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ABSTRACT

In order to provide biological information for the conducting of this weapon test in such a
manner as to eliminate or minimize hazard through contamination of commerical fisheries
products, investigations were conducted along three lines:

1. Studies of the distribution of marine organisms in and near the proposed test area to
provide information which, together with data from Project 2.8 on currents, would make
possible the selection of a test location such that the hazard to '.1e fisheries would be minimal.

2. Laboratory studicv on the uptake of fisaion products by fishes and other marine
organisms to provide basic information on the uiptake of such products from seL water and
their retention and excretion by the organisms.

3. Field studies following the test to investigate the uptake of resulting fission products
by marine organisms.

On the basis of these studies, together with information from other projects, it was
possible to select a test location which resulted in no hazard to commercially important types
of fish. However, such events occurring in biologically more productive areas, closer to
commercial fishing areas, or in regions where the cont2minated water would be carried into
commercial fishing a'eaa could result in important hazards. The laboratory and field data
reported here should provide some basis of evaluating the hazards involved in the occurrence
of such events in other areas.
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4 PREFACE

The investigations reported here were undertaken by personnel of several divisions of the
Scripps Institution of Oceanograpy. Members of the faculty of these divisions gave much valu-
able advice and assistance to members of the research team. The masters and crews of the
vessels Paolina-T, Horizon, and Spencer F. Baird, aboard which the field work was conducted,
are to be thanked for their helpful cooperation in the work, especially in regard to the experi-
mental fishing conducted from the first-named vessel.

Background information, most of which had not yet been published, was obtained from the
Atomic Energy CGmmission, especially from its New York Operations Office, personnel of
which were also very helpful in providing advice on certain problems of instrumentation and
radiological analysis.
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CHAPTER I

SUMMARY

i.1 OBJECTIVE

The investigations undertaken under this project were rA three kinds:

A 1. Studies of the distribution of marine organisms In and near the proposed test area to
S provide information which, together with data from Project 2.8 on cnirrents, would make pos-

sible the selection of a test site such that the hazard to the fisheries would be minimal.
2. Laboratory studies on the uptake o( fission products by fishes and other marine

organisms to learn about the uptake of such products from sea water and their retention and
excretion by the organisms.

3. Field studies following the test to Investigate the uptake of resulting fission products
by marine organisms.

1.2 DISTRIBUTION OF MARINE ORGANISMS IN AND NEAR THE TEST AREA

1.2.1 Marine Phytoplankton

Two aurveys were conducted, one in May and June 1954 and the other In April 1955, to
determine chlorophyll coacentration and photosynthetic rates in different parts of the region|
as indications of the abvadance of phytoplankton, which supports the organisms higher in the
food chain. i

It was shown that, except in the portions of the area immediately adjacent to the coast,
the region is low In phytoplankton. The northwestern part of the region of study, in the vicinity I
of 123VW, 28ON wnas particularly barren. (Further details of this study are given in Chap. 2.) 1

I
1.2.2 Marine Zooplanktonj

Five surveys were conducted before the test between April 1954 and March 1955, and a I
further survey was made in the immediate vicinity of the test site following the test in May
1955.

It was found that zooplankton standing crops decreased with distance from shore in all I
parts of the area and that rather low volumes of zooplankton usually occur in the northwestern 4-
sector of the region studied. There was no detectable seasonal change. Volumes of less than -

j 50 ml of zooplankton per 1000 mn of water were found at all times offshore from about 12?*
west longitude in the p•retest series, although one sample of 55 ml per 1000 m- was obtained in
the poottest sampling. (Details of these studies are given in Chap. 3.)

A.
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1.2.3 Fish Eggs and Larvae

The commercial fisheries off Baja Calilorrla are conducted well inshore from the pro-
posed test site. However, some of the commercial fishes (sardines, for example) are known
to move offshore to spawn. In order to determine to what extent the commercial species
might be present in the different parts of the area for spawning, plankton hauls takwin on four
cruises during 1954 were examined for fish eggs and larvae of all k'Lnds.U Eggs and larvae of several species of commercial fishes were taken on these cruises,
but with the exception of dolphin and Jack mackerel, either none or very small numbers were
taken beyond about 200 miles offshore. No larvae of tunas, which are the basis of the most
Important pelagic fishery off Baja California, were captured. It seemed probable, therefore,
that selection of a site well offshore would result in little hazard due to the presence of
spawning concentrations of commercial fishes. Certain noncommercial groups, especially
stomiatoids and myctophids, were found in fair numbers in the offshore sector of the study
re-gion. (A detailed report on these studies is given in Chap. 4.)

1.2.4 Deep-sea and Forage Fishes

Midwater trawling was done on one pretest cruise In June 1954, and further midwater
trawl hauls were made after the test in May 1955. Fish taken with the midwater trawl were all
indigenous to the deep-sea environment and included no commercial species. Numbers cap-
tured in the vicinity of the test area were notably lower than for similar hauls in coastal
waters, which s-ubstantiated the findings from other lines of study of the general paucity of

marine life in the offshore region off the northern part of Baja California. (Further details
are reported in Chap. 5.)

1.2.5 Tunas and Other Large Pelagic Fishes

The principal pelagic commercial fishery off Baja California is that for the tunas.
Tropical tunas, the yellowfin and skipjack, are taken off the southern part of Baja California
and at the Revillagigedo Islands through the year. During the summer and fall these species
are present farther northward to at least Cedros Island. During the month of May, these
tropical tunas are seldom taken north of about Magdalena Bay. Albacore tuna are taken to the
north, from the vicinity of Guadalupe Island northward, from 3uly to November or December.
Bluefin tuna are taken from Guadalupe Island northward at any time of year but always well
inshore.

From the distribution of the commercial catch, it seemed likely that a test site north of
about 260 north latitude and offshore well outside Guadalupe Island would present little likeli-
hood of having any appreciable numbers of tuna in May. Bkecause, however, of the lack of
commercial fishing offshore and because of the importance of this matter, four survey
cruises to fish for tuna and other pelagic fishes by long lines were made from May to October
1954, and still another cruise was made in March and April 1955.

As a result of these cruises, it was concluded that the Tiantity of tunas and other large
commercial fishes in the offshore, northerly part of the region surveyed was very small at
any time of year and that it could be expected to be essentially zero in the early spring
months.

Since, however, there is a large population of tuna supporting a commercial fishery
inshore and south of 25*N during the test period, it was necessary to also be assured that
water contaminated with fission would not be transported into this area of the commercial
tuna fishery. Oceanographic studies under Operation Wigwam Project 2.8 indicated that it
would be necessary to place the test site west of approximately 1230 west longitude to accom-
plish this.

Long-line fishing in the vicinity of the test site, just prior to and after the test, confirmed
the absence of significant nurmbers of tunas or other large pelagic commercial fishes in the
area at the time of the test. (Details are reported in Chap. 6.)

16



The data are summarized in Chap. 7.

1.3 LABORATORY STUDIES OF UPTAKE OF FISSION PRODUCTS BY ORGANISMS

1.3.1 Uptake of Sr' 0 and Y** by Marine Microorganisms

Experiments were conducted on the uptake of these fission products by Serratia marino-
rebra ar.d Platymonas subcordiformis in radioactive media. 5erratta marinorubrm cells were
shown LO be able to concentrate the activity from 6000 to 25,000 times. Of the activity re-
tained, 95 per cent was due to Y90, and 4 per cent was due to Sr"0 . On the basis of atom uptake,
more Sr'0 , approximately 130 times as much, was found. The percentage values for concen-
tration of atoms showed a greater concentration for Y10 than for Sr'0 , presumably because of
the 3592 to I ratio of Sr " and Y$0 in the medium initially. Platymonas subcordi!ormls cells
selectively concentrated Y1 0 more than Sr"0 . On a percentage-atom-uptake basis, Yi''was
concentrated to a greater degree than Sr1 0 . (Details of these experiments are given in Chap. 7.)

1.3.2 Consumption of Microorganisms Labeled with S; , and Y99 by the Copepod Tigriopus
callfori.cus

!xperlments by feeding the above-named microorganisms, which had taken up Sr'O and

Y", to this harl;.;cticoid copepod, were conducted to determine the rate of feeding of the
copepod and the transfer of activity up this step in the food chain. Results were not conclusive.
It i' Indicated that there was little or no concentration of activity by Tigriopus californicus In -
the pre•ence of Serratia marinorubra. There is, however, evidence of Tigriopus californicus
grazing cn Platymonas subcordiformis and thereby accumulating activity from Sr90 and Y10.
(Details of these experiments a.,,e given in Chap. 8.)

I

1.3.3 Uptake of Fission Products by Phytoplankton

E7.xrimenis were conducted between May 20 and 30, 1955, to determine the amount cf
radio -o vity taken up by laboratory cultures of a marine dinoflagellate, Gonyaulax polyedra,
from 4ea water containing mixed fission products collected in the Wigwam test area. A con-
centration of activity in the cells of this organism of about 5000 times in a period of 90 hr was
'ndlcated. From concentration factors in different dilutions of radioactive sea water, it ap-
pears that in the range of 5 to 50 per cent dilution, the concentration factor is independent of
dilv.ion. Studies of energy spectra of the cells which had taken up activity suggest differential
uptake of certain energies. The corresponding Isotopes were not identified. (Details are given
in Chap. 9.)

1.3 4 Elemental Composition of Some Pelagic Fishes

In order to evahate the potential uptake of fission products and the potential sites of
concentration of various elements, it was of interest to learn something of the concentration
of various naturally occurring elements in the various organs of pelagic fishes. This was
undertaken by studying the elemental composition of various organs of tunas and other pelagic
fishes. £

The data indicate that the elements existing most probably as cationic species in sea
water (Mn, Cu, Ni, Zn, etc.) tend to be concentrated in the internal organs. The alkaline
earths (Ca and Sr) concentrate in tbe hard parts, and Sr appears more strongly in the flesh
than Ca. The abundance of Sr is found to be greatest In the internal organs and least In the
hard parts. (Details of the analyses are given in Chap. 10.)

1.3.5 Uptake of Radiostrontium by Pacific Mackerel

An experiment was conducted to determine the uptake, retention, excretion, and sites of
deposition of Sr"0 in a representative pelagic food fish, the Pacific mackerel (_Pucumatophorus
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diego), by feeding this isotope and studying, total activity and Its distributicn in various organs
after various periods of time up to 235 days. It was found that 95 per cent of the activity was
excreted in 24 hr and that the remaining 5 per cent remaina. fixed in the body for the dura-
tion of the experiment. Eighty per cent of this fixed activity was located In the skeletal struc-
tures. The edible portion of the fish showed, per gram, low actilvty after two days. After one
to three days following the time of feeding, the gills showed the highes• activity per unit

Sweight, suggesting this as the site of major excretion. (Details of t--ls experiment are cc~n-
•.• tained in Chap. 11.)

1.4 FIELD STUDIES IMMEDIATELY AFTER TEST TO STUDY UPTAKE OF FISSION
PRODUCTS BY MARINE ORGANISMS

Radlochemical studies of sea water, of the particulate matter in the sea water, and of the
organisms were made on the basis of samples collected at the test site during the first few
days after the shot.

Approximately half the activity in the sea water was found to be due to materials present
in particulate form.

The most active organisms during this early time, and hence the most effective concen-
trators of activity, were mucous, pseudopcdal, ciliary-feeding zooplankton species which, it
was presumed, were ingesting the particulate matter. Limited assays of diatoms indicated

V low effectiveness in accumulating activity, although this result is somewhat doubtful owing to
the possibility that the technique was faulty.

During this early period the fishes showed no significant concentiations of activity except
in the stomach and gut regions, Indicating (1) that they were feeding on organisms lower in the
food chain which were radioactive and (2) that the active elements had not yet reached deposi-
tion sites in the other parts of the fish. No long-terra studies for s9ies of accuraulation of
specific isotopes were conducted. (Details of this part of the research are given in Chap. 12.)
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CHAPTER 2

MARINE PHYTOPLANKTON-AREAL SURVEYS

By R. W. Bolmes

Two surveys were carried out, one in May and June 1954 and the other in April 1955, to
determine the photosynthetic rates and chlorophyll a concentr.iona of the phytoplar~kton at the
surface In the pelagic area. Since there is good agreement !etween the magnitude of photosyn-
thetic rates and chlorophyll a concentrations at the surface and those for the entire euphotic
zone, it was believed that surface observations would Sive reliable indications of the total
amount of photosynthesis and plant pigment in the wter column at any point.

In general, wherever there exists within an area both low photosyrthetic activity and low
standing crops, the area in question will be Inc.pable of supporting sizable populations of
zooplankton and fish for any appreciable lengeh of time. This would not be true if conditions
were such that large populations of zooplar~don were being introduced into a barren area by
currents. Under such conditions a sizable fish population might be sustained in an area of
low photosynthesis and low phytoplankton standing crop.

The results of the 1954 cruises (chlorophyll a only) are illustrated In Fig. 2.1. In this
figure it is immediately apparent that the northwestern portion of the pelagic area hba the
lowest phytoplankton standing cz'Lop- chlorophyll a concentrations of less than 0.10 rag/mr;
in fact, these concentrations are among the lowest recorded in the northeastern Pacific
Ocean. The tongue of relatively rich water that may be seen (Fig. 2.1) extending almost due
westward in the vicinity of 28*N, 1150W was apparently transitory; it had completely vanished
by the end of May 1954. The area immediately adjacent to the Baja California coast was
quite rich and probably remains so. In April 1955 a cruise into the northwestern part of the
pelagic area (stations marked on Fig. 2.1) again revealed this area to be one characterized
by low phytoplankton stanW,,ng crop. The chlorophyll a concentrativas at all stations were
less than 0.10 mg/mr and generally less thao 0.08 mg. Taken together, these data certainly
indicate the very sparse phytoplankton populations inhabiting the northwestern portion of the
pelagic area.

Althouygh the 1954 phoosynthetic measurements are suspect, they indicate In a general
way very low prodluction rates throughout the area, excepting perhape the region adjacent to

Baja Ca"fornia. Similar measurements, quantitative in this instance, were made in April
4.955. These data reveal Chat very low photosyzthetic rates are common in the northwestern
portion of the pelagic aita.

In conclusion it may be said that the pelagic area, neglecting that portion of the area
immediately adjacent to the coast, is very barren of phytoplankton, especially In the north-
western corner of the area, and is Incapable of supporting large populations of zooplankton
and/or fish.
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CHAPTER 3

ZOOPLANKTON INVESTIGATIONS

By Robert Bieri

3.1 INTRODUCTION

Marine zooplankton is the assemblage of animals which are unable to effectively swim
against the horizontal currents of the oceans. This assemblage is of direct importance to
man in several respects but chiefly because it forms the bulk of the food of most fish and the
baleen whales. Recent investigations have shown that they concentrate radioactive substances
and are probably instrumental in passing these active elements on to fish.

Previous to the initiation of the pelagic area survey (PAS), our knowledge of the zoo-
plankton in the PAS zone was derived from plankton hauls taken at three VMld-Pacific Expedi-
tion stations, seven Shellback Expedition stations, and about 20 California Cooperative Oceanic'
Fisheries Inventigations (CCOFI) stations 'Flg. 3.1). These latter were occupied monthly from
1949 through 1954. In addition, numerous plankton tows taken around the area by these expedi-
tions and the CCOFI program gave us some information as to how the area fits into the
broader picture of the North Pacific Ocean zooplankton.

Both Shellback and Mid-Pacific indicated that there is a shar9 faunal break at about 200
north latitude between what has been called the 'Tacific central fauna" and the "Pacific
equatorial fauna" (Fig. 3.2). There is a faunal transition, less marked and apparently more
variable, passing through the PAS area from northwest to southeast and marking the change

from Pacific central fauna to California current fauna.
From these early observations it was known that the highest zooplankton volumes

(greatest standing crop) occur in the California current fauna, with rather high values also
occurring in the vicinity of the faunal break ai 20*N. The lowest zoopilankton volumes were I
known to occur in the Pacific central region.

Because practically nothing was known of the vertical distribution of zooplankton in the
PAS region, the early phases of the zooplankton investigations were largely concerned-with
this problem.

3.2 PRETEST METHODS I

Zooplankton varies in size from microscopic single-celled animals a few thousandths of
an inch long to huge Jellyfish that may reach 10 ft in diameter and 30 ft in length. Because no
single device catches all the wide range of sizes, three different nets were used In the PAS
work. The largest net (0.7-mm mesh opening) was I meter in diameter at the mouth and about
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18 ft in lealgth. The intermediate-size net (0.2-mm mesh opening) was 0.5 meter in diameter
an'" about 9 it in length. The smallest net (0.08-mm mesh opening) had a mouth about 8 in. In
diameter and was about 3 ft in length. The 1-meter nets, wiless rigged for opening and closing
work, had current meters suspended within them to determine the amount of water filtered.
The 0.5-meter nets also were equipped with current meters.

_Plankton volumes were determinid by measuring the amount of water in a graduate before
'Ind after the zooplankton had been seived out. All samples were preserved ir hexamine-
buffered Formalin. Counts of total zooplankton and of the species composition of the Chae-
tognatha and Euphausiacea were made in the laboratory, usually at a magnification of i2X.

3.3 POSTTEST METHODS

The methods used immediately before and after the test were essentially the same as those
mentioned above except for the following changes: A table set on shock-mounted gimbals was
used for sorting and counting procedures at sea. An enclosed counting tray (plankton iray for
use under way) was used euccesstfully for the first time, making It possible to examine, at
Wmanificatiovs up to 36X while uwar way, the quality and quantity of plankton in the water.

With this device the zo0plankton counts could be made about as rapidly as on land and with
nearly as great precision. Resu'fts obtained by this method are directly comparable to the
results obtained on shore becauto the two methods are nearly identical.

Nylon plankton nets were uaied at the test and proved very satisfactory from the stand-
points of strength, water-filtering capacity, and constancy of mesh _ ize. The nets uired in
radioactive water came up witb' activity readings as high as 5000 counts/main (roughly I mr).
Dragging the net behind the shlip at 10 knots for I hr in uncontaminated water did not reduce
the radlation significan-ty.

From the standpoints of tlme available and volume of zooplankton present, and considering
the patchy distribution of the radiation, it seemed that the 1-meter net would give the best
possible sample; hence it was the chief zooplankton-collecting instrument used after the test.

One opening-closing net tow was made precisely in a layer of radioactivity by attaching a
I-meter net just above the vertical telemetering probe and opening and closing the net while
the probe was kept in the thin layer of activity (8 meters thick). With this techni'_ti it was
possible to record the depth of tow, the temperature of the water at the depth of tow, and the
radiation in the water at the do: pth of tow. A similar method has since been described by B. P.
Boden et al., J. Marine Reseawt-h Sears Foundation, 14: 205-209 (1955).

3.4 VOLUME OF ZOOPLANK'`ON

Five cruises were made bef.- the test In the months of April, j ul, juy, and September
1954 and March 1955. The volume of macroplankton in the upper 300 meters is shown in
Figs. 3.3 to 3.7. In general, the standing crop decreases the farther one is from shore. There
is no detectable seasonal change. In Fig. 3.8 the 50-ml (per 1000 ms of water filtered) con-
tours are summarized, and the volumes taken at the test are shown. The standing crop at the
test site was slightly higher than one would have expected but cannot be regarded as signifi-
cantly higher owing to the small number of test-site samples. Sixby-four samples In the pre-
test series were to the ocean side of the 50-ml contours. These stations Lhd standing crops
with 10- to 45-ml contours. The range of the test-sample volumes was 10 to 55 ml with an
average of 27 ml. The difference between the test and pretest standing-crop volumes is
shown graphically in Fig. 3.9. It is perhaps significant that the two highest volumes taken at
the test site had considerably higher percentages of California current species present than
Pacific central species. The low-volume samples were dominated by typically Pacific central
species.

In Figs. 3.10 to 3.15 the pretest standing crops of zooplankton at various depths near the
test site are shown. In general, as one would expect, the zooplankton volume decreases with
depth. (Text continues on page 38.)
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ZOOPLANKTON COMPOSITION

With few exceptions copepods dominated the plankton samples, and Radlolaria, noctiluca,
Sostracods, chaotop aths, and euphauslds followed in abundance in that order. Salips and

ý ptercods, the highest radiation emitters found, ranked thirteenth and seventeenth in over-all
abundance. ,Iesults of radiological examination of zooplanukon organisms are given in Chap.
It.)

Six species of thecoaomatous (shelled) pteropods and one species of gymnosomatous
(naked/ pteropods were Identified and tested for activity. No single species was consistently
active, but the two gymnosomatous specimens tested were both cold. The salpe taken in the
opening-closing net tow in the active layer were quite active and appeared to be a single
species. All other salpe tested (taken from other tows) were cold or only slightly active.
Many other kinds of animals were found to be active, but no one group or species was con-
sistently active.
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CHAPTER 4

FISH EGGS AND LARVAE IN PELAGIC-AREA-SURVEY

PLANKTON SAMPLES, 1954
Hit

By Grace L. Orton

4.1 INTRODUCTION

This chapter summarizes the data on fish eggs and larvae frorm the plankton samp•les
taken on four cruises in 1954. Station plans for these cruises are shown ita, Figs. 4.1 to 4.3.
In Tables 4.1 to 4.3 the eggs and larvae are listed by taxonomic groups (in so far as they can
be Identified from present knowledge), by cruise, and by approximate distance offshore.

The tables are based on a standardized list of the major taxonomic groups of teleost
fishes that were found represented in the material. In addition, the list provides space for a
number of other groups (notably the tunas and blenniold fishes) for which it seems desirable
to emphasize absence In these collections. The tables on geographic distribution are based on
a somewhat arbitrary and diagrammatic zonal pattern (Figs. 4.1 to 4.3), recording eggs and
larvae occurring within areas approximately 100, 200, 300, and over 303 miles offshore.

Large numbers of eggs and moderate numbers of larvae are recorded as unidentified.
The well-known difficulttes of identifying marine fish eggs and larvae need not be elaborated
in this report, but it shcodd be pointed out that the bulk of the unidentified eggs Is of one gen-
eral type which, on further study, will probably prove referable to the stomiateld genus
Poweria, which supplies the dominant element In the larval collections.

I
4.2 COMMERCIAL FISHES

The PAS plankton collections contain relatively small numbers of eggs and larvae
identiliable as groups of commercial interest. The occurrence of these fishes is summarized i
in Table 4.3, which lists numbers per sample per cruise and per 100-mile interval offshore.

One could question whether the results of this small series of cruises give an adequately
representative picture of the occurrence and distribution of these fishes In the area collected.

