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ABSTRACT

In order to provide biological information for the conducting of this weapon test in suck a
manner as to eliminate or minimize hazard throvgh contamination of commerical fisheries
products, investigaticns weve conducted along three lines:

1. Studies of the distr.bution of marine organisms in and near the proposed test arex to
provide information wkich, together with data from Project 2.8 on currents, would make

possiblie the selection of a tesi iocation such that the hazard to ‘he fisheries would be miniial.

2. Laboratory studics on the uptake of fission products by fishes and other marine
organisms to provide basic information on the uptake of such products from se:. water and
their retenticn and excretion by the organisms.

3. Field studies {ollowing the test to investigate the uptake of resulting fisgion products
by marine organismaga.

On the basis of these studies, together with information from other projects, it was
possible to gelect a teat location which resulted in no hazard to commercially important types
of fish. However, such events occurring in blologically more productive areas, closer to
commercial fishing areas, or in regions where the contaminated water would be carried into
commercial fishing areaa could result in important hazards. The laboratory and {ield data

reported here should provide some basis of evaluating the hazards iavolved in the occurrence
of such events in other areas.
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PREFACE

{

The investigations reported here were undertaken by personnel of several divisions of the
Scripps Institution of Oceanograpy. Members of the facuity of these divisions gave much valu-
able advice and assistance to membersa of the regsearch team. The masters and crews of the
vessels Paolina-T, Horizon, and Spencer F. Baird, aboard which the fizld 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 Commission, especially from its New York Operations Office, personnel of

‘which were also very helpful in providing advice oan certain problems of instrumentation and
radiological analysis.
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CHAPTER {

SUMMARY

1.1 OBJECTIVE

The investigations undertaken under this project were of three kinds:

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 cnrrents, would make pos-
sible the selection of a tes! site such that the hazard ic the fisheries would be minimal.

2. Laboratory studies on the uptake of fission products by {ishes 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 tc investigate the uptake of resulting fission products
by marine organisms.

1.2 DISTRIBUTION OF MARINE CRGANISMS IN AND NEAR THE TEST AREA
1.2.1 Marine Phytoplankton

Two surveys were conducted, one in May and June 1954 and the other in April 1855, to
determine chiorophyll copcentration and photosynthetic rates in different parts of the region
as indications of the abvadance of phyteplankton, which supports the organisms higher in the
food chain.

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
of 123°W, 28°N was particularly barren. (Further details of this study are given in Chap. 2.)

1.2.2 Marine Zooplankton

Five surveys were conducted before the test between April 1854 and March 19855, and a
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
parts of the area and that rather low volumes of zooplankton usually occur in the northwestern
sector of the region studied. There was no detectable seasonal change. Volumes of less than
50 ml of zooplankton per 1000 m® of water were found at all times offshore from about 122°
west longitude in the pretest series, although one sample of 55 ml per 1000 m? was obtained in
the posttest sampling. (Details of these studies are given in Chap. 3.)
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1.2.3 ¥ish Eggs and Larvae

The commercial fisheries off Baja Califorria 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 tak:n on four
cruises during 1954 were examined for fish eggs and larvae of all kinds.

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 rumbars were
taken beyond about 200 miles offshore. No larvae of tunas, which are the basis of the most
importaut pelagic fishery off Baja California, were captured. It ssemed probatle, thersfore,
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
segion. (A detailed report on these studies is given in Chap. 4.)

1.2.4 Deep-sea and Forags Fishes

Midwater trawling was done cn 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 enviroament 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 substantiated the findings from other lines of study of the general paucity of
marine life in tbe offshore region off the northern part of Baja California. (Further detalls
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 Magdalenz Bay. Albacore tuna are taken to the
north, from the vicinity of Guzdalupe Island northward, from Jjuly to Noveinber or December.
Bluefin tuna are taken from Guadalupe Island northward at any time of year bhut always well
inshore.

From the distribution of the commercial catch, it seemed likely that a test site north of
about 28° north latitude and offshore well outside Guadalupe Island would present little likeli-
hood of having any appreciable numbers of tuna in May. Because, 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 quaatity of tunae and otker large
commercial fishes in thz 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 teat 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 Wigwsm Project 2.8 indicated that it
would be necessary to place the test site west of approximately 123° west longitude to accom-
plieh this.

Long-line fisking in the vicinity of the test site, just prior to and after the test, confirmed
the absence of significant nuraberg of tunas or other large pelagic commercial fishes in the
area at the time of the test. (Detalis are resported in Chap. 8.)
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The data are summarized in Chap. 7.

1.3 LABORATORY STUDIES OF UPTAKE CF FISSION PRODUCTS BY ORGANISMS

1.3.1 Uptake of Sr* and Y by Marine Microorganisms

Experiments were conducted on the uptake of these fission products by Serratia marino-
rubra ard Platymonas subcordiformis in radioactive media. Serratia marinorubra cellg were
shown 10 be able to concentrate the activity from 6000 to 25,000 times. Of the activity re-
tained, 95 per cent was due to Y*, and 4 per cent was due to Sr®. On the basis of atom uptake,
more Sr*, approximately 130 times a8 much, was found. The percentage values for concen-
tration of atoms showed a greater concentration for Y¥ than for Sr’”, presumably because of
the 3592 to 1 ratio of Sr* and Y in the medium initfally. Platymonas subcordiformis cells
selectively concentrated Y* more than Sr*. On a percentage-atom-uptake basis, ¥'' was
concentrated to a greater degree than Sr*. (Details of these experiments are given in Chap. 17.)

1.3.2 Consumption of Microorganisms Labeled with S: *? and Y% by the Copepod Tigriopus
califoraicus

Lxperiments by feeding the above-pamed microorganisms, which had taker up Sr* and
¥, to this harg.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 ia indicated that there was little or no concentration of activity by Tigriopus californicus in
the prezence of Serratia marinoruora. There is, however, evidence of Tigriopus californicus
grazing cn Platymonas subcordiformis and thereby accumulating activity from Sr® and Y%,
(Datails of thzse experiments are given in Chap. 8.)

1.3.3 Uptake of Fission Products by Phytoplankton

Ex2rimems were conducted between May 20 and 30, 1955, to determine the amoun® of
radio - :vity taken up by Izboratory cultures of a2 marine dinofiagellate, Gonyaulax polyadra,
from Jea water containing mixed fission products coilected in the Wigwam test area. A con-
centration of activity in the cells of this organism of ahout 5G00 times in a period of 90 hr was
indicatsd. 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
ditvilon. Studlies of enargy spectra of the celis which had taken up activity suggest differential

uptake of certain energies. The corresponding isotopes were not identified. (Details are given
in Chap. 9.)

1.2 4 Elemenatal Composition of Some Pelagic Fishes

In order to evaluate the potential uptake of fiasion products and the potential sites of
consentration of various elements, it was of interest to learn scmething of the concentration
of various naturally occurring elements in the various organs of pelagic fishes. This was
undertaken by studying the elernental composition of various organs of tunas and other pelagic
fishes.

The data indicate that the elemeats 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 the 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
bard 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
depositicn of Sr®? in a representative pelagic food fish, the Pacific mackerel (Pneumatophorus
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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 duys. It was found that 85 per cent of the activity was
excreted in 24 hr and that the remaining 5 per cent remainzci 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 actiwiy af'er two days. After one
to three days following the time of feeding, the gills showed the highzgt activity per unit
weight, suggesting this as the site of major excretion. (Details of {:is experiment are con-
tained in Chap. 11.)

i.4 FIELD STUDIES IMMEDIATELY AFTER TEST TO STUDY UPTAKE OF FISSION
FRODUCTS BY MARINE ORGANISMS

Radiochemical 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 firsi few
days after the shot.

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

The most active organiams 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
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 f{ishes showed no significant concentrations 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-tern studies for siies of accuniulaticn of
specific isotopes were conducted. (Details of this part of the research are given in Chap. 12.)
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CEAPTER 2
MARINE PHYTOPLANKTON —~AREAL SURVEYS

By R. W. Holmes

Two surveys were carried out, one in May and June 1854 and the other in Aprii 19585, to
determine the photosynthetic rates and chlorophyll a concentratdona of the phytopiarkton 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 surf2ce and those for the entire euphotic
zone, it was believed that surface chservations would give reliable indications of the total
araount of photosynthesis and plant pigment in the witer column at any point.

In general, wherever there exists witain an azea both low photosynthetic activity and low
standing crops, the area in question will be inczpable of supporting sizable populaticns of
zooplankton and fish for any appreciable leng’a of time. Thia would not be true if conditions
were such that large populations of zooplarktor were being introduced into a2 barren area by
currents. Under such coanditions a sizable fish population might be sustained in an area of
low photosynthesis and low phytoplankton standing crop.

The results of the 1854 cruises (chlorophyll a only) are iliustrated in Fig. 2.4. In this
figure it is immediately apparent that the northwestern portion of the pelagic area has the
lowest phytoplankton standing c:op —chlorophyll a concentrations of less than 0.10 mg/m?;
in faci, these concentrations are among the lowest recorded in Lhe northeastern Pacific
Ocean. The tongue of relatively rich water that may be seen (Fig. 2.1) extending almost due
westward in the vicindty of 28°N, 115°W was apparently transitory; it had completely vanished
by the end of May 1954. The area immediately adjacent to the Baja California coast was
guite rich and probably remains so. In Agril 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 stanclug crop. The chlorophyll a2 concentraticns at all stations were
fess than 0.10 mg/m® and generally less thas 5.08 mg. Takeu togeiker, thege data certainly

indicate the very gparse phytoplankton populations inhabiting the northwestern portion of the
pelagic area,

Although the 1954 phoiosyntnetic measurements are suspect, they indicate in 2 general
way very low praduction rates throughout the area, oxcepting perhape the region adjacent to
Baja California. Similar measurements, quantitative in this instance, were made in April
1555. These data reveal that very low photosynthetic rates are common in the northwestern
portion of the pelagic area. -

In coaclusion it may be said that the pelagic area, neglecting that portion of the area
immediately adjacent to the coast, is véry barren of phytoplankton, 2specially 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 Mid-Pacific Expedi-
tion stations, seven Shellback Expedition stations, and about 20 California Cooperative Oceanic’
Fisheries Invertigations (CCOFI) stations /Fig. 3.1). These latter were occupied monthly from
1849 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 2 shary faunal break at about 20°
north latitude between what has been called the “Pacific central fauna” and the “Pacific
equatorial fauna” (Fig. 3.2). There is a faunal transition, leas marked and apparently more
variable, passing through the PAS area from northwest to southeast and marking the change
from Pacific central fauna to Califcrnia current fauna.

From these carly observations it was known that the highest gooplankion volumes
{(greatest standing crop) occur in the California current fauna, with rather high vaiues also
occurriag in the vicinity of the faunul break at 20°N. The lowest zoorlankton volumes were
known to occur in the Pacific central region.

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

3.2 PRETEST METHODS

Zcoplankton 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 {t in length. Because no
single device catches all the wide range of sizes, three different nets were used in the PAS
work. Tte largest net (0.7-mm mesh opening) was 1 meter in diameter at the mouth and about

21

y!r' :W‘ 0

3!

S

A

T T Wty eyt b g B Bty
. e Wit

' ﬂf%%’ﬁ@mmwmmmxgmtmuu\xum:W@ ,

i



.

v A s

oo

:”W:?ﬂ}ﬁl’?”i‘!»“J;*"mru:mw.u R

u

v
iy

AU

bt b
R fitea g

"

9

Ry

SE L P b SR IE ¢ RL A DR AL 01 g st b

—30

RS SR SO
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tions, +, Mid-Pacific Expedition stations, o, California Cooperative Oceanic Fisherles Investiga-
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18 ft in leagth. The intermediate-size net (0.2-mm mesh opening) was 0.5 meter in diameter
and about ? 1t in length. The smallest net (0.08-mm mesh opening) kad a mouth about 8 in. in
diameter and was about 3 ft in leagth. The i-meter nets, unless rigged for opening and closing
work, had current meters suspended vithin them to determine the amount of water filtered.
The 0.5-meter nets also were equipped with current meters.

Plankton volumes were determini:d by measuring the amount of water in a graduats before
and after the zooplankton had been seived out. All samples were preserved in hexamine-
buffered Formalin. Counts of total zooplankton and of the species composition of the Chae-
tsgnatha and Euphausiacea were made in the laboratory, usually at a magnification of 12x.

3.3 POSTTEST METHODS

The methods used immediately before and aiter the test were essentiaily 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 iray {plankton iray for
use under way) was used zuccessfully for the first time, making it possible to examineg, at
magnificationz up to I6x while uncar way, the quality and guantity of plankton in the watar.

With this device tlie zooplankion counts could be made about as rapidly as on land and with
nearly as great precision. Resuits obtained by this method are directly comparable to the
results ubtained on ghore because the two methods are nearly identical.

Nylon plankton nets wers used at the test and proved very satisfactory from the stand-
points of strength, water-filtering capacity, and constancy of mesh « 1ze. The nets ured in
radioactive water came up witis activity readings as high as 5000 counts/min (roughly 1 mr). )
Dragging the net behind the ship at 10 knots for 1 hr in uncontaminated water did not reduce
the radiation significantiy.

From the standpoints of time 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 cpening-closing net tow was made precisely in a layer of radioactivity by awaching a
t-meter net just above the vertical telemetering probe and opening and cloging the net while
the probe was kept in the thin iayer of activity (8 meters thick). With this techni—e it was
possible to record the depth o tow, the temperature of the water at the depth of tow, and the
radiation in the water at the dipth of tow. A similar method has since been described by B. P.
Boden et al., J. Marine Resear >h Sears Foundation, 14: 205-209 {1955).

K T

R

3.4 VOLUME OF ZCOPLANK':'ON

Five cruises were made bef.. =2 the test in the months of April, M=7, suly, and September
1854 and March 1855. 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
i8 no detectable seasonal change. In Fig. 3.5 the 50-ml (per 1000 m? of water filtered) con-
tours are summarized, and the volumes taken at the test are shown. The standing crop at the
test site was giightly higher than one would have expected but cannot be regarded as signifi-
cantly higher owing to the small number of test-site samples. Sixty-four samples in the pre-
test series were to the ocean side of the 50-ml contours. These stations kad 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 voiumes 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 sampies 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 cne wouid expect, the zooplankton volurne decreases with

depth. (Text continues on page 38.)
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Fig. 3.4—Diswribution of macroplankion volumes, May 6 to 30, 1954. The values shown are in
milliliters per 1000 m® of watcr at depths from 0 to 300 meters.
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are jn millilitess per 1606 m® of water at depths from § o 300 meters.
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Fig. 3.10—Pretest standing crop of zooplankton near the test site at depths from 0 to0 45 cm, April
and May 1954, Displacement volumes are in milliliters per 1000 m? of water (0.5-meter net).
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Fig, 3,13—Pretest standing crop of zooplankton near the test site at depths from 0 to 45 cm,
April and May 1954. Displacement volumes ase {1 milliliters pes 1000 m® of water (1-meter net).
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to 500, and 500 to 706 meters, April and May 1954, Displaceinent voiumes are {n miililiters per
1000 m® of water (1-meter net).
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2.3 ZOOPLANKTON COMPOSITION

With fow exceptions copepods dominated the plankton samples, and Radiolaria, noctiluca,
ostracods, chaotognathe, and eupbauciids followed in abundance in that order. Salps and
ptercpods, the highest raudiation emiiters found, ranked thirteenth and seventeenth in over-all
abundance. (Results of radiological examination of zooplankton organisms are given in Chap.
11.)

8ix speciss of thecosomatous (shelled) pteropods and one species of gymnosomatous
(naked; pteropods were identified and tested for activity. Mo single species was consistently
active, but the two gymnosomatous specimens tested were both cold. The salps taken in the
opening-closing net tow in the active layer were quite active and appeared to be a single
species. All other salps tested (taken from other tows) were cold or only slightly active.
Many other kinds of antmals 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

By Grace L. Orton

4.1 INTRODUCTION

This chapter summarizes the data on fish eggs and larvae frora the plankton samples
taken on four cruises in 1954. Station plans for these cruises are shown i Figs. 4.1 {0 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 blennioid fishes) for which it seems desirable
to emphasize absence in these coliections. 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 300 miles offshore.

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

4.2 COMMERCIAL FISHES

The PAS plankton coliections contain relatively small numbers of eggs and larvae
identi{iable as groups of commercial interest. The occurrence of these fishes is summarized
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 {ishes 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 mensure 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,! Ahlstrom and Ball,? und Ahlstrom and Counts,’ respectively.
Additional data for comparison are given in the progress reports of CCOF1. For the most

9 (Text continues on page 47.)
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Fig. 4.1 —Station plans for Paolina-T long-line cruises 1 and 2. X, cruise 1, April 1954, @, cruisc 2
May 1854,
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Fig. 4.2—Station plan for Paolina-T long-line cruise 3, July and August 1954,
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Table 4.1 — SUMMARY OF EGGS AND LARVAE FOR ALL FOUR PAOLINA-T CRUISES

(Tstals snd Numbers per Sample)

PTILL - 1 PILL - 2
April May
6 Samples 39 Samples
Eggs larvae Eggs Larvae
Per Per Por Por
Total Semple Totgl Sample  Total Semple Total Sample
Clupeoids
28&:&1»3) 52 8.6% 20 3.3 7 179 25 641
Anchovies) 549 91.5 3 2.17
Alspocenh=lids 2 051
argentinids 422 70.33 49 8.16 376 9.6, 124 3.17
Eels 1 .166 3 076
Stomiat.olds 13 2.16 2 051 1377 35.307
Myctophi s 56  9.33 88, 22.64
Intomour Pishes 5 .83 19 487
Synentograths
(Saury) 1 166 3 .076 1 .025
(Flying ish) 3 076
Cod-11ke Fishes
Take) 45 7.5 132 2.0 16 WAL
?Macrmmid')
(Misc.) 3 076
Allotriognaths 4 .102
Flatfishes 1 .166 307 51.16 16 WAL
Berycolds
{Melamphae ids) 2 .33 7 179
Typical Parvoids
(Serranids)
Muziloids
(Barracuca)
Caranglforms
(Carangids) 1 1.83 24 4.0 190 4.87 65 1.66
{Dolphins) 5 )25
Scombriforms
(Mackerwl) 2 .051 1l .025
(T=aa)
{Gempylids, etc.) 2 .33 1 025
s 1 025
Tetragomirus
Scorpaeniforns
(Scorpasnids) 167 27.83 26 666
chttida) 1 .166
Triglids)
Chiasmodontids 8 205 ] 205
Cailionymids
Blennioids
Gobies
Ceratioids
Unidentified 283 20 7508 139
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Table 4.1 — (Continued)

PILL - 3 PTLL - 4
July - August Septazier - October
31 Sanmples 42 Semples
Eggs Larvae Eggs Larvae
Per Por Per Per
Total Semple Totel Semple  Total Semple Total Sample
Clupeoids 1 .023
(Sardine) 6 .193 24 LT 1 .023
(Anchovies) 4 .129 5L, 1.7 2 047
Alspocephalids 1l .032
Argentinids 312 10.06 M 1.4 72 1.7Y 63 1.50
Eels 2 .
Stomistoids 7 222 1887 60.87 1l 261 3793 90.30
Myctc s 762 24.58 1092 26.00
Inicmous Fishes 23 .74 28 .
Synentognaths
(Saury)
(Flyingfish) 1 .032 5 .119
Cod-1ike Yishes
zﬂnh)
Macrourids) 1 023
(Mtgc.) .064 1 .023
Allotriognaths 7 222 7 166
Tlatfishes & 193 &L 1.0
Berycoids
(Mslamphesids) 17 548 2 -5
Typical Psrcoids 39 1.25 13 .309
(Serreaids) 98(?) 2.33
Musiloids
(Barracada) 1 .03
Czzungiforms
{Ccnncidl) 17 NAVA 2 047
Dolphing) 15 453 3 .096
Scombriforns
Macksrel) 2 064, 1l 032
Tuna) 143 3.40 4 095
Gempylids, etc.) 326 10.51 1 .032 VA 2333 6 142
Bramida 13 419 2 064 1 .023
Tetragonurus
Scorpueniforms 2  .064 1 .023
éScorpunldl) 9 .29
Cottids) 5 .14
(Triglids) 1(7) .032 1 .023 12 .285
Chiasmodontids 3 ,.09 n .35 12(?) .285
Callionymids
Rlennioids 2 047
Gobias 5 119
Ceratioids
Unidentified 7460 99 2971 1R
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Table 4.2 —S8UMMARY OF EGGS AND LARVAE TABULATED BY ZONES
QFFSHORE YOR ALL FCUR PAOLIMA-T CRUISES COMBINED
{Totale and Numbers per Sample)

