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In late 1970 and early 1971, a crisis faced the 
tuna fishing industry of the United States because po- 
tentially dangerous levels of mercury were found in 
certain species of canned tuna. Subsequent investiga- 
tions by the National Canners Association (NCA), the 
Food and Drug Administration (FDA) and the National 
Marine Fisheries Service (NMFS) showed that only a 
small fraction of the total tuna production in the U.S. 
had mercury concentrations in the edible part (white 
flesh) of the tuna that exceeded the FDA "action level" 
of 0.5 ppm (~g/g, wet weight basis) of mercury. 

While the primary effort of the NCA and FDA was 
involved with examination of the extent of the mercury 
problem in processed tuna, the NMFS was defining the 
mercury levels as they existed in the tuna resource at 
sea. A study was therefore initiated early in 1971 by 
the NMFS to relate mercury levels in tuna to such fac- 
tors as species, size of fish, geographic area of catch 
and distribution within ind�8 fish. The purpose 
of this report is to present the data that were accumu- 
lated. 

MATERIALS AND METHODS 

Sample Collection and Preparation 

Frozen tuna were sampled at dockside holding fa- 
cilities of various commercial fishing operations. A 
plastic coring device was fabricated for attachment to 
an electric drill. A plug of tissue (white flesh) 
about I" in diameter and 1 �89 long was removed from 
three different locations on each tuna: I) a sample of 
the loin muscle about two inches from the gill cover; 
2) a sample of the loin muscle midway in the length of 
the fish; 3) a sample of the loln muscle several inches 
forward of the fork of the caudal fin. Samples from 
these locations were taken from all yellowfin and skip- 
jack tuna, while only the midsection sample was taken 
from albacore tuna. Dark muscle (the reddish-colored 
flesh) was removed from the entire length of each fish 
and composited into a single sample. About one-fourth 
of the total liver was removed from most fish for 
analysis. Unfortunately, these sub-samples were taken 
randomly; no attempt was made to sample systematically 
the same portion of liver from each fish. 
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Ai1 samples were packed in individual plastic 
bags, frozen and air-shipped to the laboratory. Frozen 
samples were then partially thawed and ground in an 
electric blender assembly, using a stainless steel cut- 
ting blade and glass jar. Both muscle and liver 
tissues were ground from individual tuna. Samples were 
not pooled. 

Mercury Analyses 

The samples were analyzed for total mercury con- 
centration only, by the procedure of GREIG et al. 
(1975). This method was sensitive to about 0.05 ppm 
(wet weight) of mercury in fish. 

Duplicate determinations of mercury were made on 
each muscle and liver sample. The precision of the 
analyses was measured by the relative standard devia- 
tion. A random selection of 25 duplicate analyses gave 
a mean relative standard deviation + standard error of 
8.9 + 1.2%. 

A sample of canned tuna obtained from the National 
Canners Association was analyzed with each batch of 
samples. This canned tuna sample had been analyzed by 
12 separate laboratories and the mean mercury value ob- 
tained was 0.86 ppm (range 0.65-1.02). The mean and 
relative standard deviation obtained on 35 rep!icate 
analyses conducted over a period of several months by 
the methodology reported above was 0.90 ppm + 17.1%. 

DISTRIBUTION OF MERCURY IN SECTION OF TUNA MUSCLE 

The mercury concentration data from samples de- 
scribed above were treated as follows: a ratio was 
computed by dividing the mercury concentrations in 
each of the anterior, .posterior and dark muscle sec- 
tions by the mercury concentration in the midsection 
for each tuna examined. Selection of the midsection 
as the divisor was arbitrary. These ratios provided a 
method of comparison for the distribution of mercury 
in the various sections of individual tuna. The re- 
sults showed that, in general, the mercury concentra- 
tions were quite uniformly distributed along the 
length of the tuna, and mercury levels in both the 
dark muscle and white muscle were similar (Table i). 

Two noticeable exceptions, however, were the 
posterior section of skipjack tuna and the dark muscle 
of yellowfin tuna, both obtained from eastern Atlantic 
waters. The ratios of mercury concentrations in these 
samples to concentrations in the midsection were 1.37 

0.63 and 1.51 ~ 0.71, respectively (mean ratio + 95% 
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confidence limits). Thus, on the average, the mercury 
concentrations in these two samples were 40-50% greater 
than those found in other parts of the tuna. The data 
for these ratios, however, were quite variable; thus, 
the mean values provide only approximate relationships 
for the various samples examined. 

GEOGRAPHIC VARIATION OF MERCURY IN TUNA 

The mean mercury concentrations found in white 
flesh (midsection samples) and liver of skipjack, 
yellowfin and albacore tuna obtained from various geo- 
graphic locations are presented in Table 2. 

