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• Digital scale
• 1L glass jars with lids
• Labels
• Acetic acid (vinegar)
• Eye dropper

METHODS

1. Prepare the shells by removing any flesh and cleaning them.
2. Prepare the seawater. Follow the instructions on the concentrate 
    bottle.
3. Get the pH meter ready. Put the probe in the calibration liquid to 
    neutralize the meter.
4. Measure the pH of the seawater solution. If necessary, use acetic 
    acid (vinegar) and NaOH to adjust the pH to 8.1, as this is the 
    current average pH of the oceans.
5. Put this mixture aside. This is the seawater mix.
6. Weigh the first half-shell on the digital scale. Record the weight
     and put the half-shell in a 1L glass jar filled with seawater. Make 
    sure there is no space between the water and the lid; that the jar 
    is completely full. Close the jar and label it with the half-shell 
    number and the solution (normal seawater).
7. Repeat step 6 two more times. These are your normal seawater 
    shells.
8. Prepare the pH meter again by putting the probe back into the 
    calibration liquid.
9. Prepare acidified seawater by adding acetic acid (vinegar) with 

INTRODUCTION
When CO2 is released into the atmosphere, about ¼ to  of it is absorbed 
into our oceans, which is altering the chemical balance of their water. 
Over the past two hundred years, there has been a 25% increase in ocean 
acidity. Greenhouse gases and humans’ industrial and agricultural activi-
ties are the largest contributors to this problem. The increasing acidity of 
ocean water is having a negative impact on marine plants and wildlife. 
Oceans will continue to become more acidic unless we do something 
about it.

HYPOTHESIS

Mussel shells placed in normal seawater (pH 8.1) will experI-
ence little or no change in weight over time because that is 
their natural environment.
The weight of mussel shells in acidified seawater (pH 7.5) will 
be reduced because the acid in the water will erode them.
Greater weight loss will occur to mussel shells in seawater 
with the lowest pH (pH 6.0) because greater acidity will erode 
the shells more quickly.
Lowering the temperature of acidified seawater will reduce 
mussel shell weight loss compared to shells at room tempera-
ture because chemical reactions occur more slowly at a lower 
temperature.

MATERIALS
• pH meter
• Calibration liquids
• 12 half mussel shells (store in refrigerator until use)
• Filtered tap water
• Seawater solution (Marine and Reef Aquarium Saltwater Con-

centrate; Topfin)
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PURPOSE
To understand ocean acidification and what it can do to marine creatures.
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    the eye dropper until the pH reaches 7.5 (tested with the pH 
    meter).
10. Put this mixture aside. This is the acidified seawater mix.
11. Weigh a half-shell on the digital scale. Record the weight and 
      put the half-shell in a 1L glass jar of acidified seawater. Close 
      the jar and label it with the half-shell number and the solution 
      (acidified seawater).
12. Repeat step 11 two more times. These are your acidified sea
      water shells.
13. Prepare the pH meter again. Put the probe in the calibration 
      liquid.
14. Prepare extra acidified seawater by adding acetic acid (vinegar) 
      with the eye dropper until the pH reaches 6.0 (tested with the 
      pH meter).
15. Put this mixture aside. This is your extra acidified seawater 
      mix.
16. Weigh a half-shell on the digital scale. Record its weight and 
      put the half-shell in a jar of extra acidified seawater. Close the 
      jar and label it with the half-shell number and the solution 
      (extra acidified seawater).
17. Repeat step 16 twice. These are your extra acidified seawater 
      shells.
18. Prepare the pH meter again by putting the probe in the calibra
      tion liquid.
19. Repeat steps 9-11 for the remaining three half-shells, except 
      label the solution as “cold acidified seawater”. Keep these jars 
      in the fridge.
20. Keep the first nine jars in a spot where they will not be dis
      turbed, and keep the “cold acidified seawater” jars in the fridge 
      for about a month.
21. Open all the jars at the end of a month. Weigh the half-shells, 
      record the results, and compare them to their starting weight.

OBSERVATIONS
Nearing the end of this experiment, I noticed that the pearlescent 
part of the mussel shell was eroded in some areas, revealing plain 
brown shell similar to that on the other side. At the end of my ex-
periment, the pH levels of all the jars, no matter what the starting 
pH, were around the same; they differed by no more than a few 
tenths or hundredths of each other. They were all very close to the 
pH of normal seawater. The weight of all shells was decreased by 
at least one hundredth of a gram by the end of this experiment. 
As expected, the greatest weight loss occurred with the shells in 
the extra acidified solution (beginning pH of 6.0). Lowering the 
temperature of the acidified seawater also reduced the amount of 
weight lost.