E
=
=
2
=
=

i

100 Kiles 260 Miles b
21 Samples 36 Senples =
Egze Larvxe Eggo Larvae ‘f%
Per Por Por Por 2
Tots) fawple Totsl Sezple  Tois) Sempie Total Semple 3
==
Clupeoids 2
(Sardine) 52 2.47 55 2.619 i1 .308 14 .388 .
{Anchovies) 4 .190 495 23.47 5 2139 Z
Alepocephalids 2 .095 1 .0277 Z
Argentinids 343 16.33 48 2,285 T8 19.94 196 5.42 2
Eels 2 .09 1 .0277 1.0 E-
Stomiatoids 2 .095 5311 24.33 3 L0825 1432 39.22 %
Myctophids 530 25.23 779 21.63 S
Iniomous Fishes L 190 12 333 E
Synentognaths =
Saury) 3 .0833 .27 :
Flyingfish) 4 .33 1 .0277
Cod-1ike Fighes
$&ke) 40 1.904 117 5.57 5 »139 31 .861
M= crourida) 1.7
(Misc.) 2 .055
Allotriognaths 3 142 9 250
Flatfiches b 047 334 15,904 35 O
Berycolds
(Melawphaeids 5 .238 17 472
Typical Percoids 31 1.476 n L3
{Serranids) 98(2)4.66 z
Huziloida =
{Barracuda) 1 .07 %
Carangiforsa kS
(Carengi-is) 110 3.05 53 1.47 H
Scombriforms
?hckorol) 2 .095 b3 2047
Tune)
(Gempylids, etc.) 464 22.09 3 A4 4 Jan 1 .0217
Branids 12 .333 1 0277
Tetragomrus 1 0277
Scorpaeniforms 2 055
§Scorpunjda) 194 9.238 9 «250
Cottids) 6 .28
(Triglids) 1(?) 047
Chiasmodontids 1 047 2 .095 6 166 ? w194
Callionynids
Blennioids
Gobles 2 -025 t
Ceratiolds
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Table 4.2 — (Continued)
300 Miles Over 300 Miles

2/, Sarvles 36 Samples
Eggs Larvae Eggs Larvae

Per Per Por Per
Totsl Sample Totsl Saxple  Total Sexple Totel Semple

1o s i

Clupeoids

Sardine) 1 .046 1 .07
Anchovies)

Alspocephalids

Argentinids 93 3.87 34 1.4 55  1.52

12
Eels 2
Stomiatoids 5 .208 2060 85.83 19 217 ngg'

4

Myctophids 578 24.08
Iniomous Fishes 15 625
Synentoznaths
(Saury)
5 (Plyingfish) 1 .0416
Cod-1ike Fishes
(Bake)
(Mecrourids)
(Misc.) 3 .0833
Allotriognaths 2 .0833 4 A1
Flatfishes 1 0416
Berycolds
{Melarphaeids)
Typicel Percoids
{Serranids)
Muziloids
{Barracuda)
Carangiforms
§Q!‘Iﬂ¢idl) 37 1.54 1
Dolphins) 7 .9
Scombriforms
?hch;nl) 2 .0833

Tuna
(Cempylids, etc.) 3(?) .25
Bramids 5 208

T

R

T e

305
ol%

&5
E
bt

666 54 1.50 25 694

W N
£

1125 10 .27 s .139

Tetragonurus
Scorpasniforms
{Scorpasnids)
{Cottids)
(Trigltds)
Cniaswmodontids 4 .166 a8 . 750 1l 0277
Callionyxids 3(?) .125
Blennioids
Gobies
Ceratioids 1(?) .06 5 .139

3 .0833
9(?) .250
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Table 4.3 —SUMMARY OF EGGS AND LARVAE OF COMMERCIAL GROUPS AND OF
SOME OF THE DOMINANT NONCOMMERCIAL GROUPS

Numberz Per Sample Numbsrs Per Sample
Per Cruise Per Zone Offshore
6 39 3 42 21 36 24 36
Semples Samples Samples Samplee Samples Samples Samplesa Samples
PTLL-1 PILL-2 PILL-3 PILL-4 Cver
April May July - Sept.- 100 200 300 300
August  October Miles Miles Miles Miles
Sardine eggs 8.66 179 .193 .023 2.47 305 0416 L0277
Sardins larvae 3.33 641 T - 2.619 .388 - -
Anchory eggs - - .129 - .190 - - -
Anchovy 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 2.0 415 - - 5.57 .861 - -
Flatfish larvae 51.16 435 .193 1.0 15.904 O 0416 -
Barracuda larvse - - .032 - 047 - - -
C&l‘tmm eggs 1083 4:3’ - - - 3005 1-5‘ 1-50
Carangid larvas 4.0 1.66 - - - 1.47 .666 694
Iblphj.n ’gg’ At ‘125 0483 cm 1‘33 -055 .291 -
Dolphin larvae - - .096 047 047 - +166 -
Pacific Mackerel
8888 - 0051 oo& - 0095 - ¢0833 -
larvas - .025 .032 - 047 - 0416 -
Scorpaenid larvas 27.83 .666 .290 .023 9,238 250 - -

Non-Commercial Groups

irgantinid eggs 70.33  9.64 16.06  1.704  16.33 19.9,  3.87  1.52
Argentinid larvae 8.16  3.17 1.4  1.50 2.285  S5.4L 1.4 .333

Stomiatoid larvae 2.16  35.307 60.87 90.30 24.33 39.22 85.83 &.11
Myctophid larvee 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 ) 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 vut cruise
4, The eggs were most abundant on cruise 1 (April); total numbers of larvae taken on cruises
1 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 matzrial was all taken north of 25° north iatitude 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-mile zone and one from over 300 miles.
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seasonal and geographic occurrence. Ahlstrom (reference 1, page 108) reported: “Spawning
ofi souihern California and adjacent Baja Caiifornia may occur ai considerabie disiances {rom
shore. Sardine eggs have been collected about 250 miles offshore, and larvae at even greater
distancec; but large concentrations of eggs are seldom taken farther from shore than 150
miles.” In summarizing data on the spawning season, he reported (reference 1, page 188):
“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
cruise 3. The larvae were very abundant on cruise 1 /April), and the numbers fell off sharply
and progressively 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 concerning the distribution of anchovy larvae taker on the MLR cruises in
4951 and 1952 was 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 1851 and as far out as 200 miles
in 1952. In 198561, spawning off centrai Baja California was most abundant {rom February
through May, but some spawning ocvcurred throughout the year. It is evident that anchovies can
occur substantially farther offshore than the PAS cruises found them.

4.2.3 Hake

Hake eggs and larvas were taken only on the f{irst two PAS cruises, predominantly on
cruise 1 (April). None were taken farther offshore than 200 miles and none farther south
than 27° north latitude.

These resultg accord - losely with those of the more extensive MLR studies. Ahlstrom
and Counts® found hake la.vae abundant only from February to April; in both 1954 and 1952,
about 98 per cent of aii hake larvae were taken in this period. In both years about &8 per cent
were taken in the arez from Point Canception to San Quintin, -.}= California. Off southern
Califorr.ia 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,
Fize. 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 zcone, with lesser numbers at 300 miles and over
300 miles. Furthermore, none were taken south of 24° north latitude. It is possible that all the
carangid eggs ané larva2 taken during the PAS are jack mackerel, but, since early atages ul
thia fish have not yet beexr 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 ir the PAS plankton accords well with the
MLR results on jack-mackerel larvae. Ahistrom and Ball (reference 2, page 225 et seq.)
found that, in the [ALR samples for 185J ang 1951, jack-mackerel larvae were concentrated in
a breoad area wei] o*fshore from central California southward {0 central Baja California, with
small numbers takep as far south as the level of Magdalena Bay in 19561 {the 1850 cruises did
not extend that far south). The larvae were most abundant in a broad area about 80 to 240
miles offshore. Larvae continued to appear in samplex a3 far seaward as the MLR cruises
operate, although there was a steacy decrease in abunaance outward beyond 240 miles. The
larvae wece most abundant during tiic period of March tarcugh July; abuut 88 to 89.5 per ceat
of the larvae were taken during this five-month period.
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.£.3 Scombroid Irishes

s

No sgaa or larvas identifinble as tuna were {ound in thé PAS plankicn. However, some of
the other scombroid fishes are represented. Very smail 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 Tabler 4.1 and 4.3). The numbers are too small to be very meaningful
directly, bu? it is of interest to compare them with the data on Pacific mackerel larvae taken
by MLE in 1852 (Sardine Progress Report, 1953, Fig. 26, pages 38 and 39). That report also
indicates the relatively small numbers of larvae taken and thelr spotty distribution as far
seaward as 300 mlles. Qff central Baja California on the 1852 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 4.8). Large numoers of gempyiid eggs were obtained on
cruises 3 and 4 from inshore stations near and southward from Point Eugenio, in the gereral
region that closely corresponds to an important area of upwelling mapped in the Sardine
Progress Report for 1953 (Fig. 4. page 19).

4.2.8 Miscellanecus Commerciai Fishe=

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

Tke samples contain a single barracuda larva, taken on cruise 3, station 17. This locality
is close inshore scuth of Point Eugenio. There is too iittle information avaiiable on the
spawning of barracudas in Mexican waters to warrant interpretation of the pesstble signifi-
cance of this single specimen (a recently hatched larvaj.

Small numbers of dolphin eggs and larvae were taken, chiefly on cruises 2 and 4. The
eggs were most abundant in the 100-miie zone, but 2 few were taken at 200 and 300 miles.
Larvae occurred in the 100~ and 300-mile zones. There kas apparently been no work pub-
lished on the early life history of the dolphine in the eastern Pacific. The seasonal and zonal
distribution of the PAS material suggests that spawning of these fishes may be asscciated with
relatively warm water and may extend to moderate distances offshore.

At least two kinds of scorpaenid larvae ave present in the collections. They probably
represent species of Scorpaera and Sehastodes. Most of these larvae were taken on cruise 1
(April), and moat were {rom the 100-mile zone. These limited data sug,.:st sharp seasonal
and offshcre limitations, but the much more extensive MLR data apparen:ly do not bear this
out. Thus the Sardine Progress Report for 1952 (Fig. 54, page 43) maps *ae scorpaenid larvae
collected in 1851 and records that they were widsly distributed n every i #°h and that they
were taken persistently as far as 300 miles offshore. More extensiv2 year-bv-year compari-
sons are needed before the apparent difference betweer the MLR data for 1951 and the PAS
data for 1954 can be evaluated.

4.3 NONCOMMERCIAL FISHES

The many groups of noncommercial {ishes represented In the PAS piankton are indicated
in the tables. The three groups that dominate the sampies, i.e., the argentinids, stomiatoids,
and myctophids, are included in Table 4.3 for comparison with the fishes that are of direct
commercial iaterest. A stomiatold genus, Poweria, is the most conspicuous form throughout
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the larval collections. These larvae show a steady increase in numbers throughout the sem-
mer, and a heavy concentration far offshore, from 300 miles outward.

The neariy uniform distribution of myctophid larvae, both in season and in distance off-
shore, is noteworthy.
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CBAPTER 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 was 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. §.1. All trawling during Operation
Wigwam was done in the vicinity of the detonation site and the subsequent contaminated area.

The primary purpose of cruise 5406-F was to ascertain the typ- of fauna present and the
general abundance in z b 0ad area between the probable detonation site and the shore waters
endangered by contaminauion by radinactive material resulting from the detonaticn. A seccnd-
&ry purpose was to study the availability of marine organisms that could form a food potential
for commercially important fisheg, primarily the tunas. The total area sampled exceeded the
pelagic arca as outlined in Fig. 5.1 in order to estimate the total distribution of organiams.

The Isaacs-Kidd 10-ft midwater trawl was used cxclusively as the sampling instrument.

It was fished at depths ranging from 0 to 1844 fathoma. The trawl was modified {from the
original by adapting the end to accommedate a {-meter silk plankton net for use as a cod end.
This permiis retaining 2 portion of the very small organisms gathered by the net. A lner of
li-in. stretch mesh was placed inside the 2%}-in. siretch mesh of the main trawl net. Thus it
was pussible to sample & wide size raage of organisms.

During cruige 5406-F 2 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 the depths are listed from the surface (0) to the maxi-
mum depth attaived, given as fathoma.

Durirg Cperation Wigwam a total of five trawis was made {0 provide specimens to de-
termine the radlological background count prior to detonzation of the tomb and to determine
the amount of specimen contamination following datonation. No track is given since mansuver-
ing was intermittent end random. The ivzwls are listed, as for crujae 5406-F, in Table 5.2,

Cruise 5406-F has besr completely studied in regard to the fishes taken. A total of 1763
specimens was taken, comprising 38 genera and 20 famiijes. Table 5.3 lists all specimens by
family, geners, and sgpecies.

All fishes taken during Operation Wigwnm have not been studied in detail, Those studied
for uptake of radicactive subsgtances will bs liated in Chap. 12 of this report. The remaining

fishes indicate no significant faunal differences irom the specimene listed in Table 5.3. No
specimen list i# given for fishes taken during Operation Wigwam,
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Tabie 5.1 —TRAWLS MADE DURING CRUISE 5406-F

The trawl mubers correspond vith those shown on the cruisme

track in Fipuve 5.1

g

Jod (o ped et et
mﬁu%wo\omqa\ms\wmw

Duration in
Hours-Minutes

55
30
40
32
25
00
57
40
58
29
02
A
0l

17
45

b—' -
WM DFRWO NSO W

[ I T D N T TN T N T O N BN B B |

Dapth in
Fathors

0-93
0 -7
0 -875
¢ -83
¢ -100
0 -93

0 -1163
0 -103
0 -100
0 ~1578
0 -72

0 -93
0-93

0 -1498

Table 5,2 —TRAWLS MADE DURING CPERATION WIGWAM

The mmbers correspend with thoss shown in Piguve 5.1

BN b

Duration {n
Hourg-Mirutes
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Depth in
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0 -412
0 -348
0 -150
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Tabie 5.3-—NUMBERS PER SPECIES OF FISH TAKEN DURING CRUISE 5406-F IN
PELAGIC AREA WATERS, JUNE 1§ TO 30, 1954

Family Travls Taken

Genus and Spacies 4 5 10 11 12 13 14 15

Alepocsphaiidse
Leptochilichthys agassisi 1

Argentomodae

Bathylagus nigrigenys 3 6 2 11 3
Bathylagus wesethi 2 11

Bathylagus sp. nov i
Microstoss alcrostoms 1
Sternopiychidse
Danophcs oculatus 3
Diplophos taenes 1 5
.b_toz_mmgg s&m 4
Teromls ;zc_hm“ :
Argyropelscus
Argyropelecua sffinig 2
Poverie lucatia 2 33 57 3 4
clothone a ta 1n
clothons ace ens 100 20 66

Stomiatidae
Stomias atriventsr 5 41 1 3 1 1

Idiscanthidae
Idiacantiug entrostowug 1 2 1

Myetophidas
Benthogema panamsnse 1
Diaphus pacificus 3 43
Diaphus andersoni 4
Diogerichihys laternatup 30 13
Diogenichtiys atlanticus 1
Ceratoscopslus towmgendi

-
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Lampadena bathyphils
lampadena sp. nov. 1
Electrona artica 1

- on
[ VR S

Scopelengyidas
Scopelengys tristi 2

Melanostomiatidae
Bathophilus indicus 1
Bathophilus fi1ifer 10
Fugtomias sp. 1
Leptostomias sp, 1

Evermanellidae
Evermanells indics 3 1

Paralepidae
Leszt m rgons 2 3
lestidium sp. 1
Profundisudis coruscanis 2 1

Scopslarchidae
Scopelarchig analis 7 1 2
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Family
Goenus and Specles

Nemichthyidae

Nemichthys scolopaceus
Avocettina bowersi

Cyema atrstun

Marlucciidae
Morlucciug sp.

Anoplogastridas
Anoplogyster copnuty

Cadidae

Microlepidiue grandiceps

Melamphaidae

o

Melamphass sp. nov.
Bragmaceratidae

Bragmaceros mecclellandy

Bothidae

Githarichthys tenthogtigme

Pleurcnectidae
Microgtomug pecificus

Brotulidae
Unidentifiable

Total species per trawl
Total specimens per trawl

Total specimens identified
Total geners
Totel familics

Table 5.3 -— (Continued}

Travls Tsken
12 2 4 3 62 8 ¢
1
1
7 26
239 24 61 55
1
12 1
2 3 1
1
115 18 14 11 12 2%
134 247 214 3 57100 153
1763
38
20

10 4 12 13 1 13
1 1 1
1
1 1
31 1
1
4 8 2
1
4 1
3
2
6 4 3 15 un 22

15 208 42 & 118 175

Of the fishes taken during both cruises, nons were found to be othér thin indigendius to the
normai deep-sea eavironment. No migratory or commercial {ishes were oncountered ’l’ho
numbers of {ishes per trawl, both absolute and in species, were notably lowsr than for trawls
of comparable depth and duration at localities nearer coastal waters.

This substantiates the original findings of a general psucity of life in the area. Thik
paucity was exemplified in the scarcity of surface life. No marine mAmmsls were noted,

except in coastal waters, and the only bird life consistéd of the wide-ranclng lamuy o! storm
petrels. Even these were infrequently seén.
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CHAPTER 6

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

By B. M. Shimada

8.1 PRETEST SURVEY

One of the prime consideraticna respecting the olological aspects of Operation Wigwam
was the possible effect of the test upon tiic pelagic fisk 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 {hat some specles 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 aseist 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, fuily a year before the event, by the M/V Paolina-T of the Scripps
Institution oi Oceanography. Tae 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 Irom Guadalupe Island south to the Revillagigedo Islands and seaward
from the Mexican mainland to approximately 128° west longitude.

A pattern of stations bracketing the Wigwam area was established for each cruise, with
special emphasis in the final cruises upon the northern 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, equivaient 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, apearfishes, and other miscellanecus
species (Table 6.1). Of these, the funas and {our swordfish that were taken in the course of
the survey were the only {ishes 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 honks {ished per day by cruise were as foliows:

Tuna  Spearfish Sharks Misc. All species

Cruise { {May 3-~June 4, 1954) 0.12 0.04 2.45 0.32 2.93

Cruise 2 (July 13--Auvg. 14, 1954)  0.12 0.77 1.30 0.49 2.68

Cruise 3 (Sept. 14—CQct. 19, 1954) 0.14 0.31 1.09 0.34 1.85

Cruise 4 (Mar. 11 -Apr. 4, 1955) 0 0 6.30 0.13 6.43
56
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Table 6.1 —SUMMARY OF FAOLINA-T LONG-LINE FISHING RESULTS

Catch

No. of 6
No. of Hook Baskets

Spear-
Sets Set oen Tuneg fighesg Sharks Migc, Total

Cruise No. 1
(May 3-June 4, 1954) 2 952 7 2 143 15 167
Cruise ﬁo. 2
(Ruly 13-Aug. 14, 195,) 18 822 6 38 & 2, 132
Cruise No. 3
(Sept. 14-Oct. 19, 1954) 22 1036 ? 22 66 20 115
Crulse No. 4
{var, 1l-Apr. 14, 1955) 15 643 0 0 247 5 252
Total 76 3453 20 £2 520 6% 666

These results showed that long-line fishing for tunas and otker economically important fishes
wasg 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 iz carried on, a catch of from three to
four fish per 100 hooks is regarded 23 about average. The data also indicated that those tunas
which were captured by the long lines were mosat likely the members of a migratory popuiation
rather than s resident population because they were all taken on known fishing banks at a time
when commercial {ishing was in progress. In further support of this is the fact that during the
Mar. 11 to Apr. 4, 19855, cruise, when there was no fishing operation, the long lines did not
take a siagle funa 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 uil during the early spring months, the northern and offshore areas being poorer than
the region to the south and along the coastal saheif.

6.2 TEST AND PCSTTEST SURVEY

Long-line fishing for large carnivorous fishes was undertaken by the Paolina-T within the
tesf area on 1i Jays betwsen May 11 and 24, 1955. Nine of the 11 stations occupied were fished
during the postiest period. During this survey, 402 baskets (2412 hooks) of long lines were set,
and those caught 2 total of 15 aharks, one snake mackerei, rud one opah for an average catch
rate of 0.70 fish (ail 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.
Figure 8.2 gshows the location of each fishing station with reference to Ground Zero. The post-
test statioue were selected so that fishing could be conducted 28 closely to the contaminated
water areas as possibie within [imits of safety.

The fallure of the long :ines to capture any important food fishes indicated that the possi-
bility of contaminated {ishes entering into normal food channels zs a direct result of Wigwam
was miniroal.
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CHAPTER 1

BIOLOGICAL REMOVAL OF RADIOISOTOPES Sr™ AND Y%
FROM SEA WATER BY MARINE MICROORGANISMS

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

7.1 RETENTION OF RADIOISOTOPES BY MARINE MICROORGANISMS

The removal of radioisotopes from a marine environment by microorganisms has impli-
cations of immedizte interest, with 1espect both to disposal practices and to military devices.

The measurement of the blological removal of radiocisctopes, by both uptake and sorption,
by unicellular organisms presasnts a variety of complicating factors, the chief of which is the
extent of the binding power of the cell with the radioisotcpe. Microorganisms present a large
surface to volume ratio; therefore one must discriminate betwzen quantities truly taken into
the cell, the juantities firmly held by surface forces, and the quantities but loosely associated.
In additios:, selective retention of different isotopes from a mixture should he evaluated.

The following experiments were designed to develop accurate and practicable experi-
mental methods for determining microbiological uptake of certain radioisotopes. Many of the
experiments were complementiry or did not prove reiiable; however, they have been included
in this report for evaluation. SBeveral approaches to the problem were undertaken, and these
approaches are categorized in Secs. 7.1.1 te 7.1.3.

