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Analysis of Mercury in 

Canned vs. Fresh Tuna

Morgan K. Gilmour

Abstract


In this experiment, we analyzed mercury content found in canned tuna provided to us by the laboratory.  We then compared our findings to those of our peers who analyzed canned and fresh tuna.   The purpose of this experiment was to determine if the mercury content was higher or lower in canned or fresh tuna, and determine if the mercury content in either of these samples poses a threat to the public, by FDA standards.  We found that the mercury content in both the canned and fresh tuna was lower than the 1 ppm human limit, but that both exceeded average levels.

Background Research


According to the FDA’s website, mercury levels for most fish range from <.01 ppm to .5 ppm.  Large fish, like tuna, tend to have larger levels of mercury because they eat the smaller fish with smaller concentrations of mercury.  The mercury levels accumulate in the larger fish.  While the human limit is 1 ppm, canned tuna has an average concentration of .17 ppm, and domestic fresh tuna has an average of .38 ppm.  Imported fresh tuna has an average of .27 ppm.
  In June 2006, according to www.illinois.gov, “Governor Rod R. Blagojevich called on the FDA to issue a new warning that pregnant women should avoid canned tuna entirely.”  Also according to this website, high mercury levels can cause a myriad of health problems, especially for young children, pregnant women, and fetuses.  If a fetus is exposed to mercury in the womb, it may later experience, “mental retardation, cerebral palsy, lower IQs, slow motor functions, deafness, blindness and other health problems.”
 During this experiment, we hoped to find if our samples of fresh and canned tuna met the FDA standards, whether the canned or fresh tuna had a higher concentration of mercury, and whether these values matched the average values the FDA posted on their website.  Using this information, we can determine if it is safer for pregnant women and small children to consume canned or fresh tuna, and whether it is safe for them to consume tuna at all.
Procedure
We began by transferring 10.12 g of canned tuna to a 250 mL beaker.  We then added five mL of dd water and five mL of nitric acid to the same graduated cylinder.  We added this solution to the sample, covered it with a watch glass, and heated the sample on a hot plate at 85-100 degrees C.  We waited ten minutes while the sample refluxed, and observed that the sample changed color from clear to yellow.  We allowed the sample to cool for three-five minutes, and then added five mL more of nitric acid.  We heated this solution for another ten minutes while the sample refluxed.  After three minutes, we saw that nearly all the fish was dissolved, and after seven minutes, we observed that the sample turned orange.  We removed the watch glass, allowed the sample to evaporate until about ten mL of solution remained.  We then vacuum filtered a filter flask and transferred it to the 100 mL volumetric flask by funnel.  We diluted this to 50 mL with dd water.  We placed 9.5 mL of this sample into a 15 mL conical tube.  The sample was then tested in the Inductively Coupled Plasma Spectrometer, where the emission of light from the sample was measured when the sample was put into a flame.  The intensity of the light emissions and wavelength determines what concentration of metals is found in the sample.  
Results

We calculated the mercury level (in ppm) in both the canned tuna and the fresh tuna by performing the following calculation:
[mg Hg / L soln (as supplied by ICP) ] [ 1 L soln / 1000 mL soln] [ 50 mL soln (original volume of sample) / g fish (original mass of sample) ] [ 1000 g fish / 1 kg fish ] = mg Hg / kg fish = ppm.  

To illustrate, the following calculation was performed on our own results:

(.0964795 mg Hg 194.164 / 1 L soln) (1 L soln / 1000 mL soln) (50 mL soln / 10.12 g fish) (1000 g fish / 1 kg fish) = .47667 mg fish / kg fish = .48 ppm Hg.

