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ABSTRACT

by

John Erskine Guthrie

UPTAKE AND ELIMINATION OF 137Cs IN AQUATIC INSECTS
. . = 137 . .

Some applications of Cs as a radioactive label for
entomological investigations in the laboratory and in natural situations
are described.

137

Accumulation and elimination of Cs by an aquatic Hemipteran

Lethocerus americanus, the giant water bug, has been studied. TInstar IV

s . 137 )

and adult water bugs eliminated Cs at different rates. The rate of
labeled-prey consumption required to maintain the insect's steady-state

137 . ) ‘
level of Cs was calculated. It is shown that knowledge of an
organism's method of feeding is essential to successful use of the radio-
active label technique of estimating food consumption.

. 137 , . . )
A study of Cs uptake by two species of mosquito larvae

(Aedes aegypti and A. atropalpus) showed accumulation of the radionuclide

was suppressed by the concentration of potaséium in the larval rearing
. . o 137 _ i
medium. It is postulated that most of the Cs entered the larvae by

diffusion across the papillary membrane, and not via the gut. Consequently,

137Cs is not considered to be a suitable radionuclide for use as a label

to measure food consumption by mosquito larvae. It readily leaches out of

the food into the rearing medium.

o

A 19 m diameter permanent pond was contaminated with 0.5 Ci of

137 3 . -
Cs, most of which was sorbed onto the pond mud. The integrated dose of



ionizing radiation delivered to the pond's benthic organisms was

greater than 2 rad/day in some locations. A simple method for measuring

the distribution of the radiation dose in the pond employing lithium

fluoride dosimeters, was developed. Algal growths concentrated most of
137

the Cs taken up by the pond biota. Chironomid larvae had the highest

specific activity of all the pond insects which were measured.
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CHAPTER I

INTRODUCTION

Radionuclides are radioactive species of stable elements.

A characteristic property of any radionuclide or radioactive isotope,
is that it decays. Radioactive decay is the process whereby radio-
nuclides undergo spontaneous disigtegration during which energy is
liberated, generally resulting in the formation of new nuclides. This
-process is accompanied by the emission of one or more types of
ionizing radiation such as alpha or beta particles, and gamma photons.
Ionizing radiation (radiétion) is any ele;tromagnetic or particulate
radiation capable of producing ions, directly or indirectly, in its
passage through matter. The radiation emitted by radionuclides can be
detected and measured with a variety of instruments, and it is this
property which makes them a unique -experimental tool.

The experimental use of radionuclides pre-dates the explosion
of the first atomic device in 1945. Shortly after the discovery of
X-rays, Malding and Thouvenin (1898) reported their effect on seed
germination. .By 1904, a biological application of autoradiography, the
production of a two- or three-dimensional image on a photographic plate
by radiation, had been reported by London (1904). The biological uses
of radionuclides has been discussed in historical perspective by Hevesy
(1948, 1951), a pioneer in tracer applications. Since 1945 the use of
radioactive isotopes and radiation in general biology and entomological

studies has become established. These uses are the subject matter of




text-books by Kamen (1951), and O'Brien and Wolfe (1964), for example.
For more than 50 years X-rays have been the major source of
acute radiation used by workers studying biological effects on cells,
tissues and organisms (Bacq and Alexander, 1961). The cost of running
X~-ray eQuipment continuously, however, precludes its use as a
continuous-radiation source. The study of the ecological effects of
chronic exposure to radiation was delayed until radionuclides were
obtainable in éufficient quantities to make multi-curie sources. The use
of such sources for the irradiation of terrestrial habitats, and the
observed effects of these exposures have been the subject of numerous
studies in the past ten to fifteen years. Many of these have been part
'of.major gamma irradiation projects such as the Brookhaven Irradiated
Forest (Woodwell, 1963; Bower, 1965), the Nevada Test Site Irradiator
(French, 1964), and the Puerto Rico Rain Forest Irradiation Project
(Odum, 1964). 1Interest in the ecological effects of nuclear warfare
stimulated the development of most of these large dose-rate
investigations (Woodwell and Sparrow, 1965). Studies devoted to the
ecological effects of radiation in aquatic habitats are not as numerous
as those of terrestrial environments, particularly at low dose-rates.
The uptake and elimination of 137Cs by the giant water bug

(Lethocerus americanus) and two species of mosquito, fthe distribution of

7 . . . . . .
Cs in a pond which was contaminated with this nuclide and the
integrated radiation dose which the pond's benthic organisms received,

are the subject of this dissertation,




137Cs as an Ecological Tracer

The use of radionuclides to study biogeochemical cycling

and trophic level kinetics, originated with concern about the fate of
radioactive wastes entering food-chains in which man was a consumer
(0dum, 1959). Nuclear weapon debris continues to be the major source of
man-made radioactive environmental contamination, while the contribution
from discharge of radioactive wastes is small (United Nations, 1962).
The biogeochemical cycling of nuclides in aquatic and terrestrial eco-
systems is important because the amounts accumulated as a result of
phys;cal, chemical and biolbgical concentration processes (Guthrie,
1962; Davis et al., 1963), determines the magnitude of the internal
radiation dose received by organisms. Many radionuclides are trans-
located in ecosystems, thus the ecologist is provided with a uniqﬁe tool
for studying animal dispersion, foodweb relationships, and productivity
(Schultz and Klement, 1963; Odum, 1959, and Olson, 1965). Radionuclides
may be used to measure feeding and food assimilation rates in two ways:
i) The amount of tracer used may be small relative to the equilibrium
body burden of the animal, or 2) the body burden may be increased to
achieve a new steady-state level (Southwood, 1966). The latter method
was first described by Davis and Foster (1958), and was developed and
applied by Crossley and Pryor (1960), Crossley and Howden (1961), and
Crossley (1966), who used 137Cs.

" Radiocesium (137Cs) is distributed throughout the animal body
after ingestion. The physical half-1life of 137Cs is about ?O years

(Katcoff, 1960). Its biological half-life depends on the animal and the

temperature of its environment (Davis, 1963). Radiocesium is suitable




for application to food consumption studies (Crossley, 1963),
especially since its measurement does not require that the experimental
animal be killed. However, with the exception of the work of Pendleton
and his co-workers (Pendleton, 1957, 1960, 1962, and Pendleton and
Hanson, 1958) who investigated the trophic level relationships in
aquatic communities, no use has been made of 137Cs to investigate the
feeding habits of aquatic insects.

Radiocesium is of importance for another reason - its presence
in fission products. Of all the fission products which are potential
long-term contamination hazards to the environment, strontium-90 and
cesium-137 constitute the greatest threat. The yield of 137Cs from
uranium-235 undergoing fission by thermal neutrons is about 6% of the
total fission product inventory (Katcoff, 1960). Consequenfly 137Cs is
abundant in old fission products, and can be expected to comprise a
significant percentage of delayed fallout. (Delayed, or global, fallout
is that which comes down on an area remote from the site where a nuclear
device has been detonated at or near ground level). Of all the sources
of radioactive wastes listed by Neal (1960),»the solutions from primary
separation ‘plants processing nuclear fuel bundles contain the largest
amounts of fission products., Cesium-137 constitutes a significant
fraction of these fission products. It has been calculated
(McCullough, 1957) that irradiated (spent) fuel elements from a nuclear
reactor, producing one megawatt of power will contain about 105 Curies
(Ci) of fission products. This calculation is based on 100 days of
irradiation, followed by 100 days cooling. The highly radioactive wastes

from fuel processing plants are not discharged to the environment.



The emphasis>of the Canadian nuclear power program is on
heavy water moderated, natural uranium.fuelled, liquid cooled reactors
(Nuclear News, 1968). Should the primary coolant escape, the greatest
potential threat would be its effect on the aquatic environment. It
follows that knowledge of the fate of radiocesium and other fission
products in lakes and rivers, is important to those in Canada concerned
with the surveillance of radioactivity in the enviromment (Guthrie,

1963, 1964; Samuels, 1966a and b).




CHAPTER II

MATERTALS AND METHODS

The Experimental Ponds

In October, 1966, two ponds were dug by a small bulldozer
in a strip of land along the edge of a stand of young aspen (Populus
tremuloides) and balsam poplar (P. balsamifera). The experimental
plot was once cultivated farmland, which was left to return to its
native vegetation when ﬁurchased by Atomic Energy of Canada Limited.
- This plot is now one of the study-sites within the controlled, or
restricted, area of the Whiteshall Nuclear Research Establishment
(W.N.R.E.). The average height of the tree stand is 3.5-4 m, and the
ponds are situated 35 m apart on the south side of this stand. A view
of the radioactive pond is given in Figure 1, and Figure 2 shows the
surrounding area., Each pond was lined with 5 mil black plastic
sheeting, to reduce water loss. The sheeting was covered Qith 15 cms
of the excavated soil. The completed ponds measured about 19 m in
diameter and sloped uniformly down to the center to a depth of 2 m,
After the spring thaw in 1967, both ponds were full of water as a result
of melting snow and spring rainfall. The depth contours of the radio-
active pond, measured in June 1967, are shown in Appendix.'A'. No
plant or animal life was artificially introduced into either pond. The
communities developed by invasion from the surrounding terrain, or by
chance introduction of renewal buds or other reproductive bodies with
the excavated earth used to cover the plastic sheeting.

In May 1967, 0.5 Ci of 137Cs chloride solution was added to one
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Figure 2

Aerial photograph of the experimental ponds
showing surrounding terrain. The radioactive
pond appears on the lower left side of the
photograph, and the non-radioactive pond is to
its immediate right. ;




Qf the ponds, subsequently called the RADIOACTIVE POND. After mixing,
replicate samples of pond water were taken from several locations on
the radicactive pond for radiochemical analysis of 137Cs, to determine
the uniformity of the nuclide's dispersion. The other pond was called
the NON-RADIOACTIVE POND. The level of radiocesium in this pond was

about one hundred times less than the amount in the radioactive pond

and is attributed to fallout.

Sampling

A“grid system was estabiished at each pond to orientate and
record sampling of the bottom-mud and benthic organisms. A roﬁ of
wood-stakes, spaced 1 m apart, was placed on opposite sides of each
pond. Pre-stretched, 50 mm OD, polyethylene ropes marked off at 1 m

~intervals provided a simple but effective 1 m2 grid when stretched across
the pond between stakes. To fécilitate grid-square identification, the
stakes were lettered 'A' to 'Z' and the rope markes numbered 1 to 22
(Appendix 'B'). The rows of stakes were laid out using a transit. A
pre-determined mark on each rope was used to gauge the amount of tension
appliea when. fastening it to the stake.

Ten samples were taken from the bottom of each pond at monthly
intervals during the period May to October, 1967 and 1968. No grid-
square was sampled more than once, and sampling locations were selected
by a computer program which genefated randomized sets of coordinatesf
A bottom-sampler, developed by Ireland (1968a), was used to take mud

2
samples measuring 0.029 m" and 1 cm in thickness. Free swimming
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(nektonic) insects were sampled by dip-net. The mud samples were

taken to the laboratory for examination on the sampling day. Each
sample was spread out on a white enamel tray and the insects removed
with forceps. The insects were freed from adhering debris by floating
ﬁhem in a saturated sodium chlo;ide solution. They were then rinsed

in distilied watér and stored in vials of preservative (70:5:25
ethanol: glycerol: distilled-water). A portion of each mud sample was
retdined for total-beta counting. This is a gross beta counting
procedure, compared to counting a radio-chemically pure nuclide,
because all beta particles regardless of origin are counted. The
implicit assumptions of the method including the use of 4OK as an
equivalent standard, have been described by Guthrie and Grummitt (1963).
Whenever total-beta counting was employed, 137Cs was the dominant beta-

emitting nuclide present.

(Figure 3), was chosen as the species of aquatic hemipteran to be
studied. Hemipterans were of interest for two reasons. First, they
commonly feed from more than one trophic level. This is especially
true of the giant water bug L. aﬁericanus. Secondly, they do not
completely ingest their food; The piercing-sucking mouthparts are used
to draw out the body contents of the prey. To date, no attempt has
been made using the radiotracer method to estimate food consumption of

insects which feed in this manner. The measurement of food consumption
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in the field, by insects which feed by sucking their prey, is
difficult. The radionuclide technique appeared to offer a practical
solution,

Two mosquito species Aedes aegypti (L.) and A. atropalpus

(Coquillett) were chosen as examples of aquatic Diptera to which the
tracer method could be applied. An equally important reason for
studying Dipterans resulted from the suggestion by Peredel'skii and
Bogatyrev (1959a and b) that aquatic insects emerging from habitats
contaminated with fission products, could spread them throughout the

surrounding terrain.