7.1.1 Autoradiography of Bacterial Colonies

Bacteria grown on radioactive media indicate the qualitative concentration of the radio-
isotcpe. This procedure will not disclose the nature of the forces involved or lend itself weil
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 separatica of ceils from the radioactive medium in which they were grown shows the
degree {n rhich radioactive materials are bound to the cells. This procedure possibiy de-
lineates the materials truly incorporated into the cellc {uptake) from those loogely bound by
surface forces on the ceils (gorbed).

7.1.3 Chemical Fractionation of Cellular Components of Washed Radicactive Cells

This procedure indicates the nature of the binding azencies involved in the true uptake of
isotopes.
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%.& EXPERIMENTAL PROCEDURE

Cellz of the marine bacterfum Serratia marinorubra were uged, and their couleaies shov
4 characteristic bright red color, which couid prove to be a safety feature in the laboritory in
the avent of accldent or catasirophe. In addition, celis of the marine gireen algal pbytoplankter
Platymonas subcordifesmis were used, ang, in 3 Yew autoradiograpiy experiments, indigsnous
bacteria from raw sen-water samplos were used.

The isctopes were a carrier-free 3r’°-¥* mixture in equilibrizm of docay, da‘ed May
13, 1554, and had an activity of 11.96 £ 10 per ceat mc/ml. As purchased, this mixture slgo
contained approximately 20 per cent Sr®. For experimental use, z 1:100 dilution ir distilled
water was used for a working solution. At the tlmne of these experimenig the calcyiated activity
of Sr* (assuming six hal! }ives) would have been approximately 1 count/min in the experi-
meatal materizl; coraequently it was deemed unne‘cesea*y to correct for this isotope.

Sr* and Y* are both beta emitters (no gamma); 8r*? hag an energy of 6.537 Mev, and ¥
bas an onergy of 2.45 Mev. The balf life of Sr*° is 25 years, and that of Y¥ is 2.54 daya.

The apparatus used Jor counting consisted cf a Nuclear-Chicago model 1824X 3caler
connected with a Gelger-Mueller (G-M) tube that hzd 2 £.9 mg/cm?® mica end window. The
caiculated efficiency of this apparatus with a calibrated aource in position nearest tk2 window
was 29.7 per cent.

7.3 AUTORADIOGRAPHY

Ter wiliilitzra of pea-water nut-ient sgar medium, enviched with approximately 1 x 15¢
dis/min of 8r™ and X%, was pourad in petri plates and allowed to solidify. Inocula of Serratia
marinorubtira, placed at reveral disciste points on the agar surface with & platinum loop, ware
ailowed ts develop to colonlea during incubation at 25°C, one series for 48 hr and one-for 72
hr. At <» end of the incubation periid, the colonies were washed off une control.plate. The
agar, caralully lilted from the petri plates in & Jdarkroom, was placed coleny side dowy agains?
the emulsion of 4 by 5 Eastman mefallographic plates. The agar and plates were placed in a
ligaktight container ard stored in 2 4°C re{rigerator for ¢8 ar. At the end of this exposure
perivd, the agar was removed, and the plates were developed in DE-5¢ for 10 min gt 22°C,
Noaradicactiwve agar, contalniag coluniee, was ured 48 a control to Jdetermine whether media or
bacterial celis could interact with the emulsion to produce faise resultg, The coafrols were
all negaxive,

The results are shown io Fig. 7.1. A repetition of this experiment is shown in Fig. 1.2,
ascept that 5 per cent agar was used in the modium instead ol the 2 per cent agar uzged in the
exveriment shown in Fig. 7.8. White azeéas represent colony sites wiere-bacterizl concenira~
tion of the radioisotopes crused exposurs of the emulsion by beta pariicies. I Fig. 7.2A the
cencentration of isotopes ir present at the colony sites, but the expasure time wag not enough
to give the contoast of Fig. 7.4. The control nlaie with radicisotores but with colunies re-
moved, Fig. 7.28B, indinates that the. radicactivity wis concentrated in tke colonies per se
during growih and was then washed off with the colonles.

Colonies cultivated on the surface & millipere filterr (molecviar fliters, M¥’s) were
treated as above. The 2ffective pore size of M¥'s, 0.5 5, is capadle of retaining bacteris
quantitatively om its surface. Raw sex water conteaining < indigencus bcterigl flora was
diluted in series '7ith sterile sex water, and aliquots were passad thiough the MF’s. Suaspen-
siops of Serratia marinorubra were alsc used a3 injculs. Plate counts were made &a con~
trols for the dilutions. After filtration the MF’s were placed aarfece ey oh abenrisgt pada
satursied with 2.0 i of radioactive sea-wrisy nutrient brnth with & calculited activity of
approximately 25,0600 counts/min per ad. The bacteriz wiere pyrtured to colonter by the dif-
fusion of medium up through the MF, Pads and MF’s were incubkied at 35°C for 48 hr to
provide colonies approximately 3 to 8 mm in diameter. The number of colohies wan counted,
The MF’s were removed {rom the nutrieat pads. dried, nd plxced with the colony side in con-
tact with metaliogrzphic plates. Afier an exposure of 72 hr at £°C, the plaies wera developed.
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Fig. 7.1——Autoradicgraphs of Senaxiz marinorubrs colenies on radioactive sea-water nuwrient
agar. (The ygar surface was directly ir contact with the photographic emulsion.) &, 72-hr
calonies, B, 72-hr colonies.
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. Fig. 7.2 Autoradiographs of Seratia marinorubra colonies on radivactive sea-water nutrient agar.

(Tissue was placed between the agar and the photographic emulsion,) A, 48-hr colonies, B, 48-hr
colonies, but with the agar washed off,
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Control MF's with no colonies were also used. The results are shown in Figs. 7.3 and 7.4,
vhich indicate that the colonies were not able to concentrate the radioisotopes or that the
soxption rate of <he MF for the radioisctopes was the same throughout the catire surface and
interfered with bacterial concentration.

7.4 SEPARATION OF CELLS FROM MEDIUM

To determine the 3r¥%-Y® uptake quantitatively, bacteriai cells grown in radioactive media
were separated from the nedium by filtering aliquots through MF’s. The activity remaining

- on the MF’s was thea counted. Sierile radioactive media were used as controls for mechani-

cal sorption and precipitation. Net uptake was calculated as che activity on MF’s with cells
minus the activity on MI’s with no cells.

Six Erlenmeyer flaske 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¥.y¥ working sclution with activity approximately 0.1196 mc/ml was added to flasks
as follows: flasks £ and 2, 0.1 ml; flaskas 3 and 4, 0.5 ml; and flasks 5 and 6, 1.0 n.l. Flasks {,
3, anc § were inocuiated with a fresh suspension of Serratia marinorubra and incubated at
room temperazture. 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, {lasks 2, 4,
and 6, were treatod in the same manner.

The filtexrs were recounted at succesaive intervals fo follow decay characteristics. The
results of this experirent are shown in Figs. 7.5 and 7.6 and Tables 7.1 and 7.2. To eliminate
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 7.4, indicate that the efficiency of removal was greater at lower isotope levels in
the medium. The tirne necessary for maximum uptake under these conditions was {rom four to
seven days, as can be seen in the graphical presentation in Fig. 7.5. The negative percentage-
reteniion vaiues found are indicative 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 dewv. ioped perceptible turbidity, eliminating possibilities of con-
taminatior,, These data suggest that the percentage retention of the isotopes by Serratia
marinorubra would range from 8 to 28 per cent.

Tabie 7.2 and Fig. 7.8 show the decay characteristics of the samples in this experiment.
The graph, Fig. 7.8, indicates that an exceas of Y, with respect to 8r'®, waa taken up by
Serratia marinorubra. By calculation it can De estimated that, of the activity retained by the
bacteria, at least 82 per cant was due to Y?. 8r¥® cannot be evaluated because sufficient re-
counts were not taken to {ind the leveling of the decay curves, if such occurred. Since the
control filtera with no cells shcw the same pattern of decay, it is probable that Y*° 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 Platymonas subcordiformis when retained on MF’a.
Serratia marinorubia celiz ware grown in 250 m! of sea-waier nutrient broth containing 0.5
ml of 8r¥-Y* working solution. A series of 10-m! aliquots was withdrawn and passed through
MF’s. The MF’s were then washed by pasuing through them various quantities of sterile non-
radicactive medium. The filiers were dried and counted.

Piatymouas subcordiformis cells (dimensione approximately 5 by 15 u) were cultivated in
a sea-water modification of Beijerinck’s medium. A 0.1-ml Sr*-Y*° working solution was
added to fisska containing 10C ml of medium. The ceils were filtered as deascribed above and
washed with variows quantities of sterile molecular-filtered sea water. The filters were dried
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Fig. 7.5—Retention of radioisotopes by Serratia marinorubra (washed filter data).
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and counted at successive intervala to determine decay characteristice of the isotopes retained
by the celis.

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 wera sorbed on cell surfaces. Most of these sorbed isutopes were

Table 7.3 —EFFECT OF WASHING ON RETENTICN OF ISOTOPES BY Serratia
marinorubra AND Platyraonas subcordiformis

Tan ul aliquots of a bacterial culture of S, marincrubrs Tiltered
Through MPlg, ar' ths filters washed by filtering through a
specified swount of adtsriie, non-radiocective wedium,

cyﬂ £ of Inftial Culture
Initial culture 294 100
Filter, no vash 1039 16.2

. 25 nl wash 873 15.¢

" sov ® 38/, i3.8

™ 5", % 887 13.9

. 100" = 838 13.1

Ton ml aliquots of a bacteria<free culture of the unicellular green
slgs FPlstymonas subcordiformis filtsred through MFfs, and the filters
washed by filtering through a spocified umount of aterile MP-filtered

sea wter.
d%!le £ of Ipitial Cujture

Initial culture 3850 100
Filter, no vash 842 21.9

¥ 10 m). wash 54 19.6

" 259 » Thi 19.3

® 50" @ 76 18.8

. oo * 701 18,2

remgoved by 10 ml of wash. When more than 10 1 (10 to 100 ml) of wash was used, only a
small decrease in total activity wias noced. The slightly decreasing residval activity of
Platymonas subcordiformis colls with more than 10 ml of wash, and ¢f Serratia marhuorubra
with more then 25 il of wash, suggests that the isctopes were leached from the cells or that
some of the cells were lysed.

The decay characteristics for Platymonas subcordiformis uptate are shown in Table 7.8
and Fig. 7.7. The decay curve for the original medium indicates that the Sr*®-Y" equilibrium
had been disturbed through the loss of some ¥!*. The increase of activity is characteristic of
the activity of Y as it builds up to an equilibriuin valus with the parei isotope Sr*. This loss
is probebly due to precipitation snd sorpiion of Y™ on the glassware. The dashed portions of
the decay curves in Fig. 7.7 represent the presumed course of decay for the mixture.

The curves for the MF’s show aa initia! decrease in activity which then levels off, indi-
cating that both Y™ and Sr?® hud been retatned. Assuining, on a graph of this time scale, that
the decay curve for the 8r¥-y» equitibrium i 2 horizontal line, ihe relative quantities of
isciopes car be calculated. Comparing the seleciion of {sctopes by Platymonas subcordifGrmis
ard Serratia marinorubra, it can be calculsted from data in Table 5.4 that, of the activity re-
tained hy Platymonas subcordiformis, 40.8 per cent was due to Sr'° and 59.2 per cent was due
to Y®. A similar calculation for Serratia marinorubra from data in Teide 7.3 shows that §5.7
per cent of the activity retained was due to Y™ and 4.3 per cant was duz to 5c%,
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The results of a modification of the filtration technigue are shown in Tahles 7.5 aud 7.6
and in Fig. 7.5. In this experiment Serratta mzrinorubra veils vere grown in radioaciive sea-
water nutrient broth (aporoximately 0.3598 mc of Sr*® and Y* in 250 mil) at 25°C. The cells
were harvested by centrifugation and resuspeaded in 100 inl of sterile nonradioactive sea
water. The suspended cells were placed ir; a diziysis mexbrane and dialyzed against 200 ml of
distilled water %o five days. Semples of dialyzed cells and dialysate were then plated for
counting. The dlalyzed cells were also examined microscopically. Many were actively motils,
and no abaormaliy shaped forms were aren. Aliquots of 10 ml were withvirawn and passed
through MF's. Replicaie series of MF’s were washed with various quantities of molecular-
fillerad sea water. The {liters were dried and ccunted at successive intervils.

Table 7.5— EFFECT OF WASHING DIALYZEOD Serratia marinorubra CELLS

Total % of aclivity culsted

Volume Activity cf ceils 4Sr 2!90
Dialyzed cells
in suspension 100 ml 137,900 epm 100 12,3 87.7
Dialysate 200 m1 53,360 34.7 50 50
¥ilter, no wash {10 m1) 12,180 88.3 0.95 99.05
Filtar, 50 mi wash {10 m1} 6,580 L7.7 0.68 99,32
Filter, 100 ml wash (10 m) ,300 81.9 071 99.29

Note: 1In this experiment, 1CO ml wash required 1.8 kbowrs to pass thr * filter, and
50 ml wash required 8 hours.

Table: 7.6 —EFFECT OF WASHING DIALYZED Serratia marinorubra CELLS—DECAY
CHARACTERISTICS

em  logepm At cpm lopemm 4t e log cpm

Dislyzed cells 1361 3.33386 1544 354 25490 804 314 2456
1396 3.14489 . A0 2.53148 * 345 2.53782
Dialysate }256 3.0989%9 . 1461 3.16465 " 1379 3.12956

412 3.14983 * 1580 2.19865 # 1344 332840

iiter, no wash 12120 4.0835¢C * 239 2.3784%5 8 231 2.3636
12232 4.08750 x 232 2.3654% " 227 2.35603

Filter, 50 1l vash 5412  3.7333%6  ° 74 1.86323 . € 1.7993%
7735  3.88838 * 110 2.04339 ® 130 2.04532

Pilter, 100 »1 wash 10131 4.00821 * 171 2.23300 » 156 2.15312
134 4095 " 163 2.21219 ® 18 R.17026

As can be seep in Tabie 7.5, the perzentage retention was appretisbly higher than the
retention shown in Table 7.1. It must be pointed out, however, that 50 mi of wash required 8 hr
to fiiter and 100 ml of wash required 18 hr to filter. These data tndicate that the retained ls0-
topes were relatively firmly bound within the cells, since only approxirately 26 per cent.of -
the activity was lost by diaiysis against distilled water afier five days and sizce the percentage
retention ¢n the filters was relatively greater. The effects of wasking in thie case must be
viewed with caution because of the abnormally long time necessary for {iltering wash water
through. This probably contritutes to the erratic percentage valaes obtained.
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The decay characteristics are ghowa in Table 7.8 and Fig. 7.8. As can be seen on the
graph, Fig. 7.8, the dialysate showed a Blight defi~iency of Y*°, whereas the cells showed an
excess of Y'. The decay curve of the filters indicates that the bacterlal cells retained a great
excese of Y as compared to 8%, These amounts were calculated and are shown in Table 7.5.
Again it can be noted that Serratia marinorubra csalis gelectively bind Y", with nearly the
exclusion of Sr*°, when calculated on an activily basis.

In a further experiment on uptake, diiute suspensions of 8crratia marincrubra were
filtered through MF's, and each filter was then placed carefully upon a pad saturated with

radioactive sea-water nutrient broth. The bacteria on the {ilier surface were nourished by
diffusion of medium up through the filter, and colonies formed. Of six filters treated in this
way, two were dried withcut washing, two were replaced in the filtration apparatus and washed
with 25 ml of sterile sea water, and two were washed with 100 ml of sierile sea water. The
filtzrs were dried wnd cuunted.

The resulta are shown in Table 7.7, It {s interesting 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 made for vaiid calculations.

Teble 7.7—WASHING OF CELLS GROWN ON MOLECULAR FILTERS
£ of mlue of
cpm/filter filter wvith no wazh
Fllter, no wash 25,223 100 7
Tilter, 25 ai wach 2,959 1.7
Filter, 100 Al wash 4,634 18.4

Another modification of the separation p.ucedure on MF's wag undertaker i which MF's
with radioactive bacteria caliszted on their surfaces, by filtration, wers digeaied ia » suiliric
acid and perchloric acid mixture. Only the mineral content remsined after digestion; this was
then dilutesi, and aliquots were counted. Quite variable results were obtained, 2ad the proce-
dure proved ‘o be hazardous and time consuming. However, this procedure would improve
couzting geometry by virtue of using planchets rither than counting fiiters directly.

An oxperiment was undertaken to evaluate the effect of cell surface forces in bindiug
icotopes. A culture of {erratia mariunrubra cells was killed and preserved by adding 1G per
cent ncuiral Forinalin, 1 i; end tha cells, which were centrifuged, resuspended in sterlie aea-
water nurrient broth, snd evamined microscopically, appeared intact and numercus,. Aliquots-
of the suspension were filtored aa in the thavg-1agntioned experiments. No conclusions could
be drawn, for uninocalated-medivm controls siicwed more activity on the filters than samples
with organisms, presumably owing to precipliation of iactopes from the wedium.

In one experiment, atteimpis were made to evaluate the effect of PR on the retention of
isotopes and also to compare the filtration and centrifugation methods for separating cells
from media.

Serratia marinorubra cells were cultivated in sea-wates nutrient broth containing Sr®
and Y. After incubation the culture was divided into three flasks ard adjusted to pH 8.3,
pH 7.0, and pH 6.0, respectively (the incubate:d culture was 8.3, so no adjustinent was neces-

sary). Aliguots of § m} were withdrawn from each fiask and filtered through MF's, which were
dried and cointed. Other aliquots from the .iasks were withdrawn and centrifuged, and the
supernaiants were plated on planchets for counting. Centrifugates were resuspended at thelr
appropriate pH values and counted, and aliquots were filiered through MF’s, The results of
thig experiment are shown in Tables 7.8 and 7.9 and Fig. 7.8.

Owirg to & laboratory acs dent, accurats sampling of the activity of the original medium
was not obtained. Consequently the percentsges in Table 7.8 were calculated on the basis of
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the comuined activities of {iiters and filtrate and of the combined activities of supernatant and
centrifugate. Total activity is available for data oa the filtration of the resuspended centrifu~
gate, and here it can be seen that 30 to 42 per cent of the activity is lost in the filtration proc-
ess at thia level of activity. In the original filtration process, therefore, the percentage passed
through the filter is probably 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 tie three
pH values would not be affected by these considerations, since all aliqucts were from the
same original culture. More isotope was retained by the cells at lower pH valves, by both
centrifugation ard filtration.

A comparison of filtration and centrifugation indicates that the lat’er technique ie less
effective in separating celle from medium, 8 evidenced by the 52 to 87 per cent retention
when the centrifugate was filtered. This indicates that a considerable amount of unbound
isotope 18 carried down in the centrifugate, .

The decay characteristics of the samples in this experiment are shown in Table 7.9 and
Fig. 1.8. The original culture shows the characteristic decay of 8r'® and Y* in equilibrium.

A
£
E]
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-,

The filtrate and supernatant show a Yo deficiency. The original filters and the centrifugate %
show an excess of Y. The filter from the centrifugate shows this excess of Y*° also, whereas 3
the fiitrate shows a deficlency of Y. =
The relative sctivities of Y and Sr* for these samples were calculated from data in z
Table 7.9 and are shown in Table 7.8. There {8 no clearly defined difference between the
selection of imotope by the cells and the pH of the medium, although there is a tendency for s
greater selection of Y by the cells on the filters at decreasing pH values. This is refiected
as well by the lesser percentages of Y in the filtrates at lower pH values.
In the foregoing experiments it became cbvious that radioisctopes were being retained on
control filters {from media containing no bacteria. Tabie 7.10 shows the results of an experi-
Table 7.10 —RETENTION OF 1SOTOPES FROM STERILE MOCLECULAR-FILTERED f
SEA-WATER NUTRIERT BROTH ON MOLECULAR FILTERS
% of Total ‘
Activity Total Activity Origingl Activity
Origiral medium 4056 cpm/ml 1,104,000 cpa/250 ml 100 :
First fiiter 4045 cpm - 0.40
Second filter 3155 cpm - 0.31
(Hedium autoclaved}
Third filter 22,586 cpu - 2.23
Fourth filter 1505 cpe - 0.35
Activity of mediwm 2380 cpm/ml 595,000 cpe/250 =1 58,7 §
Fifth filter 2211 cpm - 0,22
8ixth filter 1194 o - 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 xnd passed successively through a serizs
of four MF’s. All filters were dried and counted. The results indicate that the filters retained
small pe1centages of the total activity on the first two filters. After autoclaving, the perceniage
retained was relatively greater, 2.23 per cent, and the next sequentiai filter was dowm to 0.45
per cent. Of spacial interest in this experiment is the fact that 40 per ceat of the activity of

the medium, as measured by sampling the medium, was lost by forces other 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 thin 40 per cent was lost primarily by sorption
on the sintered-glass bases and secondarily on the walls of the glassware. This ccaclusion 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 fiiters
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-m! 8r*®-Y®? working solution was
added to each flask, and the content3 were compared by both filtration and centrifugation
techniques. The pH was determined in all flasks. The results shown in Table 7.i1 for MF’s
and centrifugation indicate tha? 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 leas activity than the peptone solution, suggesting that peptone is a
factor in precipitation. The pE 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 filters.
Autoclaving increased retention more in unfiltered than in prefiltered sclutions.

