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The uptake, retention, and distribution of 60
Co,

65Zn, 85 Sr, and

1311 was examined in the Rough-Skinned Newt (Taricha granulosa).

Each of these radionuclides is a possible contaminant of the freshwater

environment and, thus, is of importance in radioecology.

The newts were maintained singly at 10° C in an unfed condition.

An Armac liquid scintillation detector was used for determination of

whole-body radioactivity and tissue samples were assayed in a 3" x 3"

NaI(T1) well crystal. The counting error did not exceed the 1% level.

The uptake of 60Co, 65Zn, and 85Sr from water and whole-body

retention after this chronic exposure was compared to retention patterns

obtained after a single injection (I. P. ). These retention curves showed

two components, a short-lived component and a long term component.

Ti,e biological half-lives of the long term components after chronic

d 60Co, 1233 ande administration were 127 and 114 days for



1260 days for 65Zn, and 136 and 131 days for 85Sr, respectively.

The whole-body retention of
1311 was followed after acute

administration only A tvvo component curve was seen with the fast

component having a biological half-life of 2.05 days and containing 74%

of the initial dose. The long term component had a biological half-life

of 210 days.

Effective half-lives for the long term components of the
60

Co,

65Zn, 85Sr, and 1311 retention curves were calculated using the above

biological half-lives.

The pattern of distribution of the four radionuclides in the

tissues of the newt was determined over a 100 day period for 60 Co,

65Zn, and 85Sr, but only over 27 days for 1311. Fourteen tissues

were assayed for activity after a single injection (I. P. ). They in-

cluded blood, skin, thyroid, spleen, liver, stomach, intestine, lung,

heart, testes, kidneys, bone, eyes, and muscle. The kidneys

accumulated the major concentration of 60 Co and the eyes concentrated

radiozinc to a greater extent than the other tissues. Bone was the site

of the highest concentration of
85Sr, while the thyroid concentrated

131 I more than all other tissues combined.

With the exception of
1311, the relatively long effective half-lives

indicated that the radioactivity would be found in an exposed amphibian

population for a considerable time period. Predators of these

a__1phibians could then acquire racioactivity long after the original



contamination of the freshwater system. Radioiodine, due to its short

effective half-life, would become a hazard only in areas of excessive

contamination or where a short food chain is involved.
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THE UPTAKE, RETENTION, AND DISTRIBUTION
OF 6°CO3 ESZN, 85SR, AND 131I IN THE

ROUGH-SKINNED NEWT (TARICHA GRANULOSA
A RADIOECOLOGICAL STUDY

INTRODUCTION

The bioshpere is the recipient of radioactive wastes produced by

man's use of nuclear energy. The field of radioecology is concerned

with this contamination of the environment, the pathways and the

mechanisms by which these radionuclides are transferred through food

chains, and the effects of ionizing radiation on the ecosystem. Between

the initial radioactive contamination and the eventual hazard to man

lies a series of interrelated steps. A broader understanding of the

consequences to organisms of radioactivity in the environment is

emerging as these steps are elucidated.

Environmental Radioactivity

There are three major sources of radioactivity in the environ-

ment: (1) naturally occurring residual radionuclides, (2) cosmic-ray

induced radionuclides, and (3) artificial radionuclides. The latter

group is of major concern to the radioecologist.

The elements found in natural sources with atomic numbers

greater than 83 are all radioactive and belong to families characterized

ch.ains of successive decays. The initial members of three such

rid °active decay families are Uranium, Thorium and Actinium. There
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are also a few naturally occurring radionuclides that are not members

of the radioactive families. Some of these have half-lives sufficiently

long to have persisted from the time of formation of the earth's crust

Potassium-40, with a half-life of 1.3 x 109 years, is the most impor-

tant of these.

Other natural radionuclides are produced continually by nuclear

reactions between cosmic radiation and stable nuclei of the upper

atmosphere. For example, 14C is formed by the action of neutrons

upon nitrogen atoms, and tritium is formed by several different

reactions.

Naturally occurring radioactive isotopes were the only ones

available for study until 1934. Since that time the number of known

artificially produced radioactive species has exceeded 1300.

The two major reactions giving rise to radioactive wastes which

are of importance in radioecology are nuclear fission and neutron

activation. These waste products have resulted from the large scale

use of nuclear energy involving nuclear reactor operations and the

processing of fuel elements. In addition, both types of radioactive

wastes result from the rapid uncontrolled reactions that occur in the

testing of nuclear weapons or their use in warfare.

Prior to the development of the atomic bomb in World War II, the

amount of artificial radioactivity in the environment was small. The

...
d:toriation of a nuclear weapon above ground is commonly accompanied
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by the release of large quantities of fission products and smaller

quantities of neutron activated material. In air or surface bursts,

particles are carried upward in the resultant mushroom cloud. These

are heavily contaminated with radioactivity. Much of this material

falls back to earth in the vicinity of the explosion site and constitutes

"local fallout." The remaining particles and vapors continue to rise

with the cloud into the troposphere, and, in some cases, the strato-

sphere. Materials injected into the troposphere are deposited on the

earth in a matter of months as a result of mixing, settling, wind

movements and gravity. Materials reaching the stratosphere fall out

over a period of years and act as a reservoir of radioactive debris.

As a result of such fallout the environmental levels of radioactivity

have increased on a world-wide basis.

Nuclear reactors are now replacing the more conventional

methods of generating electricity and are also used to propel ocean

vessels. This use of nuclear energy, however, is not without its

problems. Wastes from reactor operation and fuel processing consist

of the products of fission and neutron activation. Under certain

conditions some of these wastes may become environmental contam-

inants, For example, a reactor that has been operating steadily at

1000 kW for several months contains about 109 Ci of fission

products. If an accident should rupture the reactor vessel and result

the release of even a fraction of these radioactive products, a
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severe radiation hazard would be created in the vicinity.

In reactors cooled by water, neutron activated products may

originate by bombardment of stable nuclei in the water. In the case of

the gas-cooled reactors, neutron activation of stable nuclei in the

cooling gases and other impurities will result in radioactive wastes.

In both cases, these coolant materials are returned to the environment

still carrying a certain amount of radioactivity.

The wastes of major concern to the radioecologist are those

radionuclides which are released into the environment and are

metabolically important. Some artificially produced radionuclides may

never reach an organism or be involved in biological processes. Most

radionuclides introduced into the environment will ultimately appear at

various levels throughout the food web. The ecological behavior of a

given element will depend upon the biological factors contributing to

the isotope's incorporation, concentration, retention and distribution

in organisms. Research being conducted to determine the behavior

of radioisotope contaminants in organisms includes the determination

of routes, rates and quantities of specific radionuclides transferred

through various aquatic and terrestrial food webs. The concern of the

radioecologist is the fate of radioactive substances released into the

environment and the possible pathways by which they might reach man.
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Freshwater Radioecology and Amphibians

Radioecology is a relatively young science with the bulk of the

investigations having been carried out during the last 20 years. Early

studies concentrated mainly on the products of fission and their behavior

in animals directly involved with man. Since then, however, radio-

ecological studies have expanded to include organisms of many kinds,

both plants and animals. The extensive bibliographies prepared by

Klement and Schultz (1962 - 1967) provide many references on the

radioecology of both terrestrial and freshwater organisms. In the

last decade several symposia covering various aspects of radioecology

have been conducted. Some of them are o Studies of the Fate of

Certain Radionuclides in Estuarine and Other Aquatic Environments

(Sabo and Bedrosian, 1963), Transport of Radionuclides in Fresh

Water Systems (Kornegay et al., 1963), 1st National Symposium on

Radioecology (Schultz and Klement, 1963), Radioecological Concentra-

tion Processes (Aaberg and Hungate, 1967), 2d National Symposium on

Radioecology (Nelson and Evans, 1969). Studies in the area of radio-

ogy will acquire added importance with the increased use of nuclear

energy throughout the world.

Most of the power reactors in the United States are located along

rivers or lakes. Their normal operation involves the discharge of

( levels of radioactive materials into these freshwater systems.

T1 e e radionuclides may be taken up by organisms and passed
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throughout the food chains. Thus, it is of importance to investigate

the fate of such introduced radionuclides.

The vertebrates found in most freshwater systems are fish,

amphibians, reptiles and, to a slight extent, mammals and birds. Due

to the fact that fish are directly consumed by man, early studies of

radionuclide metabolism of aquatic organisms centered on them

(Prosser et al., 1945). Freshwater radioecological studies presently

include experiments on plants and animals at all levels of the food

chain.

The amphibians occupy an important position in an ecosystem

since they are both aquatic and terrestrial. During their aquatic

phase as larvae they are vegetarians and can acquire radionuclides

that have been taken up by plants. During this time they, in turn, are

food for many of the higher vertebrates such as fish, snakes, and other

vertebrates, both aquatic and terrestrial. Their major sources of

food as adults are insects and other small invertebrates.

Metabolic studies of radionuclides in amphibians include

investigations into the role of iodine (using 131I)I) n development and

in thyroid functioning. Moule and Nace (1964), for example, examined

radioiodine uptake by the thyroid after a single intraperitoneal injec-

tion in the salamander Amphiuma means tridactylum.

In addition, studies using radioactive isotopes of sodium to study

the osmoregulatory kinetics across frog skin are numerous. Studies
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of the retention of several radionuclides by salamanders were conduct-

ed by Patten et al. (1968). Experiments conducted in this laboratory

on
134 Cs turnover by Willis and Eddy (1969) and the above studies

are some of the few reported on amphibians. Thus, this group is

ecologically important, but somewhat overlooked by radioecologists.

Experimental Animal: Rough-Skinned
Newt (Taricha granulosa)

The Rough-Skinned Newt, Taricha granulosa (Figure 1), is one

of the most abundant salamanders found in western Oregon and is a

representative amphibian of this region. It ranges from northwestern

California through western Oregon and Washington north to south-

western Alaska. It varies in size according to season and sex, with

the average adult males weighing 15 g in late spring and summer and

about 12 g in the winter. The females average about three grams less

than the males throughout the year. The average length for males is

181 mm, while females are approximately 40 mm shorter (Bishop,

1943). The newt is easily identified by its reddish brown dorsal area

and the contrasting yellow-orange ventral surface. It is normally

found in lakes, ponds and streams during the breeding season, but

is terrestrial at other times. It is a hardy animal with a life span

of around 11 years (Twitty, 1966).

During the latter part of the winter as the breeding season begins

males usually appear first in the ponds. Females appear somewhat
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Figure 1. The Rough-Skinned Newt (Taricha granulosa).
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later. There is a peak of mating activity in late February and early

March followed by a gradual disappearance of males from the ponds

during the summer. The female deposits her eggs mainly on br oken

and dead branches and stems of aquatic plants. The larvae hatch in

about 30 days and transform into young adults by late fall. These

young adults leave the pond for a terrestrial existence following trans-

formation. After several years, they become breeding adults, at

which time they return to the pond. External changes appear in the

newts during the breeding season, with the changes being slight in

the females, but very marked in the male.

The Rough-Skinned Newt was chosen for this study because of

(1) its ecological importance as a representative amphibian,

(2) its local abundance,

(3) its ease of maintenance in the laboratory, and

(4) previous work with it conducted in this laboratory.

