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Figure 16.--Transfer of zinc 65 through a food chain with daily vs. alternate-day feeding. Concentration factors are based 
on the amount of zinc 65 in the phytoplankton culture. Vertical lines represent one standard deviation above and below 
the mean. 

contributed to its relatively low concentra­
tion in the 3d and 4th trophic levels. Concen­
tration factors for both zinc 65 and chro­
mium 51 were higher in the "daily" food chain 
in all trophic levels except the first. This 
was attributable to the transfer of digestive­
tract contents from prey to predator. The 
higher concentration factors of phytoplankton 
in the alternate-day feeding experiment were 
probably due to the use of younger phytoplank­
ton cells to start these cultures. 

A better comparison of the relative con­
centration factors in organisms of each trophic 
level can be made by considering the concen­
tration in phytoplankton as 100 percent (table 
8). Although there was only a small difference 
in the zinc 65 concentration in zooplankton fed 
daily and those fed on alternate days, the dif­
ference became greater in the postlarval fish 
and mummichog, by about a 3: 1 ratio. The 
differences were minor in the chromium 51 
concentrations. Le s s chromium 51 than zinc 
65, however, was transferred from phytoplank ­
ton to zooplankton. The reason for the rela­
tively high concentration of chromium 51 in 
mummichog fed daily is not known . The 
distribution of zinc 65 and chrorrrium 51 in 
the tissues of mummichog is shown in table 9 . 
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Brine shrimp were fed Chlamydomona s 
cells labeled with radioactivity, and popula­
tion sizes were known; therefore, we could 
estimate the number of cells eaten by brine 
shrilnp in a 24 -hour period. The amount of 
radioactive zinc per cell and the amount con­
centrated per brine shrimp after 24 hours of 
feeding were calculated. We estimated the 
number of cells eaten by making a simple 
computation, since only a small amount of 
zinc 65 was lost from both organisms. No 
soluble zinc 65 was detectable in the culture 
medium. Eleven determination s y ielde d a feed­
ing rate of 5,634 ± 2,466 cell s perbrine shrimp 
per day. An independent es timate made by cell 
counts yielded a feeding rate of 7,600 cells 
per day. 

EFFECT OF THE MODE OF UPTAKE ON 
THE RETENTION OF ZINC 65 BY CROAKER 

John P. Baptist 

The retention of a radionuclide by an orga­
nism is influenced b y many environmental 
fa ctors such as temperature , salinity, and 
spe cific activity . Time is also important in 
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Figure 17. --Transfer of chromium 51 through a food chain with daily vs. alternate-day feeding. Concentration factors are 
based on the amount of chromium 51 in the phytoplankton culture. Vertical lines represent one standard deviation above 
and below the mean. Dotted vertical lines pertain to postlarval fish. 

measuring retention rates. That is, the inter­
val of time between uptake and the point at 
which retention measurements are begun can 
influence the results obtained. The duration 
of the accumulation proces s and the mode of 
uptake can also influence the retention rates. 
The purpose of this experiment was to deter­
mine the effect of different modes of uptake 
on the retention of zinc 65 by the Atlantic 
croaker. 

Zinc 65 was incorporated into 3 groups of 
12 croaker each in 3 different ways: (1) by 
feeding fish-muscle containing zinc 65, (2) by 
keeping one group in sea water containing 
zinc 65, and (3) by intraperitoneal injections 
of zinc 65. The radioactive food was prepared 
by injecting zinc 65 into 20 croaker and 
allowing 24 hours for absorption of the iso­
tope . The fish were killed, and the muscle was 
cut into small pieces and frozen. These were 
fed to one group of test fish every day for 
2 weeks. A second group of croaker was im­
mersed in radioactive sea water for 3 days, 
and a third group was injected. Radioactive 
content of the three groups of fish was meas­
ured at increasing intervals of time. Zero 
time for the injected group was 24 hours after 
injection, and for the fed group 24 hours after 
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the last feeding. Zero time for the "water" 
group was immediately upon removal from 
the radioactive sea water. All three groups 
were kept in cages in the estuary during the 
retention phase of the experiment. 

Zinc 65 content of the live fish was meas­
ured in a small-anirna1 scintillation counter. 
All measurements are expressed as percent­
ages of the concentrations at zero time. 

Retention of zinc 65 by all three groups of 
fish was expressed as multiple-rate curves 
having three components (fig. 18). The slow­
moving component (C) was similar in the three 
groups with biological half-lives of 82, 86, 
and 90 days (table 10). Also, all three had 
fast-moving components (A) with biological 
half-lives of less than 1 day. The inter­
mediate-rate components (B) of the "water" 
and injected group were similar, but that of 
the "food" group was 10 times slower. Com­
ponent A probably represented unbound zinc 
65 in all three groups, including digestive­
tract contents of the "food" and "water" groups, 
because A component was a higher percentage 
in these two groups. The "food" group had the 
highest per c e n tag e of C component, prob­
ably due to the ext end e d (2 weeks) uptake 
time. 
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Figure l8.--Comparison of zinc 65 retention in croaker 
which accumulated the isotope from three different 
sources. 

We concluded that zinc 65 retention curves 
of fish vary with the mode of uptake. The long­
lived components, however, were similar in 
rate; and from a public health viewpoint, data 
from injected fish would yield valid results 
that can be used to evaluate hazards from en­
vironmental contamination. 

MARKING LARVAL FISH WITH RADIO­
ACTIVE ELEMENTS 

Donald E. Hoss 

The use of radioactive isotopes to mark 
larval or postlarval fish may facilitate the 
management of certain fisheries. Probably the 
best method of gathering information concern­
ing a population of fish is to mark or tag, re­
lease, and recapture a portion ofthe population. 
Although many methods are available for 
marking or tagging large fish, methods of 
marking larval fish are few. 

The developme'nt of radioisotope techniques 
in recent years has given fishery biologists 
a new method of marking larval fish. We con­
duc ted experiments to determine if radio­
i s otope methods could be used to mark post­
larval flounder of the genus Paralichthys. Two 
a pproaches to the problem were used: (1) mark­
ing with radioactive cerium and cobalt, and 
(2 ) marking with stable cobalt with subsequent 
detection by activation analysis. 