ANALYSIS
Evaluation of pH
The pH of the water was measured at the start of the experiment 
and after three weeks (Figure 1). 

pH Effects on Shell Weight
Shells were placed in normal (8.1), acidified (7.5), or extra acidi-
fied (6.0) seawater, and the change in shell weight was calculated 
after three weeks (Figure 2). 

Temperature Effects on the Weight of Shells in Acidified Sea-
water
Shells in acidified seawater (pH 7.5) were kept at room tempera-
ture or refrigerated for three weeks, and the change in shell weight 
was measured (Figure 3). 

DISCUSSION
Seawater acts as a natural buffer; that is, a solution that can neu-
tralize either an acid or a base and maintain a consistent pH level. 
However, the buffering process of seawater consumes carbonate 
ions, a component that can be found in calcium carbonate shells of 
marine creatures.

Therefore, shells can be deteriorated in order to maintain the 
pH balance necessary for thriving ocean life. This is why the end 
pH for all of the sea water conditions tested in this experiment was 
about the same. The seawater pH was being balanced by using the 
carbonate ions from the shells that were placed inside it. The more 
acidified the water, the more carbonate ions were required to bal-
ance the pH, and thus the more weight the shells lost. The shells 
in normal seawater (pH 8.1) experienced little change in weight. 
This is because the seawater reacted with the calcium carbonate 
of the shell, but since very little buffering was required, very little 
weight loss occurred. The shells in acidified seawater (pH 7.5) ex-
perienced approximately 0.3% more weight loss than the shells in 
normal seawater. Since the starting pH level was lower, there had 
to be a greater change in pH, thus requiring more calcium carbon-
ate ions. The shells in extra acidified water (pH 6.0) experienced 
the most deterioration because the lower the pH level, the more 
carbonate ions are required to render the pH more basic. The shells 
in cold acidified seawater (pH 7.5) experienced less deterioration 
than the room temperature acidified seawater because the pH level 
of a liquid increases as its temperature decreases. Therefore, when 
acidified seawater had its temperature lowered to 4˚C, its pH in-
creased and less carbonate ions were needed from the shells for 
buffering purposes. Also, like most chemical reactions, the process 
of shell deterioration for buffering occurs more slowly at a lower 
temperature. The reason for this is, according to the Particle Theo-
ry of Matter, that particles move more quickly when heated, which 
means that particles have the opposite reaction (they move slowly) 
when cooled. When I was weighing the shells at the end of this ex-
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periment, I noticed that their weight was continually dropping by 
1/10000 of a gram for approximately each second they were on the
scale. This very small but constant weight loss was likely due to 
water that was evaporating from them. Therefore, I left the shells 
to dry in a fume hood for an hour. This fixed the problem, as the
weight stayed the same when they were placed back on the scale. 
This issue could have altered the results of this experiment, but it 
was fixed. This experiment shows one potential problem that can 
result from ocean acidification: a negative impact on marine plants 
and wildlife. Ocean acidification is a rapidly increasing issue that 
needs to be taken seriously. From 1985 to 2005, a mere 20 years, 
the global average ocean pH levels have decreased from 8.12 to 
8.09, and if it continues this pattern, average seawater pH levels 
are predicted to lower to approximately 7.85 by the year 2100. 
Global warming is contributing to this issue, because as the planet 
gets warmer, the chemical reactions occur more quickly, if only by 
a little bit. These two problems are linked because the greenhouse 
gases being released into the atmosphere are 82% carbon dioxide, 
which warms the planet and makes seawater more acidic, there-
fore causing the water to eat up more of the shells in an attempt to 
restore pH balance.

APPENDIX

Figure 1. Evaluation of pH. 

CONCLUSION
In conclusion, all of my hypotheses were correct. The shells 
in normal seawater (pH 8.1) experienced little weight loss, 
the shells in acidified seawater (pH 7.5) experienced more 
weight loss, the shells in extra acidified seawater (pH 6.0) 
experienced the most weight loss, and the shells in cold acidi-
fied seawater experienced less weight loss than the shells in 
acidified seawater at room temperature. I now understand 
ocean acidification and what it does to marine creatures. To 
buffer against acidity content in the seawater, the seawater 
must consume calcium carbonate ions from the shells of ma-
rine creatures. Ocean acidification is a serious problem that 
needs to be addressed if we hope to preserve marine wildlife.
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Figure 2. Effects of pH on shell weight.

Figure 3. Effects of temperature on shell weight.