Radionuclides

65
Four ecologically important radionuclides,

60
Co, Zn,

85Sr,

and 1311, were chosen for this study. Of these, 85Sr was used as a

tracer for 90Sr. All of these are potential radioactive contaminants of

the freshwater environment and, thus, information on their metabolism

in amphibians is needed.
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Cobalt

Naturally occurring cobalt consists of but one nuclide, 59
Co.

Cobalt-60, with a half-life of 5.3 years, is produced by neutron

activation according to the reaction 59Co(n, Y)60Co. Significant

amounts of 60 Co are present in the waste water from reactor fuel.

proces sing.

Cobalt is a transition element and exhibits the characteristics

of variable valence, easy oxidation and reduction, and a strong tend-.

ency to form complexes with organic materials. Thus, cobalt is

potentially useful in physiological processes in which these chemical.

characteristics are required.

Although the presence of cobalt in plant and animal tissues had

been known for many years, none of the early studies alluded to its

physiological role. In 1935 the first conclusive evidence that cobalt

was a dietary essential was reported (Underwood, 1935). In 1948

investigations revealed that the antipernicious anemia factor of the

liver was a cobalt-containing compound (Smith, 1948). This compound

was subsequently called cyanocobalamin, or Vitamin B-12. In 1955

the complete structure of Vitamin B- 12 was announced (Hodgkin et al.,

1955). Neither animals nor higher plants can synthesize Vitamin B-12.

Indeed, certain soil bacteria appear to be the only natural source of

this substance. Due to the biological importance of cobalt,

significant amounts of waste 60 Co might be accumulated and retained
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by freshwater organisms.

Zinc

Zinc-65 is not a fission product but is a widely distributed

contaminant in the biosphere. It is produced by neutron activation of

the stable element in the vicinity of a nuclear explosion or in some

water cooled reactors, It has a physical half-life of 245 days.

Zinc, like cobalt, is a transition element and has the same

characteristics of variable valence and easy oxidation and reduction.

The rapid reaction of zinc with negatively charged groups may be

pertinent to its significance in biology, where it is accumulated to

higher concentrations than many elements more abundant in the

environment.

Following the original demonstration of the occurrence of zinc

in living tissues, it was found to be universally present in all organisms.

Many marine organisms, notably oysters, were found to have high

tissue concentrations of zinc (Bodansky, 1920). Klein and Mann (1939)

demonstrated that zinc was a constituent of the enzyme carbonic

anhydrase. Later it was shown to be a structural and functional

component of the enzyme carboxypeptidase and the alcohol and lactic

acid dehydrogenases (Vallee, 1959). Thus, it is likely that radio-

active zinc will be removed from the aquatic environment by organisms

and retained in significant amounts.
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Strontium

Strontium-90 is a long-lived radioisotope (with a half-life of

28 years) and may enter the freshwater environment either from

fallout or accidental loss during fuel processing or reactor operation.

To follow the metabolism of strontium in the whole body the radio-

nuclide 85Sr was used since its gamma-ray emission allows for whole-

body detection.

Strontium is a relatively rare alkaline earth with the chemical

characteristics of a reducing agent. It had been reported to act

biologically as a growth stimulant (Underwood, 1962), but there is

little evidence of its essentiality for plants or animals. It has, how-

ever, been recognized as a trace element in soils, plants, and

animals.

As soon as it became known that 90Sr was one of the most

abundant and potentially hazardous radioactive products of nuclear

fission, its behavior in biological systems attracted much attention.

When 90Sr enters the biosphere it becomes mixed with calcium and

follows the ecological pathway of calcium in food webs. Organisms

may accumulate radiostrontium by consuming plants or animals that

have incorporated the isotope.

Experiments have demonstrated that organisms absorb calcium

and strontium differentially, a process termed "discrimination. "

The decrease in the Sr /Ca ratio at various steps in a food chain is a
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measure of the amount of discrimination. For example, the Sr /Ca

ratio in human skeleton is perhaps 1/10 that in the plants and soil of

any given area (Fowler, 1960).

Radiostrontium may, thus, be accumulated and retained by

freshwater organisms exposed to contaminated waters where it will

follow calcium through metabolic pathways.

Iodine

Iodine-131 is an important fission product. As such, it is

regularly released into the environment from reactor operations, from

reactor fuel element processing, and as fallout from nuclear

weapons explosions.

Accidental release of large quantities of
131I

I s infrequent, but

potentially serious. In 1957, for example, the Windscale Works of the

United Kingdom Atomic Energy Authority at Sellafield, Cumberland,

experienced a reactor accident which released a significant amount of

radioactivity into the environment around the plant. The accident

involved the superheating of some of the fuel elements within the

reactor. The reactors at Windscale are air cooled and this air is

drawn in through filters from the atmosphere and blown into the core

of the reactor. The coolant air is released through a filter bank

located in the exhaust stack. Over 20, 000 Ci of 1311 were released

in a short period of time into the immediate vicinity (Dunster, Howells
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and Templeton, 1958).

Contamination of the short food chain (plant-cow-man) was the

immediate concern. The 1311 given off during the accident settled onto

the grazing lands in the area. Dairy cattle feeding in these pastures

ingested the contaminated vegetation. The radionuclide subsequently

appeared in the cow's milk, where it posed a serious hazard to human

consumers. The levels of radioactivity in milk samples collected

near the reactor showed twice the suggested safe amount within two

days. Restrictions on milk consumption from cows in the immediate

area were enforced for 40 days after the incident. Since 1311 has a

short physical half-life, it is significant as a hazard primarily in the

immediate vicinity of a nuclear explosion or accident.

In 1896, the German chemist Bauman (1896) showed that iodine

was a normal constituent of the body, especially the thyroid gland.

Kendall (1919) subsequently isolated thyroxine from the thyroid gland

and found it to contain 65% iodine by weight. This established the

essential role of iodine in animals.

All body tissues and secretions contain iodine and there is little

doubt that it occurs in all cells. The total amount present in an adult

human has been estimated at 10 mg. A high proportion of this total,

amounting to 70% or more, is concentrated in the thyroid. This

indicates a remarkable degree of concentration since the mass of the

thyroid is normally only about 0. 2% that of the whole-body.
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Purpose of the Study

The general purpose of the study was to examine the effects of
65 Znenvironmental contamination from the radionuclides 60Co, 85Sr

and 1311 on the amphibian Taricha ranulosa. The specific objectives

were to:

1. determine the whole-body retention of 60Co,
65 Zn,

85Sr and

1311 following a single acute administration;

2. follow changes with time in the tissue distribution of 60co,

65
Zn,

85Sr and
1311 after a single acute administration;

3. ascertain the uptake pattern of 60 Co,
65Zn and 85Sr during

chronic exposure to the radionuclide in water; and

4. compare the retention patterns following chronic uptake from

water with the retention patterns following a single acute

administration of the radionuclides.

This approach was influenced by earlier work done in this

laboratory involving radionuclide turnover in amphibians which pointed

to the unique ecological position of the amphibians and possible

differences in radionuclide behavior in comparison to other vertebrates.



MATERIALS AND METHODS

Collection and Maintenance of Animals

Collection

16

Most of the Rough-Skinned Newts used in this study were

collected by dip net and by hand from a lake in the McDonald Forest

(an area under the jurisdiction of Oregon State University) just west of

the Peavy Arboretum entrance. In addition, some animals were taken

from a small permanent pond one-quarter of a mile from U. S.

Highway 99-W on Sulphur Springs Road. The newts were transported

to the laboratory in plastic buckets. The availability of males over a

longer period of time throughout the year and the need for consistency

in results led to the use of males only in the study. A total of over

500 newts was used.

Maintenance

Upon return to the laboratory, the animals were maintained singly

en 12 x 17 x 6 cm polystyrene containers in approximately 500 ml of

artificial pond water (Table 1). The newts were held in a cold room

at l.0 ± 1 C under a daily cycle of twelve hours of light (using Warm

White fluorescent lights) and twelve hours of darkness.

All of the animals were acclimatized for two weeks prior to use
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Table 1. Artificial pond water.

NaC1

KCl

CaCl2 2H 2O

NaHCO
3

0.06 gA

0.01 g/l
0.07 g/l
0. 02 g/l

and the water was changed daily. The newts were unfed throughout the

study as previous experience had demonstrated that newts in captivity

fed inconsistently, or, in some cases, not at all.

Prior to being used in an experiment the newts were blotted dry

and weighed to the nearest tenth of a gram. The animals were

selected for weight in the range 12.0 ± 1.3 g.

Radionuclides

The radionuclides chosen for this study were 60Co (specific

activity 840 mCi/mg Co),
65 Zn (specific activity = 4.3 mCi/mg

Zn), 85Sr (specific activity = 3.82 Ci/mg Sr), and carrier free 1311
.

The 6o Co and 65Zn were administered in the chloride form, 85Sr was

given as the nitrate, and 1311 was given as sodium iodide. All of the

radionuclide injection solutions were prepared in sterile vials from

sterile radionuclide stock solutions and diluted with sterile isotonic

saline to the desired volume. The pH values of the radionuclide

stock (before dilution) wereo
60Co-pH 2,

65Zn-pH
3,

85 Sr-pH 6, and

131I-pH 11.
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The above radionuclides are all gamma emitters. This fact

makes their detection possible using a whole-body liquid scintillation

detector. Cobalt-60 emits gamma rays of 1.17 and 1.13 MeV

energies, while 65Zn and 85Sr emit gamma rays of 1.11 and 0.51

MeV, respectively. Iodine- 131 emits an array of gamma rays, 80%

of which are at 0.36 MeV.

In Figure 2, the decay schemes of the radionuclides are

presented. Decay leading to emission of a 13- is shown by a diagonal

line to the right; decay leading to 13+ emission or electron capture

(EC) is indicated by a diagonal line to the left. The diagonal lines

end on lower horizontal lines representing lower energy states of

daughter nuclei. In each case here, the daughter nuclei are in an

excited state, and the subsequent gamma emission is shown by an

arrow drawn vertically to the ground state of the nucleus.

Detection Equipment

The Armac Detector System

The Armac (an acronym for Arm and Animal Counter) liquid

scintillation detector is a large volume detector for measuring radio-

activity of samples containing gamma-emitting isotopes (Figure 3),

The sample chamber is constructed of thin stainless steel and is

located axially to the cylindrical detector in the instrument (Figure 4).
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Figure 3. View of the Armac whole-body
detector and the 3" x 3" NaI(Tl)
well crystal with alsociated
equipment.
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Figure 4. Cross sectional view of the Armac Scintillation Detector.
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The chamber has a diameter of 12.4 cm, is 19.3 cm long, and has a

volume of 1800 cc. It is surrounded by a double walled vessel con-

taining the fluor solution (5 g PPO( (2, 5 -diphenyloxazor1)-be-nzene)

and 0.5 g/1 dimethyl- POPOP(1,4-bis -2- (4 -methyl-5 phenyloxaz

benzene) in a toluene solvent).

The detection process begins with the excitation of the fluor

molecules resulting in the emission of photons. These photons then

interact with the photocathode of one or more of the photomultiplier

tubes (Figure 4). A burst of photoelectrons is emitted from the photo-

cathode and is multiplied through the dynode series of the photo-

multiplier tube. The resulting electrical pulse is amplified for input

into a suitable spectrometer which amplifies, sorts, and counts the

pulse signals from the detector system.

