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Effects of pH neutralizers on soil contaminated with heavy 
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Abstract: 
Soil contamination is a common recurring issue almost inevitable to areas around mining, factories, and 
more. One of the most common soil contaminants is heavy metals. Arguably, the most important way to 
combat this is figuring out a way to restore soil in a way that would allow plants to thrive. Researchers 
have tested several different methods, often only focusing on one solution to base their research on. 
This research strives to test more than one of these solutions to compare which works best regarding 
fixing the pH of the soil, and eventually also the ability for plants to grow. This research could impact 
society because it fixes the “domino effect” which is caused by soil contamination. Soil pollution causes 
problems in the field of agriculture, which in turn can lead to things like famine and starvation, 
especially in less developed countries in the world.   
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Introduction/Rationale 

For years now, soil pollution has been a growing issue that has not only had consequences for the 

environment, but also for 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. From zinc to 

copper and lead, these pollutants get into soil in a variety of ways, whether this be from metals 

accumulated in the air or tailings left from mining operations, that still exist, embedded in the soil. In the 

study, “Heavy metal composition of maize and tomato grown on contaminated soils,” soil samples were 

collected from 3 locations and prepped before examined for heavy metal particles. These steps for 

preparation included being left in bags for a 5-week period before being taken out to be washed, dried, 

and ground, as well as adding acid and hydrogen chloride to the samples and left for 2 hours. Results 

suggested that heavy metals were more concentrated in areas closer to mining sites, also showing that 

these gold mines were a main source of soil pollution in that area. Upon further research, scientists 

found that polluted soil levels were below intervention levels, though the level of heavy metals in plants, 

such as maize and tomato exceeded the set limit. In a similar study, “Heavy metal toxicity in rice and 

soybean cultivated in contaminated soil,” researchers also discovered that the farther away you got 

from original start locations, the less prominent the heavy metal would be in the soil. Soil samples were 

collected and examined in a similar process to the first article, with samples being air-dried, seized, and 

stored, and seeds being sowed into these samples before mature leaves were analyzed for heavy metal 

concentrations. Additionally, results showed the effect of toxic metals, such as zinc on plant growth, and 

how it not only reduced growth, but also interfered with crop development in both rice and soybean 

plants. 

 

Directing back to the consequences that soil pollution can have on the environment, heavy metals can 

affect plant growth, reducing growth, however studies have shown that there are ways to combat this. 

In “Heavy Metal Polluted Soils: Effect on Plants and Bioremediation Methods,” a review article looking at 

the effects of heavy metals in soil on plant growth, due to physiological and biochemical changes, and 

looking at ways to combat this, the authors look at over 140 articles from various authors before adding 

their ideas based on their knowledge. They discovered that plants growing in heavy metal contaminated 

soils experience reduced growth, as these heavy metals are neither beneficial nor necessary. However, 

research about bioremediation, where microorganisms or other life forms are introduced into an 

environment to break down pollutants, as well as phytoextraction, where plants are used to extract 

toxic metals from soil and water have been effective methods in removing heavy metal from 

contaminated soils. However, success rates of these two methods on the species of microbe, in addition 

to plants involved, and in some cases, the concentration of heavy metal in soil.  

 

With the growing issue of soil pollution becoming more prominent, methods to alleviate this issue have 

started to arise, ranging from bioremediation, as explained in the paragraph above, to adding pH 

levelers/ balancers, such as limestone and clay. Research in “Chemical Species and Aluminum 

Concentrations in the Solution of Acid Soil Cultivated with Soybean and Corn under Liming” indicates that 

limestone can combat decreases in pH, as a result of heavy metal concentrations. With higher amounts 

of limestone added, researchers found that pH increasing, while without limestone, pH was lower. 
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Additionally, limestone was also able to decrease the amount of heavy metal found in the different soil 

samples that were collected, resulting in the soil sample being less affected by these heavy metals. In a 

similar research article, “Effect of manure, clay, charcoal, zeolite, and calcium oxide on some properties 

of soil contaminated with cobalt,” different doses of each pH balancer were added to soil samples to see 

the resulting effect of each one. Results of this showed that by increasing each independent variable, 

things, such as soil pH, hydrolytic acidity, and total exchangeable bases were affected as well. With 

increasing dosages of cobalt (a heavy metal commonly found in soil), pH of the soil decreased, while 

hydrolytic acidity of soil increased. Adding substances, like calcium oxide, charcoal, and manure helped 

to balance this out and return the soil to its original state, with researchers noticing that calcium oxide 

was most effective.  