Methods 
Ce r ium 144 and cobalt 60 were selected as 

po s sible marks for larval fish. Radioactive 
cerium was selected because it is concen­
trated mainly in the bone, it is taken up rapidly 
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f rom water, it has a sufficiently long half­
life, and it has been used successfully as a 
short-term mark for larger fish. Cobalt 60 
also has a sufficiently long half-life to be a 
good mark and is accumulated from food and 
water. In addition, the stable isotope of cobalt 
has properties that make it suitable for detec­
tion by activation analysis . 

Both food and water were used as sources 
of radiation elements to mark the fish. Orga­
nisms used as food were placed for a fixed 
period of time in water containing the desired 
concentration of isotope, then rinsed in non­
active water and fed to the test fish. The fish 
were allowed to feed for either 24 or 48 hours, 
then removed and placed in flowing water. When 
water was the source of radioactive elements, 
the fish were placed in water containing a 
predetermined amount of the isotope for either 
24 or 48 hours. 

. Conventional scintillation counting tech­
niques were used to distinguish marked from 
control fish. All irradiations in the activation 
analysis experiments were made in a 10 kw. 
heterogeneous reactor. 

Marking with Radioactive Cerium and Cobalt 

Experiments were conducted to determine: 
(1) if cerium 144 or cobalt 60 can be used to 
mark postlarval fish, (2) which of these two 
isotopes will give the better mark, (3) if the 
better method of introducing the isotope into 
the fish is from food or from water, and 
(4) which concentration of the isotope gives 
the best mark. 

We found t hat both cerium 144 and cobalt 
60 are suitable for short-term marking ex­
periments and that cobalt 60 is the better of 
the two. The retention of cerium 144 by fish 
that had accumulated the mark from water 
containing 1 fJ. c. / ml. was followed for 50 days 
(fig. 19). The rate of loss of cerium 144 was 
rapid during the first 10 days after the fish 
were removed from the active water, then 
remained constant during the next 40 days. 
Thus, the retention curve may be separated 
into two components. The slope of the regres­
sion line of the slower component was cal­
culated to be -0.01279 log units per day. By 
using this slope we calculated that the effec­
tive half-life was 23 days and the biological 
half-life 25 days. The retention of cobalt 60 
by fish that had accumulated the mark from 
water containing 1 fJ. c ./ ml. was followed for 
62 days (fig. 20). The slope of the line was 
calculated to be -0.0049. The effective half­
life was calculated to be 61 days, and the 
biological half-life 63 days. Thus, the longer 
effective half-life of cobalt 60 makes it a better 
mark for fish than cerium 144. 

Experiments were also conducted to deter­
mine whether radioactive food or water would 
produce the better mark. Fish accumulated 
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Figure 19.--Cerium 144 remaining in flounder held in 

running sea water. Fish were marked in sea water con­
taining 1 fL c. cerium 144/ ml. Vertical lines are one 
standard deviation above and below the mean. 

cerium 144 for 24 hours from water contain­
ing 0.4 fL c. / rnl., and from food that had been 
held in water containing 0.4 fL c. / m!. The 
logarithms of the mean counts per minute 
of cerium 144 accumulated were compared 
by a t-test, which showed a highly significant 
difference between accumulation from food 
and accumulation from wate r, with s ignifi­
cantly higher counts per minute per fish 
from water (table 11). In a similar experi­
ment conducted with a cobalt 60 concentra­
tion of 1 fL c. / m!., the difference between 
accumulation from food and accumulation from 
water was not significant (table 12). 

The effect of the concentration of the iso­
tope in the water on the rate of accumulation 
by the fish was investigated. The cerium 144 
content of fish marked in water containing 
0.4 fL c. / ml. was compared with the cerium 144 
content of two groups of fish marked in water 
containing 1 p. c. / ml. of the isotope. This in­
crease in the amount of cerium 144 in the 
water did not increase the amount of cerium 
accumulated by the fish (table 13). 

The 24-hour accumulation of cobalt from 
six different concentrations in sea water was 
measured. Analysis of variance of the mean 
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Figure 20.--Cobalt 60 remaining in flounder held in running 
sea water. Fish were marked in sea water containing 
I II c. cobalt 60/ml. Vertical lines are one standard devi­
ation above and below the mean. 

microcuries per fish (table 14) indicated sig­
nificant differences in accumulation at each 
concentration after 24 hours. The Ls.d. (least 
significant difference) was used as a compari­
son of the treatment means. Thus, within the 
levels of cobalt tested, accumulation increased 
with an increase in concentration. 

Marking by Activation of stable Cobalt 

In the activation-analysis experiments, fish 
were marked by holding them in sea water 
containing the following additions of stable 
cobalt: 0.00 (control), 0.031, 0.061, 0.122, 
0.244, 15.62,31.3, and 62.5/.L g./mL After 48 
hours the fish were removed, rinsed in sea 
water, weighed, and measured. One-half of the 
fish were placed in flowing sea water and 
were irradiated at a later date. The other half 
were placed in plastic vials containing 2 rnl. 
of 10 percent formalin solution. After being 
sealed by flame or with paraffin, the vials 
were irradiated for 10 kw.-hours in the reac­
tor at North Carolina State University. After 
irradiation, fish were returned to the labora ­
tory and held in a lead vault until radio­
nuclides with short half - lives such a s sodium 
24 had decayed away. The fi s h were removed 
from the vials in which they were ir radiated, 
rinsed in distilled water, a nd pl a c e d in new 
plastic containers for analysi s. The cobalt 60 
in the fish was measured in a 5 12-channel 
gamma spectromete r. 

