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REPORT OF THE DIRECTOR 

T. R. Rice 

The staff completed its move intonewbulld­
ings during thiS fiscal year . Most of the 
facilities in the laboratories now have been 
completed and are very satisfactory for our 
research . These facilities were urgently 
needed, because the old laboratory bUilding 
was much too small for the staff and was 
flooded by storm tides . 

There are three new buildings: a two-story 
laboratory of about 20,000 sq. ft. (square feet), 
a radiat ion building of 1,500 sq. ft .• and a 
storage building of 1,000 sq. ft. containing 
a crematory for ashing radioactive organisms. 
The three buildings were constructed at a cost 
of about $384,000. The main building has 
office and laboratory space for about 16 in­
vestigators and supporting staff, two large 
salt-water laboratories, three constant­
temperature rooms, several counting and in­
strument rooms, a stockroom, a conference 
room, and offices for administrative staff . 
The radiation building is divided into three 
parts: a radiation room with concrete walls 
3 ft. thick and sea-water facilities for studies 
of chroni c effe cts of low-level i r radia t ion ; 
an instrument room for a cobalt 60 irradiator, 
X-ray machine, and neutron generator; and 
an aquarium room with running salt water 
for maintaining experimental animals . 

The laboratory staff has cooperated in 
designing a salt-water system for the new 
buildings. Salt water is supplied to the radia­
tion building and to the two salt-water labora­
tories and three other laboratories of the 
main building. The water is pumped directly 
from the estuary into three fiberglass tanks 
with a capacity of 5,000 gal. (gallons) each. 
These tanks are used for storage and settling, 
and water is fed into the laboratories by 
gravity through pipes constructed of polyvmyl 
chloride (PVC). This system has no exposed 
metal parts and is designed to supply 250 gal. 
min. It is also designed as a dual system so 
that one system can be used while the other 
system is being cleaned with fresh water to 
reduce growth of fouling organisms. 

We believe that, with our new buildings 
and salt-water system, our major fac iltties 
for radiobiological research on manne orga­
nisms will be unequaled. The acquisition of a 
few addlhonal pieces of equipment would 
enable us to carryon almost any type of 
radiobiological research. 

The research of the RadIObIOlogical Labora ­
tory includes the broad areas of estuanne 
ecology. biogeochemistry, pollution stud ies, 

and radiation effect::>. 
programs, are head d 
who de cide to a la rge 
t hat research will take, and, W 

of the laboratory dl rector, u an Clpp 
tumties that enable t ... vo Or more progr m 
cooperate in solVing probl m 
or complex to be handled by a 
gram. Each program also has 
projects. The project leade r ha 
freedom in planmng the d tall 
search. 

Most of our research IS conc rn 
three general problems: (I) the fa e of 
active materials In estuarles, (2) th 
of radiahon on marine orgarusm,;, and 
application of radlOacti ve tra ce r technlqu 
fishery biology . To obtam data, hr ap-
proaches have been used . Many da a h v 
been collected In the laboratory 0 m 
it possible to predict what might h pp 
radioactive materials Introduced In 0 th 
rine environment. More recently. the u 
tanks and ponds has enabled us 0 t t qu 
tionable findings obtained In th labor 
Present plans are to observe the cyc1 n 
radioisotopes In certain natura' bod 
water restricted from the pubhc. \\ 
already completed some such studle . 
opimon, lta collected by the -p hI' 
proaches, when integrated and corre' 
Will enable us to bette r ur:de r tan h 
o f plants and animals in the cychl'g of 
activity in estuarles and marl e are 
search completed dUrlng th pal; y a" 
marized In the fo1lowing paragraphs. 

In the ProductiVity Project, a year! 
of plankton in Inshore wa cr~ I':' ar B 
was nearly completed. \\ e found 
plankton productIOn had a pronounce s 
cycle w' th highe r production accomp 
higher water temperatures. Photo v 
could not be correlated vdth wa er 
parenc)', chlorophyll concen ra () • 
pended matter. PhotosynthesIs an r 
per Unit volume v.ere great s n 
waters at the heads of the e Jar 
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and was affected little by the type of sediment. 
These results, however, may have been a 
product of microfloral growths developed 
during the experiments. The results of expe ri­
ments on mass culturing of phytoplankton sug­
gest that dense populations of species suitable 
for rearing shellfish may be maintained in 
raw sea water by adequate fertilization and 
a suitable rate of harvest. 

In the Radio-Assay Project, research con­
tinued on measuring existing levels of gamma 
radioactivity in the estuarine environment 
and on biological indicators of radioactivity 
in the environment. Total gamma activity de­
creased during the year, especially in samples 
with large amounts of zirconium 95-niobium 
95 (half-life 65 days). After the decay of 
zirconium 95-niobium 95, cesium 137 and 
manganese 54 could be measured in samples 
of sediment and Spartina. Research efforts 
were concentrated on bay scallops, Aequipecten 
irradians, which were a biological indicator 
for manganese 54. The concentrations of 
manganese 54 and stable manganese in dif­
ferent tissues indicated that these scallops 
accumulated manganese 54 from a "high 
speci fic activity source" because some tissues 
had greater specific activities than other 
tissues and greater specific activities than 
the sea water in which the organisms were 
collected. 

In a preliminary experiment of the B i ogeo­
chemistry Program, shrimp were fed carbon 
14-labeled Carteria. The nonsaponifiable lipids 
of the shrimp, along with the fatty acids and 
nonlipid residue, were isolated and counted. 
The presence of carbon 14 in the nonsaponifiable 
lipid fraction suggested that we could use 
this feeding procedure to study the metabolism 
of steroids and carotenoids by shrimp. We 
began a study of zinc metabolism in the 
Americanoyster. Gel diffusion chromatography 
was used to fractionate proteins from oyster 
flu i ds. Zinc was estimated by atomic absorp­
tion and protein by ultraviolet absorption. 
Preliminary results indicate that zinc was 
associated with more than one soluble protein 
in the circulating fluids of the oyster. Par­
ticulate fractions were sedimented from oyster 
tissue homogenates by differential centrifuga­
tion at 4,200; 12,000; and 35,000times gravity. 
We noted no specificity in zinc -b inding capacity 
in these fractions. 

In the Plants Project, we studied ion dis­
tribution and transport in Gracilaria foliifera, 
a red marine alga. We identified actively 
transported ions by comparing the electrical 
potential of the vacuole with the predicted 
equilibrium potential for each ion. Sodium 
was actively extruded from cells of Gracilaria, 
whereas potassium, rubidium, chloride, and 
possibly iodide were actively absorbed. Cesium 
was in approximate electrochemical equilib­
rium. Light stimulated both influx and efflux 
of all ions except iodide. Anaerobiosis inhibited 
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the fluxes of every ion. Neither light nor 
anaerobiosis, however, affected the steady­
state distribution of ions in Gracilaria. 

Factors influencing the accumulation and 
retention of radionuclides by filter-feeding 
shellfish were investigated in the Invertebrates 
Project, and we evaluated the capacity of 
these organisms to serve as lndlcators of 
radioactivity in the envlronment. Clams were 
labeled with zinc 65 In the laboratory and 
separated into two groups. One group was 
maintained in the laboratory ln flowing sea 
water, and the other was maintained ln the 
natural environment. After 100 days , the clams 
in the laboratory contalned more Zlnc 65 
than those in the natural environment . We 
placed oysters and clams In a shallow salt­
water pond that contained measurable amounts 
of sediment-sorbed zinc 65 but only back­
ground levels of isotope in the water. After 
257 days ln the pond, oysters contalned 3.1 
times as much zinc 65 by welght as the 
sediment, whlle clams contained only one­
half as much as the sediment. 

In the Vertebrates Project, studies on the 
accumulation of radionuclides by manne 
teleosts were concerned with in-vitro transfer 
of isotopes across the lntestlnal tract, char­
actenstics of lntestinal absorption of water, 
and retention of isotopes by the whole ammal. 
Expenments with toadflsh intestine demon­
strated that a net transfer of water from 
mucosa to serosa occurred in the absence 
of an osmotic gradient. The dlrectlOn of 
water transfer as a functlon of dtfferent 
NaCl gradlents across the intestine sug­
gested that water transfer was secondary 
to net NaC1 movement. Iodine 131 also crossed 
the intestinal wall in both directions ln re­
sponse to a concentration gradient. Whole­
body retention of iodine 131 in the croaker 
was expressed as a composite curve consisting 
of three rate functions with biological half­
hves of 6 hr . (hours), 2.25 days, and 24 days. 
Retention of iodine 131 in the tis sue s except 
gill, muscle, and thyroid, corresponded closely 
with the whole-body retention. 

In the Experimental EnVlronments Project, 
we observed the cycling of zinc 65 in an ex­
perimental pond and the movement of iodine 
131 and zirconium 95-niobium 95 in an estuary. 
Zinc 65 added to the water of the pond was 
accumulated rapidly by sediments and biota 
(fauna and flora). After 1 day, about 83 percent 
of the original zinc 65 was flushed out of the 
pond by tidal exchange; of the zinc 65 remain­
ing, 36 percent was in the bottom sediment, 
59 percent in the water (one-third of the amount 
in water was associated with suspended mate­
rial), and 5 percentinthebiota.After 110 days, 
the water had no detectable zinc 65, the sedi­
ments contained 99.4 percent of the zinc 65 
in the pond, and the biota contained the re­
mainde r. For 2 wk. (weeks) we studied the 
accumulation of iodine 131 and zirconium 



95-niobium 95 by free-swimming and caged 
organisms in Salliers Bay. The level of ac­
cumulation by these organisms varied directly 
with distance from the point of release of the 
radioactivity, i.e., organisms nearest the point 
of release accumulated the most radioactivity. 
Organisms accumulated more iodine 131 than 
zirconium 95-niobium 95; and crabs, oysters, 
and clams contained more of both isotopes 
than other organisms. 

The effects of radiation on blood, iron 
metabolism, and respiratory metabolism were 
investigated in the Physiological Effects Proj­
ect. An acute radiation dose of 2,000 R. 
(roentgen) caused drastic decreases in the 
numbers of leucocytes and thrombocytes in 
the blood of pinfish, Lagodon rhomboides, 
although both increased to the control level 
after 2 wk. (weeks). Only slight changes oc­
curred in the numbers of erythrocytes, hem­
atocritvalues, hemoglobinlevels, and mean cell 
volume. Numbers of reticulated erythrocytes 
increased on the 7th day, and all erythrocytes 
were reticulated after 30 days. Plasma protein 
levels declined more rapidly in the irradiated 
fish than in the controls during the first 3 wk. 
of the experiment but returned to the control 
level by the 23d day. Radiation caused only 
slight changes in the uptake of iron 59 by the 
blood of pinfish; however, radiation altered 
the patterns of iron 59 uptake by the kidney, 
liver, and spleen. In' these organs the rates 
of iron 59 accumulation in irradiated fish 
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were reduced from those of the controls . To 
test the effects of radiation on respiratory 
metabolism, nauplii and adult brine shrtmp, 
Artemia salina, were irradiated with 5,000, 
10,000, and 20,000R. (Roentgens). Wenotedac ­
celerated respiration rates In all Irradiated 
nauplii and in the adult females exposed to 
10,000 R. Irradiated adult males had lIttle 
change in resp iratory activity. 

In the Morphological Effects Project, we 
studied both the sensitivities of manne orga­
nisms to radiation and the influence of the 
environment on their responses to radiation. 
We determined lethal doses for seven manne 
fish and two invertebrates. Results Indicated 
that the LD-50 doses calculated for different 
times after irradiation varied differently for 
each species. These data showed that LD-50 
(See p. 49) (30-day) values alone were not good 
criteria of radiation sensitivities. Salinity and 
temperature affected the responses of fish to 
radiation. At 22 0 C. it required three times 
as much radiation for an LD-50 with Fundulus 
heteroclitus in a salinity of 5 p.p.t. (parts per 
thousand) as in 25 p.p.t., but at 120 C. more 
radiation was needed for an LD-50 in 25 p.p.t . 
than in 5 p.p.t. Fish eggs inc\1bated in water 
containing cesium 137 (20 x M.P.C. (maximum 
permissible concentration)) showed no ap­
parent radiation effects. X-ray doses of 250 R. 
during the first 6 days of development re­
tarded development and increased mortality 
of fish eggs. 

Theodore R. Rice, Director 
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Staff Activities 

1964 

T. R. RIce gave a talk on "Radiobiological 
studies" at the Duke University Manne Labora­
tory, Beaufort, I\'.C., July 9. 

T. R. Rice presented two talks, "Research 
at the BCF RadiobiologIcal Laboratory," and 
• Use of radIOIsotopes in marine biology," at 
the Radioecology Institute sponsored by the 
Oak RIdge InstItute of I\'uclear Studies at 
Oak Ridge, Tenn., July 13. 

T. W. Duke gave a talk entitled, "Radio ­
biological research in the Bureau of Com­
m~rcial Fishenes," at the University of 
Georgia '5 Marine Institute, Sapelo Island, Ga., 
August 3. 

J. W. Gutkne cht conducted a seminar on 
"Electrolyte distribution and transport in the 
seaweed, GracUaria foliifera," at the Duke 
UniversIty Marine Laboratory, Beaufort, N.C., 
on August 20, and at the meeting of the 
American InstItute of Biological Sciences in 
Boulder, Colo ., August 23-28. 

T. R. Rice presented a paper entitled 
"AccumulatIon of mixed fission products by 
marine organisms" at the Second International 
Conference on Water Pollution Research held 
In Tokyo, Japan, August 24-28. He remained 
in Japan for 2 wk. and conferred with a number 
of Japanese scientists on radiobiological and 
fishery research. 

T. W. Duke welcomed the members of the 
American SocIety of Ichthyologists and Herpe­
tologists to Morehead City, N.C., September l. 

T. R. Rice presented a talk on "Marine re­
search In Japan" at North Carolina State 
UniverSIty at Raleigh, N.C., October 8 . 

D. A. Wolfe attended the Fall National Meet­
ing of the Amencan Oil Chemists' Society in 
Chicago, Ill., October 11-14, and presented 
a paper entitled, "Studies on the composition 
of crayfish lipids." 

T. R. RIce on October 25-27 attended a Red 
Tlde Symposium at St. Petersburg Beach, Fla ., 
and presented "Comments on red tide." 

T. W. Duke and C. L. Schelske attended 
the ld AEC Conference on Fallout at German­
town, Md., November 3- 6. 

J. A. Angelovic, T. W. Duke, C. L.Schelske, 
R. B. WIlliams, D. A . Wolfe, J. P . Baptist, 
and J. C. White, Jr. attended the meeting of 
the Atlantic Estuanne Research SocIety in 
B :tlmore, Md., 'ovember 6 -7. Two papers 
\\ re presented "Phytoplankton production in 
lI~shore waters near Beaufort, .C., " by 
\ l :lIams and "EcologIcal relationships implied 

from fallout radioactivIty accumulated by mol-
1.1 C , b' Schelske. 

L. crelske presented a paper entitled 
Eco oglcal ImplicatIOns from fallout radioac­

t vlty ccumulated by molluscs" at the Amen­
A oCUlhon for Advancement of SCIence 

iontreal, Canada, December 26-31. 
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T. R. Rice, C. L . Schelske, and T. W . Duke 
attended a conference of local, State, and 
Federal authorities in Wilmington, N .C. , on 
December 7, concerning a visit of the nuclear 
ship Savannah to the State port in Wilmington. 
A tour of the ship and visit to its radiological 
health facilities were made December 28 by 
Rice and Duke . 

1965 

T. W. Duke pre sented a lect ure entitled 
"Labeled sediment transport" to participants 
in the Nuclear Geology Course conducted by 
the Oak Ridge Institute of Nuclear Science at 
Oak Ridge, Tenn., January 15. 

D. A . Wolfe and J. W. Angelovic attended 
an Automatic Data Processing Course at the 
Marine Corps Air Station, Cherry Point, N . C., 
January 19 to February 10. 

T. R. Rice attended the North American 
Wildlife Conference in Washington, D . C., 
March 8 -10. A paper was presented entitled 
"Radioisotope techniques in fishery research . " 

T. R. Rice attended an AEC Review, March 
15-17, and presented the research carried out 
by personnel of this laboratory. 

T. R. Rice attended a public hearing on the 
Malibu Nuclear Reactor, Santa Monica, Calif., 
March 22-30. He presented testimony on the 
dispersion of radioactivity in the marine en ­
vironment and its effect on marine organisms . 

J. W . Angelovic, D. W. Engel, T. J. Price, 
J. C. White, Jr., and R. B. Williams a ttended 
a work conference of the Atlantic Estuarine 
Research Society Meeting in Delaware, April 
2 - 3. Williams presenteda paper, "Manipulation 
of phytoplankton populations for shellfish cul ­
ture"; White, "Influence of salinity and tem­
perature on the radiation response of 
Fundulus "; and Engel, "Some radiation-induced 
hematological changes in the pinfish, Lagodon 
rhomboides . " 

J. W . Gutknecht and D. A . Wolfe attended 
the meeting of the Federation of Ame rican 
Societies of Experimental Biology and Medi ­
cine, Atlantic City, N.J., April 10-14. 

T. W. Duke and R. B. Williams attended the 
As sociation of Southeastern Biologists Meeting, 
Charlottesville, Va., April 15-17 . Duke pre­
sented a paper entitled "Cycling of zinc in 
experimental marine environments," and 
Williams a paper entitled " T he interrelation ­
ship between phytoplankton and zooplankton in 
inshore waters near Beaufort, N . C . " 

T. R. Rice attended the National Academy 
SCIence Committee on Oceanography Panel 
Meeting, Johns Hopkins University, Balti­
more, Md., April 23- 24. 

T . W. Duke presented two seminars atNorth 
Carolina State Universi ty- -on April 29 to the 
Zoology Department and on April 30 to the 
Chemi stry Depa rtment. 



J. W. Gutknecht, R. B. William.s, J. P. Bap­
tist, and W. D. C. Sm.ith attended the North 
Carolina Academ.y of Sciences Meeting, Chapel 
Hill, N.C., May 8. Gutknecht presented a 
paper entitled "Ion transport in Grac i laria 
foliifera, a red marine alga" and Williams 
a paper entitled "Control of phytoplankton 
population by m.odification of the envi ronm.ent." 

J. W. Angelovic and D. W. Engel attended 
the Radiation Research Society Meeting in 
Philadelphia, Pa., May 23-26. Engelpresented 
a paper entitled "Some effects of an acute 
dose of C 0 60 radiation on the blood of the 
pinfish, Lagodon rhom.boides. " 

R. B. William.s presented a sem.inar on 
phytoplankton and zooplankton standing crop 
i n the Beaufort area to the Marine Ecology 
Class at Duke University Marine Laboratory, 
June 30. 

R. B. William.s attended the m.eeting of the 
Marine Technology Society and Am.erican So­
ciety of Lim.nology and Oceanography Con­
ference on "Ocean science and ocean 
engineering," Washington, D.C., June 14-
17, and presented a paper entitled "Annual 
phytoplankton production in a system. of shallow 
tem.perate estuaries." 
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ESTUARINE ECOLOGY PROGRAM 

Claire L. Schelske, Chief 

Research on collecting field data that can 
be used to relate ecological factors to the 
accumulation of radioactivity by estuarine 
organisms in the environment was continued 
this year by studying the productivity of 
estuaries and by measuring existing levels of 
radioactivity in estuarine organisms. We 
studied environmental conditions needed for 
mas s cultures of phytoplankton becaus e main­
tenance of an adequate food supply is a prime 
prerequisite for long-term studies of filter 
feeders. We also experimented on the exchange 
of zinc 65 between water and sediment. These 
diverse approaches were required because the 
complexity of the estuarine environment pr e ­
eludes simple solutions to ecological problems. 

This year we collected data on plankton 
production and standing crop, and on physical, 
chemical, and biological factors related to 
plankton production in estuaries near Beaufort. 
Cycles of elements and their radionuelides 
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must be related to ecological factors to pre ­
dict the fate of radionuelides introduced into 
the environment. For this purpose , we need 
data on the food chains in the environment, 
on the uptake of specific radionuclides by 
organisms, and on the movement of radionu­
elides through food chains. 