Sample Position and Standards. The position of the sample in

the detection chamber is very important for reproducibility of results.

Figure 5 shows a typical isoresponse curve, representing the locations

of points of equal response to a point source of radiation moved about

in the detection chamber. In order to obtain meaningful measure-

ments of the change in whole-body activity of the newts with time,

based on repeated measurements of the same animal, a specially

constructed sample holder was employed (Figure 6). Using this

holder reproducibility was found to be extremely good CI 1. 0 %).

Due to the size of the samples (they were not point sources), the
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DEPTH IN CENTIMETERS INTO CHAMBER

Figure 5. Isoresponse curve representing the locations of points of
equal response to a point source moved around within the
detection chamber.

Figure 6. Illustration of the sample holder with the sample
container (15 dram polystyrene vial) in position.
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need to correct for physical decay, and variations in detection

efficiency with time, radioactive standards were prepared in 12 ml of

water and then sealed in one of the sample containers (15 dram poly-

styrene vial). Efficiencies for the various isotopes in the Armac

detection system are given in Table 2.

Table 2. Detection efficiencies in the Armac Scintillation Detector.

Isotope
"Window" setting
(arbitrary units) Gain % Efficiency

6o Co 300-700 5% 28

65 Zn 300-700 5% 10

85Sr 100-300 8% 30

1311 100-300 8% 18

The Crystal Detection System

Individual tissue samples were assayed in a 3" x 3" Nal (Ti)

well crystal. The tissues were counted in plastic test tubes 15 mm in

diameter and 25 cm long. This crystal was connected to the same

scintillation spectrometer as the Armac (Figure 3). The radioactive

standards were prepared as point sources since the sample volume

was very small. Table 3 lists the efficiencies for the various

isotopes in the crystal.
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Table 3. Detection efficiencies in the 3" x 3" well-type Nal. (Ti)
crystal.

Is otope "Window" setting
(arbitrary units) Gain % Efficiency

6o Co 550-740 20% 19

65Zn 470-660 20% 11

85Sr 450-660 40% 37

1311 320-390 40% 30

Uptake Studies

The uptake of 60co, 65Zn, and 85Sr was examined in fifteen

animals, five for each isotope. The newts were maintained singly in

artificial pond water to which one of the isotopes had been added. The

newts were periodically removed from the radioactive solutions,

rinsed in tap water, and blotted dry prior to being counted in the

whole-body detector. The counting error did not exceed the 1% level.

A radioactive standard of equal volume and approximate density was

counted concurrently.

The uptake of the radionuclides by the newts was followed

during this chronic exposure for 24, 55, and 25 days for 60
Co,

65
Zn,

and 85Sr, respectively.

Retention Studies

The retention of 60Co, 65Zn, 85Sr, and
131II n the Rough-

Skinned Newt was examined after both chronic uptake of the
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radionuclides from water and after acute exposure by intraperitoneal

injection.

Retention after Chronic Exposure

A retention study was conducted using the animals from the

chronic uptake experiment. The newts were removed from the chronic

exposure media and placed in non-radioactive pond water. The five

animals from each group were assayed individually for whole-body

activity of 60 Co,
65Zn, or 85Sr for a period of 115, 144, and 147

days, respectively.

Retention after Acute Exposure

Four groups of ten animals each, with an average weight of

12 ± 0.29 g per animal, were used for this study. Individuals in each

group received 0. 1 µ Ci of 60Co, 65Zn, 85Sr, or 1311 by intraperitoneal

injection. The injections were given in a volume of 0.1 ml in the left

ventrolateral region approximately two cm above the pelvic girdle.

After injection, the animals were returned to their containers

for one hour before determination of the initial whole-body activity

was made. Large deviations in initial activity due to leakage through

the injection site were thereby minimized. The whole-body activity

was determined frequently after injection for a minim-um of 100 days.

In the case of 1311, the whole-body activity was followed for 55 days.
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The short physical half-life of the radionuclide necessitated this time

selection. The counting error did not exceed the 1% level.

Distribution Studies

The distribution of 60Co, 65Zn, 85Sr, and 1311 in the tissues of

the Rough-Skinned Newt was determined over a time course up to 100

days post injection (I. P. ). Six male newts were used for each determin-

ation and all animals of each group received the radionuclide injection

at the same time. The injected amounts were 3.2 p.Ci 60Co, 3.2 p.Ci

85 13165Zn, 5.0 laCi Sr, and 4.8 p.ci I, administered in a volume of

0.1 ml.

Prior to sacrifice, the whole-body radioactivity was determined

in the Armac scintillation detector. The specimens were blotted,

weighed, and prepared for dissection by pithing of the spinal cord only.

Three drops of blood were taken for assay after decapitation. Skin

samples were uniformly removed from the right side of the animal and

included both pigmented and non-pigmented areas. The bone sample

was the humerus of the right forelimb, which also provided the muscle

,rimple. The following tissues were assayed for gamma ray

y using the 3" x 3" NaI (TI) crystal: blood, skin, thyroid,

spleen, liver, stomach, intestine, lung, heart, testes, kidney, bone,

eyes, and muscle.

The activity values of the blood, skin, bone, and muscle were
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corrected to show the activity of the total tissue weight. These

corrections were made on the basis of blood, skin, bone, and muscle

being 5.4%, 8. 0 %, 5. 5 %, and 42% of body weight, respectively

(Spector, 1956; Schermer, 1967). The thyroid was assayed only for

those animals in the 1311 study.

The 1311 samples were assayed immediately after removal due

to the short physical half-life (8. 5 days). All other tissues were dried

for three hours prior to being assayed for gamma-ray activity. After

assay, all tissues were dried in an oven at 72 - 1
o C for 48 hours. The

dry weights of the tissues were then determined to the nearest tenth

of a milligram.

The use of dry tissue weight required the whole-body weights to

be expressed as dry weights. Due to the dissection of the animals

direct determination of animal dry weight was not possible. A wet-to-

dry weight ratio was determined (Table 4). Using 20 animals with

wet weights ranging from 8.64 g to 18. 94 g, the wet-to-dry weight

ratio was 4.49 ± 0.33. This ratio was then used to convert the

whole-body wet weights to dry weights for analysis.

Table 4. Whole-body wet-to-dry weight ratio. Each value represents
the mean ± one standard deviation of 20 newts.

Wet weight (g) Dry weight (g) Wet-to-dry ratio

13.51 ± 2.43 3.06 0.49 4.49 ± 0.33
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RESULTS

Uptake Studies

The uptake of "Co, 65Zn, and 85Sr was followed during chronic

exposure for 24, 55, and 25 days respectively. The data were

expressed in dpm /g of animal weight and plotted as mean dpm /g

against time on a semi-logarithmic scale.

Cobalt

The uptake of "Co by the Rough-Skinned Newt during chronic

exposure is shown in Figure 7. Each point represents the mean of

five animals (Appendix Table 1). Uptake was rapid during the early

periods of measurements and declined only slowly over the remaining

time. The experiment was terminated prior to attaining equilibrium.

Zinc

Figure 8a shows the uptake of 65Zn by the Rough-Skinned Newt

from water. Equilibrium with the water was reached by 30 days and

the animals were removed for retention studies on day 55. Each

point represents the mean of five animals (Appendix Table 1).

Strontium

Chronic exposure of the Rough-Skinned Newt to 85Sr in water
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resulted in rapid uptake during the first three days (Figure 8b).

Subsequently, uptake was much slower and only approached an

equilibrium at 25 days. Each point represents the mean of five

animals (Appendix Table 1).

The uptake of radioiodine in the newt was not examined because

subsequent retention studies were lengthy and the physical half-life of

1311 is short (8.05 days).

Retention and Distribution

The whole-body retention of 60Co, 65Zn, and 85Sr after chronic

exposure and the same three radioisotopes plus 1311 after acute

administration was followed for 100 days or more.

The percent of initial whole-body activity was determined

according to the following relationship

WBtx /Stx
°70-W-Bt x 100

WBto/Sto

where

ToWBt = percent of initial whole-body activity at
time x

WBt = whole-body activity at time x

S = activity cf the standard at time xt
x

WBt = whole-body activity at time 0

St
o

= activity of the standard at time 0



The whole-body retention values (percent of initial amount) were

plotted as a function of time (days) on a semi-logarithmic scale.

The retention of the radionuclides, with the exception of
131

was best expressed as a single exponential function of the form:

At Aoe-kt

where

33

At = activity at any time t

Ao = activity injected at time 0

e = base of the natural logarithm

t = time

k = elimination constant

When t equals the time required to eliminate 50% of th' radio-

active atoms in a component, it is termed the biological half-life

(Tb). The equations for the determination of the elimination constant

(k) and the biological half-life were derived from the above equation

as follows:

-kt
A

= e-ktAt = Ace ;
At

0.693 0.693
ln(0. 5) = -kTb; k - or Tb

Tb

The elimination constants were determined by the method of least

squares analysis of a semi-logarithmic plot of At/A0 on t.

The retention curve for 1311 was resolved into two exponential

components (Figure 27). The equation for the linear portion of the
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curve was solved by the method of least squares and its biological

half-life (Tb2) determined. The difference between the ordinate of

the original retention curve and the extrapolated line was then plotted

to represent the activity lost in the first component only. The method

of least squares was then used to fit a line to this new curve. The

biological half-life of the first component (T1, ) was then determined
"1

according to the equation given above.

It was also desirable to calculate a composite elimination

constant for 1311. This was done using the Tb and Tb values as
1

follows:

k (total) 0.693

a
"

+ a? Tv,
1 1

where k (total) is the composite elimination constant (fraction/day),

al and a
2

are the ordinate intercepts (percent of initial amount), and

Tb and Tb are the biological half-lives (days) for the two respective
1 2

components.

An elimination constant was determined for each animal of all

groups. The mean k and its deviation and the mean Tb and its devia-

tion could then be determined for each of the isotopes employed. The

ation of the deviation of the mean half-life ( Tb) was made

using the following equation:

crTb
(0. 693)2 (ko- )2

(k)4
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where kcr is the standard deviation of the elimination constants and

k is the mean of the elimination constants.

If the effect of physical decay of the radionuclide is added to the

biological elimination rate, the resulting value is called the effective

half-life (Te). It is this term that assumes greatest importance in

radioecological studies from the standpoint of radiation exposure.

The Te is calculated according to the equation

T e

(Tb)(Tp)
Tip + Tp

where Tb is the biological half-life and T is the physical half-life.

The calculation of the biological half-life for strontium using 85Sr as

a radiotracer allows for the extrapolation of data to the determination

of the effective half-life for 90Sr, which is the isotope of major

concern.

The distribution of 60Co, 65Zn, 85Sr, and 11 I in the "tissues"

(entire tissues and organs) of the Rough-Skinned Newt was determined

after a single acute administration (I. P. injection). The activity of

the tissues was expressed as percent of whole-body activity at the time

of sacrifice. For selected tissues, the percent of whole-body activity

per milligram of dry tissue weight was also reported. In order to

compare the retention of the radioisotopes in the tissues with that of

the whole-body, the percent of initial whole-body activity for selected

tissues was plotted on the same graph with the whole-body retention
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curve.

