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Although there is considerable evi- 
dence that man-made mercury pollu- 
tion of freshwater rivers and lakes has 
in some instances definitely increased 
the mercury levels in freshwater fish (1), 
there is relatively little informa,tion as 
to whether man-made sources of mer- 
cury pollution of the oceans have sig- 
nificantly increased the mercury levels 
in wide-ranging ocean fish. The large- 
scale confiscation of swordfish and the 
lesser-scale confiscation of tuna, as a 
consequence of the establishment by the 
U.S. Food and Drug Administration 

Although there is considerable evi- 
dence that man-made mercury pollu- 
tion of freshwater rivers and lakes has 
in some instances definitely increased 
the mercury levels in freshwater fish (1), 
there is relatively little informa,tion as 
to whether man-made sources of mer- 
cury pollution of the oceans have sig- 
nificantly increased the mercury levels 
in wide-ranging ocean fish. The large- 
scale confiscation of swordfish and the 
lesser-scale confiscation of tuna, as a 
consequence of the establishment by the 
U.S. Food and Drug Administration 

9. B. T. O'Connor, H. M. Charlton, J. D. Cur- 
rey, D. R. S. Kirby, C. Woods, Nature 222, 
162 (1969). 

10. H. J. Hambury, J. Watson, A. Sivyer, D. J. 
B. Ashley, ibid. 231, 190 (1971). 

11. G. E. Palade and K. R. Porter, J. Exp. Med. 
100, 641 (1954). 

12. K. R. Porter, Biophys. J. 4, 167 (1964). 
13. R. Ross, in Treatise on Collagen, B. Gould, 

Ed. (Academic Press, New York, 1968). 
14. R. Ross and E. P. Benditt, J. Cell Biol. 22, 

365 (1964). 
15. We thank Adam Narbut for technical help in 

assembling the power unit and Dr. John 
Bruno for clinical assistance. This work was 

supported by an NIH grant. 

19 August 1971; revised 18 October 1971 * 

9. B. T. O'Connor, H. M. Charlton, J. D. Cur- 
rey, D. R. S. Kirby, C. Woods, Nature 222, 
162 (1969). 

10. H. J. Hambury, J. Watson, A. Sivyer, D. J. 
B. Ashley, ibid. 231, 190 (1971). 

11. G. E. Palade and K. R. Porter, J. Exp. Med. 
100, 641 (1954). 

12. K. R. Porter, Biophys. J. 4, 167 (1964). 
13. R. Ross, in Treatise on Collagen, B. Gould, 

Ed. (Academic Press, New York, 1968). 
14. R. Ross and E. P. Benditt, J. Cell Biol. 22, 

365 (1964). 
15. We thank Adam Narbut for technical help in 

assembling the power unit and Dr. John 
Bruno for clinical assistance. This work was 

supported by an NIH grant. 

19 August 1971; revised 18 October 1971 * 

of a maximum permissible level of 0.5 
part per million (ppm) for mercury in 
fish, have ,been interpreted by many 
persons as a consequence of the dis- 
covery of man-made pollution. Gold- 
water (2) and Hammond (3), how- 
ever, have questioned the validity of 
this assumption. For example, Ham- 
mond estimates that the total amount of 
mercury processed by man since 1900 
would, if put into the world's oceans 
and well mixed, increase the average 
mercury concentration of seawater (ap- 
proximately 0.1 part per billion) by at 
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most 1 percent-an essentially negli- 
gible increase (4). 

To explore this subject further, we 
obtained samples of seven tuna and one 
swordfish that have been preserved in 
museums for varying lengths of time. 
The seven tuna (each slightly under 
0.6 m in length) were caught 
between 1878 and 1909 and were 
preserved in toto, first in formal- 
dehyde and then in alcohol, in the 
Smithsonian Institution. The single 
swordfish was caught in 1946, and its 
head was preserved in 40 percent iso- 
propanol at the Museum of the Cali- 
fornia Academy of Sciences (5). 