One object of measuring existing levels of 
radioactivity in estuaries is to find organisms 
that are biological indicators of radioactivity 
in the environment . Biological indicators are 
organisms that selectively concentrate or 
accumulate radionuclides in the environment 
and that might be used to detect amounts of 
radioactivity harmful to man. Another object 
is to determine the processes in the environ­
ment that are responsible for different 
organisms being biological indicators. This 
year we concentrated on learning about the 
mechanisms of accumulation of manganese 54 
by bay scallops. 



PRODUCTIVITY 

Richard B. Williams, Marianne B. Murdoch, 
and Leon K. Thomas 

Plankton 

Phytoplankton r esearch conducted last year 
in the Beaufort Channel was expanded to a 
yearlong general stud y of phytoplankton, 
zooplankton, and suspended matter in waters 
near Beaufort. The study area, Core Sound 
and its adjoining estuaries, contains a variety 
of environments representative of the shallow 
embayments of the southeastern coast. This 
work, which is yielding insight into estuarine 
food chains, provides information needed for 
predicting paths of movement of radionuclides 
among estuarine biota. 

The study area was divid e d into 30 sections, 
and one or two sampling stations were located 
at random within each section. We visited 
the 35 stations at 5-wk. intervals and meas­
ured temperature, salinity, light extinction, 
phytoplankton production, chlorophyll, and 
suspended matter. We consider thes e measure­
ments, based on samples of surface wate r, 
to be representative of the entire water col­
umn because the shallowness of the water 
(average depth 1.2 m.), coupled with turbulence 
from wave action and tidal curr ents, largely 
precluded vertical stratification. We deter­
mined phytoplankton production by measuring 
changes in dissolved-oxygen concentration in 
light and dark bottles. 

Photosynthe sis and respiration at almost all 
stations displayed a marked seasonal cycle 
which roughly followed the cycle in water 
temperature. Maximum values for respiration 
and photosynthesis occurred in June and were 
five times the minimum values in December 
(fig. 1). These values are similar to those 
found in coastal waters and slightly below 
estimates we made last year from data ob­
tained in the Beaufort Channel. Estimates of 
annual production obtained by extrapolating 
data in figur e 1 are 100 g. C/m.2 (grams of 
carbon per s quar e meter) gros s photosynthesis 
and 50 g. C/m.2 net photosynthesis. This 
phytoplankton production, which is less than 
that estimated for the Sargasso Sea, seems 
surprisingly low for an apparently productive 
estuary. It is likely, however, that much of 
the production of these shallow waters is 
derived from bottom vegetation. 

Although biological activity was most intense 
at the heads of the North River and Newport 
River estuaries (fig. 2), productivity per 
square meter was greatest in the channels 
near the mouth of the Beaufort Inlet estuaries 
(fig. 3). The shallowness and turbidity of the 
estuary heads reduced their photosynthesis 
per square meter to comparatively modest 
levels) despite values for photosynthesis and 
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Figure l.--Average values for ph Y top 1 a n k ton gross 
photosynthesis and respiration, suspended matter, 
chlorophyll ~, ass i mil a t ion number (at 50 percent 
surface illumination), light penetration, and water 
temperature in Core Sound and adjoining embayments. 
Vertical bars on the temperature curve indicate the 
ranges present. 

respiration per cubic meter which in mid­
summer reached almost sewage-pond levels. 
In such areas the euphoti c zone was often 
less than 1/ 3 m. deep. Near Beaufort Inlet a 
moderate productivity per cubic meter yielded 
high productivity per square meter because the 
water was deep and clear enough that the 
euphotic zone often exceeded 10m. Over large 
areas, however, depth, transparency, and pro­
ductivity interacted to produce relatively uni­
form annual values for photosynthesis (fig. 3). 

Light penetration, suspended matter, and 
chlorophyll 2: concentrations were interre­
lated and not closely correlated with phyto­
plankton production (fig. 1). Light penetration 
was controlled by suspended matter and was 
inversely correlated with it. Because light 
rarely limited photosynthesis, changes in 
phytoplankton production were not related to 
changes in light penetration. The direct cor­
relation between suspended matter and chlo­
rophyll ~ suggested that high concentrations 
of chlorophyll were derived largely from 
detritus. Thus the concentration of chlorophyll 
was not closely related to phytoplankton pro­
duction. Assimilation numbers which ranged 
from 1.2 to 62.5 were in general higher in 
warm we a the r and in areas with little 
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suspended matter because photosynth sis was 
greater in warm weather and concentrations 
of chlorophyll and suspended matter w ' r 
correlated. 

The standing crop of zooplankton was ·sti ­
mated from quantltative samples obtaine d with 
a Clarke - Bumpus net at 8 of the 35 stations . 
Aside fro m occasional concentrations of 
ctenophores and large medusae , th pIc nkton 
was pre-eminently cope pods . Larvae of b ' nthic 
invertebrates were pres e nt throughout th e 
year but formed a substantial fraction of lh 
total volume only in early summ ' r . Th e vo l­
ume of zooplankton (exclusive of ctenophor ' s 
and large medusa e ) varied aregularly o v e r 
the area studi e d and, averaged over t h · e n ­
tire area, fluctuat e d lrregularl y durlllg th 
y ear (table 1). Th e highest value occurr ed 

T .lblt: 1. --Av~ra8(' valutls r squirt ql l r ( [ ":\ t Jl vlophnkt 
photosynthesis .,nd zooplankton .tandina c:.r p and r Ipi uttO" 1 

Core Sound and adjolnilg N ... rt ",arodna ta, 19 

Phytoplankctln Zooplonkc n Ipl rat 1 

~onth I Standing 
ph l • nt .u 

Photosynthesl. R ."iratt n 

1964 
crop 

t--
HI' Cld.~ .t!! !!&. (ldax ~ 

Mar. III 0.081 0 )8 

Apr III .080 .40 )6 

May 197 .173 .8 ~ 

J me 271 lS7 1. 9 
July-Aog. 1JO 022 .1 
Sept. no 066 . 1, .1 
Oct. 118 .(S. .2 .19 
Nov. 8 ) .119 . S8 
Dec. 61 .042 .18 

in June whe n larva e of b e nth ic invert b r a t e s 
we r e m o st abundant and th e lowe st in J uly 
when larva e still wer e pl e ntiful. T he m e an 
s tan ding crop p e r unit volum e was simila r to 
t h at pr eviously o bs e rv e d In the B e aufo rt Chan ­
n e l and somew hat below that observed else ­
whe r e along th e c o ast. Becaus e of th e shallo v­
ness o f the water, th e standing crop per unit 
ar e a was one or two orders of magnitude 
b elow th at found in the ocean . 

We estimated the organic carbon reqUlred 
to support the zooplankton population by as ­
suming that t h e common copepod, Acartla 
tonsa, was representatlve of all the zoo ­
plankton and that respiratory rates of~ . tonsa 
taken fr o m the Cape Cod Canal were slmllar 
to tho se found in North Carolina. The results 
(tabl e 1) indicated that between 0.04 percent 
and 1 perc e nt of the net phytoplankton produc­
tion wa s sufficient to support the zooplankton. 
Thes e data suggest that in the areas studied 
the supply of phytoplankton never limited the 
production of zooplankton and that the grazing 
of zooplankton never controlled th e abundance 
of phytoplankton. It is likely that zooplankton 
is comparatively unimportant in the estuarine 
food chain and that the chief grazers on 
phytoplankton are menhaden and benthic filter 
feeders. 
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Exchange rates in all the sediments were at 
least threefold greatt:r in June and August at 
l8 0 C . than in , ·ovember at 1 0 C . In con ­
current experiments the sediment types had 
not more than twofold variation among their 
average rates of exchange . In firm sediments, 
the rate of exchange consistently lllcreased 
WIth an increase in mud and a decrease in 
sand, whereas the soft flocculent ooze from 
the head of the es tuary yielded erratic re­
sults. 

Although it IS obvious that seas on was a 
more important vanable than sediment type In 
these experiments, differences between estua ­
rine and battery- jar enVlronments preclude 
the conclusion that sediment type is unim­
portant in nature. During the experiments, 
heavy films of algae and other microflora 



covered all toe solid surfaces in the battery 
jars . These coatings over the sediments, 
rather than innate similarity among the sedi­
ments , may have produced the sImilar rates 
of zinc exchange. Because physical processes 
are not markedly altered by small changes 
in temperature , the effect of temperature may 
arise from changes in the metabolic rate of 
the microfloral coatings . 

Algal Culture 

Since abundance and species composition of 
phytoplankton often regulate the production of 
aquatic animal life, techniques to control 
phytoplankton populations would be us eful in 
biological research and aquaculture. Such 
techniques would assist in maintaining uniform 
conditions in natural habitats used for ex­
perimental purposes and would facilitate the 
mass production of algae needed for large­
scale rearing of filter-feeding organisms. 
During the past year, two aspects of this 
problem were explored: the replacement of 
the natural phytoplankton by a desirable exotic 
species, and manipulation of the environment 
to induce dominance by a desirable native 
species. 

The effect of simple modifications of the 
environment on the growth and maintenance 
of desirable algal populations was tested with 
a number of factorial experiments. (A de­
sirable algal species possesses three features: 
small size, lack of toxicity, and an ability to 
remain in suspension with minimal agitation.) 
The factors tested were salinity, illumination, 
rate of harvest, and type and amount of 
fertilizer. 

The experiments indicated that only two of 
the factors tested, fertilization and rate of 
harvest, were important, and that similar 
conditions served to maintain desirable species 
regardless of whether these were exotic or 
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natlve. Fertlhzat on of e 
1.0 mg. (milligrams) KlH ° nd 
f\:a. '03 per 1. (ht r) produc d h 
of algae. Ammoma and urea I 0 

ceptable sources of mtro n. Additlon 
metals with or WIthout ch lator 
sistent beneflt. The reductIon of oc rue; 
Illes to 20 p.p.t. (parts p r hou nd) 
detrimental, and m som cas s m y h v 
benehclal. WIthin broad lIm1 111 mm 
unImportant; partIal ",hadm of th 
did not eliminate growths of b nthlC. 

The key factor to production of Ir bl 
phytoplankton appeared to b r t of harv t 
because the features makin d _ 
sirable were associated with rapId c 11 dl 
sion. Small species tend to have hIgh r 
of cell division than large speCIes, nd 
(nonmotile) cells tend to stay m su p 
longer than large cells. TOXIC form 
dinoflagellates were usually larg , 
dividing cells. Daily harvest of aIr e p r­
centage of the culture prev nt d mulhpllc -
tion of slowly diVIding species and ncoura 
dominance by deslrable, small, rapIdly dIVI -
ing species. Removal of half the cultur cl­
day maintaIned an exotIC flagdlate, Dun 11 11 , 
for 2 mo. (months) and naturally occurrln , 
small diatoms for several weeks, despit con­
stant dilution with unfiltered s 'a wat r. 

The major unsolved problem 1 - controilln 
the growth of attached algae in cultur 
which the sea water overlays a la 'er 
sediment. Under these simulated natur 1 con­
ditions, most of the phosphate (as sho vn b 
tracer experiments) and presumably som f 
the nitrate added to the water was orb d b 
the sediment. This dIminished the nutrl nt 
readily available to the plankton and pi c: d 
the benthos in a favorable pOSItIon. Pos Ibl 
this problem would not occur m a pond 1 to 
2 m. deep, for the phytoplankton ml ht d 
out the attached algae. 



RADIO-ASSAY 

Claire L. Schelske, William D. C. Smith, 
and Jo-Ann Lewis 

Research continued on measurement of ex­
isting levels of fallout radioactivity in the 
marine environment. In general the amount 
of radioactivity decreased during the year, 
as was expected from the cessation of nuclear 
weapons testing and from the decreased 
amounts of fallout. With the decrease in 
amounts, the composition of the radioactivity 
chang ed becaus e of the decay of shorter lived 
components. 

For example, Spartina and sediments were 
two types of samples that contained relatively 
large quantities of zirconium 95-niobium 95 
(half-life 65 days) in 1963. In 1964, however, 
these radionuclides were no longer present 
(fig. 4). The cesium 137 (half-life 30yr. (year)) 
and manganes e 54 (half-life 3 00 days) in 
samples collected in 1963 were masked by 
the relatively large amount of zirconium 95-
niobium 95, but were obvious when these 
samples were recounted in 1964 after the 
zirconium 95-niobium 95 had decayed through 
several half-lives. In the samples collected 
in 1964, zirconium 95-niobium 95 had de­
cayed to levels that did not interfere with 
detection of the cesium 137 and manganese 54. 

Biological Indicators 

W e also continued our studies of biological 
indicators of radioactivity in the environment, 
i. e., organisms that accumulate relatively large 
quantities of radionuclides in the environment. 
These were discussed in last year's annual 
report and are marsh mussels (Modiolus 
demissus), hard clams (Mercenaria ~ 
cenaria), oysters (Crassostrea virginica), and 
bay scallops. This year we found no orga­
nisms that are more suitable as biological 
indicators than thes e filter-feeding mollusks. 

Oysters and bay scallops are biological 
indicators of fallout radioactivity. Oysters 
concentrate zinc 65, and scallops concentrate 
manganes e 54. In 1960, as much zinc 65 a[; 
60 pc. / g. (picocuries per gram) were found in 
oysters collected from Willapa Bay, Wash. 
(Perkins, Nielsen, Roesch, and McCall, 1960). 
This value is a thousandfold greater than that 
for oysters collected at the same time from the 
Thames River, Conn. (Fitzgerald, Rankin, and 
Skauen, 1962). The larger amount in the West 
Coast oysters was due, of course, to the reactor 
wastes flowing down the Columbia River from 
Hanford, Wash., and, therefore, was not un­
expected; however, we have found more than 
100 pc./g. of manganese 54 in kidneys of the 
bay scallop. The kidney concentrated 100 
times more manganese 54 than any other 
tissue (table 3) and contained about 75 percent 
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of the manganese 54 present in the soft parts 
of the organism. Less than 10 percent of the 
manganese 54 was in the adductor muscle, 
the portion commonly eaten in the United 
States. Oysters collected at Beaufort con­
centrated zinc 65, but in amounts that were 
about 100 times less than the manganese 54 
in scallops. Scallops were, therefore, a much 
more sensitive biological indicator of fallout 
in the estuarine environment. 

Because scallops are for most purposes 
the best biological indicator, we began experi­
ments to answer questions about their biology. 
Among these were experiments on rates of 
feeding, growth, and respirahon for different 
size groups. These measurements are needed 
to evaluate the overall importance of th1s 
species in the economy of the estuary and 
to better understand why this species 1S a 
biological indicator. 

Manganese 54 in Scallops 

The manganes e 54 in scallop kidneys aver­
aged about 100 pc./ g. or 50 pc./ scallop during 
1964 and was unchanged in January 1965 
(table 3). These amounts were at least three 
times greater than those found in samples col­
lected in January 1963. Th1s great increase 
during 1963 is evidently correlated with the 
increase i n manganese 54 fallout during the 
summer of 1963 (Perkins, Nielsen, and 
Thomas, 1964). It is somewhat surprising that 
the manganes e 54 had not decreas ed by January 
1965 (table 3) when the amounts offalloutwere 
undoubtedly much les s than thos e of 1963. Col­
lection of these data will be continued to deter­
mine how long the present levels ofmanganese 
54 will be maintained in scallops. 

Table 3 . --Distribution of manganese 54 in bay scallops 
collected near Beaufort, N. C. Values are 

the average ± standard deviation1 

Samples Manganese 54 Manganese 54 

Jan. 1963 (8) 
Kidneys 

Dec. 1963-June 1964 (15) 
Liquid 
Mantle 
Gonads 
Gills 
Muscle 
Visceral mass 
Kidneys 

Jan. 1965 (8) 
Kidneys 

J.sJ..z.. 

30.8 ± 5.3 

.28 ± .22 

.25 ± .15 

.44 ± .30 

.48 ± .27 

.83 ± . 36 
1. 4 ± .75 

97 ± 40 

128 ± 35 

1 Number in parentheses = number of samples. 

Pc./animal 

13.1 ± 3.6 

l.8± .98 
0.82 ± .32 
l.0± .50 
l.6 ± .89 
5.5 ± 3.0 
3.B ± 2.2 

49 ± 32 

52 ± 21 
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Mechanism of Manganese 54 Accumulation ~ 
Data on stable- element content are needed 

to calculate specific activity. The reactor 
facilities at North Carolina State College were 
used to determine from activation analysis the 
amounts of stable manganes e in scallop tis sues. 
These results explained why scallop kidneys 
contained so much manganese 54--kidneys 
concentrated at least 100 times more man­
ganese than did the other tissues, providing a 
large manganese pool for accumulation of 
manganes e 54 (table 4). The kidney was about 
0.1 percent manganese, based on wet weight. 
The differences in specific activities of these 
tis sues indicated that the manganes e 54 ac­
cumulated by scallops was not in equilibrium 
with the stable manganese in the environment. 

Analyses of 200-1. samples of sea water 
also indicate that scallops accumulated fall­
out manganes e 54 from a "high specific ac­
tivity source." The specific activity in sea 
water samples collected during the summer 
of 1 :64 was less than the specific activity 
of vlsceral mass and kidney (table 4), indi­
cating that the manganes e 54 was in ins oluble 
particles of relatively high specific activity. 

. !o explain the difference in specific ac­
tlVlty among tissues (table 4), we concluded 
that scallops accumulated manganese 54 from 
fa.llout before it was exchanged and equilibrated 
wlth stable manganes e in the environment. 
We know that fallout is particulate and r ela­
tively insoluble in sea water. Scallops selec­
~ively filtered either fallout particles contam ­
lng manganes e 54 or organisms that had 
s electively accumulated fallout particles. The 
radionuclide, in either case, was available to the 
s.c ~llop as a particle with a higher specific ac­
tlVlty than would be predicted from the amount 
of stable manganese and manganese 54 in the 
water. Thi s would then explain why scallops 
accumulated more manganese 54 than did 
other filter-feeding mollusks. It is also possi­
ble that, among these filter feeders, only scal­
lops mobilized the particulate manganese 54. 

The unexpected amounts of manganese 54 
in scallops pose an interesting and previously 

Table 4.--Comparison of manganese 54, stable manganese and 
specific activity in tissues of bay scallops collected' near 

Beaufort, N. C., from December 1963 to June 1964 . 
Concentration in tissues based on 'Wet weight s 

Tissues Manganese 54 Stable manganese Specific activi ty 

l£J.z.. l!J!..J.2,.. ~. 

Mantle 0.25 3. 87 0.065 
Gills .1.8 8.37 .057 
Muscle .83 2.28 . 364 
Visceral mass 1.4 3.88 .361 
Kidneys 97 983 .099 
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overlooked question concerning maximum per­
missible concentrations. What is the specific 
activity of a particular radionuclide when it 
enters the food chain? It is possible that this 
specific activity, and not the specific activity 
calculated from the amount of stable element 
in the environment, is needed for accurate, 
predictions of maximum permissible con­
centrations in the biota. This is not a sig­
nificant consideration if the entering radio­
nuclide is rapidly exchanged with a stable 
element; however, a radionuclide with a rela­
tively high specific activity could enter the 
e.nvironment in an insoluble form, as par­
hculate fallout. If the radionuclide in this 
particle were adsorbed or ingested by an 
organism and then mobilized, the specific 
activity in the organism would approach that 
of the original material- - especially if this 
element were a conservative trace element 
with a long biological half-life and a small 
concentration in the environment. Under these 
conditions, the specific activity of the trace 
element available to an organism would be 
many times greater than the specific activity 
for the environment as a whole. The organism 
consequently would accumulate more radio­
activity than the amount predicted for the 
environment as a whole. 