 

Research about this topic is not only important, but also crucial in helping others realize that soil 

pollution is a growing problem that must be addressed. What many people don’t realize is that because 

soil pollution impacts the environment, it also impacts the people living in that environment in various 

ways. As research has shown, plants absorb pollution in soil, which is what causes reductions in growth 

and crop development. If consumed, those plants still have heavy metal concentrations, if not traces of 

those heavy metals that they absorbed from the soil they were grown in. Moreover, soil pollution can 

decrease crop yields, due to unsuccessful crop development, and in places already struggling with food 

and resources, this can quickly become a problem. The consequences of soil pollution are dire and must 

be addressed. With this growing issue that has been more and more prominent, steps must be taken 

even if small to combat this issue and try to eliminate additional complications. 

 

This research could benefit society because by alleviating issues related to soil pollution, such as lower 

crop yields and negative effects due to human consumption, societies can better deal and combat 

problems, such as disease related to food consumption, as well as famine and starvation, due to lower 

crop yields. As mentioned previously, in countries and areas already struggling with shortages of food 

and resources, these issues can further worsen already existing problems and cause people to have a 

lower standard of living and even higher mortality rates. With these issues being resolved, these 

problems won’t fully disappear, however, additional complications will be able to be avoided. 
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Research Question 

Research question: How do different pH balancers affect soil contamination and plant growth 

(contaminants are heavy metals)? 

Independent variable: different types of pH stabilizers (limestone, eggshells, clay, etc.) 

Dependent variable: how soil pH and plant growth affected with heavy metals are affected by these 

stabilizers 
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Material List 
• 5 4-inch planting pots: used for each trial, where independent variable is used, in addition to 

a control trial  
• Crushed up eggshells: used for one trial after heavy metal contaminated water is added to 

the plant  
• Fertilizer: used for one trial after heavy metal contaminated water is added to the plant  
• Clay: used for one trial after heavy metal contaminated water is added to the plant  
• Charcoal: used for one trial after heavy metal contaminated water is added to the plant  
• pH paper strips: used to measure pH of soil after heavy metal contaminated water is added 

to the plant, as well as after each pH stabilizer is added  
• Metal Salts: used to contaminate water for plants  
• Soil (2,500 mL, 500mL for each pot): used for growing plants  
• Water: used to water plants and allow for growth  
• Guava sprouts: plant used for testing  
• Teaspoon measurement: used to measure amounts of pH stabilizer  
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Procedures, Risk and Safety 

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

2. 3” pots were prepped with soil 250 mL of soil 

3. Dill seeds were planted in prepped pots 

4. Dill seeds were watered when surface soil became dry, up until fully grown 

5. After fully grown, metal contaminated water (contaminated by metal salts) was added to each pot 

except one (control group) for 3 weeks 

6. Data was recorded about pH of soil and effects on herb plants for the 3 weeks where metal 

contaminated water was added 

7. Following the 3 weeks, a teaspoon of crushed eggshells were added to the surface of the soil for 3 

weeks 

8. Data was collected every week for 3 weeks during the time eggshells were added about the pH of the 

soil, as well as the effects on the plants 

9. Steps 7 and 8 were repeated for calcium oxide or charcoal, limestone, and clay, leaving the control 

group alone 

 

Risk  

• Handling toxic heavy metals that come from coins 

• Disposal of heavy metal contaminated soil at the end 

• Leaching of heavy metal to other soil and plants if not handled properly 

• Possible dangers of heavy metal when exposed to skin, eyes, or consumed 

Safety 

• Keep heavy metal solution away from children and pets 

• Wear gloves and keep away from skin and eyes 

• Dispose of solution and soil properly with the conclusion of the experiment 

• Fill out risk assessment form 
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Data Tables 

