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ABSTRACT

Samples of light and dark muscle from tuna obtained in 1968
and 1969 from the Japanese tuna fishery in the Pacific, and the
same tissues plus liver from tuna from the vicinity of Bikini
Atoll, were analyzed for gamma-emitting radionuclides, iron-55
and stable iron. Tuna from the southern hemisphere tended to
have lower concentrations and specific activities than tuna from

the northern hemisphere. There were no significant trends in the
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data when Fe speciflc activities were comparec
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with species,
month of catch, location of catch, or size of fisgh., There was
o . - 55 .o . s . . o,
a close correlation of Fe specific activity in light muscle,
o . 55 . .
dark muscle and liver and of Fe concentration between dark
muscle and liver. Yellowfin tuna caught near Bikini Atoll con-
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tained Co believed to be derived from the atoll. There was a
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. 60 . .
close correlation of Co concentrations between dark muscle and
liver. Cesium-137 concentrations were lower than those reported
for fish from middle and northern latitudes by three to five

orders of magnitude.
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INTRODUCTION

Iron-55 is currently the most abundant fallout radionuclide
in marine organisms. The radionuclide has been studied intensive-
ly because of its widegpread occurrence since 1963, following the
nuclear test series in 1962. Brill (1968) summarized reported

5 .
data on Fe levels in the environment, emphasizing dosimetric
considerations for human populations. Persson (1969) reviewed
55 ., . ca s . .
the mode of production of Fe, its distribution in the biosphere,

and its dosimetry. Preston (1270) reviewed the occurrence of
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Fe in marine fish an scussed its distribution and possible
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stratospheric anomali

relative to other fallout radionuclides in northern latitudes.
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55
ested that much of the Fe from the USSR
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Jermings (1968) sug
tests of 1962 was deposited as tropospheric fallout in narrow
bands related to the test sites at 75°N and 52°N,

In a review of radicnuclides 1in marine organisms at the

.fic test site in 1956 to 1968, Lowman (1960) reported SSFe

(_lo

Pa

. .

. , . ‘ 55
in plankton anc fish. Other early reports of Fe in marine

organisms were those of Rama, Koide and Goldberg (1961), who

W
f"J
_1

found the radionucli
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in the livers and hearts of Pacific Ocean
tuna in 1961, and Scymour (1963), who reported its presence in

in skipjack tuna frem the YNorth Pacific.
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The present paper presents data obtained from analyses
of Pacific Ocean tuna collected in 1967, 1968 and 1969. The

60 137 55 . . .
occurrence of Co and Cs as well as Fe in tuna is discussed.

MATERIALS AND METHODS

Tissues of both light and dark muscle from tuna caught
between July 1967 and June 1869 were obtained at thekTokyo port
of landing of the Japanese fishery. The samples were oven-dried
at the National Institute of Health, Department of Féod Control,
Tokyo, under the supervision of Dr. T. Kawabata and shipped to

Seattle for analysis. Date

N

and locations of catches were

o))
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obtaine rom the vessels' logs. The species sampled were yellow-

fin (Thunnus albacares), bluefin (Thunnus thynnus), and big eye

(Thunnus chesuz).

The samrples weré redried in Seattle and prepared for analy-
sis by gamma-ray spectrometry by compressing the tissues into
standard counting geometries., After analysis for gamna-emitting
radicnuclides, portions of the samples, usually 20 grams per
sample, were taken for analysec of iron-55 and stable iron, in
duplicate. The light muscle and dark muscle obtained from the
ish were both analyzed for iron-55, but since
the twe tissues were similar, as would

e exncolted
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“he iron-55 and stable iron concentrations were
grester in the dark muscle, only the dark muscle from fish
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In addition to the tuna from the Japanese fishery, sixteen
yellowfin tuna, believed to be from a single school, were caught
off Bikini Atoll in the Marshall Islands in September 1969.

Liver samples, not obtainable from the Japanese-caught fish, and
light muscle and dark muscle from these fish were analyzed for
gamma-emitting radionuclides, iron-55 and stable iron.

The samples were counted for 900 minutes each with 3-inch x
3-inch NaI(Tl) crystals used in conjunction with 256-channel
analyzers, Spectrum reduction was done by Schonfeld's (1%65)
method of ieast squares, and all values were corrected for decay
to the date of collection.

Iron-55 was separated and purified by a combinatioﬁ of
solvent extraction and electrodeposition techniques (Palmer and
Beasley, 1967). Recoveries generally exceeded 90%. Counting was
done by X-ray Spectroséopy with a proportional counter used in
conjunction with a multichannel analyzer. Some duplicate samples
were analyzed by different persons using different methods, and
the results were in close agreecment.