We determined the content of gamma radio­
activity for sediment samples collected by 
K. O. Emery from the Atlantic Continental 
Shelf and Slope. These measurements when 
co~plet~d . will provide data on the gamma 
radlOachvlty of the sediments for the Atlantic 
coast of the United States. Such data are 
valuable as the basis for determining future 
changes or lack of changes in sediment radio­
activity • 

These sediment samples from the shelf and 
slope, in contrast to those collected in the 
estuaries near Beaufort, contain very little 
gamma radioactivity attributable to fallout 
This low level may be explained partiall; 
by the samples being collected with a large 
grab, so that they contain a smaller amount 
of surface sediment than if they were col­
lected with s~.aller gear. It is also likely 
that the quanhhes of particulate fallout may 
be less offshore, where the particulate mate­
rial is diluted by larger volumes of water 
and is not concentrated as it is in estuaries; 
volumes of water in estuaries are smaller 
relative to the sediment surface area and 
there i.s n:ore sedimentation. Preliminar~ re­
sults l~dlca.te that the gamma radioactivity, 
due prlmarlly to naturally occurring radio­
nuclides, is positively correlated with the 
clay, combined silt and clay, and ' nitrogen 
content of the s edim ents • 



BIOGEOCHEMISTRY PROGRAM 

Douglas A. Wolfe, Chief 

The Biogeochemistry Pro g ram was 
organized to provide the laboratory with the 
facility for analytical chemical studies of the 
elemental composition of sea water, marine 
sediments, and marine organisms. Such studies 
are necessary for a complete understanding 
of the cycling of radionuclides through various 
components of the estuarine environment. The 
full potential of this program has not been 
realized because of the current employment 
ceiling and the lack of funds for necessary 
instrumentation. Of the currently available 
tools for trace elemental analysis, atomic 
absorption spectrophotometry appears most 
practical and applicable to the needs of the 
laboratory. The rates of routine analysis 
possible with this instrumentation will in­
crease and broaden the research capacity of 
the entire laboratory. We will apply this 
method to elemental analysis of sea water, 
sediments, and marine organisms when funds 
become available. Interim plans involve the 
continued use of wet chemical methods and 
the use of atomic absorption instrumentation 
at North Carolina State University. 

The Biogeochemistry Program is now co­
operating with the Experimental Environments 
Project in the continued study of adsorption­
exchange relations of radionuclides between 
sediments and sea water. In shallow estuaries, 
radioisotopes undergo rapid exchange with 
elements adsorbed on the sediments. Because 
most elements are present in the sediments 
in far greater concentrations than in water, 
the rate of exchange between the sediments 
and sea water probably limits the amounts 
of radionuclide available to the biota. We hope 
to learn the effects of various environmental 
factors, such as pH, salinity, temperature, 
and turbulence, on the equilibrium distribution 
of selected radionuclides between sea water 
and different types of marine sediments. With 
this information, we should be able to predict 
the behavior of the radionuclide in a desig­
nated pollution area before contamination. By 
varying the chemical and physical states of 
introduced radionuclides, we can select con­
ditions resulting in maximum sediment adsorp­
tion of isotopes. That is, the equilibrium dis­
tribution of the isotope should be rapidly 
reached, and yet the release of the isotope 
to the water should be slow. The sediments 
would then act as a natural reservoir for 
radionuclides in instanc es of acute pollution, 
making the isotopes relatively inaccessible 
to the biota. Results of previous studies are ' 
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reported under the Experimental Environments 
Project. 

Another object of the Biogeochemistry Pro­
gram is to describe the biochemical composi­
tion and metabolism of marine organisms 
important as food to man. The increased use 
of our oceans as dumps for industrial wastes, 
including effluents of nuclear power plants, 
makes it important for man to know how his 
food organisms interact with pollutants. A 
thorough knowledge of the biological and bio­
chemical characteristic s of each food or ga­
nism is es s ential for evaluation of the pos sible 
effects of radioactive pollution on man. 

We designed a preliminary experiment to 
test the feasibility of using carbon 14 tracers 
to demonstrate the metabolic pathways by 
which Crustacea convert plant sterols and 
carotenoids to the forms generally found in 
animal systems. Animals are unable to syn­
thesize carotenoids, but are able to metabolize 
dietary carotenoids to produce characteristic 
animal compounds, such as astaxanthin, and 
it is becoming increasingly apparent that 
insects and crustaceans are also unable to 
synthesize steroids. C h ole s t e r oland 
astaxanthin are widely distributed in Crustacea, 
but the metabolic sequences of the production 
of these compounds are unknown. 

To qualitativ ely demonstrate that Crustacea 
m etabolize plant sterols and carotenoids, com­
mercial shrimp, Penaeus sp., were fed for 
10 days a culture of phytoplankton, Carteria, 
which had been previously incubated for 10 days 
with carbon 14labeled bicarbonate. The shrimp 
were homogenized and lyophilized. The shrimp 
solids were extracted for 24 hr. (hours) in 
a soxhlet apparatus with chloroform-menthanol 
(2:1). The extract was saponified in ISpercent 
KOH in 90 percent methanol for 4 hr. under 
reflux. We removed the nonsaponifiable lipid 
and obtained a crude separation of sterol by 
cooling to _120 C. the nonsaponifiable lipid 
dissolved in methanol. The precipitate was 
filtered off in the cold, and a qualitative 
Lieberman-Burchard test showed it to con­
tain steroid. Carotenoid light absorption was 
detected in both the filtrate and the fatty 
acid fraction obtained after saponification. 
The absence of sharp absorption maxima in­
dicated that oxidation of the carotenoid had 
occurred, probably ' during extraction or 
saponification. 

In order to determine 
samples, a diethyl ether 
was evaporated on a 

radioactivity of the 
solution of the lipid 
weighed aluminum 



planchet, and the planchets were reweighed. 
The radioactivity of the thin film of lipid was 
counted with a low-background gas-flow de­
tector. The four fractions analyzed- - soluble 
nonsaponifiable lipid (carotenoid), ins oluble 
nonsaponifiable lipid (steroid), fatty acids, and 
nonlipid residue--all contained radioactivity. 
The nonlipid re sidue was counted as a fine pow­
der at infinite thickness (0.087g./ cm. 2) (grams 
per square centimeter). Although the lipid 
fractions contained much le s s radioactivity than 
the nonlipid residue, the specific activity of the 
nonsaponifiable lipid was appreciable (roughly 
two-thirds that of the fatty-acid fraction). It 
appears therefore that the metabolic pathways 
by which shrimp manufacture cholesterol and 
astaxanthin from plant precursors could 
readily be studied by a careful fractionation 
of shrimp steroids and carotenoids after feed­
ing carbon 14 labeled phytoplankton. This 
work will require equipment currently un­
available at the Bureau's Radiobiological Lab­
oratory: a rotary vacuum evaporator for re­
moval of solvents, thin-layer chromatographic 
equipment for qualitative purity tests, and, 
ideally , a liquid scintillation spectrometer for 
counting radioactivity. 

A study of zinc metabolism in the American 
oyster, is now underway. Zinc accumulation 
by oysters has been the object of much study 
discussed in previous annual reports from 
this l aboratory. Zinc is stored primarily 
i n the gills, mantle, and labial palps of the 
oyster; the digestive system and adductor 
muscle contain progressively less, respec­
tively. Wide seasonal fluctuations in the zinc 
content of oyster tissues corresponded to 
the variation in zinc content of sea water at 
Beaufort, and may be related to the usual 
increases in salinity during the summer. The 
metabolic implications of this variation are 
not known. Zinc is complexed with the protein, 
carbonic anhydrase, whose activity is re­
quired for carbonate deposition in the shell 
of the mollusk, but the literature provides 
no further details as to the storage, transport, 
and excretion mechanisms of zinc metabolism 
in the oyster. The impending rise in zinc 65 
pollution from increas ed nuclear reactor ac­
tivity along our coastline makes the study 
of zinc metabolism in oysters essential. 

In the current study we will attempt to learn 
the distribution and movement of zinc within 
the oyster. Oysters will be dissected into 
various tissue fractions, and the tissues frac­
tionated into nuclear, mitochrondrial, micro­
s omal, and cytoplasmic fractions. Zinc con­
c entrations of thes e subcellular fractions will 
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be determined by atomic absorption spec­
trophotometry. Soluble proteins will be frac­
tionated by gel diffusion chromatography in 
order to separate and purify zinc- binding 
proteins. In other experiments, oysters will 
be permitted to accumulate zinc 65. We should 
be able to trace the movements of the isotope 
through the various tissues, subcellular par­
ticulates, and soluble protein fractions by 
performing the fractionations at s elected time 
intervals after the introduction of the zinc 65. 
We are currently working out the methodology 
for thes e proc edur es. 

When oyster extracellular fluid (blood) was 
chromatographed on a small column of dextran 
gel, no significant protein fractionation was 
apparent (fig. 5). Protein was estimated by 
absorption at 280 mil. The peak at fraction 
number 15 probably consists of short peptides 
and free amIno acids because other small 
molecules completely held up on the column 
eluted in this fraction. SodIUm, for example , 
was present in fractions 13 to 18, as evidenced 
by an intense sodium flame in atomic absorp­
tion analysis. Zinc was estimated by atomic 
absorption at 2,138 angstroms. Zinc IS mainly 
assocIated with the unfractlOnated hIgh­
molecular-weight proteins. Azinc-richprotem 
was present In fraction 8, however, and a small 
amount of zinc was ionic (or associated with 
short peptides). This fractionation is now being 
repeated with a polyacrylamide gel with an 
exclusion limit of 300,000 in order to separate 
the high-molecular-weight proteins . 
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POLLUTION STUDIES PROGRAM 

Thomas W. Duke, Chief 

Investigators in this program are continuing 
to explore the rates and routes by which radio­
activity released into the marine e nvironment 
may be returned to man. Research activities 
range from laboratory expe riments at the 
cellular level to field experiments at the 
community level. Information is n eeded on the 
mechanisms by which radioactivity is ac­
cumulated by organisms, on the translocation 
of radioactivity within organisms, and on the 
cycling of radioactivity in the es tuarine en­
vironment. 

The accumulation of radioactivity by orga­
nisms often must be studied in the laboratory , 
where the environment can be controlled. We 
know that the availability of radionuclide s to 
aquatic organisms may be influenced by the 
physical state of the radionuclide , the amount 
of sedime nt in the water, the rate of dilution 
of the radionuclide, and by many other factors 
that may not be equally important in the 
laboratory and in the natural environment. 
Therefore , to have some assuranc e that pre­
dictions obtained from results of laboratory 
findings are valid, we need some criteria for 
evaluating these findings and relating them to 
the natural environment. Thes e criteria can be 
obtained by releasing radioactivity in large 
tanks and ponds or in natural embayments and 
following the movement of thes e nuclides 
through the water, biota, and sediment of the 
experimental environments. 

Thus, the research activities of this pro­
gram are divided among four projects--three 
of which are concerned with laboratory studies 
and one with the cycling of nuclides through 
experimental environments. The research ac­
complishments of the program ar e presented 
under the proj ect headings: Plants, Inverte­
brates, Vertebrates, and Experimental En­
vironments. 

ACCUMULATION OF RADIONUCLIDES 
BY PLANTS 

John W. Gutknecht 

To resolve many aspects of radiobiological 
pollution problems, we need to understand 
mineral transport and metabolism. This sec­
tion describes the distribution and transport of 
some alkali and halide ions in Gracilaria 
foliifera, a red marine alga. The major 
nlonovalent ions, sodium, potas sium, and 
chloride, are included as well as the trac e 
elements, cesium, rubidium, and iodide. The 
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latter are included for comparative purposes 
and b e caus e of their radiobiological importance 
as components of fallout and reactor wastes. 

Experimental Procedure 

. M.ethods used in this study were basically 
SImIlar to those used earlier (Gutknecht, 1965). 
I measured sodium and potassium by flame pho­
tometry, and chloride by electrometric titra­
tion. The relative concentrations of other ions 
were estimated isotopically and are expressed 
as concentration ratios, i.e., (c.p.m. j g. (counts 
per . minute per gram) cell water):(c.p.m.jml. 
envIronment). Gamma- emitting radioisotopes 
were measured in a well-type scintillation de­
tector and beta-emitting isotopes in an end­
window gas flow detector. The electrical poten­
tial of the cell vacuole was measured with 
micro capillary electrodes and a high-im­
pedance voltmeter. 

To estimate intracellular ion concentra­
tions, we must know the amounts of extra­
cellular space and tissue water. Extracellular 
space (measured with carbon 14 labeled 
mannit~l) comprised of 19.! 2.3 percent (5) 
of the tIssue volum e. [Results are quoted in the 
sequence: mean, standard error, and (in pa­
rentheses) numbe r of measurements.] Tissue 
water, measured by comparing the fresh weight 
with the dry weight, was found to be 89 + 1 
percent (6). Therefore, I estimated that cell 
water, or osmotic volume, comprised 70 
percent of the tissue (i.e., the difference 
between percent tissue water and percent 
extracellular space). Intracellular ion con­
centrations t h us were calculated as 1.4 times 
the tissue ion concentration after a la-min. 
wash in 0.6 M (molar) sucrose (or after sub­
tracting the estimated concentrations of ions 
in the extracellular space). 

Unidirectional fluxes and their rate coef­
ficients were calculated by using standard flux 
equations, treating the cells as a single com­
partment (Sheppard, 1962). The rate coef­
ficients for isotope influx and efflux varied 
somewhat with time, as would be expected in 
a heterogeneous cell population; therefore, 
rate coefficients were determined for suc­
cessive time intervals and averaged. 

Results and Discussion 

The vacuole potential, measured by means of 
microcapillary electrodes, was -81 ± 2 mv. 
(millivolts) (12), and the highest recorded 
potential was -92 mv. I usually made the 



measurements after 12 to 4 8 hr. of illumina­
tion, although several hours of darkness had 
no obvious effect on the potential. 

The concentrations of monovalent ions in 
Gracilaria and in sea wate r are shown in 
table 5. Concentration ratios (ci/co ) are based 
either on chemical and radioactivity measure­
ments (sodium , potassium, and chloride) or on 
radioactivity measurements alone (rubidium, 
cesium, bromide, and iodide). The ci/c o 
values obtained in tracer expe rim ents repre­
sent the steady-state levels attained in the 
light. This required from 10 hr. to 9 day s 
exposure, depending upon the ion. Chemical 
measurements of sodium, potas sium, and 
chloride we re made after about 48 hr. il­
lumination. 

Potassium, the principal intracellular cation 
in Gracilaria was concentrated about sixtyfold 
(table 5). Sodium , in contrast, was excluded 
by a factor of about seven. Chloride, the 
principal intracellular anion, was present at 
over 60 percent of the concentrations of 
sodium plus potassium. About 70 percent of 
the tissue sodium and 25 percent of the tissue 
chloride were extrac e llular. R ubidium, cesium, 
and iodide were all highly conc entrated by 
cells of Gracilaria, although they were of little 
quantitative importanc e compared to sodium, 
potassium, and chloride. 

An equilibrium potential may be calculated 
for each ion by using an approximation of 
the Nernst equation: 

-2.3 RT C i 
Ej=-------- log __ 

zjF Co 

whe re E j is the electrical potential across a 
membrane separating an ion at two concen­
trations, Ci and Co' The constants R, T, and 
F have their usual meanings, and Zj is the 
algebraic valency of the ion, j. An appreciable 
difference between the vacuole potential (E) 
and the equilibrium potential (Ej ) indicates 
that the ion is not in passive flux equilibrium 
across the membrane and suggests, therefore, 
active transport of that ion. 

Most of the calculated equilibrium potentials 
shown in table 5 do not agree with the measured 
vacuole potential of -81 mv. Of the major 
ions, sodium is farthest from e l ectrochemical 
equilibrium, both electrical and chemical gra­
dients being directed inward. This suggests 
that sodium is actively transported out of the 
cells. Potassium, rubidium, chloride, and 
bromide are all concentrated inside at con­
siderably higher levels than would be pre­
dicted from the vacuole potential of - 81 mv. 
Cesium is close to electrochem.ical equilib ­
rium, and the status of iodide is uncertain 
since, as will be shown below, there is ap­
preciable intracellular binding of iodide. Thus, 
potassium, rubidium, chloride, and bromide 
appear to be actively absorbed by cells of 
Gracilaria, and sodium appears to be actively 
extruded. 

Iodid e 131, in contrast to the other ions 
studied, wa s at least partly bound. Maximally 
labeled tissue s, when killed and held in their 
original radioactive environment, retained 
about 25 percent of their radioactivity. In­
t e restingly, tissues exposed to iodide 131 in 
the dark contained a much larger amount of 
bound radioactivity. This was reflected in a 
higher rate of uptake as well as a ci/co of 

Table S. -- Ion concentrations in Gracilaria foliifera and in sea water, 
and Nernst equilibrium potentials 1,2 

Sea water 
Gracilaria Concentration ratio Equilibrium 

Ion 
(Co) (Ci/Co) 

potential 
(Ci) (E. )3 

J 

Meq. II. Meq./kg. fresh wt. Meq . /kg. cell H2O Mv. --
Na 471 ± 11 (11) 161 66.3 ± 4.6 (13) 0.14 ± 0.10 (11) +SO 
K 11.0 ± 0.2 (9) 488 680 ± 12 (12) 61. 8 ± 1.1 (9) -lOS 
Rb 1. 4 x 10- 3 --- --- 148 ± S (19) -1 27 
Cs .04 x 10-3 --- --- 28 .6 ± 2.S (8) -85 
Cl 532 ± 3 (8) 436 462 ± 17 (8) .87 ± .03 (8) - 3.6 
I .4 x 10- 3 --- --- ISO ± 7 (4) +1 28 

1 Sea- water concentrations of rubidium, cesium, and iodide are approximate, based on p'ublished 
values; however, concentration ratios for these ions are more accurate, based on radioactivity 
measurements. 

2 Results expressed as mean, standard error, and (in parentheses) number of measurements. 

3 These values may be compared with the measur ed vacuo l e potential, which was -81 ± 2 mv. 
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416 ± 20 (4), compared to th e value of 150 
found in the light (tabl e 5). 

All of the sodium, potassium, and chlo ride 
in Gracilaria appeared to be exchangeable in 
the light. The specific activities of th e tissues 
and environment became equal after exposur e 
periods of about 10 hr. for sodium 22, 20 h r. 
for potassium 42, and 100 hr . for chlorid e 36 . 
In general, all the ions except iodide appeared 
to be unbound and exchangeable and were no 
doubt largely in solution in the vacuolar sap. 
It is not likely, therefor e , that ion binding plays 
an important role in determining th e steady ­
state distribution of ions in Gracilaria. 

Ion fluxes were measured in the ligh t (8 ,500 
lux), dark, and under anaerobic conditions 
(continuous bubbling with commercial nitrogen 
in the dark). In some experiments, I studi e d 
the effects of previous exposure to light, as 
well as the effects of exogenous substrat e (so­
dium glutamate, 50 mM (millimolar)). Unless 
otherwise indicated, tissues were adapte d for 
36 to 48 hr. in either the light or dark, depend­
ing upon the subsequent experimental condi­
tions. This was important becaus e th e e ffect of 
light on ion movements persisted during 10 t o 20 
hr. of subsequent darkness. 

Light promoted both influx and efflux o f 
cations, as well as the efflux of anions (table s 
6 and 7). The effect of light on anion influx 
was variable, i.e., chloride uptake wa s pro­
moted by light, bromide uptake wa s only 
slightly affected, and iodide uptake was de­
pressed by light. Anaerobiosis depr e ss ed the 
influx and efflux of cations and the influx of 

Table 6. --Rate coefficients for isotope fluxes in Gracilaria. 
Effects of light and darkness l 2 

Rate coefL of influx (k i ) Rate caeff. of efflux (ko ) 
Ion 

Light Light Dark 

Na )0 ± 1 (9) 80 ± 9 (8) 14 ± 4 (6) 
K 20 ± 2 (6) 9.8 ± 0.5 (7) " . 47 ± .09 (5) 
Rb 1.6 ± 0 . 2 (11) . 67 ± 0.1 (13) .09 •. 02 (4) 
Cs 1. 9 ± 0 . 2 (9) . 46 ± . 05 (14) .22 ± .08 (4) 
Cl 1. 8 ± 0 . 1 (9) . 58 " 0.1 (6) .14 •• 0) (5) 
Br .81 ± .08 (7) . 88" . 08 (5) .35 ± .05 (5) 
I 2. 5 ± 0.3 (5) . 55 ± .04 (3) .21 + .06 (3) 

1 Unit s are l02hr. -1. 

2 Results expressed in the sequence: mean, S .E.) and (in 
parentheses) number of measurements. 

Tablt: 7.--100 fluxes in Gracilaria. 
Effects of light and darkness! 2 

Influx (Hi) Efflux (Mo) 

Ion 
Light Dark Light Dark 

No 18 2 (5) 2.1' 0.3 (4) 54 • 6 (8) 8.8 2.5 (6) 

K 101 • 2 (8) 9.1 t 3. 1 (6) 06 • 4 (7) 3.2' 0.5 (') 
Cl 2.0 • 0.5 (6) 1.0 • 0.4 (5) 2.7 • O. 5 (~) .62 t 0.2 (~) 

1 l,;nit., ar~ ml'q. (kg. cell 1ooi.ltt:r)-lhr. -1. 

