by EMF, especially from Wi-Fi.

c) Growth Rate

While all groups showed continued growth throughout the experiment, the rate of increase was
notably slower in the EMF groups, particularly from Day 10 to Day 14. This might suggest an early
halt in growth in the presence of strong EMF exposure, particularly in the Wi-Fi group.

3. General Plant Health

EMF-exposed plants showed visible signs of stress, including:
e Paler or slightly yellow leaves (especially in the Wi-Fi and mobile phone groups) (Table 2).
e Thinner, weaker stems in some EMF groups (Table 2).

These symptoms may be due to EMF-induced stress, which can affect the amount of chlorophyll
and vascular development.

4. Comparison Across Devices

The Wi-Fi router consistently had the most negative effects across germination, shoot growth, root
growth, and plant health (Table 1 and 2). The mobile phone and laptop had similar, though slightly
less severe, effects than the Wi-Fi router (Table 1 and 2). This suggests that different EMF sources
may have varying biological impacts, possibly due to differences in frequency and intensity.

5. Errors and Improvements

Systematic errors are errors that occur due to human error or flaws in the experimental design
(Lindsey & Jones, 2021). Systematic errors affect the accuracy and, therefore, the validity of the
results (Lindsey & Jones, 2021). For this experiment, systematic errors include not measuring the
amount of EMF exposure for each group (control, laptop, mobile phone, and Wi-Fi). Therefore, an
improvement for this systematic error would be to measure the actual EMF intensity with an EMF
meter.



Random errors cause natural variation in the results within a group (control, laptop, mobile and Wi-
Fi) and cannot be controlled by the experimenter (Lindsey & Jones, 2021). Random errors affect
the precision and, therefore, the reliability of the results (Lindsey & Jones, 2021). A random error
could include the daily amount of water, which might be slightly more or less than 100 mL for each
group. If plants receive less water, their shoots and roots might not grow as much. Random errors
cannot be fixed, but their effects can be minimised. In this case, the effects of this random error
can be minimised by increasing the number of seeds per group (control, laptop, mobile, and Wi-Fi),
repeating the experiment multiple times and calculating an overall average.

Conclusion

The results of this investigation support the hypothesis that EMF exposure slows down both seed
germination and plant growth. Among the tested devices, the Wi-Fi router had the most significant
negative impact on green bean plants. These findings suggest that prolonged exposure to EMF,
particularly at close range, may interfere with cellular processes essential for plant growth and
health (Cucurachi et al., 2013). This experiment provides evidence that EMF can affect living
organisms, highlighting the importance of careful consideration when placing devices near plants
or other potentially sensitive organisms.

Potential Further Investigations
To build on these findings, future studies could include:
o Test different distances from EMF sources to determine safe zones for plant growth.

e Use a variety of plant species to assess whether EMF effects are universal or species-
specific.

e Extend the observation period beyond 14 days, ideally a month, to monitor long-term
impacts on flowering, fruiting, or complete plant development.
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RISK ASSESSMENT FORM
Models & Inventions

This must be included with your report, log book or entry

NAME: Olivia Bulloch ID:

0370

scHooL: Mercedes College

Activity: Give a brief outline of what you are planning to do.

In my experiment | plan to investigate how EMF expose from a laptop, Wi-Fi router and a

mobile phone impact the growth, germination and general health of the bean plants.

Are there possible risks? Consider the following:

Chemical Risks: are you using chemicals? If so, check with your teacher that any chemicals to be used are
on the approved list for schools. Check the safety requirements for their use, such as eye protection and
eyewash facilities, availability of running water, use of gloves, a well-ventilated area or fume cupboard.

Thermal Risks: are you heating things? Could you be burnt?
Biological Risks: are you working with micro-organisms such as mould and bacteria?
Sharps Risks: are you cutting things, and is there a risk of injury from sharp objects?

Electrical Risks: are you using mains (240 volt) electricity? How will you make sure that this is safe? Could
you use a battery instead?

Radiation Risks: does your entry use potentially harmful radiation such as UV or lasers?

e Other hazards.

ltem Potential Hazard Risk Level Control Measures

Green bean seeds Low risk — potential Low Wash hands after
allergen to sensitive handling. Avoid
individuals ingestion. Notify

teacher of any seed
allergies.

Planting trays or Sharp edges or Low Handle with care. Do

pots breakage if made of not run or play with
hard plastic or trays.
ceramic

Potting soil Inhalation of dust, Medium Wear gloves and
potential pathogens avoid inhaling dust.
or contaminants Wash hands after

use. Usein a
ventilated area.

Measuring cup (for Slipping hazard if Low Wipe up any spills

watering) water spills immediately. Fill and

pour water over a
sink or designated
area.

Ruler Potential for eye Low Use carefully and
injury or poking if appropriately. Do not
misused point or swing rulers

at others.




Labels Choking hazard (if Very Low Use as intended.
peeled/stuck in Dispose of label
mouth), minor skin backings properly.
irritation from
adhesives

Wi-Fi router (turned Electrical hazard if Low Do not tamper with

on) tampered with cables or sockets.

Use equipment as
instructed.

Laptop (Wi-Fi and Electrical hazard, Low Use on a stable

Bluetooth on)

trip hazard from
cables

surface. Keep cords
tidy and away from
walkways.

Mobile Phone

Risk of breakage,
possible tripping
hazard from
charging cords

Use on a stable
surface. Keep cords
tidy and away from
walkways.

Also, if you are using other people as subjects in an investigation you must get them to sign a note consenting to

be part of your experiment.

RISK ASSESSMENT COMPLETED BY (student name): Oliva Bulloch

(Attach another sheet if needed.)

Risk Assessment indicates that this activity can be safely carried out

—————

M by ticking this box, | state that my / our project adheres to the listed criteria for this Category.

TEACHER’S NAME: Caroline Beekman

DATE: 10/6 /25

SIGNATURE: W
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