However, supporting evidence is available for some of the species from published accounts
based on the very extensive Marine Life Research (MLR) collections, and this evidence gives
some measure of the significance of the PAS results. Thus, the PAS data, especially on the
sardine, carangid fishes, and hake, can be compared with detailed work on these fishes in
recent papers by Ahlstrom,1 Ahlstrom and Ball,2 and Ahistrom and Counts,3 respectively.
Additional data for comparison are given in the progress reports of CCOFI. For the most

39 (Text continues on page 47.)
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Table 4.1--SUMMARY OF EGGS AND LARVAE FOR ALL FOUR PAOLINA-T CRUISES

(Totals and Numbers per Sample)

PLL - 1 PTLL - 2

April May

6 Sample. 39 Sompleff

Eggs Lamve Eggs Larvas

Per Per Per Per
Total Samle Total � tal S Total •a•pe

Clupsoids
(ardine) 52 8.66 20 3.33 7 .179 25 .641
(nhovie) 549 91.5 85 2.17

Aipocoer--1ds 2 .051
Argentinids 422 70.33 49 8.16 376 9.641 124 3.17
Eels 1 .166 3 .076
Stooiatoids 13 2.16 2 .051 1377 35.307
)fctophi to 56 9.33 894 22.64.
Iniomou ?iashe 5 .83 19 .487
synentogtaths

1SaUry) 1 .166 3 .076 1 .025
(Mlyiig92ieh) 3 .076

CcOd-like Fibshe
4k*) 45 7.5 132 22.0 16 .415

~Mcrotirids)
(Wc.) 3 .076

Wllotriognaths 4 .102
Flatfisbes 1 .166 307 51.16 16 .415
Berycoids

(HMolap ,asids) 2 .33 7 .179
Ty'pical PeWrooA!8

(SerrunidO,
Muziloids

(Barracud~a)
Carangiforms

(Ca-angide) 11 1.83 4 4.0 190 4.87 65 1.66
(Dolphins) 5 .325

Scombriforms
(Macke.1.) 2 .051 1 .025

(Gempylids, etc.) 2 .33 1 .025
Bromide 1 .025
Tetragonurus
Scorpaeniforma

(Scorpsenids) 167 27.83 26 .666
Cott'do) 1 .166

Chiasmodontide 25 a .0
Caioitidas S .205 8 .205Blemnioids

Gobies
Ceratioids

Unid!ettiied 283 2o 7508 139 _
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Table 4.1- (Continued)

PTLL- 3 PTLL - 4

July - hnut Sept--_,,r - October

31 Samples 42 Samples

tEgg Larnae Eggs Larnae

Per Per Per Per
Total S T Total Samle Total

Cl0peoidds 1 .023
(Sardine) 6 .193 24 .7/4 1 .023
(Anichovies) 4 .129 54 1.74 2 .047

Alepocephalids 1 -032
Argentinrids 312 10.06 44 1.41 72 1.714 63 1.50
Bel1 2 .o64
Stomirtoids 7 .222 1887 60.87 11 .261 3793 90.30
)Vctophids 762 24.58 1092 26.00
Inic•us Fishos 23 .741 28 .666
Synentognaths

(Saury)
(Flyir.gfish) 1 .032 5 .119

Cod-like Fishes

(,kcrourids) 1 .023
(misc.) 2 .o64 1 .023

Allotriognaths 7 .222 7 .166
Flatfishes 6 .193 42 1.0
Berycoids

(MelampboeIds) 1? .548 21 .5
T'ypical Pareoids 39 1.25 13 .309

(Serruaids) 98(?) 2.33
asi=loids

(Brrov,•ia) 1 .032
Car~ngfo~me

(crci,) 17 .. 04 2 .047
(Dolphi) 15 +4 3 .096

Scombriforms
(Mcee)2 .064 1 .032

ýTua) 1413 3.40 4 .095

lf]ids, etc.) 326 10.51 1 .032 14 .333 6 .W42
Braxida 13 .419 2 .064 1 .023
Tetragonurus
Scorpseniforms 2 .064 1 .023

i Scorpasulds) 9 .290
Cottids) 5 .161

(Triglida) 1(7) .032 1 .023 12 .285
Chiamodontids 3 .096 31 .354 12(?) .285
Ca11ionvjuids
Blenniolds 2 .047
Gobbs 5 .119
Ceratioids

Unidentified 7460 99 2971 172
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Table 4.2-SUMMARY OF EGGS AND LARVAE TABULATED BY ZONES
OFFSHORE FOR ALL FOUR PAOIJNA-T CRUISES COMBINED

,Totals and Numbers per Sample)

100 Kiles 200 Miles

21 Samples 36 Sexple5

Eggs Ia * F4go Larvne

Per Per Per Per

Clupeoids
(Sardine) 52 2.1.7 55 2.619 11 .305 14 .388 2ý
(Anchovies) 4 .190 495 23.47 5 .139

Alepocephalids 2 .095 1 .027m
Argentinids 343 16.33 48 2.285 718 19.94 196 5.44
Eels 2 .095 1 .0277 i .0277
Stosmatoids 2 .095 511 24.33 3 .093) 1A12 39.22
Yqctoplids 530 25.23 779 21.63
Iniomous Fishes 4 .190 12 .333
Synentognathx

ia,• 3 .0833 1 .0277
PFyingfish) 7 •J33 1 .0277

Cod-like Fishe"
(ake) 40 1.904 117 5.57 5 .- 39 31 .861
W- rourids) 1 .0277
(?isc.) 2 .055

Allotriognathe 3 .142 9 .250
Flatfiahes 1 .047 334 15.904 35 .972
Berycoids

(M61ampbeeids 5 .238 17 .4+72
Typical Percoids 31 1.476 11 .305

(Serranidal 98(0)4.66
fusiloids

(Barracuda) 1 .047
Carangiforas

(Carexc.,,) 110 3.05 53 1./17
(Dolphins) 28 1.33 1 .047 2 .055

Soombriforma
(Mackerel) 2 .095 1 .047
(Tuna)
(Geapylids, etc.) 464 22.09 3 .142 4 .111 1 .0277

Braoida 12 .333 1 .0277
Tetragonarus 1 .0277
Scorpeeniform 2 .055

Scorpmenids) 194 9.238 9 .2500
Cottids) 6 .285
(Triglids) 1(7) .047

Chisamodontide 1 .0/+7 2 .095 6 .166 7 i9i
Calliony•ads
Blennioide
Gobies 2 .C0.
Ceratioids
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Table 4.2- (Continued)

300 Miles Over 300 Miles

24 Samples 36 Samples

Eggs Larvae Eggs Larvae

Per Per Per Per

TOWa §au1le Total §!M To-t-a Sample Total Pa

Clupeoids
Sardie) 1 .0416 1 .0277
Anchoviss)

AlepocephalIds
Argentinids 93 3.87 34 1.41 55 1.52 12 .333
Eels 2 .055
Stowiatoids 5 .208 2060 85.83 10 .277 3028 84.11
Myetopbids 578 24.08 806 22.38
Iniomous Fishes 15 .625 44 1.22
Syrantognatha

(S&aif)
(F.,ingfish) 1 .0416

Cod-like Fishes
(Bake)r• (Macrou.ids)
(misc.) 3 .0833

Allotriognathq 2 .0833 4 .111
Flatfishes 1 .0416
Berycoids

(Maxp•,asids) 13 .541 11 .305
Typical Parcoida 4 .166 6 .166

(S-arranids)
Musiloids

(Barracuda)
Carangiforus

(Caranids) 37 1.54 16 .666 54 1.50 25 .694
(Dolphins) 7 .291 4 .166

Scombrifor•
(Mackerel) 2 .0833 1 .0416
(Tuna)

(Gempylids, etc.) 3(2) .125 1 .o416 1 .0277
Braoids 5 .208 3 .125 10 .277 5 .139
Tetragomn-ru
Scorpaenifors

(Scorpenids)
(Cottids)
(Triglids)

Chiasmodontids 4 .166 18 .750 1 .0277 3 .0833
CallionyAids 3(0) .125 9(?) .250
Blennioids
Gobies
Ceratioids 1(7) .0416 5 .139
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Table 4.3 -SUMMARY OF EGGS AND LARVAE OF COMMERCIAL 'iROUPS AND OF
SOME OF THE DOMINANT NONCOMMERCIAL GROUPS

Numbers Per Sample Numbers Per Sample
Per Cruise Per Zone Offshore

6 39 31 42 21 36 24 36
Samples Samples Samples Samples Samples Samples Samples Samples

PTLL-1 PTLL-2 PTLL-3 PThL-4 Over
April Ma3' July - Sept.- 100 200 300 300

Aum October Miles Miles 1(ileg Mhle

Sardine eggs 8.66 .179 .193 .023 2.47 .305 .0416 .0277
Sardine larvae 3.33 .641 .774 - 2.619 .388 - -

Anchory eggs - - .129 - .190 -. =
Anchr'y larvae 91.5 2.17 1.74 .047 23.47 .39 - -

Saury eggs .166 .076 - - - 0833 -

Saury larvae - .025 - - - .0277 - -

Hake eggs 7.5 - - - 1.904 .139 - -

Hake larvae 22.0 .415 - - 5.57 .861 - -

Flatfish larvae 51.16 .415 .193 1.0 15.904 .972 .0416 -

Barracuda larvae - - .032 - .047 - - -

Carangid eggs 1.83 4.87 - - - 3.05 1.54 1.50
Carangid larvae 4.0 1.66 - - - 1.47 .666 .694

Dolphin eggs - .125 .483 .404 1.33 .055 .291 -
Dolphin larvae - - .096 .047 .047 - .166 -

Pacific Mackerel
eggs - .051 .064 - .095 - .0833 -

larvae - .025 .032 - .047 - .0416 -

Scorpaenid larvae 27.83 .666 .290 .023 9.238 .250 - -

Non.-Com=rciAl Groups

Ar~ntinid eggs 70.33 9.64 10.06 1.714 16.33 19.94 3.87 1.52
Argentinid larvae 8.16 3.17 1.41 1.50 2.285 5.44 1.41 .333

Stomiatoid larvae 2.16 35.307 60.87 90.30 24.33 39.22 85.83 84.11

Itctophid larvae 9.33 22.64 24.58 26.00 25.23 21.63 24.08 22.38

part the PAS findings are in rather close agreement with published MLR results, but the
scorpaenid larvae show a considerable departure. This indicates the need for caution in
interpreting the rather limited data obtained by PAS.

4.2.1 Sardines

Sardine eggs were taken on all four PAS cruises, and larvae were taken on all but cruise

4. The eggs were most abundant on cruise I (April); total numbers of larvae taken on cruises
I to 3 were relatively constant (Table 4.1). The actual total numbers taken per cruise appear

to be more significant for comparison than the numbers per sample per cruise, since the
definitely Identifiable sardine material was all taken north of 260 north latitude regardless of

cruise track and number of samples. Both eggs and larvae were most abundant within the
first 100 miles offshore and fell off sharply to the seaward (Table 4.2). One egg was recorded

from the 300-miloe zone and one from over 300 miles.
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TheOrk P.45 Vat OW -ardWV&Y --- aveCOi ppr.imt tue MLR raast1 ~ In both
seasonal and geographic occurrence. Ahlstrom (reference 1, page 106) reported: "Spawnhig
oIL southern California and adjacent Baja California may occur at coflsmierable UmDL4UUCO -rUeU
shore. Sardine eggs have been collected about 250 miles offshore, and larvae at even greater

Sdistancea; but large zoncentrations of eggs are seldom taken farther from shore than 150V miles." In summarizing data on the spawning season, he reported (reference 1, page 139):
"Sardine eggs have been collected during every month of the year off central Baja California,
although the period of major abundance has been limited to- the months of February through
May."

4.2.2 Anchovies

Some anchovy larvae were taken on all four PAS cruises, but eggs were obtained only on
c."ulse 3. The larvae were very abundant on cruise I '4pril), and the numbers fell off sharply
and prcgressively on the later cruises. Nearly all the larvae (495) were taken within the 100-
mile zone, very few (five) in the 200-mile zone, and none farther offshore (see Table 4.2).

Information concernbig the distribution of anchovy larvae taken on the MLR cruises in
A951 and 1952 %-as mapped and briefly discussed in Sardine Progress Reports for 1952 (page
40) and 1953 (pages 34 and 35). Although the larvae were more abundant at inshore stations
in both years, some occurred as far as 300 miles offshore in 1951 and as far out as 200 miles
in 1952. In 1951, spawning off central Baja California was most abundant Zrom February
through May, but some spawning occurred throughout the year. It is evident that anchovies can
occur substantially farther offshore than the PAS cruises found them.

J7_ 4.2.3 Hake

Hake eggs and larvar.; ere taken only on the first two PAS cruises, predominantly on
cruise I (April). None were taken farther offshore than 200 miles and none farther south
than 27r north latitude.

These results accord , losely with those of the more extensive MLR studies. Ahletrom
and Counts 3 found hake laivae abundant only fron• February to April; in both 1951 and 1952,
about 98 per cent of ali hake larvae were taken in this period. In both years about 88 per cent
were taken in the area from Point Conception to San Quintin, - .'.. California. Off southern
CallforrAa they were taken as far as 350 miles offshore, but in both years the area of concen-
tration narrowed to the southward to a zone much closer inshore (see especially reference 3,
Figs. 12 and 13).

4.2.4 Jack Mackerel

Carangid eggs and larvae were taken only on the first two PAS cruises (April and May).
They were most abundant in the 200-mile zone, with lesser numbers at 300 miles and over
300 miles. Furthprmore, none were taken south of 240 north latitude. It is possible that all the
carangid eggs and larvae taken during the PAS are Jack mackerel, but, since early stages of
thia fish have not yet beer, clearly differentiated from related carangids that might occur in
the area (e.g., species of Decapterus), the more conservative course of simply calling them
carangids is followed in this report.

The occurrence of carangid eggs and larvae in the PAS plankton accords well with the
MLR results on Jack-mackerel larvae. Ahlstrom and Ball (reference 2, page 225 et seq.)
found that, in the ULR samples for t950 and 1951, jack-mackerel larvae were concentrated in
a broad area well onqshore from central California southward to central Baja California, with
small numbers taken as far south as the level of Magdalena Bay in 1951 (the 1950 cruises did
not extend that far south). The larvae were most abondant in a broad area about 80 to 240
miles offshore. Larvae continued to appear in samplen a3 far seaward as the MLR cruises
operate, although there was a steady decrease in abunaance outward beyond 240 miles. The
larvae we.. most abundant during tie period of March through July; ab,,ut 98 to 99.5 per cent
of the larvae were taken during this five-month period.
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4.2.5 Scombroid Fishc•

* ~ ~ a a "- PASuuu u~r~ plainkton. However, some of
the other scombroid fishes are represented. Very smnll numbers of eggs and larvae of Pacific
mackerel were taken on cruises 2 and 3 (May to August), occurring then in the 100-mile and
300-mile zones (see Tables 4.1 and 4.3). The numbers are too small to be very meaningful
directly, but it is of interest to compare then with the data on Pacific mackerel larvae taken
by MLR in 1952 (Sardine Progress Rleport, 1.953, Fig. 26, pages 38 and 39). That report also -_
indicates the relatively small numbers of larvae taken and their spotty distribution as far
seaward as 300 rmiles. Off central Baja California on the 1952 MLR cruises, the larvae were
found to be most abundant In April and May, but some spawning occurred during most of the
year. Eggs and larvae of at least one species of gempylid are represented in the PAS collec-
tions (see especially Tables 4.1 to 4.3). Large nreoers of gempylid eggs were obtained on
cruises 3 and 4 from inshore stations neat and southward from Point Eugenlo, in the gerteral 3

region that closely corresponds to an Important area of upwelling mapped in the Sardine
Progress Report for 1953 (Fig. 4, page 10).

4.2.6 Miscellaneous Commerclai Fishe,

Several additional teleost groups that include species of commercial or sport fishing
interest are represented in the PAS plankton collectiols. Flatfish larvae were taken on all
four cinises but with a heavy predominance on cruise 1. Nearly all (334) of the total were
taken within the 100-mile zon&, only 35 in the 200-nifle zone, and only one in the 300-mile
zone. Their heavy concentration inshore is a reasonable expectation for flatfishes in general.
The data suggest some seasonal concentration, but the flatfishes comprise a large group of
species with poorly known life histories, and the several species represented among the PAS
larvae may well differ slgnificantly in spawning season. Hence it seems unwise to speculate
on seasonal occurrence of this composite group from limited data.

The samples contain a single barracuda larva, taken on cruise 3, station 17. This locality
is close inshore south of Point Eugenio. There is too ittle information available on the
spawning of barracudas in Mexican waters to warrant interpretation ýX the pocetble signifi-
cance of this single specimen (a recently hatched larva).

Small numbers of dolphin eggs and larvae were taken, chiefly on cruises 3 and 4. The
eggs were most abundant in the 100-mile zone, but a few were taken at 200 and S00 miles.
Larvae occurred in the 100- and 300-mile zones. There has apparently been no work pub-
lished on the early life history of the dolphins in the eastern Pacific. The seasonal and zonal
distribution of the PAS material suggests that spawning of these fishes may be associated with
relatively warm water and may extend to moderate distances offshore.

At least two kinds of scorpaenid larvae are present in the collections. They probably
represent species of Scorpaena and Sebastodes. Most of these larvae 'vere taken on cruise 1
(April), and moot were from the 100-mile zone. These limited data sug,_.-s sharp seasonal
and offshore limitations, but the much morr extensive MLR data apparently do not bear this
out. Thus the Sardine Progress Report for 1952 (Fig. 51, page 43) maps `.ke scorpasuid larvae
collected in 1951 and records that they were widely distributed in every rn ,*h and that they
were taken persistently as far as 300 miles offshore. More extenslve year-by-year compari-
sons are needed before the apparent difference between the MLR data for 1951 and the PAS
data for 1954 can be evaluated.

4.3 NONCOMMERCIAL FISHES

The many groups of noncommercial fishes represented in the PAS piankton are Indicated
in the tables. The three groups that dominate the samples, i.e., the argentinids, stomiatolde,
and myctophids, are included in Table 4.3 for comparison with the fishes that are of direct
commercial interest. A stomlatold genus, Powerla. is the most conspicuous form throughout
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the larval collections. These larvae show a steady increase in numbers throughout the sum-
mer, and a heavy concentration far offshore, from 300 miles outward.

_The nearly uniform distribution of myctophid larvae, both in season and in distance off-
shore, is noteworthy.
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CHAPTER 5

MIDWATER TRAWL SURVEYS

By Robert L. Wisner

Trawling was done on two cruises, cruise 5406-F, June 15 to 30, 1954, and during Opera-
tion Wigwam, May 1955. All trawling wau done aboard the R/V Spencer F. Baird of the Scripps
Institution of Oceanography. The track of cruise 5406-F and the location of each trawl for both
cruise 5406-F and Operation Wigwam are shown in Fig. 5,A. All trawling during Operation
Wigwam was done in the vicinity of the detonation site and the subsequent contaminated area.

The primary m-puze of cruise 5406-F was to ascertain the tyIr of fauna present and the
general abundance in a b,. ad area between the probable detonation site and the shore waters
endangered by contamlnauon by radioactive material resulting from the detonation. A second--
ary purpose was to study the availability of marine organisms that could form a food potential
for commercially important fishes, primarily the tunas. The total area sampled exceeded the
pelagic area as outlined in Fig. 5.1 in order to estimate the total distribution of organisms.

The Isaacs-Kidd 10-ft midwater trawl was used exclusively as the sampling instrument.
It was fished at depths ranging from 0 to 1944 fathoms. The trawl was modified fron the
original by adapting the end to accommodate a i-meter silk plankton net for use as a cod end.
This permits retaining a portion of the very small organisms gatthered by the net. A liner of
•4-in. stretch mesh was placed inside the 21/2-in. stretch mesh of the main trawl net. Thus it
was possible to sample a wide size range of organisms.

During cruise 5406-F a total of 15 trawls was made. Table 5.1 lists the duration and depth
of each trawl. Since the trawl net is always open, it is assumed to be sampling from the sur-
face to its greatest depth. Therefore ihe depths are listed from the surface (0) to the maxi-
mum depth attained, given as fathoms.

During Operation Wigwam a total of five trawls was made to provide specimens to de-
termine the radiological background count prior to detonation of the bomb and to determine
the amount of specimen contamination following detonation. No track is given since maneuver-
ing was intermittent and random. The trawls are listed, as for cruise 5406-F, in Table 5.2.

Cruise 5406-F ham been completely studied In regard to the fishes taken. A total of 1763
specimens was taken, comprising 38 genera and 20 families. Table 5ý3 lists all specimens by
family, genera, and species.