Results expressed in the sequence: ftk.".1n, S.t:. I and (in 
parcnthelll":s) nwnber of m\:ssuremt.'nt&. 
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anions by f ctor r 
compared to th dark 

PrevIous 
stimulating effect 
sodium efflux . 
placed in a radioactlv 
nitrogen, however , th 

.1 

t emporary stimulat10n of pot lum 
sodium flux unless an vas provld d . GI 
(5 0 mM) in the dark lDcrea ·d th pot 
and sodium InflUX !. to 3 tim 
the dark controls. 

In general , the movements of 
tassium, rubidium, and cesium 
in a quahtatively Similar mann 
of the environmental conditlons . Th m 
difference was that the rat· co filCl nt 
isotope influx and efflux dec rea d rn rk 
in the order sodium potas~lum > rubldlum, 
cesium (tabl e 7). 

In conclUSion, all of the major lon ( odium, 
potassium, and chloride) app c lV 1 
transpor t ed In Gracilaria , as mdlc t d b) th 
large differences bet veen the vacuol pot nh 1 
(E) and the eqUllibnum potentials (E ) (tabl 5). 
Sodium , as lD most plant and amm 1 cell • 1 
farthest from electrochemical q lhbnurn 
(E-ENa = - 131 mv . ) and IS extrud d 11 t 
both electrical and chemical rcl.d1ents. ACtlV 
chloride absorption IS lDdicatt.d (E - Eel -77 
mv.), which is in contrast to most nlmal, but 
not plant, cells (Dainty , 19f1). Pot 
which is usually close to electroch 
eqUllibrium in both plant and amm 1 
appears also to be actlvely b 
(E-E K = 24 mv . ). 

One of the as sumptions on whIch the 
interpretations rest IS thcl.t th 
efflux of an Ion are equal; howey r, 
were some apparent deviations (tolbl s 
7). These devlatlOns mC!y be du to n 
uptake with growth, as well as to rror 
estimating fluxes and rate co fflCl nt 10 

heterogeneous cell populatIon. An all rn tl 
value for the predicted vacuole pot nh I, L • 
can be calc'llated, however , by USln n 
raho equation ( ssing, 1949; T orell, 
The values for E J obtained with thl qu 
make even more stnngent th requlr 
for active transport of most of t 
That is, the E-Ej values 
tho s e obtamed us lng the 
potentials . The only exceptions 
E-ECl decreased from -77 to -70, 
decreased from -67 to - 65. 

A second possible error could n 
any large difference b tw nth cytopl 
and vacuolar ion concentr hon or 1 c r 
potentials . The main potentl 1 drop In 
cells, however, appear to be at t p 
membrane rather t han t th 
(Dainty, 19 2; Fmdlay 
Spans lck and 'hlhams, 
vacuole:c -topla m rat 1 0 1n Gr e1 
high , it is unlikely that mod r t 
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between either the electrical potential or the 
ion concentrations in the cytoplasm and vacuole 
w ould appreciably change the E-Ej values for 
th es e ions. 

T h e large differences between the C i / Co 
v alues for potassium, rubidium, and cesium 
(table 5) provide independent evidence for the 
invol vem e nt of an active process in the dis­
tribution of these ions. Otherwise the ci/co 
value s for the s e ions would be similar, re­
gardl e s s of the v acuole potential. The absence 
of sel e cti v e intrac ellular ion binding is an 
importa nt requir ement in this case (see 
ReIman, L ambie , Burrow s, and Roy, 1957). 

My r e sults mayb e compared with MacRobbie 
and Daint y 's (1 95 8 ) study of sodium and po­
tassium fluxe s in the r e d s e a w eed Rhodymenia. 
Thei r find i ngs of an a ctive sodium efflux and 
active potassium influx we re similar to those 
present e d h e r e . One exc eption, however, was 
thei r obs e rvation that light h ad only a small 
effe c t on sodium flux e s, suggesting that sodium 
t ransport was more clos e ly related to respira­
tion than to photosynthesis. In their study, 
however, the light intensity was l e ss than 25 
percent o f t hat us ed in the pres ent expe riments. 
In my s tudy , sodium efflux decr e as e d by a 
factor of a bout 0.65 when the light inten sity 
was reduced from about 8,500 to about 1,000 
lux. In a d d ition, the effects of light on ion 
movements might b e obscure d if the c e lls used 
for measuring "dark" fluxe s we re not pre­
viously adapte d to darkness. 

The va riable effect of light on ani o n uptake 
was unexpe cte d. Chloride uptake was promoted 
by light , b romide uptake was only slightly 
affected, and iodide uptake was depressed in 
the light. T h is is in contrast to r e cent r e sults 
with Nitella i n which bromi de uptake was 
stimulated b y light to a greater extent than 
was chlo r ide upt ake (MacRobbie, 196 2). The de­
pres sing effe c t of light on iodide uptake was 
found to b e even greater in three other marine 
algae- - Ul va l a ctuca, Fucus vesiculosus, and 
Hypnea mus ciformis--than in Gracilaria (un­
published data). This appe ared in every case 
to be due to a large r amount of bound iodide 
131 in tissue s that had absorbed iodide 131 
in the da r k . P rev i ous studies (Shaw, 1962) 
suggest that in mar i n e a lgae most of the intra-
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cellular iodine exists as iodide, although it may 
enter the cell in another form, thus raising 
doubts about the active transport of iodide, 
per se. Evidence from this and earlier studies, 
however, indicates that iodine is absorbed by 
an energy-dependent, if not, strictly speaking, 
an active transport process. 

Light stimulated all the passive ion fluxes, 
mainly influx of so di urn and efflux of po ta s s i urn, 
rubidium, cesium, chloride, bromide, and 
iodide (tables 6 and 7). It is possible that light 
simply increased the passive permeability to 
the anions, because the rate coefficients for 
chloride, bromide, and iodide efflux were 
similar and their hydrated ion sizes are similar 
(see Briggs, Hope, and Robertson, 1961). The 
mechanism of passive cation fluxes, however, 
may not be simple diffusion, because the rate 
coefficients of efflux were in the order po­
tassium > rubidium > cesium, which is not con­
sistent with predictions based on hydrated ion 
size or mobility (see Ussing, 1960; Briggs et 
al., 1%1). Thus an important part of the 
potassium efflux in Gracilaria probably occurs 
by a mediated, but not active, proces s, pos sibly 
exchange diffusion. We may extend this argu­
ment to include sodium, for the hydrated sodium 
ion is larger than potassium. A similar sug­
gestion was made by MacRobbie and Dainty 
(1958) for Rhodymenia, based on calculations 
of an unusually high energy requirement for 
supporting active sodium efflux. Their sug­
gestion would apply also to sodium efflux in 
Gracilaria. 

The ability of Gracilaria to maintain its high 
intracellular potassium:sodium ratio in the 
absence of both light and oxygen contrasts 
with many higher plant and animal cells, as 
well as some other marine algae. Ulva lactuca 
and Fucus vesiculosus, for example, were un­
able to maintain their normal high potas sium: 
sodium ratios under anaerobic conditions, los­
i ng over 50 percent of their intracellular potas­
sium in 24 hr. (unpublished data). In Fucus the 
loss of potassium was irreversible after 48 hr. 
Interestingly, both these seaweeds are highly 
resistant to extremes of temperature and de­
hydration (Kanwisher, 1957). Porphyra also 
has been found to lose potassium and gain 
sodium when exposed to nitrogen (Eppley, 1958). 



ACCUMULATION OF RADIONUCLIDES 
BY INVERTEBRATES 

Thomas J. Price and Curtis W. Lewis 

Shellfish have the capacity to rapidly ac­
cumulate radioactive material from seawater. 
Radioactive shellfish could be a health hazard 
to man if they were used as seafood; however, 
they could be a benefit to man by serving as 
"indicators" of the presence of radioactive 
material in the marine environment. Infor­
mation on the rates and levels of accumula­
tion of radioactivity by shellfish can b e ob­
tained in the laboratory as well as in th e 
natural environment. In the following experi­
ments we investigated some of the factors that 
influence the accumulation of radioactivity by 
shellfish and the distribution of this activity 
within the organisms. We also evaluat ed oys­
ters and clams as indicators of radioactivity 
in a shallow salt-water pond. 

Hard clams, American oysters, and blue 
crabs, Callinectes sapidus, were the experi ­
m ental animals chosen for our studi e s. The ra­
dioactivity content of these organisms was 
analyzed by using a whole-animal detector 
with a single channel gamma spectrom e t er. 
We report radioactivity as counts per minute 
per gram with appropriate corr e ctions for 
background, geometry, and d e cay. 

Accumulation of Zinc 65 by Clams 

A radioactive effluent can be released into 
the marine environment in small amounts over 
a long period of tim e (the level of activity in 
the water remaining constant) or it can be 
released as a single d o se in a short period of 
time (level of activity do e s not remain con­
stant). The level of radioactivity has not been 
kept constant i n many laboratory experim ents 
on the uptake of radioactivity by organisms. 
In the following experiment the level of radio­
activity in the water was maintained at a con­
stant level by adding zinc 65 as needed. 

A group of 10 clams was plac ed into each of 
two fiberglass tanks containing 2001. of cotton­
filtered sea water. One tank contained 50 pc. 
(microcurie) of zinc 65, and the other contained 
100 /lC. After 272 days the clams in the tank con­
taining 50 pc. of zinc 65 concentrated this 
radionuclide 179 times over its content in the 
water, while the clams in the tank containing 
100/lc. had a concentration factor of 158 
(fig. 6). The clam s in the highe r level of radio­
activity contained 1.82 times mor e zinc 65 than 
thos e in the lower concentration. 

Considering the above data and a similar ex­
periment reported in this laboratory's annual 
report for 1964, in which the radioactivity was 
not kept constant, we concluded that the avail­
ability of the radioactive zinc to the organisms 
influenced the level and rate of accumulation. In 
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Figure 6.--Uptake of zinc 65 by hard clams. 

this exp eriment the apparent steady state was 
reached at a later time than in previous experi­
ments. Also, the levels of z i nc 65 accumulated 
by both groups of animals in the constant radio­
activity were higher than in the previous experi­
ment. Thus, it appears that a continuous intro­
duction of zinc 65 into a body of water containing 
clams could be considered a pollution problem. 

Accumulation, Distribution, and Retention 
of Iodine 13 1 in Crabs 

The major sources of radioiodine enter­
ing the environment are nuclear weapons 
tests and waste effluents from various centers 
of nuclear reactor operations. Many of thes e 
sites are located on estuarine waters, and, b e ­
cause these waters are also subject to fallout, 
we need to know to what extent this radio­
isotope becomes associated with the resident 
animals . To investigate this, we ran an experi­
ment to determine the tissue distribution and 
retention of iodine 131 in blue crabs (tabl e 8 ). 

Time 

Gills 

Qu! ~ 

2 5).4 
4 42.9 
6 46. 7 
8 54. 8 

10 49.9 
13 64.7 

Table 8. --Tissue distribution and retention 
of iodine 131 in blue crabs l 

Radioactivity 

Stomach Shell Gonads Muscle Hepato-
pancreas 

~ Percent ~ Pe r cent ~ 

20.8 13. ) 1.7 1.2 5. 7 
)4. 6 12.6 2.7 2.1 2.4 
3').9 11. ) S.7 Z.8 2.4 
21.4 12.4 2.0 1.9 1. 7 
)). 2 11. 1 . 4 ).6 1.5 
20. 2 9.1 .7 2.6 2.4 

Blood 

Percent 

J.9 
•. 6 
1.6 
.8 

J 
J 

1 Activity of e ach tissue is reported as percent of total radioactivity n 
a ll ti ssues per sampling time. 



A radioactive 10 din e !;;OlutlOn cont.dmn' 
17.34 !l c. was o rally in] >c t l'd Into th~ storn,'ch 
of 28 crabs. This solution was colo red wIth 
methylene blue t o enabl us to notl .. ny r -
gurgitation of the dos l' br th 31llmc I . Only 
two crabs regurgitated. Mea ur 'rncnt of 
radioactivity in the tbsu's Wer,' corr 'ct"d to 
those of a crab of stand rd weight . 

After 13 dar!;; th gIlls r -tam d th gr ill -st 
percent of lOdllle 131, follow"d by stom ch , 
shell, hepatopancreas, gonad , and blood, Whl h 
retaIned the low 'st p ·rcent. Thl. tr n loc tlon 
of Iodine 131 wlthlll th crab w s about th 
same after 13 da)"s as aft r ~d ys . Appar ntly 
edIble tissues did not blCOm( mor r dlo­
actlve (relatlve to other hssu~s) With tlm~ . 

Oysters and Clams as Inciieatol's f Zinc 65 
in the Environment 

Shellflsh that cone ntrat r dlonuchd m 
sea water can b useful as mdlcators of th 
presence of these nuclld S In th m rln n­
vironment. To test the capacIty of 0)' t rs 
and clams to serve as Indlc tors of LIne:: 5 In 
thelr environment , we placed 10 adua of ach 
species in a shallow salt-wat('r pond th t con­
taIned detectable amounts of s dIm nt-sorb d 
zinc 65 but only background levels (l s than 
600 !lPC. (micromicrocurie,;) 1.) In th at r . 

After 2.57 days 1Il the pond the oysters con ­
tained 3.1 times mor(' zinc 65 th n dld an qual 
weight of sediment , and clams contaIn d one ­
half as much as did the sediment. Thu , oy t r 
contained 6.2. times more zmc 65 than did the 
clams. At thiS time, there was an apparent 
equilibrium between the zmc 65 contt'nt of th 
clams and the environment, but oy"t rs con­
tlllued to concentrate the Isotope . Although th 
level of zinc 65 in the water was below d -
tectable limits , there wa!;; no doubt ~C'm 

zinc 65 in the wate r b eca us e of the continual ex ­
change of this isotope between the sediment:, and 
water. We were unable to determIne In this ex ­
periment whether the filter feeders accumu­
lated radioactlvity by remOVIng and utllIz.Ing 
sediment-sorbed zinc 65 , by feeding on food 
particles which contained zinc 65 , or by re­
moving zinc 65 from the water through adsorp ­
tion-exchange processes. Regardles!;; of the 
mechanlsm of accumulatlOn, the mollusks were 
indicators of zinc 65 in the pond . 

The retention of zinc 65 in clams was ob ­
served in the laboratory and in water adjacent 
to the laboratory. Small (average weight 
32.2 g.) and large (average weight 138.5 g.) 
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ACCUMULATION OF RADIONUCLIDES 
BY VERTEBRATES 

John P. Baptist and F e lic e Aull Nachbar 

This section describes studies o f the uptake 
and retention of radionuclides by marine 
teleosts. Two different experimental proce­
dures were used: (1) we measured r etention 
of the particular isotope by the whole animal, 
and (2) we studied in vitro transfer of the 
isotope across the intestinal tract. Swce 
marine fish ingest considerable quantities of 
sea water th e intestine may be an important 
site of entry forpollutantspr esentinthewater . 
We also studied the characteristics of in­
testinal absorption of water. 

Information on the transf e r of elements 
across living tissues in relation, t o studies of 
uptake and retention of radionuc1id es by mar ine 
organisms, is almost complet ely lacking. A 
knowledge of transfer mechanisms will im ­
prove our und e rstanding of biological uptake 
of radioactive materials. 

Salt and Water Absorption by Toadfishlntes tine 

Absorption of water and solutes by the w ­
testine has been studied in s ever al mammalian 
species (Clarkson and Rothstein, 1960; Curran 
and Solomon, 1957; and Schult z and Zalusky, 
1964) but little is known about this process 
in lower vertebrates. In marine teleosts the 
role of the intestine in o smor egulation was 
pointed out by Smith (1930), who showed that 
marine fish continually ingest sea water and 
absorb ions and water from th e intestine . 
Thes e activities, coupl ed with elimination of 
ions by the gills, contribute t o th e maintenance 
of a blood composition hypotonic to sea water . 
The present inv e stigation d ea ls with movement 
of intestinal fluids in a marine teleost, the 
toadfish, Opsanus tau. 

Experimental procedure.- - T oadfish we r e 
anesthetized, and the intestine r emoved . Seg­
ments about 3 cm. long were tied off at one 
end and suspended as open sacs from a 
syringe barrel in continuously oxygenated 
Ringer solution (composition: 9 g . NaCl, 40 ml. 
0.154 M KCl, 15 ml 0.11 MNaH4 P04 , 85 ml. 

0.11 M Na2HP04, to 11. wi t h distilled water). 

Intestinal sacs were filled with 1 to 2 ml. of 
Ringer solution containing 1 t o 2 11 c. of carbon 
l4-inulin. Net water m ovements were deter ­
mined by change in inulin concentration In 
samples removed periodically from the sacs . 
The intestines were almost impermeable to 
inulin for, after 5 hr., no more than 2 percent 
of the amount present Initially was detected 
;n the bathing medium. 

The concentration of NaCI in the mucosal 
Ringer solution was varied by replacement 
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with an 
mannitol. 

tector and sodium .va m 
photometry . We p dorm 
at room temperature . 

Movement of wat r.- - A n 
water occurred from m cosa 
Identical Rwger solutions ba ht d 
of the intestwal wall (tabl II , gro 
absorption decreased SI mflcant' 

- 3 in the presence of 10 1 
- 3 cyanide) or 10 1 j aC plu 

(lOdoacetate). Therefore absorp Ion of 
took place in the abs nc of an 
gradient and was In som \\ay d p nd 
n"letabohsm. 

versed when the gradient was I . r 
Thus water absorptlOn could con In 
when NaCl concentration gradl nts f 
passive entry of salt. 

In contrast, the direction of n 
wos from serosa to mucosa w pn f v -
of the mucosa: • aC 1 was r plac d by IT 

(group D). ThiS was not SI Iflcan ly I 

metabolic inhibition with lC-
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10- 3 M IAA. The mucosal 
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(table 11, group D, first and second columns). 
The data suggest that sodium, accompanied by 
water, diffused passively down its concentra­
tion gradient. 

In summary, water absorption across toad­
fish intestine can occur in the absence of an 
osmotic gradient and persists, withadecrease 
in mucosal sodium concentration, when there is 
a serosal to mucosal NaCl gradient of 1.6. 
Metabol ic inhibitors diminish or reverse this 
absorption and prevent the fall in mucosal 
sodium concentration. When the serosal to 
mucosal NaCI gradient is as high as 4.8, 
however, the direction of net water movement 
i s r e v e rsed and the mucosal sodium concen­
tration increases. The data are consistentwith 
t h e v iew that water movement is coupled to 
salt transfer and that salt transfer is by an 
activ e process, but additional evidence is 
ne c es sary to prove this hypothesis. 

Retention of Iodine 131 by the Croaker 

The cr oaker, Micropogon undulatus, is able 
t o concentrate 25 times the amount of iodine 
131 pres ent in sea water (Baptist and Hoss, 
1965 ) . In measuring the potential hazard of 
cont aminated seafood to man, the retention 
of rad ionuclides is as important as the amount 
concentrated initially, especially in instances 
of int e rmittent pollution. We designed the fol­
lowing experiment to determine the biological 
half- life of iodine 131 in the tissues of the 
croaker . 

Methods.--Sixty croaker were injected in­
traperitoneally with 12 /J c. of iodine 131 each 
and placed in cages in the Beaufort Harbor 
Estuary . Water temperature .ranged from 20 0 

to 230 C ., and salinity from 28 to 34 p.p.t. About 
3 hr . aft er the injections were administered, 
the fi s h were examined for the retained iodine 
131. Thr ee h r. was considered zero time. 
Periodically, 15 live fish were counted in a 
small - animal radiation counter to determine 
whole- body r etention. The remaining fish were 
maintained in a separate cage and killed at 
intervals to m easure retention in individual 
tis sues . We us ed the small-animal counter 
for all radioactivity measur ements. 