The activity lost by sorption to glassware, etc., was greater in filtered than in unfiliered
soiutions, as indicated by the percentage “lost elsewhere” after sutoclaving.

The percentage lost on the filiers was greater than in the previous expariment (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 wus devised for
growing Serratia marinorubra. Satisfactory growth was obtained by use of the following
medium: glycine, 0.5 per cent; glucose, 1.3 per cent; NH,NOy, 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 gsea-water

nutrient broth with approximately 0.0598 mc of Sr® and Y" added. The cells were harvested
by centrifugation, washed with 100 ml of sterile sea water, and resuspended in 250 ml of
sterile molecular-filtered sea water. The bacterial population was esiimated turbidimetri-
cally to be 5,800,000 cells/ml B&everal £{9-ml aliquots of this suspension were made.

One 10-ml aliquot of czil suspension was shaken in a separatory funnel with £00 ml of
petroleum etber for 4’/2 hr, and 1 mi of each iraction was plated on planchets, in duplicate,
for countl.g. Suparate aliquots were treated with 100 ml of carbon tetrachloride and with
benzene as solvents.

Other aliquots were takan, dried wnder infrared, resuspended with 25 m! of sclvent, and
centrifuged at 5000 rpm for 5 min. The supernatant and residue were plated in duplicate.
Solvents used in this procedure wers acetone, distilled water, ethanol, and boiling methanol.

The results Jf this experiment are shown in Table 7.12, From these results it would
appear that the components aciive in retention are not soluble in the organic solvents screened.
Some activity was present in the distilled-water {raction, ae would be expected. Decay charac-
teristics of this experiment indicate that ail, or nearly all, the activity was due to Y*°,

In a second extraction experiment 35 mi of a suspension of Serratia marinorubra celis
from the dialysis experiment {compare Table 7.5) was dried under infrared and was then
exiracted with boiling methanol for 15 min. The resultant soiution was centrifuged, and the
aupernatant and cenirifugate were plated. As can be seen in Table 7.13, negligible activity
was solubllized by boiling methancl.

A more elaborate extraction scheme was adapted from that of Porter and Knause,’
Serratia marinorubra cells were grown in sea-water nutrient broth {0.2392 mc of 8r*° and Y%
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Table 7.12 — EXTRACTION TO FIND KADIOAC TIVE COMPONENTS OF RADIOACTIVE
Serratia mariporubra CELLS GROWN IN RADIOACTIVE MEDIUM

Solvent

Patroleum ather
® ®
Acatore
(2
Dintitied Water
u 1
Carbon Tetrachlorids
" "
Ethanol
%
Benzens
]

Bolling Methanol
L] ®

Fraction

Soluble
Insolubla

Soluble
Insoluble

Soluble
Insoluble

Soluble
Insoluble

Soluble
Insoluble

Soluble
Insoluble

Soluble
Insoluble

cpxa/inl

E\,’)

e wow

S B
Yo B8Bo

8
w o

0
88

Activity of the original medium in which they wers grown was $31/ cpm/ml,

and the washed cell suspension con‘ainsd 305 cpm/ml.

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

Table 7.13-— EXTRACTION OF DIALYZED RADIOACTIVE Serratia marinorubra

CELLS WITH BOILING METHANOL

Cs11 Suapsnsion

Boiling Methancl Slurry

Contrifugation:
Supernatant
Contrifugate

cpm/ml
1379

1869

5
15,331

Total
wl

35
25

Total
Activity, com

48,265

46,725

110
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 1M NaCl and sampled for counting. "The su3peneion wag shaken for
120 min and centrifuged, and the supernatant was plated. The residue was resugpended in 25
mi of a pepsin solution (Braun, USP; lot No. §553); then it was sampled for counting and al-
lowed to digest at 25°C for 30 min at pH 4.0. The soluticn was centrifuged, the supernatant
was plated, and the residue was washed twice with samplings made of the wash water. The
restdue was resuspended in 50 ml of 1 per ceat HCI; then it was sampled, keated for 30 min
at 85°C, and centrifuged, and the supernatant was counted. The residue was slurried in 20 ml
of distilied water and waa plated for counting.
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CELLS
TOTAL ACTIVITY + 9,791 (80 cpm
{100%}

BOILING

METHANOL

{100 mt)
SOLUBLES INSOLUBLES
AMINOG ACIDS
PHOSPHORYLATED COMPOUNDS I NaCl
TRIGLYCERIDES (50 m1)
CARUTENOCIDS |

FATTY ACiCZ
CGLYCEROL , ETC.

TOTAL ACTIVITY ¢ 58,iCO cm

(0.06%}
INSOLUBLES SOLUBLES
PEPSIN DIGEYTION NIJCLEIC ACID FRACTION
{25 mi) TOYAL ACTIVITY » 898,400 com
WASHED TWICE WITH (7.1%.)
DISTILLED WATER
(78 m1)
SOLUBLES INSOLUBLES
PROTEINS 1% HCI
TOTAL ACTIVITY = | 687,285 com (8O mi)
(7.3 %)
iNSOLUBLES SOLULLES
CELLULOSE FAACTION STARCH FRACTION
YOTAL ACTIVITY = 34,143 cpm TOTAL ACTIVITY s | 128,800 com
{0.03%.} (1.8 %)

Fig. 7.10 —Prefereptial extractions of Serratia marinorubra cells grown in radicactive medium.
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Tabular resuits of this experiment are shown in Table 7.14, and a graphical summary is
given in Flg. 7.10. As was found before {compare Tables 7.12 and 7.18), negligible quantities
of activity were solubilized by boiling methanol. Approximately 7 per cent was fcund in the
nucleic acid fraction, and 17 per cent was found in the soluble proteins. The activity liberated
by hot 1 per cent HCl amounted to 11.5 per cent, and that liberated by the insoluble residues
remalining was 0.03 per cent. These figures would indicate that most of iie actlvity is to be
found assoclated with nucleic acids, proteins, and starchlike compounds. Much activity, per-
centagewise, was not accounted for in the course of this procedure, and this, coupled with the
fact that the extractions do not necessarily sharply define various fractions, wovld make these
figures only generally indicative. Since the proteinaceous and starchilke materials seemn to
be primarily involved in retaining this activity, which is principally Y%, it would seem reason-
able to suspect cheiation as an active force in Y*? uptake. The fact that a partition was effected
shows very strongly that isotope uptake, or incorporation, does cccur.

Figure 7.11 portrays graphically the aecay characteristics of these celluiar compuents.
The original culture snows the characteristic Sri-y* mixture in equilibrium. The various
partitioned components exhibit an excess of Y?® and some Sr*°. The final slurry, containing
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 Y,

7.5 DISCUSSION

1t is extremely Jdifficult to extrapolate, especially quantitatively, from laboratory studies
of biologiral systems to in situ conditions of the natural environment. The experiments re-
ported here represent organisms growinjif at nearly optimum conditions in small culture
vessels. Consequently, populations of a single spaclies are realized, having numbers far
exceeding those found in most natural envircnments. However, it is possible to ascertain the
potential capabilities of such organisms ir behaving in a given way under defined environ-
mental conditions.

In biolngical isotope uptake there are certain environmental variables to be considered,
such as temperature, pH, concentration of elements, and time. There is also radicactivity
inherent in sea water, with such isotopes as K*°, Rb®? ! etc., which could have eifects 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 ceils.

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 oi concentzation on MF’s
does not necessarily mean concentration did not occur. The small spots of concentration on
the MF’s could be related to capillary action of certain larger pores of the flter material
or to compounds or complexes formed by these isotopes with constituents of the medium.
These cffzcts might conceivably have masked the effects produced by the colonies. Ancther
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 develuping a technique for quantitation of uptake was to grow cells
in radioactive medium and then measure the uptake. This measurement could hiave been done
in either of two ways, measuring the loss of isotope from the medi:im or measuring the gain
of activity by the cells. Evaluation of the luss of isotope from the medium, properly con-
trolied, 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 1sctopes 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 {o differentiate by controls.
By measuring the activity cf the cells themselves, this error would be obviated.
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Two procedurea for senarating calle from a medigm were (ovestigated: iiltration and
centrifugation. Centrifugation had advaniages over filtration because of (1) lees cost, {2)
simpler counting geometry by viriue of using standard planchets throughout, and (3) the ability
to sawmple both supernatant and centrifugate. The disadvantages of a centrifugation technique
are (1) clear definition of pbases is somewhat arbitrary in laboratory manipulation, (2} the
cells tend to carry down sorbed isoiopes, 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 fil‘ratio; are (1) the cost (currently 18.5 cents per filter), (2) the
couxting geometry i3 not standard throughout whern filters asud planchets are used, and (3) the
fact that iiitrzies cannot be accurately evaluated due to loss of {sotopes by sorption on the
filtration apparatus. The advantages of filtration are (1) the definition of phases, i.e., cells
and ro2dlum, are rather clearly defined, especially when washing is practiced, and (2) this
procedure is more easily and accurately controlied, Generally filtration is niore conservative
of tiae than i3 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 {i-month experimental period.

There is little doubt that uptake does occur. Every experiment, except autoradiography
on MF’s, indicated this. The percentage uptake, a8 shown in Table 7.4, ranged from 6 to 28
per cent of the origiral activity on the seventh day, which was the maximum for the 4.78 x 107
me/ml {C.1-ml working solution) and 23.92 x 10™° mc/ml (0.5-m] working solution) 18ctope
levelz. The maximum was apparently earlier, at four days, at the 47.84 x 16™° me/mi (1.0-
m) working solution) level. The lower isotope levelz generally retained greater percentages of
activity. The other experiments cannot be accurately compared with this because they were
designed primarily to test variables of the procedures; however, the percentage levels are
generally comparaole.

The amount of isotope sorbed on the cells was generally small, in the range of 2 to 3 per
cent of the gross uptake, ag indicated by the filtration experiments with various quantities of
wash.

Population densides would affect the amount of retenticn, and the bacterial populations
were approximately 5 to 6 million cells per milliliter, as estimated turbidimetrically. The
population density of Platymonas subcordiformis was not determinzd.

In the interpretation of radicactivity counts, several factars 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 frcm 23.0 to
33.6 counts/min, with 2 mean of 28.8 counis/min. The range for the i0-min counts was from
25.9 to 32.2 counts/min, a mean of 28.8 counte /min. For the 20-min counte the range was
28.2 to 30.6 counts/min, with a mean of 28.4 counts/min. Most of the counting of experimental
material wag 10 min in duration, with background vounts after every third or fourth gample.
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 efficlency of the counting apparatus were calculated from a standard cali-
brated UX, source. The apparatus is such that three counting positions can be uged: position {4,
nearest the window of the G-M tube; position 2, approximately { cm farther away from the
G=M tube; aund position 3, 1 cm farther than position 2. The calculated efficiency for position {
wag 31.87 per cent, and for position 2, 15.28 per cent. Counts made on 43 different days in
position 3 show a mean efficiency of 7.47 per cent and a range of 6.80 to 7.97 per cent.

Coincideace losa wae not corrected since the resolving time for this apparatus was 200
psec, and coincidence loss at 30,000 ccuats/min would be approximately 9 per cent. Little of
tha experimental material approached this counting rate,

Counting geametry must e considered because the MF’s were 47 mm in diameter and
had z filtering diameatsr of 35 mm. The planchats used were coproximately 31 mum in diameter,
This could make counts of the MF's slightly low compared tc planchets.
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Very otriking in these experiments was the selection of isotopes from the mixture, dis-
played by both S8erratia marinorubra and Platymonas subcordiformis. Evaluation of the quan-~
tities of each isotope can be made from analyses of decay data. It should be potnted out that
the dashed lines which form part of the decay curves in Figs. 7.7 to 7.9 and 7.11 indicate the
presumed course of decay and that the sclid lines are probable courses of decay. The dashed
curves should be more rounded where the excess Y*° regains equilibrium with 8r*®. 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 Sr*® and Y% in equilibrium ie 1 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
is an excess of Y above the equilibrium, a decrease of activity to a new equilibrium value, if
any Sr*® remains, will occur. A deficiency of Y* below equilibrium will show an Increase of
activity until equilibrium is attained.

The percentages of Y% and 8r*° in Sec. 7.4 are percentages of activity. This is misleading
as to the actual quantities of S8r° and Y present. The decay relation for a long-half-life
parant 1sctope and a short-half-life daughter isotope, Sr*® and Y*°, respectively, in this case,
in equilibrium of decay, i8 shown by the formula:

Ngr#? Nyt

TSr” TY»o

where N is the number of atoms and T is the half life. Therefore, for one atom of Y”, in
equilibrium with Sr®®,

_ (1) (9125)

Ngpn = 2.54

= 3592 atoms of Sr*°

An estimation of the order of magnitude of the quantities of Sr" and Y*® 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%?, 0.537 Mev; and Y*, 2.18 Mev).

2. The counting efficiency in poaition 2 {8 7.47 per cent.

3. The efficiencv of counting of each isotope is in the same proportion in each position.

4. The final decay counts represent decay equilibria for Sr*® and Y*°. These assumptions
are not necessarily true since Y, with greater energy, will be more efficiently counted than
Sr*’. The G-M tube with a thin window, 1.8 mg/cm?, will, however, approximate the order of
magnitude of each isotope.

From the basic decay formula,

dN _ _0.693
—a—t-— AN and A= T
_d-_li= 0.693N

dt T

if — (dN/dt) is the counting rate, uncorrected, for any one isotope (activity ratio for Sr*® and
Y* in equilibrium is 1 to 1, and if the half life, T, for 8r*° 18 13,140,000 min, this makes the
equation for the computation of the number of atoms of Sr*°

_ (counts/min of 8r*’) (13,140,000) (efficiency correction)

Ngpao 0.693

The counts per minute for Sr¥ 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. Knowing the countg ner minuta dus ic 8 8:¥ in final egquilibridm, (e

activity of Y¥ will be the activity at the time of sampling (the first counting) less the counts

per minute of Sr* in final equilibrium of decay. The number of atoms of Y™ ia calculated
from the equation

N (counts/min of Y*) (3657.6) (efficiency correction)
¥h = 0.693

The numbers of atoms of Sr®® and Y* were calculated from several representative ex-
periments and are shown in Table 7.15. Referring to the data for Serratia marinorubra from
Table 7.8 a8 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*® and that 3.0 to 4.7 per cent was due to 8r*. When calculated on the

basis of numbers of atoms, it can be seen that actually more atoms of 8r* were retained than

were atoms of Y¥, from 108 to 158 times as much 8r*. It must be borne in mind, however,

that 3582 times as many 2toms of 8r*° were present, in equilibrium, in the medium initially.
The percentzge-uptake values for atoms of 8r* and Y show that greater percentages of
atoms of Y* than of 8r* were rotained. These same observations can be made for dialyzed
Serratia marinorubra cells by comparing Tables 7.15 and 7.5.
Platymonas subcordiformis, on the other hand, retained greater numbers of atoms of 8r'°

with respect to Y*° (Ngp¥ /Ny ), when compared to Serratia marinorubra. On an activity

basis, 50.2 per cent was due to Y', and 40.8 per cent was due to 8r". Calculated on an atoms

basis, Platymonas subcordiformis retained 3 to 4 par cent of the original Sr* atoms and § to
8 per cent of the Y'* atoms.

Concentration factors were calculated on & basis of the activity in 2 given volume of cells
compared with the activity in & 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, conceniration factors for each isctope, i.e., sr* and YV, were
calculated, as was the gross concentration factor. To make these calculations, several
assumptions were necessary:

1. The population density of Serratia marinorut.-a cells was 5 x 10® bacteria/ml. This
was established experimentally, by turbidimetry, in tvo cases but was estimated visually only
in the remaining cases. A fluctuation fxom 3.5 X 10’ to 7 x 10 cells/ml changes the concentra-
tion factor littie, 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™* cc, giving 29 x 107~¢ ml of
cells per milliliter of medium,

3. The efficiency of counting for woth isotopes was assumed tc be equal and equlvalent to
7.47 per cent in position 3 and 31.87 per cent in position 1. This assumption introduccs the
most error into the calculations since, &8s 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 for the final counts were not appreciably different.

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

Concentration factora are shown in tabular form in Table 7.18. The data calculated from
Tables 7.1 and 7.8, as shown In Table 7.18, are probably the most reliable of the data chown
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 7.18, the
trends 1t auch variables as isotope level, pH, and washing of filters are the same as those
dlscussed previously when computed on a percentage-activity basis.
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Table 7,16 —CONCENTRATION FACTURS FOR Scrratlc marinorubra

Dty from Tims  Concentration Factors
sxperimsnt Isotops level in
shown tn Sarple Mathod me/ml X 10°5  Days Gross Sp9 i
Txble 7.1 VNashed filtars Filiration 4.78 2 3917
5 » " ] 4 13109
# b " " 7 10301
Filters not wmashed " | 2 4723 =
" " W # 7 12536
Weshed filters n 23.92 4 352
L L] " " ? 9116
Filtsrs not wmshed " " 4 9915
" " (2] L L] 7 9758
Washed filtsrs " 47.84 4 7018
n L] ”® L] 7 u76
Filters not wsshad " n 4 T493
] E ] L " | ] 7 3948
Tedble 7.3 Filtar no wssh " 23.92 Y4 TLLD
23 31 wash " 8 “ 6255
50 ] L] n L] |} 6333
7% 75 ] ] ] L] ] 6357
] lw o ] ] ® ® m
Table 7.5 Filter, no wash L 23.92 19 44167
2 50 w1 wash a (before washing * 23857
cells)
* lw L § ] o ” L] W
Table 7.8 Pllter, pH 8.3 " 59.8 ca. 14 15602 1313 29891
= " Tng0 " . » 18628 127, 35892 :
« " 6.0 # . " 23625 1385 45865
Centrifugate, pH 8.3 Centrifugation . * 4501 366 8636 :
® * 7.0 " . ® 7439 1129 1379
" * 6.0 " " " TI54 309 15199
Centrifugats, pE 8.3 Piltrstion = " 992 36 13947
cn filter
n ¥ 7.0 " n » 12497 & 24930
" " 6.0 " . . 12633 21 25244
Table 7.12 Centrifugation 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 50
times greaver in fiitration experiments.

The most probable gross concentration factors for Serratiz marinorubra range from 800u
to 25,000, depending on the variables astated. The concentration factors for Y™ are mach
greater than for Sr¥,

Concentration factors for Platymonag aubcordiformis were not calenlated kecause popula-~
ticn densities were not determined.

Councentration facters are identlcal when computed on the basis of relative activity and on
the basis of numbers of atorrs. Alsc, assuming a density of § {or a cterial csll, wet weight
snd volume are equivalent.

The reasons for the relatively great concentration of ¥*° and the lesser concentration of
8r® by Serratia marinorubra from sex-water media are difficult to nostulate from evidencs
shown here. Strontium is ¢ Groug Il element, with related elements such ag Mg, Ca, aid Ba.
Yitrium is 3 Group I element, with Al, Sc, and La related. This grester concaptration of ¥¥

might partially be explained by experbmentally comparing the retuntion of ite reiated ¢lerments
by the crganism,
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Estimates of the abundance of 8r and ¥ in sez water® are 10 mg/iiter for Br and 0.0008
mg/litar for Y, a ratio of about 30,000 to 1. The isctopes as suppiled in the medium were about
3800 to 1. Thia might concelvabiy have a bearing on this selective uptake,

A paradoxical situation arises in this uptake of Y* by these organisms. Whereas the
organisms selectively retained refatively grest quantities of Y*°, these quantities cf Y¥, in the
course of & few relatively short half lives, become 2% & Group IV element. This phancmenon
of the effective change of elements could have practical applications in the study of celiular
metabolismm,

The mechanisms or forces involvad i the retention of these isotopee by these unicellulay
organisme can be considered with respect to several properties.

8orption on the cell surfaces occurs to some exient, as waa shown by the relative activi-
ties retzined after washing with varying quantities of wash. Percentagewise this would geon:
to be relatively small. When the filtration technigue is u:sed, thers {8 &oms sffective washing
inherent in the filiration procedure itself, in which the {irst cells retained cn ihs fiifer will
have 2 flow of medium around the cells, with this effect becoming legs s tha aliguot continuss
to fliter. I sorption were the primary {actor, {t would seem that maximum uptake would occur
rapidly and not in the course of four to soven Jdayas as wis found {in one experiment.

A {ree ionlc exchange of the izctope with the element within and outside the coll would
{ndicate the norical levels of the particular element occurring in such cells under natural con-
ditions. This probably would not be limited Lo the particular isotope. For exampie, Sr¥ uptaks
int the prasence of varled concentrations of Ca, Ba, and Mg, respectively, and in combination,
might conceivably be affected. The aame might apply to Y¥ in the presencs of Al, 8¢, or La.