The percent of whole-body activity at the time of sacrifice and

the percent of whole-body activity per milligram of dry tissue weight

were plotted against time on a log-log scale. This scale was chosen in

order to show the patterns of the curve during the very early sampling

periods.

Cobalt

The whole-body retention of 60 Co after chronic exposure is shown

in Figure 9. Two retention components are evident. The fast

component contained 18% of the initial whole-body activity. The long

term component had a biological half-life of 127 days. The

extrapolated ordinate intercept indicates that 82% of the injected

radiocobalt was contained in this long term component.

The retention of radiocobalt after a single injection (I. P. ) is

shown in Figure 10. Again two components are seen. The long term

component accounted for 87. 5% of the injected activity and had a

biological half-life of 114 days. The fast component contained 12.5%

of the initial injected activity.

Comparison of the data from Figures 9 and 10 shows that there

was no marked difference between the long term retention patterns of

the chronic and acutely exposed newts.

The distribution of radioactive cobalt was followed by serially



100
90
80
70

60

50

40

30

20

I0

37

10 20 30 40 50 60 70 80 90 100 110 120

TIME (DAYS)

Figure 9. Whole-body retention of 60 Co by the Rough-Skinned Newt
after chronic exposure. Each point represents the mean
of five animals (Appendix Table 2).
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Figure 10. Whole-body retention of 60 Co by the Rough-Skinned Newt
after a single (I. P.) injection. Each point represents
the mean of ten animals (Appendix Table 3).
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sacrificing newts at intervals over a 100 day period. Table 5 reports

the distribution of 60 Co in 14 tissues of the Rough-Skinned Newt after

a single intraperitoneal injection. The blood, muscle, and kidneys

were the tissues showing greatest accumulation of the isotope, but

skin, liver, stomach, and intestine also had substantial levels. The

other tissues contained lesser amounts of activity.

The percent of whole-body activity for liver, muscle, blood, and

kidneys was plotted on a log-log scale (Figures 11 and 12). The

curves for muscle, blood and kidneys were similar in that they

showed an early rise in activity reaching a plateau around 10 days post

injection. After the initial accumulation of radiocobalt during the

first few hours post injection, the liver maintained a relatively con-

stant level of activity for two days, followed by a gradual, but steady

increase in activity with time.

The concentration of 60Co per milligram of dry kidney at the

time of sacrifice is shown in Figure 13. The kidneys showed a con-

stant increase in concentration of radiocobalt until 60 days post

injection after which the concentration began to drop off.

In order to compare the retention of 60 Co in the blood and

kidneys with whole-body retention, a plot of the percent of initial

whole-body activity against time on a semi - logarithmic scale was

prepared (Figure 14). Both tissues took up radiocobalt rapidly with

the blood reaching a higher value than the kidneys. After reaching its



Table 5. Distribution of 60Co in T arid) a granulosa after a single intraperitoneal injection. Each value represents the mean and standard deviation
of six animals. Dashed lines indicate values below detectable activity.

Time after
injection

(days)

Percent of whole -body activity at the time of sacrifice
Blood Skin Spleen Liver Stomach Intestine Lung Heart Testes Kidneys Bone Eyes Muscle

0.13 4.91 3.18 0.33 2.38 0.58 1.33 0.64 0.08 0.16 1.22 0.39 0.14 7.34
±0. 25 ±1.38 ±0.14 ±1.11 ±0. 12 ±0. 89 ±0. 25 ±0.01 ±0.07 ±0.08 ±0. 18 ±0.03 ±1.94

0.25 7.44 4.56 0.32 1.98 1.00 1.25 0.63 0.13 0.17 1.87 0.12 0.12 9.87

±1.02 ±1.05 ±0.13 ±0.29 ±0.28 ±0.53 ±0.33 ±0.03 ±0.03 ±0.42 ±0.04 ±0.04 ±2.04

0.50 20. S3 5.51 0.30 2. 26 0.87 1.30 0. 35 0.12 0.18 1.45 0.51 0.11 13. 95

±4.58 ±1.34 ±0.02 ±1.20 ±0.40 ±0.63 ±0.13 ±0.03 ±0.09 ±0. 57 DI 30 ±0.05 ±3.29

1.00 11.89 3.08 0.27 1.73 0.64 0.89 0.36 0.07 0.13 4.59 0.41 0.10 7.12
±4.14 ±1.05 ±0.13 ±0.52 ±0.34 ±0.35 ±0.16 ±0.01 ±0.04 ±1.88 ±0.12 ±0.05 ±1.76

2.00 20.29 10.21 0.57 2.37 1.08 1.67 0.30 0.13 0.21 11.52 0.61 0.18 15.12
±2.12 ±2.91 ±0.21 +0.97 +0.41 ±0.70 ±0.08 ±0.03 ±0.05 ±3.81 ±0.15 ±0.05 ±4.13

5.00 20.41 10.23 0.64 4.32 0.94 2.15 0.39 0.17 0.29 10.15 0.97 0.33 29.12

±4.59 ±1.98 ±0.49 ±1.72 ±0.41 ±0.58 ±0.14 ±0.07 ±0.12 ±3. 13 ±0.12 ±0.13 ±5.91

15.00 27.85 10.61 0.97 6.04 1.54 3.15 0.44 0.26 0.38 12.01 0.96 0.35 29.55

±6.06 ±3.06 x.36 ±2.02 tO. 47 ±1.15 ±0.14 ±0.08 ±0.16 ±1.50 ±0.25 ±0.06 ±8.51

30.00 20. 33 7.07 1.02 7. 37 1.39 2. 65 0. 78 0. 25 0. 69 25. OS 1.05 0.28 28.09

±3.31 +1.63 ±0.31 ±1.53 ±0.28 ±0.08 ±0.10 ±0.06 ±0.21 ±0.47 ±0.46 ±0.05 ±5.07

60.00 29.70 8.13 0.66 9. 17 1. 62 2.88 0. 75 0. 26 0.72 16.81 1.18 0.51 20. 87

±9.06 ±1.69 ±0. 09 ±1.61 ±0.15 ±0.51 ±0.12 ±0.03 ±0.19 ±5.43 ±0.20 ±0.06 ±7.37

85.00 22.94 6.36 7.44 1.62 3.54 - - 14.63
±4.17 ±1.09 ±1. 67 ±0.31 ±1.13 ±0.71

100.00 17. 63 5.70 1.14 2. 90 - - - - 12.62
±2. 28 - - ±1.41 ±0.15 ±0.46 - - - - ±1 55.
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Figure 11. Accumulation of 60Co in the newt liver and muscle
expressed as percent of whole-body activity at the time
of sacrifice. Each point represents the mean of six
animals.
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Figure 12. Accumulation of 60Co in the newt blood and kidneys
expressed as percent of whole-body activity at the time
of sacrifice. Each point represents the mean of six
animals.



LL

IL0
2
iz

1- 1

(.9

L7.1

-- 01

O
)-

to

-J
0001
3

43

Cr%

TIME (DAYS)
10 100

Figure 13. Concentration of
60Co in the new kidneys expressed d
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weight at the time of sacrifice. Each point represents
the mean and standard deviation of six animals.
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Figure 14. Retention of 60 Co in the whole-body, blood, and kidneys
of the newt. Each point represents the mean of six
animals for blood and kidneys and each point rep-
resents the mean of ten animals for the whole-body.
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maximum accumulation the blood gradually began to lose its burden

of "Co. The kidneys did not take up the radiocobalt as rapidly or to

such an extent as the blood, but reached their maximum accumulation

around 30 days post injection. Subsequent loss from the kidneys was

relatively constant as indicated by the straight line curve after 30 days

post injection (Figure 14). It should be remembered that the whole-

body retention curve was obtained by following the same animals

throughout the experiment while the distribution studies and subsequent

curves were obtained from different animals for each time period

examined. This fact may account for some of the variations in the

slopes of the tissue retention curves, not only for cobalt but for all

isotopes studied.

Zinc

The whole-body retention patterns of
65Zn after chronic

exposure and acute administration are shown in Figures 15 and 16.

Both curves display two distinct components with the long term

components containing a high percentage of the initial activity: 94%

after chronic exposure and 88. 3% after acute administration. The

fast component contained only 6% of the initial activity for newts

exposed chronically to radiozinc. The long term component appeared

to be established by about five days post removal from chronic

exposure (Figure 15). In contrast, the fast component after acute
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Figure 15. Whole-body retention of 65 Zn by the Rough-Skinned Newt after chronic exposure.

4Each point represents the mean of five animals (Appendix Table 2). o,
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Figure 16. Whole-body retention of 65Zn by the Rough-Skinned Newt
after a single intraperitoneal,injection. Each point
represents the mean of ten animals (Appendix Table 3).
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administration contained 11.7% and the long term component did not

appear to be established until 20 days post injection. Extremely slow

turnover of radiozinc was indicated Cy the long biological half-lIves

1233 days and 12o0 days for chronic and acute administration,

respectively. The distribution of radiozinc in the tissues of the

Rough-Skined Newt after intraperitoneal injection is reported in Table

6. The soft tissues were the areas of greatest accumulation of 65
Zn,

with blood, skin, liver, intestine and muscle exhibiting the highest

values. Figures 17a and 17b show the pattern of accumulation of 65Zn

in the intestine and liver. After the initial uptake of 65Zn, both curves

displayed a very gradual rise in activity increasing only slightly during

the experiment. Muscle took up radiozinc steadily throughout the

experiment (Figure 18), rising from a value of 6. 04% of whole-body

activity at 0.13 days to 37.29% at the termination of the experiment.

Skin rose from 2. 63% of whole-body activity at 0.13 days to a maximum

of 30. 11% at 30 days post injection (Table 6). The blood rapidly took

up the radiozinc during the first two days post injection (Figure 18).

This rapid rise was followed by a decrease in activity.

The eyes continued to accumulate radiozinc throughout the

experiment and the percent of whole-body activity was still increasing

at 100 days post injection (Figure 19). The accumulation was

relatively rapid at first, reaching 0.25% of whole-body activity at 1

day post injection. This was followed by a steady increase to 2. 85%



Table 6. Distribution of 65Zn in Tarinha granuosa after a single intraperitoneal injection. Each value represents the mean and standard deviation
of six animals Dashed lines indicate values below detectable activity.