All fishes taken during Operation Wigwam have not been studied in detail. Those studied
for uptake of radioactive substances will be listed in Chap. 12 of this report. The remaining
fishes indicate no significant faunal differences from the specimen listed in Table 5.3. No
specimen lMt Is given for fishes taken during Operation Wigwam.
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F•g. 5.1--Miclwater trawl work prior to and du-Irg Operation Wig'wun,

52



Table 5. -TRAWLS MADE DURING CRUISE 5406-F

ThE'. travl i'.nbers correspond vith those shown on the cruise

track in Figure 5,1

Duration in Depth in

1 3 - 55 0-93 4
2 4 - 30 0-75
3 6 - 40 0-875
4 4 -32 C-83
5 4 - 25 0-10o0
6 4 - 00 0-93
7 2 - 57 0-96

10 - 40 0-1163
9 3 - 58 0-103

10 4 - 29 0-100
11 10 - 02 0 -1578
12 4 -40 0-72
13 5 - Ol 0-93
14 4 - 17 0-93
15 9 - 45 0-1498

Table 5.2--TRAWLS MADE DURING OPERATION WIGWAM

The mzabers correspond with those shown in Figure 5.1

Duration in Depth In

11 - 10 0-1944
2 4 -40 0-412
3 8 - 50 0-412
4 9 - 30 0-348
5 4 -10 0 -150
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Table 5-3 -NUMBERS 1J8R SPECIES OF FISH TAKEN DuURING uCtUIr.t'o
PELAGIC AREA WATERS, JUNE 15 TO 30, 1954

Family Trawls Taken

Ganda and Species 1 2 6 7~ 8 ~ 10 2 1 14 2
Alepocephajidae

I4Dtchb~iiChtiWS 9.Esizi

Argeamtomoda.
Batbylatus nixrgoi~ur 3 6 2 11 3
Batbylatus wasethi 2 11 3 3
Wthylaxus M. novI

)4icrostcm u1;r;i,1mt. 1

Sternoptychidas
Danophom oculatui 3
Diplortos ta 1 5
Sternoptyvx abseuru 41

AsmsecslgM3 1 1 1 3 2 1
AM2222elocu a-fflnis 2 14 7
Poweria lucatilA 22 33 57 3 A* 6 3

2 I 9 4 32 16 3- 3
cyltosife100 20 66 26 3 156 251/

Stowlatidae
Stcsiaoatrivopttr 5 4 n1 1 3 1 1

Idiacanthidae
Idiacantithu jtrotomws 1 2 1

IYoctophidae
Benthogem r)1uinnse 1
Dipu pacificus 3 43 5
Dl~ andersoni
Dioxonichthyp l.ate-au 30 13 9 1 2 1
DAIofpnichtbyu at~antigms
Coratobcovelus twsed 15 6 8 13
Hyopu rainha~rdti 2 6 1 11
blaa~meytua feativus 3 1

1AMUA I __li 14 5 1U 3 8 2

Luagau awgM 4 3 13 1 1 1 31 65 68
IAwvwwctuv pyrsoboLus 3 1 1
L.Aim tu 1 6 2 2
Iammye~'tus niter 1
6anpadena h~bpia 1

Laxpadena 8D nov. 1 1
Electrons artica11

Scopelengyidae
Scopelangya tristis 2

IMelanoatomiatidae
Bathophilus indiena
Bathophilus Lilifo? 10
Diftoudas sp 1
Leptost4:~ada1

Evervxie11idae
Eversonelia indics 3 1

Paralepidae
Lestidu rln*ns 2 3
Lestidium ov. 1
Prorundieudia corwanans 2 1

Scopolarcizidae
Scopelarchig gai 7 1 2
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Table 5.3- (Continued)

Family Travis T&ken ®

Genus and Species 1 l10 U 12 2 ~ i

Nesichthyidae M
Nemichths ecoloreceus 1 1 1
Avocottina boversi 1 1

Marluccildae A
Merluccius STO 31 1

Anoplogeatrida-

Cadidee
Microlop.id$ zrwAdic 7 26

Melanphaida.
M*_&XmhasB 239 21 61 55 1 8 2a'e•n••s rtrterinue II

1 OL. i 2 1 1 1

Bragoratidae
Br-mceros %cclel1sd4g 2 3 1

Bothida.
CitharichtY, tLntbotiM 3 1

Plugroneotida.
Micrsows PMOLt~cu 2

Brotulidas

Unidentifiable 1

Total pecies per trawl 1 15 1 1 n 12 24 6 4 3 15 11 22

Total specimens per travl 13I1247 21U 3 57 100 253 15 208 42 89 US8 175

Total apecivens identified 1763

Total genera 38

Total feziliJs 20

Of the fishes taken during both cruises, none were found to be oth-r thin indigenous to thi
normal deep-sea environment. No migratory or commercial fishes were encountered. Thi
numbers of fishes per trawl, both abeolute and in species, were notably lower than for traw A
of comparable depth and duration at localities nearer coastal waters.

This substantiates the original findings of a general paucity qf life In the area. Thi*
paucity was exemplified in the scarcity of surface life. No marine maidima•a were noted,
except in coastal waters, and the only bird lift consietid of the wide-far-igng f a-iy of storm
petrels. Even these were infrequently seen.
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CHAPTER 6

RESULTS OF LONG-LINE FISHING BY M/V PAOLINA-T

By B. M. Shimada

6.1 PRETEST SURVEY

One of the prime consideratior, respecting the olological aspects of Operation Wigwam
was the possible effect of the test upon the plnagic fish resources of the test area, particularly
those of commercial importance. Although little information was available on the character
and extent of this fish fauna, it was known tnat some species of tunas at least were to be
found in this general area during the summer and fall months und that at this time the area
supported a fairly extensive fishery. Therefore, in order to obtain first-hand information on
the biota of the area of interest, to assist in selecting the time and site of the final test, and,
at the same time, anticipating possible repercussions from commercial fishery interests In
the posttest period for which data needed to be gathered, a series of fishing cruises was
commenced in May 1954, fully a year before the event, by the M!V Paolina-T of the Scripps
Institution oa O)ceanography. The primary mission of these cruises, of which there were four
between May 1954 and April 1955, was to determine, by means of long-line fishing and other
sampling, the seasonal and geographical distribution and abundance of edible fishes in the
general oceanic region from Guadalupe Island south to the Revillagigedo Islands and seaward
from the Mexican mainland to approximately 1280 west longitude.

A pattern of stations bracketing the Wigwam area was established for each cruise, with
special emphasis in the final cruises upon the aiorthern sector southwest of Guadalupe Island.
At each station, fishing was carried on with long lines, which are long lengths of cotton lines
buoyed at the surface and from which baited hooks are hung to fish at different levels in the
sea. A total of 76 sets was made during the year's time, equivalent to 20,718 hooks fished,
which resulted in the capture of 666 fishes of various kinds. The catches consisted pre-
dominantly of sharks but also included a few tunas, spearfishes, and other miscellaneous
species (Table 6.1). Of these, the tunas and four swordfish that were taken in the course of
the survey were the only fishes of commercial value. Figure 6.1 shows the track taken by
each cruise and the stations where tunas were caught on the long lines. The catch rates per
100 hooks fished per day by cruise were as follows:

Tuna Spearfish Sharks Misc. AlU species

Cruise I (May 3--J.tne 4, 1954) 0.12 0.04 2.45 0.32 2.93
Cruise 2 (July 13--Aiug. 14, 1954) 0.12 0.77 1.30 0.49 2.68
Cruise 3 (Sept. 14-Oct. 19, 0954) 0.11 0.31 1.09 0.34 1.85
Cruise 4 (Mar. I1-Apr. 4, 1955) 0 0 6.30 0.13 6.43
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Table 6.1 -SUMMARY OF AO)LINA-T LONG-LINE FISHING RESULTS

Catch

No. of 6
No. of Hook Baskets Spear-
sets set Tunas flp-a Shrs&c Total

Cruise No. IN
(ay•3-Jun 4, 1954) 21 952 7 2 143 15 167

Cruise No. 2
(July 13-Aug. 14, 19554) 18 822 6 38 64 24 132

Cruise No. 3
(Sept. 14-Oct.. 19, 1954) 22 1036 7 22 66 20 115

CruIse No. 4
(%ar. 1-Apr. 14, 1955) 15 643 0 0 247 5 252

Total 76 3453 20 62 520 64 666

These results showed that long-line fishing for tunas and other economically important fishes
was very unproductive, the over-all catch rate for tunas alone being 0.12 fish per 100 hooks.
In areas where commercial long-line fishing for tunas is carried on, a catch of from three to
four fish per 100 hooks is regarded as about average. The data also indicated that those tunas
which were captured by the long lines were most likely the members of a migratory population
rather than a resident population because they were all taken on known fishing banks at a time 8
when commercial fishing was in progress. In further support of this is the fact that during the
Mar. ii to Apr. 4, i955, cruise, when there was no fishing operation, the long lines did not
take a shigle tuna or spearfish. Generally, therefore, it was concluded that the standing crop
of food fish was relatively low in the test area during the warmer months of the year and
virtually nil during the early spring months, the northern and offshore areas being poorer than
the region to the south and along the coastal shelf.

I
6.2 TEST AND P08TTEST SURVEY -

Long-line fishing for large carnivorous fishes was undertaken by the Paolina-T within the
test area mo It days betw.en May ii and 24, 1955. Nine of the 11 stations occupied were fished
during the poetiest period. During this survey, 402 baskets (2412 hooks) of long lines were set,
and these caught a total of 15 sharks, one snake mackerel, tnd one opah for an average catch
rate of 0.70 fish (all species) per 100 hooks. No tunas or commercially valuable fishes were
taken, nor were any signs of the presence of such populations detected during the survey. f
Figure 8.2 shows the location of each fishing station with reference to Ground Zero. The post-
test stations were selected so that fishing could be conducted as closely to the contamiinated
water areas as possible wiLhim limits of safety.

The failure of the long dines to capture any important food fishes indicated that the possi-
bility of contaminated fishes entering into normal food channeln as a direct result of Wigwam
was minimal.
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CHAPTER 7

BIOLOGICAL REMOVAL OF RADIOISOTOPES SrWO AND Y90
FROM SEA WATER BY MARINE MICROORGANISMS

F By Donald W. Lear, Jr., and Carl H. Openhelmer, Jr.

7.1 RETENTION OF RADIOISOTOPES BY MARINE MICROORGANISMS

The removal of radioisotopes from a marine environment by microorganisms has impli-
cations of Immediate interest, with raspect both to disposal practices and to military devices.

The measurement of the biological removal of radiolsotopes, by both uptake and sorption,
by unicellular organisms presents a variety of complicating factors, the chief of which is the
extent of the binding power of the cell with the radioisotope. Microorganisms present a large
surface to volume ratio; therefore one must discriminate between quantities truly taken into
the cell, the quantities firmly held by surface forces, and the quantities but loosely associated.
In additivi., selective retention of different isotopes from a mixture should ba evaluated.

The followiig experiments were designed to develop accurate and practicable experi-
mental methods for determiuLng microbiological uptake of certain radiolsotopes. Many of the
experiments were complementary or did not prove reliable; however, they have been included
in this report for evaluation. Several approaches to the problem were undertaken, and these
approaches are cateeorized in Secs. 7.1.1 to 7.1.3.

7.1.1 Autoradiography of Bacterial Colonies

Bacteria grown on radioactive media indicate the qualitative concentration of the radio-
Isotope. This procedure will not disclose the nature of the forces involved or lend Itself well
to quantitative measurement. With the procedures employed, selective uptake of isotopes
from mixtures cannot be readily discerned.

7.1.2 Uptake of Radioisotopes from Liquid Media

The separatin of cells from the radioactive medium in which they were grown shows thM
degree to .hich radioactive materials are bound to the ;ells. This procedure posslbib de-

2 lineates the materials truly incorporated into the cello (uptake) from those loosely bound by
surface forces on the cells (sorbed).

W• 7.1.3 Chemical Fractionation of Cellular Components of Washed Radioactive Cells

This procedure !ndicates the nature of the binding agencies involved in the true uptake of
isotopes.
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7.2 EXPERIMEINŽ1AL PROCEDURlE

Cells of the marine bActerhznm Serratla maxicurubra were used, and t.'o'tr colon-leB show
a chiaracteristic brikght red color, which could prove to be a sp.fety feature in the labortitory in
the event of accidesit or catastrophe. In adeation, celis of the marine gr~een algal phytoplankter
Platymonas subcorc ifkoimis were used, anda, in a iew autoracitograp-ly excperimnetts, indiganuus
bacteria, from raw soa-water sampai3~ were used.

The iscitopes were a carrler-free -Sr'-Y'0 mixture in equilibr~ium of docay, dateld May
13, 1954, and bad an activity of 11.96:k 10 per ceiit me/mi. As purchased this mixinre 4-lso
contained approyimaud~y 20 per cent Srs'. For experimental use, r. 1:100 dilution in "itilledIN
water wus used for a working sohition, At tfre tita of thztue expertmentg the cilcniated activity
of Si'O (aSSUMing 31X hall ives) woxdd have been approximately I count/miln in the experi- 4
menetal m- aterila; corseqiuently it was deemed unnecesgary to corgect for We hissotope.

WO and Y" are both lveta emitters (no gamma); 8rO huL aii energy of 0.537 14ev, and Y*4A
bas an anergy of 2.18 Mev. The bzIf life of Srec is 25 yearz, and that of YPO is 2.54 days.

The apparatus used Z,): counting consisted cf. a Nuclear-Chleago model 182AX scaler 5
connected with a Geiger-Mueller (G-M) tube that Wa a 1.9 mg/cm2 mica end wirdow. The
calculated efficiency of this apparatus rith a calibrated source In position ueareat tha window
was 29.7 per cent.

7.3 AUTORADIOGRA.?HY

Ten wi~iillt.ý!ra of uea-water nut-:lent apar medium, enriched with alpro.-dmstely i x '
die/min of Sr50 and 'T". "as poured -in petri plates and allowed to solidiffy. Inocula of Berratia
inarinorubra, placed at eeveral discr'ete points on the agar surfsace with a platinuwt loop, were
allowed t:, develop to colonies during Incubation at 25C, one series for 48 hr anid one-for 72
hr. At ¶ko end of the incubation perkiod, the colonies were washed off one control-plate. The
agr&7, caxafuliy lifted from~ the petri plates in a d4arkr~oom, was etaced colony side dmu~ againsl
the fmvrlsion of 4 b3F 5 Eastman wetallographic platea. The apr arid plates, wereplWced In a
!lg~,tilght zontainer ari stored In a 4'C refrAeersatr ior 48 hr. At ti'e end of titis exposure
period, tha agar was removed, and the plates were developed in Dlt-501 for 10 min 4t 270C.
Nwu-adioacttw agar, containing coloniea, was used as a controt to determine whether muedia or
bacterial cells could interact w~th the emulsiou to produco false reaultg. The eoafrols were
all' negotive,

The results are shnon in Fig. 7.1. A repetition of this expe3izna~nt Is shown in Fig. 7.2,
except that 5 per cent agar was used in the modium instead ol the 2 per cent agar uitedIn the
experimenit shown in Fig. 7J. White areas represent colony sitesi wieire-bacterial conceatra-
tion of the radioisotopes caused exposur~i of the emulsion by beta pazaiclerp. It Fig. 7.- A the
concentrition of isotopes it present at the colony sites, but the expsure thae 'tw Mot enough
to give the ccntast of Fig. 7.1. The control ylate with rad~lcisoto~es brut with colo~nies re-
moved, Fig. 7.2B, indinates that the,~ radioactivity wAs epc~cQtraled Ina !he -colooles per Ale
during growih aid -Ks then washed off witli the colonies.

Coloalea eul-tivated on the surface of mi~lliper. filterr (niolecrar tliterit, MF's) -were
treated as &Wye. The effective pore size of MY's, 0.5 p, Is capab'e of retaiIn, &bacteria
quantitatively on its surface. Rtaw sea water contzining ari indigenoug bactiprtld flora was
d-Iluted in series Ath sterile sea water, and aliquots were passz-A throuot Oie MF'z. ftape4z-
siozns L4 Serratia miarluorubra *ore also used, az inicula,. Plate counts Were znido as coe-
trols for the dihitlans. After filtratiott the MF's were p~lated airfaceu~p on abst~rý.ot ;&Ldo
Sat~unzted with 2.0 M1l of rVAdiactive sea-vwtez' uutrlent brrth with a calcuW-ed zctivityd
approximately 25,000 eounrtu/min per ad. The bacterla wýre vnirburoO to colonter, by-& Otedt-
iusiorn of roedlwD up through the 1fF. Pa&. and MF?'s were incubsie at 350C lcr 48 hr to
provide colloaies approximAtely 3 to 6 mm in diametar. The nmmber oif colo~aiqs war, counted.
The MF's were remouved from the mztrieat pads. dried, "id plsced with the colony sidie In c(M-
tact with metallographic plates. After an expoeure of 72 hr at 4TC, the plates wer developzid.



I-i

A

"Fig. 7.1 -Autoradiographs of Sena,& marinorrubmu colonics oni radioactive sea-water nutrient
agar. (The %gar surface was directly in contact with :he photographic emulsion.) A. 72-hr
colonles. D. 72-hr colonieL
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Control MF's with no colonies were also used. The results are shown in Figs. 7.3 and 7.4,
which indicate that the colonies were not able to concentrate the radioisotopes or that the
soxrption rate of *A MF for the radioisotopes was the same throughout the %.atire surface and
interfered with bacterial concentration.

7.4 SEPARAT1ON OF CELLS FROM MEDIUM

To determine the Srl'-Y'° uptake quantitatively, bacteriz! cells grown in radioactive media
were separated from thei medium by filtering aliquots through MF's. The activity remaining
on the MF's was thea counted. Sterile radioactive media were used as controls for mechani-
cal sorption and precpltation, Net uptake was calculated as ihe activity on MF's with cells
minus the activity on MF's with no cells.

Six Erlenmeyer flask& were used, each containing 250 m! of sea-water nutrient broth of
the following composition: Bacto peptone, 5 g, and sea water, 1000 ml.

A Sr"O-Y working solution with activity approximately 0.1196 mc/ml was added to flasks
as follows: flasks f and 2, 0.1 ml; flasks 3 and 4, 0.5 ml; and flasks 5 and 6, 1.0 ml. Flasks 1,
3, and 5 were Inoculated with a fresh suspension of Serratla marinorubra and incubated at
room temperature. At intervals 10-ml aliquots were removed and passed through MF's, dried,
and counted. Duplicate series of MF's were washed by passing them through 10 ml of sterile,
nonradioactive medium after the aliquot of culture. The noninoculated controls, flasks 2, 4,
and 6, were treated in the same manner.

The filters were recounted at successive intervals to follow decay characteristics. The
results of this experiment are shown in Figs. 7.5 and 7.6 and Tables 7.1 and 7.2. To eliminate

o errors of sorption and precipitation from the medium, the uptake values were derived by
subtraction of the activity of the MF's of the control flasks from the activity of the MF's from
the inoculated flasks.

The values of isotope retention, as percentages, for the bacteria on washed and unwashed
filters, Table 7.1, indicate that the efficiency of removal was greater at lower isotope levels in
the medium. The time necessary for maximum uptake under these conditions was from four to
seven days, as can be seen in the graphical presentation in Fig. 7.5. The negative percentage-
ritention vajues f,.ind are .ndicative of precipitation of Isotopes from the medium. The lower
percentage values of the controls on the fourth day suggest that the precipitation might be
affected by fluctuations of temperature since the flasks were incubated at room temperature.
None of the control flasks devt toped perceptible turbidity, eliminating possibilities of con-
tamination. These data suggest that the percentage retention of the isotopes by Serratia
marinorubra would range from 6 to 28 per cent.

T.ble 7.2 and Fig. 7.6 show the decay characteristics of the samples in this experiment.
The graph, Fig. 7.6, indicates that an excess of Y", with respect to Sr's, was taken up by
Berratia marinorubra. By calculation it can be estimated that, of the activity retained by the
becteria, at least 82 per cant was due to Y" . Sr" cannot be evaluated because sufficient re -
counts were not taken to find the leveling of the decay curves, If such occurred. Since the
control filter3 with no cells shcw the same pattern of decay, it is probable that Y10 is pre-.
cipitating from the medium.

The effect of washing was determined on the retention of radioisotopes by Serratia
marinorubra and by the green alga Pla monas subcordiformxis when retained on MF's.
Serratia marinorubra cella were grown In 250 ml of sea-water nutrient broth containing 0.5
ml of Sr"-Y" working solution. A series of 10-ml aliquots was withdrawn and passed through
MF's. The MV's were then washed by passing tlbrough them various quantities of sterile non-
radioactive medium. The filters were dried and counted.

Platymoi•a• subcordiformis cells (dimensione approximately 5 by 15 ;1) were cultivated in
a sea-water modification of Beijerinck's medium. A 0.1-ml Sr"-Y10 working solution was
added to flasks containing 100 ml. of medium. The cells were filtered as described above and
washed with varitmws quantitie. of sterile molecular-filtered sea water. The filters were dried
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and counted at successive intervala to determine decay characteristice of the isotopes retained
by the cells.

The results are shown In Tables 7.3 and 7.4 and Fig. 7.7. The data in Table 7.3 indicate
.that part of the isotopes wero sorbed on cell surfAces. Most of these sorbed isotopes were

4-M Table 7.3-EFFECT OF WASHiNG ON RETENTION OF ISOTOPES BY Serratia
marinorubra AND Plamtyonas subcordiformis

Tan *I aliquots of a bacteril oult-x* of S. f.iltered

Tlb.rsh MIY', a. ths filters washed by f2lterlng through a

slclfied &owunt of scr•ie, noo-rsdioactive vedim.

% of Initial CultureIni~tial culture6.,94 100
Filter, no wash 1039 16.2

" 2 :5 I usb 873 13.6
S" O" U 88&,. 10.8

* 75", ' 887 13.9
1 100 " 838 13.1

Ton *I aliquots of a bacteria-free culture of the nicellular green

alpg P'.,tymsn subcordiformis filtered through MGts, ard the filters

asbead by filterfrg throu•h a spoci. ed amount of 4terile XT-filt-Arod

sea water.

Initial citilu291M 100

Filter, no wash 842 21.9
"V• 10 *wa•h 754 19.6
a 25" 744 19.3

'50 7 726 18.8
6 1008 a 701 I1.2

removed by 10 ml of wash. When more than 10 ml (10 to 100 ml) of wash was used, only a
"I small decrease In total activity was noted. The s911gkly decreasing residual activity of

Platymonas subcordlformls cells with more than 10 ml of wash, and of Serratia marxiorubra
with more than 25 tal of wa.h, suggeste that the isotopes were le~ched from the cells or that
some of the cells were lysed.

The decay characteristics for Platymonas subcordLformis uptake are shown in Table 7.3
Sand Fig. 7.7. The decay curve for tba orgnal medium indicates that the Sr 3 -Y'° equilibrium
C had been disturbed through thG loss of some Y". The increase of acttvi¶y is characteristic of

the activity of Y" as it builds up to an equillibrium value with the paroit Isotope Srs°. This loss
tI probably due to precirtation 4nd sorption of Y" on the glassware. The dashed portions of
the decay curves in Fig. 7.7 represent the presumed course of decay for the miiture.

The curves for the MF's show a4 initial decrease In activlty which then levels off, Ivdi-
cating that both Y" and 8r" had been retained. Assufing, on a graph of this time scale, that
the decay curve for the Sr"-Y" equilibrium Is a horizontal line, the relative quantities of
isotopes cac be calcuated. Comparing the selection of isotopes by Platymonas subcordiformls
ard Germtiaa marinorubra, it can be calculkted from data in Table 1.4 that, of the activity re-
tabned by Pltmo subcordiformis, 40.8 per cent v= due to Sr' and 59.2 per cent was due
to Y14. A simllar calculation for Serratla marinorubra from data in TO.Ae 7.8 shows that 95.?
per cent of the activity retained was due to Wand 4.3 per c,.n was du,- tý .
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The results of a modification of the filtration technique are shown in Tables 7.5 awe 7.6
and in Fig. 7.B. In Wths experiment Ferratta marinarubra -eil:3 were grown in radioactive sea-
water nutrient broth (appronilmately 0.0598 me of Sr? and Y$0 in 250 MI) at 25*C. The cells
were harvested by centrifugation and resuspended in 100 ml of sterile nonradioactive sea
water. The suspended cells were placed ir a dialysis meinbrane mid dialyzed against 20 tnl of
distilled water fo-' five days. Spmples of dialyzed cells and dialysate were then plated for
counting. The dialyzed cells were also examined microscopically. Many were actively motile,
and no abnormaliy shaped forms were seen. Aliquots of 10 ml were witb~rawn and passed
through MF's. Replicate series of MF's were wasied with various quantities of molecular-
filtered sea water. The filters were dried and counted at successive Intervals.