Skipjack tuna were obtained from two locations, 
eastern Atlantic and Hawaii waters, and no significant 
(P = 0.05) difference in mercury concentrations in 
muscle was observed for similar-sized fish (46-56 cm). 
The mean mercury level was 0.152 ppm for skipjack tuna 
obtained from eastern Atlantic waters and 0.211 ppm for 
those obtained from Hawaii. 

Differences in mercury concentrations in the 
muscle and liver of yellowfin and albacore could not 
be attributed to geographic differences of catch be- 
cause size of ™ varied too greatly or there were too 
few fish from certain locations to provide valid com- 
parisons. 

RELATIONSHIP OF MERCURY CONCENTRATIONS TO SIZE OF TUNA 

Mercury concentrations did vary as a function of 
length of tuna for certain species. Correlation coef- 
ficients show significant, positive correlation of 
these two variables for albacore (all locations) and 
skipjack from Hawaii (Table 3). A significant correla- 
tion was not found for yellowfin (both locations) and 
skipjack from the eastern Atlantic (Table 3). For 
these latter skipjack a possible reason no correlation 
was found was that the length range was small at 46-52 
cm, compared to 52-76 cm for Hawaii skipjack. 

DISCUSSION 

Recently, PETERSON et al. (1973) published a re- 
view of mercury in tuna, which included data on the 
species examined in the present study, as well as other 
species of tunas. Comparison of the data given in the 
present study with those of PETERSON et al. (1973) is 
difficult because of differences in localities and in 
size of fish. Some collections of skipjack tuna were 
obtained from similar geographic locations for both 
studies and a comparison of the results is given in 
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Table 4. In general, agreement is good for the report- 
ed mercury levels of the two studies. PETERSON et al. 
also found no published data on geographic variations 
in mercury levels of tuna. Our study did not provide 
strong evidence in this regard, but some information 
suggests no variation. No significant (P = 0.05) dif- 
ference in mercury concentrations was found for skip- 
jack tuna from eastern Atlantic waters in comparison to 
skipjack of simi!ar size from Hawaii. 

TABLE 3 

Correlation Coefficients for Mercury Concentrations 
versus Fish Length for Various Tunas. 

Species and location 

Correlation 
coefficient for 
mercury level 
vs. fish size 

Significant 
at P = 0.05 

Skipjack, Eastern Atlantic 
Skipjack, Hawaii 
Yellowfin, Eastern Atlantic A 
Yellowfin, Eastern Atlantic B 
Albacore, Oregon 
Albacore, Indian Ocean 
Aibacore, Ecuador-Peru 

0.356 
0 627 
0 521 
0 268 
0 953 
0 739 
0 873 

No 
Yes 
No 
No 
Yes 
Yes 
Yes 

The analytical procedure used in the current study 
measured total mercury; thus, it did not distinguish 
between the more toxic form of methyl mercury and inor- 
ganic mercury. There are conflicting reports about the 
percentage of methyl mercury relative to total mercury 
in fish. Japanese investigators have reported that 
methyl mercury does not exceed about 15% of the total 
mercury in selected specimens of fish, while Swedish 
scientists reported that mercury consists mostly of 
methyl mercury in their fish (SUZUKI et al. 1973). 
RIVERS et al. (1972) studied methyl mercury and total 
mercury content of nine species of Pacific Ocean fish, 
including skipjack and yellowfin tuna, and found that 
"only Pacific blue marlin showed a large disparity be- 
tween total and organic mercury levels in the muscle 
tissue." 

Numerous marine fishes have been analyzed for 
total mercury and few species contained levels above 
0.4 ppm, wet weight basis (ALEXANDER et al. 1973, 
CHILDS and GAFFKE 1973, FORRESTER et al. 1972, GREIG et 
al. 1975, PORTMANN 1972, WINDOM et al. 1973, ZITKO et 
al. 1971, ZOOK et al. 1976). Bluefish (Pomatomus 
s--altatrix), lingcod (Ophiodon elon~atus), spiny dogfish 
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(Squalus acanthias), and red snapper (Lutjanus campe- 
chanus) were the principal species reported to have 
mercury levels in muscle above 0.4 ppm. In the present 
study, only a few specimens of albacore tuna were found 
with mercury levels above a mean of 0.4 ppm. 

Some of the studies cited provided information on 
the relationship of mercury concentrations to size of 
fish. ALEXANDER et al. (1973) reported a significantly 
positive correlation between mercury levels in muscle 
and total weight for bluefish and striped bass. CHILDS 
and GAFFKE (1973) examined 13 species of fish, primar- 
ily sole and rockfish, and reported "no highiy discern- 
ible linear correlation (i.e., correlation coefficient 
greater than 0.90) between either length or weight and 
mercury content was noted." In our study, no clear-cut 
relationship was found between mercury concentrations 
in muscle and fish length for yellowfin tuna. In the 
case of albacore and skipjack tuna there were indica- 
tions of a linear relationship between mercury concen- 
trations and fish length. 
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