Principle of Feeding-rate Determination Using an Isotope

The technique of food consumption estimation usiﬁg radio-
active.tracers has been described by several workers (Crossley,
1963, Crossley and Howden, 1961, and Kevern, 1966, for example).
Southwood (1966) and Reichle (1967), and Schlagbauer (1967), have
reviewed the pertinent principles. Insects méy consume radionuclide-
labelled food at a constant rate, but its elimination occurs at a
rate pr0p6rtiona1 to the amount iﬁ the body -- the body burden
(Crossley, 1966, and Southwood, 1966). At steady-state, the tracer
Will be lost at a rate (}JQS,) where A is the biological elimination
rate constant and QS is the steady-state body burden. The steady-
state condition is maintained only if the rate at Vbich thé tracer is

eliminated by the insect is balanced by the amount which is ingested

(I.F), where I is the quantity of food ingested and F is the fraction
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of ingested food that is assimilated. Thus we may write:

I.F :?L‘QS

The elimination rate is usually written in terms of the biological
half-1ife (Tb)s By definition, T.b is the time required for the

organism to eliminate one-half of its body burden of a given nuclide.

Let the body burden at time t be Qt‘
The rate of change of the body burden with time

is described by the differential equation:

dQ, = —1.Qt
dt
Re-arranging:
th = —}{_.dt
Qt
‘ .
. J R . —ngt+c
Qt




The instant that feeding of labelled food is discontinued,

(t = 0), QO = Qs. At any subsequent time, therefore, Q = Q

When t = T,» Q. = Q

_Ss
2

0.5 = o A Ty,

In 0.5z -A.T,

T Tb = 1n 0.5 = 0.693
A A
s 137 ) e e .
Determination of Cs Uptake and Elimination

A small laboratory colony of Lethocerus americanus was

established by hatching water bug egg clusters obtained from the non-
radiocactive pond. The caﬁnibalistic character of the nymphs and adults
of this species necessitated individual rearing. The rearing procedure
followed was similar to that described by Rankin (1935); Each egg
cluster was supported on a block of wood (5cm x 5cm x 0.5cm) floating
freely onkwater contained in refrigerator trays (30X19x10cm3. As the
eggs hatched the nymphs crawled off the block and entered the water.

Soon after hatching, the nymphs were transferred to individual plastic

food-<freezer boxes, measuring 10x10x8cm, closed with a perforated
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plastic 1lid. A small block of wood was placed in each box, to give

the nymph an object to cling to. As observed by Rankin (1935), tad-
poles were found to be the most satisfactory food source on which to
rear L. americanus in captivity. The accumulation of radiocesium by

137Cs labeled

the water bugs was determined by feeding thé insects
tadpoles collected from the radioactive pond. The elimination rate of
the nuclide was measured after the water bugs had reached the steady-
state, by feeding non-radioactive tadpoles obtained from the non-radio-
active pond. The tadpoles collected from the non-radioactive pond
also contained some radionuclides as a result of ingesting the fission
-products entering the pond via fallout. However the level of 137Cs
was found to be less 1/1000 of that in the tadpoles taken from the
radioactive pond. Radioactive and noﬁ—radioactive pond tadpoles were
collected daily with a dip-net. The water bugs were fed once per day,
immediately after measuring their radiocesium content. Dead tadpoles
were removed from the plastic boxes soon after the insects finished
feeding. Otherwise, decomposing tadpoles would have polluted the

water sufficiently to kill the water bugs (Rankin, 1935).

An experimental colony of Aedes aegypti and A. atropalpus was

established by hatching eggs supplied by Dr. R.A. Brust, Departﬁent of
-Entomology, The University of Manitoba, and with the exception of food,
his rearing methods were followed throughout (Brust, 1968). The

hatching medium was a suspension of 100 mg of nutrient broth1 in 100 ml

1
A product of Difco Laboratories, Detroit, Michigan.
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of distilled water, Mosquito eges were.placed in 25 ml &ials filled
to capacity with hatching médium. A. aegypti eggs were left in the
hatching solution for two hours, and A, atropalpus eggs for 24 hours.
Groups of 100 first instar larvae were transferred to opaque white,
plastic rearing pans (30x19x10cm) fitted with a 1id. A. aegypti were
fed 137Cs labeled or un-labeled ground Gaine's dog meal. Vé« atropalpus
larvae were fed labeled or un-labeled fish rearing foodl. The larvae
were not allowed to depiete the food. Since there was superfluous
food, new media was usually supplied on alternate days to prevent
growth of Harmful bacteria. About 50 mg of powdered live yeast was
“radded to each tray with the first feeding. The water level iﬁ the
rearing pans was such that the larvae could breathe and eat at the same

time. The larvae used in the radiocesium uptake experiments were

given a change of medium, daily.

Measurement of 137Cs

The concentration of radiocesium in the various specimens
and samples, including mosquito larvae and water bugs, was measured by
low level beta counting or by gamma spectroscopy. Cesium-137 emits
0.52 MeV beta particles and its daughter product emits a 0.662 MeV
gamma photon, the result of internal transition to ground state. The
principles and applications of beta counting and gamma spectroscopy
have been described in several texts, for example those of Cook and
Duncan (1952), and Gatrousis and Crouthamel (1960).

. 137 .
Total beta counting was the method used to measure Cs in

1Tetra Min baby fish food "E" and "L" mixed in equal amounts. A

product of Tetra Kraft Werke Dr. rer. nat. Baensch Melle, Western Germany.
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all insect specimens, other than L. americanus, and tadpoles. With
the exception of L. americanus, and juvenile and adult mosquitoes,
specimens were blotted dry, individually weighed, then dissolved in a
minimum amount of concentrated nitric acid. After digesting in a hot
water bath, the solutions were tranéferred.to tared stainless steel
counting trays and evaporated to dryness under infra-red lamps., The
residue on the counting trays was covered with a 1:10 solution of
collodoin in acetone, dried, then counted. The collodoin layer bound
residue particles together on.the tray which otherwise might have
been jarred 1oose; contaminating the counter. A-Sharpe's Low Back-
ground Beta Counter, equipped with an automatic sample changer and a
gas-flow end window detector, was used for all beta counting. The
background measured by this eduipmenf with a stainless steel counting
tray under the detector was 0.4 + 0.05 standard deviation (SD) counts

137Cs counting efficiency of the detector,

per minute (CPM). The
determined by counting standard sources of comparable self-absorption

and geometry, was 42%.

The change in counting rate attributable to 137Cs uptake was

the parameter of interest when measuring radiocesium accumulation.
Therefore relative counting under conditions of comparable geométry,
sufficed, Individual.mosqﬁito larva or adults weré fastened into a
shallow depression in the center of a copper counting tray with the
collodoin mixture and the beta emission counted. The average back-
ground measured with these trays in place under the detector was

0.50 + 0.10 cpm.
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The radiocesium level in L. americanus nymphs and adults

and other large organisms such as frogs and small mammals, was

measured by a gamma spectrometer. The spectrometer system consisted

of av7.6cm x 7.6cm Nal (T¢) scintillation crystal detector housed in

a Heath-type shield made of 15 cm thick stéel and lined with OFC-grade

copper sheet (Heath, 1964). 1Individual water bugs were counted by

placing them in small plastic pouches made from thin plastic film.

The pouch containing the insect was gently taped on top of the

scintillation crystal, and counted for 10 min. The insect was weighed

immediately afterﬂcounting, then fed. The net cdunting rate was
—-~determined by subtracting the insect's background count-rate from the

gross counting rate. Background counting rates were determined for

each insect before feeding radioacti&e tadpoles. As rate of change

of counting was the parameter of interest, it was not necessary to

determine counting efficiency of the detector. The energy calibration

of the spectrometer was checked daily using a 137Cs standard source,

The radiocesium activity in each water bug in counts per minute was

obtained after subtracting the applicable background, by integrating

the area under the 0.662 MeV photopeak,



CHAPTER IIT

THE GIANT WATER BUGS

Introduction

The giant water bug Lethocerus americanus (Leidy):

Belostomatidae, was chosen to study the uptake of 137Cs by an

indigenous species, and to investigate application of the radioactive
tracer technique to determine food consumption by an insect with
piercing-sucking mouthparts, A brief resume of the life history of
this species is of interest. Bionomic information of L, americanus
from Pinawa, Manitoba, is included here.

L. émeficaggg is a predaceous insect, which captures and
sucks out the contents of a variety of prey including aquatic
insects, tadpoles, and small fish (Brooks and Kelton, 1967). L.
égggiéégﬁg at ?inawa has been observed to capture and feed on large,
adult, predaceous diving beetles (Dytiscus sp.). The capture of small
frogs living in the radiocactive and non-radioactive ponds has also
been observed. This insect's "bite" is also reported to be quite
painful to humans (Batchley, 1926; Brooks and Kelton, 1967). Cummings
(1933) commented that the giant water bugs have attracted more
attention than any other aquatic Hemipteran. Observations on the
insect's occurrence and life history have been given by Torre-Bueno
(1906), Hungerford (1919, 1925), Hoffman (1924), Batchley (1926), -
Cummings (1933), and Rankin (1935). The giant water bugé have been

called "fish killers" and are widely kirown in North America under the
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name "electric-light bugs" (Cummings, 1933). Most members of the
family Belostomatidae are large (40 to 110 mm in length), flat, brown
insects, with hind legs ciliated and flattened for swimming (Figure
3). They have short, flat, strap~like, retractile appendages at the
tip of the abdomen. Their antennae are concealed in pockets under-
neath thé eyes, and the prominent raptorial forelegs are a .
distinguishing feature. Near Pinawa, Manitoba, local ponds and quiet
pogls in streams are typical habitats of L. americanus, and they have

also been seen near the banks of the Winnipeg River.

According to Brooks and Kelton (1967), the Belostomatidae
appear to have no close relatives, but are usually placed near the
Nepidae in phylogenetic diagrams. The family is divided into two
sub-families, comprising four genera. Most species are tropical,
however, 20 species are recorded from North America (Brooks and
Kelton, 1967). According to these authors, species of the genus

Belostoma and Lethocerus are widely distributed in North America, The

genus Benacus is confined to the eastern United States and Canada.

Abedus is primarily a western genus.

The occurrence of three species of Belostomatidae have been

reported in Manitoba. Specimens of Benacus griseus (Say) have been

taken in Winnipeg, Lethocerus americanus at Beausejour, Brandon, Falcon

Lake, Millwood, Morden, Mulvihill, Red Rock Lake, Rennie, and Winnipeg.

Specimens of Belostoma flumineum (Say) have been taken at Arnaud,

Aweme, St. Elisabeth, and St. Norbert (Clark, 1926; Brooks and Kelton,




Figure 3

- the giant water bug.

Adult female Lethocerus americanus (Leidy)
be seen protruding from

The strap-like breathing appendages are to
under the hemielytra
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1967). Specimens of Belostoma flumineum and Lethocerus americanus

for this study were collected within the W.N.R.E. Controlled Area.
At W.N.R.E., nymphs and adult L. americanus with their eggs, were
abundant in the experimental ponds in 1967. No eggs, nymphs or
adults were found in the ponds during 1968.
The procedure followed for rearing and feeding L.
americanus in the laboratory has been described under ﬁethods.
/

Observations made on laboratory colonies will be described, because

they afford some interesting comparisons with those of other workers.

EGG STAGE

Hoffman (1924) has quoted an observation made by
Professor Parker who noted "giant water bugs guarding their eggs on
a bank of small slough. ©No guardian adults were seen on any of the
occasions when eggs were taken from the experimental ponds. Batches
of eggs were obtained from clumps of algae, the stems of cattails
(Izghé sp.) growing in the margin of the radioactive pond, and from
the buoys supporting the water temperature probes. Batches of eggs
obtained from the non-radioactive pond were taken to the nearby
field laboratory for hatching. Most batches of eggs began hatching
11 days after collection, and continued hatching until day 17. The
average incubation time of eggs laid in the laboratory was 14 + 3
dramatic account of the egg hatching sequence has been given by

Hungerford (1925), and personal observations are in agreement with his.
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The emergence of young nymphs from eggs in some instances required
as long as five hours. On emergence the nymphs were a pale white
colour, and translucent. Within two hours, the dorsal surface
became light green, then 2-3 hours later changed to light-brown when

scelerotization was complete,

NYMPHS AND ADULTS
Development

First instar nymphs were quite active soon after hatching,
and when aisturbed swam off with the rapid, jerky, movement
characteristic of the adult. At rest, the nymphs adopted thé tail-
up position, which is also characteristic of the adults. An air
bubble developed shortly after hatching, which was secured under the
posterior region of the hemielytra. The duration of the stadia of
each instar are given in Tabie I. Rankin (1935) has described the
various stages of L. aﬁericgggg, and Torre~Bueno's description of
the last molt of the insect is quite informative (Torre-Bueno, 1924),
No reference to the duration of instars in B. flumineum were found
in the literature.

