
Effects of pH neutralizers on soil contaminated by heavy metals and 
plant growth

Research Question:

How do different pH neutralizers affect soil 
contaminated by heavy metals and plant growth?

Data Analysis and Results:

Methodology:
- Used guava sprouts with similar root size and 
appearance (placed in 5 separate pots to continue 
growing)
- Contaminated the soil of 2 of the pots with Iron 
Chloride and 2 others with Iron Nitrate, leaving one 
normal as the control group
- Continued process for 2 weeks, then began adding pH 
neutralizers (eggshells, charcoal, limestone, and clay) to 
each pot to determine the effect on both soil pH and 
plant growth
- Continued process for 2 weeks

Interpretation and Conclusions:
-clay was the least effective in restoring soil pH, 
made no changes to increase pH, stayed the same 
throughout
-charcoal was the most effective in restoring pH, as 
it increased drastically (2.5 to 6.5)
-while plant growth is hard to determine (especially 
because of heavy metal damage), it can be inferred 
that charcoal will likely allow plants to thrive most 
effectively after soil contamination

Charcoal was 
the most 
effective in 
terms of 
neutralizing pH 
of 
contaminated 
soil
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Introduction

Why heavy metals:

For years now, soil pollution has been a growing 
issue that has not only had consequences on the 
environment, but also on the people itself. 
Among several types of pollutants in soil, such as 
industrial waste, and agricultural activities, 
heavy metals remain one of the most common 
within soil.

Soil contamination explained:
-plants absorb pollution in soil, which is 
what causes reductions in growth and 
crop development
-if consumed plants still have traces of 
pollution, as they have absorbed it from 
the soil they were grown in
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Variables and Predictions

Independent variables:

-pH neutralizers
• Eggshells

• Clay

• Charcoal

• Fertilizer

Dependent variable:
-how soil pH and plant growth 
affected with heavy metals are 
affected by independent variables 
(pH neutralizers)

Control variables:
-amount of heavy 
metal contaminants added to each 
pot
-amount of pH neutralizer added 
to each pot

Predictions:
-charcoal will be the most successful 
in returning the pH of the soil to 
normal and allowing the plant to 
nourish and thrive again



Methods and Materials

Guava sprouts with similar 
root size and appearance, 
used as plant for testing

Iron nitrate and iron 
chloride, used as heavy 
metal contaminants
pH strips
Pipettes

Clay mixed with water
Charcoal mixed with water
Crushed eggshells
Fertilizer mixed with water



Methods and Materials Continued

Procedures

1. Prior to testing, risk assessment form was filled out and completed

2. 4” pots were prepped with soil 500mL of soil

3. Guava sprouts were planted in prepped pots

4. After fully grown, metal contaminated water (contaminated by metal 
salts) was added to each pot except one (control group) for 2 weeks 
(varying in amounts, starting with 1mL and slowly increasing)

5. Data was recorded about pH of soil and effects on the guava sprout for 
the 2 weeks where metal contaminated water was added

6. Following the 2 weeks, a teaspoon of crushed eggshells were added to 
the surface of the soil for 2 weeks

7. Data was collected every week for 2 weeks during the time eggshells 
were added about the pH of the soil, as well as the effects on the plants

8. Steps 6 and 7 were repeated for charcoal, fertilizer, and clay, leaving the 
control group alone

How will it be measured
-Effect on soil pH measured using pH strips and each week compared
-At the end of the 4 weeks, plants pulled from soil to examine roots, during 
previous weeks, physical appearance from surface was examined



Week 1: Contaminating the soil

Common Observations:

-discoloration of leaves (yellow tint)

-wilted stalks

-brown and gray specks on leaves, 
especially smaller ones

-"burnt"/dry leaves

Amount Added this week:

-8.5 mL added to each pot with the 
exception of the control group (Pot #5)
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Week 2: Contaminating the soil

Common Observations:

-misshapen and shriveled up leaves

-brown and dried up appearance

-blackened leaves

-lopsided and wilted stalks

Amount Added this week:

-12 mL added to each pot with the 
exception of the control group (Pot 
#5)

0

1

2

3

4

5

6

7

8

0 1 2 3 4 5 6

p
H

Pot number

pH after 2 weeks

Series1

Spike in 
data from 
pot 4 to 
pot 5 
(control 
group)



Week 3: Balancing out the pH

Common Observations:

-similar to week 2 observations

-biggest change is pH of soil

Amount added this week:

-8.5 mL added to each pot with 
the exception of the control 
group (Pot #5)
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-very small dip 
in data from 
pot #2 to pot 
#3
-large spike in 
data from pot 
# and pot #5



Week 4: Balancing out the pH

Common Observations:

-roots dried out, delicate

-slightly wilted

-some roots still long and stable

Amount added this week:

-12 mL added to each pot with 
the exception of the control 
group (Pot #5)
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Discussion and Conclusions

Errors:

• Amounts of water that were added when 
watering each plant were different were 
approximated, not measured.

• Heavy metal solution was prepared by 
qualified scientific supervisor, so unsure 
about the exact process and procedure 
that went into making it

• When preparing pH neutralizer solutions, 
measurements weren’t exact 
(approximated), so some could've had a 
more diluted solution that others

Real World Applications:
• Especially in agricultural industry, 

workers can more successful in 
issues regarding soil pollution, by 
knowing which methods work 
best

• Issues related to soil pollution, 
such as lower crop yields (which 
in turn can lead to famine and 
starvation in less developed 
countries) can possibly be 
prevented, or the impact 
lessened

• General knowledge about the 
best method of balancing out 
acidic solution (in this project, 
balancing out acidic metal salts)
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Discussion and Conclusion Continued

Discussion:
• Charcoal was most effective in 

balancing out acidic pH
• Weekly data collections were 

done in which pH of soil was 
tested and observations were 
made

• At the conclusion of the 
experiment, roots of each plant 
were examined, and pH of soil 
from each week was compared

• Looking at the pH of the soil 
from each week, the pot with 
added charcoal had the highest 
pH (aside from the control 
group) at the end of the 4 
weeks

Science Talk:
• Charcoal has been known to help 

absorb toxic substances and gasses, 
meaning it was able to absorb the 
heavy metals

• Charcoal is also a high surface area 
compound, allowing it is also able 
to neutralize water content in soil, 
which explains why the pH was 
able to increase after being 
introduced

• Clay was the least successful in 
neutralizing the pH because of its 
property of water retention, 
keeping pollutants within the soil 
instead of expelling them
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