RESULTS

55 . e . .
The values for Fe, stable iron and specific activity in

. 55
tuna had a wide range. The ranges for dark muscle were Fe, 3.3
to 1600 pCi/g dry weight; iron, 49 to 500 ppm; and specific

activity, 0.02 to 8.6 ncCi 55Fe/mg Te. Cﬁfﬂﬁ
08 P



55
The frequency distribution of the specific activity of > Fe

in tuna caught north of the eguator and of tuna caught scuth of
the eguator in 1967 and 1968, and in tuna, presumably from a
single school, caught at approximately 11°N in June 1969 are.
shown in Figure 1. The distributions have a strong positive
skevwness, with a definite tendency for a greater proportion of
higher specific activities in tuna caught north of the equator.
The tuna presumed to be from a single school off Bikini Atoll
show a similar freguency distribution, although the range of
specific activity values was less than in the other groups.
Attempte were made to correlate various parameters such as
species, month of catch, lccation of catch, and size of fish with
Fe concentrations or specific activities; however, no signifi-
cant relationships were found other than the tendency for fish
. . o 5
caught north of the equator to have higher concentrations of Fe
and higher specific activities than fish caught south of the
- .. 25
equator. Values at the extremes of the ranges for both Fe con-
centration and specific activity, were found in tuna caught near
the equator, 8°N for example, and in tuna caught at 39°N.
. . . 55 . s
Results of comparisons made of the Fe content and specific
activities of the light muscle, dark muscle, and liver from the

sixteen yellowfin tuna ceuvght off Dikini are given in Table 1.
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Clearly, determination of Fe specifiic activity in any of the
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tissues gives essentially the same results, However, greater
. 55 . . .
concentrations of Fe in the dark muscle and liver tissues than
. . . . 55
in light muscle make the former tissues more desirable for Fe
. 55 . . .
analysis., The > pe concentrations in dark muscle and liver from
single fish are approximately the same.
- 137 L 1 3 N =

The averade Cs concentration in the light muscle of tuna

caught north of the equator was 0.15 pCi/g dry, with a range from

-
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background to 0.43 pCi/g. As with )Fe, there appeared to be a
- 137 : . "
tendency for lower Cs concentrations (0.065 pCl/g, range,
background to 0.27 pCi/g) in fish caught south of the eguator,
but the differences were not statistically significant. The tuna

co e . 137
caught near Bikini Atoll contained almost the same average C

S
concentration (0.16 pCi/g, range, background to 0.3l pCi/g as
other tuna caughi north of the equator.

Cobalt-60 was not'found in licght or dark muscle samples of
tuna from the Japanese fishery. The limit of detectability with
the method used was estimated to be approximately 0.07 pCi/g
dry weight. The yellowfin tuna caught off Bikini all contained
small, but measurable, amounts of 60Co in the dark muscle and
liver tissues. The average value for dark muscle was 1.0 pCi/g
dry, with a range of 0.08 to 4.6 pCi/g, and for liver, 1.3, with
a range of 0.21 to 5.0 pCi/g. The correlation cocfficient for

cC . . .
Co concentration in dark muscle and liver was 0.966 and the
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slope of the linear regression was 0.964. Hence, either liver
. 60 . . .
or dark muscle tissue can ke used for Co determinations with

essentially the same results.
DISCUSSION AND CONCLUSIONS

It is evident that species such as big eye, blue fin and

yellowfin tuna, which migrate through large areas of the Pacific,

W

are poor indicators of the geographical distribution of radio-
nuclides in the Pacific. On the other hand, they are probably

i} 4 [ 55 | 3 .. hd K
good integrators of Fe from wide areas, and they contain both

. s -~ 55 . o s
greater concentrations of Fe and higher specific activities
than species that have been successfully used to demonstrate
. ol . ~ J 55 3 ' - * el ‘ .
cudlinagl differences in Fe content of fish from the northern
hemisphere. Preston (1970) found hicher specific activities of
55 . ot A o o . .

Fe in cod from northern latitudes (65°-78°N) than in the middle

latitudes (45°-52°N) of the Atlantic in 1967, 1968, and 1969.

: . . 5
The hicghest value found in cod was 220.8 pCi 5Fe/mg Fe at Iceland

in 1969 and the average level in the liver of tuna from 11°N in
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59 was 1360 pCi Fe/mg Fe. Maximum levels in tuna caught