It was shown by Rankin (1935) that in L. americanus the time
spent in each instar increased when the insect was raised in the
laboratory, compared to rearing in a natural environment. Table I
shows that the duration of L. ggégicanus instars raised in the field
laboratory at Pinawa, was also longer than for L. americanus raised

in a sedge-pool in Douglas Lake, Michigan, (Rankin, 1935). Rearing
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conditions, particularly temperature, probably account for this
difference. The 1abqratory development period of water bugs at
Pinawa was shorter than that of those raisecd by Rankin in his
laboratory (Table I). Again, in the absence of details it must be
assumed that the respective rearing environments account for the
observed differences. The duration of the period from first instar
to adult molt for B. flumineum was 40.8 days, significantly less
(p = 0.05) than that of L. americanus. Table I also shows the
duration of each instar of the latter insect, reared in the
laboratory, progressively increased from the first to the fifth
instars. The stadial-pefiod of B. flumineum showed no significant

change until the fourth instar.

Dimension of Nymphs

Table II gives the observed average length and maximum
width of the various instars of L. americanus and B. flumineum, and
compares these measurements with those reported by other workers
(Torre-Bueno, 1906; Batchley, 1926; Cummings, 1933; Rankin, 1935;
and Brooks and Kelton, 1967). Thevaverage length of female L.
americaggg taken at Pinawa was not significantly greater (p = 0.05)
than that of males. It was not possible to determine from the

measurements reported in Table II, if the length and width measure-

ments of L. americanus and B. flumineum varied with locality of

capture.
The length of femur, tibia etc., measurements of some

nymphal and adult stage of 1. americanus and B. flumineum reared at
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Length and greatest width of various stages of L. americanus

and B. flumineum - Pinawa species, and others.

Pinawa species given as mean + one standard error

Dimensions of

Length - mm

Greatest Width - mm

(

5) Brooks and Kelton 1967

Stage.
Pinawa Species Others Pinawa Species Others

L. americanus
lst instar 10.0 + 0.50 104 5.5+ 0.25 5(4)
ond instar 14.5 + 0.50 15(%) 7.3 + 0.25 g (%)
3rd instar 19.8 + 0.37 22(4) 9.8 + 0.16 11
4th instar 27.8 + 0.62 31 (%) 14.1 + 0.35 14,5

_ 5th instar 38.3 + 1.1 39(4) 18.1 + 0.39 18(%)
Adult 56.7 + 1,39 45-55¢%) 20,5 £ 0,48 16.5-24.(%»3)

) 42-62(3) )

B. flumineum
lst instar - 4~5(1) 2.4(1)
2nd instar - 6—7(1) 3.4-3.7(1>
3rd instar 10.1 +0.25  8.5-0.0 554017 374D
4th instar 14.0 + 0,01 10-12Y 7.8 4 0.25 6.7¢H
5th instar 16.4 +0.37  15.7-17.9 8.5 10,20 8.4-8.8(D
Adult 22.1 + 0.41 21-24

(1) Torre-Bueno 1906

(2) Blatchley 1926

(3) Cummings 1933

(4) Rankin 1935
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Pinawa, together with sample size gnd variation, are compiled in
Appendices D and E. Examination of these appendices shows that
several interesting correlations between changes in dimensions of

a member through successive instars are possible. For example:
Differences between the length of the femur of the fore-, mid-, and
hind-legs, and the length of the tibia of the same legs in
successive instars, were tested by Student's 't' test (Bailey, 1959).
.For L. americanus, the femur of the fore-, and hind-legs, and tibia

of the fore-, and mid-leg are the same length in relation to each
other, in each instar. Neither the femur or tibia of any leg
relative to one another, was constant from instar to instar in B.
flumineun.

Molting

reaching the adult stage. The period of ecdysis is a critical one
for most insects and aquatic Hemipterans are apparently no exception.
Hungerford (1919), discussing the biology of the water boatman

Palmocorisca buenoi Abbot remarked "under laboratory conditions
y 5

molting appears to be a precarious process'. Hungerford (1924),
studying a species of water scorpion Ranatra, came to the same
conclusion. Losses as great as 20-25% in the laboratory colonies
were sustained at each molt, especially during the molt to the fourth
instar. The reason for this was not apparent. It was not possibie

to determine whether the death-rate at molting was higher for water
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bugs fed non-radioactive tadpoles in the laboratory at Pinawa,

than for those in Nature. Examination of the radioactive and non-
radioactive ponds throughout the summer of 1967 yielded many
specimens of L. americanus which apparently had died during molting.
Measurements obtained from these instars corresponded with those of
laboratory specimens which died during ecdysis. Hoffman (1924) made
comparable observations, and he was unable to establish if the
ALmber of molting-deaths was higher among water bugs raised in
captivity. In one instance, a nymph was seen molting to the &4th
instar and trying té emerge backwards from the split skin. It

died! Rankin's observations, however, indicate that the overall
molting mortality is highest for laboratory-reared L. americanus.
Infthe laboratory, 45% of his nymphs died in the 2nd instar and 18%

in the 3rd instar. No deaths occurred before the 4th instar in

nymphs reared in field-cages (Rankin, 1935).

General Observations

Frequently, nymph or adult water bugs ejected a dark—gfeen
colored liquid from the anal region, rather like the ink-cloud
expelled by a squid when it has been disturbed or frightened. The
"liquid had a peculiar foul smelling "fishy' odor. Adult L. americanus
have also been reported to make wheezing noises (Hungerford, 1925).

In the laboratory at Pinawa, 3rd, 4th and 5th instar nymphs, and

adults, were heard making distinct squeaking and scraping noises.
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Hoffman (1924) has noted that alult L. americanus may
overwinter. None of the marked adult water bugs returned to the
radioactive pond in late September 1967, were found the following
spring. However, prior to marking the aaults for return to the
pond at the end of summer, those in the laboratory appeared to
become restless. Hitherto, the adults seldom made any attempt to
escape from their rearing-trays when the cover was removed for

‘cleaning or feeding. As autumn advanced, attempted escapes became

more frequent.

Feeding Behavior

Earlier authors, for example Rankin (1935), have reported
successfully feeding water bugs dead prey such as half—a—frog, or a
piece of beefsteak. Attempts to induce_water bugs reared in the
laboratory to feed on recently killed tadpoles or fresh‘meat failed,.
Living tadpoles were the staple diet of L. americanus reared in the
laboratory at Pinawa.

First instar nymphs, three days old and unfed since
hatching, were offered live water boatmen as prey. The nymphs swam
amongst the boatmen. with apparent indifference. .HoweVer, when
nine live tadpoles, weighing between 10 and %O mg were placed in a
rearing-tray with 20 nymphs, the tadpoles were immediately attacked.
As many as three and four nymphs grasped the same tadpole, quickly
subduing it. The nymphs commonly covered a frantically swimming

tadpole in the tray and attached themselves to the head, back, or
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base of the tail. Those tadpoles éttacked at the base of the
tail were immobilized within two or three minutes regardless of
the relative sizes of nymph and tadpole. It has been suggested
that L. americanus secretes a poison which paralyzes the prey
(Rankin, 1935). As was also reported by Hoffman (1924), a nymph
often fed on a tadpole for as long as one hour, after which time
nothing remained of the animal but a shriveled-up skin and some
dark mud-1like material»in the digestive tract.

‘First and 2nd instafbé. americanus frequently congregated
‘together, clasping one another, a response which may have béen
caused by crowded conditions in the rearing-trays. On several
occasions nymphs were seen to attack and feed on other nymphs.
This behavior was frequently observed after nymphs had fed on tad-
poles, and live prey was still accessible. Perhaps tadpoles did
not provide an adequate diet. Tt was the cannibalistic behavior
of L. améfiéénus, which necessitated rearing the water bugs in

individual trays.

When a live tadpole was placed in a tray with a young
nymph, it was immediately pursued. It appeared that the vigor of
the pursuit was related to the nymph's hunger. Having fed on the
first tadpole, the second and third tadpoles were not pursued as’

vigorously. Having chased, captured, and fed on one or two tadpoles,
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the nymph adopted a waiting posture. It clung to the wood block
floating in its tray with its forelegs out-spread, and only
seized another tadpole if it swam within reaching distance.

A marked change was noted in the feeding behavior of
older water Bugs, especially those which had been placed in
captivity as adults. Initially the adult hung downwards in the
water, holding on to the wood-block with its hind-legs, raptorial
fore-legs out-spread. When a tadpole swam past within striking
distance, the insec£ quickly lunged forward, seized the prey, and
began to feed. After 7-10 days in captivity, adults made no
effort to lunge after prey. It seemed insects had become
accustomed to having dinner served by forceps between the forelegs.
Aéults deprived of "table-service" for 3-4 days reverted to the
former prey response.

On one occasion in the radiocactive pond, a 4th instar L.
aﬁéricénﬁs was observed grappling with a large adult Dytiscus
beetle; fhe beetle was larger and twice as heavy as its assailant.
The nymph remained at the surface of the water clutching the beetle
with all its legs. Some 30 minutes later when the beetle had stopped
struggling, the nymph slowly manoeuvred it into a position where the
beak was inserted at the junction of the thorax and the elytra.

In captivity, it appeared that movement along was not

sufficient to cause capture. Tactile perception, as well as move-

.ment, seemed to be important, as forcep-feeding of adults clearly
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showed. A tadpole brushing against the fore-~legs, but not the
mid-, or hind-legs, of blinded adults evoked the characteristic
lunging-clutching response.

In the late summer of 1967, az pond was found which
contained large numbers of late instar and adult L. americanus and
B. flumineum. The average depth of water in this pond was less
than 30 cm. Adults were brought into the field laboratory and one
of each species placed in large plastic trays along with a small
clump of algae. No food was offered, yet after four days there
was no evidence of aggressive behavior. B. flumineum were seen to
swim between the fore-legs of L. americanus without invoking an
attack. On being frightened, for example prodded with a glass
rod, B. flumineum sought concealﬁent beneath the larger L.

americanus.



CHAPTER IV

UPTAKE AND ELIMINATION OF 137Cs BY L. AMERICANUS

As described under Methods, with the exception of the
preliminary experiments, the giant water bugs used in these
experiments were raised in the laboratory. Eggs for rearing were
taken from the experiméntal ponds. Nymph and adult L. americanus
were maintained on a diet of tadpoles. To measure the uptake of
radiocesiﬁm,vthe water bugs were fed tadpoles taken from the radio-
‘active pond. The total-beta activity of these tadpoles averéged
1 X 104 cpm/g. Elimination of 137Cs was studied by feeding non-
labeled tadpoles to water bug nymphs or adults which had reached a
--steady-state body-burden of the nuclide. The average total-beta
count rate of the non—labelea tadpoles was 8.2 + 0.8441 (standard
error) ch/gf

In a preliminary experiment, adult L. americanus taken
from natural ponds were fed radiocesium labeled tadpoles for ten
days, then fed non-labeled tadpoles; by this time only two adults
were alive. The daily increase, or decrease, of the radiocesium
body-burden of individual insects was followed to establish
techniques. The uptake aﬁd elimination measurements are given in
Figure 4, where the fraction of the steady-state level of 137Cs has

been plotted against time in days. The biological half-1ife (Tb) of

uptake and elimination was estimated to be about eight days (Fig. 4).
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This preliminary experiment was a prelude to the uptake experiments
which followed, and it provided solutions to problems associated

with feeding and counting water bugs.

RESULTS AND DISCUSSION

No. 1 Uptake Experiment

The preliminary experiment was repeated using a group of
th second instar L. americanus nymphs obtained from eggs which
hatched in the laboratory during 5-7 July 1967. The temperature of
the water in which the water bugs were reared fluctuated between
17°C and 20°C for the duration of the measurements. This fluctuation
was comparable to that of the out-door pond from which the eggs
were obtained. For convenient reference, this experiment henceforth
will be referred to as "No. 1 ﬁptake”. It has been noted previously
that the attrition rate experienced raising water bugs, is high.

No. 1 Uptake experiment was stopped when there were only four adults
remaining from the original group of ten,

The results of No. 1 Uptake experiment are recorded in
Table ITI, where mean weights and radiocesium activities are
reported with one standard deviation (S.D.) of the measurement.
Radiocesium activities are reported in counts per miﬁute (cpm). All
attempts to measure the uptake of 137Cs by first instar nymphs were

unsuccessful, because the counting statistics were unsatisfactory.