The ga mma spectrum of t he fis h ma rked in 
w ate r c onta ining up to 0.244 fL g ./rnl . w as t he 
s ame a s the s pectrum of t he control fis h (fig. 
21 ). T he spectrum of a c obalt 60 standard 



Table ll .--Comparison of accumulation of 
cerium 144 by flounder from water and from 

food in 24 hours 

Source Number Mean counts Standard of of expr essed t 
activity fish logs 

error as 

Water .. . . 10 4 . 1 0 . 199 **.l 
Food .... . 10 2 . 9 0 . 095 

.l Highly significant. 

Table 12 .--Comparison of difference between 
the logarithm of the mean counts per minute per 
fish exposed to cobalt 60 in water and in food 

Source Number Mean counts 
St andard t of of expressed 

activity fish logs error as 

Water .... 10 1.99 0 . 08 n.s . .l 
Food ..... 10 2 . 22 0 . 08 

.l Not significant at the 5- percent level . 

Table 13. --Analysis of variance for conta ined 
radioactivity in fish marked in water conta in­
ing 0 . 4 Ilc./m1. of cerium 144 and fish marked 
in water containing 1 f1.c ./m1. of cerium 144 

Source 
of error 

Treatment ....... . 
Error ........... . 

Degrees of 
freedom 

2 
29 

Mean 
square 

0 . 096 n. s . .l 
0.833 

.l Not significant at the 5- percent level. 

Table 14 .--Analysis of variance of the amount 
of cobalt 60 in flounder held in water con­

taining six different concentrations of 
cobalt 60 

Source 
of error 

Degrees of 
freedom 

Treatment . . . . . . . . 5 
Error ............ 42 

.l Highly significant. 

Mean 
square 

16379 . 81**.l 
273.35 
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with typical peaks at 1.17 and 1.33 mev. was 
plotted for comparison (fig. 22). When fis h 
were marked inwater containing 15.62 1 9. / ml. 
of cobalt, their gamma spectrum was different 
from the spectrum of the control fish (fig. 23 ). 
Having shown that a group of five fish could be 
distinguished, we had to separate the fish to 
determine if individuals could be distinguished. 
To do this, each fish was placed in an individ­
ual container and measured for contained 
activity. The mean of the marked fish was then 
compared with the mean of the control fish 
by the use of Dunnett's procedure (table 15) . 
Fish marked in water containing 15.62, 31.3, 
and 62 . 5 fJ. g. / ml. of cobalt could be distin­
guished from control fish by their significantly 
higher amounts of radioactivity at the time the 
fish were removed from the radioactive water. 

To determine whether the mark was stable 
over a period of time, marked fish were held 
in flowing sea water before irradiating them. 
After 36 days there was still a significant dif­
ference between controls and the three groups 
in the highest concentrations of cobalt (table 
16). On an average count-per-minute-per-fish 
basis, however, this difference was so small 
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Figure 2l. --Comparison of gamma spectra of flound er 
containing a "natural" level and an increased level of 
cobalt. Increased level of cobalt in flounder was ob­
tained by uptake from water containing 0.24 g. co balt/ 
ml. Solid line represents "natural ' level of co balt . 
Broken line represents increased level of cobalt. 
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Figure 22.--Gamma spectrum showing typical cobalt 60 
peaks at 1.17 and 1.33 mev. 
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Table 15. -- Comparison of mean counts per 
minute of unmarked fish with mean counts per 

minute of fish marked with (1) 15.62, (2) 
31.3, and (3) 62 .5 fJ.g./m1. of cobalt in 

sea water 

Difference 
Value of 

Groups 
between Dunnett's t 

tested at l-percent means 
level 

Control and 1 .. 28 18 
Control and 2 .. 24 18 
Control and 3 .• 97 18 

that it would not be practical to us e in field 
identification of marked fish. It would seem 
that, if marking by activation is to be succes s-

Table 16.--Comparison of mean counts per 
minute of control fish and mean counts per 

minute of fish marked with (1) 15.62, (2) 
31.3, and (3) 62.5 fJ. g . /mL of cobalt after 

36 days in running sea water 

Difference 
Value of 

Groups 
between Dunnett's t 

tested 
means X 10 at l - percent 

level 

Control and 1 .. 3.2 1.9 
Control and 2 .. 1.9 1.9 
Control and 3 .. 4.7 2 . 2 

ful, a more stable element must be incorporated 
before activation analysis can be used prac­
tically to detect the mark in the field. 

RADIATION EFFECTS PROGRAM 

Joseph W. Agelovic, Chief 

Ionizing radiation now is an environmental 
factor like temperature and salinity. Inter­
actions between radiation and other environ­
mental factors may have great impact on the 
growth, reproduction, and survival of estuarine 
organisms. Our investigations this year were 
concerned with radiation, salinity, and tem­
perature and their interactions on t h r e e 
euryhaline s p e c i e s: mummichog; g r ass 
shrimp, Palaemonetes~; and brine shrimp. 
Temperature and salinity were selected be­
cause estuarine species are subjected to wide 
fluctuations of these two factors and because 
neither can be considered alone due to their 
complex relation. At present we have few 
data concerning the influence of temperature 
on the response of marine organisms to radia­
tion and few, if any, concerning the influence 
of salinity. Data on the interactions of these 
factors are needed to understand the effects 
of radiation on an ecosystem. 

This year we ·completed one phase of the 
investigation of the radiation syndrome in 
marine fish. We described changes in the cell­
ular components of the blood of pinfish after 
acute doses of radiation. 

INTERACTIONS OF RADIATION, SALINITY, 
AND TEMPERATURE ON ESTUARINE 

ORGANISMS 

John C. White, Jr., Joseph W. Angelovic, 
David W. Engel, and Edna M. Davis 

We investigated the interactions of radia­
tion, salinity, and temperature on the growth 
and survival of mummichog and grass shrimp 
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because they are representative estuarine 
species and tolerate a wide range of salinities 
and temperatures. Brine shrimp were used 
because they are resistant to radiation and are 
also able to adapt to a wide range of salinities 
and temperatures. 