Table 7,5-EFFECT OF WASHING DIALYZEO Sorratia marinorubra CEI.LS

Total % of activity Ct*.culated
Volume Astivitz of cells %Srw W

Dialyzed calls

ir. 3uspersiun 100 ml 137,900 cpM 100 12.3 87.7

Dialysate 200 ml 53,360 38.7 50 50

Filter, no iuoh (10 ml) 12,180 88.3 0.95 99.05

Filter, 50 ml wash (10 ml) 6,580 47.7 o.68 99.32

Filter, 100 ml -,ash (10 ra) 11G,30 81.9 0.71 99.29

!iota,- Li this experiment, 100 ml wash required 18 hours to pass th;- filter, and
5U ml wash required 8 hours.

Tabit. 7.6-EFFECT OF WASHING DIALYZED Serratia inarlnorubra CELLS.--DECAY
CHARACTERISTICS

DI,•lyzed cells 1361 3.13386 154 d 354 2.54900 180 d 334 2.4;-:1 i
1396 3.14489 I 340 2.53148 = 345 2.5378W

Dia .ysate 1256 3.09899 1 1461 3.16l,65 " 1379 3.13956
1412 3.14983 '1560 3.19866 " 1344 3.12840

t

Filter, no wash 12120 4.08350 8 239 2.37841 9 231 2.36361
12232 4.08750 " 232 2.36549 " 227 2.35603

Filter, 50 ui waah 5412 3.73336 " 74 1.66923 " 63 1.79934
7733 3.88835 " 110 2.04139 " M11 2Ak4532

Filter, 10D ml wash 10191 4.00821 M 171 2.23300 # 156 3.19312
12414 4,093911 163 2.a-!9 4 148 2.17026

As can be seen in Table 7.5, the per=entage retention was apprei ably higher than the
retention shown In Table 7.1. It mvst be pointed out, however, that 50 ml of wash required 8 hr
to filter and 100 ml of wash required M8 hr to filter. These data Indicate that the retained iso-
topes weire relatively firmly bound within the cells, since only approximately 26 per cent of
the zctIvity was last by dlztysls against distilled water after five days and sOnce the percentage
retention on the filters was relatively greater. The effects of washing In this ease must be
viewed with caution because of the abnormally long time necessary for filtering wash water
through. This probably contributes to the erratic percentage valkos obtained.
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The decay characterib.~cs are showai In Table 76.6 and Fig. 7.8. As can be seen on the
graph, Fig. 7.8, the dinlyzate 3tiowed a al'ght defi'iency es Y90, whereas the cells showed an
excess of Yl0. The decay curve of the filters indicates that the bacterial cells retained a g~reat
excess ol Ys0 as compared to Sr" These amounts were calculated and are shown in Table 7.5.
Again It can be noted thai Serratia mnarinorubra Calls Lvelectively bind YSQ, with nearly the
texcluziora of Srso, wh~en calculated on an activity has!s.

In a further experiment on uptake, dilute suspetsions of Serratia, martnorubra were
filtered through MF's, and each filter was then placed carefully -upon a pad saturated with
radioactive sea-water nutrlent broth. Ile bacteria on the filter surface were nourished by
diffusion of medium up through the filter, and colonies formed. Of six filters treated in thisI: J
way, two were dried withcut washing, two were replaced In the filtration apparatus and washed R
with 25 wl o( sterile sea vater, and two were washed with 100 ml of sterile sea water. The -

f1!t,..rs were dried and couted.
The results are shown in Table 7.7. It Is interestiiag to note the similar order of magni-

tude of uptake as compared with the filtration experiment In Table 7.1: but Insufficient con-
trols were mpde for vaiid calculations.

Table 7.7-WASHING OF CELLS GROWN ON MOLECULAR FILTERS -

% of value of
Cg5Ltilt* filter, with no w

Friltoir, no vash 25,223 100

Til~t*., 25 a! -vach 2,959 3-1.7

Filter, 100 al wash 4*,634 .18.

Z

Another modification of the separation vajeedure on Mi's vas unetaken, m which Wi's
with radioactive bacteria coliex-ted on their surfaces, by filtration, were digested 1A a sulfuri
acid and percbloric acid mixture. Only the mineral content remained after digestion; this was
then dilute~i, and aliquots were counted. Quite variable results were obtained, and the piixe-
dure proved *o be hazardous and time consuuing. However, this prow~dure Would improve
cauztlag geometry by virtue of using planchets rather than counting filters directly.

An experiment was undertaken to evaluate the effect of cell surface forees In binding
Icalopes - A cultare 3f L'erratla martunrutra cells was Modec and preserved- by adding -10 per

cent ~ ~ ~ M T ecta o~aiii n ) el-s, wh'ich were centrifuged,-reawspended In sterile sea-
water nutrient broth, and examilned micratcopleal~y, appeared Intact and numerots. Aliquota-
of the *uspension were flltWred a. in the zbovo-Lntioned expertmxe~tt. No conclusions Could
be drawn, fcr uninozidated-mediuni controls s!iowed mc~re act~vity on th fliters than samples
with orgavisms, presutzn~bly owing to preciphtatimn of lsc-topes from the uedium.

in one experiment, attemptls were mkde to evaluate the effect of pH on the retention of
isotopes and also to compare the filtration and centritigation methods for separating cells
from media.

Ser'ratia marinorubra cells were cultivated in sea-wateai nutrient broth cootaining Sr"
and Y'.ýi r Incubation tike culture was divided into three flasks-and adjusted to p11 8.3,
pH 7.0, and pH 6.0, respectively (the incubated clilture was 8.3, so no ~adjustment W-as neces-
sary). Aliquots of 6 ml were withdrawn from each flask and filtered throughi MF's, which were
dried and c~inted. Other aliquots from the Aasks were withdrawn and centrifuged, ahd the
supernlatants were plated on planchets for counting. Centrifugates were resuspended at their
appn~prialc pil va.'nes and counted, and aliquats were filtered through MF's. The results of
this experimernt are shown in Tables '7.8 and 7.0 and Fig. 7.3I.

Owin-g to a laboratory acr'%ent, accuratie sampling of the activity of the ori&nAl ne~dluni
was not obtqined. Consequently the percentagesi In Table 1.18 were calculated an the-basis of
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the combined activities of filters and filtrate and of the combined activities o( supernatant and
centrifugate. Total activity is available for data on the filtration of the resuspended centrlfu-
gate, and here it can be seen that 30 to 42 per cent of the activity Is lost in the filtration proc-
ess at th•is level of activity. In the original filtration process, therefore, the percentage passed
through the filter is probebly too low, which would in turn make the percentage activity of the
filters considerably lower.

A comparison of the activity retained on the filters and in the centrifugates at the three
pH values would not be affected by these considerations, since all aIlquotG were frnom the
same original culture. More isotope was retained by the cells at lower pH values, by both
centrifugation ari filtration.

A comparison of filtration and centrifugation indicates that the laf er technique Is less
effective in separating cefl- from medium, as evidenced by the 52 to 67 per cent retention
when the centrifugate was filtered. This indicates that a considerable amount of unbound
isotope is carried down in the centrifugate.

The decay characteristics of the samples in this experiment are shown in Table 7.9 and
Fig. 7.9. The original culture shows the characteristic decay of Sr" and Y" in equilibrium.
The filtrate and supernatant show a Y90 deficiency. The original filters and the centrifugate
show an excess of Y,0. The filter from the centrifugate shows this excess of Y10 also, whereas
the filtrate shows a deficiency of Y' 0.

The relative activities of Y10 and Sr'0 for theae samples were calculated from data in
Table 7.9 and are shown in Table 7.8. There is no clearly defined difference between the
selection of isotope by the cells and the pH of the medium, although there is a tendency for a
greater selection of Y90 by the cells on the filters at decreasing pH values. This is ref;ected
as well by the lesser percentages of Y0 in the filt,-ates at lower pH values.

In the foregoing experiments it became obvious that radioisotopes were being retained on
control filters from media containing no bacteria. Table 7.10 shows the results of an experi-

Table 7.10-RETENTION OF ISOTOPES FROM STERILE MOLECULAR-FILTERn--
SEA-WATER NUTRIENT BROTH ON MOLECULAR FILTERS

% of total

Activity Total Activity 0ri•iml ActLity

Origir.I medium /,056 cpm/61 1,104,000 cyn/250 *l 100

First filter 4045 cpm 0.40

Second filter 3155 cpm 0.31
(Mediu autoclaved)

T7,ird filter 22,586 cj - 2.23

Fourth filter 1505 cp- 0.15

Activity of medium 2380 cpmnjl 595,000 cpj/250 ml 58,7

Fifth filter 2211 cpm 0.22

Sixth filter 1194 em- 0.12

ment in which 250 ml of sterile radioactive sea-water nutrient broth was passed through two
MF's successively. The medium was then autoclaved -and passed successively through a series
of four MF's. All filters were dried and counted. The results indicate that the filters ftfained
small pez centages of the total activity on the first two filltrs. After autoclaving, the percentae
retained was relatively greater, 2.23 per cent, and the next sequential filter was down to 0,15
per cent. Of special interest in this experiment Is the fact that 40 per cent of the activity of
the medium, as measured by sampling the medium, was lost by forces oiher than retention in
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or on MF's. The filtration apparatus required for MF's involves a sintered-glass base upon
which the filters rest, and it is presumed that thlir 40 per cent was lost primarily by sorption
on the sintered-glass bases and secondarily on tWe walls of the glassware. This conclusion is
based upon laboratory experience in decontaminating the filtration apparatus after use. This
experiment does indicate a nearly negligible amount of radioactivity retained by the filters
per se at this level of activity.

A further experiment was devised to determine whether peptone in the nutrient sea-water
broth had appreciable effect on precipitation or the retention of radioactivity on the MF's.
Molecular-filtered and unfiltered sea water and filtered and unfiltered sea-water nutrient
broth (containing peptone) were placed in flasks. A 0.1-ml Sroo-Y90 working: solution was
added to each flask, and the contents were compared by both filtration and centrifugation
techniques. The pH was determined in all flasks. The results shown in Table 7.1I for MF's
and centrifugation indicate that the prefiltered solutions lost less activity than those un-
filtered. Centrifugation removed more activity in the centrifugate than was removed by the
MF's. Precipitation was generally less when prefiltered solutions were used.

The sea water lost less activity than the peptone solution, suggesting that peptone is a
factor in precipitation. The pH of sea water did not change as much after autoclaving as the
nutrient broth, which might be a factor in the difference in precipitation.

Autoclaving nearly doubled, on the average, the retention of isotopes on the filtere.
Atitoclaving increased retention more in unfiltered than in prefiltered solutions.

The activity lost by sorption to glassware, etc., was greater in filtered than In unfiltered
solutions, as indicated by the percentage "lost elsewhere" after autoclaving.

The percentage lost on the fliers was greater than in the previous experiment (Table
7.10), probably owing to the lower level of activity in this experiment.

As a result of these experiments a more defined, peptone-free medium was devised for
growing Serratia marinorubra. Satisfactory growth was obtained by use of the following
medium: glycine, 0.5 per cent; glucose, L.O per cent; NH4NO3 , 0.1 per cent; and sea water.

Preferential extraction of the fractions or components of the bacterial cell that are
active in uptake of these isotopes was investigated in a series of experiments. This method,
using washed cells, would also indicate whether a true incorporation of Isotopes into the cells
actually occurred.

In the first experiment Serratia marinorubra cells were grown in i liter of sea-water
nutrient brcoth with approximately 0.0598 mc of SrW and Y90 added. The cells were harvested
by centrifugation, washed with 100 ml of sterile sea water, and resuspended in 250 ml '.f
sterile molecular-filtered sea water. The bacterial population was e~dimated turbidimetri-
cally to be 5,800,000 cells/ml Several i0-ml ahquots of this suspension were made.

One 10-ml aliquot of ceil suspension was shaken in a separatory funnel with 100 ml of
petroleum etb'.r for 41/2 hr, and I ml of each iraciioen was plated on planchets, In duplicate,
for countLig. S,'parate aliquots were treated with 100 ml of carbon tetrachioride and with
benzene as so! vents.

Other aliquots were taken, dried under infrared, resuspended with 25 ml of solvent, and
centrifuged at 5000 rpm for 5 min. The supernatrnt and residue were plated in duplicate.
Solvents used in this procedure were acetone, distilled water, ethanol, and boiling methanol.

The results d this experiment are shown in Table 7.12. From these results it would
appear that the components acLive in retention are not soluble in the organic solvents screened.
Some activity was present in the distilled-water fraction, az would be expected. Decay chatac-
teristics of this experiment indicate that all, or nearly all, the activity was due to Y9 0

In a second extraction experiment 35 ml of a suspension of Serratia marinorubra cells
from the dialysis experiment (compare Table 7.5) was dried under infrared and was then
extracted with boiling methanol for 15 min. The resultant solution was centrifuged, and the
supernatant and centrifugate were plated. Aa can be seen In 1able 7.13, negligible activity
was solubilized by boiling methanol.

A more elaborate extraction scheme was adapted from that of Porter and Knauss.1
Serratia marinorubra cells were grown in sea -water nutrient broth (0.2392 mc of Sr'0 and Y90

80



444~

'.44

43

44

z C4b;t

tZe

.4t

14 1 4 h

A4 343

a -A



Table 1.1Z-EXTRACTION TO FIND RADIOACTIVE COMPONENTS OF RADIOACTIVE

Serratia m.riaorubra CELLS GROWN IN RADIOACTIVE MEDIUM

Solvent Fraction cm/m

Petroletn ether Soluble
t UInsolub]. 2-43

Acetone Solub) e "
InsolublG 9

DintL'led Water Soluble 9
"" insoluble 67

Carbon Tetrachloride Soluble 0
"Inso]ubla 182

Ethanol Soluble 0
" Insoluble 155

Benzene Soluble 0
"Insoluble 203

Boiling Methanol Soluble 0
"Insoluble 88

Activity of the original nedium in which tbe7 were grown was 9314 c",/51
and the wushed cell suspension contained 305 cpa/m!.

Note: Background variation with the counting apparatus used ranges about
6 cpm, consequently ccunts in this rauge are of questionable validity.

Table 7.13-EXTRACTION OF DIALYZED RADIOACTIVE Serratia marinorubra
CELLS WITH BOILING METHANOL

Total Total
cmx M1 Activity. cm

Cell Suspension 1379 35 48,265

Boiling Methanol Slurry 1869 25 46,725

Centrifugation:

Supernatant 5 22 no
CantrifCugate 15,331 3 45,993

per liter), which was centrifuged and then washed twice. Extraction was done according to the

diagrammatic scheme shown in Fig. 7.10. The cells were extracted for 20 min in boiling

methanol and centrifuged, and platings were made of the supernatant. The centrifugate was

resuspended in 50 ml of J M NaCi and sampled for counting. "he w3pern•ion was shaken for

120 min and centrifuged, and the supernatant was plated. The residue was reeuspended in 25

ml of a pepsin solution (Braun, USP; lot No. 5553); then It was sampled for counting and al-

lowed to digest at 25C for 30 min at pH 4.0. The solution was centrifuged, the supernatant

was plated, and the residue was washed twice with samplings made of the wash water. The

residue was resumpnded in 50 ml of I per cent HCI; than it was sampled, heated for 30 min

at 85TC, and centrifuged, and the supeinatant was counted. The residue "As slurried in 20 ml

of distilUzd water and wa3 plated for counting.
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CELLS

TOTAL ACTIVITY a 9,711,150 cm
(100%0)

METHANOL

SOLUBLES ; N9OLUSLI!S

AMINO ACIDS
PHOSPHORYLATED COMPOUNDS I M N&CI
TRIGLYCERIDES (ISO ml)
CAKOTENOIDS
FATTY ACIDS

CLYCEROL , ETC.

TOTXJL ACTIViTY a 54,90 100

(0.06%0)

INSOLUOLES SOLUILE S

PEPSIN DIGESTION NUCLEIC ACID FRACTION
(25 mlI TOTAL ACTIVITY a 095,40D cm

WASHED TWICE WITH (7.1%,,)
DISTILLED WATER

(75 ml)

SOLUBLES INSOLUBLES

PROTEINS 9% MICI

TOTAL ACTIVITY * 1,687,285 cpm (5Ohml)
(97.3%k.)

iNSOLUBLES SOLU,.ES

CELLULOSE FRACTION STARCH FRACTION
TOTAL ACTIVITY a 34,143 01m TOTAL ACTIVITY * I,9I2,$OOpr

(0.03%*) 1 18•A

Fig. 7.10 -Prefereptial extractions of Serrada marinaubra cells Vrown In radioactive medium.
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Tabuiar results of this experiment are shown in Table 7.14, and a graphical summary is
given in Fig. 7.10. As was found before (compare Tables 7.12 and 7.13), negligible quantities
of activity were solubilized by boiling methanol. Approximately 7 per cent was found in the
nucleic acid fraction, and 17 per cent was found in the soluble proteins. T1he activity liberated
by hot I per cent HCI amounted to 11.5 per cent, and that liberated by the insoluble residues
remaining was 0.03 per cent. These figures would indicate that most of the activity is to be
!ound associated with nucleic acids, proteins, and starchlike compounds. Much activity, per-
centagewise, was not accounted for In the cou.rse of this procedure, and tbiii, coupled with the
fact that the extractions do not necessarily sharply define various fractions, would make these

figures only generally indicative. Since the proteinaceous and starchilke materials seem to
be primarily involved irt retaining this activity, which is princ!pally Y$0 , it would seem reason-
able to suspect chelation as an active force in Y90 uptake. The fact that a partition vas effected
shows very strongly that isotope uptake, or incorporation, does occur.

Figure 7.1I portrays graphically the aecay characteristics of these cellular comp;:,ints.
The original culture shows the characteristic Srs0 -YO° mixture in equilibrium. The various
partitioned components exhibit an excess of Y10 and some Srs0 . The final slurry, contal'ing
cellulose type compounds, decayed to a level below the sensitivity of the counting apparatus,
indicating that nearly all, if not all, the activity of this residue was due to Y1 0.

7.5 DISCUSSION

It i, extremely difficult to extrapolate, especially quantitatively, from laboratory studies
of biological systems to in situ conditionm of the natural environment. The experiments re-
ported here represent organisms growing, at nearly optimum conditions in small culture
vessels. Consequently, populations of a single species are realized, having numbers far
exceeding those found in most natural envircnments. However, it is possible to ascertain the
potential capabilities of such organisms in behaving in a given way under defined environ-
mental conditions;.

In biological isotope uptake there are certain environmental variables to be considered,
such as temperature, pH, concentration of elements, and time. There is also radioactivity
inherent in sea •7ater, with such isotopes as K40 , Rb 8 T, C14, etc., which could have effects in
low-level counting. However, this source of radioactivity is not considered here. Radiation
levels in these experiments are considered to be low enough to assume negligible radiation
damage, and effects reported here are considered as the behavior of normal cells.

Autoradiography of bacterial colonies grown on radioactive media indicates qualitatively
that concentration of the isotopes by the cells does occur. When colonies were grown on radio-
active agar, this was very evident. The lack of clearly defined areas ni concentration on MF's
does not necessarily mean concentration did not occur. The small spots of coneentration on
the MF's could be related to capillary action of certain larger pores of the M'ter material
or to compounds or complexes formed by these isotopes with constituents of the medium.
These cffects might conceivably have masked the effects produced by the colonies. Another
important consideration is that the MF's were dried before autoradiography, whereas the
colonies on agar had continual access to the moisture in the medium.

The basic concept in developing a technique for quantitation of uptake was to grow cells
in radioactive meilum and then measure the uptake. This measurement could have been done
in either of two ways, measuring the loss of Isotope from the medi.m or measuring the gain
of activity by the cells. Evaluation of the lss of isotope from the medium, properly con-
trolled, will indicate the loss from the medium due to the biological system considered,
whereas measurement of the gain of activity of the cells indicates retention of Isotopes by the
cells. The two concepts are not necessarily identical since a biological entity can have in-
direct effects on the environment by altering pH and temperature and by utilizing some prod-
ucts and releasing still others. These changes would be difficult to differentiate by controls.
By measuring the activity cf the cells themselves, this error would be obviated.
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Two Drocedurea for gpamratingr P llfrom _Igd .... nw tedz fi•.rati.n and

centrifugation. Centrifugation had advantages over filtration because of (1) less cost, (2)
simpler counting geometry by viartue of using standard planchets throughout, and (3) the ability
to Oample both supernatant and centrifugate, The disadvantages of a centrifugation technique
are (I) clear definition of phases is somewhat arbitrary in laboratory manipulation, (2) the
cells tend to carry down sorbed isotopes, which would be difficult to correct by controls, and
(3) dilution of the centrifugate is frequently necessary for counting, which introduces a dilu-
tion error.

The disadvantages of fiPtratioe, are (1) the cost (currently 18.5 cents per filter), (2) the
cou;)iug geometry ia not standard throughout when filters and pianchets are used, and (3) the .4

fact that liit.mtes cannot be accurately evaluated due to loss of isotopes by sorption on the
filtration zpparatus. The advantages of filtration are (i) the definition of phases, i.e., cells _4
and ro.dium, are rather clearly defined, especially when washing is practiced, and (2) this
proceduro is more easily and accurately controlled. Generally filtration is more conservative
of time than is centrifugation once a protocol has been established.

The decay of working solution would be negligible In the course of these experiments, less
than 2 per cent at the end of the il-month experimental period.

There is little doubt that uptake does occur. Every experiment, except autoradiography
on MF's, indicated this. The percentage uptake; as shown in Table 7.1, ranged from 6 to 28
per cent of the original activity on the seventh day, which was the maximum for the 4.78 x 10-'
mc/ml (0.i-ml working solution) and 23.92 X 10-5 mc/ml (0.5-ml working solution) isotope
levels. The maximum was apparently earlier, at four days, at the 47.84 x 10-1 mc/ml (1.0-
m) working solution) level. The lower isotope levels generally retained greater percentages of
activity. The other experiments cannot be accurately compared with this because they were
designed primarily to test varhtbles of the procedures; however, the percentage levels are
generally comparable.

The amount of Isotope sorbed on the cells wao generally small, in the range of 2 to 3 per
cent of the gross uptake, as indicated by the filtration exreriments with various quantities of
wash.

Population densilies would affect the amount of retention, and the bacterial populations
were approximately 5 to 6 million cells per milliter., as estimated turbiaimetrically. The
population density of Platymonas subcordiformis was not determined.

In the interpretation of radioactivity counts, several facto.rs must be considered. All
values shown are corrected for background counts, and very low counting rates may be in-
distinguishable from background. In a study of background counts of 5, 10, and 20 min in dura-
tion, the range for the 5-min counts (41 determinations on separate days) was from 23.0 to
33.6 counts/min, with a mean of 28.6 comits/min. The range for the 10-min counts was from
25.9 to 32.2 counts/min, a mean of 28.8 connt./min. For the 20-min counts the range was
26.2 to 30.6 counts/rin, with a mean of 28.4 counts/mzin. Most of the counting of experimental
material was 10 min in duration, with background counts after every third or fourth aample.
This would indicate that counts of 3 counts/min would have no practical validity and that counts
of 10 counts/min would have doubtful validity.