Time and counting rate data presented in Table ITI are reproduced



35
TABLE TII

Uptake of 137Cs by various instars of L. americanus - No. 1 Uptake

experiment. Ten first instar nymphs obtained from eggs hatched in
the laboratory 5-7 July, 1967. Nymphs allowed to moult to second
instar before radiocesium-labeled tadpoles were fed. 137Cs activity

reported in counts per minute (CPM) + one standard deviation. Only
four insects survived to adult stage

1 2 3 4 5 6
Time- 1Instar - Mean wt. Mean activity Mean CPM/g Remarks
days g CPM 4/3
1 2nd  0.088 + 0.011 74 + 37.23 836
2 2nd 0.088 + 0.011 63 + 24.88 719
5/ 2nd 0.141 + 0.078 183 + 8,34 1298
5 3rd  0.215 + 0.025 93 + 20.07 432
7 3rd . 0.217 + 0.027 86 + 27.28 396 2 died
9 3rd  0.246 + 0.035 246 + 34.95 465
13 3rd  0.331 + 0.037 213 + 49.10 643 2 died
13 4th 0.569 + 0.040 222 + 30.05 390
16 4th  0.752 + 0.039 703 +105.10 935
18~ 4th . 0.909 + 0.043 604 + 35.35 664 1 died
19 4th  0.955 + 0.045 713 + 61.89 747
20 4th  0.938 + 0.050 510 + 25.23 545
22 4th  0.920 + 0.045 400 + 38.24 435
25 5th 1.32 + 0.090 307 + 60.73 233
28 5th 1.54 + 0.085 440 + 82.10 286
31 5th 1.97 +0.095 1300 +145.48 660 1 died
35 5th 1.95 + 0.095 1410 +300.25 720
38 S5th 2.18 +0.105 840 + 60.84 385
41 5th  2.20 + 0.085 660 + 82.66 300
43 Adult  3.17 + 0.150 481 +104.88 152
50 Adult 2.89 + 0.120 607 +122.91 210 -
57 Adult  2.75 +0.150 400 +117.73 145
64  Adult 2.96 + 0.175 517 +103.62 175
70 Adult 3.10 + 0.208 800 +160.53 258
78 Adult  3.29 + 0.207 632 +204.62 192 Adults
-~ . - : returned to
radioactive
pond
6 (2n4 0.047 + 0.004 5+ 1.64 102
7 (exuvia 0.047 + 0.004 16 + 2.83 340
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graphically in Figure 5, where it will be noted that a drop in
radiocesium activity,'particularly pronounced in the fourth and
fifth instars, occurred prior to each molt. It is significant that
the biological half-life of this drop or decrease approximates that
observed in subsequent experiﬁents designed to measure the
elimination rate of radiocesium. The graphs in Figure 5 suggest
tPat the rate of uptake of 137Cs by second, third, fourth and fifth
instar water bugs is between two and two and one half days.
Unfortunately, all aftempts to éstablish this value by more frequent

counting were unsuccessful; the additional handling increased

mortality.

No. 2 Uptake Experiment

To obtain a better eétimate of the elimination rate of
137Cs by L. americanus, a second group of nymphs obtained from eggs
hatched in the laboratory on 11/12 July 1967, were fed radiocesium
labeled tadpoles. After reaching steady-state in the third instar,
the nymphs were fed non-labeled tadpoles. As the nymphs molted
shortly after this transfer, it was not possible to measure the third
instar elimination-rate. However the measurements made during this
experiment, recorded in Table IV, do allow a satisfactory
determination of the fourth instar elimination rate'to be made. The

measurements reported in Table IV are shown graphically in Figure

6, where it will be seen that the estimated biological half-1life of
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TABLE IV

137
Uptake and elimination of Cs by various instars of L. americanus -
No. 2 Uptake experiment. Ten first instar nymphs obtained from eggs

hatched in the laboratory 11-12 July, 1967. Radioactive tadpoles fed
137

to first instar. Cs activity reported in counts per minute (CPM)
+ one standard deviation
1 2 3 4 5 6
Time- Instar Mean wt. Mean activity Mean CPM/g Remarks
days g CPM 4/3
0 1st  0.178 + 0.057 36 + 0.700 202 measured prior
to feeding
active tadpoles
1 2nd  0.154 + 0.008 139 + 5.00 905 2 died
1 3rd 0,258 + 0.019 180 + 26.16 698 1 died
4 3rd  0.283 + 0.018 158 + 29.80 558
6 3rd  0.323 + 0.028 221 4 49.04 684 2 died
7 3xrd - - began feeding
non-labeled
tadpoles
' 4th  0.496 + 0.131 165 + 48.14 333
9 4th  0.540 + 0.044 153 + 42,42 283
10 4th  0.594 + 0.052 116 + 28.28 195
11 4th  0.593 + 0.065 108 + 42.42 182
12 4th  0.641 + 0.091 105+ 4.95° 164
14 4th  0.682 + 0.034 65 + 10.60 95
16 4th  0.694 + 0.040 43 + 22.62 62
19 4th  0.900 + 0.098 29 + 5.65 32
22 4th  1.03 + 0.140 23 + 4.48 22
26 5th  1.49 .+ 0.080 11 + 0.10 7
29 5th 1.97 + 0.08 23 + 1.50 12
34 5th  2.43 + 0.08 22 + 1.50 9
41 Adult 2.74 + 0.09 18 + 4.10 7
438 Adult 2.79 + 0.09 25+ 5.00 9
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137 . .
Cs by the second instar was again about two days. The decrease

in radiocesium body-burden of the fourth instar nymphs is plotted
. s 137 o . .

as a fraction of the initial Cs steady-state level against time,
in Figure 7. The regression coefficient of this curve is -0.9908.
From this curve the biological half-1ife was calculated to be 4.5
days. The linearity of the curve in Figure 7 indicates that radio-
‘cesium was being eliminated from one major body compartment only,
or conversely, all compartments eliminated the nuclide at the

same raté.

No. 3 Uptake Experiment

A group of fifth instar nymphs, also obtained from L.
americanus eggs hatched in the laboratory 11-12 July 1967, were fed
137Cs labeled tadpoles until reaching the steady-state level. At
this time they were fed non-labeled tadpoles. Mean wet weights of
nymphs and radiocesium levels are reported in Table V, and are
also plotted using the open symbols, in Figure 6. Tt will be seen
from this figure that the uptake-rate of 137Cs, expressed in terms
of the biological half-life, was about two days. Again, the nymphs
molted shortly after being transferred to non-labeled tadpoles.
These measurements are plotted as fraction of the steady-state
activity in Figure 8. This figure shows the elimination rate of
137Cs by adult L. americanus. In contrast to that of fourth instar

nymphs shown in Figure 7, it will be seen in Figure 8 that the

elimination rate of the adults was not constant throughout the 30
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day period by observation. The linear portion of the curve,

marked 'A' in Figuré 8, has a regression coefficient equal to
-0.9975. This part of the curve was extrapolated to the ordinate
axis (see broken line in Figure 8), and the appropriate increments
subtracted from the activities measured during the interval from
the sixteenth to the twenty-second day. The remainders are plotted
af curve 'B' in Figure 8, from which a Tb = 1.2 days was measured.

/

Curve 'A' reflects a T 10.8 days. The data plotted in Figure 8

b=
suggest that, in contrast to fourth instar nymphs; radiocesium is
eliminated at two distinct rates by édult L. americanus.

The body-burden of radiocesium in L. americanus decreased
before molting which indicates that juvenile water bugs stopped
eating prior to ecdysis. It has been suggested by Wigglesworth
(1965) that the immature stages of insects stop eating prior to
molting. Examination of Figure 5 will show that the decrease Eegan,
in the case of 4th instar nymphs, as much as four days before
molting. During the period when the 137Cs body-burden was decreasing,
the weight of individual nymphs did not change significantly (Table
III). Specific activity, that is radiocesium activity in cpm/weight
(Table IITI, column 5) also decreased. If specific activity is
considered to be a reflection of radionuclide concentration per
unit mass, then this observation indicates that the 4th and 5th

instar nymphs had begun to reorganize tissue in preparation for

ecdysis about four days prior to molting. If this hypothesis is
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TABLE V

Uptake and elimination of 137Cs by L. americanus - No. 3 Uptake

experiment. Ten 5th instar nymphs obtained from eggs hatched in the
laboratory 11-12 July, 1967, Nymphs fed non~radiocesium~labeled
tadpoles after completing adult moult. 137¢g activity reported in

counts per minute (CPM) + one standard deviation

1 2 3 4 5 6
Time - Instar Mean wt. Mean activity Mean CPM/g Remarks
days g CPM 4/3
0 5th 1.45 4+ 0.387 38 + 2.13 26 measured
prior to
feeding
active tad-
; _ poles
1 5th 1.47 + 0.402 83 + 18.78 56
2 5th 1.58 + 0.413 185 + 45.80 117
3 5th 1.86 + 0.289 494 + 47.13 266
% *Died during
5 5th 1.95 + 0.324 321 + 71.81 165
-7 5th 2.01 + 0.335 477 + 68.47 237
9 5th 2,06 + 0.514 330 + 50.37 160 1 dead
13 Adult  2.60 + 0.321 342 + 53,34 132 1 dead
16 Adult 2.43 + 0,357 355 + 60.68 146 began feeding
- i non-labeled
v tadpoles
17 Adult 2,73 + 0.499 254 + 32.46 93
18 Adult 2,51 + 0.557 195 + 24.63 78
20 Adult  2.36 + 0.421 130 + 16.41 55
22 Adult  2.38 + 0.408 102 + 3.39 43
24 Adult  2.47 + 0.342 88 + 9,54 36
26 Adult  2.46 + 0.412 80 + 6.10 33
28 Adult  2.47 + 0.343 67 + 4.52 27
31 Adult 2,34 + 0.334 55 4+ 3.91 24
34 Adult 2,40 + 0.310 44 + 1.50 18
37 Adult  2.47 + 0.432 41 + 2.08 17
42 Adult  2.41 + 0.227 28 + 3.86 12
45 Adult  2.35 + 0.037 22 + 2.16 9 All died overnight
18 5th- 0.037 + 0.005 46 + 24.34 1243
exuvia

*Died overnight - single measurement
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correct, the radio-label technique offers a simple method for
determining the onset of this important physiological activity.

The elimination of radiocesium by 4th instar and adult
L. americanus is shown in Figures 7 and 8, where thellogarithm of
the mean fraction of steady-state 137Cs activity + one standard
deviation (N = 10) is plotted against time in days. It will be
seen from Figure 7 that radiocesium was eliminated by the 4th instar
nymphs at a single rate, Tb = 4.5 days. The adult water bugs
eliminated their 137Cs body-~burden at two rates, Tb = 10.8 days
(Curve 'A', Figure 8), and T, = 1.2 days (Curve 'B', Figure 8).
The latter value is suggestive of the insect's 24 hour feeding cycle
and is assumed to represent the biological half-life of non-
assimilated radiocesium. A single elimination rate is indicative of
complete assimilation of 137Cs label from the gut (Crossley and
Howden, 1961; Crossley, 1963), therefore, 4th instar L.'americaqgg
are assumed to have an assimilation fraction equal to unity. The
same conclusion can not be made for the adult insect.

For the adult water bug, consider a two compartment model
in which the total amount of labeled food ingested (I) comprises
the amount entering. the body compartment (or h;emocoelé) and that
which is not assimilated. The insect's gut is a probable location
of the unassimilated component of I. The body compartment shall be

designated with the sub-script 'b', and the unassimilated or gut

compartment with the sub-script 'g'.
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Now the rate of entry of 137Cs label into the body compartment is:

dI.F, where F is the fraction of T that enters

de the body compartment.
.41 dL.F , 4T - F)
dt 7 dt dt

That is, the total ingestion rate equals the sum of the entry rates
into compartments 'b' and 'g'.
: 137 . -

Let the amounts of Cs in each compartment be Qb and Qg’ and the

exit rates from compartments 'b' and 'g' be exponential with

elimination.constants '-:Xb' é;d '—)\g'
Thus de i dééF ﬁj\b.Qb, and
dt B
dQ di(l - F) - A_.Q
t

At steady-state:

.de . 0, and ng = 0

dt dt
.. dI.F .—.)\b.Qb, and dI(1l - F)=>\,g.Qg

dt dt
When feeding of labeled tadpoles ceased, T = 0, and dI _ 0
dt

Seodq dQ_ _

__...._b - Ab'Qb’ and g = )\g-Qg

dt dt
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Similarly, from Equation TI:

F.dI
rrali :Xb'Qb’ and (1 - F).dI _ J)g.Q
dt -

F = 7\b.,Qb
(prQp T Ag-Qy)

Values for)\b and %g can be calculated from the slopes of curves

'A' and 'B', Figure 8. They are)\b = 0.065, and:\b = 0.613. Extra-
polation of these curves (Figure 8) to 16 days, i.e., I = 0, gives
values for Qb and Qg in terms of fraction of Q, the specific
activity of the whole insect at steady-state. TFrom Figure 8,

Q, = 0.42Q, and Q, = 0.580.

Substituting these values in Equation TT:
F= _ (0.065 x 0.42)Q = 0.07
(0.065 x 0.42 + 0.613 x 0.58)Q

If the assumbtion that curve 'A' in Figure 8 represents the
elimination rate of 137Cs from the body compartment is correct,
adult L. éﬁéricéﬁﬁs in the laboratory assimilated less than one-
tenth of the radiocesium label and probably less than 10% of the
food which they ingested. The adult assimilation fraction isvin
marked contrast with that of 4th instar nymphs.

Having estimated values for 'F', the fraction of ingested
food assimilated into the body compartment, the weight of tadpoles

consumed daily to maimtain the steady-state level of 137Cs may be

calculated from the model:
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Recalling that I = Q.}b
F

where, I = ingestion or feeding rate,

F = fraction of ingested prey assimilated into
the body compartment,

j\b = elimination rate constant of body
compartment, and

Q = total body-burden, i.e., specific activity
of 4th instar or adult water bug.