Samples of the flesh (5, 6) of these 
eight fish were analyzed for mercury 
by means of purely instrumental ther- 
mal-neutron activation analysis (NAA). 
In each case, a weighed sample (about 
1 g) was sealed in a quartz ampule, 
activated for 3 hours in the nuclear 
reactor of the University of California 
at Irvine at a thermal-neutron flux of 
0.7 X 1012 n cm-2 sec-1, and then 
counted (still sealed in quartz) with a 
gamma-ray spectrometer [36-cm3 Ge 
(Li) detector, 4096 channel], after 3 
to 7 days decay. Several freshly pre- 
pared aqueous mercury standard solu- 
tions, also sealed in quartz (7), were 
activated along with the fish 
samples and counted with the same 
gamma-ray spectrometer, under the 
same conditions. The mercury contents 
of the samples and standards were mea- 
sured unambiguously by means of the 
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Table 1. Mercury levels in museum and recent specimens of tuna and swordfish, determined by instrumental neutron activation analysis. 

197Hg Hg, mean ppm and S.D. of mean 
Description Date Samples measure- 

ments Wet-weight basis Dry-weight basis 

Museum specimens 
Skipjack tuna, 21563*, Massachusetts 1878 2 4 0.27 ? 0.02 0.91 ? 0.06 
Skipjack tuna, 21852*, Massachusetts 1878 1 2 0.64 ? 0.02 1.51 + 0.04 
Albacore tuna, 26873*, California 1880 2 8 0.27 - 0.03. 0.59 ? 0.06 
Bluefin tuna, 37928*, Woods Hole 1886 1 4 0.38 ? 0.01 1.14 ? 0.04 
Skipjack tuna, 41901*, San Diego 1890 2 4 0.45 ? 0.02 1.05 ? 0.04 
Skipjack tuna, 52704*, Hawaii 1901 2 4 0.42 ? 0.02 0.92 ? 0.01 
Skipjack tuna, 194901*, Philippines 1909 2 4 0.26 ? 0.01 0.53 ?+ 0.02 

0.95 ? 0.335 
Swordfish, Baja California 1946 6 22 0.52 - 0.10 1.36 ? 0.31 

1.36 - 0.31t 
Recent specimens 

Albacore tuna, fresh, California 1 2 0.13 - 0.01 0.44? 0.05 
Skipjack tuna, fresh, Pacific 1 2 0.18 - 0.03 0.62 ? 0.10 
Albacore tuna, canned (A), in watert 1 2 0.48 ? 0.04 1.53 ? 0.12 
Albacore tuna, canned (A), in oilt 1 2 0.30 ? 0.02 0.66 ? 0.04 
Albacore tuna, canned (B), in watert 1 2 0.38 ? 0.03 1.29 - 0.11 

0.91 ? 0.47t 
Six swordfish, fresh, California 14 40 0.23 to 1.27 0.94 to 5.08 

3.1 ? 1.5t 
* Smithsonian reference number. t The letters (A) and (B) are used to distinguish two brands of tuna. $ Mean mercury concentration. 
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Mercury Concentrations in 

Museum Specimens of Tuna and Swordfish 

Abstract. The mercury levels of museum specimens of seven tuna caught 62 
to 93 years ago and a swordfish caught 25 years ago have been determined by 
instrumental neutron activation analysis. These levels are in the same range as 
those found in specimens caught recently. 
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gold K electron x-ray peak at 67 to 69 
kev and the gold K electron x-ray and 
gamma-ray peak at 77 to 80 kev-both 
of which result from the electron- 
capture decay of 64-hour 197Hg. 

Samples of "modern" tuna and 
swordfish, that is, fish caught dur- 
ing 1970-71, were activated and 
counted in the same fashion. The lower 
limit of the sensitivity of our instru- 
mental NAA technique, as used in these 
experiments, was about 0.02 ppm for 
mercury in a 1-g sample. 

A summary of the mercury levels 
observed in these fish samples is given 
in Table 1. After the activation analysis, 
the loss of weight on drying for 16 
hours at 100?C was determined for 
each specimen, so that the mercury 
results could be expressed on a dry- 
weight basis (last column of Table 1). 
The volatile content (such as water or 
alcohol) varies appreciably among such 
samples. In fresh tuna and swordfish 
the mercury content (ppm) on a wet- 
weight basis is typically between 3.3 
and 4.0 times lower than the mercury 
content (ppm) on a dry-weight basis; 
this corresponds to a moisture content 
of 70 to 75 percent. 

The mean mercury concentration 
(dry-weight basis) in the seven museum 
tuna samples listed in Table 1 is 0.95 ? 