Variations in efficiency of the counting apparatus were calculated from a standard cali-
brated UX12 source. The apparatus Is such that three counting positions can be used: position 1,
nearest the window of the G-M tube; position 2, approximately I cm farther away from the
G-M tube; and position 3, 1 cm farther than position 2. The calculated efficiency for position i
was 31.87 per cont, and for position 2, 15.29 per cent. Counts made on 43 different days in
position 3 3how a mean efficiency of 7.47 per cent and a range of 6.80 to 7.97 per cent.

Coincidence lose was not corrected since the resolving time for this apparatus was 200
psec, and coincidence loss at 30,000 counts/ruin would be approximately 9 per cent. LiAttle of
the experimental matertal approached this counting rate.

Counting geometry must be considered because the MF's were 47 mm in diameter and
had a filtering diaxmetsr of 35 mm. The planchets used were E-proximately 31 mm in diameter.
This could make cotmts of the MF's slightly low compared to planchets.
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Very striking in these experiments was the selection of isotopes from the mixture, dis-
played by both Serratia marinorubra and Platymonas subcordiformis. Evaluation of the quan-
tities of each isotope can be made from analyses of decay data. It should be pointed out that
the dashed lines which form part of the decay curves in Figs. 7.7 to 7.9 and 7.A1 indicate the
presumed course of decay and that the solid lines are probable courses of decay. The dashed
curves should be more rounded where the excess Y90 regains equilibrium with Sr'O. Computa-
tions are actually based on the counts at the time of sampling and the value of the equilibrium
level, which is the level of no more appreciable decrease or increase in activity.

The ratio of activities of Srso and Ye0 in equilibrium is I to 1, i.e., the short-half-life
daughter product decays as rapidly as it is formed from the long-half-life parent. When there

I is an excess of Y10 above the equilibrium, a decrease of activity to a new equilibrium value, if
any Sr'0 remains, will occur. A deficiency of Y90 below equilibrium will show an increase of
activity until equilibrium is attained.

The percentages of Y10 and SrW in Sec. 7.4 are percentages of activity. This is misleading
as to the actual quantities of Sr90 and Y' 0 present. The decay relation for a long-half -life
parnnt Isotope and a short-half-life daughter Isotope, Sr90 and Yl0 , respectively, in this case,
in equilibrium of decay, is shown by the formWa,

NSr'o Nyeo

TSrH Tyso

where N is the number of atoms and T is the half life. Therefore, for one atom of Y*O, In
equilibrium with Sroo,

- 1)(925= 3592 atoms of Srs°S(1) (9125) s
•i NSrso = 2.54

An estimation of the order of magnitude of the quantities of Sr3 0 and YI0 atoms can be
made, based on several assumptions:

1. The energy of the calibrated source (95 per cent, 2.3 Mev; and 5 per cent, 1.5 Mev) Is
not appreciably different from the energy of the Isotopes (Sr'0 , 0.537 Mev; and Y' 0 , 2.18 Mev).

2. The counting efficiency in position 3 is 7.47 per cent.
3. The efficiency of counting of each isotope is in the same proportion in each position.
4. The final decay counts represent decay equilibria for Srs0 and Y10. These assumptions

are not necessarily true since Y30, with greater energy, will be more efficiently counted than
SrWo. The G-M tube with a thin window, 1.9 mg/cm2 , will, however, approximate the order of
magnitude of each isotope.

From the basic decay formula,

dN 0.693-- t-= XN and X, = --dtand

dN 0.693N
dt T

If - (dN/dt) is the counting rate, uncorrected, for any one isotope (activity ratio for Srs° and
Y10 in equilibrium is I to i and if the half life, T, for Sr oo is 13,J40,000 min, this makes the
equation for the computation of the number ef atoms of SrW

Ns = (counts/miin of Sr0 o) (13,140,000) (efficiency correction)

Nr - 0.693

The counts per minute for SrW in equilibrium of decay are one-half the observed counting

rate. The correction factor for an efficiency of 7.47 per cent would be 13.39 times the ob-
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served counting rate. Knnwing the eninet ner =1n.te di e t-ý o ,_ , illbriim, #hO

activity of YO0 will be the activity at the time of sampling (the first counting) less the counts
per minute of Sr'0 in final equilibrium of decay. The number of atoms of Y" is calculated
from the equation

S(counts/min of Y') (3657.6) (efficiency correction)Ny#O
0.693

The numbers of atoms of Sr'° and yO0 were calculated from several representative ex- I
periments and are shown in Table 7.15. Referring to the data for Serrafla marinorubra from
Table 7.8 as recalculated in Table 7.15, it can be seen that 95.8 to 97.0 per cent of the activity
retained was due to Y$0 and that 3.0 to 4.7 per cent was due to Sr"4 . When calculated on the
basis of numbers of atoms, it can be seen that actually more atoms of Srso were retained than
were atoms of Y90, from 108 to 158 times as much Sr'O. It must be borne in mind, however,
that 3592 times as many atoms of Srs were present, in equilibrium, in the medium Initially.

The percentage-uptake values for atoms of Gr'O and y*0 show that greater percentages of
atoms of Y1 0 than of Sr 0° were rotained. These same observations ca.- be made for dialyzed
Serratia marinorubra cells by comparing Tables 7.15 and 7.5.

!!Zmonas subcordiformis, on the other hand, retained greater numbers of atoms of Sr?

with respect to Y' (Nqrlo0/Nylo), when compared to Serratia marinorubra. On an activity
basis, 59.2 per cent was due to yO0, and 40.8 per cent was due to Sr'°. Calculated on an atoms
basis, Platymonas subcordiformls retained 3 to 4 rer cent of the original Sr*O atoms and 5 to
6 per cent of the YFF atoms.

Concentration factors were calculated on a basis of the activity In a given volume of cells
compared with the activity in a comparable volume of medium, according to the equation

Concentration factor = activity of volume of cells
activity per ml of medium x volume of cells

Where data were available, concentration factors for each isctope, i.e., SrnC and Y", were
calculated, as was the gross concentration factor. To make these calculations, several
assumptions were necessary:

1. The population density of Serratia marinoruL-a cells was 5 x j0o bacteria/ml. This
was established experimentally, by turbidimetry, in tvo cases but was estimated visually only
in the remaining cases. A fluctuation from 3.5 x I( " 'co 7 x 106 cells/ml changes the concentra-
tion factor little, and in aay case the same order of magnitude is shown.

2. The volume of a bacterial cell was assumed to be 4 x 10-12 cc, giving 20 x 10-4 ml of
cells per milliliter of medium.

3. The efficiency of counting for loth isotopes was assumed te be equal and equivalent to
7.417 per cent in position 3 and 31.87 per cent in position 1. This assumption introduces the

most error into the calculations since, as was previously mentioned, the actual efficiencies for
each isotope were not determined experimentally.

4. The final reading was assumed to be in equilibrium. Theoretically, decay equilibrium
cannot be established since the rate of attaining equilibrium is asymptotic. However, the
values !or the final counts were not appreciably different.

5. In individual experimentb some variables were not determined experimentally and
were either assumed or calculated from theoretical considerations.

Concentration factors are shown in tabular form in Table 7.16. The data calculated from
Tables 7.1 and 7.8, as shown in Table 7.16, are probably the most reliable of the data shown
since the necessary variables were experimentally determined in these experiments. The
data for the other experiments do compare favorably. It must be borne in mind that the order
of magnitude only should be considered in this concept. As can be seen in Table 7.16, the
trends f-r ,such variables as isotope level, pH, and washing of filters are the same as those
discussed previously when computed on a percentage-activity basis.
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Table 7.16 -CONCENTRATION FACTCRS FOR Serrattiz marinoz'bra

Data Irm Tim Concentration Factors
.xperiment Isotope level in •

M~ethod x&- "mrl X 1075 Day Lrovm l 1-9 05

pis• 7,i aahed fll+rs Filtration 4.78 2 3917
34 13109

7 10301
Filters not washed " " 2 47.3

"7 12536
Washed filters " 23.92 4 352

" U 7 9116
Filtrs not washed " " 4 9915

" "t " " 7 9758

Washed filters " 47.84 4 7019
"a N " 7 2476

Fil1trs nat washd " 4 7493
"If N f " 7 8948

Table 7.3 Filter no vauh " 23.92 14 7was

" 25 m wash " 6255
50" " " "" 6333

" 75 0 " 3 6357
" 100 0 N N 6005

Table 7.5 Filter, no wash " 23.92 19 "4167
" 50 Al wash (befor washing " 23857

cells)
" 1 0 0 k K I " 40998

Table 7.8 Filter, pH 8.3 " 59.8 ca. 14 15602 1313 29991
" " 7.0 o 18628 1274 35892
" "6.0 " 23625 1385 45865

CentrifLuate, p1H 8.3 Centrifugat•un 4501 366 8636
" "67.0 7439 1129 13749
" " 6.0 " 7754 309 15199

Centrifugate, pH 8.3 Filtration U N 6992 36 13947
on filter

" "7.0 " C 12497 64 24930
" " 6.0 " 12633 21 25244

Table 7.12 Centrilugation 5.98 5 1412

The differences in orders of magnitude between filtration and centrifugation as means of
separating cells from media are striking, generally differences by degrees from two to t0
tinges greater in filtration experiments.

The most probable gross concentration factors for SerratS% wariviorubra range from 600u
to 25,000, depending on the variables stated. The concentration factos for Y" arc mach
greater than for Sr'0 .

Concentration factors for Platymonas jubcordiformis were not calculated bacause popula-
tion densities were not determined.

Concentratio factors are identical when comFputecl on the basis of relaUtive activity and on
the basis of numbers of atomit. Also, assuming a density :'f I for a baetertal cell, -set weighm
and volume are equivalant.

The reasons for the relatively great concentraxion of Y;' anm the lesser concentration of
Sr"0 by Serratia marinorubra from sea-water media are difficult to wostutate from evidence
shown here. Strontium is a Group II element, with related element3 such as Mg, Ca, aid Ba.
Yttrium is a Group IM element, with Al, Sc, and La related. This greater concexttration of Y"
might partially be explýained by experimentally comparing the rt•vntion of its reted elementh
by the organism.
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Estimates of the abundance of Sr and Y in sea water1 are 10 mg/liter for Sr and 0.0003
mg/liter for Y, a ratio of about 30,000 to i. The isotopes as supplied in the medium were about
3600 to i. This might conceivably have a bemrIng on this selective uptake.

A paradoxical situation arises in this uptake of YOO by these organisms. Whereas the
A organisms selectively retained relatively great quantities of Y60, these quantities cl Y', in the

coerse of a few relatively short half lives, become Zr t, a Group IV element. This phenomenon
of the effective change of elements could have practical applications in the study of cellular
metabolism.

The mechanisms or forces involved In the retention of these isotopes by these unlcellular
organisms can be considered with respect to several properties.

Sorptton on the cell surfaces occurs to some extent, as was shown by the relative activi-
ties retained after washing with varying quantities of wash. Percentagewise this wotld seone
to be relatively small. When the filtration technique is used, there is eorse effeative washbqg
inherent in the filtration procedure itself, in which the first cello retained on the filter will
have a flow of medium around the cells, with this effect becoming less as th* aliqot coatinus
to filter. It sorption were the primary factor, It would seem that maximum uptake wouid occur

rapidly and not In the course of four to seven days as was found in one experiment.
A free Ionlc exchange rf the isotope with the element within and outside the co•l would

indicate the normal levels of the particular element occurring in such cells under natural con-
ditions. This probably ,rould not be limited ý.. the particular isotope. For example, Brie uptake
in the presence of varied concentrations of Ca, Ba, and Mg, respectively, and in combination,
might concelvtbly be affected. The same might apply to Y10 in the presence of Al, Sc, or La.

The extraction experiments, In which most of the activity was associated with constitutnts
capable If chelation, indicate that this mechanism may be suspect. If the equilibrium constants
for chelating compounds with Sr and Y are sufficiently great, It would seem plausible that such
equations could be postulated:

Ch + Sr+2 ChSr+2 + Sr"(+2) ChSrIw(+) + Sr+'

Ch + y+1 ChY+1 + Y(+) ChY(+S) +

where Ch represents a compound capable of chelatlon; Sr+2, nonradloactive Sr Ions normlly
found In sea water; and Y+3 , normal nonradioactive Y ions. A free ionic exchange of the iso-
topes and nonradloactive ions within and outside the cell possibly explain, at least partially,
the selective uptake of these ions. With relatively greater concentrations of Sr+1 in sea water,
this chelation affinity could be partially if not completely fulfilled by Sr+2, and Sr#O(+%) would
merely establish equilibrium.

On the other hand, Y+3 id be well below the level that would suffice its chelation aftfini-
ties, and, when added as Y1(+3), it would result in the _pparently great concentration# in the
cells. The sea water used in all the experiments was from one lot, collected from the end of
the Scripps Institution of Oceanography pier, La Jolla, Calif., filtered through a molecular
filter, and stored in glass for use as needed. The Sr and Y concentrations in this sea water
were not determined.

A related reaction, the ability of cell constituents to complex with these ions, should also
be considered. It can. be determined experimentally whether chelation or complexing, or both,
can produce the coni.entration factors observed. Any definite statement as to the mechanism
of uptake as observed would necessarily rest upon experimental determination of these
phenomen..

Some literature is avaJable relating to the uptake of Sr and Y by biological systems.
Spooner 2 investigated the uptike by va, ious marine algae and concluded that Sr is preferen-
tially selected from a Sr U-Y" mwxture by brown marine algae, with concentration factors
from 14 to 40. The red and green algae selectively retained Y90 to the extent of depleting the
available Y. A few prellminary axperiments with unicellular algae indicate that Y" is selected
by Nitzschia, but no concentraUJo, factors were determined, Spooner's hypothesis is that
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radiozctive Sr is retained by Ionic exchange 9nd that radioactive Sr concentration reflects that
relative amount of --r already In the plants. His conclu:sion regarding Y uptake Is that it In
partly a matter of ad&sorption on surfaces and partly lorac exchange. His technique depended 4
primarily on the 1083 oi Isotopes from the medium with some counts of biologica material.
The paper intrc~duces an extensiv6 discussion of radloblological techniquea and concepts.

Black and Mitchell 3 examined some Laminariaeeae and Fucaceae spectrographicailyfior
trace elements and found concentration factors for Sr in these algae from 8 to 90.

Kaufman, Klein, and Greenberg' investigated the concentration of Sr"~ in activated sludg*
and cuzicluded that Sr8 uptake was c-omplete in less than 30 min, with uptake reported as (10 to
55 per cent. This, of course, involved great quantities of inert material as well an biological
entities.

Tho primary purpose of this work was to fWod suitable laboratory mo'ans for evaluating
uptake or ratention of Isotopes, In vitro, by microorganisms. From the considerations given
alxive, recommendations for establishing a protocol can be outlined:

1. The filtration method of separating cells from media Is prefer-red oier centrittugation
both for reproducibility of conditions and for facility.

2. Complete radiological Information should be evalukte. , L-'nbg:
a. Resolving time of the apparatus.
b. Background variations.
c. Varlat):7s z efficiency, using each Isotope under cc
d. Absorption losses.
e, Sample geometry should either be standardized or correlated.

3. Media showing a minimum ct! precipitation of Isotopes should be used. Special attention
in the cleaning of glassware ehzould 14t observed.

4. Population densities shovld be routinely evaluated.
5. Environmental variables, su~ch as pH anal temperature, should be known or controlled.
6. Duplicate experimental conditions should be used, with dupkicate sampling from .ah.
7. Time should be considered as a variable In each experiment.
8. Isotope levels should be such as to be easily and reliably counted, consistent with good

health physics practices.
9. Decay curves should be accurately determined.

10. Evaluation of the biological entity rather than changes of the environment should be
practiced.

1.6 SUMMARY

Several methods rcf evaluating the biological uptaike of 8r00 and Y10 from sea water are
described. Thie filtration method using molecular filters to separat* bacteria from media
proved to be the most rell.,ble and practIcable.

Autorad~igraphic techniques indicated that the bacteria concentraed the radioactive iso-
topes withtn the cclorny limits when cultivated on agar containing Sr'0 and Y". The activity wans
removed 11 the colonies were washed offf the plates before the emulsion was exposed-

boerratia t-arinoruvbra cells, when. grown on radioactive media, were able to concentrate
the aciivity from 6000 to 25,000 times. Of the activity retained, 95 per cent was due to Y, and
4 per cent was due to Sr . On- a baois of atom uptake, more Sr", approximately 130 tWass as
much, was fouad. The percenatage values for concentration of atoms showed a gzeater concan-
tration tfo Y$0 than, for Sr", presumwably because of the 3592 to I ratio of Sr"" to -ill W thai
medium Initially,

PLatynionaa outscirdiforruis culturess selectively concentrated Y" more than Wt~. On an
activity basis, 59.2 per cent was due to Yý0 and 40.8 per Cent was due to SrOO. Calculated on an-2

atm-ptkebais mre~r~atoms were. retained than Y" atoms. On a percentage -atom-
uptake basals, Y10 was canicentrated to a grieate.r degree.
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CHAPTER 8

CONSUMPTION OF MICROORGANISMS BY THE

COPEPOD Tigriopus californicus
i

By Donald W. Lear, Jr., and Carl H. Openheimer, Jr.

Microorganisms labeled with Sroo and Y6* and placed in the presence of higher organisms
of the food chain can potentially indicate several things: (i) whether such microorganisms can
be consumed by the higher organisms, (2) whether the hugher organisms themselves become
radioactive by the ingestion or digestion of the tagged microorganisms, and (3) the nutritional
significance of the microorganisms to the higher organisms. Experiments were devised to
investigate the first two of these problems.

The harpactico!ld copepod Tigriopus californicus grows only, as far as is known, In splash
pools, i.e., pools above the high-tide mark and dependent upon splash for sea-water replentsh-
ment. This environment is characterized by relatively extreme fluctuations of temperature and
sal!n.'.v, with occasional desiccation. The Tigriopus californicus copepods used were col-
lected from splash pools on a shelf rock, a iarge shale formation along the foot of the cliffs
approximately 100 yards north of the Scripps W~stitution of Oceanography pier In La Jolla,
Calif.

The copepods were washed by placing them in one section of a Spray anaerobe dish; the
opposing section of the dish was darkened by placing black electrical tape on the outside walls
and bottom (Fig. 8.1). Sterile, molecular-filtered sea water was placed In the darkened sec-
tion as wash. When placed with the light side of the dish near a window, the negative photot-
ropism of the copepods caused them to migrate over the transverse ridge of the Spray dish to
the clean water on the darkened side. This procedure was repeated several times to thoroughly
wash the copepods, which were then placed in clean petri dishes containing sterile, molecular-
filtered sea water and were left for 24 hr to starve before initiating the experiments.

In the first e~periment, washed cells of the marine bacterium Serratla marinorubra,
grown in radioactive Sr10-Y$0 medium, were added to a culture of 50 Tigriopus californicus
copepods in 100 ml of sterile molecular-filtered sea water. This was done in duplicate, with
a control Jish containing bacteria but no Tigriopus organisms. The activity of the cultures
initially was counted on planchets in a Nuclear-Chicago model 182AX scaler with a G-M tuba.
Stanpiard bacteriological counts in agar pour plates were made, using sea water -peptcue agar.
A•ter 24 hr, bacteriological counts and radiological counts were again raade. In addition, the
Tigriopus organisms were removed with a medicine dropper, washed in 50 ml of sterile
molecular-filtered sea water, placed on planchets, and counted.

The results of t.his experiment are shown in Table 8.1. It should be noted that all copepods
in duplicate culture HI were dead at the end of the 24-hr period and that all In culture I were



DSPRAY DISIDE --- LIGHT

CLEAN WATER 'TIDE POOL WATER

TIGRIOPUS
RESPONSE

Fig. 8.1-Appararu for washing copepods.

Table 8.1 -CONSUMPTION OF Serratta marinorubra BY Tigriopus californ' ms

bett./a ca• b•,t./a pp bat./• I •

Izt•&a1.• 2,900,000 7 20255,000 16 3,055,000 0

24 hours 20605,000 9 4,9490,000 9 1,165,000 7 0

(Tigripum (Tivriopu9
dead)
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=11-1--cn active. T111 of tu ý L ciuriai colonies was noted during counting, and their
appearance was uniformly alike, indicating that the level of extraneous bacterial conamt2zation
was low.

Some Indications are shown from the bacteriological counts, but the data ares too scarce,
wit,' too many variables, to draw any valld conclusions. The bacterial population Ai& the control
dish dropped to approximately one,-half Its original value, whereas these pop'iiatlons remained
the same in th2 culture with the Tigi-lopus organisms alive and doubled with the T4-riopusa4
organisms dead. In the case of the increase with tue Tigriopus organisms dead, the decay of
the dead organisms would be accountable. Three possibillitc exist ror the culture with livirq
Tigriopus organisms, in which ihe bacterial populatloni3 remained the name:

L. The population could have increased and been grazed down to the lovel lotmd.
2. The population could have grown, nuriured with organic exudates, excr~iý;eLt, ea., from -

the Tigriopus organisms and not been grazed.
3. The population could have stabilized with the nutrlzitt supp)ed by ihe Tigripopu orrgs.'-

Isms and not been grazed.
Although no firm conclusion can be draL n. with due conhidleratiou to all facts, It seems

plausible that Tigriopus californicus organisinfi do not cor~sume the Derratia matirorubra.
cells to any appreciable extent.

The radiological counts In this case are too low to b6 of azy conzlderatlan, This in 2tself
may be Indicative that the Tigriopus organisms did not concentrate the isoiopes 40 "Z~ degrt~e, jQ
either through ingestion and assimilation of the bacte.-ia or through simp~e lon-ew-hange
mechanisms.

In a second experiment, done in the same manner, r. bacteria-frec culture of the green
alga Platymonas subcordiformis was grown In sea wattr containing Beijerinek's medium with
SOD and Y10 added. The cells were harvested, washed, and added to 50 sterile molecular-
filtered sea-water cultures containing 100 washed Tigrlopue organisms. Dupli--te cultures
and duplicate controls, containing the algae but no IgjrIopLD organlainn, werv~ used, Direc't
microscopic counts of Platymonas subcordiformis calls were m~ade Ir~ a Pctroff-aauser chain-
ber, and radioactivity counts were made on planchets. The duration of this experiment was
48 hr, with subsequevi radioactivity counttIng to follow decay curves. Table 8.2 shows the
results of this experiment.