Retention of a radionuclide by an organism 
depends upon the combined effects of the 
excretion rat e and the rate of physical decay 
of the particular radionuclide. This is referred 
to as the eff ec t ive half-life , the time required 
for an organis m to los e one-half of the con­
tained radionuclide. By c o rrecting for physical 
decay, the biological half-life may be deter­
mined, and thi s valu e holds true for any 
isotope of the element t e sted. 

Results.- - Whole- body retention of iodine 131 
by croaker occurred at three rates (fig. 7). 
About 59 per cent of the injected dose was lost 
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at a biological half-life rate of 6 hr., probably 
representing the unbound iodine 131. Forty 
percent of the injected dose had a biological 
half-life of 2.25 days. The remainder, less 
than 1 percent, had a biological half-life of 
24 days. When corrections were made for 
radioactive decay, the effective half-lives of 
the three components became 4 hr., 1.75 days, 
and 6 days, respectively (fig. 7). 

Except for gill filaments and muscle, iodine 
131 levels in the various tissues were within 
an order of magnitude (fig. 8 ). The concen­
tration in the gill filaments was considerably 
higher and that in the muscle considerably 
lower. As other tissues tested lost radioiodine, 
the thyroid concentrated it to a maximum 
level at 4 days, after which the level began to 
decrease. The biological half-lives of most of 
the tissues (blood, scales, skin, spleen, liver, 
stomach, intestine, heart, and kidney) cor­
responded clos ely with the biological half-life 
of the second component of the whole-body 
retention curve (fig. 7). The two components 
of iodine 131 in the gill filaments had half­
lives of 1.25 and 3.25 days. The two fractions 
of iodine 131 in muscle had half-lives of 2.25 
days and 5 days. The biological half-life of 
iodine 131 in thyroid was about 4 days, but a 
change in the slope of the thyroid curve at 
16 days indicated a second component may 
have been present. We could not determine 
from the data whether this component cor­
responded with the third component (less than 
1 percent of the dose) of the whole-body 
curve. 

The results of this experiment indicated that 
iodine 131 is probably not retained in fish 
tis sues in high enough conc entrations to con­
stitute a major health hazard. 

Simultaneous Retention of Zinc 65 and 
Chromium 51 by the Croaker 

Zinc 65 and chromium 51, both neutron­
induced radionuclides, are released to the 
aquatic environment from nuclear production 
reactors and bomb detonations. Although zinc 
65 has been found in many aquatic organisms 
(Davis, Perkins, Palmer, Hanson, and Cline, 
1958), chromium 51 does not seem to be ac­
cumulated significantly. This is interesting be­
cause large amounts of this radionuclide are 
released, for example, in the Columbia River 
(Watson, Davis, and Hanson, 1961). In labora­
tory experi,ments, croaker accumulated very 
little chromium 51 from food or water (Baptist 
and Hoss, 1965). We performed the present 
experiment to determine the retention of 
chromium 51 and zinc 65 simultaneously. 

One-tenth m1. mixtures of zinc 65 (0.33 /J c.) 
and chromium 51 (4.3 /J c.) were pipetted orally 
into the stomachs of 15 croaker, which were 
plac ed in cages in the estuary. Water tem­
perature ranged from 7 0 to 10 0 C., and salinity 
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Figure 7. --Whole-body retention of iodine 131 by the croaker, 
showing separation of three rate functions. Open circles 
represent biological half-life, closed circles represent 
effective half-life. 
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from 26 to 32 p.p.t. Periodically the living 
fish were measured for radioactivity content 
in a small-animal counter with a gamma 
spectrometer. By use of the discriminator and 
appropriate standards for comparison, we were 
able to measure the relative quantities of each 
radioisotope. 

Biological retention of zinc 65 by croaker 
was expressed as a composite curve having 
two rate functions (fig. 9). The first compo­
nent, representing 25 percent of the zinc 65 
present at zero time, had a biological half­
life of 6 days. The second component, 75 
percent of the amount at zero, had a biological 
half-life of 108 days. Taking into account 
radioactive decay, the effective half-lives of 
these two components were 5,4 days and 75 
days, respectively. Thesevalues are somewhat 
different from the half-lives of 6.5 and 138 
days determined in a previous experiment 
(Baptist and Hoss, 1965), in which the retention 
of zinc 65 by croaker was followed for 103 days. 
At that time, however, the temperature grad­
ually increased from 4 0 C. at the beginning to 
14.7 0 C. at the end, and no other radiois otope 
was involved. 

Retention of chromium 51 also was a com­
posite of two rate functions (fig. 9). The short­
lived component consisted of 93.8 percent of 
the chromium 51 at zero time and had a 
biological half-life of only 12 hr. The second 
component, representing 6.2 percent of the 
chromium 51 at zero time, had a biological 
half-life of 70 days. Physical decay of chro­
mium 51 reduced these values to effective 
half-lives of 0,4 days and 20 days, respec­
tively. 

The radionuclides of greatest concern in 
pollution problems are those readily accumu­
lated by organisms and ret;).ined for long 
periods of time. The effective retention, a 
function of both biological and physical half-

26 

I-
Z 
w 
u 
a: 
w 
a. 

>-
I-
:; 
i= 
u 
« 
0 
0 
<l 
a: 

100 

I~ 
0 v v V ~ 

50 R = 25e- 0.115 f + 75 e- 0.006 f 

10 -. 
5 • • ..... 

R = 93.8 e-1.386 f + 62 e-0.009 f 

I 
'~0~------~'0~------~2~0~------~3~0--------4~0 

DAYS 
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lives of a radionuclide, is one of the important 
criteria in judging the effects of radioactive 
pollution. Although the long-lived component 
of chromium 51 had a biological half-life of 
70 days, its effective half-life was only 20 
days. Also this component was only 6.2 percent 
of the chromium 51 at zero time. Chromium 51, 
therefore, may be considered one of the less 
hazardous radionuclides. In contrast, 75 per­
cent of the zinc 65 in the croaker had a biologi­
cal half-life of 108 days, but physical decay 
reduced this to an effective half-life of 75 
days, which is still a relatively long time. 



EXPERIMENTAL ENVIRONMENTS 

Thomas W. Duke, James N. Willis, 
and Program Staff 

Data necessary to study the cycling of 
nutrient s between the biotic and abiotic phases 
of the estuarine environment can be collected 
in the estuary and in the laboratory. Mor e 
complete information on the relation between 
communities of organisms and their environ­
ment can be obtained in the estuary, since it 
is difficult , if not impossible, to duplicate in 
the laboratory conditions that occur in the 
estuary . Certain data, however, can be col­
lected only under controlled conditions in the 
laboratory . For example, to predict the rat e 
and level of accumulation of an element by 
components of the biotic phas e of an estuary, 
it is often necessary to use the turnover rate 
of the stable element in the component. This 
rate should be determined under controlled 
conditions of temperature, pH, and salinity. 
Radioactive isotopes are especially useful in 
following the movement of nutrient elements. 
We started two experiments on the cycling of 
nutrients this year. In one, we introduc ed 
zinc 65 into an experimental pond connected 
with an adjoining estuary. Data obtained from 
previous laboratory and field experiments 
were us ed to make predictions of the levels 
of zinc 65 in the organisms of the experi­
mental pond, and these predictions were com­
pared with actual observations. In the other 
experiments, iodine 131 and zirconium 95-
niobium 95 were added to a natural coastal 
embayment, and we determined the accumula­
tion of these isotopes by the biota and sedi­
ment of the embayment . 

Cycling of Zinc 65 

Experimental pro c e d u r e.- -Observations 
were made on the cycling of zinc 65 among 
the water , biota, and sediment phases of a 
salt - water tidal pond. The pond (16 x 19 m.), 
walled with concrete, was connected to an 
adjoining estuary through a tile pipe, 20 cm. 
in diameter. The end of the pipe in the pond 
was covered with a .63 cm.-mesh net to pre­
vent small organisms from entering or leav­
ing the pond. The pond contained 78 m. 3 (cubic 
meters) of water at low tide and 178 m. 3 at 
h i gh t ide, and had an exchange of 100 m. 3 of 
wat e r per tidal cycle between the pond and the 
e stua r y, an average of 8 m. 3/ hr. About .186 
m.2 of sed iment was covered with water at 
high t i d e . 

Ten m c. (millicuries) of zinc 65 (specific 
activity = 0 .43 c ./ g. (curies per gram) in the 
f o r m of ZnCl2 ) were added to the water of the 
pond immed iately following ebb tide on June 13, 
1964 . At th i s time , the water had a salinity of 
26.6 p . p .t., pH of 7.95, temperature of 170 C., 
and 40 mg . of s uspended material per 1. During 
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the experiment, the salinity ranged from 24.9 
to 34.8 p.p.t., the pH from 7.7 to 8 .2, and the 
temperature from 17 0 to 29 0 C. 

Organisms for a marine community were 
collected in the Beaufort, N .C., area and 
placed in the pond 1 wk. before we added the 
radioactivity. Organisms were not caged as in 
previous experiments but permitted to move 
freely in the pond. The community consisted of 
20 American oysters; 20 hard clams; 20 
bay scallops; 40 croaker; 30 mummichog, 
Fundulus heteroclitus; 10 mullet, Mugil 
cephalus; 15 blue crabs; 15 mud crabs, 
Panopeus herbstii; 433 g. fresh weight of 
eel grass, Zostera marina; and about 10,000 
plants of marsh grass, Spartina alterniflora. 

Samples of water, biota, and sediment were 
removed fro m the pond periodically and 
analyzed for zinc 65. Wa t er samples were 
taken from the surface, middle, and bottom 
of the pond. Fish and crabs were sampled by 
trapping them in a net that had been placed 
on the bottom of the pond. Clams, oysters, 
and scallops were removed from the bottom 
of the pond wit h tongs. All organisms were 
analyzed live and returned to the pond. We 
took sediment cores from the middle and four 
corne r areas of the pond with a lucite sampler, 
5 cm. in diameter, that penetrated 12 cm. into 
the sediment. We separated these samples into 
2-cm. sections for analysis. To express the 
radioactivity content of the samples as spe­
cific activity (ratio of zinc 65 to total zinc), 
three individuals of each species, samples of 
the water, and sediment were removed after 
100 days and analyzed for total zinc content. 

The zinc 65 content of water, biota, and 
sediments was m easured with a liquid scintil­
lation detector large enough to contain live 
animals (4i in. in diameter x 9 in. long) and a 
single - channel spectrometer. Measurements 
were corrected for decay, geometry, and 
background radioactivity. Organisms, with the 
exception of fish, were prepared for analysis 
by w rapping them in a thin plastic sheet. 
Fish were placed in dark glass jars filled 
with sea water containing no zinc 65 and 
analyzed for 3 min. Sediment samples were 
prepared in small plastic containers. The 
radioactivity content of all samples was re­
ported in microcurie amounts, converted from 
counts per minute as reported in this labora­
tory1s 1964 annual report. 

Movement of zinc 65.--We observed the 
distribution of zinc 65 within the experimental 
pond and the rate at which this distribution 
took place. For purpos es of this discussion, 
the pond is divided into three components: 
water, biota, and sediment. 

Water.--The partition of zinc 65 and stable 
zinc between the liquid ("soluble" zinc) and 
solid phases ("particulate" zinc) of the water 
column of the experimental pond was followed 



for 96 hr. (table 12). The particulate matter 
consisted chiefly of siliceous particles and 
very little living matter. Apparently the con­
centration of zinc 65 in both phases was 
approaching equilibrium with the stable zinc 
after 24 hr., because the percentage of eachin 
the two phases was nearly the same. The 
accumulation of zinc 65 by particulate matter 
in the water is of ecological importance, be­
cause the sedimentation of particles which 
have sorbed zinc 65 may be an important 
mechanism for the transport of this isotope 
to bottom sediments and to bottom-dwelling 
organisms. 

Table 12.- - Partition of zinc 65 in the water of an experimental pond, 
Beaufor t, Nort h Carolina) 1964 

Zinc 65 St able zinc Elapsed 
time 

Concentrationl 

of particulate 
matter Soluble Particulate Soluble Pa r ticulate 

!if:' &....a. ~ ~ ~ ~ 
24 66 . 1 82 18 91 9 
48 66.2 69 31 70 30 
72 47.6 87 13 
96 55. 0 67 33 

1 Removed from water with a 0 . 45 Jl Mll lipo re filter . 

Sed i m ent. - - There is a continuous exch ange 
of e l ements between sediments and other 
phas e s of the estuarine environment, and the 
t otal a mount of elements with important radio­
isotopes is usually much greater in sediment 
that in water or organisms. In shallow bodies 
of wat e r, such as estuaries, exchange of ele­
ments b e tween sediments and wate r may con­
trol the distribution of elements. An example 
of this ph enomenon is found in the distribution 
of z inc 6 5 and stable zinc in the experimental 
pond (table 13). 

Tabl~ 13.--Distribution and specific activity of zinc and zin c 65 
after 100 days in components of a pond ecosystem located 

at Beaufort, North Carolina 

Pond component Wet weight Zinc 65 Zinc Specific 
content content a c t ivity 

Q. .!!£. ~. b!c, Zn 65 Ls.. Zn 

Scallops 1 ,556 1. 730 126 14 
Oysters 3,864 2.580 236 11 
Clams 4,665 0 . 606 29 21 

Blue crabs 2,490 0 . 162 120 1 
Periwinkles 3,805 Background 53 --
Croaker 1 , 381 0 . 152 13 12 
Marsh grass 207 , 935 Backgr ound 4 , 200 --

Biota (Total) 225,6 96 5.2 4 ,777 --
Sea water 79.9 x 10~ Backgr ound 390 --
Sedimentsl 11.2 x 10 771 110,000 7 
Lost through 

tidal exchange --- 8,943 --- --

1 Top 6 em. only. 

Zinc 65 moved rapidly from the water to the 
sediment and biota of the experimental pond 
(fig. 10), but the exchange of sediment-sorbed 
zinc 65 w ith flowing sea water was relatively 
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slow. After 24 hr. about 83 percent vi the 
zinc 65 introduced into the pond was flushed 
out by the tidal exchange of water. Of the 
total zinc 65 remalmng, 36 percent in the 
pond was in the bottom sediment, 59 percent 
in the water (18 percent of this amount was 
associated with suspended sediment), and 5 
percent in the biota. During this 24-hr. period, 
the bottom sediment accumulated a total of 
648 /I. c. zinc 65, or 6.48 percent of the amount 
introduced. After 11 0 days the sediment con­
tained 99.4 percent of the zinc 65 in the pond 
while the biota contained the remainder. Bot­
tom sediment (the upper 6 cm.) lost 325 /I. c. 
of zinc 65 in 103 days, owing to exchange 
with the water and migration of the isotope 
to deeper layers. This can be expressed as 

-1 -2 
an average flux rate of 620/1./1. c. hr. m. 

Biota.- -All of the organisms in the pond 
accumulated zinc 65 (fig. 10), but the filter­
feeding mollusks accumulated more than the 
other organisms and contained 76 percent of 
the zinc 65 in the biota after 24 hr. Scallops 
accumulated zinc 65 at a faster rate and to a 
higher level during the first 24 hr. than did 
the oysters and clams. A comparison of the 
filtering rates, stable zinc, and zinc 65 ' ;on­
centrations of these animals gives some in­
sight into the mechanism by which zinc 65 
was accumulated (table 14). The filter feeders 
contained zinc 65 in direct proportion to their 
filtering rates on the 1st day, scallops ac­
cumulating the most, clams the least. The 
scallop could have accumulated more zinc 65 
by filtering more water than did the other or­
ganisms and exposing its tissue surfaces to a 
greater volume of radioactive water, by filter­
ing more food particles containing zinc 65, or 
by both proces s es. A similar relation was found 
in the laboratory when scallops, oysters, and 
clams were exposed to Millipore-filtered sea 
water containing zinc 65 (Schelske, unpub­
lished data). In Schelske's experiment also, 
scallops accumulated the most zinc 65, followed 
by oysters and clams. Food and other particu­
late material was virtually excluded in the 

Table 14.--Ratios of filtering rates, zinc 65, and 
stable zinc contents of scallOps and oysters to 

those of clams in an experimental pond 
at Beaufort, North Carolina, 1964 

Zinc 65 content Stable 
Organisms Filtering zinc 

ratel 2 1 day 100 days content2 

ScallOps 3.0 3. 7 2.8 4.2 
Oysters 2.3 1.9 4.3 8.0 
Clams 1.0 1.0 1.0 1.0 

1 Based on data from literature. 

2 Average. 
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Figure 10. --The distribution of zinc 65 in an experimental pond with time. A total of 10,000 !lC, is in the pond or 
accounted for by loss from tidal exchange at any specific time. 

filt e red s e a w ate r of the l a b oratory experi ­
ment, so t h at the o rgani sms must have ac­
cumulated the zin c 6 5 d irectly from the 
wate r. 

The same r e lation b e tween the zinc 65 
content and the filt e ring r a t e o f the organisms 
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does not hold for the lOO-day sample; however, 
the zinc 65 concentration does show a corre­
lation with stable zinc. These relations sug­
gest that initially the zinc 65 was accumulated 
by an adsorption-exchange reaction between 
the water and the mucoid tissue surfaces. 



Because of the potential health hazard, the 
quantity of a radioactive element such as zinc 
65 that can be released into the estuarine 
environment is limited by the rates and 
routes by which it can be returned to man. 
Although sediments in the experimental pond 
accumulated zinc 65 to relatively high levels, 
the activity was released slowly and normally 
would reach man only indirectly. Scallops, 
oysters, and clams, however, accumulated 
zinc 65 rapidly and are used as seafood by 
man. Even though the whole scallop contained 
more zinc 65 than did the oyster, aperson would 
accumulate more zinc 65 from eating a dozen 
oysters than from eating an equal number of 
scallops. This is because the edible portion 
of the oyster (entire meats) contained more 
zinc 65 than the edible portion of the scallop 
(muscle only). Thus, oysters, in thi s instance, 
can be considere d as the limiting factor in 
the amount of zinc 65 that can be released 
into the environment, since they can transfer 
the greatest amount of zinc 65 to man. 

Predictions. --A prediction can be made of 
the maximum amount of radioactivity an 
organism may accumulate from the water of a 
contaminated estuary. It is possible to make 
such a predict ion by using data obtained from 
previous laboratory and field experiments and 
by a knowledge of certain chemical and physical 
characteristics of the contaminated estuary. 
For example , the concentration of zinc 65 that 
would accumulate in an oyster 24 hr. after 
the isotope was introduced into the experi­
mental pond was calculated before the radio­
activity was introduced. Two predictions were 
made: one was based on the zinc 65 content 
of water and oysters from a previous pond 
experiment; the other utilized the turnover 
rate of stable zinc in the oyster. The pre­
dicted values were evaluated by comparing 
them with observed values. 

An experiment in which zinc 65 was intro­
duced into a shallow salt-water pond (pond I) 
where there was no tidal exchange of water is 
described in our laboratory's annual report for 
1964. A ratio of the zinc 65 in the water and 
organisms (pond I) can be used to prOedict the 
zinc 65 content of organisms in the experi­
mental pond (pond II) in the following manner: 

where 

A A' 
w w 

A 
o 

= 
A' 

o 

= Average zinc 65 content in water of 
pond I (0.211 x 10- 6mc./g.) 
Zinc 65 conte n t of organism 
after 24 hr. in pond I in JIll c./g.; 
oyste r = 6,201; clam = 1,888; and 
crab = 1,063 
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A'w Predicted average zinc 65 content 
of water in pond II in 24 hr. assuming 
10 s s of zinc 65 by tidal exchange 
only (.0745 x 10- 6mc. / g.) 

A'o = Zinc 65 content of organisms after 
24 hr. in pond II (unknown) 

The radioactive content of oysters, clams, 
and crabs after 24 hr. in experimental pond II 
was predicted with the above relation and 
compared with their observed radioactive con­
tent (table 15). 