The exiraction experiments, in which most of the activity was assoctated with constitusnts
capabie cof chelation, indicate thet this machanism may be suspect. If the equilibrium constaats
for chelating compounds with Sr and Y are sulficiently great, it would seem pisusible that such
equations couid be postulated:

Ch + Br*? o» ChSr*? + 8r¥1¥2) o Chr¥ (2 4 grt?
Ch + Y"" - Chw: + Y.O{-FS) - ChY’ﬂ*PS) + Y‘*”

where Ch represents 2 compound capable of chelation; Sr*?, nonradioactive Sr tons normally
found in sex water; and Y*°, normal nonradicactive ¥ ions. A free ionic exchasge of the iso-
topes and nenradiocuctive jons within and outside the cell posaibly explain, at leagt partizily,
the selective uptake of these fons. With relatively greater concentrations of sr*? in ser water,
this chelation affinity could be pariiaily i not completely fulfilied by Sr*?, and 8r¥(*?) would
merely estabilsh equilibrium.

On the other hand, Y** cccld be well below the level that would suffice its chelation affini-
ties, and, whon added as Y”("’}, it would result in the apparently great concentrations in the
cells. The sea water used in all the experiments was {rom one lot, collectad from the end of
the Scripps Institution of Oceanograpky pler, La Jolla, Calif., {iltered through a molecular
filter, and stored in glass for use as needed. The Sr and Y concenirations {n this =ex water
were not determined.

A related reaction, the abllity of ceil constituents o compisx with these ions, should alsgo
be considered. It can be determined experimentaily whether chelation or complexing, or both,
can preduce the concentration factors cbserved. Any definite statement as to the mechanism
of uptake 38 observed would necessarily rest upon experimental determination of these
phenomenz.

Some literature is avallahle relating tc the upiake of Sr and Y by biclogical systems,
Spooner? investigated the uptike by va:lous marine algae and concluded that 8r is preferen-
tialiy selected from a Sr¥-v® mixture oy hrown marine algae, with concentration factora
from 14 tc 40. The red and grecn algae selectively retained Y* to the extent of depletiag the
available Y. A few preliminary 2xperiments with unicellular algae Indicate that Y¥ i5 selected
by Nitzschia, but no concentratiop factors were determined. Spooner’s hypothesis is that
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radioactive Sr is retained by lonlc exchange and that radicactive 8r concentration reflects that
relative amount of 3r aiready in the plants. His concluzsion regarding Y uptake iz that it is
partly a matter of adsorption on surfaces and parily lonic exchange. His techalque dependad
primarily on the loss of isotopes from the medium witk some counts of biological materisl.
The paper Introduces an extensive discuesion of radiobiclegical techniques and concepts.

Black and Mitchell’ examined snme Laminariaceae and Fucaceae sgectrographically for
trace elements and found concentration factors for §7 in these zlgae {rom 8 to £4.

Kaufman, Klein, and Greenberg® {nvestigated the concentration of Sr® in activated sludge
and cuncluded that Sr®® uptake was complete in leas than 30 min, with uptake reported as 0 &
55 per cent. This, of course, involved great quantities of inert material ag well ag biological
entities.

The primary purpose of this work was to find suitable laboratory means for evaluating
uptake or ratention of {sotopes, in vitro, by microorganisms. From the considerations given
above, recommendations for establighing 2 protocol can be outlined:

1. The filtration method of saparating cells from media is preferred over cenirifugation
both for reproducibility of conditions and for facility.

2. Complete radiological information should ba evaluute. , {~~ ""ag:

a. Resolving time of the apparatus.

b. Background variations.

c. Variatiz~s of efficlency, using each isoctope undsr cr

d. Absorpiion losses.

6. Bample geomstry should either be standardized or correlated,

3. Media zhowing & minimum of precipitation of {2o0topes should be used. Special attention
{n the clezning of glassware should v ohserved.

4. Popuiation densiiies should be routinely evalustaed.

5. Environmental varigbles, such as pH and temperature, shouid he known or controiled.
6. Duplicate experimental conditions should be usad, with duplicate sampling from sach.
7. Time should e congidered as & variable in each experiment.

8. Inotope levels should be such as to be easily and reliably counted, consistent with good
health physice practices.

8. Decay curves should be accurately determined.

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

7.6 SUMMARY

Several methods of evaluating the biological uptake of S&r® and Y® from sea water are
described. The filtration method using molecuiar {iiters to separais bacteria from mediz
proved to be the most relinble and practicabie,

Auatoradiograpkic technigues indicated that the pacteria concentrated the radioactive {zo-
iopes within the cclony limite when cultivated on agar contining 8r* and Y, The activity wau
remoseg if the colonies were washed off the plates before the emulsion was exposed.

perratia marinorubra cells, when grown on radisactive media, were able to cancantrate
the scitvity from 6000 to 25,000 times. Of the activity retained, 95 per cent was dus to YV, and
4 per cent wes due to 5r. On g basis of atom uptake, more Sr¥, approximately 130 times as
much, was found. The percentage values for concentration of atoms showed ) graater concen-
tration for YV than for 3r™, presumably because of the 3592 to 4 ratio of 82 to ¥ 1n tha
medium inttially,

Platymonsa subcordiformis cultures seioctively concentrated Y* more than 8r%. On an
activity basis, 55.3 per cent was dus to Y%, and 40.8 per cent was due 0 8%, Calculated on an
atom-uptake basis, more 5r® atoms were retained than Y% atoms. On 2 percentage-atom-
uptake basis, Y was concenirnted to a greater degrec.
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CHAPTER 8

CONSUMPTION OF MICROORGANISMS BY THE
COPEPOD Tigriopus californicus

By Donald W. Lear, Jr., and Car} H. Openheimer, Jr.

Microorganisms labeled with Sr*° aud Y and placed in the presence of higher organisms
of the food chain can potentially indicate several things: (i) whether auch microorganisms can
be consumed by the higher organisms, (2) whether the higher organisms themselves become
radicactive by the ingestion or digestion of the tagged microorganiama, and (?) the nutritional
significance of the microorganisms to the higher crganisms. Experiments were devised to
investigate the first two of these problems.

The harpacticotd copepod Tigriopus californicus grows ouly, as far as i known, in splash
pools, i.e., pools above the high-tide mark and dependent vpon splash for sez-water replenigh~
ment. This environment is characterized by relatively zxtreme fluctuations of temperature and
salinitv, with occasional desiccation. The Tigriopus californicus copepods used were col-
lected t-om splash pools on a shelf rock, aﬁ;ge shale formation along the foot of the cliffs
approximately 100 yards north of the Scripps Justitution of Oceanography pier in La Jolla,
Calif.

The copepods were washed by placing them in one section of a Spray anaerobe dish; the
opposing sectlon 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 caus«d thern {o migrate over the transverse ridge of the Spray dish to
the clean water on the darkened side. Thie procedure was repeated several times tc 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 firat experiment, wasted cells of the marine bacterivm Serratia marinorubra,
grown In radioactive Sr?°-Y* medium, were added to a culture of 58 Tigriopus californicus
copepods in 100 mi of sterile molecular-filtered sea water. This was done in duplicate, with
a control dish containing bacteria tut no Tigriopus organisms. The activity of the cultures
initially was counted on planchets In a Nuclear-Chicago model 182AX scaler with a G-M tube.
Standard bacteriological counts in agar pour plates were made, using sea water —peptcne agar.
After 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 this experiment are shown in Table 8.1. It should be noted that all copepods
in duplicate culture I were dead at the end of the 24-hr period and that all in cuiture { were
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Fig. 8.1~ Apparatus for washing copepods.

Table 8.1 —CONSUMPTION OF Serratia marinorubra BY Tigriopus californizus

Gulturs I Culture II Contral Tigricpus
bect./ml cpm/al Dast,/ml  cpm/al bact./al cpmAl  opu/a)
Inisially 2,900,000 7 2,255,000 16 3,055,000 & -
2% hours 2,605,000 9 4,490,000 9 1,165,000 7 0
(‘rﬁi:sm (‘l‘iﬁzc)zm
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alive and active. The appearance of the bacieriai colonies was noted durlng counting, and their
appearance was uniformly allke, indicating that the ievel of extraneous hacterial contaminstion
was low.

Somz indications are shown from the bacteriological counts, but the data ars toc scarce,
with too many varfables, to draw any valid conclusions. The bacterial populstion i the coateol
dish aropped to approximately one-half its original value, whereas these popnlations remained
the same in the culture with the Tigitlopus organismsa alive and doubied with the Tigriopus
organisms dead. In the case of the increase with tne Tigriopus organisms dead, the decay ¢f
the dead organiams would be acrountable. Three possibilitioe exist ror the culture with living
Tigriopus organiams, in which che bacterial populations remained the same:

1. The population could have increased and been grazed down to the level jound.

2. The population could have grown, nurtured wita organic exudates, excrémert, eiz., from
the Tigriopus organisms and not been grazed.

3. The population could have stabilized with the nutrizit supriied by the Tigricpus orges-
isms and not been grazed.

Although no firm conclusion can be drawn, with due corsideration to all tacts, it seems
plausible that Tigriopus californicus organisms ds not consume the ferratis mazivorubra
cells to any appreciable extent.

The radiological counts in this case are too low to be of aay vongideraticon. This in itself
may be indicative that the Tigriopus organisms did not concentrate the isoicpss i0 Aoy degree,

either through ingestion and asaimilation of the bactecia or through simple ion-exzhange
mechanisms.

In a second experiment, done in the same manner, s bacteria-frec cultvre of the green
alga Platymonas subcordiformis was grown in sea watsr containing Beljerinck’s medium with
Sr*® and Y’ added. The cells were harvested, washed, and added to 50 steriie molecular-
filtered sea-water cultures containing 100 washed Tigricpug organiems. Duplicate cultures
and duplicate controls, containing the algae dut no Tigriopus crgasiamn, werv used. Direct
microscopic counts of Platymonas subcordiformis cells were runde ir a Petroff-Hauser cham-
ber, and radioactivity counts were made on planchets. The duration of this experiment was

48 hr, with subseque.i radioactivily counting to follow decay curves. Table 8.2 shows the
results of this experiment.

Table 8.2—CONSUMPTION OF Platymonss subcordiformis BY Tigriopus californicus

Initially 48 Bours Washed Tigriopus
Cells/ml Cpm/ml Cellsfel Cpm/m) G
Culture I 10,790 210 3,550 216 305
LI 5 9,130 184 2,050 300 224
Control I * 172 50,000 S54 -
* 11 * 108 50,000 A7 -

#Not counted; should be same as othsr initial Znocala,

From the direct microscopic estimations of the Platymouas populaticns, ii is quite clear
that these microorganisme were sctivily grazed by the Tigriopus organisms. From an initial
population of appruximately 10,000 Platyionas cells per milliliter, the cultures containing
Tigriopus organisms dropped to approximately 2000 per miliiliter, a decrease of 80 per cent.
Control populations, on the other hand, are &t least five times greater than initially.

The radiological counts in this case do not give ag clear a picture of this situation. The
initial actjvity level of 100 to 200 counts,/mir/ml xpparently increzaed to 309 to 357 counts/
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mm/ml- Taig Increase of aetlvity i5 46 g greal extent dus 10 a aeficiency of ¥ DeElow Qecay
squilibrium, as introduced in the cells. A deficiency of Y below equilibrium will increase
In activity untll equilibrium is 2etabiished wih the long-lived parent 18otope Sr”, when the
activity ratio will be { to 1 for esch isctope; then the characteristic decay of the parent Sr’°,
of 28-year half life, wili be shown. This difference in activity is also due to sampling, i.e.,
by insufficiently mixtag the calis 1n the celture before sampling. It should be noted, however,
t- -t durilicate saniplings ware made in all cases, with close agreement between replicates.

From the radiological counts {t can be seen that aporeciable activity was gained in 48 hr
by the Tigriopus crganisms. The counts for these organigsms are probably low owing to ab-
sorption of beta particies in the reiatively dense matter of the organisms.

By anslyzing decay curves it can be shown th:at the Platymonae cells as introduced into the
cullurea were defxﬂient in Y* below decay equilibrium, i.e., the Platymonas cells concentrated
nnee 80" than Y¥ from tie culture medium. Calculations are shown in Table 8.5. For Sr'®

and ¥*° in decay 2quilibrium, the activity ratio is 50-50. As can be seen, initially it was

Table 8,2-—CAZCULATION OF AMOUNTE OF 8r¥ AND Y ISOTOPES FROM

PECAY DATA
Activity Nunbser of Atoms
O 0
Cwiturs I, Isildallr 27,2 72.8 679,90 5,05 343
. I, " 27.2 7.8 5349.0  4.bk 340
Contrel I, * 2.5 78,5 023 Aaki 985
= II, ® 18,5 81.5 2379.6 291 816
Sulturs I, 48 hoves L34 56.6 16300,3  5.91 2757
I, n 40,3 59.7 4398.6 5.93 228
Cortrol I, s Lol 56,6 28014.7 10.38 2756
= II, » 37.1 €2,9 13980,2 6,59 an
Qigriopus Y, = 16,1 83.2 2915.0  L.24 se8
v i, Se2 90,8 1546.7 427 332

approximately 2%-78, and after 48 hr, 40-€0, indiczting a partial restoration to decay equi-
librium. The Tigriopue arginisws, on the other hand, apparently concentrated the y¥ isotope
morve than the Sr#. Howe var, the heta ~nergy ot Sr® ia 0.537 Mev. and that of Y* is 2.18 Mev.
This may exaggerate the decidy nicture for ke Tigriopus organisms owing to absorption of the
weaker Sr* beta particles {p the relatively dense mattor of the Tigriopus organisms.

The relative numoers of atome of Sr®° and Y*° in each sample were calculated, primeriiy
to show that the relative activities of these {wo isotopes are not necessarily indicative of the
ckemical proceases that tock place. They show the same patterns as percentage activities,
but more accurately they represent relative propostions of the igotopes.

Catculations of the graziug of Platymonas cells by Tigriopus organisms can be made on
the basis of dicect microscopic counts and of radiological nounts. In each culture, approx-
mately 10,000 Platymionas cells per milliliter were present inftially, with a total pupulation
in each cultvra of approximately 500,000 celis. After 48 hr the Platymonas populations in
cultures with 'Iigriopx.f_ organisiay dropped to approximately 109,003, whereas the poputations
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in control cuitures with no Tigricpus organisms rose to over 2,800,000 cells. Assuming ihis

latter figure to be representative, the difference in populations would be the quuntity 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 Tigriopus organism
in 48 hr. R

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 cuiture medium, and the absorption in Tigriopus organisms of bets
particles. Assuming an average value for the activily initially of 390 counts/min per milliliter
of culture, or a total activity of 15,000 connts/min in each culture, and ajzo assuming that
tils activity is carried solely by the Platymonas cells, with $00,000 cells initially, ieads to 2
calculated activity of 0.03 count/min/cell. The activity ol 109 washed Tigriopus organisms at
the end of the exper.ment was approximately 300 counts/min. This activity rai'i'esents, there-
fore, 300/0.03, or 10,000 cells ingested in 48 hr. As was noted, the measured activity of the
Tigriopus organisma ia probably low, which means that a greater number of cells wag probsbly
ingested.

If this is calculated on a baczis of 200 counts/min per mililliter of culture initlally, or a
total of 18,000 counts/min, the result is 15,000 cells grazed by the Tigriopus population in 48
hr.

A8 can be seen, the direct counts yield an average {igure of 24,000 cells per Tigriopus
organism in 48 hr, and radiological counts yield 1000 to 1500 cells per Tigriopus organism, a
difference of a factor of approximately 20. The direct counts are probakily mors reliahle be-
cause of the numerous difficulties with which the radiological counts were besst.

=shall axd Ors! fed a number of viizeliuviar zlgae to Calanus, using P¥.labeled micro-
organisms. Among their conclusions it was noted that Calanus was capable of ingesting up to
50,000 Platymonas cella per day, which is in good agreement with the order of magnitade
found here. They aiso concluded that organisms below 10 u could nct be resadily ingesied,
which would substzntiate the tentative conclusions concerning bacteriz found hera.
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CHAPTER 9

UPTAKE OF FISSION PRODUCTS BY PHYTOPLANKTON

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

2.4 INTRODUCTION

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

These experiments were conducted at the Scripps Institution of Ocezanography 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 107'M K.HPO,
2 per cent soil extract 107°M MnCl,
1073 per cent EDTA-Na, 1075M FeCl,

2 x 107°M KNO,

After approximately 10 days of growth the cells were concentrated by fiitration on sintered
glass. Such cells had just finished their logarithmic growth phase. The cells were removed
from the concentrate by light centrifugation and resuspended in 75 per cent aged and filtered
nonradioactive sea water which was cellected in the pelagic area one month before the test
(collected Apr. 15, 1855, by Robert Holmes) and which contained 2 x 10”°M K,HPO, and 2 x 10™M
KNO,. ‘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 radisactive sea water used in the experiment wae obtained from a depth of 125 meters
at station 4 cn May 15, 1855. It had a specific activity of 70,000 counts/min/ml and was des-
ignated ripple 1.
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9.3 TREATMENTS

Gonyaularx cells were cultured in a 100-m! final volume of the above-mentioned suspend-
ing medium containing 50, 25, and 5 per ceat radioactive sea water. 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 flaske of radioactive medium without cells. The latter were of particular value in assessing
the amount of activity incorporated into precinitate formed during the experiment.

After inoculation the culturee were incubated at 20°C and approximately 500 foot-candles
of continuous light.

9.4 SAMPLING AND COUNTING

Two U.1-m] aliquots of the original radioactive sea water were piaced on a planchet and
dried. Theee were counted on the shelf closest tc the window of the G-M tube and were re-
counted at various times throughout the experiment {¢ obtain decay curves. A 0.5-ml portion
of the initial medium was plated and counted after inoculation in order to obiain the initial
activity in each flask. Af each sampling time the control treatments without cells were simi-
larly plated on pianchets and counted. These counts showed that no activity was adsorbed on
the glass walls of the flasks. Samples for determining uptake were taken at 9, 21, 43, and 81
hr. A 5-ml portion of the culture was filtered through type HA millipore filters. The fiiter
was washed five times with 5§ ml of 75 per cent nonraicactive sea water and then was dried
and counted directly using 2 large planchet holder, Simiiar treatment of radiocactive controls
without cells allowed the amount of radioactivity in any rrecipitate which was formed to be
determined. Agsuming 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 2 Tracerlab TGC2 G-M tube having a 1.9 mg/cm?® mica end window. Such a
counting system is 88 per cent efficient for g radiations which enter th- *ube but only 1 per
cent efficient for  radiation. Call 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 ohe or more organic
growth factors. This requirement i8 met in laboratory culture by a supplement of soll extract.
Suck fuctors accumulated in excess by the cells during previcus growth could presumably
have been eliminated during 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 celle per miililiter at 20
hr after inocuiation was 349; at 40 hr, 352; and at 90 hr, 204, The average of all cel! counts,
333 yer miililiter, was used in calculating concentration factors. Althiugh not growing, the
cultures were still alive since the cells retalned motility throughout the experiment.

9.5.2 Precipitcte Interference

Since it was expected that a certain amount of activity would be oscluded on any precipitate
which was formed and would be counted on the filter along with the activity in ihe cellg, 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 previcusly, it was assumed that the cells would have no effe:t on
precipitate formation. That this is not a valid assumption was shown by the 90-hr sumpling.
About 25 to 35 per cent more activity was found in the precipitite than in the cells plus pre-
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cipitate at this time. Thus the phytoplankton prevented the formation of this precipitate. Thia
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 cels on the
precipitate, but the net effect would be to increase the calculated valus of the activity in tks
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 flzsks was low
during the initial 40 hr as compared with the 90-hr values. The precipitate data sre shown in
Table 8.1, and the data on uptake by the cells are given in Table 9.2.

Takle 9.1 —~ACTIVITY RETAINED IN PRECIPITATES AFTER FILTRATION OF 5 ML
ON HA MILLIPORE FILTERS

Initial activity Activity (corrected fur decay) retained by filtration
cpm/Sml of 5 =1 on HA millipore filters (pore size approxumately
0.5/5) at
45325 739 13%8 1750 8986
(1.63%) (3.08%) (3.82%) (29.82%)
22095 345 507 117 LET79
(1.47%) (2,29%) (5.31%) (22.08%)
5710 65 9 123 . L,
(1.38%) (1.93%) (2.81%) (20.04%)
Uptake by zclls: The results of this experiment are shown in
Table 9.2.

At the end of the experiment ({45 hr) an attempt was madc to evaluate the precipitate
error by washing the fiiter pads with sea water adjusted to pH 7.4, 6.0, 3.7, and 2.5. The re-
sults cannot be evaluated without mere datz, 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 iowest pH washes were used. Since 40 to 60 per cent of the activity was removed at pH 2.5
frocm pada having both cells and precipitate, it is estimaied that about 5§ per cent of the ac-
tivity {8 adsorbed cn 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 isciopes, certain peaks appeared in the samples {see Figs. 9.1 to §.8). Four
main peaks were apparent, at channels 25, 40, 65, and 90. The data shown in Fige. 8.3 to 9.5
are of particular interest. Figure 9.3 shows data from the ceils and the precipitate, Fig. 9.4
shows those from the precipitate omly, and Fig. 8.5 is the difference between Figs. 9.3 and 9.4.
The peaks at channels 24 and 80 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 & peak may he due
to radiation from more than One isotope and since ita position may shift owing to the vagaries
of the electronic gear uased.