Table 8.2-CONSUMPTION OF Platymonss subcordiformis BY Tigriops californicus

LditialI Mi H.uro

Cuture 1 10,790 210 1,,550 316 305

n f 9,330 184 2,030 500 284

control 1 3 .72 50t.000 554

Nil * (M 50,000 317

*N~ot count~d; xhou]4 be "sam as other initial 1n0041ae

From the dirert microneopkc estimatlons of the Platymoizas populations, it. is quitte cloar
that these microorganisms weze acti±vAy grazed by the Tigriopus organisms. From an Intial 4
population of approximately 10,000 Platywonas cells per milliliter, the cultures containing:;
Tigriopus organisms dropped to approximately 2000 per milliliter, a decrease of 80 per cent.
Control populations, on the other hand, are Mt least five imo'.s greater than Initially.

The radiological counts in this case do not give a.s clear a picture of this s~t-.atinn. The
initial activity level of 100 to 200 counts/mirn/mi zpparently incroaaed to 300 to 350# counts/
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nmin/ml. Tbtn in'.-raza nf o t- t- .. Lo. a %I ,90 .

'Y AU 'k.U5 Vft W£&.1 %A X IJLM Uucay

i quillbrium, as introduced in the cells. A deficiency of Y90 below equilibrium will increase
In activity until equilibrium is eetablished •ith the long-lived parent isotope Sr , when the
activity ratio will be I to I for each lWotope; then the characteristic decay of the parent Sr'0 ,
af 20-year half life, wil. be shown. This dlierence in activity is also due to sampling, i.e.,
by insufficiently rmixz.ig the calls if the culture before sampling. It should be noted, however,
H-1t du'ilicate samplings wre made in all cases, with close agreement between replicates.

From the radiological counta It can be seen that appreciable activity was gained in 48 hr
by the Tagriopus organisms. Th2 counts for 1hese orgamsms are probably low owing to ab-
sorption of beta partcico in the reiatively dense matter of the organisms.

lBy anulyzing decay Lurves it :an be shown that the Platymonas cells as introduced into the
cutae were deftcient in Y90 below decay equilibriumv, I.e., the Platymonas cells concentrated
p.•'r. Rru thiin Y' 0 from ti.e culture madium. Calculations are shown in Table 8.3. For Sri0
and Y*0 in deay ocuilibrium, the activity ratio is 50-50. As can be seen, initially it was

Table 8.Z---(.A:CULATION Or AMOUNTS OF Sr10 AND Y'0 ISOTOPES FROM
DECAY DATA

S_ Acttvi~v , a_ r of Ltag•

%ugV9O % 79Or9 T90 V9X 10 6o) (X 10o 79

Wuture 1, Initia1]..r 27.2 72.8 67-41.9 5405 1343

U,27.2 72.8 .5949.0 4.44 3340

Contri. 1, 21.5 78.5 4402J3 4.47 985

II, " 18.5 1. 5 2379.6 2.91 816

;ultvre I, 4 hcm 43.4 56.6 16300.3 5.91 2757

" ", " 40.3 59.7 34396.6 5.93 2428

Control I, M £0.4 56,6 2&14.7 10.39 7.6

I ii, a 37.1 62.9 13980.2 6.59 2121

gip$sTA 16.1 813.? 2915.0 4.24 W8

1 .1, T .2 90.8 1546.7 4.27 362

approximately 2U-715, and •fter 48 hr, 40-40, indfczming a partial restoration to decay equi-
librium. The Tigriopus •rgirls ns, on the other hand, apparently conicentrated the Y*O isotope
more than the Sr' 0. Howewvr, the btta -nergy of SrW0 is 0.3'7 Mev. and that of Y' 0 is 2.18 Mev.
This may exaggerate the decay picture for the Tigriopus organisms owing to absorption of the
weaker SrW beta particles in the relatkiya dense matter of the Tigriopus organismts.

The relakive numoers of atoms of SrW0 and Yj0 in each sample were calculated, primarily
to show that the relative activities of these two isotopes are not necessarily indicative of the
chemical processes that took place. They show the same patterns as percentage actiO.ties,
but more accurate)y they represent relative propostions of the isotopes.

Calculations o.f the grazihg of Platymonas cells by Tigriopus organisms can be made on
the basis o,' direct microscopic counts and of radiological 1:ounts. In vAch culture, approxi-
mately 10,000 Platymonas cells per milliliter were present initially, with a total population
in eacb culW' r2 of approximately 500,000 cells. After 48 hr the Platymonas populations in
cultures witI6 TigrioW._p organist, dropped to approximately 100,000, whereas the populations
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Ln . .n.rol. cte.Iture. with no Tio-rio-Pu. .creas-ma •r• to over 2,50.•V,0v0 ,e. Ajtiuingum i
latter figure to be representative, the difference in populations would be the quvntity grazed,
or 2,400,000 cells in 48 hr. Since there were very nearly 100 Tigriopus organisms in each
culture by actual count, this would average to 24,000 cells eaten by each Tigriopru organism
in 48 hr.

The calculations based on measurements of radioactivity are complicated by the apparent
increase of activity in the cultures, the unknown quantities of isotopes capable of diffusion
from the cells into the culture medium, and the absorption in TIrlopus organisms of beta
particles. Assuming an average value for the activity initially of 300 counts/win per milliliter
of culture, or a total activity of 15,000 coimts/min in each culture, and also assuming that
this activity is carried solely by the PlatyImnas cells, with 500,000 cells initially, leads to a
calculated activity of 0.03 count/min/cell. The activity oZ 100 washed Tigriopus organisms at
the end of the experment was app-oxiwately 300 counts/min. This activity represents, there-
fore, 300/0.03, or 10,000 cells ingested in 48 hr. As was noted, the measured activity of the
Tigriopus organisms is probably low, which means that a greater number of cells was probably
tngested.

if this is calculated on a bazis of 200 counts/win per milliliter of culture init!.%ly, or a
total of 10,000 counts/min, the restlt is 15,000 cells grazed by the Tlgrlopls population in 48
hr.

As can be seen, the direct counts yield an average figure of 24,000 cells per Tigriopu_
organism m 48 hr, and radiological counts yield 1000 to 1500 cells per Tigriopus organism, a
diference& of a factor of approximately 20. The direct counts are probali-yoi7 e reliable be-
cause of the numerous difficulties with which the radiological counts were besot.

M:'shall and Or'2 fed a number of viiiae7itiar &lgae to Calanus, using Pn-labeled micro-
organisos. Among their conclusions it was noted that Calanus was capable of ingesting up to
50,000 Platymonat; cells per day, which is in good agreement with the order of magnitude
found here. They also concluded that organisms below 10 g could not be readily 111psted,
which would iubstpntiate the tentative conclusions concerning bacteria found hert.
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CHAPTER 9

UPTAKE OF FISSION PRODUCTS BY PHYTOPLANKTON

By W. H. Thomas, Donald W. Lear, Jr., and F. T. Haxo

9.1 INTRODUCTION

"The initial plans for this project included (1) the isolation of single phytoplankton cells
after the test explosion and the m-asurement of their radioactivity and (2) the measurement of
the activity taken up from active sea water added to unialgal cultures of a diatom and a dino-
flagellate which were maintained aboard ship. Both these approaches were discarded after
technical difficulties in isolating phytoplankton at sea were e;.perienced and alsc because the
diatom and dinoflagelate cultures failed to survive at sea. Instead, radioactive sea water was
transported back to the Scripps Institution of Oceanography laboratories by one of us (F. T.
Haxo) and was used in the experiments described below.

These experiments were conducted at the Scripps Institution of Oceanogr.phy during the
period May 20 to 30, 1955, to determine the amount of radioactivity taken up by laboratory
cultures of a marine dinoflagellate from radioactive sea water collected in the test area.

9.2 MATERIALS

Cells of Gonyaulax polyedra were grown in unialgal culture at 25°C and approximately
500 foot-candles of light in the following nutrient medium:

75 per cent aged sea water 2 x 10-'M K:HPO4

2 per cent soil extract 10-6M MnC12
W0-3 per cent EDTA-Na 2  i0-SM FeCI 3

2 X 10-3 M KNO3

After approximately 10 days of growth the cells were concentrated by filtration on sintered
glass. Such cells had just finished their logarithmic growth phase. The cells were renoved
from the concentrate by light centrifugation and resuspended in 75 per cent aged and filtered
nonradioactive sea water whi."h was collected in the pelagic area one month before the test
(collected Apr. 15, 1955, by Robert Holmes) and which contained 2 x i0- 6 M K2HPO4 and 2 x iO3M
KN0 3. The cells were then washed three times by centrifugation and resuspension. After this
initial treatment the cells had lost their motility, but they regained it during the experiment.

The radioactive sea water used in the experiment war obtained from a depth of 125 meters
at station 4 on May L5. 1955. It had a specific activity of 70,000 counts/min/ml and was des-
ignated ripple 1.
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9.3 TREATMENTS

Gonyaulax cells were cultured in a 100-ml final volume of the above-mentioned suspend-
ing medium containing 50, 25, and 5 per cent radioactive sea vater. The cultures were in-
oculated with 10 ml of cell suspension so that the initial cell concentration in each culture was
approximately 675 cells/mi. Controls consisted of cultures without radioactive sea water and
of flaso of radioactive medium without cells. The latter were of particular value in assessing
the amount of activity incorporated into precipitate formed during the experiment.

After inoculation the culturee were incubated at 200 C and approximately 500 foot-candles
of continuous light.

9.4 SAMPLING AND COUNTING

Two 0.1-ml aliquots of the original radioactive sea water were piaced on a planchet and
dried. These were counted on th• shelf closest to the window of the G-M tube and were re-
counted at various times throughout the experiment to obtain decay curves. A 0.5-ml portion
of the initial medium was plated and counted after inoculation in order to obtain tVe initial
activity in each flask. At each sampling time the control treatments without cells were simi-
larly plated on planchete and counted. These counts showed that no acti•llty was adsorbed on
the glass walls of the flasks. Samples for determining uptake were taken at 9, I'l, 43, and 91
hr. A 5-ml portion of the culture was filtered through type HA millipore filters. The filter
was washed five times with 5 ml of 75 per cent nonraý'Aoactive sea water and then was dried
and counted directly using a large planchet holder. Similar treatment of radioactive controls
without cells allowed the amount of radioactivity in any ,,recipitate which was formed to be
determined. Assuming that the cells had no effect on tha amount of precipitate formed, one
could then calculate the amount taken up by the cells.

Counting of radioactivity was done using a Nuclear-Chicago 182AX scaler with a regulated
voltage input and a Tracerlab TGC2 G-M tube having a 1.9 mg/cmz mica end window. Such a
counting system is 98 per cent efficient for 0 radiations which enter th- 4ube but only I per
cent efficient for -y radiation. Cell counts were made at 21, 43, and 91 hr.

9.5 RESULTS AND DISCUSSION

9.5.1 Condition of Cells

Gonyaulax polyedra requires for growth an exogenous supply of one or more organic
growth factors. This requirement is met in laboratory culture by a supplement of soil extract.
Such fictoro accumulated in excess by the cells dur.ng previous growth could presumably
have been eliminated durkig the washing procedure. Since the suspending medium used in the
uptake experiments contained no soil extract, it was expected that further growth would be
limited. Cell counts support this contention. The average number of cells per milliliter at 20
hr after inoculation was 349; at 40 hr, 352; and at 90 hr, 294, The average of all cell counts,
333 .er milliliter, was used in calculating concentration factors. Although not growing, the

cultures were still alive since the cells retained motility throughout the experiment.

9.5.2 Precipitzte Interference I
Since it was expected that a certain amount of activity would be occluded on any precipitate

which was formed and would be counted on the filter along with the activity in Lhe cells, radio-
chemicAl controls containing no cells were included. In calculating the true amount of activity
in the cells, the activity in this precipitate at each sampling time was subtracted from that in
the cells. As mentioned previously, it was assumed that the cells would have no effect on
precipitate formation. That this is not a valid assumption was shown by the 90-hr sampling.
About 25 to 35 per cent more activity was found in tho, pracipitWe than in the cells plus pre-
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cipitate at this time. Thus the phytoplankton prevented the formation of this precipitate. This
could be due to the lowering of phosphate concentration in the medium owing to phosphate up-
take by the cells. It Is not possible by using these data to evaluate the effect of the cells on the
precipitate, but the net effect would be to increase the calculated valuu of the activity in tl:
cells.

However, this error in the calculated activity in the cells during the first 40 hr may be
small since the amount of activity precipitated in the radiochemical control flasks was low
during the initial 40 hr as compared with the 90-hr values. The precipitate data &ro shown in
Table 9.1, and the data on uptake by the cells are given in Table 9.2.

Ta:le 9.1 -ACTIVITY RETAINED IN PRECIPITATES AFTER FILTRATION OF 5 ML
ON HA MILLIPORE FILTERS

ILitial activity Activity (cxrrected fur decay) retained by filtration
cpm/5nl of 5 mI on HA millipore filters (pore size approx.nately0. 5A* at

45325 739 1398 1730 896(1.63%) (3.08%•) (3.829) (19.82%)

22095 3,25 507 1174 4879
(1.47%) (2.29%) (5.31%) (22.08%)

4710 65 91 123 944
(1.38%) (1.93%) (2.61%) (2.04%)

Uptake by olls: The results of this experiment are shown in
Table 9.2.

At the end of the experiment (.445 hr) an attempt was made to evaluate the precipitate
error by washing the filter pads with sea water adjusted to pH 7.4, 6.0, 3.7, and 2.5. The re-
sults cannot be evaluated without more data, but in general the most activity was removed
from pads having the lowest initial activity, from pads having no cells, and from pads for which
the lowest pH washei were used. Since 40 to 60 per cent of the activity was removed at pff 2.5
from pads having both cells and precipitate, it is estimated that about 50 per cent of the ac-
tivity is adsorbed on the cell surface and that 50 per cent is incorporated into the cell.

An attempt was made using Edward D. Goldberg's pulse-height analyzer to identify the
active isotopes taken up from this mixture of fission products. Although It was not possible to
identify these iscopes, certain peaks appeared in the samples (see Figs. 9.1 to 9.6). Four
main peaks were apparent, at channels 25, 40, 65, and 90. The data shown in Figs. 9.3 to 9.5
are of particular interest. Figure 9.3 shows data from the cells and the precipitate, Fig. 9.4
shows those from the precipitate mly, and Fig. 9.5 is the difference between Figs. 9.3 and 9.4.
The peaks at channels 24 and 90 are due to the precipitate, and those at 40 (34) and 60 (52) are
due to the cells. Such data are only suggestive of differential uptake since a peak may be due
to radiattion from more than one isotope and since its position may shift owing to the vagaries
of the electronic gear used.

Caution should be exercised in extending these data to the effects of a test explosion on
fission-product uptake by phytoplankton. First, this was not a growing culture. A growing
population would be expected to be metabolically more active Pnd thus might take up more
radioactivity. Second, the organism used normally grows in areas near the shore, not in a
pjlagic zone. It is also not a diatom, a group which would be expected to make up the bulk af
the phytopladkton of the test area. Data bearing on these points were obtained by beo Berier.

(Text continues on page 110.)
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Table 9.2-ACTMTY TAKEN UP BYI CELlS

50% Radioactive Sea Water

initial Activity a 40310 opq/~e

Activity retained 1406 2301 3846
by filtration of

% taken up 3.-%570% 9.54%

Concentration factor e* 2075 3396 5677
ap•,f1 calls + cp/ml water

Uptake per cell 0.83 1.36 2.27

25% Rgdio',ctiv. Sea Water

Initial Activity a 20960 opm/5@.

Activity retained * 69 1734 1801
by filtration of
5 Ml (erM)

% tien up 3.10% 3.27% 6.09%

Concentration facter ** 1843 4923
cm/6n calls. + r/al water

Uptake per cell 0.24 1.02 1.07
cp,/cell

---------------------------------------------

5Radioactive Sea Water

Initial Activity:= 4385 cpq/5mI

Activity retained * 151 503
by filtration of5 =I (qu,)

% taken up 3.44% 7.77% 11-47%

Concentration factor * 2X49 4627 6825
ora/ml Cells + craMl6 water

Uptake per call 0.089 0.20 0.30

-- - - - -------------------- ---------------------

* Activities corregted for precipitate formatiot and for decay.
SThe relatior: 100 cells 0.0497 ml was used in thie calculation.
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in ht.s Ba-r!)I R C2 hi ibol~fe,. from the Wst acea two centric diatoms (Coacinodiscus).
These cells tial 2C0 count•s/min or, May 18, £s55, 2rd 51i ounts/.Min on May 24, 1955. Thus

3 4;e activitr per cell of -" diltC'n celt -x-y three ýo four time:, larger than Gonyatlax was o(e to
two ordrar of magnltAxie baber than the cells of our eerlrtent. However, the cuoncentration
!actor may be roughly a•i~nlar since the actlv' ty of the sea water from which these cells were
ii-olated Was about oae o.der of na;;nItude greater.

'The lack o, -wall ext-ac. would presumably Aii-ti growth. However, growth could also have
been litoated Ly radlztlo. dam2age to the cells. The activity counted was largaly due to 0 emis-
Ziorns, xnd the total amount a1 ionizing r•dlktion could have been much higher if appreciable
2mourts of - s9,ur-es were present. However, no data ob~zlned in this work bear directly on
the poss~bility of radietion damage to the phytoplankton.
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CHAPTER 10

ELEMENTAL COMPOSITION OF SOME PELAGIC FISHES

By Edward D. Goldberg

10.1 INTRODUCTION

In order to evaluate potential sites of concentration of the various fission products within
fishes of commercil, importance, a preliminary survey of the elemental composition of a few
representitive examples was undertaken. The previous work of this type is well summarized
in "The Elementary Chemical Composition of Marine Organisms" by A. P. Vinogradov
(English translation published by the Sears Foundation for Marine Research, Memoir Numbe:
U, New Haven, 1953, 647 pp.). That study suffers from a number of inadequacies: Flrst, it is
a compilation of analyses of elements in many different sampler but contains few gross anal-
yass of individuals. Second, many of the results were obtained by questionable techniques of
the pioneer workers in this phase of blogeochemistry. Finally, there is no critical evaluation
-f the results in line with modern chemical theory.

Because of the limited time and resources for our investigation, it was initially realized
that a small number of results would at best give only gross patterns of elemental distribu-
tions. Thus the interpretation of our results must be viewed with the following considerations
held firmly in mind:

i. The analyses were made by emission spectroscopy (Anm rican Spectrochemical Labo-
ratories, San Francisco. Calif.). Inasmuch as standards could aot be prepared for all the
matrices encountered In ashed samples of the components that make up a fish, the absolute
concentrations, especially for elements whose abundances are less than 0.1 ?er cent, should
be as accurate only within a factor of 2 or 3.

2. The representativeness of the few samples is open to doubt. How much the abundances
of the different eic.ments in different parts of a fish depend upon age of the specimen, feeding
habits, spectition, etc., is poorly understood. Further, we have no data on such statistical
variation among apecimens from a population of like size, age, etc.

The samples of fish were obtained in the frozen condition and, following dissection into
components, were dried overnight at 1000C. The material was subsequently ashed in Vycor
type ovenware. The results of spectroscopic analyses of ashed samples are given in Table
10.1. The only fish whose complete body was assayed in component form Is the yellowfin tuna
Neothunnus macropterus. Only samplea of the flesh and bone were utilized in the analysis of
the albacore. There are also five analyses of whole fish, three tunas and two Peruvian an-
chovies (Engraulis ringens).

The following observations from the data are made not only with respect to their rele-
vance to fission-product assimilation (a restricted spectrum of elements) but also to the more
genei-ai problems of the disposal of radioactive wastes in pelagic environments.
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i0.2 AJ4AL1S

The general pattern of K dominating over Na in fish by factors of 3 or 4 as noted by
Vinogradov apparently is confirmed by these analyses. The two tunas that deviate remain
anomalous.

10.3 ALKALINE EARTHS

The CaO/SrO ratio in sea water _s approximately 480, and within experimerlal error thial
result is reproduced in the whole fishes analyzed. Nevertheless, the ratio exhibits much
smaller values in the flesh, spleen, liver, stomach, and heart and compensating higher value:
in the bone, blood, and epidermis (Table 10.2). Apparently the metabolic pathn of Ca and Sr

Table 10.2- CaO/SrO RATIO IN YELLOWFIN TUNA, Neothurnue macroptrus

Spleen 38

Dark Flesh 85

Liver 110

Stomach 120

Heart 130

White Flesh 14')

Pyloric Caeca 160

Intestine contents 180

Gill arches and filaments 185

Eyeballs 235

Skin 240

Intestines 270

Bone 295

Blood 370

show strong dissimilarities. The sites of concentration of Sr are the components containing
skeletal features (bone, gill arches and filaments, and skin) (Table 10.3). Barium, very
curiously, does not show a covarlance with strontium. Possibly Its metabolism may be re-
lated to the sulfate concentrations in the organs of the fish. The strikingly high Mg concentra-
tion in the spleen, heart, and gall bl*dder (or contents), as noted in Table 10.1, Invites further
investigation rather than comment.

10.4 METALS

The noteworthy abundance of Zn in marine fishes has been known for over 30 years
(Vinogradov, page 523), yet its physiological role remains obscure. Zinc is accumulated most
obviously in the spleen, liver, stomach, intestines, pyloxic caeca, and gall bladder. High
radioactive Zn contents (Zn85 ) have been noted by the Ja,.nese In their studies on contaminated
fishes in the Pacific Ocean [Wasamichi Saiki, Shinji Okano, and Takajiro Mort, Studies on the
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Table 10.3-DISTRIBUTION OF ZnO AND SrO IN YELLOWFIN TUNA,
Neothunnus macropterus

W).t. L" Z1 1- m.4G of Sectlon L•n Qr• Za JW rasO

Blood 12.25 0.18 0.022 0.023 0.0028

tone 45.16 0.08 0.036 0.17 0.0768

• Pyloric C3~ca 42.42 0.87 0.369 0.017 0.0072

Eyeballs 8,50 0.25 0.021 0.03 0.0026

White fleesh 359. 0.14 0.503 0.017 0.0610

Dark flesh 124.5 0.11 0.13-7 0.019 0.0237

Gill arches and filamonts 53.4 0.12 0.064 0.26 0.1388

Heart 6.41 0.22 0.014 0.018 0.0012

Intestines 15.80 0.86 0.136 1.023 0.0036

Intestins contents 12.81 0.23 0.030 0.059 o.00?'6

23.6 0.77 0.182 0.014 0.0033

Epidermis 14.7 0.57 0.085 0.088 0.0129

Spleen 2.02 0.31 0.063 0.035 0.0007

Stomach 24.3 1.04 0.104 0.012 0.0029

Stomach contenta 43-1 0.39 0.039 0.018 0.0078
(2 squid, 4-.;i x

5-j"; 1 anchovy 6")

787.97 2.08 0.35

% in whole fish 0.26 0.045

Radioactive Material in 'Le Radiologically Contaminated Fishes Caught at the Pacific Ocean in
1954, Bull. Japan. Soc. Sci. Fisheries, 20: 902-906 (1955)].