We averaged our class results by using a Microsoft Excel spreadsheet, and found that the average mercury level of canned tuna was .28 ppm, and that the average mercury level of fresh tuna was .47 ppm.  
The standard deviation for both canned and fresh tuna mercury levels was also calculated using a Microsoft Excel spreadsheet, and was found to be .06796 for fresh tuna, and .0494 for canned tuna.  These values are fairly close to each other, so no significant conclusion can be made as to whether one sample was more difficult to test, or the results were less precise for one than another.  However, there were widely varying values for mg Hg / 1 L solution as provided by the ICP results.  For instance, one group’s ppm for canned tuna was 1.2 ppm, above the FDA’s allowance for mercury in food.  However, they used 100 mL of solution instead of 50, which skewed their results.    In contrast, some groups’ canned tuna had such small amounts of mercury that the ICP could not detect it.  Explanations for these variations include lab error; one group lost 80% of their fish sample, lowering the mass significantly, and a few other groups diluted their sample to 100 mL instead of 50 mL.  The same variations occurred in fresh tuna samples, and for the same reasons.    
Our sample was above the class average for concentration of Hg. (Table 2)  We attribute this to the large variation in our class results, and that our experiment did not contain mistakes that skewed our results.  Examples of these mistakes were cited above.

Error = [(our results – class average) / class average ] 100

Error = [(.48 - .28) / .28] 100

Error = 71.43% (see table 2)
As predicted by the FDA, the level of mercury in fresh tuna is higher than the level in mercury in canned tuna.  Although both averages we calculated are higher than the averages, .17 ppm and .38 ppm for canned and fresh tuna respectively, neither level poses a health threat because both levels are lower than the human limit, 1 ppm.  (See Table 1 and Figure 2 below for these results).  According to this study, on average, neither canned nor fresh tuna poses a health risk for small children or pregnant women; however, the FDA underestimates the average levels of mercury for both canned and fresh tuna.  Small children and pregnant women should probably eat canned tuna over fresh tuna, because the levels are significantly lower in canned tuna.
Future Studies

To improve this experiment, it might be helpful to know where the samples originated from, and how old the samples were.  If we knew where the samples originated from, we would be able to determine whether domestic or imported fresh tuna posed more of a health risk.  Also, knowing the exact origin of the sample might be able to determine if one area of the United States, or abroad, poses more of a health concern than another.  If we knew if age affected the concentration of mercury in the samples, we would also know if older samples posed more or less of a health threat, and we would be able to alert the public of any threat that exists.  In this experiment, we were given samples of canned tuna, but we weren’t told of its origins.  If labels did exist for the fresh tuna provided in the lab, they were not included in the spreadsheet where we collected our results.  Knowing the origin of either the fresh or the canned tuna was not possible as the lab stands.

Tables
Table 1. This table shows our class’ average results, and the standard deviation.  It also compares these results to the FDA’s posted average levels of Hg in fish, and the human limit of Hg in food.
	Sample
	Average mass (g)
	Average volume(mL)
	Average concentration of Hg (ppm)
	Standard Deviation
	FDA average Hg levels (ppm)
	FDA

Human limit Hg (ppm)

	Canned Tuna
	9.86352
	50
	0.28
	0.0494
	0.17
	1

	Fresh Tuna
	10.0054
	56.4444
	0.47
	0.06796
	0.38
	1


Table 2. This table shows the results from our specific sample, and the FDA human limit.
	Our sample
	Mass (g)
	Volume (mL)
	Concentration of Hg (ppm)
	FDA Human limit (ppm)
	% Error

	Canned tuna
	10.12
	50
	0.48
	1
	71.43


Figures

Figure 1. This figure shows the relationship between the Hg concentrations and class averages of canned and fresh tuna, as well as the Hg concentration of our tuna sample.
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Figure 2.  This figure compares the class averages and our results to the FDA’s posted averages, and to the human limit of Hg concentration in food.

[image: image2.emf]Comparison with FDA averages and human limits

Our sample

0.48

0.28

0.47

0.17

0.17

0.38

1

1

1

0

0.2

0.4

0.6

0.8

1

1.2

Canned tuna Fresh tuna

Tuna type

Hg concentration (ppm)

Lab samples

FDA averages

Human limits


References

1. Mercury in Fish: Cause for Concern? May 1995.

http://www.fda.gov/fdac/reprints/mercury.html

2. IGNN: First Lady’s Press Release.  9 June 2006.
http://www.illinois.gov/PressReleases/ShowPressRelease.cfm?SubjectID=34&RecNum=4975

� Mercury in Fish: Cause for Concern? May 1995


http://www.fda.gov/fdac/reprints/mercury.html


� IGNN: First Lady’s Press Release.  9 June 2006


http://www.illinois.gov/PressReleases/ShowPressRelease.cfm?SubjectID=34&RecNum=4975