0.33 ppm (the values range from 0.53 
to 1.51 ppm). The corresponding mean 
mercury concentration for the five re- 
cent tuna samples is 0.91 ? 0.47 ppm 
(the values range from 0.44 to 1.53 
ppm). It is evident that there is no 
significant difference in mercury con- 
centration between the museum tuna 
samples, caught 62 to 93 years ,ago, 
and the samples of tuna caught re- 
cently. The average mercury value 
(1.36 ? 0.31 ppm on a dry-weight 
basis) for the single specimen of sword- 
fish caught 25 years ago falls within the 
range of values (0.94 to 5.1 ppm) 
found for "modern" swordfish. The 
data for both tuna and swordfish lend 
support to the contention that the 
mercury levels now being found in 
wide-ranging ocean fish are not pri- 
marily the consequence of man-made 
pollution but are of natural origin. 

There is no reason to believe that 
the seven museum specimens of tuna 
were contaminated with any additional 
mercury during the time they were 
preserved in formaldehyde, and then 
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There is no reason to believe that 
the seven museum specimens of tuna 
were contaminated with any additional 
mercury during the time they were 
preserved in formaldehyde, and then 
alcohol, in the Smithsonian Institution, 
although this possibility cannot be rigor- 
ously excluded. For the swordfish, 
samples of the original preservative 
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solution were also available. In addi- 
tion, "background" samples were ob- 
tained, consisting of a smaller fish- 
the pipefish (Syngnathus griseolineatus 
leptorhyncus)-caught in 1946 off Baja 
California, and its preservative solution, 
the same brand of 40 percent isopro- 
panol. No mercury was detected in the 
isopropanol used for preserving the 
swordfish or the pipefish, and only a 
minute concentration of mercury, 
about 0.17 ? 0.15 ppm (dry-weight 
basis), was detected in the pipefish 
sample (whole fish). The absence of 
any significant mercury content in 
either the pipefish or its preservative 
solution is evidence that there was no 
mercury contamination from (i) the 
original preservative solution, (ii) sub- 
sequent external contamination during 
storage, or (iii) external contamination 
during our measurement procedures. 
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Tuna and swordfish have a tendency 
to accumulate Hg in excess of 0.5 part 
per million (ppm), the content estab- 
lished by the U.S. Food and Drug Ad- 
ministration as the maximum allowable 
concentration. This fact raises the fol- 
lowing important questions: (i) How 
toxic is a low concentration of Hg, as 
ingested in the form of tuna? and (ii) 
What factors present in tuna might 
cause Hg to accumulate or might mod- 
ify its toxicity? We have been engaged 
in a study of the long-term effects of 
various concentrations of Hg in diets 
containing tuna. We here describe the 
surprising finding that tuna in the diet 
decreases the toxicity produced with 
high concentrations of methylmercury. 
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Johnels, M. Olsson, G. Otterlind, T. Wester- 
mark, in Nuclear Techniques in Environmental 
Pollution (International Atomic Energy Agency, 
Vienna, 1971), p. 373. 

2. L. J. Goldwater, Sci. Amer. 224, No. 5, 15 
(1971). 

3. A. L. Hammond, Science 171, 788 (1971). 
4. The estimated mercury production is several 

times 105 metric tons, plus about 105 metric tons 
released by the burning of coal. In the world's 
oceans there are about 1.3 X 1018 metric tons 
of water, with an average concentration of 
mercury of about 0.1 ppb. 

5. This broadbill swordfish (Xiphias gladius) 
specimen was not a typical specimen, although 
its abnormality presumably is not related to 
its mercury content. It was caught in August 
1946 off the west coast of Baja California, 
and was found to have its bill bent around 
and embedded in its head. It weighed between 

' 160 and 165 pounds (73 to 75 kg). The samples 
analyzed for mercury were flesh samples taken 
from regions near the head. 

6. All tuna samples were homogenized portions 
of the light muscle taken from the center of 
the right dorsal side. 

7. Loss of mercury from samples sealed in poly- 
ethylene vials has been reported by L. C. 
Bate [Radiochem. Radioanal. Lett. 6, 139 
(1971)] for much more intense neutron-irradia- 
tion conditions than ours. We have also ob- 
served a small loss of mercury from aqueous 
standard solutions in polyethylene vials, but 
not from fish samples, under our irradiation 
conditions. 