Considering first the 4th instar L. americanus, pertinent data are:

= 780 cpm/g nymph (Table IIT)

Tb='4.5 days (Figure 7)

Substituting in Equation ITI:

I =780 x 0.15 = 117 cpm/g nymph/day
1

That is, each 4th instar water bug in order to maintain its steady~
state level in the laboratory assimilated 117 cpm/g nymph/day of
137

Cs. The specific activity of the tadpoles which were fed to

the nymphs and adults was 1 x 104 cpm/g. Therefore the weight of

tadpole consumed to supply this amount of 137Cs activity was:
117
= 0.012 g tadpole/g nymph/day
1x 10

For L. americanus, the pertinent data are:

Q = 200 cpm/g adult (Table III)
Ty = 10.8 days (Curve 'A', Figure 8)
F = 0.07 |
Ab- In 2 = 0.693 = 0.064
T 10.8

b
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Substituting in Equation ITT:

I =200 x 0,064 = 182 cpm/g adult/day
0.07

. . . . . 13 .
Tadpole consumption required to maintain this rate of 7Cs intake
was:s

182 = 0.018 g tadpole/g adult/day
v
1 x 10

The tadpole consumption rates required to maintain the steady-

~ state 137Cs body-burden of the nymphs and adults, are in good

. agreement. TIf the average consumption rate of nymphs and adults
is assumed to be 0.015 g tadpole/g insect/day, and the mean weight
of the tadpoles to be 0.16 g, then the fraction of prey ingested
was about one-tenth.

The difference between the fraction of food ingested by
terrestrial insects and isopods, and that of adult water bugs is
remarkable. Reichle (1967) has reported radiocesium aésimilation
factors of 0.7 and 0.87 for four spécies of terrestrial isopods,
and these are one order of magnitude higher than the value obtained
for adult L. americanus. The basic assumptions of the model which
has been used are: 1) The total ingestion rate is equal to the sum
of the body compartment ingestion rate and the so-called gut
compartment, and 2) radiocesium is not preferentially concentrated
in either compartment. As was pointed out by Crossley (1963),

ingestion rate is a function of the fraction of the ingested food
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‘that is assimilated. It is apparent from the foregoing
calculations that another parameter should be introduced into the
model to compensate for the fact that L. americanus, unlike adult
beetles, doknot consume their prey completely. This factor which
may be called the fraction of food ingested, would permit an
estimate to be made of the number of prey killed.

Reichle (1967) has demonstrated radiocesium turnover in
isopods to be a function of metabolic rate. The assimilation
rates measured for 4th instar.and adult L. americanus, 1.0 and
0.07, show that the metabolic rates of nymphs and adults are quite
different. The specific activity measurements (Table III) support
this conclusion. |

It will be recalled that the biological half-1ife of
137Cs was smaller for 4th instar water bugs, than for the adults.
Crossley (1966) also found the biological half-life of radiocesium

was less for the larvae of Chrysomela knabi (Brown) than in the

adult stage of this terrestrial beetle. In addition, Crossley (1966)
found that the biological half-life was affected by the age of the
adult., ©Newly emerged adult beetles did not eliminate 137Cs as
quickly as did overwintered adults. The age of adult L. americanus
had no demonstrable effect on the rate of radiocesium elimination

by that species. Crossley (1963) has also suggested that the
biological half-life of radiocesium in an insect increases with the

size of the insect. L. americanus adults are one of the largest
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species of insects found in North America, and its 10.8 day
biological half-life supports Crossley's conclusion. The giant
water bug studies which have been described clearly show, when the
137Cs elimination rate measurements are compared with those
reported for other insects (Crossley and Pryor, 1960; Crossley and
Schnell, 1961; and Crossley, 1966), that large differences between
the biological half-lives of radiocesium in aquatic and terrestrial

insects are to be expected. Aspects of the L. americanus studies

have been reported in the literature (Guthrie and Brust, 1969).




CHAPTER V

UPTAKE OF 137CS BY AEDES AEGYPTI AND A, ATROPALPUS

(DIPTERA: CULICIDAE)

INTRODUCTION

Studies of insect metabolism using radionuclides are
being actively pursued at the QOak Ridge National Laboratories, to
which the annual progress reports of the laboratory bear witness.
Workers at ‘this and other national laboratories in the United States
of America, are engaged in a variety of ecological investigations
employing radionuclide tracers and techniques. Russian workers,
notably Peredel'skii and Bogatyrev (1959a and b), and Getsova and
Volkova (1962), are actively engaged in studying radio-contamination
of insects and their environment by fission products. Pendleton
(1957, 1962) has made reference to the uptake of 137Cs by insects
living in aquétic habitats, and Crossley and Schnell (1961) have
compared the elimination rates of 137Cs and 9OSr by grasshoppers.
Phosphorous-32 has been used to study feeding behavior of adult Aedes
2egypti (Schmidt and Smith, 1962), and the uptake of this nuclide by
the same species has been investigated by Quraishi (1968). Several
nuclides, 144Ce, 898r, and 32P for example, have been used to 'tag'
mosquitoes for the purpose of studying their dispersal patterns
(0'Brien and Wolfe, 1963). Tt appears from the literature, howevef,

that the accumulation of 137Cs by mosquitoes has not engaged the

attention of investigators.



53

Two mosquito species, Aedes aegypti and A, atropalgﬁs,

were used to study the uptake of radiocesium by an aquatic Dipteran.
Their biology has been described by Horsfall (1955). The feeding,
rearing, and counting techniques employed have been described under
Methods. Nevertheless some amplification of the mosquito methods is
in order. The amount of radiocesium in individual larvae, pupae

and adults, although reported as counts per minute (cpm) 137Cs, was

/
' - , 0 .
measured as total-beta activity in terms of 4 K equivalent. The
rationale for measuring total-beta activity in this manner,
together with the necessary counter calibration techniques, have
been described (Guthrie and Grummitt, 1963). The background or
natural radioactivity content of larvae reared on non-labeled food
was found to be 0.1 cpm. It was justifiable, therefore, to
s . s . 137

attribute any beta activity exceeding this amount fo Cs. A
comparison of total-beta activities measured in larvae reared on

. . . 137
radiocesium-labeled food, with the accumulated amounts of Cs
determined by radiochemical analysis (Guthrie and Grummitt, 1963),
demonstrated their one to one correspondence; coefficient of
correlation (r) = 0.9984,

Radiocesium labeled dog food for feeding A. aegypti larvae,

was prepared by stirring coarsely ground Gaines dog-meal in distilled
- 4 . 137 .
water containing 10  cpm/ml carrier free Cs, for 15 minutes.

After stirring, the meal was allowed to settle and the supernatant

dravn off. The meal was then washed three times with distilled
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water, to remove radionuclide adhering loosely to the surface. The
food was then spread out on a large enamel tray to dry at room
temperature. When dry, the food was re-ground, and stored in
screw-top glass jars in a refrigerator. The specific activity of
the labeled A. aegypti food was measured radiocﬁemically and found
to be about 106 cpm/g dried food. This batch of food was used in
all the radiocesium uptake by A. aegypti experiments. As previously
described, a fish rearing food was used to feed A. atropalpus larvae.
This food was labeled with carrier free 137Cs, in a manner similar
to that described for the A. aegypti labeled-food, with the
exception that it received only one washing with distilled water
after contacting with the radiocesium solution. Washing three times
with distilled water removed too much nutrient, and the larvae did
not thrive as well as those reared on unwashed food. The fish-
rearing food sorbed more radiocesium than the dog-meal, the specific

activity of the former being at least 107 cpm/g dry weight,

RESULTS AND DISCUSSION

No. 1 Uptake of Radiocesium by Aedes aegypti

A preliminary uptake experiment, designated No. 1 Uptake
by A. aegypti, was run to establish methodology. This experiment
was successful and served as the pattern for all subsequent uptake
experiments using mosquitoes. Plastic rearing trays were set up,
each containing 100 first instars randomly selected from newly hatched

0
larvae. These larvae were reared at 20 C, and the tray-water changed
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and the larvae fed labeled dog-meal, every 24 hours. Random
samples of six larvae were selected for individual total-beta
activity measurement, every hour for the first six hours, at 24
hours, 30 hours, and daily thereafter. The mean activities + one
standard deviation of these ;amples are given in Table VI.

It will be seen from Table VI that there was a steady
fncrease in activity per larva, as larvae passed through successive
sampling periods. A steady-state body-burden of radionuclide was
reached after 168 Hours, when third'instar larvae were present. Tt
‘will also be seen from Table VI that the radiocesium content per
adult was less than that per larva. The concentration of radio-
activity in the pupal exuvia was quite small. The latter finding is
in agreement with that of other workers who have studied the uptake
of 32P (Riordan, 1965; Quraishi, Brust and Lefkovitch, 1966),

The data given in Table VI are reproduced graphically in
Figure 9. 1In this figure, the logarithm of 137Cs activity is plotted
against sampling time in hours., Tn contrast to the uptake measure-
ments made on L. aﬁéricéggg, no detectable decrease in the body-
burden of the larvae occurred prior to molting. The uptake-rate of
larvae sampled up to 140 hrs was uniform, the same linear equation
describing all points within this period. The broken-line marked
'A' in Figure 9 is the least-squares fit of this equation., Tts

pertinent statistics are:
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TABLE VI
_ i 137 ”
No. 1 uptake of Cs by Aedes aegypti. TLarvae fed ground dog-

chow labelled with 137Cs. Specific activity of food = 100 CPM/g.

) o 137 . . ,
Rearing temperature = 20 C, Cs given in mean counts per minute

(CPM) + one standard deviation total - Beta activity

Sampling Mean Activity
;lel-ze - CPM Remarks
1 0.90 + 0.34 N=>5
2 0.59 + 0.31 N=2©56
3 0.17 + 0.16 N=>5
4 0.18 + 0.16 N =6
5 0.35 + 0.24 N=6
6 0.40 + 0.28 N=2©6
24 0.96 + 0.65 N=26
30 2.0 + 1.11 N=26
438 4.9 +  1.20 N =6
71 12.9 + 4.75 N=©6
98 23 + 3.53 N=26
98 49 + 9.82 N =6
120 168 + 57.5 N=2©6
144 348+ 103 N =6
168 546 + 124 N=6
192 519 +  96.6 N=©56
218 437 + 89.3 N =26
246 540 + 171 N =6
268 . 474 + 79.9 N=256
293 323 + 67.4 N=z©6
312 340 + 72.5 : N=25
336 305 + 72,1 N=6
336 11.6 + 1.72 N=6
268 d pupae 160 + 28.5 N=6



TABLE VI Cont'd.

Sampling- Mean Activity
E;Se - CPM Remarks
317 d pupae 140 + 25.9 N 5
363 J pupae exuvia 8. + 5.93 N = 12
268 ? pupae 348 + 63.6 N 6
317 ? pupae 270 + 51.1 N =6
363 d adults 142 + 7.76 N =4
435 d adults 66 "f 15.6 N=25
460 d adults 34 + 16.5 N=256
363 Q adults 295 + 63.1 N =2
435 9 adults 148 + 28.3 N =26
460 Q adults 146 + 25.6 N=2>5
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Coefficient of correlation (r) = 0.9926

't' test of r = 0 = 23.0768
't' test of slope (b) = 0 = 23.66066
Degrees of freedom (d.f.) = 8

The probability of this relationship océurring by chance is <0.01,
and it is concluded that the slope of 'A' in Figure 9 reflects the
accumulation-rate of radiocesium by all larvae sampled with the 140
hr period. Using the methods described for the computation of the
biological half-1life (Tb) of L. americanus, the value of the
biological half—life of radiocesium uptake was calculated to be 18
hrs. Figure 9 also shows that the activity of the larvae sampled
after 240 hrs decreased with time, an indication that they had
ceased to feed. The brokeﬁ line ﬁarked 'B' in this figure represents
the least squares fit, and its statistics are:

-0.9307
't' test of ¥ = 0 4.4069
't! test of b = 0 = -4.6666
d.f. = 8

r

n

The probability of this correlation occurring by chance is <0.02.

It is tempting to conclude that the slope of 'B' (Figure 9)
represents the elimination rate of radiocesium by larvae prior to
molting. The value of Tb calculated from 'B' is almost 110 hrs. In
the light of Crossley's suggestion (Crossle&, 1963) that the

elimination rate of radiocesium increases with the size of the insect,

and the figure of 4.5 days previously calculated for fourth instar
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L. americanus nymphs, 110 hxs (about 4.5 days) is a surprisingly
large biological half-life for a late instar mosquito larva.
Clearly an alternative explanation must be sought. At any given
sampling time, the experimental-~population will be composed of
individuals which have newly molted and those who are close to
ecdysis. This differentiation can be expected to increase through
successive instars. The duration of the period when larvae of one
instar were present was 90 hrs (Table VI), but the average duration
of this period was about 48 hrs at 20°C. Thus, it is not
unreasonable to expecf that Eﬁe samples taken of larvae contained
some larvae which had recently molted from a previous insﬁar, the
instar which reached the highest radiocesium/larvae level. The
activity of these larvae would tend to elevate the mean activity

of the sample, causing the observed long biological half—lifé.
Another factor which could‘account for the decrease in the level of
radiocesium measured in larvae sampled after 240 hrs is the
difference between the average amounts of the nuclide in male and
female larvae. Tt was not possible to segregate male and female
1érvae for sampling, but it was a simple task to separate male and
female pupae and adults. The differences between the means of male
or female pupae and adults (Table VI) are not significant at the
95% confidence level. However, the grand mean of either sex, that
is the mean activity of g&i male pupae or adults, is significantly
different (p = 0.05) from that of female pupae or adults. |

Consequently, an increasing proportion of females in successive
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samples of fourth instar larvae, would tend to off-set the amount

of nuclide being lost as a result of biological turnover.