Time after
injection

(days)

Percent of Whole -body activity at the time of sacrifice

Blood Skin Spleen Liver Stomach Intestine Lung Heart Testes Kidneys Bone Eyes Muscle

0.13 8.88 2.63 0.40 3.20 1.25 4.95 0.54 0.05 0.27 1.56 0.25 0.04 6.04
±1.15 ±0.55 ±0.11 ±0.92 ±0.92 ±1.63 ±0. 21 ±0.01 +0.07 ±0.83 ±0.05 ±0. 003 ±1.87

0.25 1 4. 06 3.60 0.99 3.76 1.36 3.41 0.84 0.08 0.27 3.27 0.41 0.08 5.39
±5.35 ±0. 86 ±0.56 ±0.49 ±0.49 ±1. 27 ±0.18 ±0.02 ±0.06 ±0.53 ±0. 09 ±0.01 ±1. 22

0.50 31.27 4.39 0.52 4.74 1.70 3.51 1.06 0.16 0.40 3.96 0.58 0.17 7.79
±6.15 ±0.89 ±0.12 ±1.43 ±0.85 ±1.03 ±0.70 ±0.07 ±0.22 ±1.23 ±0. 1 2 ±0.04 ±0.75

1.00 20.67 6.63 0.89 5.17 1.92 3.13 0.89 0.16 0.35 2.51 0.68 0.25 1 4. 47

±4.45 ±2.82 ±0.18 ±0.69 ±1.17 ±0.69 ±0.31 ±0.04 ±0.07 ±0.69 ±0.15 ±0.02 ±2.83

2.00 26.26 11.13 1.05 6.68 2.14 4.89 0.67 0.23 0.50 3.36 1.12 0.58 20.57
±4.85 ±2.42 ±0.34 ±0.76 ±0.88 ±0.55 ±0.12 ±0.05 ±0.16 ±0.98 ±0.23 ±0.10 ±5.21

5.00 20.86 1 8. 66 0.90 6.23 1.84 6.79 0.58 0.25 0.55 2.31 1.22 0.57 22.65
±1.59 ±4. 25 ±0. 19 ±1.77 ±0.49 ±2.52 ±0.05 ±-0.06 ±0.09 ±0.45 ±0. 20 ±0. 11 ±4. 77

15.00 11.34 23.65 0.85 8.56 1.90 6.93 0.81 0.31 0.79 2.01 1.43 0.86 31.96
±1.42 -0.11 ±0.14 ±1.27 ±0.29 ±0.67 +0.11 ±0.05 ±0.02 ±0.24 ±0.21 ±0.02 ±2.73

30.00 8.80 30.11 0.95 6.83 2.48 4.65 0.54 0.28 0.76 1.66 1.27 1.16 28.57
±1.46 +9.52 ±0. 1 4 ±1.34 ±0.27 ±0.69 ±0.08 ±0.04 tO. 1 7 ±0.70 ±0.08 ±0.08 ±3.49

60.00 6.98 23.31 0.78 7.06 1.82 4.32 0.59 0.32 0.81 1.23 1.58 2.15 30.73
±0.94 ±2.33 ±0.24 ±0.96 ±-0.25 ±0.53 ±0.04 ±0.04 ±0.28 ±0.09 ±0.19 ±0.32 ±2.27

85.00 6. 15 22.10 1.14 6.27 2. 21 5.89 0.63 - - 0.73 1.97 - - 1.86 37.29
±0.84 ±4.62 ±0.06 ±1.95 ±0.40 ±0.70 ±0.09 ±0.06 ±0.14 ±0. 1 9 +5.15

1 00. 00 8. 70
±1. 17

18. 73
±2.47

0.93
±0.04

7.37
±0.84

2.16
±0.39

5.63
±0.48

- -
- - - -

0.69
±0.08

1.67
±0.18 - -

2.85
±0 . 18

- - -
- -
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Figure 17. Accumulation of 65Zn in the newt intestine (a) and liver (b)
expressed as percent of whole-body activity at the time of
sacrifice. Each point represents the mean of six animals.
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Figure 18. Accumulation of 65Zn in newt muscle, skin, and blood
expressed as percent of whole-body activity at the time of
sacrifice. Each point represents the mean of six animals. vI
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Figure 19. Accumulation of 65 Zn in the newt eye expressed as percent
of whole-body activity at the time of sacrifice. Each point
represents the mean of six animals.
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Figure O. Concentration of 65 Zn in the newt muscle, skin, and
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milligram of dry weight at the time of sacrifice. Each
point represents the mean and standard deviation of
six animals.
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Figure 21. Retention of 65 Zn in the whole-body, skin, muscle,
and blood in the newt. Each point represents the
mean of six animals for skin, muscle, and blood.
Each point represents the mean of ten animals for
the whole-body.
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by 100 days post injection.

In order to better express the concentration of radioactivity in

the eyes, muscle, and skin, a plot of percent whole-body activity per

milligram of dry weight against time was prepared (Figure 20). The

eyes concentrated the radiozinc to a greater extent than either muscle

or skin. All three tissues appeared to be still concentrating the 65Zn

at the termination of the experiment.

For comparison, retention curves for the skin, muscle, and

blood were plotted on the same graph with the whole-body retention

curve (Figure 21). All three tissues took up 6Zn rapidly with muscle

and skin reaching a constant rate of loss between 20 and 30 days post

injection. The rapid uptake of radiozinc by blood was followed by a

considerable loss and appeared to reach a constant loss after 60 days.

Strontium

The two-component curves for retention after chronic exposure

and acute administration of 85Sr are shown in Figures 22 and 23. The

fast component for newts exposed chronically contained 21.4% of the

initial activity. By contrast, the fast component for newts after

acute administration contained 14. 9%. The long term components

showed little variation between the calculated biological half-lives.

The biological half-life after chronic exposure was 136 days, while

after acute administration it was found to be 131 days.
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Figure 22. Whole-body retention of 85Sr by the Rough-Skinned Newt after chronic exposure.

Each point represents the mean of five animals (Appendix Table 2).
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Figure 23. Whole-body retention of 85Sr by the Rough-Skinned Newt
after a single intraperitoneal injection. Each point
represents the mean of ten animals (Appendix Table 2).
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The distribution of radiostrontium in the tissues of the Rough-

Skinned Newt is reported in Table 7. During the early sampling

periods post injection, the blood, skin, liver, bone, and muscles:

contained substantial amounts of activity. With the exception of skin,

bone, and muscle, the percentage of whole-body activity at sacrifice,

in all tissues examined, dropped below one percent rapidly. Figure

24a shows the accumulation of 855r in the bone. A steady increase

until 25 days post injection was seen, after which a constant percent-

age (ekt 1%) was maintained throughout the remainder of the experi-

ment (100 days). The loss of 85Sr from newt muscle and skin is

shown in Figure 24b. In both cases, the relative burden of radio-

strontium in the tissues was lost slowly with the skin activity declin-

ing slightly faster than that of the muscle tissue.

The bone concentrated 85Sr to a much greater extent than all

other tissues. Figure 25 shows the pattern of concentration in the

bone. A concentration plateau was reached around 25 days post

injection.

Bone retention as percent of initial whole-body activity was

plotted with that for the whole-body in Figure 26. The bone rapidly

took up radiostrontium during the first seven days post injection.

This rapid uptake was followed by a constant decline in activity for

the remainder of the experiment. Comparison of the long term

component of the whole-body retention curve to that of bone shows an



Table 7. Dis-tibution o1 85 Sr Sr n Taricha granulosa after a single intraperitoneal injection. Each value represents the mean and standard deviation
of six animals. Dashed lines indicate values below detectable activity.

Time after
injection

ays1

Percent of whole-body activity at the time of sacrifice

Blood Skin Spleen Liver Stomach Intestine Lung Heart Testes Kidneys Bone Eyes Muscle

0.13 1.08 3.44 0.17 2.08 0.52 0.67 0.26 0.03 0.06 0.31 1.27 0.03 6.06
±0.06 ±0. 36 ±0.09 ±0.41 ±0. 11 ±0. 26 ±0.06 ±0.01 ±0.01 ±0.05 ±0. 29 =0.01 ±0. 43

0.16 0. 29 1.36 0.17 0. 74 0. 26 0. 37 0.19 0.02 0.18 0.16 1. 41 0. 01 4.09
±0.004 ±0.09 ±0.01 ±0.16 ±0.01 ±0.03 ±0.02 ±0.01 ±0.01 ±0.01 10. 05 ±0.001 ±0.91

0.33 1.13 2.85 0.18 1.76 0.36 0.57 0.27 0.04 0.13 0.24 2.69 0.50 4.71
±0.67 ±1.25 ±0.08 ±0.82 ±0.17 =0.25 ±0.04 ±0.01 ±0.03 ±0.08 ±0.52 ±0.03 ±0.78

1.00 0.56 2.29 0.09 1.09 0.25 0.53 0.20 0.02 0.10 0.21 3.41 0.03 5.37
±0.09 ±0.52 ±0.02 ±0.36 ±0.04 ±0.14 ±0.06 ±0.006 ±0.05 ±0.04 ±0.49 ±0.008 ±1.24

2.00 0.97 2.27 0.09 0.97 0.38 0.51 0.21 0.03 0.08 0.24 8.80 0.06 5.18
±0.50 ±0.48 ±0.03 ±0.29 ±0.13 ±0.15 ±0.07 ±0.01 ±0.03 ±0.07 ±2.44 ±0.02 IL 13

4.00 0.57 1.43 0.08 0.53 0.19 0.59 0.09 0.02 0.05 0.15 12.88 0.05 4.21
±0.18 ±0.27 ±0.02 ±0. 1 4 ±0. 08 ±0.12 ±0.03 ±0.003 ±0.006 ±0.02 ±3.08 ±0.02 ±1.11

7.00 0.55 1.07 0.09 0.37 0.19 0.81 0.07 0.02 0.04 0.10 15.16 0.07 4.57
±0.12 ±0.83 ±0.01 ±0. 1 2 ±0.07 ±0. 32 ±0.04 ±0.006 ±0.01 ±0.02 ±2. 61 ±0.02 ±1. 60

28.00 0. 27 0.52 0.02 0,15 0.06 0.13 0.02 0.01 0.02 0.04 18. 38 0.05 4.04
±0.07 ±0.18 ±0.003 ±0.02 ±0.008 ±0.02 ±0.005 ±0.003 ±0.001 ±0.004 ±2. 1 4 ±0.01 ±1 . 06

45.00 0.24 1,01 0.04 0.40 0.11 0.34 0.04 0.01 0.01 0.07 1 4. 86 0.11 2.64
±0.02 ±0. 19 =0.01 ±0. 1 9 ±0.008 10.13 ±0.01 ±0. 003 ±0. 001 ±0.02 ±2. 07 ±0.006 ±0. 75

60. 00 0. 21 0.63 0.02 0.10 0.04 0.10 0.02 0.01 0.01 0.03 18. 84 0.08 3.08
±0.04 ±0,15 ±0,005 10.02 ±0.005 ±0.01 ±0.003 ±0.005 ±0.007 ±0.005 ±3.53 ±0.004 ±1. 1 i

100.00 - -- -- 28.10
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Figure 24. Accumulation of 85Sr by bone (a), skin and muscle (b) of
the newt expressed as percent of whole-body activity at
the time of sacrifice. Each point represents the mean of
six animals.
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Figure 25. Concentration of 85Sr in newt bone expressed as
percent whole-body activity per milligram of dry
weight at the time of sacrifice. Each point represents
the mean and standard deviation of six animals.
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Figure 26. Retention of 85Sr in the whole-body and bone of the newt.
Each point represents the mean of six animals for bone
and ten animals for the whole-body.
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apparent similarity in the loss of the radiostrontium.

Iodine

The whole-body retention curve for 1311 shows two distinct

components. The fast component had a biological half-life of 2.05

days and represented 73% of the initial whole-body activity. The

long term component had a biological half-life of 210 days and

contained 27% of the initial whole-body activity (Figure 27).

All of the tissues examined over a 27-day sampling period

contained a measurable amount of radioactivity (Table 8). As

expected, the thyroid was the tissue of major accumulation. During

the early sampling periods, blood, muscle, and skin contained the

greatest amounts of radioiodine, but rapidly lost much of their

activity after three days post injection. Figure 28 shows the peculiar

sigmoid-shaped curve for blood. Similar shaped curves were found

for muscle (Figure 29) and skin (Figure 30). There was a continual

and rapid rise in thyroid radioactivity during the first seven days post

injection (Figure 29). The thyroid burden reached 77.7% of the whole-

body activity at 27 days.