8. We are indebted to M. E. Stansby, director of 
the Pioneer Research Laboratory, Seattle, and 
to the Smithsonian Institution for the old tuna 
samples. We are also indebted to C. Hubbs, of 
the Scripps Institution of Oceanography, and 
to W. N. Eschmeyer, of the California Acad- 
emy of Sciences, for the swordfish samples, 
and to C. Hubbs for the samples of pipefish 
and isopropanol. This work was supported by 
the University of California at Irvine, with 
some assistance from AEC contract AT-(04-3)- 
34, agreement No. 126. 

6 December 1971 I 

Johnels, M. Olsson, G. Otterlind, T. Wester- 
mark, in Nuclear Techniques in Environmental 
Pollution (International Atomic Energy Agency, 
Vienna, 1971), p. 373. 

2. L. J. Goldwater, Sci. Amer. 224, No. 5, 15 
(1971). 

3. A. L. Hammond, Science 171, 788 (1971). 
4. The estimated mercury production is several 

times 105 metric tons, plus about 105 metric tons 
released by the burning of coal. In the world's 
oceans there are about 1.3 X 1018 metric tons 
of water, with an average concentration of 
mercury of about 0.1 ppb. 

5. This broadbill swordfish (Xiphias gladius) 
specimen was not a typical specimen, although 
its abnormality presumably is not related to 
its mercury content. It was caught in August 
1946 off the west coast of Baja California, 
and was found to have its bill bent around 
and embedded in its head. It weighed between 

' 160 and 165 pounds (73 to 75 kg). The samples 
analyzed for mercury were flesh samples taken 
from regions near the head. 

6. All tuna samples were homogenized portions 
of the light muscle taken from the center of 
the right dorsal side. 

7. Loss of mercury from samples sealed in poly- 
ethylene vials has been reported by L. C. 
Bate [Radiochem. Radioanal. Lett. 6, 139 
(1971)] for much more intense neutron-irradia- 
tion conditions than ours. We have also ob- 
served a small loss of mercury from aqueous 
standard solutions in polyethylene vials, but 
not from fish samples, under our irradiation 
conditions. 

8. We are indebted to M. E. Stansby, director of 
the Pioneer Research Laboratory, Seattle, and 
to the Smithsonian Institution for the old tuna 
samples. We are also indebted to C. Hubbs, of 
the Scripps Institution of Oceanography, and 
to W. N. Eschmeyer, of the California Acad- 
emy of Sciences, for the swordfish samples, 
and to C. Hubbs for the samples of pipefish 
and isopropanol. This work was supported by 
the University of California at Irvine, with 
some assistance from AEC contract AT-(04-3)- 
34, agreement No. 126. 

6 December 1971 I 

Evidence is presented that Se present 
in tuna may be responsible for this 
effect. 

Approximately 2000 pounds (906 kg) 
of canned tuna having an Hg content 
of 0.7 to 1.0 ppm (total contents of the 
can, fresh basis) was obtained from the 
processors. The cans were opened and 
drained, and the solids were lyophilized 
at ambient temperature to a moisture 
content of approximately 2 percent (by 
weight) and then packed in 5-gallon 
(18.9-liter) cans under nitrogen ("high- 
Hg tuna"). A smaller quantity of tuna 
with an Hg content of 0.09 to 0.14 
ppm was obtained from the same 
sources and dried in the same way 
("low-Hg tuna"). Preliminary experi- 
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Selenium: Relation to Decreased Toxicity of 

Methylmercury Added to Diets Containing Tuna 

Abstract. Japanese quail given 20 parts per million of mercury as methyl- 
mercury in diets containing 17 percent (by weight) tuna survived longer than quail 
given this concentration of methylmercury in a corn-soya diet. Tuna has a 
relatively high content of selenium and tends to accumulate additional selenium 
when mercury is present. A content of selenium in the diet comparable to that 
supplied by tuna decreased methylmercury toxicity in rats. Selenium in tuna, far 
from being a hazard in itself, may lessen the danger to man of mercury in tuna. 
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Abstract. Japanese quail given 20 parts per million of mercury as methyl- 
mercury in diets containing 17 percent (by weight) tuna survived longer than quail 
given this concentration of methylmercury in a corn-soya diet. Tuna has a 
relatively high content of selenium and tends to accumulate additional selenium 
when mercury is present. A content of selenium in the diet comparable to that 
supplied by tuna decreased methylmercury toxicity in rats. Selenium in tuna, far 
from being a hazard in itself, may lessen the danger to man of mercury in tuna. 