No. 2 Uptake by A. Aegypti Experiment

The uptake of 137Cs by A. aegypti at 20°%¢c experiment was

repeated, béginning with 20b newly hatched 1st instar larvae. 1In
this experiment, designated No. 2 Uptake by A. aegypti, emphasis
/waS‘placed on determining the biological elimination rates of
radiocesium by the pupal and adult instars. The results are
presented in Table'ViI.
No. 2 Uptake experiment éonfirmed the previous value of
18 hrs obtained for the Tb of l37Cs accumulation by larvae. As
before, the logarithms of the pupal and adult radioactivities are
plotted against sampling time in Figure 10. In this figure, male
and female pupal activities are shown by open circles and squares,
and adult male and female activities by solid circles and squares,
respectively. Considering first the adults, the slope of the
least-squares fitted lines represent the biological half-1life
which was calculated to be 40 hrs. There is no statistically
significant difference between the slopes of the two adult lines,
P = 0.01, and it is concluded that male and female‘adult A. aegypti
eliminate 137Cs at the éame rate. Female A. aegypti concentrated
almost twice as much 32P as the male (Bruce-Chwatt and Hayward, 1956).
Bugher and Taylor (1949) also reported that female A. aegypti

exhibited about twice the 32P and 898r of males from the same radio-

active baths. However, in all the 137Cs uptake by A. aegypti



62

TABLE VII

No. 2 uptake of 137Cs by A. aegypti. Larvae fed ground dog chow

labeled with 137Cs. Specific activity of food = 106 CPM/g. Rearing
temperature = ZQSQ. Radiocesium reported as counts per minute (CPM)
total - Beta activity. Activity and wet weights reported as mean +

one standard deviation

1 S 2 3 : 4 5 6

Time~ Instar Mean wt. Mean activity Mean CPM/mg Remarks
hrs mg CPM 4/3
20 st - 1.1 + 0.289 - N =6
43 Ist - 2.9 + 1.08 N =6
67 Ist - 34 + 8.31 - N =6
67 2nd - 33+ 3.23 - N = 6
91 2nd - 0.44 + 0.115 32 }10.8 72.3 N =6
118 2nd  0.32 + 0.071 33 ¥ 8.22 104.4 N = 6
118 3rd 1.2 + 0.38 78+ 9.01 66.6 N=5
144 3rd 1.2 +0.36 363 F 135 304.7 N =6
144 4th 2.7 +0.33 542 4+ 107 201.6 N =6
168 4th 4.6 +0.20 59 I 55,1 130.0 N =6
192 4th 3.6 +0.89 673 T 162 187.9 N =4
216 4th 3.6 + 0.39 566 I 196 158.1 N =6
240 4th 4.9 + 0.31 673 ¥ 158 137.4 N =6
263 4th 5.2 +0.34 528 I 10.8 101.8 N =5
281 4th 5.2 +0.40 428 I 48.7 82.0 N=6
330 4th 5.8 +0.69 254 I 67.4 44.0 N =6
216 o pupae 3.1 + 0.15 305 + 26.7 99.7 N =6
240 d pupae 2.9 + 0.28 264 + 28.9 91.5 N=6
263 o pupae 2.8 + 0.33 262 + 27.3 92.1 N = 4
281 d pupae 3.0 + 0.56 266 ¥ 66.5 88.2 N =6
330 J pupae 3.2 + 0.16 211 F 33.4 66.3 N =6
357 pupal 0.16 + 0.061 2.4 + 1,37 14.9 N =26
exuvid - - ,
381 pupal 0.06 + 0.019 5.0+ 2.67 79.5 N=6
exuvid - :
216 Q pupae 4.5 + 0.45 584  + 149 129.2 N =3
240 ? pupae 4.6 + 0.30 613 + 108 132.6 N=25
263 ? pupae 4.4 + 0.36 545 + 30.3 123.5 N=6
281 ? pupae 4.1 + 0.49 447 F+ 52,7 108.5 N=>5
330 9 pupae 5.2 + 0.40 © 207 + 72.5 39.7 N=5
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TABLE viICont.d

1 2 3 4 5 6
Time Instar Mean wt. Mean activity Mean CPM/mg Remarks
hrs mg CPM 4/3
330 o adults 1.7 + 0.11 209 + 31.4 120.2 N =6
357 o adults 0.58 + 0.06 127 ¥ 17.5 218.0 N=6
381 o adults 0.70 ¥ 0.12 68 + 15.7 97.7 N =6
405 o adults 1.4 ¥ 0.09 46 + 12.2 32.9 N =6
430 ¢ adults 1.3 + 0.19 33 + 27.6 25.1 N =z &4
448 ¢ adults 1.2 ¥ 0.13 18 + 4.30 14.9 N=5
481 g adults 1.0 ¥ 0.14 14 + 3.15 13.4 N =6
500 adults 1.4 +0.26 8.1 F 3.46 5.9 N =6
524 g adults 1.4 + 0.08 6.8 + 3.45 5.0 N=26
548 d adults 1.4 +0.09 5.1 % 1.42 3.8 N =6
381  d adults  0.57 +0.03 122 % 31,1 . 213.3 N =6
330 @ adults 2.9 + 0.22 440 + 65.4 152.4 N =6
357 ¢ adults 1.0 + 0.09 375 ¥ 60.8 373.1 N=>5

381 @ adults  0.89 + 0.11 213 ¥ 101 240.6 N =6
405 @ adults 2.5 + 0.14 224 + 68.4 88.9 N==6
430 @ adults 2.1 + 0.20 143 1 46.7 68.8 N=35
448 @ adults 2.2 +0.26 115 ¥ 37.6 53.3 N =6
481 Q@ adults 1.8 <4 0.52 58 +16.2 31.6 N =6
500 @ adults 2.3 ¥ 0.26 41 + 19.7 18.2 N=6
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experiments, particularly No. 2, the differences between male
and female pupae and adults are not significant at the 95%
confidence level. It cannot be concluded from this experiment
that the female mosquitoes accumulated more 137Cs than the males.
Bugher and Taylor reported from their study, that the only
significant loss of 3ZP and 898r from adult mosquitoes resulted
from egg laying (Bugher and Taylor, 1949).

The measurements reported in Table VIT clearly show
that the ;37Cs—content of the adult mosquitoes decreased by an
order of magnitude during the study~interva1. This decrease is
reflected in the biological half-life calculated for the nuclide
and is shown in Figure 10. The amount of radiocesium in the eggs
laid by female mosquitoes in No. 2 Uptake experiment amounted to
only a few percent of the female's body-burden. Measurement of
the beta activity of fecal pellets accounted for more than 75%
of the decrease in the female adult's radiocesium body~burden.

The apparently different fates of 32P and 89Sr, compared with 137Cs,
is not surprising. Table I of the Committee II, Intexnational
Commission on Radiological Protection (I.C.R.P.) report, lists

32P and 90Sr as being bone-seeking nuclides in man, and 137Cs as a
total-body nuclide (I;C;R.P;, 1959) . Phosphorous and strontium
being "target-organ'" seekers, one could expect them to be retained
longer in adult mosquitoes, than a radionuclide such as 137Cs

which is distributed throughout the animal's body. Moxre than 40%

of the 32? or 898r accumulated by adult A. aegypti is deposited in
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the legs (Bugher and Taylor, 1949), a finding which supports
the suggestion that the biological half-life of radiocesium in

the adult mosquito is shorter than that of 32P or 89Sr3 because

13703 is not concentrated by any particular organ. Attempts to
demonstrate localization of radiocesium in A. aegypti larvae and
adults by éutoradiography were unsuccessful. What is remarkable
is the magnitude of the 40 hr—Tb value obtained for the adults.
As cited previously, Crossley (1963) suggested that the biological
half-life of radiocesium increases with the size of the insect.
The 40 hr‘half—life measured for adult A, aegypti places them in
the same class as grasshoppers (Crossley and Pryor, 1960;
Crossley and Schnell, 1961), insects much larger than mosquitoes
but, not aquatic. When discussing radiocesium elimination by L.

famericénﬁs, it was pointed out that the value of Tb obtained for
nymphal stages was smaller than that measured for adults,
Similarly, the uptake rates of early instar mosquitoes, Figure 9,
are less than those of 4th instar and adult mosquitoes (Figures 9
and 105.

The radioactivities of the pupae given in Table VIT
suggest that some of the pupal 137Cs body-burden may have escaped
through the exuvia. A regression analysis of the pertinent

measurements, plotted in Figure 10, gave the following statistics:
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J pupae ¢ pupae

Correlation coefficient 'r' -0.9417 ~0.9207

t-test of v = 0O 4.8454 4.0847

t-test of b = 0 -6.000 -4,1000

standard deviation of y on s (Sy X)- v 0.0223 0.0877

9

standard deviation of b (Sb) 0.002 0.0010

degrees of freedom (d. of £.) 3 3

Some of the pupae's radiocesium body-burden may have passed
through the exuvia into the surrounding water, in which the
pupal were placed to emerge. Samples of this water were counted
and found to have count-rates significantly higher than those of
comparable samples of distilled water. This fiﬁding can be
accounted for by radiocesium de-sorbing from the exuvia. The
method employed could not differentiate between 137Cs which
passed through the exuvia, and that de-sorbed from the exterior
surface of the pupa. The former explanation, in the‘light of
reports by Hasset and Jenkins (1951) and other workers, is not

too probable.

No. 3 Uptake by A. aegypti Experiment

No. 3 Uptake of radiocesium experiment was carried out
at ZSOC, five deérees hiéher than Nos. 1 and 2l The resulté are
recorded in Table VIII, and plotted in Figure 11, Reichle (1967)
for example, has shown radiocesium-turnover to be a function of
metabolic activity. One could expect, therefore, that the

137

biological elimination rate of Cs at 25°C would be greater than

o . . . .
it is at 20°C. This increase in turnover-time would be reflected



68

TABLE VIII

No. 3 uptake of 137Cs by A. aegypti. ZLarvae fed ground dog chow
labeled with 137Cs. Specific activity of food = 106 CPM/g.
Rearing temperature - ZQEQ. Radiocesium reported as counts per
minute (CPM) total -~ Beta activity. Activity and dry (dried over-
night in a CaCl2 dessicator) weights reported as mean + one

standard deviation

1 2 .3 4 5 6
Time- Instar Mean wt. Mean Activity Mean CPM/mg Remarks
hrs mg CPM 4/3
24 - 1st 0.05 + 0.02 5.9 4+ 2.37 118.0 N = 12
48 2nd 0.08 + 0.01 7 13 + 4.13 162.5 N = 12
72 2nd 0.53 + 0.15 11+ 5.24 20.8 . N=9
72 3rd 0.27 + 0.05 78 + 22.5 288.8 N = 12
96 3rd 0.50 + 0.10 285 + 58.0 570.0 N =11
96 4th 0.79 + 0.05 321+ 31.7 406.3 N=6
120 4th 1.2 +0.13 373+ 84.4 310.8 N = 12
144 4th 1.3 +0.14 313+ 41.3 240.8 N=26
120 d pupae 0.68 + 0.05 137+ 27.0 201.5 Nz 12
144 ? pupae 1.2 + 0.07 283 + 59.3 235.8 N = 12
216 pupal 0.06 + 0.01 0.8 + 0.44 13.3 N = 12
exuvia
216 d adults 0.53 + 0.03 3t 4+ 7.10 58.5 N =11
288 d adults 0.37 + 0.04 19  + 10.4 51.4 N=38
216 9 adults 0.89 + 0.07 110 + 32.3 123.6 N = 12
288 Q adults 0.64 + 0.10 67 + 62.9 104.,7 N= 11
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‘in a lower value for Tb. Examination of the broken-line marked

'A' in Figure 11, shows that the rate of uptake of radiocesium
3 P

was faster at 250C, than it was at 20°C. The value T, = 12 hrs,

b

is significantly less (p = 0.05) than.Tb = 18 hrs, determined for
similar larval stages reared at 20°C (Figure 9). Line 'A' in

Figure 11 was fitted by the method of least squares, omitting the

points marked *. The statistics of the fit obrained are:

r - 0.9925
b - 0.0248
‘t-test of r = 0 - 14.0356
t-test of b = 0 - 14,5882
Sy % - 0.1100
5, - 0.0017
d. of £, - 3

For some reason, for which there is no obvious explanation, few
of the adults in No. 3 Uptake experiment survived long enough to
.. 137 . . .
measure their Cs elimination rate. The amounts of the nuclide
measured in the males and females did not differ significantly,

P = 0.05.