The blood and skin displayed a relatively constant activity

during the first three days post injection after the tissues had

acquired their initial burden (prior to 0. 13 days). The muscle showed

a slight increase between 0. 13 and one day after injection. All three
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Figure 27. Retention of 1311 by the Rough-Skinned Newt after a single
intraperitoneal injection. Each point represents the mean
of ten animals (Appendix Table 3).



Table 8. Distribution of 131 iI in Tarioha granulosa after a single intraperitoneal injection. Each value represents the mean and standard deviation
of six animals.

Time after
injection
jcius)

Percent of whole -body activity at the time of sacrifice

Blood Skin Thyroid Spleen Liver Stomach Intestine Lung Heart Testes Kidneys Bone Eyes Muscle

0.13 3.80 4.73 1.48 0.38 2.85 0.46 1.37 0.26 0.05 0.17 0.32 0.58 0.10 8.04
±0. 90 ±2. 17 ±0. 33 ±0. 19 ±0. 91 ±0. 16 ±0.43 ±0. 13 ±0.02 ±0.009 ±0.05 ±0. 28 ±0. G ±1.55

0.25 3.26 4.49 2.25 0.41 3.26 0.59 2.13 0.33 0.05 0.18 0.64 0.59 0.12 9.09

±0.90 ±2.01 ±1.22 ±0.16 ±0.99 ±0.27 ±0.95 ±0.13 ±0.01 ±0.06 ±0.19 ±0.11 ±0.04 ±1.76

0.50 4.25 5.50 4.24 0.53 2.94 0.76 1.21 0.30 0.06 0.19 0.76 0.74 0.15 10.93

±1.50 ±1.20 ±1.50 ±0.17 ±0.61 ±0. 1 9 ±0.57 ±0.15 ±0.01 ±0.09 ±0.13 ±0.12 ±0.04 ±2.03

1.00 4.28 6.57 10.98 0.37 3.51 0.60 1.50 0.30 0.08 0.19 0.77 0.81 0.22 12.60

±1.03 ±2.01 ±3. 43 ±0.09 ±1.00 ±0. 13 ±0. 47 ±0.07 ±0.03 ±0.06 ±0. 25 ±0. 28 ±0.05 ±3.70

2.00 3.40 4.20 44.44 0.29 2.17 0.50 3.40 0.22 0.05 0.17 0.84 0.64 0.15 9.49

±0.83 ±0.82 ±7.50 ±0.16 ±0.58 ±0.11 ±0.50 ±0.04 ±0.01 ±0.05 ±0. 23 ±0. 18 ±0.06 ±1.31

3.00 2.86 4.15 47.43 0.31 1.80 0.43 1.92 0.18 0.05 0.14 0.84 0.64 0.16 6.26
±1. 25 ±1.49 ±9. 76 ±0. 17 ±0.54 ±0.08 ±0. 77 ±0. 10 ±0.01 ±0.03 ±0. 25 ±0. 23 ±0.06 ±2.69

7.00 0.24 0.51 69.20 0.02 0.37 0.06 0.64 0.02 0.01 0.02 0.08 0.11 0.02 2.12

±0.10 ±0. 11 ±1 7. 77 ±0.006 ±0.13 ±0.02 ±0.24 ±0.003 ±0.003 ±0.005 ±0.01 ±0.02 ±0. C04 ±0.59

1 2. 00 0. 21 0. 60 77. 81 0. 02 0. 31 0. 04 0. 22 0.02 0.01 0.02 0.05 0. 10 0.02 2. 42

±0.11 ±0.22 ±10.47 ±0.001 ±0.15 ±0.01 ±0.03 ±0.004 ±0.002 ±0.003 ±0.03 ±0. 006 ±0.006 ±0.77

27.00 0.18 0.28 77.77 0.05 0.14 0.04 0.08 0.05 0.04 0.05 0.04 0.27 0.04 3.26

±0.003 ±0.005 ±5.89 ±0.003 ±0.003 ±0.0007 ±0.001 ±0.0007 ±0.0007 ±0.0006 ±0.005 ±0.005 ±0.005 ±0.08



TIME (DAYS)

Figure 28. Accumulation of 1311 in blood of the newt. Each point
represents the mean of six animals.
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Figure 29. Accumulation of 1311 in muscle and thyroid of the newt.
Each point represents the mean of six animals.
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tissues lost the major portion of their burden between three and seven

days post injection. This percipitous drop was followed by a period

during which the percentage of activity in the tissues remained

relatively constant throughout the remainder of the study.

As was expected, the thyroid concentrated radioiodine to a much

greater extent than all other tissues combined (Figure 31). There

was a continual increase in radioiodine concentration in the thyroid

which reached a nearly constant percentage of the body burden by the

end of the study. The blood (Figure 31) showed only a slight decline

in activity during the first three days, but underwent an abrupt decrease

in 131II concentration between three and seven days post injection.

In order to compare the retention of radioiodine in the thyroid

and the whole-body, a combined semi-logarithmic plot of percent of

initial whole-body activity against time was prepared (Figure 32). The

thyroid rapidly took up radioiodine during the first three days. A

slight loss over the next five days was followed by a constant loss

which appeared to parallel that of the whole-body.



TIME (DAYS)

Figure 30. Accumulation of 1311 in newt skin. Each point represents
the mean of six animals.
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Figure 31. Concentration of 1311 in the blood and thyroid of the
newt expressed as percent whole-body activity per
milligram of dry weight at the time of sacrifice.
Each point represents the mean and standard
deviation of six animals.
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Figure 32. Retention of 1311 in the whole-body and thyroid of the newt.
Each point represents the mean of six animals for the thyroid
and ten animals for whole-body.
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DISCUSSION

Uptake

Radionuclides may become associated with an organism either

through surface adsorption, ingestion, inhalation, or absorption

through skin. Thus, the uptake of radioactive materials depends upon

many factors, such as temperature, concentration of the element in

the water or air, specific activity, and the type of organisms involved.

Thus, a multitude of uptake experiments could be performed involving

these different variables. In general, an uptake curve is characterized

by an early rapid rise followed by a gradual decline in uptake until

equilibrium is reached.

Cobalt

The uptake of 60 Co by the Rough-Skinned Newt from water showed

a continual rise throughout the 24 days of the experiment and did not

reach equilibrium. This result was in contrast to that found for fish

by Reed, Griffith and Courtney (1968). They noted an immediate,

sharp rise in uptake reaching equilibrium three days after immersion.

Rough-Skinned Newts, and most likely other amphibians, would then

rapidly take up radiocobalt from contaminated waters to which they

were exposed.
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Zinc

The uptake of radiozinc by the Rough-Skinned Newt was rapid at

first. The rate of uptake then slowly decreased until equilibrium was

reached 30 days after immersion. This pattern was similar to those

seen for a variety of other organisms (Rice. In Schultz and Klement,

1963. p. 619-631). Data on radiozinc uptake by amphibians, however,

is not available for comparison.

Strontium

The Rough-Skinned Newt took up 85Sr rapidly from the water

during the first two days of immersion. Subsequent uptake was gradual

and an equilibrium was approached by 25 days. In contrast, however,

fish exposed to contaminated water took up radiostrontium rapidly,

reaching equilibrium by the tenth day of immersion (Reed and Nelson.

In Nelson and Evans, 1969. p. 226-233). Brungs (1965), using blue-

gills, found a similar pattern of uptake, with equilibrium being ap-

proached around 12 days. These data show the same general pattern.

The time difference in reaching equilibrium may be a result of

temperature, concentration of the element, or other factors. Thus,

Rough-Skinned Newts, as well as other amphibians, would rapidly take

up radiostrontium from water to which they were exposed.

Evidence for the mode of uptake in this experiment comes from

several sources. Ingestion of the radionuclide is ruled out since the
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animals were unfed throughout the experiment. These animals are air

breathers and appear not to swallow any quantity of water so that

inhalation or drinking would not account for much of the radioactive

burden. The newts were washed thoroughly before being counted and

preliminary studies revealed that extended washing or even scrubbing of

the newts did not appreciably change the whole-body activity. Thus,

significant surface adsorption is apparently not a factor. It appears that

the most likely method of uptake in the Rough-Skinned Newt was skin

absorption. The newt and other amphibians are, thus, well equipped

to rapidly absorb radioactive contaminants from their aquatic

environment.

Retention and Distribution

Cobalt

The retention patterns after chronic and acute administration

of
60 Co to the Rough-Skinned Newt were not substantially different.

This finding was somewhat surprising, since it would be expected

that those animals injected with a radionuclide would lose greater

amounts initially than those animals exposed chronically. The fast

component of the chronic and acute retention curves involved 18.0%

and 12.5% of the initial activity, respectively. These initial losses

most likely represent the fraction of the radiocobalt that was in a



readily exchangeable pool and, thus, was rapidly excreted from the

body.
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The biological half-lives for 60 Co (Table 9) determined for the

Rough-Skinned Newt may be compared with that obtained by Patten et

al. (1968) for the Red-Spotted Newt (Notophthalmus viridescens). They

found a biological half-life of 158 days for newts held at approximately

20° C. The values obtained for the Rough-Skinned Newt (127 and 114

days) were lower than that obtained for the Red-Spotted Newt; how-

ever, the Rough-Skinned Newts were maintained at 10o C. The

results from the study on Rough-Skinned Newts are inexplicable on the

basis of temperature difference because one might have expected the

biological half-life for newts held at 10° C to be longer than for those

at 20° C.

Table 9. Elimination rates, biological half-lives, and effective half-
lives of "Co, 65Zn, 85Sr, and 1311.

Radionuclide Exposure
Elimination

rate
(fraction /da

B
half-life

(days)

Effective
half-life

(days)

60Co Chronic 0.0054 127 119
Acute 0.0061 114 107

65
Zn Chronic 0.00057 1233 177

Acute 0.00055 1260 205
85Sr Chronic 0.0051 136 44

Acute 0.0054 131 43

131 Acute O. 338 Tbi 2.05 1.65
0.0032 T1i2 210 7.7;

K(total) 0.012
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Comparisons of biological half -lives with data from other aquatic

species, such as fish, show an obvious difference. Reed, Griffith and

Courtney (1968), using Black Bullheads, found a three component

retention curve. The first component had a biological half-life of four

days and represented 28% of the initial burden. The second component

had a biological half-life of 35 days, and the third component was not

determined. In the Atlantic Croaker (an estuarine species), the

biological half-life, after a single injection of
60 Co, was 31 days

(Baptist, 1964). The apparently longer biological half-life of radio-

cobalt in the newt may be due to the greater physical activity of fish

and a variety of physiological differences.

The 60 Co was administered to the newts as a single intraperitoneal

injection. This administered activity was apparently not immediately

taken up by the blood and other tissues, but was absorbed over a period

of time. As evidence for this, the newt whole-body activity was assayed

prior to sacrifice and after lavage of the body cavity. For the first

five days post injection, a considerably lower activity was measured

following lavage. This indicated that a substantial portion of the

injected activity was still free in the body cavity and had not been

absorbed from the injection site. By five days post injection, the

activities prior to lavage and after lavage showed little or no difference.