Effects on Mummichog 

The mean lethal dose of radiation, the LD-
50, for mummichog is dependent upon salinity 
and temperature. In general, the resistance of 
mummichog to radiation is greater in water 
of lower salinity; however, this resistance de­
creases as temperature increases. The in­
fluence of salinity on the response of mummi­
chog to radiation at 12 0 and 22 0 C. was 
reported in the annual report for fiscal year 
1965. An inverse relation of salinity to LD- 50 
existed at 22 0 C. which was evident through­
out the 60 days of the experiment. LD-50 (60-
day) values showed, for example, that three 
times more radiation was required to produce 
50 percent mortality at 5 p.p.t. than was needed 
at 25 p.p.t. 

Similar studies this year at 170 and 27 0 C. 
showed that temperature modified the influence 
of salinity as well as the effects of radiation 
(figs. 24 and 25). At 17 0 C. the lethal effects of 
radiation were retarded and fish survived for 
such a long period of time after irradiation 
that LD-50 values could not be calculated ac­
curately before 60 days. LD-50 values esti­
mated at 50 and 60 days after irradiation were 
highest for fish in the lowest salinities. LD-
50's for fish held at 27 0 C. could be calculated 
as early as 20 days after irradiation. At this 
temperature there was little difference between 
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Figure 24.-- Effect of salinity on mean lethal dose of radia­
tion (LD-50) for mummichog held at 170 C. Broken line 
indicates extrapolated values. 

LD-50's of fish in 15 and 25 p.p.t. salinity at 
either 20 or 30 days after irradiation, although 
the resistance of fish in 5 p.p.t. was high in 
both instances. Between 30 and 40 days, how­
ever, the effect of temperature and radiation 
overshadowed the apparent protective influence 
of low salinity as shown by the large decrease 
in LD-50's. After 30 days it became apparent 
that irradiated mummichog could not with­
stand 27 0 C. for sustained periods, regardless 
of salinity. In nature, mummichog survive well 
at 27 0 C. They are often exposed to tempera­
tures as high as 35 0 C. but tidal fluctuations 
and nighttime cooling usually prevent prolonged 
exposure. Both the upper limit of temperature 
and the lethal radiation dose are lowered when 
the stress of radiationisimposeduponthermal 
stress. 

We also investigated the effect of altering the 
ionic ratios in sea water. Results of experi­
ments that used sea water diluted with "un­
softened" tap water were different from the 
results of similar experiments where 
"softened" tap water was used. In these experi­
ments, we altered the proportion of calcium 
because well water normally contains a large 
amount of calcium that is removed during 
"softening ." Calcium is known to decrease cell 
permeability and, when present in appreciable 
quantities, allows marine fish to invade fresh 
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Figure 25.-- Effect of salinity on mean lethal dose of radia­
tion (LD-50) for mummichog held at 270 C. Broken line 
indicates extrapolated values. 

water. Radiation, on the other hand, increases 
cell permeability and is detrimental to osmo­
regulatory processes in fish. Calcium can 
counteract or reduce the effects of radiation, 
pos sibly by modifying the inc rea sed cell 
permeability due to radiation. 

The influence of calcium on the resistance 
of the mummichog to radiation was investi­
gated. We used four tanks, each containing 
250 1. of 23 p.p.t. sea water which normally 
has a concentration of 400 mg.Ca/ l. Calcium 
chloride was added to three of the tanks so 
that the water contained 500, 600, and 700 
mg.Ca/ 1. We placed 120 mummichog in each 
tank and allowed them to acclimate for 10days. 
The fish in each tank were then divided into six 
equal groups. One unirradiated group of fish 
served as the control group, and the fish in 
each of the other five groups received a cobalt 
60 radiation dose of either 500,650,845,1,099, 
or 1,429 rads. Tlie fish were then returned to 
the same tanks, but each group that received 
a different level of radiation was placed in a 
separate compartment. 

As the amount of calcium present in the sea 
water increased, the mean survival time fol­
lowing irradiation (table 17) and the LD- 50 
values (fig. 26) increased. The average sur­
vival time for the groups of fish in sea water 
with 400 mg.Ca/ 1. was 14 days shorter than 



Table 17.--Mean survival time following irradiation for mummichog 
at 190 C. in sea water with different levels of calcium 

Calcium in 
Dose 

400 mg ./l . 500 mg./1. 

1.5 

; 1.0 
c 
lit 
o = :00: 

0.5 

Rads Days 

0 48 ~ 19 

500 48 ~ 17 

650 42 + 20 -

845 34 2: 16 

1,099 28 2: 16 

1,429 32 2: 16 

Average 38 .7 

lD·50 (3o-Day) 

Days 

46 ~ 15 

55 2: 12 

40 2: 14 

50 2: 8 

41 + 18 -

29 2: 16 

43.5 

O·L---~ __________ ~ ________ ~ ________ ~~ 

400 500 600 700 

MO. Call. 

Figure 26.--Effect of calcium on mean lethal dose of radia­
tion (LD-50) for mummichog held at 190 C. 

for fish in sea water with 700 mg.Ca/ l. (table 
17). Similarly, the average survival time for 
the four groups of un irradiated mummichog was 
14 days longer than for the four groups of 
mummichog that received 1,429 rads. The 
protective effect of increased calcium levels 
became less with a lapse of time after irradia­
tion, as indicated by sharp declines in LD-50 
values (fig. 26). Sixty days after irradiation 
there was no difference between LD- 50's for 
fish in sea water with 400 mg.Ca/ 1. and fish 
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sea water 
Average 

600 mg./l. 700 mg./1. 

Days Days Days 

54 ~ 7 56 ~ 7 51.0 

44 2: 21 50 2: 2l 49 . 3 

45 ~ 13 52 2: 16 45 . 0 

38 ~ 22 50 2: 16 43 . 0 

48 2: 19 54 2: 12 42 . 8 

36 2: 14 51 2: 17 37.0 

44.2 52 . 2 

in sea water with 500 or 600 mg.Ca/1. Higher 
LD- 50's for fish in water containing 700 
mg.Ca/1., however, indicated that this con­
centration increased resistance to radiation. 