Table l5o--Predicted and observed concen­
trations of zinc 65 in oysters, clams, 
and crabs in an experimental pond at 

Beaufort, N. C., 1964 

Organism 

Oyster 
Clam 
Crab 

Zinc 65 concentration 

Predicted 

iJ.{1c./g. tissue 

2,189 
666 
375 

Observed 

iJ./i c. / g. tissue 

1,100 
509 
323 

The predicted values are, of course, ap­
proximations of maximum values because the 
two ponds differed in temperature, salinity, 
and pH of the water and in composition of 
bottom sediments. Also, loss of zinc 65 from 
the water to the sediments and biota was not 
included. The predicted and observed values 
were surprisingly close, however, even though 
these differences existed. 

Another method for predicting the maximum 
zinc 65 content of an organism involves use of 
the equation for exchange in a two-compart­
ment system (Sheppard, 1962) and of turnover 
time of stable zinc in the organism. Turnover 
tim e of stable zinc in an oyste r was dete r­
mined previously in a laboratory experiment 
under controlled conditions. The zinc 65 con ­
tent of an oyste r 1 day afte r the activity was 
introduced can be determined as follows: 

(1) -kt 
e 

(2) SAo = SAw _ S~e -kt 

(3) 

(4) 

(5) 

where 

Ao = SAw - SAwe-kt 

Eo 

i?-o = Eo (SAw - SAwe -kt) 

[Ao = Eo] (SAw - SAwe-kt ) 

SAw = Average specific activity of water 
during 24-hr. period assuming loss 
of zinc 65 by tidal exchange only 
(.0745 x 10- 6 mc./g.) 



SAo = SpeClflc activity of organism at time, 
t (pg.Zn/g. tissue) 

Ao = Amount of radlOactive isotope m 
organism at time, t (days) 

Eo Amount of total element in organism 
at time, t (J.lg.Zn) 

[Aol = Concentration of radioactive Isotope 
in orgamsm at tlme, t (J.IJ.I c. /g . tis sue) 

[Eol Concentration of total element m 
orgamsm at time, t (J.lg.Zn) 

k = Rate constant or relative turnover 
rate (0.9826) 

t Time (1 day) 

The value obtained for the concentratlOn of 
zinc 65 in oysters I day after mtroduction of 
the isotope is 8,4181111 c. / g. as compared with 
an observed value of l,lOOJ.ll1c. g. This IS 
necessarily a maximum value because the 
specific activity of the water is assumed to 
have remained cons tant, when in fact it de­
c reased owing to uptake of zinc 65 by sedi­
ments and other biota. When predicting the 
radioactive content of a seafood organism, a 
maximum value is desirable to ensure a 
margin of safety in the event the organism IS 
eaten by man. The predicted value was about 
eight times greater than the observed value, 
which should provide the desaed safety factor. 

Cycling of Iodine 131 and Zirconium 
95-Niobium 95 

Expe rim ental procedure. - -One of the aim s 
of the Pollution Studies Program is to release 
radioactive elements into an estuary and fol­
low the cycling of these elements through the 
water, biota, and sediment of the estuary. 
Radioactive elements should not be released 
indiscriminately into the estuarme environ­
ment, however, because they might be accumu­
lated by organisms that man eats. But, if 
radioactivity were released In an area that 
was not used for recreational or commercial 
fishery activities, it would be possible to 

expenm 'n With radio 
IT'lnlmlZe he dan r of 
tam mated seafood. Such 
waters contiguous 0 h 

.C . In 

Table 16.--Physiographic and oceanographic f~atur s 
of Salliers Bay Estuary, North Carolina, 19b4 

Sediment composition Water 
Bottom 

Location area LO\o1 
Sand Silt Clay tid 

2 
.tl. Percent Percent Percent ~? 

Salliers Bay 25,000 21 74 5 2,500 
Holover Creek 4,600 62 34 .. ,300 
Inlet 920 82 15 3 7 0 
Tributary 540 82 12 6 180 
Pen 64 82 12 6 19 
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Figure ll.--Location of sampling stations in Salliers Bay. 

community was maintained in cages at the 
various stations: 20 each of oysters, hard 
clams, blue crabs, and mummichog, and 100 g. 
of seaweed. 

Samples of water, sediment, and biota were 
analyzed for radioactive content with one of 
three gamma spectrometer systerrts. Those 
from the pEm were analyzed on-site with a 
portable single-channel spectrometer with a 
2-in. sodium iodide crystal. Samples from the 
cages were killed, transferred to our labora­
tory, and analyzed with either a whole-animal 
liquid scintillation detector or spectrometer 
of a 512-channel analyzer and a 4- by 4-in. 
sodium iodide crystal. The radioactive content 
of samples was converted to absolute units 
(picocuries) so that results obtained in the 
three systems could be compared. 
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Results and discussion.--We observed the 
movement of iodin~ 131 and zirconium 95-
niobium 95 from the water to test organisms 
and to sediments in Salliers Bay for 2 wk. 
The isotopes were introduced into the water 
of the pen at low tide and were quickly diluted 
and dispersed by the rising tide and accumu­
lated by organisms and sediment. Samples of 
the water taken from the pen 2 hr. after the 
radioactivity was released contained less 
than 1 p e ' r c e n t of the amount introduced. 
Organisms maintained in cages at stations 6, 
7, 8, and 9, and in the fenced portion (pen) of 
the Holover Creek tributary, and sediments 
from those areas (fig. 11) accumulated iodine 
131 and zirconium 95-niobium 95 from the 
environment. The level of accumulation of 
these samples varied directly with their 



distance from the point of release of t h e 
radioactivity, i.e., those in the pen h a d t h e 
highest level, those at station 6 the lowest. 
Either the radioactivity did not reach stat ions 
1 through 5 or it was so diluted by the time 
it did that the organisms and sediments did 
not accumulate sufficient amounts t o b e d e ­
tected. 

Organisms that accumulated radioac tivit y 
contained more iodine 131 than z i rconium 
95 -niobium 95, and crabs, oysters, and clams 
accumulated more of both isotopes t h an did 
the other organisms. This d i ffere n t i a l a c ­
cumulation could have been due to t he p hysical 
state of the isotopes in s ea w ate r (i odine 
exists chiefly in the ionic form, a nd z i r c onium 
exists in the particulate form) or to a g re a ter 
biological requirement for iodine. O fthe c a ge d 
organisms, crabs accumulate d highe r level s 
of iodine 131 at a faste r rate t han d i d o y ste rs 
or clams (fig. 12); howeve r, in t he pen c r ab s 
did not attain higher leve ls of ac t ivit y unt il 
the 2d wk. (fig. 13). T he blue c rab c ou ld be 
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Figure 12.--Accumulation of iodine 131 and zir conium 
95-niobium 95 by crabs, American oysters, hard clams, 
and sediment at station 8 in Ho1over Creek. 
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Figure 13.-- Accumulation of iodine 131 and zirconium 
95-niobium 95 by crabs, oysters, clams, and sediment 
in fenced area of Holover Creek. 

conside r ed as the limiting factor in the return 
of radioactivity to man in this experiment, 
because of its rapid accumulation of iodine 
131 and its role as a seafood organism. 

Bot tom sediment s at stations 6 through 9 
accumulated more iodine 131 than zirconium 
95 -niobium 95, but those in the pen accumulated 
more zirconium 95 - niobium 95 (figs. 12 and 
13). This could have been the result of the 
availability of the isotopes. Zirconium 95-
niobium 95 particles would probably settle out 
of the water near the pen soon after release, 
whereas more of the iodine 131 would remain 
in solution and be transported by tidal cur­
rents to the other sampling stations. 

The sediments had much more radioactivity 
than organisms on a total-weight basis, 
alt hough the organisms contained more on a 
pe r- gram basis. Thus, most of the radio­
ac t ivit y r eleased into the estuary was III the 
sediments , which appear to be a reservoir 
for rad i o act ivity that might enter the marine 
environment . 



RADIATION EFFECTS PROGRAM 

Joseph W. Angelovic, Chief 

Research primarily was concerned with the 
sensitivity of marine organis~s to ionizing 
radiation under different environments and with 
the effects of radiation on physiological sys­
terns. A survey of the sensitivities of marine 
organisms to ionizing radiation revealed that 
each species tested responded differently to 
gamma radiation and that there probably were 
several types of radiation damage, each oc­
curring at a different level of radiation. A 
different method of plotting radiation responses 
was developed that established the ranges of 
radiation at which dose-dependent responses 
appeared. 

Since each dose-dependent radiation re­
sponse in an organism probably reflects a dif­
ferent mode of radiation injury, two physio­
logically important systems were examined for 
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radiation effects. The hematopoietic system of 
fish exposed to sublethal doses of radiation 
was observed for changes in cellular co=­
ponents and in iron metabolism, and changes 
in metabolism were examined by determining 
the effect of radiation on the respiration of 
brine shrimp of different ages and sexes. 

The influence of salinity and temperature 
on radiation responses was investigated by 
observing a single species of fish and varying 
the experimental conditions. Eggs were ex­
posed to radiation either by daily doses of 
external radiation or in a radioactive medium, 
and the percentage of the eggs hatching and 
the number of abnormalities developing in the 
larvae were observed. Larvae that survived 
were kept to see if there were any delayed 
effects on survival. 



PHYSIOLOGICAL EFFECTS 

David W. Engel, Joseph W. Angelovic, 
and Edna M. Davis 

Effects of Cobalt 60 Gamma Rays on the 
Blood of the Pinfish Lagodon rhomboides 

Effects on cellular components of peripheral 
blood.- -Ionizing radiation affects both the blood 
and blood-forming tissues of mammals, ann 
recently Watson, Schechmeister, and Jackson 
(1963) demonstrated that irradiation causes a 
dec rea s e in numbers of leucocytes and 
thrombocytes in the peripheral blood of the 
goldfish, Carassius auratus. We examined 
the effect of an acute radiation exposure on the 
numbers of erythrocytes, leucocytes, and 
thrombocytes, hematocrit values, cell volumes, 
hemoglobin levels, and plasma protein content 
in the peripheral blood of the pinfish. 

The pinfish in this investigation were all 
mature and collected near our laboratory. 
The fish were acclimated to laboratory con­
ditions for 1 wk. prior to irradiation. Ir­
radiated fish received 2,000 R. of gamma 
radiation from a 1,500-c. cobalt 60 irradiator 
which delivered 26,000 R. / hr. t 10 percent. 
Controls were handled the same as the ir­
radiated fish, but were not irradiated. 

We took the fish blood samples at 1, 6, 12, 
and 24 hr. and then every other day for 34 
days. All blood samples were obtained by 
severing the tail at the caudal peduncle after 
anesthetizing the fish with M.S. 222. The blood 
was collected in 5-ml. beakers which had 
been coated with dried heparin. Heparin was 
used to minimize hemolysis, in preference 
to ammonIum and potassium oxalate. We used 
the blood samples immediately after collection, 
because fish blood cannot be held in heparin 
for extended periods without clotting. 

Techniques used to process the fish blood 
were all modified clinical procedures. The 
erythrocyte, leucocyte, a nd th rombocyte 
counts, hematocrit values, and hemoglobin 
levels were determined using the techniques 
outlined by Engel and Davis (1964). Plasma 
protein concentrations were determined using 
a Hitachi 1 hand protein refractometer , and the 
results reported as grams per 100 m!. of 
plasma. The mean blood cell volume was ob ­
tained by diluting the blood sample 1 to 25,00 0 
with isotonic saline and then c ounting the 
cells in suspension with an electronic cell 
counter and cell size distribution plotter. 

Slight changes in the numbers of erythro­
cytes, hemoglobin levels, and hematocrit 
values were observed in the blood of pinfish 
following irradiation (fig. 14). Initially, num -

1 References to specific makes or models of equipment 
is made to facilitate understanding and does not imply 
endorsement of such brands by Bureau of Commercial 
Fisheries. 
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Figure l4.--Comparison of erythrocyte numbers. hemo­
globin levelS, and hematocrit values in the blood of 
unirradiated pinfish and pinfish exposed to 2,000 R. of 
gamma radiation. 

bers of erythrocytes in the blood of irradiated 
fish were lower than in the unirradiated fish, 
but after 3 wk. they returned to the level of 
the controls. The same general pattern was 
seen in the hemoglobin levels and hematocrit 
values. This was expected because hemoglobin 
levels and hematocrit values are expressions 
of erythrocyte numbers. 

Morphological changes appeared in the 
erythrocytes during the experiment. By the 
7th day, a few cells displayed stained 
areas in the cytoplasm which resembled im­
mature reticulated red blood cells. The number 
of these cells increased throughout the experi­
ment until all of the red cells showed reticula 
by the 34th day. This increase in the number 
of reticulated cells may have been the result 
of either overcompensation for radiation injury 
or the death of almost all circulating erythro­
cytes and their replacement by immature 
cells. Another change in the morphology of red 
cells from irradiated fish was an alteration in 
the shape of the nucleus. Lobed and dumbbell­
shaped nuclei that seemed to be going through 
an amitotic division appeared most often. 

The leucocytes, in contrast to the erythro­
cytes, displayed an immediate response to 
irradiation. Within 1 hr. after irradiahon, 



the number of leucocytes increas edj the number 
reached a peak at 6 hr. and then began to 
decrease rapidly (fig. 14). From the low point 
on the 3d day through the 21st day the number 
of leucocytes increased, but from the 21st 
until the 34th day the number decreased again 
to about the same level as on the 3d day. The 
number of leucocytes also decreased in the 
controls during the experiment, but not as 
drastically. These findings differ from those 
of Watson et al. (1963), who reporl;eci tnat 
goldfish leucocytes recovered only in the fish 
which received 100 R., and that the recovery 
occurred only after 60 days. 

The thrombocytes were definitely affected by 
the irradiation (fig. 14). The number of 
thrombocytes decreased in a linear manner 
from the 1st day after irradiation through 
the 7th day. After this time, although 
there were large fluctuations, the number of 
thrombocytes began to increase. By the end of 
the experiment the number of thrombocytes 
had returned to the level of the controls. The 
recovery of the thrombocytes also differed 
from the findings of Watson et al. (1963), who 
found that the number of thrombocytes con­
tinued to decrease for 60 days in goldfish 
irradiated with 1,000 R. 

The level of plasma protein decreased 
more rapidly in the irradiated fish than in the 
controls for the first 3 wk. of the experiment 
(fig. 15). By the 23d day the level of plasma 
protein in the irradiated fish had increased to 
the level of the controls. The decrease in the 
protein level in the controls may have been 
the result of captivity or insufficient food 
intake. Although the level of plasma protein 
decreas ed in both control and irradiated fish, 
the decrease was greater in the irradiated 
fish. 

The average volume of blood cells changed 
considerably during the experiment (fig. 16). 
On the 4th day aft e r irradiation, when 
crenated red cells were seen commonly in the 
counting chamber, the cell volume was less 
than that of the controls. On the 21st day, when 
nearly all the erythrocytes were reticulated, 
the mean blood cell volume was greater than 
that of the controls. Such an increase in the 
mean cell volume may indicate that the cells 
released into the peripheral circulation were 
immature, because immature forms normally 
have a slightly larger volume than mature 
cells. 

A dose of 2,000 R. gamma radiation had a 
definite effect on the number of leucocytes 
and thrombocytes in the circulating blood of 
pinfish and was accompanied by changes in the 
mean cell volume of the blood cells. Even 
though there were changes in the morphological 
characteristics of the red blood cells, their 
numbers, hematocrit values, and hemoglobin 
levels remained nearly constant. 

Effects on translocation of iron 59 in b l ood 
and blood-forming tissues.--The use of iron 
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Figure lS.--Comparison of leucocyte and thrombocyte 
numbers and plasma protein levels in the blood of un­
irradiated pinfish and pinfish exposed to 2,000 R. of 
gamma radiation. 

59 has become the established method of 
studying the ferrokinetics of man and other 
mammals. For instance Hennessy and Huff 
(1950), Baum and Kimeldorf (1957), and Gilbert, 
Paterson, and Haigh (1962) used radioactive 
iron to investigate effects of ionizing radiation 
on the blood and blood-forming tissues of 
mammals. Recently Hevesy, Lockner, and 
Sletten (1964) us ed iron 59 to demonstrat e the 
iron metabolism of a fresh - water fish, the 
tench, Tinca vulgaris Fleming. 

The following experiments were made to d e ­
termine the effects of an acute , suble t h al , 
radiation exposure on iron metab olism of the 
pinfish and movements of iron 59 th r o u gh the 
blood and blood-forming ti s s u es. 

Pinfish were colle cted in the v icinity of our 
laboratory and were kept in tanks supplied 
wi th running sea wa ter through out the 
acclima tion and experimental p e riod. We 
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irradiated the fish with 2,000 R, in a I,500-c. 
cobalt 60 irradiator with a dose rate of 26,000 
R./hr. t 10 percent. High specific activity 
iron 59, 21.7 c./g., was obtained from Oak 
Ridge National Laboratory, and stock solutions 
were diluted with citrate buffer of pH 4.2 to 
a concentration of 5.0 J.I c./ml. Each of the 45 
controls and 45 irradiated fish received 0.5 
Jl c. of iron 59 by intraperitoneal injection 24 
hr. after irradiation. 

Five control and five experimental fish 
were sampled at 1 and 5 hr. and at I, 2, 3, 
7, 14, 21, and 28 days after inj ection. Blood 
samples were obtained by severing the tail of 
an anesthetized fish at the caudal peduncle 
and collecting the blood in a 5-ml. beaker 
coated with dried heparin. Samples of the whole 
blood were removed, the plasma was separated 
from the cells by centrifugation, the packed 

. cells were washed three times in isotonic 
saline, and then the radioactivity of these 
samples was determined. We also determined 
the i ron 59 in the kidney, liver, and spleen. 

We observed differences when we compared 
the patterns of iron translocation in the blood 
of the control and irradiated fish (fig. 17). 
Washed cells of irradiated fish accumulated 
more radioactive iron than did washed cells 
of the control fish. The red cells of the 
irradiated fish retained more of the accumu­
lated iron 59 than did washed cells of the 
control fish. The rate of uptake by the red 
cells of the irradiated fish was constant from 
the 14th day until the end of the experiment, 
whereas washed cells of the control fish 
reached their peak of activity on the 21st day. 
The rates of loss of iron 59 by the plasma in 
the irradiated and control fish were the same. 
In both the irradiated and the control fish the 
iron 59 concentration of the whole blood 
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Figure l7.--Comparison of the levels of iron 59 in t.'le 
blood of unirradiated pinfish and pinfish exposed to 
2,000 R. of gamma radiation. 

followed the pattern of the washed cells, from 
24 hr. until the end of the experiment. The 
whole-blood samples taken at 1 and 5 hr • 
mirrored the loss of iron from the plasma, 
since at that time most of the ironin the blood 
was contained in the plasma. After 24 hr., 
however, most of the iron 59 was concentrated 
in washed cells. 

Spleen, liver, and kidney from the controls 
and irradiated fish displayed definite dif­
ferences in the uptake and loss of iron 59 
(fig. 18). The spleen from unirradiated pinfish 
followed the same pattern of uptake and iron 
loss of washed cells for the first 7 days, but 
then showed a large increase in activity on the 
14 day, followed by a threefold loss by the 21st 
day when washed cells had their greatest 
amount of iron. This loss of activity from the 
spleen of the controls between the 14th and 
21st days corresponded to an increase in 
activity of washed cells, which indicates that 
the spleen may have hematopoietic activity. 
The spleens from irradiated fish displayed a 
steady increase in iron content for the first 7 



',)0 

~ 
« 
a:: 
(9 10 
a:: 
w 
a.. 

w 
f-
:J 
Z 

~ 

a:: 
w 
a.. 

(f) 

f-
Z 100 :J 
0 
U 

v 
<:2 

0'> 
ttl 

Z 10 
0 
a:: 

o 

..... & 
j 

......•...... ,.j. 

.... . _.····0;· -.. 

-- 0 Spleen 

.. _ .•• Liver 

.......... 0 Kidney 

·-.... v . - - ~ 
,...... _.- ,C). ~ ...... - . ..... 

1 I .... 
"G. . ... n 

...... . - .:.,., .: _. 
-'.0" 

2 4 6 8 14 21 28 

DAYS 

Figure 18.--Comparison of the levels of iron 59 in the 
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exposed to 2,000 R. of gamma radiation. 

days, followed by a loss through the 21st day. 
There was another increase in radioactivity 
28 days after injection. The pattern displayed 
by the spleens of irradiated fish did not follow 
the pattern of uptake by the blood cells. 