                              pH of soil after heavy metal contaminants introduced  

 
 

Week 1 (added 8.5 mL of metal 
concentration to each pot with 
the exception of the control 
group) 

Week 2 (added 12 mL of metal 
concentration with the 
exception of the control group) 

Pot #1 -pH: 4 
-bad pH reading, may not be 
fully accurate 

-pH: 2.5 
-bad pH reading, may not be 
fully accurate 

Pot #2 -pH: 3.75 
-green blob on pH paper (~7) 

-pH: 2.5 
-bad pH reading, may not be 
fully accurate 

Pot #3 -pH: 3.5 
-small but visible dots on pH 
paper (~7) 

-pH: 2.5 
 
 

Pot #4 -pH: 4 
-more visible yellow areas on 
pH paper (~5-6) 

-pH: 2 

Pot #5 (control group) -pH: 6.5 
-multiple colors apparent on pH 
paper (mostly ~7.5, but also 
specks of 6 and 5) 

-pH: 7.5 

 

                   Observations of plants after heavy metal contaminants introduced 

 
 

Week 1 Week 2 

Pot #1 -discoloration of leaves (yellow 
tint) 
-wilted stalk 
-one leaf in particular has a 
slightly burnt look 

 

-dried and discolored leaves 
-wilted and lopsided stalks 

 
Pot #2 -wilting leaves -dried and shriveled appearance 
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-slight discoloration of leaves 
-brown and gray specks on 
some leaves particularly small 
ones 

 

-clear discoloration of leaves 
-wilted stalks 

 
  

Pot #3 -smaller stalks in particular have 
leaves with specks of brown and 
gray, small holes 
-wilting stalks 
-slight discoloration on some 
leaves 

 

-blackened and discolored 
leaves and stalks 
-dried and shriveled appearance 

 

Pot #4 -leaves turning brown/gray 
-some stalks wilting 
-clear discoloration of leaves 

-blackened and discolored 
leaves 
-dried and wilted appearance of 
both leaves and stalks 



12 
 

  
Pot #5 -leaves still green and intact 

-some slightly wilted stalks 

 
 
 

-leaves green and intact 
-normal appearance

 

 

 

        pH of soil after heavy metal contaminants introduced and pH stabilizer added  

 Week 1 Week 2 

Pot #1  -pH: 4.5 -pH: 4.5 

Pot #2  -pH: 4.5 -pH: 6.5 

Pot #3  -pH: 3.5 -pH: 4.5 

Pot #4  -pH: 3.5 -pH: 3.5 

Pot #5  -pH: 8.5 -pH: 8.5 

  

Plant growth after heavy metal contaminants introduced and pH stabilizers added (what does it look 

like)  
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Week 3 Week 4 

Pot #1  -similar appearance to week 
before (dried, shriveled 
appearance) 

 

-roots shriveled and bent 
-tall, yet flimsy and dired 

 

Pot #2  -similar appearance to week 
before (discoloration, wilted 
stalks, dried appearance) 

 

-dried and blackened roots (may 
be from charcoal) 
-delicate, still somewhat stable 

 
Pot #3  -similar appearance to week 

before (discolored and 
blackened leaves, dried up 
appearance) 

-roots shorter, more shriveled 
-weak and delicate 
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Pot #4  -similar to week before 

(blackened and discolored 
leaves, wilted and dried up 
appearance) 

 

-roots slightly wilted, but still 
somewhat long and stable 

 

Pot #5  -similar to weeks before (leaves 
in tact, nothing out of the 
ordinary) 

-roots long and healthy looking 
-nothing strange or out of the 
ordinary 
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Results: 

• Charcoal was the 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 od soil from 
each week was compared 

• Look 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 

• Charcoal has been known to help absorb toxic substances and gasses, meaning it was able to 
absorb heavy metals 

• Charcoal is also a high surface area compound, allowing it to also 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 within the soil instead of expelling them 

 
Errors that could have occurred 

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

• Heavy metal solution was prepared by qualified supervisor, so unsure about the exact 
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 than others 
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