Effects on Grass Shrimp 

We investigated the influence of temperature, 
salinity, and radiation on the average molting 
frequency of larval grass shrimp by rearing 
larvae in different combinations of three tem­
peratures (15 0 , 20 0 , and 25 0 C.), three salini­
ties (10, 20, and 30 p.p.t), and four radiation 
doses (100, 200, 300, and 400 rads). Unirradi­
ated larvae under the same conditions of tem­
perature and salinity were used as controls. 
Larvae were irradiated immediately after 
hatching and before thE: first larval molt. 

Temperature, salinity, and radiation af­
fected the molting frequency of newly hatched 
grass shrimp Jfig. 27). During development 
larvae molt approximately once every 3 to 4 
days at 240 C. and 30 p.p.t. salinity, but the 
average time for a molt was 13 days in the 
lowest temperature-lowest salinity combina­
tion. All other molting frequency values we 
obtained were based on a 13 day period. At 
150 and 200 C., molting frequencies were 
highest at 30 p.p.t. Not only did control larvae 
in 30 p.p.t. molt twice as often as control 
larvae in 10 and 20 p.p.t., but the irradiated 
shrimp at this salinity molted m ore often than 
their counterparts did at lower salinities. The 
molt pattern for irradiated and unirradiated 
shrimp at the different salinities was almost 
the same at 150 and 20 0 C., although shrimp at 
20 0 C. molted more frequently, on the average, 
than those at15 0 C. Both the controlandirradi­
ated larval shrimp molted three to three and 
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Figure 27.--Effects of radiation, salinity, and t mp raturc on mOltln frcqu n y of lanai rass shrimp. 

one-half times more often at 2So C. thanat 150 
and 20 0 C. Frequency of molting of controls and 
irradiated shrimp differed little at 10 and 30 
p.p.t. At 20 p.p.t., however, shrimp that re­
ceived 400 rads molted less often than those 
that received 100 rads. 

Adult grass shrimp, acclimated to SalInI­
ties of either IS, 20, 2S, or 30 p.p.t., were 
irradiated to determine the influence of salinity 
on their tolerance to radiation. At each salinity 
the control group was unirradiated, and five 
groups received either 300, 600, 1,200, 2,-100, 
or 4,800 rads of cobalt 60 radiation. 

Mean lethal doses (LD-SO'S) calculated at 
the various salinities showed that grass shrimp 
at the lower salinities withstood higher levels 
of radiation (fig. 28). We compared the in­
fluence of salinity on LD-SO'S at 20, 30, and 
40 days after irradiation. The decreased 
salinity-increased resistance relation was 
found in all instances, even though the values 
of all LD-SO'S decreased with increasing 
periods of time after irradiation. As the 
period of time after irradiation increased, 
however, a variation in salinity had less in­
fluence on the amount of change in LD- SO 
values of grass shrimp. From the slope of 
regression lines fitted to the LD- SO data, we 
observed that 20 days after irradiation the 
mean lethal dose of radiation changed 104 
rads per unit change in salinity, and 40 days 
after irradiation the change in the mean lethal 
dose per unit change in salinity was only 31 
rads. This decrease in the response of grass 
shrimp to radiation per unit change in salinity 
might be due to the increased effect of radia-
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Figure 2B. -- Effect of salinity on mean lethal doseof radia­
tion (LD-50) for grass shrimp held at 220 C. Vertical 
lines indicate one standard deviation above and below 
the mean. 



was twofold at 20 days after irradiation and 
about threefold (735-215 rads) at 40 days after 
irradiation. 

Analysis for significant differences between 
values of LD- 50's at the various salinities also 
demonstrated a decreased influence of salinity 
on response of grass shrimpto radiation as the 
period of time after irradiation increased. The 
LD-50's were s ignificantly different at all 
salinities except 20 and 25 p.p.t. 20 days after 
irradiation, but only at 13 and 30 p.p.t . after 
40 days. 

To test for significant effects of salinity 
and radiation dose and to determine whether 
there was a significant interaction between 
salinity and radiation, the numbers of dead 
animals in each group 30 days after irradia­
tion were subject to an analysis of variance. 
We found that salinity, radiation, and the 
salinity-radiation interaction all had a highly 
significant influence on the mortality of grass 
shrimp. 

Effects on Brine Shrimp 

The effect of radiation on growth. - - To test 
the effect of radiation on growth, brine shrimp 
nauplii were exposed to cobalt 60 gamma radia­
tion and their rate of growth was followed for 
21 days. Nauplii 2 days old were irradiated 
with a dose of either 500, 2,500, or 12 ,5 00 
rads at a rate of 385 rads / min. After irradia­
tion the animals were maintained in glass 
battery jars at a salinity of 30 p.p.t. and were 
fed unicellular algae. Samples of irradiated 
and unirradiated brine shrimp were measured 
on alternate days for 21 days to determine 
growth rates. 

The two lower doses of radiation, 500 and 
2,500 rads, stimulated the rate of growth of 
brine shrimp, but the highest dose, 12,500 
rads, killed all the shrimp by the 7th day 
after irradiation (fig. 29). Nauplii irradiated 
with 500 and 2,500 rads were larger than the 
controls by the 10th day, and the brine shrimp 
that received 500 rads were significantly 
larger by the 21st day than either the controls 
or those that received the 2,500 rads . A cor­
relation also was demonstrated between size, 
variation in size , and radiation dose (fig. 30) . 
Brine shrimp that received 500 rads were not 
only larger but were more uniform in size 
than either the control brine shrimp or those 
that received 2,500 rads. The brine shrimp 
that received 500 rads reached sexual matura­
tion sooner than the controls or other irradiated 
animals. Animals receiving 2,500 rads began 
sexual activity on the 18th day but we saw no 
mating pairs among the controls by the end of 
the experiment. 