The levels of iron 59 in the liver indicated 
a pos sible storage function and also the possi­
bility of hematopoietic activity. The liver of 
the control fish took up iron for the first 2 
days and then lost it for the next 5 days. The 
lIver accumulated iron during the next 7 days, 
and then the iron content fluctuated for the 
next 2. wk. of the experiment. The levels 
of iron in the liver of the irradiated fish 
remained nearly constant for the entire 
experiment. The maximum level reached was 
about half that of the control maximum. 

The kidney in the control fish reflected its 
possible function as a hematopoietic organ by 
a rapid uptake of iron for the first 24 hr. 

nd then a loss for the next 6 days. This loss 
may have been caused by release of newly 
formed erythrocytes into the peripheral circu­
lation. The kidney tissue of the irradiated fish 
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did not display any definite pattern of iron 59 
uptake and loss as did the controls. 

It was evident from this experiment that 
2,000 R. does not drastically alter iron 59 
translocation in the blood of the pinfish, but 
does have a definite effect on the iron 59 
metabolism of the kidney, liver, and spleen. 
Engel and Davis (1964), using iron 59, 
demonstrated that the croaker's major 
hematopoietic organ was the kidney. This 
investigation demonstrated that the hemato­
poietic function in the pinfish is shared by the 
spleen and the kidney, and that most of the 
hematopoietic capability is in the spleen. 

Effects of Cobalt 60 Gamma Rays on the 
Respiratory Metabolism of Artemia salina 
Nauplii and Adults 

The effects of radiation on organisms may 
be expressed as alterations in characteristic 
metabolic patterns. Such an effect could be a 
change in oxygen consumption rate through 
damage to one or more metabolic pathways. 
To test the effect of radiation on the respira­
tory metabolism of the brine shrimp, both 
nauplii and adults were exposed to several 
different doses of radiation and their respira­
tion rates were compared after irradiation. 

Brine shrimp nauplii and adults were ir­
radiated at room temperature with 5,000, 
10,000, and 20,000 R. administered at a rate 
of 26,000 R./hr. ± 10 percent. Immediately 
after irradiation 2.5-m1. samples of control 
and irradiated nauplii were pipetted into 13-m1. 
reaction flasks. A filter paper wick was 
placed in the side arm of each flask and 
saturated with 20 percent KOH. There were 
five replications in each of the irradiated 
and control groups. Adult male and female 
brine shrimp were separated and irradiated 
in the same manner as the nauplii. Following 
radiation exposure, we placed three irradiated 
or control animals in each reaction flask with 
2.5 m1. of sea water. We measured respiration 
on a differential respirometer at 20 0 ±- 0.1 0 

C. and corrected all results to standard 
temperature and pressure. The data were 
tabulated as microliters of oxygen consumed 
per milligram wet weight of animal. 

Both nauplii and adult brine shrimp had 
changes in their rate of oxygen consumption, 
which indicated their respiratory metabolism 
was affected by radiation. Irradiated brine 
shrimp nauplii had significantly higher rates 
of respiration than the controls (figs. 19 and 
20). The group irradiated with 10,000 R. had 
the highest respiratory rate of the irra~iated 
nauplii, but the differences among the rates 
of the three irradiated groups were not sig­
nificant. When the respiratory rates of the 
adult brine shrimp were examined after 
irradiation, stimulation was seen only in 
the females (figs. 19 and 21). The 10,000 R. 
dose increased the respiration rate of the 
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Figure 20.--Comparison of respiration rates 
of unirradiated and irradiated brine shrimp 
nauplti. 

females; the other two doses had negligible 
effect. In the males an inverse relation existed 
between dose and respiration, for the respira­
tion rate decreased as the radiation dose 
increased. 

These data indicate a sex difference in the 
radiation respons es of brine shrimp and also a 
difference in sensitivity between stages of 
development. Grosch and Erdman (1955) 

39 

1.4 / 

9 1.2 /0 
~ 
I rI 
~ 1.0 W 
3: 0 

;/ 

~ 0.8 
;-

;/ 
w 
3: ./ 

;/ 

a 0 . 6 0 / 

~ 0/ w y 
~ « / 

::J a:: 0 .4 0 r • Control 
(f) CD / /~~ z :J '" 5,000 r. 
0 --1 0.2 10,000 r. <.) ::E / 

0 

e 20,000r. z 0 w a:: 
CD W 
>- Q 

1. 0 cf x 
0 (f) 

a:: ./ 
w 0.8 ./ 
!:::: / --1 
0 0 .6 a:: 
U 

~ 0.4 

60 120 180 

MINUTES 

Figure 21.--Comparison of the respiration 
rates of unirradiated and irradiated adillt 
female and male brine shrimp. 

demonstrated that the a dult brine shrimp 
male was more radiation resistant to l e thal 
doses of radiation than was the f emale. Our data 
indicate that the respi ratory rate of males 
decreas ed with increased dos es , whereas that 
of females displayed little effect at 5,000 
R. and 20,000 R., but increased dramatically 
at 10,000 R . Such a sharp increase b y the 
females seems to indicate the involvement of 
a dose-depe ndent s y stem. Increased respira­
tion among the i rradiated nauplii may have been 
caused by a radiation-sensitive site present in 
the nauplii that was lost during development. 

The stimulation of respiration from radiation 
has been demonstrated in other materials, 
namely tumor cells. Caputo and Giovanella 
(1960) found that ascites tumor cells displaye d 
increased respiration after irradiation. They 
felt that the increas ed respiration was due to 
changes in the cell membrane permeability . 
Onthko and Moorehead (1964) observed in­
creased endogenous respiration in ascites 
tumor cells after exposure to radiation. These 
investigators suggested that either a change 
in the substrate-enzyme levels within the cells 
or perhaps radiation-induced alteration of the 
ascites serum caused the increased respira­
tion. The effects which were observed in the 
brine shrimp may be similar to those in the 
ascites tumor cells or may involve some other 
biochemical factor. 



MORPHOLOGICAL EFFECTS 

John C. White, Jr., and Joseph W. Angelovic 

Acute Radiation LD-50 Values at Different 
Times after Irradiation for Several Marine 
Organisms 

Relati vely little is known about either the 
tol erance of marine organisms to ionizing 
radiation or the variationoftheir LD-50 values 
at different t i mes. We found that 30-day LD-50 
values , which are the typical criteria for ex­
pressing tol erance to radiation, are of limited 
u se in determ ining doses for experiments con­
cerned '.vi th sublethal effects of radiation, 
whi ch often extend beyond 30 days. Values may 
b e different for different times after ex­
posure (Bonham and Palumbo, 1951; Bonet­
M aury , 1963), so we have -to know lethal re­
s p o n ses to radi ation both before and after 30 

days. E~periments were designed to determine 
(1) the sensitivities of marine organisms to 
ionizing radiations and (2) the variation of 
LD-50 values at different times. 

Groups of experimental animals were ex­
posed to different doses of radiation and the 
number that di e d from each dose was recorded 
d aily . Organisms were irradiated in a self­
contained 1,500-c . cobalt 60 source with a 
12- b y 6 - by 6 -in. chamber. The dose rate in 
the chamber was 480 R./min. ± 10 percent when 
measured with glass rod dosimeters. 

LD-50 values were estimated using the 
method of Reed and Muench (1938) because it 
compensated for control mortality and the 
variance caused bywide differences in radiation 
tolerance. 

Among .the teleosts tested, postlarvae of 
the Atlantic croaker , juvenile mum­
michog, and juvenile striped mullet were 
the most sensitive to radi ation (table 17). 

Table 17.--The age, size range, and number of experimental animals 
and the temperature at which the LD-50's were obtained 

Stand- LD-50CR. ) for selected intervals of time . ard Temper-
Or ganism Animals length ature Days after irradiation 

15 \ 20 30 40 50 

Vertebrates Number Nm .. ~. 

Juvenile mummi chog 
Fundulus he terocli tus 280 40-50 21 1,650 1,220 1,120 1,075 1,075 

Juvenile str i ped mullet 
.lugil cepha1us 105 30-35 20 2,750 2,110 1,450 -- --
Post-larval mojar ra 
Eucinostomus sp . 385 10-12 22 3,750 3,650 3,500 2, 500 1,575 

Post-larval pi nfish 
Lagodon rhomboides 410 13- 17 17 4,500 4,075 3,000 2,375 2,250 

Post-larval Atlantic 
cro ker 

~licropogon undulatus 160 15-20 15 3,625 1,650 1,050 925 --
Post-larval southe r n 

flound r 
Paralichthvs lethos tigma 105 8-13 14 8,400 8,000 5,550 3,075 1,925 

Invertebrates 

Adult mud snail 
Nnssarius obsoletus 105 -- 18 51,500 45,500 37,500 24,000 14,000 

Adult s a urchin 

" rbncia ~unctu1at~ 105 -- 23 -- 66,000 38,900 12,500 10,000 
(ejtrapOlatef) 



Postlarvae of the southern flounder, Para­
lichthys lethostigma, were the most resistant, 
and postlarvae of the mojarra, Eucinostomus 
sp., and the pinfish displayed median LD-50 
values. 

The sea urchin, Arbacia punctulata, and the 
mud snail, Nas sarius obsoletus, were about 
seven times more resistant to radiation at 30 
days than the most resistant fish. The LD-50 
(30-day) value, 37,500 R., obtained for mud 
snails was significantly higher than the tol­
erance estimate by Bonham and Palumbo 
(1951) of 5,000 to 20,000 R. for the marine 
snail, Thais lamellosa, and the fresh- water 
snail, Radix japonica. 

The observed LD-50 (30- day) values for 
some organisms indicated a similarity between 
radiation tolerances that did not exist except 
at 30 days. For example, croaker and mum­
michog had very simi lar LD-50 (30-day) 
values, as did mud snails and sea urchins. 
When LD-50's were calculated at 40 days, 
croaker and mummichog still had similar 
values, but mud snails were twice as resistant 
to radiation as sea urchins. 

LD-50 values calculated at different post­
irradiation times gave a more realistic esti­
mate of radiation tolerances than did LD -50 
(30-day) values alone. With an increase in 
time there was generally a decrease in the 
dose required to kill 50 percent of the animals 
(figs. 22 and 23). Examination of these curves 
show why LD-50 (30-day) values alone can be 
misleading. LD -50 (30-day) values alone would 
be useful for relatively long-term experiments 
of sublethal radiation effects with possibly 
three spec ie s of the fish test ed: mummichog, 
croaker, and striped mullet. In these species 
the LD-50 had stopped declining 30 days after 
exposure (fig. 22). If experiments longer than 
30 days were planned with these three species, 
doses near the LD-50 (30- day) value could 
be used with the assurance that at least 50 
percent of the experimental organisms would 
survi ve for more than 30 days . Two species 
of fish, pinfish and southern flounder, had 
their most rapid rate of mortality between 20 
and 40 days, as reflected by decreasing LD-
50 values. Their response to the radiation dose 
did not become independent of time until after 
40 days. The mojarra was still another ex­
ception and displayed two periods of rapid 
mortality, 10 to 15 days and 30 to 50 days, 
indicating damage to two biological systems. 

Data collected at this laborato ry by Price 
(1965) and Rees (1962) on invertebrates also 
verify that LD-50 (30-day) values by them­
selves can be misleading. The American oyster 
and the hard clam had LD-50 (30-day) values 
of 99,000 and 109,000 R. (Price, 1965). Using 
the Reed and Muench (1938) method with 
Price's original data we noted that, although 
thE", LD-50 (30-day) values were similar, they 
gave a false picture of radiation sensitivity 
(fig. 23). Oysters were more resistant to 
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Figure 22.--Radiation LD-50 values at different times 
after irradiation for several species of marine teleosts. 

radiation than were clams for 2 5 days, but after 
this time there was a rapid rat e of mortality of 
oysters as shown by rapidly decreasing LD-50 
value s. Afte r 60 days, oyste rs had LD - 50 value s 
that were independent of time, while clams had 
a relatively steady rate of mortality and d i d not 
reach a point where the response to radi ati on 
was independen t of time until after 70 days. 
At 80 days, the LD-50 for clams was four 
times greater than that for oysters. The d ata 
presented for the two invertebratesusedinour 
study indicated a similar relation. Although 
their LD-50 (30-day) values were similar, t h e 
mud snail displayed a linear LD-50 dose-time 
relation for 50 days while the LD-50 value s 
for sea urchin was independent of t i me after 
40 days. 

Wide differences in the initial mortality re­
sponse of two species of decapod crustaceans 
were found by Rees (1962). The greatest 
mortality rate for grass shrimp, Palaemonetes 
pugio, occurred between 6 and 14 days, whereas 
the fiddler crab, Uca pugnax, much more 
resistant in the earlier part of the experiment, 
had a rapid rate of mortality between 14 and 
30 days, and after 30 days had practically the 
same LD-50 value as grass shrimp (fig. 23). 
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after irradiation for several species of marine inverte­
brates. 

1. Data from Price, 1965. 2 Data from Rees, 1962. 

One of the most important aspects of any 
experiment on the effects of sublethal radiation 
is the administration of an acute dose that will 
give measurable effects within a specified time. 
It has been shown that an LD-SO (30-day) 
'value gives no informat ion about mortality 
either before or after the 30-day period. To 
choose a dose and time element applicable to 
the situation, we suggest that LD-SO values 
must be known, not only for 30 days, but for 
any period of time needed to study sublethal 
effects. By plotting LD-SO values against time, 
we can obtain a better estimate of radiation 
sensitivity. This method proved to be more use­
ful in designing experiments involving the sub­
lethal effects of ionizing radiation. 

Influence of Salinity on the Lethal Response of 
Juvenile Teleosts to Acute Radiation Doses 

Environmental factors such as temperature 
and salinity play a major role in the life 
cycles of estuarine animals by controlling time 
of spawning. rate of growth, and migration. 
Temperature also exerts a major influence on 
the radiation response of aquatic organisms, 
and Gros, Keiling, and Block (1963) have 
suggested that radiation may even offer a 
degree of protection against cold . In studies of 
radiation effects on aquatic animals, salinity 
seems to have been totally overlooked as an 
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influencing factor. Because radioactive wastes 
are often released into brackish waters, how ­
ever, salinity may influence the effect of radia ­
tion on euryhaline organisms and should. there­
fore, be investigated. An experiment was 
designed to test the influence of different 
salinities and radiation doses on the survival 
of juvenile Fundulus at one temperature. 
We chose this species because it is a eury ­
haline group of fishes known to occur in 

. salinities ranging from fresh water to oceanic 
without any apparent preference. 

We investigated combinations of three 
salinities and four radiation doses. The 
salinities for the experiment were S, IS, and 
2S p.p.t. 'Sea water was diluted to the proper 
salinity with hard water from the laboratory 
tap. Salinity was determined by an electrode­
less conductivity meter (salinometer). The 
temperature was held at 22 0 C. We irradiated 
the fish with SOO; 1,000; 1,SOO; and 2,000 R. in 
a I,SOO-c. cobalt 60 source with a dose rate 
of 424 R./ min. ± 10 percent. These doses were 
both larger and smaller than the established 
LD-50 (30-day) value for juvenile Fundulus at 
salinities of 25 to 30 p.p.t. and temperatures 
of 20 0 to 220 C. For each combination of 
salinity and radiation dose, 20 fish were placed 
in a round polyethylene aquarium containing 
16 1. of water. Water in the aquariums was 
changed every 7 days with water of the same 
temperature and salinity and was adjusted daily 
to the correct salinity by the addition of tap 
water . The fish were acclimated to 22 0 C. for 
3 days and then to the different salinities for 
S days. 

At 22 0 C., salinity was a major influence on 
the LD -SO values of Fundulus. A straight line 
relation existed between salinity and the LD­
SO responses at 20, 30, 40, SO, and 60 days 
(fig. 24). Fundulus appeared more resistant to 
radiat ion in the lower salinities, because the 
radiation dose required to kill SO percent of 
the fish in 60 days at S p.p.t., salinity was 
three times . that required at 2S p.p.t. At 2S 
p.p.t. , the LD-SO value changed very little 
during the first SO days, but between SO and 60 
days it decreased by half. The LD-SO values 
in the two lower salinities for the same period 
also were closely grouped but displayed in ­
c reasing variation with decreasing salinities. A 
pe riod of rapid mortality occurred in all groups 
between SO and 60 days . LD-SO'spresentedfor 
20, 30, and 40 days at S p.p.t. and 220 C. are 
extrapolated values only. When the LD-SO's 
were calculated for these time periods, the LD­
SO value obtained was greater than the highest 
<!ose that was given. 

Under the conditions of this experiment, 
Fundulus were most resistant to radiation 
in low salinities. We are now experiment­
ing to determine the influence of these 
salinities at 120 , 170 , and 27 0 C. on LD-50 
responses. 
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Effects of Chronic Irradiation on Developing 
Teleost Embryos 

There have been conflicting reports about 
the numbers of abnormal larvae that develop 
from fish eggs exposed to high and low levels 
of chronic and acute external radiation and low 
concentrations of various radioisotopes. 
Polikarpov and Ivanov (1962) reported that 
concentrations of strontium 90 below M.P.C. 
levels caused a reduction in the number of 
eggs hatching and also a significant increase 
in the number of abormalities in developing 
embryos of anchovy, mullet, wras se, and horse 
mackerel. Brown and Templeton (1964) found, 
however, that concentrations of strontium 90 
above M.P.C. levels did not cause significant 
differences in either the number of eggs hatch­
ing or the number of abnormal larvae from 
plaice or brown trout eggs. Donaldson and 
Bonham (1964) obtained no effects on either 
the number hatching or the number of ab­
normalities in larvae from chinook and coho 
salmon eggs exposed to chronic external radia­
tion . levels of cobalt 60 at dose rates of 
0.44-0.54 R. / day. White (1964) established that 
X-ladiation, delivered in fractionated doses of 
250 R. and higher during the first 6 days of 
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embryogenesIs, delay d h 
ment, decreased surVival, and d cr 
percentage hatch of mummlcho 
designed experiment., to study fur h r 
fects of both a radIoactIve m dlum nd 
tionated X-radIation on developm t 1 0 

bryos. 

Radioactive medla.--The Heets of con-
tinuous exposure to low levels of c lum 1 '37 
were observed in developing ggs and 1 rv 
of mummichogs. To obtain the fertlhz d e 
gametes from 2 female and 12 mal 
chog were stnpped lllto fmgerbowls 
allowed to stand for 1 hr. to ensur fertlltz.­
tion. Dead and unfertilized eggs w r r­
moved, and the viable eggs in the on -c 11 
stage were placed in different concen rahon 
of cesium 137. The eggs were dIVided Into th 
following groups: sea-water and cesium chlo-
ride controls; and 0.2, 2, and 20 tim th 
M.P.C. level of ceSlUm 137. The M.P.C.l v 1, 
0.0015 J.I c ./ml., for cesium 137was taken from 
Handbook 52 of the U.S. Department of Com­
merce, National Bureau of Standards. Th 
cesium concentration in the ce lum chlorld 
control group was the same as the ce ium 
concentration in the group with the high t 
radioactivity. Each day dead eggs were r -
moved and the developmental stage and numb r 
of abnormalities were recorded for tho r­
maining In each group. The prolarvae w r 
removed from the hatching bowls and pI c d 
in sea water containing the same concentration 
of cesium 137 as the water In which hey 
hatched. After 58 days, all fish wer kill d, 
weighed, and counted for uptake ofce IUm 137. 

ThO;! levels of cesIUm 137 used III thlB e -
periment produced no viSible abnormahtl s. 
On the 4th day after fertihzahon, how v r, a 
general retardation in rate of developm nt wa 
evident in the group haVing 20 x M. P .C. By th 
6th day, retardation was eVident In all group 
containing cesium 137. This general r ta"d 
tion appeared to average about one Oppe -
heimer developmental stage. 