This difference during the first five days post injection was also

reflected in the inventory of the radioisotope (Table 5).
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Studies of the distribution of radiocobalt in the tissues of a

variety of higher vertebrates after both oral and parenteral administra-

tion have shown that cobalt was taken up by all tissues, with the greatest

concentrations being found in the kidneys and liver (Comar and Davis,

1947; Braude et al., 1949). Lesser amounts were found in tissues

such as blood and intestinal tract. Moderate concentrations were also

found in the bile.

The results of the tissue distribution studies on the Rough-

Skinned Newt showed that the kidneys, blood, and muscle accumulated

the highest radiocobalt activity. Other tissues with a considerable

accumulation of 6o Co were the liver and intestine. Reed, Griffith and

Courtney (1968) found the greatest accumulation of radiocobalt in fish

to be in the kidneys, blood, and intestinal tract. Flesh showed very

little activity. Thus, it appears that cobalt is distributed in a similar

manner in the tissues of fish and amphibians. The observed differences

in the retention patterns of fish and amphibians are likely due to

species variation and metabolic activity.

The major burden of the radiocobalt was found in the kidneys,

skin, and muscle of the newt. The activity in these soft tissues would

likely be transferred to the next step in the food chain, since they are

among the tissues normally consumed by predators. Thus, considerable

amounts of 6o Co could be transferred to predators which might not

otherwise be exposed directly to the contaminated waters.
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The kidneys demonstrated the greatest concentration of radiocobalt

per unit weight. The reason for this concentration of cobalt in the

kidneys is not known, but Kasenen, Lindgren and Salmi (1964)

suggested that cobalt may play a role in the function of the kidney

tubule and, thus, its concentration in the kidney may be due to a

metabolic function.

In summary, it appears that radiocobalt will be retained by

amphibians with a substantial concentration of activity in the kidneys

and other soft tissues. The radiocobalt would, thus, be readily

transferred to predators. The long effective half-life (Table 9)

indicates that the radioactivity would remain in an exposed amphibian

population for a considerable time period. Predators on such a

contaminated population could then receive a substantial quantity of

radiocobalt long after the original contamination of a freshwater

system.

Zinc

Retention studies on chronically exposed animals normally show

a curve with a small initial loss component because the majority of

the radioactive material has been previously bound in the tissues and

is not readily available for turnover, Conversely, in those organisms

receiving an acute administration, such as by a single injection, a

smaller fraction of the radioactive material is bound in the tissues and
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the remainder is excreted (Krumholz, Goldberg and Buroughs, 1957).

This larger loss is because a portion of the injected radioactive

material is in a readily exchangeable pool and is excreted from this

pool faster than it is bound by the tissues of the organism. The

retention curve for acutely exposed animals should then show a

considerably higher amount of the initial burden being lost through an

early component.

Rough-Skinned Newts administered radiozinc by injection showed

the fast component of the retention curve contained only 11. 7% of the

initial dose, while for those newts exposed chronically only 6% of their

initial body burden was lost in the fast component. Thus, newts

administered 65 Zn by either mode retained a high fraction of the isotope

in the long term component. This was not the case with fish (Nakatani

and Liu, 1963) or with higher vertebrates (Richmond et al., 1962). In

both these studies, a high percentage of the administered dose was lost

rapidly, as was expected. The high retention of 65 Zn by the newt after

injection (I. P. ) indicates that it was readily absorbed into the tissues.

The long biological half-life of 1260 days points to the interpretation

that this bound zinc was not readily exchangeable.

Patten et al. (1968) found the biological half-life of
65 Zn in the

Red-Spotted Newt to be 502 days when held at approximately 200 C.

Rough-Skinned Newts held at 100 C displayed a biological half-life for

Zn of 1233 days (chronic exposure) and 1260 days (acute
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administration), This discrepancy might be explained by the newts

being held at different temperatures. This temperature effect, i. e. , a

doubling of metabolic rate with a 100 rise in temperature, is well

known and is termed the Q10 effect. In this case, the Q10 2. It

should be pointed out that the Q10 principle appears to be operating

here, but due to species variation and other factors, this proposal

requires additional verification with newts. Odum am Schultz and

Klement, 1963, p. 403-410) has suggested the use of radiozinc as an

aid to indirect measurement of energy flow in an ecosystem and that

the excretion rate of 65 Zn was related to temperature, and ecological

and metabolic factors.

Experiments using fish (Nakatani and Liu, 1963) after a single

oral dose of 200 J,Ci yielded a biological half-life of 142 days as

compared to 1260 days for the newt. Baptist (1964), using the Atlantic

Croaker, found a biological half-life of 138 days. Differences in

retention between fish and the newt might be attributed to physiological

variations between the two species. It seems likely that one factor

would be that fish are much more active than newts and this

differential in activity would contribute to the turnover rate of

ac.2.urnulated radioisotope.

Investigations using higher vertebrates by Richmond et al. (1962)

showed no significant difference in retention after oral administration

and intravenous injection. Biological half-lives were 142 days for
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mice, 104 days for rats, and 154 days for dogs. However, Golley et

al. (1965) found the biological half-lives for wild rodents to be different

than for those same species studied under laboratory conditions. This

difference was attributed to the unlike modes of administration used.

Comparison of these results from higher vertebrates with those

collected using amphibians is difficult because of the wide differences

between the two animal types. Amphibians are poikilothermic, while

mice, rats and dogs are homeothermic. These data on higher

vertebrates do indicate the necessity for feeding experiments with

amphibians to explore possible differences in patterns of retention

following different modes of administration. In the present study,

however, the mode of administration did not affect the long term

retention of 65 Zn as there was close agreement in the two biological

aalf-lives (Table 9).

Studies using radiozinc show that it concentrates in the pigmented

`.issues. The eye and skin of the newt showed high concentrations of

Zn when compared to other tissues. Similar results were found by

,lakatani and Liu (1963). They also found considerable activity in the

:nal tract.

The eye was the tissue of major concentration and continued to

-...;,,ncentrate radiozinc throughout the experiment. An explanation for

his high concentration in the eye, as well as that in the skin, may be

nd in the work of Buhler (1967, 1968). He established that the
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melanin-rich tissues of fish were capable of concentrating heavy metals,

including zinc, There is every reason to believe that this binding of

zinc to the melanin-rich pigments accounts for the high activities

found in the eyes and skin of the newt, Studies using mice by Bergman

and Soremark (1968) point to the same conclusion.

The high retention of radiozinc after both chronic and acute

administration indicated the high affinity that newt tissues have for

zinc, Its retention in tissues that are readily transferred through the

food chain implies that amphibians could pass to their predators a high

portion of their body burden. There is every reason to believe that a

major portion of this burden would be retained by this consumer. The

relatively long effective half-life (Table 9) of 65Zn in amphibians means

the radioactivity will remain available to predators long after the

initial contamination of the environment.

Stir:ontiern

The retention patterns for 85Sr by the Rough-Skinned Newt after

both chronic and acute administration show initial components con-

sisting of 21.4% and 13.9% of the initial dose, respectively. These

results were Lmexpected because one would anticipate that those newts

administered radiostrontium by injection would lose more than those

exposed chronically. Retention studies by Patten et al. (1968) using

the Red-Spotted Newt showed that less than 10% of the initial amount of
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chronically administered 85Sr was retained in the short term com-

ponent. This was not the case with the Rough-Skinned Newt. How-

ever, the Red-Spotted Newts were maintained in a balanced aquarium

where the radionuclide was available both through the water and the

food, while the Rough-Skinned Newts were exposed only to radioactive

water. This difference in experimental conditions may account for

the variation in the quantity of radionuclide found in the initial

component of the retention curves.

Studies on the whole-body retention of 85Sr in the Red-Spotted

Newt yielded a biological half-life of 143 days for the long term

component. These newts were maintained at about Z0° C. On the other

hand, the biological half-lives for the long term component of reten-

tion curves for the Rough-Skinned Newts held at 10° C were 136 days

after chronic exposure and 131 days after acute administration. These

results were again unexpected, as one would anticipate a longer

biological half-life to be found in newts held at 10° The lack of a

distinct temperature effect on the biological half-life probably indicates

that the retention of strontium may not be so closely related to

metabolic rate as zinc, and that retention in bone may not be greatly

affected by temperature. However, this is an interspecific compari-

son and may not be valid.

Baptist (1964), using the Atlantic Croaker (an estuarine fish),

found that the long term retention component of
85Sr displayed a
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biological half-life of 138 days. These results from a variety of lower

vertebrates are strikingly similar indicating that perhaps the

retention of radiosti ontium is related to a common mechanism which is

not greatly affected by species differences, temperature, or other

ecological variations. These results may also indicate that the

metabolism of calcium was similar among the species mentioned.

Studies of radiostrontium retention using mice, rats, and rabbits

(Fujita and Iwamoto, 1965) yielded similar biological half-lives of

20, 15, and 15 days, respectively. These data for higher vertebrates

demonstrated the same similarity as those found for fish and

amphibians. This indicates that retention of radiostrontium was

directly related to bone metabolism and not affected drastically by

species variation. In addition, the biological half-Lives were much

shorter than those found in the lower vertebrates mentioned above.

All of the newt tissues examined contained a measurable level of

radioactivity. The bone was clearly the organ of greatest accumula-

tion. However, during the first seven days post injection, the muscle

and skin also accumulated considerable amounts. This burden was

soon lost. The blood did not show high levels of activity at any time.

Reed and Nelson (In: Nelson and Evans, 1969. p. 226-233) indicated

that for fish the radioactive strontium in the blood was rapidly

exchanged and comprised very little of the body burden. The low level

of activity found in the blood of the newt confirms this observation for
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amphibians indicating a rapid exchange of 85Sr. In addition, the

radiostrontium was only slowly removed from the site of injection.

This was determined by comparison of whole-body activities prior to

sacrifice and after lavage of the body cavity. It was not until seven

days post injection that these two measurements showed no substantial

difference. This slow uptake from the injection site was also reflected

in the inventory of the isotope in the tissues (Table 7)

The bone of the newt contained 28. 1% of the body burden at 100

days post injection. One would expect to find virtually all of the

activity in the bone at this time. The bone sample used for analysis

was the humerus and the activity of this bone was corrected to reflect

the activity of all bone. This discrepancy in inventory may be

accounted for by a differential distribution of radiostrontium in various

portions of the skeleton. Bauer (1960) pointed to the fact that for

mammals radiostrontium was not distributed homogeneously throughout

the skeletal tissues and that certain areas concentrated strontium to a

much greater extent than others. It appears that this was the case in

the newt and that the 21.8% whole-body activity at 100 days does not

reflect the true burden of the entire skeleton.

An effective half-life of 127 days for 90Sr was determined by

extrapolation from the data for 85Sr. Thus, the Rough-Skinned Newt

would retain radiostrontium for a considerable time making it

available for transfer through the food chain to predators. For example,



86

snakes are predators of amphibians and swallow their prey whole.

The bones are normally given off in the feces of the reptile but during

digestion are acted upon by enzymes and muscular action to remove

nourishment they may contain for the benefit of the snake. It is likely

that a portion of the radiostrontium would then be removed from the

bone and absorbed by the reptile. Concentration of strontium in the

soft tissues, even though not great, is important, since it would be

these tissues that would be eaten by most predators.