Caution should be exercised in extending these datz to the effects of a test explosion on
tisslon~product uptake by phytoplankton. First, this wus not a growing culture. A growing
population would be expected to be metabolically more active and thus might take up more
radioactivity. 8econd, the organism used normally grows in areas near the shore, not in =
f<lagic zone. It is also not a diatom, a group which would be expected to make up the bulk of
the phytoplarkten of the test area. Data bearing on these points were obtained by Y& Bernss.

(Text continues on page 11C.)
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Table 9.2—ACTIVITY TAKEH UP BY CELLS3

50% Radicactive Ssa Water
Initial Activity ® 40310 cpny/Set
Aetivity retained #
by filtration cf
5 ml (opm)
£ taken up

Concentraticn Zactor ##
crn/ml cells ¢ cpm/ml water

Uptaks per cell
cpe/cell

25% Redior.ctive Sea Water

Initia) Activity = 20960 cpu/5al

Activity retained #
by filtration of
5 ml (cpm)

% taken up

Concentration factor ##
opn/ml cells 4 cpu/ml water

5% Radicactive Sea Water

Initial Activity = 4385 cpa/5al

Activity retained #*
by filtration of
Sm (cpm)

% taken up

Concantration factor ##
cpm/ml cells 4 cpm/ml water

Uptake per call
cp/csll

#* Activities corpe
#% The relation: 1

TN T )

0.2

15
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201 2846 E:
5.7% 9,545
3396 5677

1.36 2.2

173, 150

3.27% 6.09%

4923 5122

1.02 1.07

B2 503

7.77% 1478

w627 6825

0.20 0.30

od for prscipitate forzation and for decay.
cells = 0.0457 ml was used in this calculatiesn,
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In hts 8ardiz B Ca-2, hn Isolatel from the test acea two ceatric diatoms (Coacinodiscus).
These cells had 200 counts/min on May 18, 1¥55, acd 58 ~ounts/min on May 24, 1956, Thue
e activits per celt of 2 dietcn cell aaly thrae xo four times larger than Gonyaslax was cae to
two ordera of magnitode higher thax the celle of our experiment. However, the concentration
factor may be roughly aimilar since the activity of che sea water from which these cells were
izclated was wbout one order of magnitude greater.

Toe lack of s0il extract would presumably limit growth. Bowever, growth could also have
been liro:ted Ly radiation domage to the cells. The activity counted was largaly due to 8 emis-
Stors, and the total amount of jonizing radistion could have been much higher if appreciable
amounts of y ssurles were present. However, no data oxazined in this work bear directly on
the pass.bility of radiztion damage to the phyioplankton.
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CHAPTER 10

ELEMENTAL COMPOSITION OF SOME PELAGIC FISHES

By Edward D. Goldberg

10.1 INTRODUCTION

In order to evaluate potential gites of concentration of the varicus fission products within
fishes of commercial importance, a preliminary survey of the elemental composition of a few
repiesentative examples was undertaken. The previous work of this iype is well summarized
in “The Elementary Chemical Composition of Marine Organisma” by A. P. Vinogradov
{English translation published by the Sears Foundation for Marire Research, Memoir Numbey
Ii, New Haven, 1853, 647 pp.). That study suffers from a number of inadequacies: Firat, it is
a compilation of analyses of elements in many different sampler but contains few gross anal-
yses of individuals. Second, many of the results were obtained by questionable techniques of
the ploneer workers {n this phase of biogeochemistry. Finally, there is no critical evaiuation
of the results in line with modern chemical theory.

Because of the limited time and resources for our investigation, it was initially reglized
that a small number of results would at best give only gross patterns of elemental diatribu-
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 spectrogcopy (Ame rican Spectrochemical Labo-
ratories, San Francisco, Calif.). Inasmuch as standards could 210t be prepared for all the
matrices encountered in ashed samples of the components that make up 2 figh, the absolute
concentrations, especially for elements whose abundances are less than 0.1 per cent, should
be as accurzio only within a factor of 2 or 3.

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

The samples of {ish were obtained in the frozen condition and, following dissection into
components, were dried overnignt at 100°C. The material was subseguently ashed in Vycor
type ovenware, The resuits of spectroscopic analyses of ashed samples are given in Table
i0.1. The oniy f{ish whose complete body was «ssayed in component form is the yellowfin tuna
Meothunnus macropterus. Only samples of the flesh and bone were utilized in the analysis of
the albacore. There are algo five analyses of whole fish, three tunas and two Peruvian an-
chovies (Engraulis ringens).

The folicwing observations from the data are made not only with reapect to their rele-
vatce to figsion~-product agsimilation (2 restricted spectrum of elements) but also to the more
generai problems of the disposal of radicactive wastes in pelagic environments.
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Table 10.1—RESULTS OF SPECTROSCOPIC ANALYSES OF ASHED SAMPLES
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i0.Z2 ALKALIS

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 tunaa that deviate remain
anomalous.

10.3 ALKALINE EARTHS

Tne :a0/8r0 ratio in sea water _8 approximately 480, aud within experimesntal error this
result i8 reproduced in the whole fishes analyzed. Nevertheless, the ratio sxhibits much

amaller values in the flesh, spleen, liver, stomach, and heart and compensating higher value:
in the bone, bicod, and epidermis (Table 10.2). Apparently the metabolic pathe 3¢ Ca and Sr

Table 10.2 —Ca0/8rO RATIO IN YELLOWFIN TUNA, Neothunaus macropterus

igh Se ¢a0/5r0
Spleen 38
Dark Flesh 85
Liver 110
Stomach 120
Heart 130
White Flesh 149
Pyloric Caeca 160
Intestine contents 180G
G11l arches and filaments 185
Eyeballs 235
Skin 20
Intestines 270
Bone 295
Blood 31

show atrong dissimilarities. The sites of concentration of Sr are the components containing
ekeletal features (bone, gill arches and {ilaments, and skin) (Table 10.3). Barjum, very
curiously, does not show a covariance with strontium. Possibly it8 metaboliam may be re-
iated to the suifate concentrations in the organs of the fish. The strikingly high Mg concentra-

tion in the spleen, heart, and gall bladder (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 cemains obscure. Zinc is accumulated most
obviously in the spleen, liver, stomach, intestinres, pyloric caeca, and gali bladder. Eigh
radioactive Zn contents (Zn®%) kave been noted by the Jaiwnese in their studies on contaminated
fishes in the Pacific Ocean [Masamichi Saiki, Shinji Okano, and Takajiro Mori, Studies on the
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‘Table 10,3 —DISTRIBUTION OF ZnO AND SrO IN YELLOWFIN TUNA,
Neothunnus macropterus

Fish Saction We, of Section % Zn0 GrameZnd %5p0 Grame 510
Grems

Blood 12.25 0.18 0.022 0.023 0.0028
Eone 45.16 0.08 0.036 0.17 0.0768

loric Caaca AR.42 0.87 0.369 0.017 0.0072
Eyeballe 8.50 0.25 0.0  0.03 0.0026
White flesh 355. 0.14 0.503 0.017 0.0610
Dark flesh 124.5 0.11 0.137 c.019 0.0237
G111 arches and {ilements 53.4 0.12 0.064 0.26 0.1388
Heart 6.41 0.2z 0.014 0.018 0.0012
Intestines 15.80 0.86 0.136 N.023 0.0036
Intestina contents 12,81 0.23 0.030 0.059 €.0076
TLiver 23.6 0,77 0.182 0.014 0.0033
Epidermis 147 0.57 0.085 0.088 0.0129
Spleen 2,02 0.31 0.053 0.035 0.0007
Stomach 2.3 1.04 0.104 0.012 ©.0029
Stomach contents 43.1 0.39 0.039 0.018 0.0078

(2 squid, 4-3 x
415 1 anchovy 6)

787.97 2.08 0.35
% in whole fish 0.26 0.045

Radioactive Material in e Radiologically Contaminated Fishes Caught at the Pacific Ocean in
1954, Bull. Japan. Soc. Sci. Fisheries, 20: §02-906 (1955}].

The metals Cu, Fe, and Mn show, in general, a pattern similar to that of Zn, showing the
highest accumulation in the internal organs. Iron shows stroug concentrations iu the blood and
and circulatory system. The metals further concentrate in the darker flesh o er the lighter
{lesh,

(1 interest is the rather strong occurre:ire of Cd in the liver of the albscore and integu-
ment of the turz. Cadmium has a chemistry quite parallel to that of Zn, and cadmium has
never been datected in sea watar.

The highest concentration of Ag was found in both fishes {a the liver.

10.5 CONCLUSICN

in conclusion, the following inferences may be drawn from the data, assuming that the
fissinn-product {or waste-product) element under consideration {8 asgimiinted by the fish
nder the same conditions and in the game chemical forms as in its normal Zunctionings:

1. Elements existing most piobaliy as sationic species in sea watex (Ma, Cu, Ni, Zn,
etc.) and wldch tend to form sirong organic complexes {see Edward D. Goldoerg, Treatise of
Marine Ecology, edited by Joel Hedgepeth, GSA, 1857) tend to concentrate in internal organs.
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2. The alkaline earths Ca and Sr concentra‘e {n the hard parts, and Sr appears more
strongly in the fleah relative to Ca. Surface detection of Sr appears feasible inzsmuch 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 !n least quantities in the hard parts.

4. From the "nown chemistry of Kb and Cs, as well as some studies on plants (R. Scott,

A Study of Caesium Accumulation by Marine Algae, Proceedings of Second Radioisotope
Conference, Vol. I, pages 373-380, Academic Press, Inc., 1854), one might expect these two
elements to be at least as strongly fractionated by the organism relative to Na as ia K.
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CHAPTER 14

UPTAKE AND ASSIMILATION OF RADIOSTRONTIUM
BY PACIFIC MACKEREL

By DeCourcey Martin and Edward D. Goldberg

The problem of the retention cof radioactive waste pre-ducts introduced into marine waters
through nuclear detonations by marine organisms has received scant attention. Inasmuch a8
many fishes and seaweeds are used directly or indirectly in foods, it is of interest to invesii-
gate the uptake and assimilation of potentially dangerous fisrion products by the marine bio-
sphere. ‘This present inveptigation concerns the uptake of radiostrontium by the Pacific
mackerel (Pneumatophorus diego). Radiostrontium is of significance for two reasons: lts high
fission yield (Sr™) and its long half life (19.9 years). Tke Pacific mackerel is an importaat food
fish, is closely related to tuna, and is readily adaptable, because of size, to laboratory ex-
perimentation.

11,1 EXPERIMENTAL PROCEDURES

i11.i.1 Twracer Preparation

Strontium exists aa one of the minor constituents of sea water, with a concentration of 7
mg per kilogram of sea water. The isotope of Sr employed, Sr”, has a half life of 18.9 years
and emits a beia particle of 0.61 Mev to form Y. Y !z turn decays by emission of a 2.35-Mev
beta particle with a haif life of 65 hr to form stable Zr’".

The radiostrontium was obiained in solution as carrier-free 8r(NOy), from the Oak Ridge
Nationa! Laboratory with an activity of 1£.56 mc/ml. The origival solution was diluted in
acidified digtilled water to produce a working solution of approximately 1 pc/ul (1 me/3). A
50-x (0.05-ml) portion was pipetted into gelatin capsules which had been coated with butter to
prevent disscluticn before use. The working solution was assayed during each feedl.g period.
The average beta activity of five different assays gave 7€,630,00C counts/min/50 A. Thii is the
amount fed to the mackerel.

11.1.2 Inoculation of IFish

Pacific mackerel were chosen as a representative food fish for this study. Tuls fisk is
readily available, is adaptable to captivity, and is of a conveniert size for laboratory work. 8ix
dozen fish of similar age, size, and weight were caught {n waters near the shore off La Joila,
Calif. These fish were retaine{ and fed in a large aquarium for several weeks before use.
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A 50-A portion of Sr*’ in butter-coated gelutin capsules was forced down the throat of each
of 24 fish. Ten {ish were removed {from the retaining aquarium in lots of five and wers placed
in a tank filied with aboat 40 liters of sea water, Tertiury amyl alcokol was 2dded until the
fish were narcotized. The fish were then removed from the water. A gelatin capsule was
forced down the throat of each fizh with a glass plunger. The {ish were iken placed ir an ex-
perimental tank of 2000 liters of circulsting sea water. They recovered from the efiucts of the
alcchol in 5 to 7 min.

The {ish failed to eai for several deys after the narcotization. Most of thein showed aigos
of diarrhea.

The remaining 54 {ish, &t & later date, were forcibly fed gelatin cepsuies by hend. They
were then transferred to = second experimenial tank witkin 15 sec. These {iah suflsred no
visible i1l sffecte and voraciously ate bits of chopped zaimon within 13 min of the faeding of the
radioactive capsule. Although two methode of feeding rere used, there appeared to be no
significant variations in the results of the radiostrontium uptake and assimilation for the two
series of fish,

Fsllowing the administration of raciostrontium, the flsh were maintained in large tznks
with & congtant supply of sea water and scod. The sffluent water from the tanks wag dliutad and
digcharged Into the ocean. The area around the discharge was monitored bourly for treces of
radioactivity for a period of 8 hr following the feeding. It was checked perindically for three
weeks thereafter. No appreclable radicactivity was found in the diluted discharge or on the
beach sand. The water {n the 2800-liter tanks was 21s0o monitored and, after feeding five fish,
was found to contaln 54.5 counts/mia/i0 mi after 30 min, 52.8 counts/min/10 1ol after 1 hr,

45.5 counts/min/40 ml after 2 hr, 24.3 counta/min/10 m! afier 4 hr, 15.2 counts/min/10 ml
after 8 hr, and 7.7 counts/min/10 ml after 24 hr.

ii.1.3 Preparation of Samples for Asaay

The {ish were sacrificed at regular intervals alter administration of the radiostrontium.
In geveral cases more than one fish was killed at a time. The intervals were 15 min; 1§, 2,
3%, 4, 14, and 24 hir; and 2, 8, 4, 8, 186, 32, 64, 128, 185, and 235 days. On the fourth and
seventh deys, {ish were found dead and were assayed only for total activity per fish. No signif-
icantly greater differences in the total activity per {ish were found beiween the dead fish and a
asanrificed fish of the same day than between two {ish killed at the same time.

The fiah were dizgected, and the major organs were removed for assay. A section of the
epidermis consisting of about two-thirds of the totai was rersoved. An equal amount of the
dermis was assayed. A section of the muscle conslstiag of {rom ome-third to one-haif of the
total flesh was seporated from all bones and other organs. This was assayed as the “choice”
flesh as shown in Fig. 11.5. The remazinder of the flesy coaisining some bone, gkin, scales,
blocd, and bits of other organs was assayed as “waste {lesh” in order to determine the totai
zetivity in the entire fish from the sum of activity in the organs, The entire gills, heart,
spleen, ovaries, kidnuy, liver, pyloric casca, small intestine, stomach, and gall biadder were
removed, The backbone was separated and picked free of fleah. The head, including the eyes
and operculum, was counted separately. Samples of the blood, scales, and fing were also
measured.

The sbove-mentioned organs and tissues were weighed wst, dried at 116°C for three days,
weighed dry, and digested in concentrated BENO;. KClO, was added, and the mixtura was
healed unti! the organic matter was completely digested. The zolution war evaporated {6 dry-
nexs. Severai sampies were lost at this stage owing to ignition of incorapletely digested or~
ganic matter ia perchloric acid. The dried salts were dissolved in water and ACl, diluted to a

min{r-~xn volume, and stored for future counting. A number of live whole fish were digented,
diluted, and prepared for counting in the sare faghion.
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11.1.4 Method of Assay o Radiostrontium

The beta particles from the Sr* and Y* in the 2quilibrium mixture have maximum: ener-
gles of 0.61 and 2.35 Mev, respectively, and hence are easily detectable. Seven to eight days
wag allowed betwean the sacrifice and beta counting of the firh {n order to permit the 85h
Y% ta reach equilibrivm with the 5r*,

The solution of aghed organs was counled in 0.2-ml aliquots on i-in.-diameter copper
planchets mounted on cardboard disks and covered with cne layer of scotch tape. A sc/nifila-
ton counter consisting of a plastic p-terphenyl crystal coupled {o an RCA 581 nhotommitipler
tube was used in conjunction with 4 conventional scaler. Ths planchets to be counted were
mounied 2 mm below the p-terpheny! phosphor In a shield of 1/2—111. plastic surrounded by 2 in.
of lead. -

The sclf-absorption of the small amount of salt was taken into account in the following
way: Appropriate amounts of ask from a control figk ware added {o the standard solutions, and
the samples were then agsaycd,

The planchets wera each counsed &t two or more different perlods to check for any build-
up or decay of ¥. Only in the case of the stomach and inlestines of the 4, 2, and S%ahr {ish
wag any {ncrease {n activity noted. The maximum increase observed was in the stomach of the
3‘,4-hr fizh, which showed sn increase of L0 per cent over two weeks' time.

i1.2 RESULTS

The results obtained from 2ssaying the radiostrontivm content of the different tissuea and
organs are expressed ag the percentage per organ and as the percentage per gram of dry
welght. The sum of the activities of a1l components was calculated to give the total activity par
fish. This result {s presented az the percentage of the criginal dose remaining in the fish.

Ar checks on thege results, the golutions of the organs were added together to produce a solu-
tion of the entire {ish, Furthermore, 10 {ish were dissolved whole and counted as individuals.

The excretion of radiostrontium by the Pacific muckerel is shown in Fig. 14.1. The per-
centage of the inltlal dose remaining in the fish is plotted against time. Half of the activity was
iost between 12 hir and one day. After one or two days the level of activity remained almost con-
stant. Thia Indicates that about 1 to 5 per cent of the ingested radiostrontiume may be expected
to remaly in the {ish 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 ia the gills decreased after the first day,
whereas thie percentages in the head and backbone increased.

Figure 11{.3 shows the activity found in the total flesh of the fish. The curve ia Lrsed on
the activity per gram of dry {lesh as shown in Fig. 11.5. Only samples consisting of from one-
third to one-half of the {otal flegh were agsay:d, These were boneless fillets. The remaining
flesh coniained some bone, blood, scales, and body fluids and consequentiy would have given
a higher activity. This waste {lesh was abour four times as active as the cholce flesh.

Figurc i1.4 shows the weight deviation of each of 12 fish {rom the average weight. The
weight of each dry organ was multiplied by a coerrection faztor to reduce the fish to the same
effective weight. Assuming no variaticn in relative size of organs with weight of fish, a smali
figh would be expected o have a greater concentration of activity per gram than a larger fish
which hagd absorbed the sume dose. The activity per gram of dry organ was multiplied by {wet
weight of the fieh}/{average wet welgnt of 21} fish).

Figurea 11.5 and 11.8§ shaw the coucentration of activity In tissue and organs iu percestage
of retainea radinsirentinm per gram of dry organ plotted against days since administration of
the tracer.

A large percentage of the radiosirentism was found in the gills one day after ingculation.
This is the gite of extrarenal excreiion of 3zlis by the organism, and probabiy a large pes-
centage of the radiostrontivig was excreted by the gilis. The feces were not callectsd. The

118




WoE e, B

cysy suo stuaswdal asged yoeg
*worreinoouy aoups Jururrweas sop jo aBviuasiad uy asaNorw oyjovd Lq wnpuonsoypes jo eIl 111 ‘81

411111 ¥ v kL Mnd‘d( v AJ v -\1nﬂd LA A v Ty ey L L v —14\4-! Ll L) v ﬂ “‘o
9 .
s he
- -] e

. 4

- o o o im
e -t

— @ o wm

..'l'll'l"-[

- £

f!/ -

r [+] 2] o - W

[ <] o [
- [+] -

° &

b -4 5

. 4 M

- e 1z

- 1 [~
- -y

ot *4 el

- -0 2

iy

(43

p 4
N .
s .
1 o
o [ o

bsrt bbb PPN sttt Lidit i i T P
(3.9 1) 00! [e]] (o) 1’0 10°0

— WNILNCHISOIOWE 40 NOILYTINIONI IONIS SAVQ—

,.Z
B N R R LT ] oo bl

116




€on e s e b - .