On the 19th day after fertilizatIon, we 
that the groups containing 2 and 20 x 
had a slight reduction III the number of fl 
hatching (table 18). This reductio d d not 
persist until the hatching of the fmal embr 0, 

however. Apparently the fInal percenta e hatc 
of eggs was greater III the group Wlth O.l 
M.P.C. and ceSIUm chloride control. DIffer­
ences in hatching percentages are probablyd 
to chance, since the control hatch wa not a 
high as usual. 

Larval mortahty at the end of 
periment indicated that cesIUm v.'CI 

toxic to mummichog, because all group 
posed to cesium had higher la val mo tal tI 
than did the s ea-wa ter controls (table 19). It ap­
peared that cesium as well as radla 0 

the damaging agent since the larval mo 
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Figure 23.--Radiation LD-50 values at different times 
after irradiation for several species of marine inverte­
brates. 

1. Data from Price, 1965. 2 Data from Rees, 1962. 

One of the most important aspects of any 
experiment on the effects of sublethal radiation 
is the administration of an acute dose that will 
give measurable effects within a specified time. 
It has been shown that an LD-50 (30-day) 
'value gives no information about mortality 
either before or after the 30-day period. To 
choose a dose and time element applicable to 
the situation, we suggest that LD-50 values 
must be known, not only for 30 days, but for 
any period of time needed to study sublethal 
effects. By plotting LD-50 values against time, 
we can obtain a better estimate of radiation 
sensitivity. This method proved to be more use­
ful in designing experiments involving the sub­
lethal effects of ionizing radiation. 

Influence of Salinity on the Lethal Response of 
Juvenile Teleosts to Acute Radiation Doses 

Environmental factors such as temperature 
and salinity play a major role in the life 
cycles of estuarine animals by controlling time 
of spawning, rate of growth, and migration. 
Temperature also exerts a major influence on 
the radiation response of aquatic organisms, 
and Gros, Keiling, and Block (1963) have 
suggested that radiation may even offer a 
degree of protection against cold. In studies of 
radiation effects on aquatic animals, salinity 
seems to have been totally overlooked as an 
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influencing factor . Because radioact ive wastes 
are often released into brackish waters, how­
ever, salinity may influence the e ffect of radia­
tion on euryhaline organisms and should, there­
fore, be investigated. An experiment was 
designed to test the influence of different 
salinities and radiation doses on the survival 
of juvenile Fundulus at one temperature . 
We chose this species because it is a eury­
haline group of fishes known to occur in 
salinities ranging from fresh water to oceanic 
without any apparent preference . 

We investigated combinations of three 
salinities and four radiation doses . The 
salinities for the experiment were 5, 15, and 
25 p.p.t. Sea water was diluted to the proper 
salinity with hard water from the laboratory 
tap. Salinity was determined by an electrode­
less conductiVity meter (salinometer) . The 
temperature was held at 22 0 C . We irradiated 
the fish with 500; 1,000; 1,500; and 2,000 R . in 
a 1,500-c. cobalt 60 source with a dose rate 
of 424 R ./min. ± 10 percent. These doses were 
both larger and smaller than the established 
LD-50 (30-day) value for juvenile Fundulus at 
salinities of 25 to 30 p.p.t. and temperatures 
of 20 0 to 22 0 C. For each combination of 
salinity and radlation dose, 20 fish were placed 
in a round polyethylene aquarium containing 
16 1. of water. Water in the aquariums was 
changed every 7 days with water of the same 
temperature and salinity and was adjusted daily 
to the correct salinity by the addition of tap 
water. The fish were acclimated to 22 0 C. for 
3 days and then to the different salinities for 
5 days. 

At 22 0 C., salinity was a major influence on 
the LD-50 values of Fundulus . A straight line 
relation existed between salinity and the LD -
50 responses at 20, 30, 40, 50, and 60 days 
(fig. 24). Fundulus appeared more resistant to 
radiation in the lower salinities, because the 
radiation dose required to kill 50 percent of 
the fish in 60 days at 5 p .p.t . , salinity was 
three times . that required at 25 p .p.t. At 25 
p.p.t., the LD-50 value changed very little 
during the first 50 days, but between 50 and 60 
days it decreased by half. The LD-50 values 
in the two lower salinities for the same period 
also were closely grouped but displayed in­
c reasing variation with decreasing salinities. A 
pe riod of rapid mortality occurred in all groups 
between 50 and 60 days. LD - 50's presented for 
20, 30, and 40 days at 5 p.p .t. and 22 0 C. are 
extrapolated values only. Whe n the L D- 50' s 
were calculated for these time p e riods, t he L D-
50 value obtained was g re ater t h an t h e highest 
dose that was give n. 

Under the condit ions of t hi s e xperi ment , 
Fundulus were m os t resistant to radiati on 
in low salinities. W e are now e x peri ment­
ing t o det ermine the influence of these 
s alini t i es at 120 • 170 , and 27 0 C. on LD-50 
re sponses. 
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Figure 24.--Comparison of radiation LD-SO values and 
salinity for mummichog in 220 C. water at different 
times after irradiation. 

Effects of Chronic Irradiation on Developing 
Teleost Embryos 

There have been conflicti ng reports ab out 
the numbers of abnormal larvae that d e velop 
from fish eggs exposed to high and low levels 
of chronic and acute external radi ati o n a nd low 
concentrations of various r a di o i sotopes. 
Polikarpov and Ivanov (1 9 62) r e p o rted that 
concentrations of strontium 9 0 below M . P . C. 
levels caused a reduction i n the number of 
eggs hatching and also a significant increase 
in the number of abormalities in d e velo ping 
embryos of anchovy, mullet, wrasse, and ho rse 
mackerel. Brown and Templeton (19 64) found, 
however, that concentration s of s trontium 90 
above M.P.C. levels did not c a u s e s ignificant 
differences in either the numb er o f eggs hatch ­
ing or the numb e r of abnormal larvae from 
plaice or brown trout egg s. D onaldson and 
Bonham (1964) obtai ned n o effec t s on either 
the number hatching or the number of ab ­
normalities in larv ae from chinook and coho 
salmon eggs exposed to chr onic external radia­
tion . levels of cobal t 6 0 at dose rates of 
0.44-0.54 R ./day . White ( 1964) established that 
X- l'adiation, delivered in f r actionated doses of 
250 R. and h i gher du ring the first 6 days of 
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embryogenesis, delayed the rate of dev lop­
ment, decreased survival, and decr a d h 
percentage hatch of mummichog eggs. ,,\ 
designed experi ments to study further th ef­
fects of both a radIOactive medium and frac­
tionated X - radiation on developing teleost em­
bryos. 

Radioacti ve media. - - The effects of con­
tinuous exposure to low levels of ceSlum 137 
were observed in developing eggs and larva 
of mumm ichogs. To ob taln the fertilized eggs, 
gametes from 2 female and 12 male mumml­
chog were stripped into fmgerbowls and wer 
allowed to stand for 1 hr. to ensure fertiliza­
tion. Dead and unfertihzed eggs were re­
moved, and the viable eggs in the one-cell 
stage were placed in different concentrations 
of cesium 137. The eggs were divided into the 
following groups : sea- water and cesium chlo­
ride controls; and 0.2, 2 , and 20 times the 
M . P.C . level of cesium 137. The M.P.C. level, 
0 . 001511 c. / ml., for cesium 137wastakenfrom 
Handbook 52 of the U.S. Department of Com­
merce, National Bureau of Standards. The 
cesium concentration in the cesium chloride 
control group was the same as the cesium 
concentration in the group with the highest 
radioactivity. Each day dead eggs were re­
moved and the developmental stage and number 
of abnormalities were recorded for those re­
maining in each group. The prolarvae were 
removed from the hatching bowls and placed 
in sea water containing the same concentration 
of cesium 137 as the water in which they 
hatched. After 58 days, all fish were killed, 
weighed, and counted for uptake ofceslUm 137. 

Tha levels of cesium 137 used in this ex­
periment produced no visible abnormahties. 
On the 4th day after fertilization, however, a 
general retardation in rate of development was 
evident in the group having 20 x M.P.C. By the 
6th day, retardation was evident in all groups 
containing cesium 137. This general retarda­
tion appe ared to average about one Oppen­
heimer developmental stage. 

On the 19th day after fertiHzation, we noted 
that the groups containing 2 and 20 x M.P.C. 
had a slight reduction in the number of fish 
hatching (table 18). This reduction did not 
persist until the hatching of the final embryo, 
however. Apparently the final percentage hatch 
of eggs was greater in the groups Wlth 0.2 x 
M.P.C. and cesium chloride control. Differ­
ences in hatching percentages are probably du 
to chance, since the control hatch was not as 
high as usual. 

Larval mortality at the end of the ex­
periment indicated that cesium was . lightly 
toxic to murnmichog, because all groups ex­
posed to cesium had higher larval mortahtie 
than did the sea-water controls (table 19). It ap­
peared that cesium as well as radiahon was 
the damaging agent since the larval mortality 



Table 18.--Hatching percentag s of mummichog eggs 
exposed to different concentrations of cesium 137 

Cesium 137 concentration 

Sea water control 
Cesium chloride control 
0. 2 x M. P. C. 
2 x M. p. C. 
20 x M. p. C. 

Days after fertilization 

19 

Percent 

43 
52 
41 
30 
25 

46 

Percent 

87 
93 
96 
77 
88 

in the control group exposed to cesium chloride 
was as high as the larval mortahties m the 
groups exposed to cesium 137. 

At the conclusion of the experiment, re­
sults indicated that uptake of ceSlUm 137 
by mummichog was directly proportional to the 
amount of cesium available 1n the water. The 
fish were exposed to the cesium 137 from 1 hr . 
postfertilization, and, because the permeability 
of the chorion membrane to cesium 1S unknown, 
the uptake may have occurred either before 
hatching, after hatching , or both. 

This experiment failed to show appreciable 
effects due to radiation at the concentrations 
of cesium 137 used but did indicate that the 
concentrations of cesium used were slightly 
toxic to mummichog larvae . 

Fractionated doses of X-rays.--To observe 
the effects of chronic levels of external rad1a­
tion, X-ray doses of 50, 100, 150, and 200 R. 
were administered daily dunng the first 43 
days of embryogenesis and larval develop­
ment of mummichogs. All other methods and 
factors (e.g. dose rate, time of initial radia­
tion, etc.) were the same as described in this 
laboratory's 1963 annual report . 

The radiation doses had no significant effects 
on either the rate of development or per­
centage hatch of mummichog embryos (table 
20). From these results and those of Whi te 
(1964), the l.evel 0 f the daily dose appears to 
have more effect on the percentage hatch than 
does the cumulative dose. The data also 
indicated that the effect comes from acute 
doses of 250 R. or more which are delivered 
within the first 6 days after fertilization. 

All fractionated doses of radiation caused a 
significant reduction in the number of dorsal 
fin rays in mummichog but had no significant 
effect on the number of anal fin rays (table 
21). It is well documented that acut e d o s e s of 
radiation delivered to a specific s t age of em ­
bryological development will caus e ce r tain 
types of meristic v a riation; h ow eve r, t he type 
of variation depends on the species . W e lande r 
(1954) found an inc r ease in the numb e r of 
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Table 19. --Mortality of mummichog 
larva.e hatched and kept in dif­
ferent concentrations of cesium 

137 for 58 days 

Cesium 137 concentration 

Sea water control 
Cesium chloride control 
0.2 x M. P. C. 
2 x M. P. C. 
20 x M. P. C. 

Mortality 

Percent 
4 

14 
10 
11 
11 

Table 20 . - - Percentage hatch of mummi ­
choo L&b~ given daily doses of X­

radiatlon for 6 and 43 days 

um 
Control 

100 
250 
500 

1 
toays 

Percent 

92 
89 
75 

3 

1 From White (1964) . 

43 days 

R./day Percent 

Control 91 
50 96 

100 97 
150 97 
200 91 

Table ll .--Fin ray counts of Fundulus exposed to 
fractionated d05cs of X-radiation during the 

first 4l days of devclopm€nt 

Number of rays 
X-ray dos< Mean S. D. 

9 I 10 III I 12 I 13 

Dorsal fin 

~ 
I 

0 - - - 6 4 12.4 0.51 
50 - 1 6 3 - 11. 2 .63 

100 - 1 3 6 - 11.5 .71 
150 - 2 4 4 - 11. 2 .79 
200 1 1 5 2 1 11. 1 1. 10 

Anal fin 

0 - 3 4 3 - 11. 0 0.25 
50 - 4 5 1 - 10.7 . 65 

100 - 3 6 1 - 10.8 .63 
150 - 6 4 - - 10 . 4 . 51 
200 - 4 5 1 - 10. 7 .68 

1 Significant at 5- percent level with 18 deg r ees of 
freedom (t = 2. 10) . 

t
1 

3 . 75 
3.22 
4.80 
3.36 

N. S. 
N.S. 
N. S. 
N.S. 
N. S. 
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The r sults mdicate that the threshold dose 
of • - radiation requi red to produce an ap­
pr clabl' ffeet on mummiehog embryos falls 
b tw en 200 and ~')O r. and that it is the doses 
\~ I thm th fl r t days, not the eumulati ve dose 
from he rl ,whIch cause most of the ob-

n' d eff ct . 
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ABBREVIA liONS AND SYMBOLS 

Celsius ................................. . 
counts per minute per gram .... .. 
cubic centimeters ................... . 
curie(s) ................................ . 
gram(s) ............................... .. 
kilometer(s) ......................... .. 
kilovolt peak ......................... .. 
liter(s) ................................ .. 
maximum permissible concen-

trations ............................... . 
meter(s) .............................. .. 
meters, square ...................... . 
meters, cubic ........................ . 
microcurie(s) ....................... .. 
microgram(s) ....................... .. 

°c 
c.p:m./g. 
cc. 
c. 
g. 
km. 
kv.p. 
1. 

M.P.C. 
m. 
m 2 
m. 3 

Il C. 

Il g. 

micromicrocurie(s) ................ . 
micron(s) ............................. . 
millicurie(s) .......................... . 
milliequivalent(s) .................. .. 
milligram(s) ........................ .. 
milliliter(s) .......................... . 
millimeter(s) .•.••.•.•..•.....•..•...•. 
millimicrocurie(s) ................. .. 
millivolt(s) ........................... .. 
nanocurie(s) .......................... . 
parts per thousand .................. . 
picocurie(s) .......................... .. 
roentgen(s) ............................ . 
standard error ....................... . 

48 

IlIlC. 
iJ. 
mc. 
meq. 
mg. 
m1. 
mm. 
miJ.c. 
mv. 
nco or mllC. 

p.p.t. 
pc. or Illl c. 
R . 
S.E. 



GLOSSARY OF RADIOBIOLOGICAL TERMS 

Activation analysis--a method of chemical 
analysis based on identifying radioisotopes 
formed when a sample is subject to neutron 
bombardment. 

Acute--term used to denote short radiation 
dose or exposure. (See chronic.) 

Alpha particle--a positively charged particle 
emitted from a nucleus during d e cay and 
composed of two neutrons and two protons. 

Anaerobiosis - -life in the abs ence of air o r 
free oxygen. 

Background- - counts recorded by a detection 
system that originate from sourc es other 
than the sample. 

Beta particle- -a negative electron or a positive 
electron (positron) emitt e d from a nucleus 
during b e ta decay. 

Biological half-life--the time requir ed for a 
living tissue , organ, or organism to elim ­
inate one-half the contained radioactivity . 

Biological indicator--refers· to an organism 
that concentrates a specific isotope to 
highest levels in relation to conc entration 
of isotope in the water. 

Carrier-free- -a designation for a radioactive 
isotope which , for practical purposes, is 
essentially free of stable isotopes of the 
e l ement in question. 

Chromatography--a method of e stimation of 
amino acid concentration which does not 
involve separation of the acids. 

Chronic--term used to denote radiation dose 
or exposure of long duration, either frac­
tionated (exposure or doses at designated 
intervals of time) or continuous . (See 
acute.) 

Clarke -Bumpus net--a net designed for quan­
titative plankton sampling. 

Counts- -the number of radioactive disintegra­
tions recorded by a detection s ys tem. The 
number of counts recorded is a function of 
the amount of radioactivity and the effi ­
ciency of the system and is usually given 
as counts per unit of tim e . 

Curie--a unit of radioactivity , equal to 3 .7 x 
10 10 atomic disintegrations per second. 
Originally defined as the radioactivity of 
1.0 g. of radium. 

Decay--the decrease with tim e of the number 
of radioactive atoms in a sample, as a 
result of spontaneous nuclear transforma­
tion. (See radioactivity ,) 

Detection system--a means of measuring ra­
dioactive disintegrations composed ba­
sicallyofadetector, scaler, and associated 
el ectronic circuitry and components, 
Counts detected by the detector are re-

corded on the scaler. (See llqUld cmhl­
lation counter.) 

Disintegration- -a spontaneous nuclear tr n _ 
formation characterized by the eml Slon 
of energy In the form of gamm rays nd 
alpha and beta particles. \'hen number of 
nuclei are involved the process 1" char­
acterized by a definite half-hfe. 

Dose--the amount of radiation (In roentgens) 
delivered to a specified area or volum . 
(See lethal dose and LD-50 dose.) 

Effective half - life -- the time required to re­
duce the amount of radioactivity In a 
living tissue, organ, or organism by on -
half. The radioactivity lost is a fun chon of 
radioactive decay and biological ellmlna­
tion. 

Euphotic zone--upper layer of vater In th 
aquatic environment through which suf­
ficient light passes for photosynthesis. 

Gamma ray--a quantum of electromagnetIc 
radiation emitted by a nucleus dunn 
decay. 

Glycolysis - -oxidatlOn of carbohydrates. 
Half-life--the time in which the amount of a 

particular radioactive isotope decay to 
half its initial amount. (See decay, bIO­
l 'Jgical half-life , and effectIve half-hfe.) 

Hematopoiellc--pertaining to the formation of 
red blood cells. 

Hemolysis--rupturing of red blood cdb. 
Ionizing radiation- -any electromagnehc or 

particulate radiation capable of producmg 
ions, directly or indirectly. 

Isotope--one of several atoms having the S m 
number of protons In their nucleI and 
hence belonging to the same element, but 
differing in the number of neutrons and 
therefore in atomic weIght. (The radIo­
active isotope of cobalt havmg an tomlC 
weight of about 60 IS cobalt 60.) 

Irradiation--exposure to radiation. 
LD-50 dose--dose of radiation (m roentgen 

required to kill, wIthin a specifled p nod, 
50 percent of the organisms lrradlat d. 
The LD- 50 for man is about 400 roentg ns. 

Lethal dose- - the dose (in roentgens) requIred 
to kill an organism. For man an acut 
dose of about 700 roentgens 1 lethal. 

Liquid scintillation counter- -a detectm 
tern which electronically record 
scintillation (flashes of 11ght) produc 
the interaction of ionizing radIation and a 
liquid phosphor. (Our whole-arumal co n­
ter has a counting chamber urround d 
by a chamber contalrun a 1 qwd P 0 -

phor.) 



Lyophilized- -dehydration of frozen material 
under vacuum. 

Mitochondria--minute semi-solid bodies which 
occur in the cytoplasm of every cell 
except bacteria and blue-green algae. 

Niche --a term used to stress the function of an 
organism in the community rather than its 
physical place in the habitat. 

Nuclide- -used as a synonym for isotope. 
Rad--Radiation absorbed dose. The basic unit 

of absorbed dose of ionizing radiation. One 
rad is equal to the absorption of 100 ergs 
of radiation energy per gram of matter. 

Radioactivity- -the phenomenon of spontaneous 
nuclear transformation, with a measurable 
lifetime, of an atom. {See half-life.} 

Ringer solution- -a physiological saline solu­
tion containing the main salts in the same 

concentrations normally contained in fluids 
which bathe cells. Frequently used for 
temporarily maintaining cells or organs 
alive in physiological experiments. 

Roentgen--a unit of radiation exposure dose 
from X- or gamma rays. {The radiation 
dose at a point 1.0 m. from l.0 curie 
of cobalt 60 is about 1.3 roentgens.} 

Specific activity--the total radioactivity of an 
isotope per gram of element. 

Tonoplast--inner plasma-membrane border­
ing vacuole. 

X-rays--penetrating electromagnetic radia­
tions having wave lengths very much 
shorter than those of visible light. They 
are usually produced by bombarding a 
metallic target with high speed electrons 
in a high vacuum. 
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