The volume of sea water per nauplius also 
affects the rate of growth of brine shrimp. 
Unirradiated brine shrimp and brine shrimp 
that received 500 rads of cobalt 60 radiation 
were reared in groups of 20 in containers 
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Figure 29.--Growth of irradiated and unirradiated brine 
shrimp for 21 days after hatching. Vertical lines indi­
cate one standard deviation above and below the mean. 
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Figure 30.--Variation in size of irradiated and unirradi­
ated brine shrimp for 21 days after hatching. Each point 
indicates a mean value for 20 shrimp. 

having either 2, 8, or 32 m1. sea water per 
nauplius. Nauplii were irradiated the day they 
hatched. After irradiation the brine shrimp 
were maintained in 30 p.p.t. sea water at 20 0 C. 
and fed unicellular algae. The brine shrimp 
were measured every 5th day for 20 days. 

The growth rates of brine shrimp were in­
fluenced by both the volume of sea water per 
individual and the radiation dose (fig. 31). In 
general, the brine shrimp grew larger and 
faster in larger volumes of sea water and the 
irradiated shrimp were larger at all three 
den sit i e s. Although irradiation during the 
period of active growth affected both growth 



Table lB .--LD-50 docec for brine chrimr, 
14 nauplii and adults 
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Figure 3l.--Growth of irradiated and unirradiated brine 
shrimp in relation to volume of water per individual. 
Irradiated shrimp received a dose of 500 rads. Vertical 
lines indicate one standard deviation above and below the 
mean. 

rate and maximum size, the volume of sea 
water per individual had a greater effect. 

The ability to stimulate or accelerate growth 
and rate of sexual maturation with small 
radiation doses could be of use in the propaga­
tion of commercial species. Such techniques 
might make it pos sible to produce marketable 
products in a shorter period of time. These 
experiments are being continued and expanded 
to demonstrate more clearly the interactions 
of radiation with other environmental factors 
on the growth of brine shrimp. 

The influence of age on radiation sensi­
tivity.--To test the influence of age on the 
radiation sensitivity of brine shrimp, nauplii 
and adult animals were irradiated with dif­
ferent doses at a rate of 380 rads / min. During 
irradiation the animals were held in plastic 
cups with sea water of 30 p.p.t. salinity. After 
irradiation the brine shrimp were transferred 
to clear polystyrene containers filled with 
sea water (salinity of 30 p.p.t.), maintained at 
room temperature, and fed unicellular algae. 

We demonstrated a correlation between the 
age of the brine shrimp and radiation sensi­
tivity (table 18). Brine shrimp 1 day old were 
more sensitive to radiation than were the 
adults. The 25-day LD-50 values for the 
nauplii were one-quarter to one-fifth of the 
values for adult male and female brine shrimp, 
and about one - third that of the mixed adults. 
Difference in sensitivity was small between 
adult male and female brine shrimp held in 
separate containers, but the LD-50 values de­
creased markedly when the adults were mixed. 
We have no explanation for this decrease, but 
it may be related to the sexual activity. 

Influence of temperature on radiation sen­
sitivity.- - Temperature prior to, during, and 
after irradiation is known to influence the 
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St&ge LD- 50 LD-50 
(20 duys) (25 days) 

RClds Rads 

Nauplii(l d&y old) . 900 450 
Adult female ...... . 28,000 19,000 
Adult male ........ . 30,000 21,000 
Mixed adults ... .. . . 20,500 13,000 

radiation response of many poikilotherms by 
altering their metabolic rate. Adult male and 
female brine shrimp were acclimated and 
maintained at 100 , 20 0 , and 300 C. in sea 
water with a salinity of 50 p .p.t. Brine shrimp 
at each temperature were separated by sex 
and divided into five groups. One group served 
as unirradiated controls, and each of the other 
four groups received either 25,000, 50,000, 
75,000, or 100,000 rads at a rate of 385 rads 
min. A constant-temperature water bath was 
used to maintaln the desired temperature in­
side the irradiation chamber. After irradia­
tion, both ir radia ted and uni r radiated male s 
and females were placed in sea water (salinity 
of 50 p.p.t.) in clear polystyrene containers 
and maintained at the appropriate temperature 
for the duration of the experiment. 

Comparison of the LD- 50 values for the ir­
radiated males and females at the three tem­
peratures shows obvious differences between 
the sexes (table 19). At 300 C. the adult males 
were not able to survive the acclimation period 
of 4 days. Although females survived this 
period, mortality was high. This was indicated 
by a decrease in their LD-50 frombO,OOOrads 
at 5 days after irradiation to 4,000 rads at 10 
days after irradiation. Determination of LD-
50's was made at 5 and 10 days after irradia­
tion because nearly all animals were dead at 

Table 19 .--Effect of temperature on ~501S 
for brine shrimp 

Temperature 
Sex 

10
0 

C. 20
0 

C. 30
0 

C. 

Rads Rads Rads -- -- --
Female. 1 82,000 (20) 87,000 (20) 60,000 (5) 

73,000 (25) 64,000 (25) 4,000 (10) 
Male ... 93,000 (20) 23,000 (20) Unable to 

85,000 (25) 10,000 (25) survive 

l Numbers in parentheses indicate days after 
irradiation. 



20 d a y s aft e r ir rad iation . Compa r is on of LD-
50 's f o r mal e s a nd fe males indicated t h a t 
mal e bri ne shrim p were m o re s ens i t ive to 
rad i ation at 20 0 C . t h a n the female s . Differ ­
enc e s in sens itivity we r e greate st 25 d a y s 
afte r ir ra dia tion, when t h e L D- 50 ' s for the 
femal e s we r e ab out s ix t im e s g r e ate r tha n the 
LD- 50' s f o r t he males . In cont rast, m ale brine 
s hrim p were more tole rant of radiat ion than 
females at 10 0 C . 

A t e m perature change of 10 0 C . had a 
gr e ater effect on irradiat ed male brine shrimp 
t h a n on irradia t ed female s. The LD-50 values 
fo r m a les at 10 0 and 20 0 C . indicated that their 
r e s pons e to radiation was temperature depend­
ent . No comparison was made with LD- 50 's 
at higher temperatures because the males 
were unable to tolerate 30 0 C. Twenty days 
a ft er irradiation the LD-50 formales at 100 C. 
w a s four times greater than at 20 0 C.; after 
25 d a ys the diffe rence was eight and one - half 
times. The radiation sensitivity of females 
at 300 C. was much greater than at the two 
lower temperatures, and none of the irradi­
ated groups at 300 C. survived longer than 16 
days after irradiation. There was little dif­
ference between radiation sensitivities of fe­
males at 100 and 20 0 C., for they had almost 
the same LD-50's. Survival of irradiated male 
and female brine shrimp tested at a salinity 
of 50 p.p.t. and at 100 , 20 0 , and 30 0 C. was 
dependent upon temperature and sex. 