*ued10 yoea uy 250p paureyas jo
a8euaorad Suymoys '[araxorwy dYyroRd O UCIA[AS (E10Y puE ‘SIS ‘auoqgyorq ‘peay Uy wnpuonsopes jo uonisodad—z° 11 "8

[REEHN

— WNILNON1ISOIOVY 4O NOILLYINIONI

IINIS  SAvQ -~

ey ey v  anan meammant b S [y ey v Py

—— a0

\"’ 4 )
! Gri T, \\\Xﬁ [
/OI . " ,
N
i B Lt . -’ Lk
J e e — vl.l// -
o PP i . .ilF/ﬂll - -
pommm T “ ofg
INOEXIVE ” " " K H 2
W 2
B Vi d [+Y 22
¥ 3IN 7] H m
- .lé.nw
i . GGM
(9'8'H ) KOLSZIINS —p N.
o
L o o @
[ 4
@ 3
"~ —— Ch y o3 Y > P o 8‘
o z
HEld Wid ®ed b=}
A ] (3 4
3 (Bive) 3mit %4 Aoo NYONG 1Vi0L Ude WD v n&m
N T \ Ittt . [ R [ . b oo
(s o]} (e)e]} (o] ] (o

120




[T ————_p g v VR R Y st

X A

R

"
. ) TR e PR T L L
RN (R ) . B » s Y

‘uys3[ (2100 O PIR-2u0 jo Beivar ue jo Bupspuod 191}
£5919U0q 204D WO PABINO[ED FE [IIMDRW DYJJOeq JO US| (1¥icl U Wnpuonsoipes jo uopysodap Isewrrxoiddy —.g vy 14

T vy v A g ) S S A ~ - Ty ey > - r WP v ' AR
v do
- [+] [+ -
Q Q9
[+
e =y
0 Nd
m
2
o - m
z
»
(5]
- J'B
vy
[«
S 8
- T »
!
>
-~ el X 4
.3
o
b - 5
- QN
b [«
£
ot e n
- 401
) IS T N Y A A A | T U W VY Y L ) WP VI S Y A i i Lododnd uBomrndbmind 4 4 ) S Y W)
000 00} (e }] (oM} 0

WRIANDORLSOIDEY 30 NOILYINIONI FINIS SAVC




3y 21 9 o yB1am 1am dBeraar i woyy ysyy  Jo wBram 10m sy
30 untietaap ayt saussaidas juzod yowy *yarayoRW OIj1oey jo uoperrea 3yBram isureSv paprdde s1010e) UONIDALIO)—m b 1T *S1g

1 L I i 1 1

-

~N -

1
9% 821 v9 2¢ k] 8 b
WALNORLSOIGYE 40 NOIAYINDCH! 30MIS SAVQ

. Y e
Ty Cew gty p..mfﬁm..fuw m‘.ﬁﬂwwmrw:

o

LHOIZM JOVWIAY / LHOIIM 13M

~N

122




O o ) ST ——— T

s en o onp Sl

suonrensjupuspe (210 Buymorioy uedio
L1p jo wesd 12d wnniuons paqiosqe jo a8eiuasiad uy [9134dew DFJIOe4 JO Ysa(j 2910yd Aq wnpuonsopel jo qvidn — g 11 814

T 1 T i

i i i 1

g ° e 3

C HYHD U 06548 (QINIVIIN 40 IHVINITHIA
123

1

A

0

~N
NVBHOQ AMQ 4

A H " i N 1 1 A a 1 1 13

A
9% 82! 1 4 2t 91 8 4 r i (e}
WALLNONLSOI0YY 30 NOWLVYINDONG 3DNIE SAVD

hsust

!




R

neterrimt e
R Ry L P AR 5

ot ont SR 0

T

|
‘.«.,...__%:E_azx_ia%%»%ﬁﬁﬁ%&ﬁﬁgn% k_

O pt s s e it

- - - - - .

*ysy) (enpYAIPUY 1 JO BYBrom
13 UJ SUORIWHEA 10} PIIOILIOD ITE $PAIND IYL UCIILASTUTPT [€0 Bupmoryoy uvBio Asp jo wiesd 1ed Isop
paqiosqe jo a8¥iuaotad uy (aaoew Jpjjoeg jo surdio tedjounsd £q wnpuonsorpes jo Mwdn—§ 11 ‘B4

ln_hihmo.odd J0 NOLIVINJONI M6 SWd

T N S ST Yoo bt Mk B s
..m\im |
A dego } 0 G
f B 11/
9
3 Lt.c b
b |
80 o
. N .
R T AINGIN AINGIX /.
300 SN0 .
b 3-2-2 VOO . o t
—-2—~% 000" "
* N ‘0

——— PAIANCELSOIOVY 40 NOLVROON! 2MNIS SAVQ <o

{ %2 B2 # wW N ¥ v 2 !
5——3, v v - ~ v %
1 . w v
: X o3~ ~l.g W
\ 0 s . >
[ H x/ L NYBNO _ANO
4
! '8, M l&.owm..
L vl
NOY I nﬁﬂn«w’.
w30V TE TS ) | 3 ] VI
INUTTINI :

] \los 33 3 SMNIGI o1

auou..w zwoc:c 44..%_ . Wies Hombt ROINEIO @ TWING *
ey e (= *
[ L 43

. .

124




o s v - . P -~ o PN R S = =T TEEE S R S

activity in the gillg steadily decreaued a2fter the initial maximura, whereas the activity in the
backbone and head either remained ai a conetant level or increased with time.

The radiostrontium rapidly pussed {rom the stomach inty the emall inteatine. At the
s2me time, the activity was conceatratzd by the spleen. As the radiostrontium ia the intestines
decressed, the gall bladder, heart, Mver, a 1 ovaries showed an increase and then a decrease
after 2 to 4 days. The zctivity found w1 e epidermis, dermis, and pyloric caeca increased in
percentage to a maximuw on the clghth dxy and then followed the loss by the gills. Only the
head anil backbone shawed no decrease with time. Apparently the radiostrontium is first ab-
sorbed throughout the body; it is thun excreted by the gills or s fixed in the bones.

11.3 SUMMARY

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

Ninety-five per ceut was excreted in 24 hr. Tle remaining § per cen! 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 showed 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 Bieri, Edward D. Goldberg, DeCourcey Martin, and Robert L.. Wiszer

12.¢ INTRODUCTION

The interaction beiween the members of the marine blosphere and the various chemical
components ot se2 wator commands attention as one of the focal points in studies of produc-
tivity and sedimentation. For extending our understanding of biogecchemical processas, the
permutations of the somposition of sea water produced by the detonation of nuclear devices
offer great promise. First, the introduction of minute amounts ¢f easily measurable radio-
active substances provides ready access to the pathe of such gubstances from the hydrosphere
to the crgarisams and subsequently from organism to organism. Single elements, as well as
suites of clements . 2an readily be studied by already well-established radiochemical tech-
niques for thefr isolation and quuaiitative analysis. Second, time studies on the retentisn of
assimilated substances can be undertaken. The biologiccl half lives of elements in marine
organisms, in conjunction with the respective concentration fzctors, are of paramount im-
portance in considerations upon the long-time effects of cceanic nuclear testa.

The purpose of the fisld studies on Wigwam was to make a broad survey of the dietritm-
tion of fission products between the marine waters and members of the bicsphere. The work
was limited In two ways: {1} The time available for the sampling of both water and organisms
was secondary to the main objectives of the Scripps Institution of Geeanography vesasls, and
gtz*ions could not De made In every definitive area of interast. (2) Owing to the lack o per-
sonnel, squipment, apd apace abhoard the vessels, chemical separations of (he figsion products
were not made. Thia latter limitation prevented studios on the wore indmate biogeochemistry
of the various nuclear products irom the explosion. Nonetheieas, a2 preliminary picture of the
inferaction between fission products and marine plants and animals has evolved.

12.2 METHCDOLGGY

12.2.1 Sanpling Techniques
Sampies of sea wal2r ware «ssayed in the fiiversd (mfilipore tyne Hi filters, pore size

about 0.5 ) and the un’iltered statec. The samples were collected tn plastic bottlss (Flexiglag)

and in brass Nansen bottlee, ue weil as in zubber buckeis, from the gurface. Samplea of tae
zooplanktonic orgzatsma were collested balh in mater nels and in the high-speed planiios
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collector  3amplas of lnrger organisms were individually separated and washed {irst in in-
active gea witer and then twice In dist{lled water. The washes were changed extensively and
nevar digpiayed sry measursbie contamination. Some samples were frozen immcdiately after
they were obtained, and these were maintained {n this state until analysie. All specimens were
idantified before radioactivity assays were made.

12.2.2 Radicassay Techniques

Activity measurements were made for both beta and giunma psrticles. The bela activity
was measured either with an end-window G-M tube {window thickness 1.4 mg/cm? or with a
terphenyl ecintillation crystal coupled to a Du Mont 6282 photomuitiplier tube. The gamma
activity was measured with « Nal(T1) crystal coupled to 2 Du Munt 8292 photomuitiplizr tube,
Conventional scaling equipment was used.

A single-channel step-pulse-height analyzer (Devtronj was used to obtair the gamma
apectrum cf samples from 0.3 to 1.5 Mev. The detector was a Nai(Tl) well type crystal
coupled to a Du Mont 6282 rhotomultiplier tube. The spectrum was divided into 100 channels
having a channel width of 1 volt. The instrument was standardized routinely with Co®, Zn®’,
and (8’ sources. Samples were counted over each channel for uniform times ranging from
i to 15 min.

For beta and gamma assays the sea~water aliquots were evaporated under an infrared
lamp and then coated with & lacquer using a bomb type spraver. The zouplankton samples were
initially dried at 110°C in an oven and then coated with the lacquer.

Samples for gamma speciral analyses were placed in small screw-top glass viaie wiich
ware then completely sprayed with the lacquer. Water samples were placed in gines vials
which were cloaed off by sealings. The vials were washed in clear water before analysis.

The number of organiems or the amount of nea water for assay was approximated by
holding the sample near a survey meter (Beckman MX 5) to ascertain a rough value for its
activity. No samples suowing activities greater than 20,000 counts/min were assayed to avoid
colincidence eflects. Samples were counted until their activity decreased to a value near back-
greund. All .-imples were counted to 0 probable error of 10 per cent or better in the net
counting rate,

Aluminum, copper, and plastic pianchets were uzed for the beta and gamma measurements.
In a aingle sertes, all planchets were of the same composition, and therefore ready com-
parisons can be made. However, neither backscattering nor self-absorption corrections have
been applied in any case.

12.3 RESULTS

12.3.1 Water

On May 19, 1853, a deep-water sample waag brought aboard, and the distribution of activity
between the soluble wnd particulate states was ascertained by filtering the water through a
membyrane {ilter (sore size approsimately 0.5 ) and rssaying *he activity under a gamma
acintillation detector. Approximately 50 per cent of the activity could Ve removed by the
filtration process. This measurement puts an upper limit on the umount of activity in true
ionic states. It ir probably mauch too high, considering the data »f M. Ballou (personal com-
municziion).

Gamma-ray spectra of uatreaied waters, coliscted ot ditfferent stations and at different
times, were run daily from May 18, 1855, until the middle of Avgust 1955. These samples
ghowed no gruss gattern differencos when they were counted at the same time. This result
indicates that no ryedsurshle {ractlonation nf isstopes tock place in these waters through the
action of physicochemical sr bivlogical presesses. In Ausgust 16585 the only detectable activities
remaiaing In unfiliersd wateys were Zr and R, ag mieasured by thewr garema apectra.
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12.8.2 Organisms

Tablea i2.1 to 12.9 glve the relstive activities of orpanisms colsected during the opera-
tion. It wae apparent guite early in the duta avalyses that the activity of an organism from &
#lven haul was dependent upon its feeding habite. Thus the irimiems are tsbulated in groups
of feeding types: C, cillary; M. mucous; £, sctal; R, rapacious; P, pisudopodial; and T,
tertaculcr. A survav if theee ropults orings forta a number of generalizations: '

1. The cliiary and mucsus filtesers ahow the highest accumulationa of radioacticity pov
orgaxisy.,

2. The aetal filtersys in general are ‘he second highest accurnalators of radisactivity but
show sliso rathar stronyg variaticns.

3. The rapaclous forms such a5 the calsnold Candacia snd Chaetoghatha show considercble
variation, atthough less than ths setal {ilterers, and in genersl posgess lower counts psr
organism.

4. Radioiariang {psevdopxdial filtcrere) have rather ligh accumulations of activity, vhere-
as & single foraminifers {sample N-i, Table 12.7} showed & gero count in & sample that had
fow organisma with high activities,

&, The tent2cular feeders (ccelenterates) had rather low counts per organism. It should
be emyhegized that the validity of such comparisons rests upon the assumption that the
organiema from a given haul were all exposad to the same levels of activity for assentialiy tha
same pericds of time. Obviously this 15 not true. Nevertheless, these generclizetions can lsad
us {0 formulate a generai pintesa of the distribhsiion of activity beiwron the hydrogephere and
biosghare.

It ie hard to avold the inductior, that the Jom:inant form A uptake ie that of pariicuite
material, Bwawucl 70 2% loaot 50 pre cont of tie ackivity is in 2 4epersed solid form, those

organ{oms thal praduce an xbsorpiion sheet (mucus) or a filter (cilia) should be most fective

in removing the solid phas*s frox. the waler. A confirmaation of (his hypcthesis mnay be found

in the romparizan of the gamma specira of the water and of the organisme. In Figs. 12.1 aud

12.2 ave the curwes fur pteropod X~1 and water sampie 4. The patterns are quite similar for .
the gross gamma activity. Iz Figs. 12.3 and 12.4 the comparison is made for June 24, 1958,
The patterns again are quite vimilav, except that the organism does not show the peak xt
chanrel 88. Similarly, late in July, the pteropod and water sample (Folsom No. 5) show
essentlally the same patters, except that the organism lacks a peak around channel 89 (Figs.
12.5 and 12.8).

Without further knowledge, one may tentatively agsign these pesks, missing in the organ-
{sms, to chemical species that the organism did not favor in uptake. It is tempting to con- .
sider them as spluble gpecles,

Of interest are the pteropods, z cillary feeding groap, that were nearly always possessors
of Bigh accumulations of activity. In Tabie 12.7, samples N-2 and N-£0, the partition of ac-
tivity between the hard and soft parts of the organisms Cavoliaia inflexa was made, with the .
result that tiie dominant amcunt of activity is founa in the body. The shells of the pteropoas
are formed of calcium carbonate. A further dis3aection of the bodiey of the urganisms was
made, and in Cuvierina columnealls, taken from net tow 13, the activity was as followe: 1146 .
counts/min in the liver and gut; 3§ counts/min in the shell; and 105 cowmts/min in the re- :
mainder of the soft parts.

The analyses of fizhes, given in Tables 12.1G to 12.15, indicate that the majority of the
activity could be igolated in the stomach contents, intestines, and aasocinted organs., We
cannct say how long the {igh had been in the area of contaminatinn. Afsuming that they hed .
been thore but a2 short time and that they had beer actively feeding, it is understundatle that =
coatarcination would appear only in the alimentary tract. M, however, they had bean present &
longer time and had ingested a sulficient amyouns of contaminated food, then we may expect to
find contaminan’e withir: the various organs and the body tissues. [t is rather apparent fiomm .
the results thu! both these evenis had occurred. .

The studies resulting froxs Operation Wigwam may be regarded 23 being entirely elemon- =
{ary in nature. Contrary to controlled lahoratory experiments, such fleld stulies, nr labora-

{(Text continues on page 148.)
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Table 12.1 —GAMMA ACTIVi1TY OF ORGANISMS COLLECTED MAY 18, 1856
(Mounted on Aluminum Planchets; Counted May 18, 1855)

No., of Feeding Total Activity Per
Sarple No. Organisms _Type = Organism Activity Organigm
B~1 2 S Buphausiids (12-15 mm) 46,111 23,055
8.2 2 5 Hyperiids 830 4115
B.5 1 S Mysid 100 100
B~1D 1 S Calanus 3,357 3,357
B.11 1 S Ostracod 400 400
B-12 1 S Calanus 3,27 3,47
B-6 1 S?  Decapod Larva £65 865
B-3 1l hid Polychaete 907 907
Bl 2 o4 Sagittas (8 mm long) 575 288
BT 2 R Candacia aethiopica 519 260
E-8 2 R Candacia aecthiopica 665 333
B-9 i T Siphonophore Bract 820 820
(Diphyes sp.)
B-13 1 Diatom Coscinodiscus Rex 50 50

129

=
=
-
b
X
=

+ TR Mo e 9 2

LR L LT

v o e ot

A

,rivﬁwmmmmmwmuwww%

v s orrA Lt




i

"{!; % 2

AR

W

o
%

Vs
ey

L

R L
R o

VE R P TR G 0 b

.

Table 12.2—BETA ACTIVITY OF ORGANISMS COLLECTED MAY 16, 1956

{(Mounted o= Plastic Planchets; Counted May 18, 1955)

No, of Facding
Spzple Ho,  gmisw. L Tuee, Yauden Total Activity
Food, 3 2 Calanoid 7460
F~5 1 S Calanus 5155
Peb 2 S Stylocheiron affine aduJlt a2
P-8 1 s Puphausiid furtulis 84
P 1 S Ostracod 3807
Ful2 1 s Calanoid 8116
P-13 1 S Calenoid as P-12 2794
P=14 1 S Calanoid 807
P-1 1 R Candacia aethiopica 100
pP-2 1 R Candacia aszthiopica 222
P=7 1 R Tomopteris BN
P-21 1 R Polychaete 17
P-15 1 R Sagitta 483
P-3 1 R Head of Folychaete &
(See B=3)
P~-10 1 < Galatheid larva 3838 ,
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Table 12,8 — ORGANISMS AND TREIR GAMMA ACTIVITY ZROM HORIZON BAMPLE 2
(Taken from Peaks at Channeis 48 to 50 in the Gamma-ray Spectrometer;

Yo, of

Counted May 20, 1835)

Feeding Total Activity
Suwle Mo, Qrranfems _Type  Ynsanism Activisy Per Ovegniem

B-1 1 c Euclio pyramidatus 7262 7252
ety 1 S Calanoid Copepod 347 347
H-9 3 3 Calanoid Copepods 313 104
H~17 22 S Buphausiids (6-15 mm) 531 2
H-18 2 5 Oalanoid Copepods (2-3 ma) 1020 i2
H~12 17 R Larval Fish (4-15 mm long) 72 L2
H-13 12 R Sagitta hexapters (20 mm) (6)

Sagitta colinsfornice (12 mm) (6) 34 70
Bl 30 R Candacia asthiopica 135 L5

Stages L, 5, 6
515 15 R Sappharinids 3

Table 12,4 — ORGANISnS AND THEIR BETA ACTIVITY FROM HORIZON SAMPLE 2
{Counted May 18, 1955)

lio, of Fecding Total Activity Per
Syxyle No, Organdsms _Type =~ Organism Activity _ Organisy .
HCu~6 4 S Zuphausiids 3907 977
HCu-7 1 s Decepod Larva 4359 4359
HCu=-8 5 S Calanoid Copepods 14587 2909
HCu~10 ) S icaphd pods 5973 996
ECu-11 L S Ostracods 4867 127
HCu=3 2 R Liarval Fish L,00 2200
HOu-L A R Sagittas 1965 L9
HCu~5 4 R Candacia sethicpica 5 1029
HCu~9 6 R Sappharinids 666 11
HCu-1 1 P Radiolarian e82 982
HCu=2 2 Diatom Centric Diatons 200 100

Coscinodiscus
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Table {2.5-—ORGANISMB AND THEIR BETA ACTIVITY FROM THE BAIRD
CLOSBING-NET SERIES
(Haul 9, Taken May 18, 1855, and Counted May 19, 1985)

= No, of Feeding Total Activity Per

Sample No,  Organjems  Type Orzenisme Acidvivz  _Orzanims
;- XCu~d) 1 M Salp 5775 5775
) XCu-3 1 c Pteropod 6209 6209
XCu=1 12 S Biphausiids 1309 199
XCu-6 1 s Amphiped 5 5 :
XCu-7 1 S Ostracod 23 23
XCu-2 1 R Polychaete 0 (o]
XCu-~5 1 R Chaetognath 178 176
?
XCu-8 1 P Radiolerian 2320 2320
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Table 12.6—BETA ACTIVITY OF ORGANISMS FROM NET HAUL OF MAY 22, 1955

(Countad May 23, 1965)

ro, 02 Feeding Total Activity Per
Sarple No, Crgnisms _Type ~— Orggnisms Actdvity _Organisa .

c-15 1 ¥ Salp 9,918 9,918
C-3 15 c Cavolinia inflexa 27,695 1,360
Cc-10 2 c Styliola subula 17,477 8,739
c-11 1 c Ruclio pyramidatus 11,339 11,339
Cc-20 1 c Gymosomatous 3,047 3,447
£=26 2 ¢ 13 mm. Cuvierina cclumnells 3,181 3,181
c-28 1 ¢ Diacria trispinosu 4,148 4,148
c-30 12 c Diacria qusdridentatia 639 53
C-i 3 c Cyclothone gignatu L& 156
C-% 1 s Thysanopoda aequalis 795 795
Cle 1 s Hygophum reinhardti 27 27
£-5 5 ] Medtridia atrs 76 15
c=6 1 ] Anphipod, 25 rm. long {Oxycephslus) ns 118
C=7 2 s Amphipods, Phronima, 25 mm. 1,658 829
c-8 5 8 Tupliausiids, misc, a9 185
c-12 1 s ¥etridia, 8 m. long 29 29
c-14 1 3 Decanod, 25 mm. lang 57 57
c-2 10 s Caianoids, misc, 1,22, iz
C-27 5 s Ostracods W, 9

C-29 1 S Calanoid Copepod 75 ™

C-13 1 R Fteratraiechid, 45 mn. long paTA paTA
c-16 3 R Sagitta hexaptera, 20 mm, n2 112
c-17 4 R Sagitta planctonis, 12 mm, 17 4
£-19 3 R Chastognath, Surface Living 6 2