Uptake of 137Cs by A. aegypti Pupae

It has been pointed out that the radiocesium activity
of A. aegypti pupae decreased with time (Table VII). The observed
decrease could be accounted for by de-sorption of the nuclide from

the pupal exuvia, or it might be the result of 137Cs escaping from

the pupa through the exuvia.
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To test these two hypotheses, a group of 100 24 hr
old A. aegypti pupae were placed in distilled water (controls), a
second group was placed in the same volume of distilled water

. 3 . 137
containing 8 x 107 cpm/ml carrier-free Cs for 24 hrs, and a
third group in the same concentration of radiocesium for 72 hrs.
. . o
All groups were maintained at 20 C; the pupae had pupated from
larvae reared at the same temperature. Following the treatments,
all groups of pupae were washed three times in equal volumes of
distilled water, then each placed in 100 ml of water to emerge.
Adults were captured and total-beta counted within 12 hrs of
. . 137 . .

emerging, to avoid loss of Cs by excretion. The exuvia and
samples of the emergence-water, were also counted.

The results of this experiment can be briefly summarized.
None of the male or female adults which emerged from pupae immersed
in the radiocesium solution were significantly more radioactive
than the controls, (Students 't' test, p = 0.05). A material

.- 137 .

balance, based on the activity of the Cs solutions before and
after pupal exposure, the pupae after exposure, the emergence-~
water, and the activity of exuvia, showed that de~sorption of 137Cs

from the pupa could account for the decrease in pupal activity

observed in No. 2 Uptake experiment.,

'Uptaké'ahd Elimination of 137

Cs by Acdes atropalpus (Coquillett)

A series of experiments to measure uptake- and

elimination rates of radiocesium by Aedes atropalpus, a mosquito

species native to Canada, were carried out under conditions
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comparable to tﬂose employed for é; aegypti measurements. The
first of this series, No. 1 Uptake by A. atropalpus, employed a
rearing temperature of 20°¢C. The results of the experiment are
tabulated in Table IX, from which it will be immediately apparent
that the mortality was quite high, TFor the purpose of Tb measure-
ment, the measurements are valueless. High mortality and pooE
weight-gain, compared to A. étropalggﬁ fed non-labeled food,
suggested the 1arvée perhaps suffered radiation damage as a result
of the specific activity of their food, 1 x 107 cpm/g, giving an
integ?éted radiation dose 6% about 2 rad/larva/day. ©No. 1

-A, atr&Eéiﬁus Uptake experiment was repeated (No. 2 Uptake
experiment) at a rearing temperature of 25°% (Table X). Few of
these larvae survived beyond the 3rd instar. The weight-gain
suggested that the larvae may have fed poorly. However, the
measurements reported in Table X do indicate that the accumulation
rate of Ist, 2nd and 3rd instar_é.vafrogélgus was about 12 hrs,

comparable to that of A. éggiégi reared at 25°C.

A new batch of 137Cs labeled A. atropalpus food was
prepared, specific activity about 103 cpm/g, and used to feed the
larvae in No. 3 Uptake experiment. The weight-gain of these
larvae (Table XI) compared favourably with that of A. atropalpus
fed non-labeled food. Unfortunately, the activity of the radio-
cesium label was too low, and no useful results were obtained:

Therefore a fourth uptake experiment employing another batch of

labeled food, specific activity 1.25 % 104 cpm/g, and a rearing




TABLE 1IX

No. 1 Uptake of 137Cs by A. atropalpus. Larvae fed fish rearing
food labeled with 137Cs. Specific activity of food = 107 CPM/g.
Rearing temperature = ZOOC. Radiocesium reported as counts per
minute (CPM) total ~ Beta activity. Activity and dry (dried over-
night in a CaCl2 dessicator)‘weights reported as mean + one

standard deviation

1 2 3 2 5 6
Time~ Instar Mean wt. Mean activity Mean CPM/g Remarks
hrs mg CPM 4/3
24 2nd  0.04 + 0.008 8.0 + 2.24 269.5 N =9
47 Znd  lost 46+ 14.3 . N = 12
69 2nd  lost 46+ 10.8 - N = 10
97 2nd  lost 4.2 + £4.88 - N =6
69 3rd  lost 78+ 38.6 - N = 12
97 3rd lost 46+ 25.7 - N = 11
117 3rd 0.21 + 0.042 370 + 82.5 1770 N =11
144 5rd 0.11 + 0,041 381 + 112 3628 N5
235 3rd  0.16 642 4111 Nzl
235 4eh  0.67 1082 1615 N =1

235 d pupae 0.65 + 0.05 732+ 142 1134 N =2
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TABLE X

No. 2 uptake of 137Cs by A. atropalpus. Larvae fed fish rearing
food labeled with 13705. Specific activity of food = 107 CPM/g.
Rearing temperature = 25°¢. Radiocesium reported as counts per
minute (CPM) total - Beta activity. Activity and dry (dried over-
night in a CaCl2 dessicator) weights reported as mean + one

standard deviation

1 2 3 4 5 6
Time Instar Mean wt. Mean activity Mean CPM/g Remarks
hrs mg _ CPM 4/3

24 st 0.012 + 0.005  12.3 + 5.27 1025 N = 10
46 2nd  0.036 + 0.006 57 + 15.5 1580 Nz 11
70 2nd  0.047 + 0.008 60 + 21.9 1280 N = 12
70 3rd  0.084 + 0.013 193 + 51.8 2300 N=29
92 3rd  0.17 + 0.013 488 + 67.6 2880 N -6

142 4th
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. TABLE XI
Total - Beta activity of A. atropalpus fed labeled fish rearing
food, specific activity <103CPM/g. Rearing temperature = Zéfg-
Activity in counts per minute (CPM) and day (dried overnight in

a CaCl2 dessicator) weights reported as mean + one standard

deviation
1 2 3 4 5 6
Time~- Instar Mean wt Mean activity Mean CPM/mg Remarks
hrs mg CPM 4/3
24 lst - 0.22 + 0.344 - N =6
49 2nd 0.05 + 0.020 0.13 + 0.117 2.6 Nz 12
49 3rd  0.12 + 0.019 0.45 + 0.411 3.8 N:6
72 3rd 0.13 -+ 0.031 0.41 + 0.536 3.2 N =6
120 4th 0.90 + 0.239 0.38 + 0.199  0.42 N =9
143 4th 1.24 + 0.275 0.38 + 0.147  0.31 N=6
120 o pupae  0.65 + 0.053 0.16 + 0.128 0.25 N = 12
120 Q pupae  1.33 + 0.104 0.43 4+ 0.360  0.32 N = 12
143 & pupae  0.63 + 0.035 0.38 + 0.172 0.60 - N =6
143  Q pupae 1.53 + 0.064 0.21 + 0.276 0.14 N=2
168 g adults 0.47 + 0.038 0.34 + 0.275  0.72 N = 17
193 & adults 0.41 + 0.037 0.48 + 0.423 1.2 N = 11
217 J adults 0.33 ¥ 0.026 0.34 + 0.562 1.0 N =9
241 & adults 0.29 ¥ 0.040 0.19 + 0.215  0.66 N = 7
168 9 adults 1.11 + 0,089 0.37 + 0.181  0.33 N = 12
193 @ adults 0.96 + 0.096 0.33 + 0.450  0.34 N = 11
217 9 adults 0,86 + 0.092 0.16 + 0.171  .0.19 N =6
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temperature of 26°C was set up. The results of this experiment

were also inconclusive, the activity of the larvae being about the
same as in the other uptake experiments. The effect of potassium
concentration on radiocesium uptake, to be described, suggests the

failure of A

.

atropalpus to accumulate radiocesium may have been the
result of the aﬁount of potassium in the food. Analysis of the
rearing medium showed that sufficient potassium leached from the A.
atfogalgus food in 48 hrs to produce a concentration in the rearing
medium of about 0.002 M. It is postulated that the apparent failure

37Cs was the result of suppression of

of A, atroEagég§ to accumulate !
uptake by potassium, and the adequacy of fish food as a diet for this

species,




CHAPTER VI

EFFECT OF POTASSIUM CONCENTRATION ON 137CS UPTAKE

INTRODUCTION

In the course of the radiocesium uptake by A. aegypti
experiments the question arose: Can an ion chemically similar to
cesium affect the accumulation of that nuclide by the mosquito, in
a mammer comparable to the suppression of strontium uptake by
calcium? Potassium is an element of considerable importance to the
invertebrate and vertebrate body. Because of its similarity to

-potassium, cesium might be expected to behave bioldgically in a
similar manner. The ecological relationships of potassium and

cesium have been extensively reviewed by Davis (1963), therefore only
the more outstanding aspects of the question - the inter~relation-
ship of potassium and cesium - will be discussed. The topic is still
very much one for debate.

Handley and Overstreet (1961) demonstrated that in low
external concentrations of cesium, potassium significantly affected
the uptake of 137Cs by barley roots. Uptake experiments using
millet, oats, and sweet clover growing in nutrieng solutions have
suggested discrimination by these plants against cesium, in favor of
potassium (Menzell and Heald, 1955), Depression of cesium uptake in
the presence of potassium has also been demonstrated for the alga

Chlorella (Morgan and Meyers, 1953), and for yeast cells (Rothstein,

1955). Cline reported that the uptake and translocation of 137Cs
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and_K+ were markedly influenced by variations in potassium
concentration of the medium in which red kidney beans were growing.
However, he concluded that the behaviour of cesium and potassium in
plants was largely independent of each other (Cline, 1962)., Evans
and Dekker have studied the uptake bf radiocesium by oats and alfalfa
in the laboratory and in the greenhouse. They found accumulation of
this radionuclide to be related to the degree that it was fixed in
the soil. Plants grown on soils with a low concentration of
available potassium, accumulated the most radiocesium (Evans and
Dekker, 1966). in contrast, it has been reported that the suppression
'of 137Cs-—uptake by potassium is quite small, and generally of little
consequence (Williams and Swanson, 1958; Williams, 1960, for example).
Scott (1954) has reported that mariné algae cells attempt to utilize
cesium to fulfill potassium deficiency. Metabolic similarities
between cesium and potassium in animals have been recognized since
1882, when Ringer compared the effects of Cesium, potassium, and
rubidium on the activity of the isdlated frog heart (Ringer, 1882).
Loeb observed that potassium was an essential constituent of water
for the development of sea urchin eggs, and that these requirements
could be provided for by the replacement of potassium with cesium
(Loeb, 1921). The addition of supplementary potaséium to the diets
of mammals has been shown to reduce retention of cesium in their
tissues (Mraz, 1959; Wasserman and Comar, 1961). Measurements of

137

Cs and potassium in the edible tissue of species of freshwater fish

caught in the Arctic Ocean and certain lakes in south Finland, showed
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a tendency towards an inverse relationship (HYsYnen and Miettinen,
1963). Precise comparison was difficult because the levels of fall-
out fission products in the lakes were different. 1In general, the
‘opinion of investigators concerned.with radiocesium accumulation in
fish is summed up by Gustafson et al. (1966) - "Cesium-137
concentration present in fish depends primarily on three factors:
(1) the concentration of the'radionuclide in the water environment;
(2) the accompanying level of potassium (ratio of cesium-137:
potassium); (3) the position of the fish in question in the aquatic
food chain"., TLittle comparable work on invertebrates has been

. reported, however'Gustafson et al.-postulate-provided a satisfactory
working hypothesis for insects,'particularly an investigation of

potassium effects on the accumulation of 137Cs by A. aegypti.