The metals Cu, Fe, and Mn show, in general, a pattern sinilar to that of Zn, showing the
highest accumulation in the internal orgais. Iron shows strong concentrations In the blood and
and circulatory system. The metals further concentrate in the darker flesh o er the lighter
flesh.

Cl interest is the rather strong occurre:iie of Cd in the liver of the albr.(jre and integu-
ment of the tun*. Cadmium has a chemistry quite parallel to that of Zn, and cadmium has
never been dW:ected in sea water.

"The higheat coincentration of Ag was found in both fishes Li the liver.

10.5 CONCLUSION

In conclusion, the following inferences nuay be drawn from the data, assuming that the
flssinn-product (or waste-product) element under consideration Is aseimilated by the fish
,nder the same conditions and in the same chemical forms as in its norm-'uxicUonings:

i. Elements e;.iating most piobably as ".atio-ic species in sea watear (Mn, Cu, Ni, Zn,
etc.) wad wlAch tend to form strong organic complexes %see Edward D. Goldoerg, Treatise of
Marine Ecology, edited by Joel Redgepeth, GSA, 1957') tend to concentrate In internal orglrn.
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2. The alkaline earths Ca and Sr concentrate in the hard parts, and Sr appears more
strongly in the flesh relative to Ca. Surface detection of Sr appears feasible Inasmuch as, in
both fish analyzed, high abundances of this element were found in the integument.

3. The transition elements (Zr, Ti, and V) are found most abundantly in the internal organs
except the heart, flesh, and skin and are found In least quantities in the hard parts.

4. From the '-nown chemistry of Rb and Cs, as well as some studies on plants (R. Scott,
A Study of Caesium Accumulation by MWrine Algae, Proceedings of Second Radioisotope
Conference, Vol. I, pages 373-380, Academic Press, Inc., 1054), one might expect these two
elements to be at least as strongly fractionated by the organism relative to Na as It K.
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CHAPTER ii

UPTAKE AND ASSIMILATION OF RADIOSTRONTIUM
BY PACIFIC MACKEREL

By DeCourcey Martin and Edward D. Goldberg

The problem of the retention of radioactive waste prcucts introduced into marine waters

through nuclear detonations by marine organisms has received scant attention. Inasmuch as

many fishes and seaweeds are used directly or indirectly ihk fcoods, it is of interest to investi-

gate the uptake and assimilation of potentially dangerous fisf:ion products by the marine bio-

sphere. This present inventigation concerns the uptake of radlostrontium by the Pacific

mackerel (Pneuratophorus diego). Radiostrontium is of r..gnificance for two reasons: its high

fission yield (Sriý and its long half life (19.9 years). The Pacific mackerel is an important food

fish, is closely related to tuna, and is readily adaptable, because of size, to laboratory ex-

perimentation.

il.1 EXPERIMENTAL PROCEDURES

1t.1.1 T-acer Preparation

Strontium exists as one of the minor constituents of sea water, with a concentration of 7

mg per kilogram of sea water. The isotope of Sr employed, Srso, has a half life of 19.9 years

and emits a beta particle of 0.61 Mev to form Y90. Y10 i.n turn decays by emission of a 2.35-Mev

beta particle with a half life of 65 hr to form stable Zr'0 .
The radiostrontium was obtained in solution as carrier-free Sr(NO) 2 from the Oak Ridge

National Laboratory with an activity of 11.6 inc/mil. The original solution was diluted in

ac1.i1fd "'-.'!ed waer to produce a working solution of approximately I pc/pl (I mc/X). A

50-A (0.05-mi) portion was pipetted into gelatin capsules which had been coated with butter to

prevent dissulution before use. The working solution was assayed during each feec1,g period.

The average beta activity of five different assays gave 70,630,000 counts/min/50 X. ThIj is the

amount fed to the mackerel.

11.1.2 Inoculation of Fish

Pacific mackerel were chosen as a representative food fish for this study. This fish is

readily available, is adaptable to captivity, and is of a conveniert size for laboratory work. Six

dozen fish of similar age, size, gnad weight were caught in waters near the shore off La Jolla,

Calif. These fish were retained and fed in a large aquarium for several weeks before use.
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A 50-A rtortion of Srl0 in bvtter-coated gelatin capsules was forced down the throat of each
of 24 fish. Ten fish were removed from the retaining aquarium in lots of five and were placed
in a tank filled with abot 40 liters of sea water, TertAary amyl alcohol was added until the
fish were narcotized. The fish were then removed from the water. A gelatin capsule was
forced down the throat of each fish with a gla.ss plunger. The fish were then placed In an ex-
perlmental tank of 2900 liters of circulating sea water. They recovered from the effects of the
alcohol in 5 to 7 min.

The fish fatled to eat for neveral days after the narcotization. Mobt of the= showed signps I

of diarrhea.
The remaining '4 fish, at a later date, were forcibly fed gelatin capsules by, hand. They

were then transferred to a second expertmenta) tank within 15 see. These flih suffered no
visible ill effects and voraciously ate bits of chopped salmon within 10 rain of the feeding of tho
radioactive capsule. Although two methods of feeding !ere used, there appeared to be no
significant variations in the results of the radiostrontium uptake and assimilation for the two
series of fish.

Foaowing the administration of raW'ostrontlum, the fish were maintained in large tans
with a constant supply of sea water and tood. The effluent water from the tanks was diluted and

discharged into the ocean. The area around the discharge was monitored hourly for traces of
radioactivity for a period of 8 hr following the feeding. It was checked periodically for three
weeks thereafter. No appreciable radioactivity was found in the diluted discharge or on the
beach sand. The water in the 2900-11ter tanks was also monitored and, after feeding five fish,
was founid to contain 54.7, counts/mta/i0 ml after 30 miin, 52.8 counts/min/10 mi after 1 hr,
45.5 counts/min/10 ml after 2 hr, 24.3 counts/min/10 ml after 4 hr, 15.2 counts/min/10 ml
after 6 hr, and 7.7 counts/min/10 ml after 24 hr.

il.1.3 Preparation of Samplex for Assay

The fish were sacrificed at regular Intervals after administration of the -adiostrontium.
In several cases more than one fish was killed at a tUme. The Intervals were 15 miin; 1, 2,
31/2, 4, 11, and 24 hr; and 2, 3, 4, 8, 16, 32, 64, 128, 185, and 235 days. On the fourth and

seventh days, fish were found dead and were assayed only for total activity per fish. No signif-
icantly greater differences In the total activity per fish were found between the dead fish and a
sacrificed fish of the same day than between two fish killed at the same time.

The fish were dissected, and the major organs were removed for assay. A section of the
epidermis consisting of about two-thirds of the totai was remroved. An equal amount of the

dermis was assayed. A section of the muscle consisting of from one-third to one-half of the
tota flesh was sepiarated from all bones and other organs. This was assayed as the "choice"
flesh as shown in Flg. 11.5. The remainder of the flesh cmidualnig some bone, skin, scales,
blood, and bits of other organs was assayed as "waste flesh" in order to determine the total
activity in the entire fish from the sum of activity in the orgns. The entire gills, heart,
spleen, ovarios, kidney, liver, pyloric caeca, small intestine, stomach, and gall bladder were
removed. The backbone was separated and picked free of flesh. The head, including the eyes

and operculum, was counted separately. Samples of the blood, scales, and fins were also
measured.

The above-mentioned organs and tissues were weighed wet, dried at 110°C for three daye,
weighed dry, and digested in concentrated HKNO. KC10 4 was added, and the mixture was
heated until the organic matter was completely digested. The solution was evaporated to dry-
,:-s. Several samples were lost at this stage owing to ignition of incompletely digested or-
ganic matter in perchloric acid. The dried salts were dissolved in water and HCI. diluted to a
minir-,"M volume, and stored for future counting. A number of live whole fish were digee•ted,
diluted, and prepared for counting in the smne fashion.
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11.1.4 Method of Assay o; Radiostrontium

The beta particles from the Sro0 and Y90 in the .aquillbriuzn mixture have maximum ener-
gies of 0.61 and 2.35 Mev, respectively, and hence are easily detectable. Seven to eight days
was allowed between the sacrifice and beta counting of the fish in order to permit the 65h

eF Y" to reach equilibrium with the SrOO.
The solution of ashed organs was count~ed in 0.2-mi aliquots on i-In.-diameter copper

planchets mounted on cardboard disks and covered with one layer of scotch tape. A scn~i'ia-
tion counter consisting of a plastic p-terrphenyl. crystal coupled to an RCA 581i photoanultiplier
tube was used in conjunction with a conventional scaler. The planchet~s to be counted tw-ercn
mounted 2 mm below the p-terphenyl phosphor in a shield of 1/2-in, plastic surrounded by 2 In.
of lead.

The -self-absorption of the small .,amount of salt was taken Into account In the following
way: Appropriate aviounts of ash from a control fish wtare added to the standard solution~s and
the samples were then asisaycd.

The planchets were ezeh counted ati two or more different periods to check for any build-
up or decay of Yý Only in the case of the stomach and inestines of the 1, 2, and 3%/Zhr fish
was any increase in activity noted. The maximum Increase observed was In the stomach of the
3'/J-h fiah, which showed an iticrease of W0 per cent over~ two weeks' time.

11.21 RESULTS

The results obtained from assaying the radlostrontium content of the different tissueo and
organs are expressed ag the percentage per organ and a~i the percentage per gram of dry
weight. The sum of the activities of all components was calculated to give the total activity par'
fish. Thise result Is presented as the percentage ofl the original dose remaining in the fish.
As checks on these results, the solutions of the organs were added together to produce a solu-
tion of the entire fish, Furthermore, 10 fish were dissolved whole and counted as Individuals.

The excretion of radlostrontium by the Pacif(ic mackerel Is shown in Fig. 11.A. The per-
centage of the initIa~l dose remaining in the fish is plot~ted against time. Half of the activity was
lost between, 12 hr and one day. Af~ter one or two da-:'e the level of activity remained almost con-
start. Thici Indicates that about i to 5 per cent of the ingested radlostrontium may be expected
to remain In the fish for a long period of time.

Figure 11.2 shows the activity remaining in the skeleton of the fish. After one day, almost
80 per cent of the radiostrontium was lodged in the skeleton. This value remained constant
thereafter. However, the percentage of activity in the gills decreased after the first day,
whereas the percentages in the head and backbone increased.

Figure 11.3 shows the activity found in the total flesh of the fish. The curve is based on
the activity per gram of dry flesh as shown in Fig. 11.5. Only samples consisting of from one-
third to one-half of the total flesh were assaye;-d. These were boneless fillets. The remaining
flesh contained some bone, blood, scales, are, body fluids and consequently would have given
a higher actl,ýity. This wasfie flesh was about four times as active as the choice flesh.

Figurc, 11.4 shows the weight deviation of each of 12 fish from the average weight. The
weight of each dry organ was multiplied by a correction factor to reduce the fish to the sanie
effective weight. Assum.ing no variaion in relative size of organs with weight of fish, a small
fish would be expected to hrive a greater *eoncentration of activity per gram than a larger fish
which had absorbed the same dose. The activity per gram of dry organ was multiplied by (wet
weight of the fish)/,average wet welight of all fish).

Figuret; 11.5 anti 118 show the concentratlon of activity In tissue and organs in percenatage
of retainecx radi-ostrontiurn per gram iu f dry org-in plotted against days since administration of
the tracer.

A large percentage of the radiolstrotntium w.as found in the gills one day after inoculation.
This is the site of extrarenal txcretlon of salts bly the organism, and probably- a large per -
centage of the radios' rontium was excreted by the gills. The feces were not coll1ected. The
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activity in the gills sieadily decteaed after the initial maRimum, whereas the actiiity in the
backbone and head either remained al a constant level or Increased with time.

The radlostrontium rapidly passed from the stomach into the small intestine. At the
spame time, the activity was conceatrated by the spleen. As the radiostrontium in the intestines
decreased, the gall bladder, heart, lhi'vr, a I ovaries showed an increase and then a decrease
after 2 to 4 days. The rctivity found ui .,te epidermis, dermis, and pyloric caeca increased in
percentage to a maximum on the eighth d4.y and then followed the loss by the gills. Only the
head anti backbone showed no deervase with time. Apparently the radiostrontium is first ab-
sorbed throughout the body; it is then excreted by the gills or is fixed in the bones.

11.3 SUMMARY I

Pacific mackerel were fed radiostrontium, which was then measured in various organs T
over a period of 235 days.

Ninety-five per cent was excreted in 24 hr. The remaining 5 per cen 4 remained fixed in
the body throughout the duration of the experiment.

Eighty per cent of the fixed activity was located in the calcareous portions of the fish.
The gills showed the greatest activity per unit weight in one to three days after feeding,

ind.cating that the radiostrontium was being excreted by these organs during this period.
After two days the flesh sbowed little activity per gram of fish.
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CHAPTER 12

FIELD STUDIES OF UPTAKE OF FISSION PRODUCTS
BY MARINE ORGANISMS

By Leo Berner, Robert Bierl, Edward D. Goldberg, DeCourcey Martin, and Robert L. Wtsaer

12.1 INTRODUCTION

The interaction bEtween the members of the marine biosphiere and the variou3 chemical
"components o1 sea wator commands attention as one of the focal points in studies of pronduc-
tivity and sedimentation. For extending our understanding of biogeochemical processes, the
permutations of the oromposition of sea water produced by the detonation of nuclear devices
offer great promise. First, the introduction of minute amounts af easily measurable radio-
active substances provides ready access to the pqAhr of such vubstances from the hydrosphere
to the orga"-.!ims and subsequently from organism to organism. Single elements, as well as
suites of elements, can readily be studied by already well-established radlochemical tech-
nlques for their isolation and quk,.:'"kative analysis. Second, time studies on the retention of
assimilated substances can be undertaken. The biologic.-1 half lives of elements In marine
organisms, in conjunction with the respective concentration factors, are of paramount Im-
portance in consideetionm upon the long-time effects of oceanic nuclear testm.

The purpase of the field studies on Wigwam was to make a broad survey of the distribu-
tion of fission products bet;ween tne marine waters and members of the biosphere. The work
was limited in two ways: (1) The time available for the sampling of both water and orgpnisms
was secondary to tbh main objectives of the Scripps Institution of Oceanography vessels, and
&t.IJons could not be moade in every definitive area of interetst. (2) Owing to the lack *,f per-
sonnel, equipment, and splze aboard the vessela, chemizid separations of Uhe fission products
were not made. This latter limitation prevented studios on the more intimate blogeochemistry
of the -various nuclear products from the explosion. Nonetheless, a preliminary picture of the
interaction between fission products and marine plants and armals uas evolved.

12.2 METHODOLOGY

12.2.1 SAmpling Technaques

Samples of sea wai!r were issayed in twe filcered (ml2lpore typs HA filters, pore size
about 0. 5 p) and the nmf!itez-ed sta*ec The s-amples wer& tollccted bn plastic bottles (Ple•d1gla)
and in brass Nansen bottlar, at well as in -Rboer buckeis, Irom t-e surf#ce. Samples of •ce
zooplanktonlc organisms wer zolleted both in meter netz and In the high-speed planmlon
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collector 3ainpoVs otl Iva ger organisms were individually separated arid wsz~hed first ia in-
activc, se%. wter and then. twice In fistilled water. Ttý ý'eshes werc changed extensively and
never lisplayed ar~y measurable contamination. Some samples were fr'ozent i ucdkately afterAN-
they were obtained, and th,ýte were maintained ix this state until analysic. All specimeas were
ld-4mtlf led before razdioactivity assays were madle. 0

12.23.2 YRadioasnay Techniques

Activity measurements were -made for both beta and g-ýLira p~rticles. The be~a actl~ity
was measured either with arn end-wirndow G.M tube lkw' ndaw thicknests 1.4 aig/rcm 2) or with a
terphenyl scintillation crystal coupled to0 a Dlu Mont 6292 photomuitiplier tube. The gammria
activity was measured with a Nal(Tl) crystal coupled to a Dlu Munt 6292 photomultipliiar tube.
Conventional scaling equipment was used.

A single-channel step -pulse -height analyzer (Devtron) was used to obtain the gamma
spectrum of samples from 0.3 to 1.5 Mev. The detector was a Nal(TI) well type crystal
coupled to a Dlu Mont 6292 photomultiplier tube. The spectrum was divided Into 100 channels
having a channel width of I volt. The instrument was standardized routinely with Co'0 , Zn,
and COT~ sources. Samples were counted over each channuel for uniform times ranging from
I to 15 min.

For beta and gamma assays the sea-water aliquots were evaporated under wai infrared
lamp and then coated with a lacquer using a bomb type sprayer. The zouplankton samples were
Initially dried at Ii0C in an oven and then coated with the lacquer.

Samples for gamma spectral analyses were placed in small screw-top glass viule which
ware Lhen completely sprayed with the lac~quer. Water samples were placed In giazs vials
which were closed off by s~ealings. The vials were washed in clear water before analysis.

The number of organisms or the amount of sea water for assay was approximated by
holickzg the eaniple near a survey meter (Beckman MX 5) to ascertain a rough value for its
acttvity. No samples saowing activities greater than 20,000 counts/mirn were assayed to avoid
coincidence effects. Samples wers counted until their activity decreased to a value near back-
grcund. All -tmples were countszd to a probable error of 10 per cent or better In the net
counting rate.

Aluminum. copper, and plastic planchets were usaed for the beta ard gammba measurements.
In a aingle series, all pianchets were of the samae composition, and therefore ready com-
parisons can be made. However, neither backscattering nor self-absorption corrections have
been applied in any icase.

12.3 RESULTS

12.3.1 Water

On May 19, 19B55, a deep-water sample Awan brought aboard, and the distribution of activity
between the soluble. ;-nd particulate ttat~as was ascertained by filtering the water through a
membrane filter (pore size approximately 0.5 pi) and assaying the activAty under a gammra
acintillation detector. Approximately 50 per cent of the activity could 1,e removed by the
f.1ltration process. This measurement puts an upper limit on the amount of activity In true
Ionic states. It irr prat,4,by much too high, cons~dering the data of N1. Ballou (personal com-
mnunication).

(Gamma-ray spectra of isitrea~ed waters, collected at different station's and" at different
times, were run daily from May 19, 1955, until the middle of August 1955. These samples
ehowed no grýjss ;aftein differencos when they we.re counted at the same time. This result
indIcates that no 61eAtmrable fractlouatlonVo iso)topes took place in these v~zters through the
action of physicochemicale ar biological prozesses. In August 195Li the oply detectable activities

remaining In unfiltered w2Aers were Zr and Rit, as measured by their gamma spectra.
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- -- '~12.3.2 Organisms

Tablei 12.1 to M29 give the relative activitlies of orraniums col.ected dairing the optora-
tion. Xt war. appareitt quite early in the duati avalyson t-kat the activity oi an organism from a
given haul 'v'ae dependent upon Its fed~izg habite. Thus the arim re ts-bulated In grouips
of feeding typee: C, cilia ry; M. m~icoua; 9, rctz:J; H, rapac-IM6~; P', pm&udopodliaI; and T,
tertacalrr. A survgy t-f theee ramults or~igs fortxi a number of gaenil2Azatioris:

1L The ciifary and muc-wa filtco;-?rs show the ?higheat accumulgiona of ra. i1oacix?1tv pov
orga-Auzi.

2. The se~tal filtcreýs In geaeral are the 4econd highest. accumulators of radiosctivity but
show siso rathehr strong vart'atlc~na.

S. The rapacious forins such us the calanold Candpc'la snd Chaetognatha show considerable
variatlinp, 2!though less than the Weall filterers, arcid ingenerd possess lower co~unts per
organtsm.

4. Rdlo"ariaw~ (psendok#xA3I filtcý-arr) have rather high accumulations of activity, where -
an a. single foraminifera (sample N4i, Table £2,7) showed a zero count in a sample that had
fow organisms with high Activites.

t,. The tentacular feeder4 (ccelenterates) had rather low counts per organism. It should
be tm'~hzvlzed that the validity of such c~ompariso~ns rents upon the qssumptlon that the
orgunlirJs from a giv~en haul were all exposad to the same lev~els of activity for assentlaby7 tha
same periods of time. Obviously this is~ not true. Neirerthela*N, these geqneraXP2ations 4111 lead
us ito formiulate a general pl-,twi N o tkh is* h-~ of P~ft~vlt:7 h~tw4'n the hydrosphere and

It Is hard to avoid the Inchictiot; that the dowiAnRut form 1A uptake it ihat of partlcuiste
materia. tzu2 r:, l oact 50 pvut c:ent of die ikctivity io In a .- ipersed solid form, those
organionis thaý pro~duce an kbaorptlon shoot (miucus) or a filter (cilia) should be most -0fective
in reinov~ng the solid phav; frcit the vWaer. A confirwat1io of this hypothesis way be found
in the zomysrlaan of the ginma spectra of the water and off the organisme. In Figs. 12.1 and
12.2 am. the curvea for pteropod X-1 and water 1sampie 4. The patterns are quite similar for
the gross gamma activIRLY. br, Figs. 12.3 and 12.4 the comparison is made for June 24, 1985.
The patterns again are quite A'milar, except that the organism does not shiow the peak at
c-hannel 68. Similarly, late In July., the pteropod and water sample (Folsom No. 5) mhow
essen~tially the eame pattern, except that the organism lacks a peak around channel 99 (Figs.
12.5 and 12.8).

Without further knowledge, one rawy tentatively assign these peaks, missing in the organ-
isms, to chemical species that the organism did not favor in uptake. It is tempting to con-
sider them as soluble species.

Of Interest are the pteropods, a cilary, !eedilng greoip, that were nearly always possessors
of high accumulations of activity. In Table 12.7, samples N-9 and N-L0, the partition of ac-
tivity between the hard and soft parts of the organisms Cavoliala Inflexa -Sas made, with the
result that the dominant amcent of activity Is fouind in the body. The shells of the pteropo'"
are formed of calcium carbonate. A further disaectlon of the bodies of the organisms Vras
made, and In Cuvierina colunmnlla, taken fromi not tow 0, the activity '-'as as follows: 11L46
counts/min in the liver and gut; 35 counts/min In the s4611l; and 10S comits/win in the re-
mnainder of the soft parts.

The analyses of fithes, given in Tables 12.10 to 12.05, indicate that the majority of the
activity could be i-.A)ated irs the stomach contents, intestlne3, and associated organs. We
caunot say how long the fAsh had been in. the area of contaminatirrn. Ansuming that they had
been thore but a short timee and that. they had bteer: actively fedIng, ti understandal that
contamination wiould appear only in the alimaentary tract. it, however, they had bean Presaint
longer time and U~4 ingested a sufficient ammWii of contaminated food, then we may exoct to
find contaminant.s withit: the various organs and the b'dy *618sues. It Is rather apparent fzotn
the results thal. both these events had occurred.