, . 55 re
during 1867 and 1968 exceeded 8000 pCi Fe/mg &y, but the

levels in most tuna during that pericd were less than 2000 pCi
5\ .3 ol hi [e) 9
Fe/mg Fe. Extrapolation of mecan values to 1964, the peak year
57

for T Pe levels in Pacific salmon (Jennings, 1968), gives values

- . . 55 . . .
of avvroxlimately 5000 pCi Fe/mg FPe. This value is approximately



one-third the value reported by Jennings (1968) for chum and
sockeye salmon from Petersburg, Alaska, in 1964. Yet, the levels
reported by Jennings (1968) for sockeye and Chinook salmon from
Bristol Bay, Alaska, in 1967 and by Jenkins (1968) fcr chum
salmon from Kotzebue, Alaska, in 1968 are of the order of 500 Pci
55 . . c s
Fe/mg Fe, or less than the levels in Pacific tuna from the
northern hemisphere by a factor of more than two, Iron-55 in
salmon from Alaska and the Washington coast appeared to decrease
from 1964 to 1967 more rapidly than expected from decreases in
the rate of fallout (Jennings, 1968; Jenkins et al., 1968). There
e . .. 55 s s .
was no significant decrease in Fe specific activity during the
years 1967, 1968, and 1962 in either Atlantic cod or Pacific
tuna. Since the salmon were generally from areas of maximum
o 55 hd 3 ] . * * 1 a1

rates of Fe fallout in 1963 and 1964, it is possible that the

. . .. 55
decrease was a relatively localized phenomenon and that the Fe
levels in fish from the North Atlantic and from latitudes south
of 40°N in the North Pacific approached egquilibrium with the rate

_ . 55 Coqs s
of fallout of Fe. Aé%heﬂghlzhe large variability of the data.
casts doubts on the validity of such arguments, nevertheless,
they are useful as working hypothesecs.
It is clear that latitudinal differences occur in the North

Atlantic en

thet at least hemispheric differences occur in the

stinct North Pacific

[~E

Pscific., Folsom and Young (1965) sampled d

and fouih Pacific populations of albacore (Thunnus alalunga) in



i - . o 60 .
1864 and found that the concentration of Co in the northern
population was approximately five times that in the southern
e v , . 55 .
population; this supports the conclusion that Fe concentrations

are generally higher in northern hemisphere tuna than in southern

The results of analyses of tissues from the yellowfin tuna
caught off Bikini Atoll in 1969 show the large variability that
can be encountered even with fish of approximately the same size,
caught in the same place within a period of approximately an hour
and believed to be from the same school. Certainly the analytical
method is not suspect since the correlation for specific activi-
ties between tissues.is high. One cannot be positive that these
fish spent their entire life spans together and were thus exposed
to the same water masses, but assuming that they were, there is
no evident explanation for the large variability that was found,

Blood and liver usually containee the highest concentrations.

55 Coa .
of Fe, but in the highly vascular dark muscle of the tuna the

levels were as high as they were in the liver. This may be of

some importance in future sampling, as concentrations decrease,

e
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since s often easier to obtain large samples of dark muscle

than of liver,
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Co concentration of

.16 nCi/g wet in the liver of albacore from the North Paqéﬁyi:
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. 60 .
and Seymour (1963) reported an average Co concentration of
0.68 pCi.g wet in the liver of eleven .,tuna from the Central

e , 60 .
Pacific. We found no detectable Co in tuna from the Japanese
fishery in 1967 and 1¢48, but did find significant concentrations

60 . . e s .
of Co in yellowfin tuna collected near Bikini Atoll in 1969.

. 60 . .
It appears that the source of Co in these yellowfin tuna was
the ateoll, This is consistent with Welander's (1967) report of
. e s s . 60 . . .

relatively high concentrations of Co in marine organisms at
Bikini Atell in 1964. Liver of fish from different islets in the

6 . .
verage OCo concentrations ranging from 79 to

]

lagoon contained

330 pCi/g dry. Held (1971) reported values as high as 260 pCi/g

dry in fish livers collected at Bikini in 1969. If the source
60 . . .. I T

of Co for the yellowfin tuna sampled is indeed Bikini Atoll,

it would appear that the tuna stay in the vicinity cf the atoll

for an appreciable period of time.

It would be pertinent to investigate Bikini and Eniwetok
Atolls, sites of nuclear and thermonuclear tests from 1946 to
1958, zs possibly significant point sources, essentially, of
radicnuclides in the North Equatorial Current.

Cesium-137 concentrations in the Pacific tuna, including
those from the Bikini area, were of the same order of magnitude

: 3
as the values roported by Seymour (196Z) and by Folsom and Young

(1865), average valuecs of 0.03 to 0.09 pCi/g wet muscle tissue.

s
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However, the values reported by Preston (1970) for cod and plaice
from northern latitudes were higher by from three to four orders
of magnitude. Pacific salmon sampled in 1967 (Jenkins, 1969)

s 37 s .
contained Cs concentrzticns generally in the same order of
magnitude as those of the cod but in some cases even an order of

‘oA e 137 "
magnitude greater. These differences between Cs concentrations
in tuna and those in the fish from the middle and northern lati-
tudes reflect the well-known latitudinal differences in world-
wide fallout (Joseph et al., in press) and probably also reflected

. . . 137 .
the contributions of Cs from surface runoff in some areas, as
Preston has pointed out.