Pterosugita drsco

c-21 3 R Polychaetes 7 9

c-22 2 R Squid, & mm, 188 94

Cc-23 4 R Candacia sethiopica 458 15

c-25 3 R Sappharinids a 2

C-< L P Radiolarians, 8 mm. diameter 587 147

c-13 5 T Diphyes, Bracts, 15 ma. 118 2%
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Table 12.7—BETA ACTIVITY OF ORGANISMS FROM NET TOW 15 OF THE BAIRD
(Taken May 23, 1955, from 0 to 500 Meters; Counted June 8, 1955)

K-l

Cloborotalia truncatulincicd

Totad Activity Per

Sanple Yo, Orgenisms _Type  Organisrs ~Oxgspdsn
N/, Cavolinia inflexs, 6 mm. %0 990
N-5 Liracina, sp. 1.5 and 0,5 =n., long 78 39
¥=9 Cavolinia inflexa, 5.5 ms. long 54 5
N-10 Shell sbove, body below 2,988 2.9¢e8
N-11 Hyperien Amphipod 182 182
N-2 2 S Barracles, Cyprids, 1 and 1.% =a. iong 0 0
N-6 1l 5 Euphausiid, 16 mm. long Thysanopoda 112 112
N-7 1 3 Euphausiid, 24 mm. long Thysanopoda 98 9%
N8 1l s Decapod, 20 mm. long 54, 54
¥-13 1 S Ostrzcod, 8 ma. long L7 W
K3 1 R tlantic, 2.5 rmm. z? 27
N-12 1 Myctophid, 10-11 mm, 132 132
0 0




Table 2.8 —GAMMA ACTIVITY OF ORGANISMS COLLECTED MAY 19, 1855, AT

2300, FROM PLANKTON TOW 10 OF THE BAIRD

{Obliqus Tow; Counted May 20, 1955)

Samla Oh'o. or ?1:2_?5 o Total  Activity Per
7.6 2 ¢ Cavolinia inflaxa 61 a7
=7 3 c Pteropods XL 5
T-8 ki c Ptaropod 1é 1%
-2 i s Deep Sea Ree Shrimp, 25 mn, 23,789 23,789
-1 5 s Buphausiids 55 n
Teis 2 s Copapods, Metridis, 10 mm. black 23 106
1 8 s Copepods, Calancia, 2 nx. rad 178 22
T-12 B 3 Kyperiid Anphipods ] 0
-1 1 S Decapod, 15 ma. R fe 1
7-18 10 s Ostracods, 3 upecies B 0.4
™3 1 Kk Cyclothons, 2 mm, fish 59 59
T=5 5 R Miec, Larvsl Fish 3 3
-9 1 R Atlantid 3 3
7-13 1 R Lyclothone, 15 mm, 10 10
T-12 12 R Cenikcia agthiopica 3 0.25
T=1 & R Folychastes & 1

=14 4 T Dlaxves Piwcty i, [
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Table 12.9—BETA ACTIVITY OF ORGANISEMS COLLECTED MAY 21 AND 22, 19655,
FROM 2030 TO 2530, ON THE BAIND BY BAZOOKA NET

No. Of Feeding

{Counted Jure 5, 1856)

Saxple No, Organisma _Type . Jigandop

Totul

hotivity Per

Activity _Orzanisn

Yoy 2 c Peeropod 7 27
Z-10 2 c Pteropods 3,072 3,072
2-22 1 ¢ Ptevopod, Styliscla Sp. 2 20
Z-16 1 c Haked Pteropod 3,26 3,28,
21 2 S Decapodu 259 130
-2 3 S Mysid, Cercuvstds 129 43
=4 3 3 Calaaus 337 12
25 3 5 Buphsusiids n 124
2~7 3 S Ostraceds 5 2
-1 3 £ Buphausiids 19 6
2-19 1 S Barnscle, Cyprid 26 26
rdal 1 Ly Ahdpods k3 3
Z-14 2 8 Avphipods 7 8
Z= 3 R Sagitts zp. o a
2-9 L B Tishk larvae 78 2
211 1 R Cyndacis sathiopice 7 7
Z-12 1 R Sappharicids ¢ 0
Z-15 2 R Atlantids e 0
2o )7 1 R Polycaaste ] 8
Z-13 3 P Colonizl Radiolarian Colony b 97
2-8 1l Diatox Conscinodiscus
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Fig. 12,1 —Pteropod sample X-1. One-minute counts per channel; 0430, May 21, 195%.
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MAY 24, 1855

(Samples Counted June 14, 1955)

TIVITY OF ORGANISMS COLLECTED ON BAIRD HAUL 5,

Sample Wat Welight hctivity

No. Feeding Organiam Yams Activity per Gram

Type
E.17 M Small colonial tunicate 0.54 12,494 23,200
E-9 s Mysid 1.0 46 46
E-10 § Pink Shrimp 0.5 5 10
E-11 s Whito Shrimp 0.6 20 50
E-1/ ] Buphausiid 0.18 16 89
E-15 s Transparent crustacean, long C.46 899 1950
appendages

E-16 T Snall purple jellyfish 1.65 m 230
E-1 Plah lanpanyctus idostigme 0.8 7 9
£-2 Figh Melarphass bispinosus 3.7 93 25
E-3 Pish Lampedena sgp. 1.8 116 65
.l Pish Csratoscopalus townsends 2.3 2402 1040
E-5 Tiah Argyropslecus lychnus 2.65 1087 410
E-6 Yish Nemichthys scolopaceus 1.8 L 24
E.7 Fish Lampanyctus mexicanus 2.7 27 10
E-8 Fish Diapkus sp. 1.3 277 210
E-12 Fish Danaphos oculatus .25 14 56
£.13 Pisk Myctophum ap. Cc.24 37 2%

Table i2.11 —~BETA ACTIVITY OF ORGANISMS COLLECTED ON BAIRD HAUL §,

MAY 24, 1955
(Sanmiples Countad June 14, 1855)

Sanpla Wot Walgint Activity

%o, Fesdlng  Organimm —{grems)  Activity per Grem
03]

BO-14 ¥ Colonial tunicete 3

Wom? % ¥h! s shrimp 2

¥ B 3 Hysid 6

Bo5-9 s axphiped 0

Byel2 3 Rlg-eyed shrinp 132

a3 5 * . 4

> | Pigh Cycicthona sigmata 14

Bfu=2 Plak fyclothops scclinidens 19

BCu~3 Pigh Diogenichtays laternatus 1

Bxed, ¥ish Ceratozsopelus townsendi 4

B4 Fiah iexpadena sp. 7

wu-b Pion iempanyctus idostizws 20
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Table 12.12-—BETA ACTIVITY OF BCNITO SHARK 5505-P-8, LENGTH 70 CM,
CAUGHT MAY 28, 1956

ST R

Organ Wst Weight {Grems)  Beta Activity inCBM  §
Stomach contents (Liquid) 180 z. 0 0
Stowach 74 2 0.3
Intsatine 69 20 3.5
Intestine content: 20 8 2,5
Liver 7% 74 5.3
Dorzsl flesh 18 39 0.33
s Heart 8 0 0
Tastes 2.5 0 o

Table 12.13—GAMMA ACTIVITY OF BLUE SHARK 5505-P-8, CAUGHT MAY 23, 1855

Organ ot Weight (Grams) Geame Activity in CPX
Stomach contents h 19
Gilis 39 158
: Livar 33 0
Spleen 3.2 0 »
&
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Table 12.14—3JAMMA ACTIVITY OF HATCHET FIS2 E-5 FROM HAUL 5, MAY 24, 1855

Organ

Lower intestine
Pyloric caeca
Liver
Fat dsposit
Heart
Pectoral btone
Lower Jaw
Gills and G111 arches
Eyaball
Brain
1/4 of skin
Flesh
Tail fin
Pectoral fin
Stomach contents
Stomach
Spleen

Tissue surrounding spleen
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Tabie 12,15— GAMMA ACTIVITY OF LANTERN FISH FROM HAUL 4, MAY 22, 1965

Crgan Mot Weight (Graws} Activity in MM
Gills 55 1e
Gill covers 1.2 413
Brain cuse and eyss 1 21
5 nematods parasites 0.005 0
Ovaries 0.65 23
Heart 0.0, 3
Liver 0.23 1
Caudal fin 0.28 4
Pectoral and pelvic fin 0.86 36
Muscle 2.8 56
Backbone 1.32 29
Stomach contents 0.05 i4
Stomach 0.5 49
Gut and casca 0.11 33
Intestines znd fecss 0.05 13

tory studies of fish collected at random from contaminated water, cen regult in oniy general-
ized statements. Such factors as the interval between ingestion of contaminated food and the
time of capture of the specimen, 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 tc laboratory analyses on living fishes.

Such laboratory studies have indicated that in the Pacific mackerel, Pneumatophorus
japonicus diego (Ayres), the final concentration of radioactive elemants takee place in the bone
structure. At present there is no good estimate of how long, or at what level of activity, thege
elements may remain in the bone structure. Of immediate concern, regardless of the uitimate
focuses and duration of concentration, ig the fact that the forage fishes inveatigated do become
contaminated. The various zooplankters found fo concentrate activity are all, either dirzctly
or indirectly, membera of the food chain and are pctential food for the {orage fishes. Almost
all fishes studied for thia report may be classified as forage fizshes and as food for the larger
commercizl fighes, primarily the tunas,

12.4 CONCLUSIONS

Az a first approximation to the lateraction of the marine bicspherz and marine hydrc-
sphere in which an atomic detonation has occurred, the following conclusions may be drawn
from the preceding data:

1. The most effective concentratore of the activity (which exiats mainly in the particulate
form) are the mucous, ciliary, and pseudopodiul filterers. The members of this group are
zooplankion.

2. From the limited assays on the diatoms, apparentiy the types of phyZoplankton in the
ares were not effective accumulators of activity, This result may have arisen from improper
handiing (i.¢., the protoplasm may have been lost) during washing.

$. o significant concenirations of activity were found in the fish, other thas accumulations
ia tis stomach and gut regions, No long-term studies for sites of accumulation of specific
{sotopen were made.
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Commandant, Command and General Staff College, Ft, Leavenworth, Kaiug, ATTN: ALLLS(AS)

Commandant, The Artiliery and Guided Missdle Schocl, Ft. Siil, Okia,

Secretary, The Antiaircraft Artillery and Guided Missile School, Ft, Bliss, Tex, ATTN: Maf
Gregg D. Braitegan, Dept. of Tactics and Combined Arms
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Housion, Tex,

Directer, Special Weapons Development Office. Headquarters, CONARC, Ft. Bliss, Tex. ATTN:
Capt T. E. Skinner

Commandant, Walter Reed Army Institute of Research, Walter Reed Army Medical Centet,
Washington 25, D. C,

Superintendent, U. S. Militaty Academy, West Foini, N, Y. ATTN: Prof. of Ordnance

Commandant, Chemical Corps School, Chemical Corpt Training Command, Ft, McClellan, Ala,

Commanding General, Research aad Engineering Commard, Anny Chemical Center, Md,
ATTN: Deputy for RW and Non-Toxic Material

Commanding Genersl, Aberdeen Proving Grounds, Md. (inner envelope), ATTN: RD Control
Officer {for Director, Ballistic Research Laboratories)

Commanding General, The Engineer Center, Ft, Belvolr, Va. ATYN: Asstt. Commandant,
Engineer School

Commending Officer, Engincer Research and Development Ladoratory, Ft. Belvolr, Va. ATTN:
Chief, Technical Intelligence Branch

Coramanding Officer, Picatinny Arsenal, Dover, N, J. ATTN: ORDBB-TK

Commandiag Officer, Frankford Arsenal, Philadelphia 37, Pa, ATTN: Col Tewes Kundel

Commanding Officer, Army Medical Research Laboratory, Ft. Knox, Ky,

Commandirg Officer, Chemical Corps Chemical and Radiolugical Laboratory, Army Chemical

Center, Md, ATTN: Tech, Library
Commwanding Officer, Transportation R&D Station, Ft, Eustis, Va,

Directot, Technical Docwmnents Center, Evans Signal Laboratory, Bzimas, N, J.

Director, Waserways Experiment Station, PO Box 631, Vicksburg, Miss, ATTN: Library

Director, Armed Forces Institute of Pathology, Walter Reed Army Medical Center, 8825 16th
Street N. W., Washington 26, D, C,

Director, Operations Research Office, Johns Hopkins University, 7100 Connecticut Ave,,
Chevy Chase, Md.. Waskington 15, D, C,

Commanding General, Quartermaster Pesesrch and Development Command, Quartermaster
Rescarch and Development Center, Natick, Mass, ATTN: CBR Liaison Officer

Commisndant, The Army Aviaton School, Ft, Rucker, Ala,

President, Board No. 8, CONARC, Ft. Rucker, Ala,

NAVY ACTIVITIES

Chie{ of Naval Operations, D/N, Washington 25. D, C. ATTN: OP-36

Chief of Naval Operativns, D/N, Washington 25, D, C. ATTN: OP-03EG

Director of Naval Intelligence, D/N, Washington 25, D. C. ATTN: OP-922V

Chief, Bureau of Medicine and Surgery, D/N, Washington 25, D. C. ATTN: Special Weapons
Defense Div.

Chlef, Butzau of Ordnance, D/N, Washington 23 D. (..

Chief of Mavsl Fersonnel, D/N, Washington 25, D. C.

Chief, Bureau of Ships, D/N, Washington 28, D. C. ATTH: Tode 348

Chief, Bureau of Yards and Docks, D/N, Washingron 25, D. £, ATTN: D-440

Chief, Burean of Supplies and Accounts, D/N,. Washington 2§, D, C,

Chlef, Sureau of Acronsutics, D/N, Washingion 26, D. C.

Chlef of Naval Research, Departnent of the Navy, Washington 25, D, C. ATTN: (Code 811

Commandes~in-Chief, . S, Pacific Fleet, Fleet Post Office, San Francisco, Calif,

Commander-in-Chief, U. 5, Atlantic Fleet, U, S, Naval Base, Norfolk 11, Va,

Commandart, U, S, Marine Corpz, Washington 25, D. C, ATTN: Code A03H

Przsident, U, S, Naval War College, Newport, R, L

Superintendent, U, S. Naval Postgraduate School, Monterey, Calif.

Commanding Officer, U. S. Naval Schools Command, U, S. Naval Station, Treasure Island,
San Francisco, Calif.

Commanding Officer, U. S. Fleet Training Center, Naval Base, Notfolk 11, Va. ATTN: Special
Weapons Schoo!

Commanding Officer, U. S. Fleet Training Center, Naval Station, San Diego 36, Calif, ATTN:
{SPWP School)
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Commanding Officer, Alr Development Squadron §, VX-5, U, §, Naval Alr Swation, Moffert
Field, Calif.

Commanding Officer, U, S, Naval Damage Control Training Center, Naval Base, Philadeliphia
12, Pa. ATTN: ABC Defense Course

Commander, U, S. Naval Otrdnance Laboratory, Sflver Spring 18, Md. ATTR; EH

Commander, U, S, Naval Ordnance Laboratory, Stlver Spring 19, Md. ATTN: R

Commander, U, 5, Naval Ordnance Test Station, Inyokern, China Lake, Calf,

Commanding Officer, U, 5. Naval Medical Research Inst., National Naval Medical Ceater,
Bethesda 14, Md.

Director, U, S, Naval Research Laboratory, Washington 26, D. C. ATTN: Mrs. Katherine H, Cass

Director, The Material Laboratory, New York Naval Shipyard, Brooklyn, N. Y.

Commanding Officer and Director, U. S, Navy Elcctronics Laboratory, San Diego 52, Calif,

Commanding Officer, U, S, Naval Radiological Defense Laboratory, San Francisco 24, Calif,
ATTN: Technical Information Division

Commander, U, 5. Naval Al: Development Center, Johnsville, Pa,

Commanding Officer, Clothing Supply Office, Code 1D-0, 31d Avenye and 29¢h ’t.,
Prook.ys 32, N, Y.

Commandant, U, S, Coast Guard, 1300 E 5t. N,W,, Washington 25, D. C, ATTN: (OIN)

CINCPAC, Fleet Post Office, San Francisco, Callf,

AIR FORCE ACTIVITIES

Asst, for Atomic Energy, Headquarters, USAF, Washington 25, D. C. ATTN: DC§/0
Director of Do-rations, Headquarters, IJSAF, Washington 25, D. C. ATTN: Operaticns Analysis
Director of Plans, Headquarters, USAF, Washington 285, D, C. ATTN: War Plans Div.
Director of Research énd Development, DC8/D, Headquarters, USAF, Washington 86, D, C,
ATTN: Combat Components D,
Directcr of Intelligence, Headquarters, USAF, Washington 25, D, C. ATTN: AFOIN-IB2
The Suzgaon General, Headquarten, USAF, Washington 25, D. C, ATTN: Blo. Def, ., Pre, Med. Div.
Ant, Chief of Staff, Intelligence, Headquarters, U, §. Alr Forces Europe, APO 833, New York, N, Y,
ATTN: Directorate of Alr Targets
Cammander, 49Tth Reconnalssaiice Technical Squadron (Augmented), APO 833, Naw York, N, Y,

Comunander, Fa: East Alr Forces, APO 925, San Francisco, Caltf. ATTN: Special Ast. for Damage Control

Commander-in -Chicf, Strategic Afr Command, Offutt Air Force Bass, Omsha, Nebt. ATTN:
Special Wezpons Branch, Inspector Div., Inspector General
Commander, Tactical Alr Command, Langley AFB, Va., ATTN: Documents Security Branch
Commander, Alr Defeme Co:nmand, Ent AF3, Colo.
Research Directoiate, Hdgs., Air Force Speciul Weapons Center, Kirtland Alr Force Base,
N. Mex, ATTN: Blast Effects Research
Commander, Alr Research and Development Command, PO Box 1395, Baltimore, Md, ATTN: RDDN
Commander, Air Proving Ground Command, Eglin AFB, Fla. ATTN: Adj./Tech. Repott Ranch
Director, Air University Library, Maxwell AFB, Ala.
Commander, Flying Training Air Force, Waco, Tex. ATTN; Director of Observer Training
Comimander, Crew Training Alr Force, Randolph Fleld, Tex. ATTN: 2GTS, DCS/O
Commandant, Air Force School of Aviation Medicine, Randolph AFB, Tex.
Commander, Wright Air Development Center, Wright-Patterson AFB, Diyton, Ohlo. ATTN: WCOSI
Commander, Air Force Cambridge Research Center, LG Hanscom Field, Bedford, Mass, ATTN;
CPQST-2
Commander, Air Force Special Weapons Center, Kirtland AFB, N. Mex. ATTN; Library
Commander, Lowry AFB, Denves, Colo. ATTN: Department of Special Weapons Training
Commander, 1009th Special Weapons Squadron, Headquarters, USAF, Washington 25, D. C.
Th: RAND Corporation, 1700 Main Swreet, Santa Monics, Talif. ATTN: Nuclesr Energy Division
Cotnmander, Second Alr Force, Barksdale AFB, La. ATTN: Operations Analyds Office
Cozamander, Eighth Air Force, Westover AFB, Mass, ATTN: Operations Analysis Office
Commander, Fifteenth Air Force, March AFB, Calif. ATTN: Operations Analysis Office
Com:mander, Western Development Div, (ARDC), PO Box 262, Englewood, Calif. ATTN: WDSIT,
M, R, G, Welitz
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OTHER DEPARTMENT OF DEFENSE ACTIVETIES

Asst. Secretary of Defense, Recerrch 2nd Revelopment, B/D, Washingion 85, D, C. A7TN:
Tech, Library

U, 5, Documenus Office;, Ofilce of the U, S. Natlonal Mizftary Reprasentative, SHATE, APO 89,
New Toik, N, Y.

Director, Weapons Systems Evaluaton Group, OSD, Rm. 2E1006, Pentagon, Washington 2§, D. C.

Commandant, Armed Forees Staff College, Norfolk 11, Va.
ATTN: Secretary

Commander, Fieid Commard, Armed Forees Special Wespons Frofect, PO Box 510¢C,
Albuguerque, N. Mex,

Commandur, Flel Command, Armed Forces Special Weapons Froject, PO Box 5100,
Albuquerque, N. Mex. ATTN: Technical Trainiag Gmup

Chief, Armed Forces Specfal Weapons Project, Washington 25, D. C, ATTH: Docurients Libracy
Branch

Commanding General, Military District of Washington, Room 1543, Building T-7, Gravelly Poiny, Va.

ATOMIC ENERGY COMMISSION ACTIVITIES

U. S. Atomic Energy Commissica, Classified Technical Library, 1901 Constitution Avz., Washington
25, D. C. ATTN: Mu. J. M, G'Leary {for DMA)
Los Alamos Scientific Laboratory. Repoit Library, PO Box 1863, Los Alaros, N. Mex. ATTN:
Helen Redman
Sandia Corporation, Classified Document Livision, Sandia Bzse, Albuquetque, N. Mex. ATTN:
H. J. Smyth, Js.
Univensity of California Radiation Laborasory, O Box 808, Livzrmore, Calif. ATTN: Clovia
G, Craig
Weapon Data Section, Tachnical Information Service Extension, Cak Ridge, Tenn,
Technical Information Service Extenséon, Oak Ridge, Tean, (surplus)
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