Iodine

The retention curve for 131 I in the Rough-Skinned Newt after

acute administration followed the same pattern as found for other

vertebrates (Money, Lucas and Rawson, 1955; Takata lo, Kolehmainen

and Miettinen, 1968; Furchner and Richmond, 1963; Moule and Nace,

1964). Such curves typically consist of two or more components, the

first of which has a very short biological half-life. This fast

component for radioiodine retention in the Rough-Skinned Newt had a

biological half-life of 2.05 days and contained 74. 3% of the initial

burden, The long term component had a biological half-life of 210 days

and the activity in this component was due mainly to radioiodine in the

thyroid. Thus, 74. 3% of the injected amount was excreted from the

newt by routes yet undetermined, but most likely through the kidneys.

Moule and Nace (1964) and Hunn and Fromm (1964) allude to the
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observation that iodine was cleared from the blood of the amphibian

and fish by both the thyroid and renal system. In neither case, however,

was there a report of high concentrations in the kidneys. This was

also true of the newt in the present study.

The burden carried by the blood did not drop until after the

thyroid concentration had begun its rapid increase (Table 8). This is

likely related to the observation that the radioiodine was not entirely

absorbed from the site of injection for several days. Evidence for this

comes from the comparison of whole-body radioactivity assays taken

prior to sacrifice and after lavage of the body cavity prior to

dissection. Not until three days post injection did these two measure-

ments show close agreement. An inventory of the radioisotope in the

various tissues also reveals this feature.

The portion of the body burden in the blood did not go above

4.25%, which indicates that excretory loss and uptake by tissues of

13 II from the blood was apparently balanced by absorption from the

injection site. The continual increase in the accumulation of the

radioiodine by the thyroid indicates its ability to concentrate iodine.

The loss of radioiodine from the blood and other tissues implies that

the iodine was not bound, to any great extent, and was in a readily

exchangeable pool, thus accounting for the loss of radioactivity in

the tissues during the third day post injection.

The maximum activity in the thyroid (percent of initial dose,
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Figure 32) occurred three days post injection. This finding was in

contrast to that of Motile and Nace (1964) with Amphiuma. They found

that the maximum activity (cpm) of the thyroid did not appear until

seven days post injection. The delay in the thyroid reaching maximum

activity was attributed to some barrier in Amphiuma to the

permeability between the peritoneal cavity and circulation." Work

with fish by Hininand Fromm (1964) showed that maximum activity

(percent of dose per gram) did not appear until five days post injec-

tion. Thus, it appears that the barrier to absorption was found in all

three species of aquatic animals discussed with the time of absorption

being shortest in the newt and longest in Arnphiuma.

All tissues sampled contained measurable amounts of radioiodine.

The percent of whole-body activity at the time of sacrifice in these

tissues, except for thyroid, declined sharply three days after injec-

tion. The accumulation of radioiodine in the thyroid continued to

increase until on the 27th day it contained 77. 7% of the body burden.

Work on higher vertebrates by Furchner and Richmond (1963)

showed two-component retention curves for 131I in monkeys and rats,

while for mice and dogs, three-component curves were found. In each

case, more than 70% of the initial activity was excreted during the

first three days after oral administration. This compares with 74. 3%

of the initial dose lost in the fast component of the newt retention

pattern. Therefore, it seems probable that iodine is retained in a
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like manner by many different organisms.

Organisms which have accumulated radioiodine from the

environment will excrete most of it very rapidly. However, the

thyroid will concentrate radioiodine and retain its burden over a longer

period of time. Due to the short effective half-life of 1311, hazards

from transfer through the food chain would be minimal, except where

the food chain was short and the contamination level high.

General Remarks

The data from these experiments using the Rough-Skinned Newt

differ from those from other organisms in several ways. First, with

the exception of iodine, the early excretory patterns were different.

The newt did not show the expected early rapid loss of a majority of

the administered radioactivity after chronic exposure or acute injec-

tion. More of the radiocobalt was eliminated in the fast component

after removal from the chronic exposure than after acute administration.

A similar situation was found for the retention of 85Sr, while the

opposite situation was found for the retention of radiozinc. There

appeared to be no predictable pattern displayed in the retention of the

radionuclides in this fast component. Secondly, the major portion of

the radioisotope was associated with the long term component. This

component contained more than 82% of the
60 65

88% of
65Zn, and 78%

of the 85Sr administered either by chronic exposure or be injection.
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The retention pattern for radiozinc displayed an unusually long biologi-

cal half-life. Thirdly, in the Rough-Skinned Newt there was very

little difference in the isotope retention rate after chronic uptake as

compared to acute administration.

Several reasons for the variation from the expected retention

patterns in amphibians can be offered. Amphibians are poikilothermic

animals and are exceptionally inactive. This inactivity, as compared

to fish, may account for the differences between the two with respect

to retention. It most certainly contributes to the variations in

retention between amphibians and higher vertebrates. The metabolic

rate of poikilothermic animals is temperature dependent; thus, the

processes of uptake and retention of elements in the organisms

depend on the temperature of the surroundings. The normal

environmental temperature for the Rough-Skinned Newt during much

of the year is around 10° C. When data of the present study were

compared with those of. Patten et al. (1968) for the Red-Spotted Newt,

it appeared that a Q10 effect might exist for 65Zn. Such a pattern was

not evident from the two experiments for 60 Co or 85Sr. Perhaps the

greater involvement of zinc in active metabolic processes and the

binding of zinc to melanin-rich pigments may account for this apparent

Q10 effect,

The newt and most likely other amphibians will retain certain

radionuclides readily, as has been demonstrated using
60

Co,
65

Zn,
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assessed only through speculation that the predators would retain a

sizeable fraction of the burden they acquire after they have fed on

amphibians. Amphibian predators display a variety of feeding habits.

Fish and reptiles, for example, swallow their prey whole, while

other predators may feed only upon the soft tissues. Thus, a source

of radioactive contamination is provided for predators by these

amphibians.

The present study points to the need for additional work in this

area of radioecology. The effect of temperature, specific concentra-

tion, specific activity, and mode of administration (feeding, etc.) are

a few of the facets in need of exploration. Distribution studies after

chronic exposure are needed for comparison with those after acute

administration. Finally, extended retention studies (hundreds of days)

are needed to evaluate the long term behavior of the radionuclides of

major concern.
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Appendix Table I. Uptake of 60Co, 65 Zn, and 85Sr (dpm /g) by the newt during chronic exposure.
Each value represents the mean of five animals ± one standard deviation.

Co 65
Zn 85Sr

Timeida.ystnWhole-body activity
/g)

Time
(days)

Whole-body activity
(d_prri /_g )

Time
(days)

Whole body activity

1 28, 748 ± 2, 839 1 10, 280 ± 681 1, 188 ± 202

3 37, 494 ± 3, 315 3 15, 310 ± 2, 222 4 2, 226 ± 402

5 51, 503 ± 2, 319 6 24, 975 4. 4, 930 10 2, 302 ± 384

8 68, 852 ± 1, 116 11 41, 409 ± 3, 894 12 2, 450 ± 394

12 77, 668 ± 1, 057 16 44, 286 ± 6, 368 25 3, 572 ± 298

16 88, 128 ± 2, 968 21 45, 173 ± 7, 666

24 110, 174 ± 2, 822 26 51, 211 ± 3, 978

33 57, 647 + 1, 960

39 56, 082 ± 1, 645

48 54, 967 ± 2, 750

55 54, 213 ± 3, 671



Appendix Table 2. Percent of initial whole-body activity (%WBA) in the newt after removal from
chronic exposure to "Co, 65 Zn, and 85Sr. Each value represents the mean of
five animals one standard deviation except where indicated.

60 Co
65 Zn 5 r

Time
(days) %WBA Time

(days) %WBA
Time
(days) %WBA

1 91.5 ± 12.0 1 98.3 ± 9.5 1 96.0 ± 15.6
2 88.0 ± 12.0 5 94.7 ± 9.8 6 78.5 it 7.7
5 82.5 11.0 14 93.3 ± 11.6 13 75.5 ± 15.2

14 76.7 ± 13.1 27 92.3 ± 10.7 26 66.7 ± 15.6
22 69.3 ± 14.3 41 90.1 ± 13.0 40 62.5 ± 15.0
38 65.4 ± 15.9 56 90.2 ± 13.8 55 59.3 ± 12.3
42 64.1 ± 14.2 63 89.2 13.4 62 57.8 ± 17.0
52 61.7 J.: 13.6 144 83.4 ± 18.3* 133 42.6 14.0

57 61.1 J.- 13.3 147 38.9 ± 11.5
64 59.1 12.5

72 58.5 11.0

115 41.3 ±

Each value represents the mean of three animals ± one standard deviation.



Appendix Table Percent of initial whole-body activity ( %WBA) in the newt following I. P. injection.
Each value :represents the mean of ten animals t one standard deviation.

Co
65Zn 85Sr 131

Time
(days)

1

2

3

5

8
12

14
20
28
39
48
,1'

6

t,9
'.

8-,
90
99

102

%WBA

94.3 ± 2.5
88.6 --'± 3. 8
85. 1 11-- 2.8
84.9 i 3.7
82. 4 --4- 8 1 . 5
81. , 5. 0
80.1 1 5 . 5

78. 3 -1- 5. 3
72 8 1 7 . r l

5 8 9 . 6

61. r L- 9. 7

60, i 10.0
',8. 0 --' 10, n
4.8 IC, i
" ,) q

'6, fl 16.
48.4 10
4"). 9 ' 10.
44.6 10, a

Time
%WBA(days)

6 95.3 ltr- 5.2
8 93.6 4- 6. 7

15 91. 6 + 5. 5
22 86.4 1- 7.9
28 86. 4 + 7. 1
36 86. 8 t 6. 7
43 85. 3 1- 6.6
50 86. 7 --. 6. 5
1,7 85.2 4 7 . 3

6(- 84. i 4 7 .

70 86. ' 4- 8. 2
86 84. 9 T 7. ri
8 8'3, 9 7 9

92 87. 7. 9
100 8 -).1 .9

Time
(days)

2

5

8
1 3

20
27
33
41
48
55
62

71
7

85
90
97

164

%WBA

96. 5 1- 2. 7
90. 3 ± 3. 8
86. 7 + 4. 1
86.3± 6.2
77.3 + 5. 9t74. 3 5. 8
71.3 + 6. 3

68.8 -,1 17. 1
63. 6 11 i6. 1

3 .
±

6 16.7
61. 3 f 1, . 9

58.9 t- t1.7
1,7. 1 14. 9
)3.0

. C' It .8
48.4 i8. ,

49.8 ; .L. ,

Time
(days)

1

2

4
5

6

7

8

9

12

14

16

19
22
?_-

-qh

34
4L.

4`

%WBA

82.4 4 13.1
63. 9 ± 13. 7
50. 6 -4- 9.9
36. 6 + 11. 3
32. 5 1 11. 2
30.2 1 10. 4
29.2 + 10.5

127. 8 9. 9
26.3 1 9. 9
25. 6 1 9. 4
25. 3 1- 9. 7

24. 8 1 9.
7-,. 2 -1 9. 6
2?. 7 + 9.2
23. 8.9
2q.? 9. 4
? 1 9

21. ' 9.2
? h . 8 8. `;