In recapitulation: The tuna from the southern hemisphere
tended to have lower concentreations and specific activities than
tuna from the northern hemisphere. There were no significant

‘ . 55 s s
trends in the data when Fe specific activitilies were compared
with species, month of catch, location of fish, or size of fish.

. . 55 e o . o

There was a close correlation of specific activity in light

. . 4 55 .
muscle, dark muscle and liver and of Fe concentration between
dark muscle and liver. Yellowfin tuna caught near Bikini Atoll

contained Co believed to be derived from the atoll. There was

. 60 .
a close correlation of Co concentrations between dark muscle

-t

and liver., Cesiun-137 concentrat lower than those
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reported for fish from middle and northern latitudes by three to

five orders of magnitiude, , Ancnwﬁa



11

ACKNOWLEDGMENTS

I wish to thank Dr. Toshiharu Kawabata, National
Institute of Health, Tokyo, for obtaining the samples from
the Japanese fishery; Mrs. Monica Depuy and Mr. Lewis
Leuders for performing many of the iron-55 analyses; Dr,
T. M. Beasley for analysis of the Bikini Atoll samples for
iron-55, as well as running cross checks on the results of

other analyses, and discussions of the data.



12

LITERATURE CITED

Brill, Warren A. 1968. Summary of iron-55 contamination in
the environment and levels in humans. Radiological Health
Data Reports 2:195-201,

Folsom, T. R. and D. R. Younyg. 1965. Silver-110m and cobalt-6C
in oceanic and coastal organisms. Nature 206:803-806.

Held, Edward E. 1971. Radiological resurvey of animals, soils
and ground water at Bikini Atoll, 1969-1970. U.S. AEC Report
NV0-269-8 (Nevada Operations Office, Las Vegas, Nev.). 53 p.

Jenkins, C. E. 1969. Radionuclide distribution in Pacific
salmon. Health Phys. 17:507-512.

Jenkins, C. E., J. C. Langford, and H. E. Palmer, 1968, Iron-55
in Pacific salmon. Battelle Northwest Laboratory Annual
Report for 1967, Vol. II, Part 2, pp 17-2Z,

Jennings, C. D. 1968. Iron-55 in Pacific Ocean organisms. Ph.D.
Thesis. Oregon State Univ. 81 p.

Lowman, Frank G. 1960. Marine biclogical investigations at the
Enivetok Test Side. In Proc. conference on disposal of
radicactive wastes, Monaco, Nov. 16-21, 1959, International
Atomic Energy Agency, Vienna. p. 105-138.

Palmer, H. E. and T. M, Beasley. 1967. Iron-55 in man and the
biosphere. Health Phys. 13:889-895.

Persson, R, B. R. 19269, Iron-55 in northern Sweden; relation-
ships and annual variation from 1956 until 1967 in lichen

and reindeer as well as uptake and metakolism in man. Health
Phys. 16:69-78,

Preston, A. 1970. Concentrations of iron-55 in commercial fish
species from the North Atlantic. Marine Biology 6:345-349.

Rama, Mincoru Loide, and Edward D.Goldberg., 1961. Iron-55 from
nuclear detonztions, Nature 191:162,

Schonfcld, Ernest.
Report ORiL-397

Computer progrem, Alpha-M. U.S. AEC

966,
(Ock Ridge National ILaboratory, Tenn.).

[Sa Qe

Seviwour, Allyn . 1962, Cazmma-emitting radionuclides in tuna

cg Irom the Tolivo Central Fish Market, 1962, U. S. ARC
port UW#1.-90, Clearinghouse for Federal Scientific and
chinical Information, NBS, U.S. Dept. of Commerce (1963).

SHE KRCTIVES



13

Table 1, Comparison of iron-55 concentrations and specific

activities of three yellowfin tuna tissues.

pCi/g dry nci SSFe/md Fe
N b'4 o 3
Light muscle 16 29.1 16,2 1l.18 0,72
Dark muscle 16 334 +193 1,16 +0,56
Liver 16 374 +234 1.36 +0.66
Correlation cocefficient
Dark muscle vs liver (pCi/g dry) 0.886
Light muscle vs dark muscle (nCi 55Fe/mg Fe) 0.900
Light muscle vs liver { " ) 0.838
Dark muscle vs liver ( " ) 0.977
Regression coefficient (b) and intercept (a)
b a

Dark muscle on liver (pCi/g dry)
s . 55
Light muscle on dark muscle (nCi Fe/mg Fe)

liver ( " )

Dark " " ( " )

1.07 15,2

0.706 0.332

0.7¢4 0.455

1.14 0.032
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