Influence of salinity on radiation sensi­
tivity.--As temperature had been shown to in­
fluence the radiation sensitivity of adult brine 
shrimp, the effects of salinity also were tested. 
Sea water made from a commercial sea salt 
was used throughout the experiment to mini­
mize variation in the composition of the 
medium. Before lTradiation, adult brine shrimp 
were segregated by sex and acclimated for 4 
days to either 5, 25, 50, 75, or 100 p.p.t. 
salinity. Animals were placed in plastic cups 
containing sea w ate r of the appropriate 
salinity, and irradiated in a cobalt 60 gamma 
irradiator with a single dose of 60,000 rads 
at a rate of 385 rads/min. After irradiation, 
the irradiated and unirradiated brine shrimp 
were placed in clear polystyrene containers 
at the appropriate salinity. Unicellular algae 
in water of the same salinity were used as 
food . 

The percentage of female brine shrimp sur­
viving t he dose of radiat ion was different at 
t he salinities tested (fig . 32). Unirradiated 
f emales survived for a relatively short period 
at 5 p.p.t. At higher salinities they survived 
well and had mean survival times in excess 
o f 30 days. Irradiated female brine shrimp 
survived longer than the controls at 5 p.p .t.; 
m ean survival t ime was 6 .37 t 1.48 days, as 
com p ared wit h 4 .3 ±" 1.16 days for unirradiated 
fe male s. A t s a linities of 25, 50, 75, and 100 
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Figure 32.--Effect of salinity on survival of irradiated 
and un irradiated adult brine shrimp. Irradiated shrimp 
received a dose of 60,000 rads. 

p.p.t. all mortality rates and mean survival 
times were similar. 

Male brine shrimp at the different salinities 
had a lower mortality rate than the females. 
At a salinity of 5 p.p .t., mortality in the con­
trol males was greater than in the irradiated 
males (fig. 32). Mean survival time following 
irradiation was 9.03 t 0 . 98 days for the irradi­
ated males and 3.9 ± 1.04 days for the unir­
radiated males. (This same relation was 
apparent t o a lesser degree in the females.) 
The mean survival times of irradiated males 
was greater at the higher salinities than at 
5 p.p.t. At a salinity of 75 p.p.t. the mean 
survival time of the unirradiated males ap­
proached that of the irradiated males, and at 
100 p.p.t. the survival time was nearly the 
same. 

EFFECTS OF ACUT E ffiRADIATION ON 
THE BLOOD OF PINFISH 

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

The final phase of our investigation of the 
effects of radiation on the cellular components 
of the blood of pinfish was to observe hemato­
logical responses that followed acute doses of 
gamma radiation. We compared the hemato­
logical response of fish irradiated with 5,000 
R. with those of fish that received 2,000 R. 

Mature pinfish were irradiated with 5,000 
R. at a dose rate of 385 t 10 percent R./hr. 
Fish b lood was sampled at I, 6, 12, and 24 
hours, and on alternate days for 7 days. All 
t echniques used to process the fish blood 



we re modified clinical laboratory procedures. 
In differential counts, only two types of leuco­
cytes were classified--granulated and non-

granulated. These two classifications were 
used because of the lack of descriptive infor­
mation on leucocyte morphology in marine 
fish, and because staining characteristics 
were often altered after irradiation with 5,000 
R. 

Thrombocyt •• 
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i 
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Numbers of erythrocytes, hemoglobin levels, 
and hematocrit values in the pinfish that re­
ceived 5,000 R. were not significantly different 
from the values obtained for the fish that re­
ceived 2,000 R. The fish irradiated with 5,000 
R. were all dead by the 7th day after irradia­
tion. At this time the blood had a gelatinous 
consistency and the fish appeared to be suf­
fering from acute bacterial infection. 
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Figure 33.--Decrease in thrombocyte numbers in the blood 
of pinfish during the 1st week following irradiation. 
Solid lines indicate one standard error above and below 
the mean. 
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During the first 7 days after irradiation, 
thrombocyte numbers in the blood of pinfish 
irradiated with 5,000 and 2,000 R. decreased 
at different rates (fig. 33). Thrombocyte num­
bers decreased more rapidly in the blood of 
fish that received 5,000 R. than in the blood of 
fish irradiated with 2,000 R., indicating that 
the rate of decrease of thrombocyte numbers 
was dose dependent. 

Leucocyte numbers in both groups of ir­
radiated pinfish increased within the first 24 
hours after irradiation and then decreased 
through the 3d day (fig. 34). Leucocyte num­
bers remained low in fish that received 5,000 
R., but steadily increased after the 3d day in 
fish which received 2,000 R. until they were 
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Figure 34.--Comparison of leucocyte numbers in the blood of irradiated and unirradiated pinfish. The horizontal broken 

line represents the mean value for 55 unirradiated fish, and the shaded area is two standard errors above and below the 
mean. Solid vertical lines represent one standard error of the mean for five irradiated fish. 
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above the control level on the 21st day. This 
increase was apparently an overcompensation 
because the leucocyte numbers subsequently 
decreased. The leucocytosis observed in the 
pinfish after irradiation was more pronounced 
than in other fish which have been investigated. 
This may be a reaction to the stress of radia­
tion since other types of stress cause leuco­
cytosis in fish. 