The studies reaulting frora Operation Wigwam~ way be regarded as being entirely alemonri-
tary in nature. Ccmtr:'r'- to contorollod laboratorg experiments, such field studies, or labora-

(Text continues on pagwo 146.)
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Table 12.1 -GAMMA ACTIViTY OF ORGANISML. COLLECTED MAY 16, 1955
(Mounted on Aluminum Planchets; Counted May 16, 1955)

No. of Feeding Total Activity Per
• RLe N OrganisM Typ Ormanis= Activity Organism

B-I 2 S Daphausiids (12-15 4m) 6,1u 23,055

B.2 2 s Hyperiids 830 415

B-5 1 S "ysid 100 100

B-13 1 S Calanus 3,357 3,357

B-I1 1 Ostracod 400 400

B-12 1 S Calanus 3,217 3,217

B-6 1 S? Decapod Larva F,65 865

B-3 1 p Polychaete 907 907

D3-4 2 R Sagittas (8 - long) 575 288

B-7 2 R Candacia aethiopica 519 260

B-8 2 R Cwndacia aethiopica 665 333

B-9 i T Siphonophore Bract 820 820

(Diphy a sp.)

B-13 Diatom Coscinodtscus Rex 50 50

I
I

S
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VI
Table 12.2 -BETA ACTIVITY OF ORGANISMS COLLECTED MAY 16, 19565

(Mounted c-~ ?Jiaetic Planchets; Counted May 18, 1955)

_t ~~No. 0o Pld:n
~1e NQ. 2l~ti~i~ ~ZTtal A2.Z yi

CaJlanoid 76

3.5 cajlanus 5155

~'6 .S 5tylocheiron affine ad-Alt 612

3. S D-phausiid furtulia 84

1S Ostracod 38r,7

,-12 S Calanoid 83.16
pol 1 S Calanoid as 1229

P-14 ~ 1 s Calanaid 807

P-1 1 ii Candacia aethiopica 100

F-2 1 Rt Candacia azthiopica 22-2

P.-7 1 Rt Tomopteris 3.4

P-L 1. f Polychacte 17

P-15 1 Rt Sagitta. 483

P-3 1 R Head of Polychaete 61

(See B-3)

P-10 1 Galathtdd larva 3838
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Table 12.3 -ORGANISMS AND THEIR GAMMA ACTIVITY FROM HORIZON SAMPLE 2
(Taken from Peaks at Chafinels 48 to 50 in th6 Gamma-ray Spectrometer;

Counted May 20, 1955)

No. of Feedi:n Total Activity
Sawle Lig, OrcanisigM J L Jrtr Act ivity PerL2r~mism

1-I 1 C Euclio pyramidatus 7262 7252

1- 1 S Calanoid Gopepod 347 347 1
H-9 3 3 Calanoid Copepods 313 104

H-17 22 3 Euphauslids (6-15 mm) 531 24

H-18 24 S CIalanoid Copepods (2-3 ri) 1020 42

H-12 17 R Larval Fish (8-15 nm long) 712 42

H-13 12 R Sagitta hexaptern (20 m) (6)

Sagitta colinefornica (12 mm) (6) 341 70

H1-14 30 it Candacia aethiopica 1355 45

Stages 4, 5, 6

X1-15 15 R Sappharinids 42 3

Table 12.4-ORGANISAS AND THEIR BETA ACTIVITY FROM HORIZON SAMPLE 2
(Counted May 18, 1955)

No. of Feoding Total Activity Per

HCL-6 4 S Ruphausiids 3907 971

HCu-7 1 S Decapod Larva 4359 4359

HCu-8 5 S Calanoid Copepods 14547 2909

HYC-10 6 S Amphipoda 5973 996

1}0u-1 4 S 0stracods 4867 1217

HCu-3 2 R Larval Fish 14400 2200

HKu-4 4 It Sagittas 1965 491

HCu-5 4 R Candacia aethiopica 4115 1029

HGu-9 6 R Sappharinids 666 111

HCu-1 I P Radiolarian 982 982

HWu-2 2 Diatom Centric Diatoms 200 100

Coscinodiscus
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Table 12.5 -ORGANI8M8 AND THEIR BETA ACTIVITY FROM THE BAIRD
CLOSING-NET SERIES

(Haul 9, Taken May 19, 0955, and Counted May 19, 1955)

No. of Feedirn( Total Activity Per

soLe _N 2vmlm Typ 2wLMU AM=~ Ormi

XCU-4 1 m Salp 5775 5775

XCu-3 I c Pteropod 629 62D9

XCu-1 12 S Eiphaaiids 1309 199

XCu-6 1 s Amphipod 5 5

XWu-7 1 S Ostracod 23 ;3

XCu-2 I R Polychaete 0 0

XCu-5 1 R Chaetognath 178 178

XCu-8 1 P Radiolarian 2320 2320
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Table 1.-EAACTIVITY'Y~ OF ORGANISMS FROM NET HAUL OF MAY 22, 1955
(Counted May 23, 1955)

Of 0 Feeding Total Activity Per

C-15 1 V. saip 9,918 9,918

G-3 15 C Cavolinia infloza 27,8S95 1,860 '
C-10 2 C Styliola subula 17,477 8,739
C-n1 I C &aclio pyramidatus 11,.339 11,339
G-20 1 C 0ymiosomatous 3,447 3,447
C-26 1 C 13 m. Cuvierina columneLla 3,181 3,1.81
0-28 1 C Diacria trispinouu 4,148 4,148
0-30 12 C Diacria quA*±ridentatia 639 53
041 3 C Cyclothone uipnatu 468 156

1 S Thysaziopoda aequalis 795 795
041 S lH'gophum reinbardti 271 271

C-5 5 S Xedtridia atra 76 15
C-6 1 S Amphipod, 25 rmm. long (Oxycephsl'us) 118 118
C-7 2 S Amphipods, Phroniza, 25 =u. 1,658 829
0-9 5 S Eupliausiids, misc. 919 1.84
G-12 1 3 Xetridia, 8 nlong 29 29
C-14 1 5 Decamod, 25 ~.log 57 57
C-24 10 S Calatioids, misc. 1,224 122
0-27 5 S Ostracods 44 9
0-29 1 5 Ca~aioid Copepod 75 75

C-13 1 R PteratraischiA, 45 ~.long 1-14 114
C-16 3 R Sagitta hezaptora, 2D m. 112 112
C-17 4 R Sagitta planctomias, 12 mm. 17 4
0-19 3 R Chaetogmathi, Surface Living 6 2

Pterosugita draco
C-21 3 R Polychastes 27 9
C-22 2 R Squid, 8 =. 188 94
C-23 4 R Candacia aethiopica4515
C-25 3 R Sappharinids 12

C-91 4 P Radiolarians, 8 =n. diameter 587 147

C-13 5 T Diphyes, Bracts, 15 m. 118 24

133



I

Table 12.7-BETA ACTIVITY OF ORGANISMS FROM NET TOW 13 OF THE BAIRD
(Taken May 23, 1955, from 0 to 500 Moter-.; Counted June 6, 1955)

No. Of Feeding Total Activity Per

N-4 1 C Cavollnla infi•ea, 6 m. 990 990

K-5 2 C Lirracina, op. 1.5 and 0.5 r. long 78 39

?;-9 1) Cavolinia inflexa, 6.5 =m. long 54 54

N-I0 1) Shell above, body below 2,988 2.9e8

N-il 1 C fiyýe~-imi Araphipod 182 182

N-2 2 S Barracles, Cypr1id, l and 1.5 za. Ig 0 0
N-6 1 S Diphausiid, 16 •. long Thysanpoda 112 112

N-7 1 5 Eaphausild, 24 ia. long Thysanopoda 98 98

X4 1 S Decapod, 20n .ong 54 54

X-13 1 S Ostracod, 8 r. long 47 47

N.3 1 R Atlantid, 2.5 d=. mx. din. j 27

M-12 1 n Yoyctophid, 10--1 mm. 132 132

N-1 1 P Globorotalia trincatulinoid 0 0
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Table 12.8-GAMMA ACTIVITY OF ORIGANISMS COLLECTED MAY 19, 1955, Al
2300, FROM PLANKTON TOW 10 OF THE BAIRD

(Oblique Tow; Counted May 20, 1955)

1No. Of Feeding Tta1 Activity Per

T-. 3 C Gvoliria inflaxa 651 217

T-7 41 C Pteropods 20

T-8 I. C Ptoropod 16 16 f

7-2 3. 3 Deap Sea 1-W Shrimp, 4 mmn. 23,78m 23,789

T- s %phaussiids 55 11

T-4 2 8 Copipods, Metridila, 10 ~.bla(k 211 106

7-11 0 Co~'pepods, Calwanoio, 3 .red VS22

T-12 a S Hypcriid Axmphi;'oct 0 0

T-14 I S Decapod, 15n.1 10

T-18 10 S 0str~c,.id, 3 tpecies 0.4

T-3 1 rt Cjydlot~hns, 25, n. fish 59 59

T-5 5 R lisc. Larwv,'1yish i3 3

T-9 1 P. Atlantid 3

T-33 1 R Cyclotbone, 15 na. 10 3.0

T-12 12 R Gandacia aothiopioa 3 0.25

T-17 4 P. Ploychaets3 4

T-16 4 T 'st I.14
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Table 12.9-BErA ACTIAT'i OF ORGANI8MM COLLECTED MAY 21 AND 22, 19555
YROM 200 TO -530,ONTEAPDBBZOKNT

Mo. Of Feeding Total A&UviYU Por

C- I Pt~eropod 2? 2?

Z-10 2 c Pteropods :3,072 3,072

Z-.22 I c Ptaropod, Stylio1a Sp. 20 20

Z-16 1 C Ilaked Pteropod 3s261. 3,264

Z..1 2 5 Decapodu 259 130

-23 s Yqsid, Cerowslvtds 129 43

Z-4 3 3 Calanus 337 112

Z-35 3 s ]kpbauaiid9 371. 124

Z-7 3 3 03traoods 2

ZU3 z iphausiids 19 6

Z-19 1 S Barnoolo, Cyprid 26 2k6

Z-11 A~rr~ipods 31 31

Z-14 2 s Ar~phipods 17

7.-6 3 R Sagittia 3p. 64 2

Z-9 4 R Fish Larvae 7820

Z-11 I R, Cajndatia sethl opics 77

Z-;1 Rt Sappb~rieids 0 0

Z-1 5 2 Rt At1~ntids 0 0

Z-17 1 R Polyc"Miete6

Z'-13 1 P Colonial Rtadiolarian Oolony 1797

Z-8 1MDat=a Conscinodiscus
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T..io •2.±O--GAMM ACTIVITY r u• uAN1i5 COLLECTED ON BAIRD HAUL 5,
MAY 24, 1955

(Samples Counted June 14, 1955)

Sample Wet Weight Activity
1o0. Organ. (gramal- Activity or Gram

E-17 K Small colonial tunicate 0.54 12,494 23,200

E-9 S Vs.id 1.0 46 46
F-10 S Pink Shrimp 0.5 5 10
F-11 S White Shrimp 0.6 30 50
F-14 S Baphausiid 0.18 16 89
E-15 S Tmnsparent crustacean, long 0.46 899 19150

appendages

E-16 T 11 purple jellyfish 1.65 377 230

8-I Fish Lpawqctus idostiga 0.8 7 9
E-2 Fish HMlanphaa bispinoss 3.7 93 25
F-3 Fish I&paderia op. 1.8 116 65
Z-4 Fish Ceratoscopolus townsendi 2.3 2402 1040
P-5 Fish Argyropslecus lychnus 2.65 1087 410
F-6 1'ish semichthy3 scolopaceus 1.8 I4 24
E-7 Fish Lamparqctus mexicanus 2.7 27 In
E-8 Fish Diaphus .p. 1.3 27A 230
F-12 Fish Jarzphos omulatus 0.25 14 56
-- 13 Fish Myctophm ap. 0.24 3? 90

Table i2.1 I-BETA ACTIVITY OF ORGANISMS COLLECTED ON BAIRD HAUL 5,
MAY 24, 1955

(Samples Counted June 14. 1955)

Swib Wet Veigot Activity

90.4 Evdim 2m Activit 22

Colonial tunictte, 3

XMW h-5 A shrimp 2
S Hys~d 6

__12. S 3Bg-eyed shrimp 132

U 44

X-1 Fih ycothowi sigmata U4
Er^.s2 Pilh qclotborA *cclliidens 19
XIA-i FsL- Diogenichthby 2aternatus I

&- 4 Iis. roatoscopolus townsedi 4
Pish Lemladesn sp. 7

Lempi~ytusIdostigma2
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Table 12.12-BETA ACTIVITY OF BONITO SHARK 5505-P-8, LENGTH 70 CM,
CAUGHT MAY 23. 1955

Wet Weight-(Gaa) Bete ctivity in C4

Stomach contents (Liquid) 180 g. 0 0

Stcmach 74 22 0.3

IntestiL-e 69 20 3.5

Intestine contenti, 20 8 2.5

Liver 75 U4 5.3

Dorsal flesh u18 39 0.33

Heart 8 0 0

Testes 2.5 0 0

t

Table 12.13-GAMMA ACTIVITY OF OLUE SHARK 5505-P-9, CAUGHT MAY 23, 1955

dL

0ean Wet Weight (Graz) 2m Acttvty In CIM

Stomch contents 1 19

Gills 39 158

Liver 38 0

Spleen 3.2 0

4
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Table i2.14- -,.AMMA ACTIVITY OF HATCHET FISH! E-5 FROM HAUL 6, MAY 24, 1955

Organ Activity in CP

Lower intestint 81

Pyloric caeca 39

Liver 10

Fat deposit 6

Heart 4

Pectoral bone 5

Lower Jaw 11

Gills and C•iU arches 15

Eyeball 30

Brain 5

1/4 of skin 4

Flesh 2

Tail fin 11

Pectoral fin 3i

Stomach contents 951

Stomach 15

Spleen 5

Ties,'-- surrounding spluen 14
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ZEE Table 12.i--GAMMA ACTIVITY OF LANTERN FISH FROM HAUL 4, MAY 22, 1965

'U~nWet WSI~bt (Grsaze AgXtZtvt in CXW(

Gills 55 19

Gill covers 1.2 4-13
Brain case and eyes 1 21

5 newatode parasites 0.005 0

Ovaries 0.65 23

Heart 0.04 3

Liver 0.25 14

Caudal fin 0.28 4

Pectoral and pelvic fin 0.86 36

Muscle 2.84 56

Backbone 1.32 29

Stomach contents 0.05 14

Stomach 0.5 49

Gut and caeca 0.11 33

Intestines and feces 0.05 13

tory studies of fish collected at random from contaminated water, can result In only general-
ized statements. Such factors as the interval between ingestion of contaminated food and the
time of capture of the spec!men, as well as information as to the kind or number of contami-
nants and the rate of assimilation by the fish, prevent clear and definite conclusions until such
factors are subjected to laboratory analyses on living fishes.

Such laboratory studies have indicated that in the Pacific mackerel, Pneumatophorus
Japonicus diego (Ayres), the final concentration of radioactive elements takes place in the bone
structure. At present there is no good estimate of how long, or at what level, of activity, these
elements may remain in the bone structure. Of immediate concern, regardless of the ultimate
focuses and duration of concentration, is the fact that the forage fishes investigated do become
contaminated. The various zooplankters found to concentrate activity are all, either directly
or indirectly, members of the food chain and are potential food for the forage fishes. Almost
all fishes studied for this report may be classified as forage fishes and as food for the larger
commercial fishes, primarly the tunas.

12.4 CONCLUSIONS

As a first approximation to the Lbteraction of the marine biosphere and marine hydro-
sphere in which an atomic detonation has occurred, the following conclusions may be drawn
from the preceding data:

i. The most effective concentrators of the activity (which exists mainly in the particulate
form) are the mucous, ciliary, and pseudopodial filterers. The members of this group are
zooplankton.

2. From the limited assays on the diatoms, apparently the types of phytoplankton in the
area were not effectivo accumulators of activity. This result may have arisen from Improper
handlting (Le., the protoplasm may have been lost) during washing.

3. No significant concentrations of activity were found in the fish, other than accumulations
la the stomach and gut regions. No long-term studies for sites of accumulation of specific
isotopea were made.
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Commander, U. S. Naval Ordnance Laboratory, Silver Spring 19, Md. ATTN:- R 1
Commander, U. S. Naval Ordnance Test Station. Inyokem, China Lake, Calif. 1

Commanding Officer, U. S. Naval Medical Research Inst., National Naval Medical Center,
Bethesda 14. Md. 1

Director. U. S. Naval Research Laboratory, Washington 25, D. C. ATTN: Mrs. Katherine. H. Can 1
Director, The Material Laboratory, N4ew York Naval Shipyard, Brooklyn. N. Y. 1
Commanding Officer and Director, U. S. Navy Ei.vtronics Laboratory, San Diego 52, Calif. 1
Commanding Officer, U. S. Naval Radiological Defense Laboratory, San Francisco 24, Calif.

ATTN: Technical Information Divis•on
Commander, U. S. Naval Al Development Center, Johnsville, Pa. 1
Commanding Officer, Clothing Supply Office, Code 1D-O, 3rd Avenue and 29th Zt.,

frookayu 32. N. Y. 1
Commandant, U. S. Coast Guard, 1300 E St. N.W., Washington 25, D. C. ATTN: (OIN) 1

CINCPAC, Fleet Post Office, San Francisco, Calif. I

AIR FORCE ACTIVrIES

Ast. for Atomic Energy, Headquarters, USAF, Wash•ngton 25. D. C. ATTNM DC6S/ I
Director ot Op-ratlons, Headquarer, USAF, Washington 25, D. C. ATTN: Operations Awalys•i 1
Director of Plans, Headquarters, USAF, Washngton 25, D. C. ATTN: War Plans v. 1
Director of Research end Development, DC$/D, Headquarters, USAF, Washingt 25, D. C.

ATTN: Combau Components 01t. 1
Director of Intelligence, Headquarters, USAF, Washington 25, D. C. ATTNi AFCDNI-2 9
The Surgeon General, Headquarters. USAF, Washington 25. D. C. ATTN: Bio. Def. Dr., Pm. Med. Div. 1
Asst, Chief of Staff, Intelligence, Headquarters, U. S. Air Forces Euroe APO 633, New York, N. T.

ATTN: Directorate of Air Targets 1
Commander, 497th Reconnaissance Technical Squadron (Aup.evd), APO 633, Now York, N. Y. 1
Commander, Far Eat Air Forces, APO 925, San Francisco, Calif. ATTN: Special Ant. for Damqe Control I
Commander-in -Chief, Strategic Air Command, Offutt Air Force Base, Omaha, Nebk. ATTN:

Speca1 We•pons Branch. Inspector Div., Inspector General 1
Commander, Tactical Air Command, Langley AI3. Va. ATTN: Documents Security Branch I
Commander, Air Defense Command, Ent AFP, Colo. I
Research Directotate, Hdqs., Air Force Special Weapons Center, Kirtland Air Force Rae,

N. Mex. ATTN: Blast Effects Research 2
Commander, Air Research and Development Command. PO Box 1395, Baltimore, Md. ATTN: rDDN a
Commander. Air Proving Ground Command, Eglin AF., Fla. ATTN: Adj./Tech. Report kanch 1
Director, Air University Library, MraxweU AFB, Ala. 2
Commander. Flying Training Air Force, Waco, Tex. ATTN: Director of Observer Training S
Commander, Crew Training Air Force, Randolph Field, Tex. ATTN: 2GTS, DCS/O
Commandant. Air Force School of Aviation Medicine. Randolph AFB. Tex. 2
Commander, Wright Air Development Center, Wright-.Patterson APR, Dyton. Ohio. ATTN: WCOSI 2
Commander, Air Force Cambridge Resech Center. LG Hanscom Field, Bedford. Man. ATTNs

CI•ST-2 2
Commander, Air Force Special Weapons Center, Kirtland APB, N. Mex. ATTNs Library 3
Commander, Lowry APR, Denver, Colo. ATTN: Department of Special Weapons Training 2
Commander, 1009th Special Weapons Squadron. Headquarters, USAF. Washington 28, D. C. 1
Thb, RAND Corporation, 1700 Main Street, Santa Monica. Calif. ATTN: Nuclear fnrgy Division 2
Commander. Second Air Force. Barksdale AFE, La. ATTNs Operations Analysis Office 1
Commander, Eighth Air force, Westover APB, Mam. ATTN: Operations Analys/a Office 1
Commander, Fifteenth Air Force. March AFB, Calif. ATTN: Operations Analysis Office I
Commander, Western Development Div. (ARDC). PO Box 262, Englewood. Calif. ATTN: WDSIT,

Mm. R. G. Weitz 1
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OTHER DEPARTMENT OF DEFENSE ACVTWiTIES

Anst. Secretary of Defense. lle,-Arch i-md Developtninr. B/fl. W .0ingtozn R5 D' C. ý'7T74z
Tchl. Library

U. S. Documents Office;, Of.lce (f the LU. S. Xational Wi13t1wy Peprtsericative, SHAI-E, APO 66,
New ~oik. N. Y.

Director, WCAPOns Systems Eraluation Group, OSD. Rio. 2E1006, Pentagon, Washington !25, D. C.
Commandant, Arnied Furcez Staff College. No~rfolkc 11, Va.

ATTN:. secretary
Commander, Field Commar~d, Armed Forces Special Weipons Frojcct, PO Box 6100,

Albuquerque, N. Mex.
Command~r, Flel Command, Armed Forces Special Wea~pons P-roject, PO Box 5100.

Albuquerque, N. Mex. ATTN: Technical Training Group2
Chief. Armed forces Special Weapons Project, Washington 25, D, C. ATTN: Doccur;enus Library

Branch 11
*Commanding General. Military District of Washington, Room 1543, Build'kng T-7. Gravel~y Poln'4 Va. I

ATOMIC ENIERGY COMUMISSION ACTIVITIES

U. S. Atomic Energy Commission, Classified Technicxl Librazy. 1901 Constitution A-2., Washington
26. D. C. ATTN: Mrs. 1. M. O'Leary (oDM)3

Los Alamos Scientific Laboratory. Repoit wibrary. P0 Box 1663. Los Alamos, N. Mex. ATTN:
Helen Redman 2

Sandia Corporation. Classified Docurment L'ivison, Sandia Lie, Albuquerque, N. Me". A'ITN:
H. J. Smyth, Ir. 5

University of California RadiAtion Laboratory, 110 Box 808, Liv-zinorc. Calif. ATTZN: C'ovis
G. Craig 3

Weapon Data Section, Ttchnical Inforwetion Service Extension. Oak Ridge. Ternn. 1
Technical InformAtion Service Extenston, Oak Ridge, Tenn. (surplus) '10
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