Differential leucocyte counts of stained blood 
films revealed that granulated and nongranu­
lated leucocytes respond differently to radia­
tion. Numbers of granulated leucocytes in­
creased in the blood of pinfish irradiated with 
either 2,000 or 5,000 R. during the 24 hours 
after irradiation; the greater increase was 
in fish which received 5,000 R. (fig. 35). After 
6 hours granulocyte numbers in both irradi-

30 

G! 
u 

ated groups decreased to below the control 
level, where they stayed for the remainder 
of the experiments. Numbers of nongranulo­
cytes in the blood of irradiated pinfish were 
above the control level within 2 hours after 
irradiation but, despite fluctuations, were 
below the control level in both groups of 
irradiated fish by the 3d day. The number of 
nongraulocytes remained low throughout the 
experiment in fish irradiated with 5,000 R., 
but returned to the control level by the 15th 
day and surpassed the controls on the 21st 
day in fish irradiated with 2,000 R. From the 
21st day through the 34th day, nongranulocytes 
decreased to the level seen on the 3dday after 
irradiation. Thus it appeared that granulocytes 
were responsible for the leucocytosis in fish ir­
radiated with 5,000 R., and that nongranulocytes 
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Figure 35.--Numbers of granulocytes and nongranulocytes in the blood of irradiated and unirradiatedpinfish. 
The horizontal broken line represents the mean value for 55 unirradiated fish, and the shaded area is two 
standard errors above and below the mean. Solid vertical lines represent one standard error for five irradiated 
fish. 
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ABBREVIA liONS AND SYMBOLS 

Celsius......................... ...... ......... C. 
counts per minute ......................... . 
centimeter(~). .............................. . 
disintegrations p r minul ............. . 
gram(s) .................................... .. 
kilogram(s) ................................. . 
kilometer(s) ............................. .. 
kilowatt(s) ................................... . 
least significant differ nc ............ .. 
meter(s) ..................................... . 
microcurie(s) .............................. . 
microgram(,,) .............................. . 
micromicrocune(s) ...................... . 

• p.m. 
cm. 
ci.p.m. 

k . 
km 
k . 
1. .d. 
m. 

c. 

c. 

mg . 
ml. 
mm 
m 
m 
mv 
p.p.m. 
p.p. 
rad 
R. 
S.D. 
S.E. 

GLOSSARY 

Activation analysis - -a m 
analysis ba ed on Id 
topes formed when a "ampl 
to neutron bombardm n . 

Biological half-life - - the time r qUI red 
living hssue, organ, oror am m 0 

nate one - half the contained l' dloac 
Biological indicator- - ref 1'~ to an or am m 

that concentrates a p cific I otop 
highest levels in relation 0 conc 
of isotope in the wate r. 

Chronic- -term used to denote radl ion 0 

or exposure of long dura ion, i her frac­
tionated (exposure or dO'e add 
intervals of time) Or continuou . 

Counts - -the number of radioactiv di inte a­
tions recorded by a detection ys em. 
The number of coun 5 record d b a 
function of the amount of radioac ivity 
and the efficiency of the system and 15 

usually given as counts per uni of time. 
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 time of the number 
of radioactive atoms in a sample, as a 
result of spontaneous nuclear transfor­
mation. (See radioactivity.) 

Disintegration--a spontaneous nuclear trans­
formation characterized by the emission 
of energy in the form of gamma rays and 
alpha and beta particles. When numbers 
of nuclei are involved the process is 
characterized by a definite half-life. 

Dose--the amount of radiation (in roentgens) 
delivered to a specified area or volume. 
(See LD-50 dose.) 
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l' y--a 
radl 10 

d cay 
Half-hf - - he 1m 1 

radioac IV 

of a 

He 1'0 en ou l' ac or--a uel a l' ac or in 
which he fuel a d mode ra 0 a re a l' ranged 
a dl cr bodie (us ally in a l' gular 
pa tern) of such dim ion" a 
a nonhomogeneou medium 0 

Ionizing radiation- -any elec roma ne ic or 
pa l' icula e radia ion capable of producing 
ion. directl . or indirec ly. 

Irradiation--exposure to adiation. 
Isotope- -one of several a oms having he 

same number of pro ons in heir nuclei 
and hence belonging to the same element. 
but differing in the number of neu rons 
and therefore in atomic weight. (The 
radioactive isotope of cob a 1 t having 
an atomic weight of about 60 is cobalt 
60.) 

LD- 50 dos e - - dose of radiation (in roentgens 1 
required to kill, within a specified period, 



50 percent of the organisms irradiated. 
The LD- 50 for man is about 400 roentgens. 

Liquid scintillation counter--a detecting sys­
tem which electronically records the scin­
tillation (flashes of light) produced by the 
interaction of ionizing radiation and a 
liquid phosphor. (Our whole-animal 
counter has a counting chamber sur­
rounded by a chamber containing a liquid 
phosphor.) 

Long -lived radionuclide - - a radionuclide that 
requires a relatively long time (months 
or years) to lose one-half of its radio­
acti vity by de cay. 

Plasmalemma- -a cell membrane underlying 
the cell wall and surrounding the proto­
plasm of certain plant cells. 

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.) 

Roentgen- -a unit of radiation exposure dose 
from X- or gamma rays. (The radiation 
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dose a a poin 1.0 m from 1.0 CUrl of 
cobalt 60 i abou 1.3 ro n e .) 

Short-lived radionuclid - -a radlonuc 
requires a rela ively hor 1 
than 1 mo.) to los on - half of 1 
activity by decay. 

Specific activity- -the 0 al radioachvl of a 
isotope per gram of I m n . 

Standing crop- - population of or am m pr 
ent at any place a any sp cific 1m 

t-test--a statistical test for d rmimng lf a 
significant difference Xl.,., b n t 0 

treatments. 
Tonoplast- - the memb rane sur r 0 un d 1 n g hI 

vacuole of certain plant celL. 
Trophic level--each successiv 

nourishment as represented by 
of the food chain. 

Turnover rate--length of time required for an 
organism to replace the elemental compo­
sition of its body. 

Ultraviolet absorption spectrum- -a plot of th 
molecular absorption of light by a ch mi­
cal compound, such as a protein. as a 
function of the wavelength. in this case 
ultraviolet or short wavelength. of h 
light. 
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