METHODS
The only departure from the mosquito methods which have

been described, was the presence of various concentrations of potassium
chloride in the rearing medium. Larvae were fed 137Cs labeled Gaine's
dog-meal as before, and reared at 20°C and 25°¢C. This series of
experiments were set up as a completely randomized design. The various
instars were sampled'daily.j Groups of 100 newly eémerged 1st instar A,
gggigéi larvae were reared in distilled vater; and in pans containing

0.005, 0.01, 0.025, 0.05, 0.075, 0.10 and 0.25 molar solutions of

potassium chloride in distilled water.
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RESULTS AND DISCUSSION

The results of these experiments are presented in Tables
XIT and XTILI. All larvae reared in 0.25 M potassium chloride
sblutions at 20°C and 25°C died within 24 hrs. It will be seen from
these tables that the difference between the amount of radiocesium
accumulated by the controls, and the amounts taken up by larvae in
vthe various'potassium,concentrationss increased with successive
instars. Any effect that potassium may have exerted on 137Cs uptake
at 25°%C is not pronounced before the third instar,

The apparent differences between the amounts of radiocesium
accumulated by male and female pupae and adults are not significant
at the 957 confidence level. The variation between radiocesium
concentration of larvae in each potassium concentration and that of
137Cs uptake with temperature at a given potassium concentration,
were examined‘by the analysis of variaﬁce method (Bailey, 1959). The
results of this analysis permit the following conc%usions about the
measurements reported in Tables XII and XTTT: (1) The differences
between the amounts of 137Cs accunulated by the controls and the
activities of larvae, pupae, and adults reared at 20°C or 25°C in the
various potassium concentrations, are statistically significant
(p = 0.05). (2) The apparently greater suppression of 137Cs uptake by
potassium at ZSOC, compared to ZOOC, is also statistically significant
(p = 0.05). (3) All the potassium concentrations examined suppressed

7Cs uptake to the same degree. Significant differences between

individual potassium concentrations, where they occur, were random.
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TABLE XII
Effect of potassium concentration on uptake of 137Cs by A. aegypti
reared at 20°C, Larvae fed dog chow labeled with 137Cs. Specific
activity of food = 1O6CPM/g. Activity and wet weights reported as

mean 4+ one standard deviation

1 2 3 4 5 6
Time- Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
CONTROLS
/24 lst - 0.85 + 0.73 - N=z6

49 1st - 4.2 + 1.28 - N=26
70 Ist - 8.6 + 2.18 - N =6
70 2nd’ - 2.4 + 1.17 - N =3
97 2nd - 3.7 + 1.47 - N =6
119 2nd - 36 + 4.9 - Nz 6
119 3rd 0.23 + 0.05 50 + 20.3 218 N=256
167 4th 0.66 + 0.08 292 + 24,0 442 N=-2©6
191 4th 1.01 + 0.07 477 + 49.0 472 N=25
237 4th 1.24 + 0.31 349 + 39.4 2812 N=3
237 J pupa 0.78 + 0.04 145 + 13.6 186 N=6
333~
357 Q adults 1.23 + 0.03 224 + 14.5 182 N=3
gg?‘ ¢ adults 0.75 + 0.04 99  + 21.1 131 N -6
381 exuvia 0.05 + 0.008 0.93 + 0.78 18.6 N =6
-0.005M
24 I1st - 0.72 + 0.36 - N=6
49 1st - 2.9 + 0.85 - N =6
70 1st - 3.9 + 1.136 - N=26
70 2nd - 0.55 + 0.44 - N=z=256
97 2nd -~ 1.5 + 0.60 - N =6
97 3rd - 4.8 + 3.58 - N=6
119 3rd 0.24 + 0.04 25 + 5.34 104 N=6
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TABLE XII Cont.d

1 2 3 4 5 6
Time Instar Mean wt, Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
167 4Lth 0.85 4+ 0.15 118 + 17.3 138 N =6
191 4th 1.12 + 0.13 89 +18.3 80 N=©6
237 & pupa 0.77 + 0.03 /7 + 8.96 99 N=26
261 ? pupa 1.57 + 0.10 123+ 15.50 123 N=3
309 ¢ adults 0.82 + 0.05 50 + 12.34 61 = 6
29279 adults 1.25 4 0.06 92 +16.07 74 Nz 5
381 exuvia 0.05 + 0,02 0.98 + 0.762 - 20 N = 4
0.01M 4

24 1st - 0.72 + 0.32 - N =6
49 1st - 3.2 + 1.03 - N =6
70 1st - 2.4 + 1.17 - N =6
70 2nd - 0.54 + 0.76 - N=26
97 2nd - 1.6 + 0.45 - N=26
97 3rd - 3.0 + 2.98 - N=-6
120 3rd 0.26 + 0.05 23 + 4.43 89 N =6
168 3rd 0.49 + 0.13 62 + 18.8 104 Nz©®6
168 4th 0.90 + 01.3 115 -+ 28.1 127 N =256
191 4th 1.32 + 0.13 103 + 26.5 78 N =6
238 4th 1.47 4+ 0.13 149 + 47.2 102 N=23
238 o pupa 0.82 + 0.07 64 + 22.0 77 N=z6
309 o adults 0.78 + 0.06 26 + 13.5 33 "N =6
25, @ adults 1294 0.10 93 4 13.1 72 N=6
0.025M ,

24 1st - 0.5+ 0.78 - N =6
49 lst - 3.5+ 0.80 - N =26
70 1st - 4.1 + 0.72 - Na=2©6
70 2nd - 0.43 + 0.30 - N =6
98 2nd - 2.9 + 2.9 - N=©6
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TABLE XII Cont.d

1 2 3 4 5 6
Time~ Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3

98  3rd - 3.7 + 2.20 - N=6
120 3rd  0.26 + 0.04 20 F 4.28 77 N =6
168 3xrd  0.38 +0.18 39 I 22.8 103 N =6
168 4th  0.87 + 0.18 96  + 9.36 110 N =z 6
192 4th  1.17 + 0.13 76  } 14.8 65 N =6
239 4th  1.16 + 0.36 120 ¥ 44.8 103 N =5

239 J pupa 0.81 + 0.10 59  + 11.8 73 N =6
309 ¢ adults 0.83 + 0.05 37  + 7.60 A N =6
2ae ¢ adults 1.25+ 0.09 82 + 18.3 65 N =6
381 exuvia 0.05 + 0.01 1.5 + 1.18 29 N = 6
0.05M

24 1st - 0.92 + 0.623 - N=6

49  1st - 4.3 ¥ 2.46 - N =6

69  1st - 11+ 2.54 - N =z 6

69  2nd - 0.03 + 0.049 - N =6

99  2nd - 1.4 ¥ 0.84 - N = 6

99  3rd - 1.0 + 0.64 - N =6
120 3rd  0.21 + 0.05 15 & 3.91 70 N =6
168 3rd  0.41 + 0.12 32 I 10.1 78 N =6
168 4th 0,75+ 0.08 77  + 13.9 103 N =z 6
192 4th  1.08 ¥ 0.13 49 ¥ 11.1 46 N =6
240 4th  1.35% 0.06 61 ¥ 9.33 45 N =2
240 g pupa 0.83 + 0.05 35 + 6.48 42 N =6
262 9 pupa 2.34 ¥ 1.33 60 I 10.2 25 N =3
309 o adults 0.66 + 0.06 23  + 5.43 35 Nz 6
207 9 adults 1.12 + 0,07 41  + 4.33 36 N = 3
381 exuvia 0.06 + 0.01 0.22 + 0

.133 3.7 N=-6
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TABLE XIT Cont'd.

1 2 3 4 5 6
Time- Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
0.075M

24 1st - 0.64 + 0.592 - N =6

49 1st - 10 + 4.81 - N=z©6

69 Ist - 8.8 + 2.54 - N =6

69  2nd . 0.99 + 0.726 - N = 6

99 2nd - 0.17 + 0.208 - N =6

99  3rd - 4.6 + 6.93 - N =6
120 3rd 0.24 + 0.03 11 + 3.64 L4 Na=26
168 3rd 0.31 + 0.12 19 + 8.79 62 N =6
168 4th  0.77 + 0.09 44  + 4.83 57 N =6
192 4th © 1.21 + 0.22 40 + 10.1 33 N =26
240 4th 1.38 + 0.19 52 + 5.22 38 N =25
240 o pupa 0.84 + 0.05 32 + 7.17 38 N =6
309 o adults 0.69 + 0.05 17 + 2.83 25 N =6
gg’f“ ¢ adults 1.11 + 0.07 39  + 4.39 35 N:6
381 exuvia 0.05 4+ 0.013 0.19 + 0.189 38 N=25
0.1M

24 1st - 0.60 + 0.445 - N =25

49 1st - 23 + 17.9 - N =6

69 lst - 7.4 + 1.02 - N = 6

69 2nd - 0.17 + 0.142 - N =256

99 2nd - 0.29 + 0.227 - N =26
120 2nd - 22 + 3.79 - N=256

99 3rd - 1.2 + 0.378 - N =6
120 3rd 0.14 + 0.03 8.7 + 2.45 62 N= 6
168 3rd 0.26 + 0.06 21 + 7.44 81 N=25
241 3rd 0.60 + 0.15 31 + 5.02 52 N =656
260 4th 1.09 + 0.22 63 + 16.7 57 N =6
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TABLE XIT Cont'd.

1 2 3 4 5 6
Time~ Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
357- & adults 0.55 + 0.03 38 + 9.70 70 N =3
361 ’
381 @ adults 0.92 + 0.01 31 + 0.707 34 N =2

381 exuvia 0.04 4 0.02 1.2 4+ 1.45 30 N =5

All larvae died within 24 hrs - 0.25M
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TABLE XIIT

Effect of potassium concentration on uptake of 137Cs by A. aegypti

reared at 25°C. Larvae fed dog chow labeled with 137Cs. Specific
activity of food = 1O6CPM/g. Activity and wet weights reported as

mean -+ one standard deviation

1 2 3 ' 4 5 6
Time- Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
CONTROLS

[ 24 lst 0.018 + 0.008 0.97 + 0.461 54 N =6

48 2nd 0.06 + 0.010 15 + 5.76 266 N =6

97 3rd 0.49 + 0.15 299 + 117 611 N=25
141 3rd 0.36 + 0.15 137 + 54.0 380 N=3
165 4th 0.72 + 0.11 201 + 69.5 278 N =2
165 o pupa 0.58 + 0.13 269 + 112 463 N =4
165 9 pupa 0.58 367 632 N=1
0.005M

24 Ist 0.02 + 0.006 2.5 + 1.55 123 N=35

48 2nd 0.07 + 0.03 7.9 + 2,14 112 N=©6

69 2nd 0.27 + 0.05 11 + 6.47 42 N=26

69 3rd 0.44 + 0.03 23 + 7.47 52 N=2©6

98 3rd 0.58 + 0.13 39 + 7.97 66 N =6

98 4th 0.76 + 0.15 56 + 8.74 74 N=256
117 4th 0.88 + 0.33 42 + 11.8 47 N =6
165 4th  0.75 + 0.41 48 + 15.0 64 N =2
141 o pupa 0.47 + 0.03 29 + 1.81 62 N=25
141 Q@ pupa 0.88 1+ 0.08 41 + 5.49 46 N=3
165 pupal 0.043 + 0.015 3.3 + 3.61 78 N =3

exuvia :
214 pupal 0.040 + 0.009 0.2 + 0.187 5 N =256
exuvia
214 o adults 0.24 + 0.035 4.3 + 1.20 18 N = 2
214 @ adults 0.47 + 0.130 24 + 10.2 51 N=2>5
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TABLE XIII Cont'd.

1 2 3 4 5 6
Time~- Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
0.01M |

24 1st 0.03+ 0.008  0.50 + 0.644 15 N =6

49 2nd  0.10 + 0.01 3.7 +  0.949 37 N = 6

69  2nd 0.22 ¥ 0.03 9.7 ¥ 1.98 bt N - 6

98 3rd  0.62 + 0.11 33+ 8.69 53 Nz 6
117 3rd 0.74 + 0.03 35 + 7.86 48 N =256
117 4th 1.12 4 0.30 74 + 19.6 66 N =6
141 o pupa 0.99 + 0.17 52 +11.8 52 N = 6
165 @ pupa 1.15 + 0.13 69 + 4.46 .69 N = 2
165 PUPal 4 o0 4 G 02 0.92 + 0.311 13 Nz 2

exuvia - -
213 PPl 4 s 4 0.0t 0.72 + 0.653 10 N =6
exuvia - -
213 ¢ adults 0.52 + 0.10 5.4 + 2.32 10 N = 4
213 ¢ adules 0.79 + 0.10 11 % 4.47 14 N =5
0.025M

24 st 0.026 + 0.005 0.20 +  0.244 7.7 N =25

49 2nd 0.06 + 0.02 3.5 + 0.632 58 N =6

69 2nd 0.13 + 0.03 5.6 + 0.976 43 N =6

98 3rd 0.52 + 0.07 29 + 8.73 55 N =26
117 3rd 0.22 $0.13 10 % 5.51 47 N - 3

98 4th 0.71_ + 0.10. 37 + 8.09 52 - . N =4
141 4Gth 1,11 + 0.21 38 + 5.71 " 35 N =4
141 o pupa 0.71 + 0.08 20  + 1.31 . 28 N =5
141 9 pupa 1.23 v 39.4 32 N=1

0.05M
24 lst 0.62 -+ 0.007 0.01 + 0.016 0.5 N=256
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1 2 3 4 5 6
Time- Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3

49 2nd 0.11 + 0.02 3.3 + 1.10 30 N =6

69 2nd 0.17 + 0.02 6.0 + 1.31 35 N=26

69 3rd 0.33 + 0.05 12 + 2.42 38 N=6

98 3rd 0.56 4+ 0.06 15 1+ 1.55 26 N = 6
141 3rd 0.58 + 0.19 13 + 2.33 22 N=3

98 4th 0.95 + 0.14 23 + 3.99 24 N =6
117 4th 0.98 + 0.17 32 + 7.05 33 Ne=2©56
141 4th 1.27 40 32 N=1
141 o pupa 0.63 + 0.07 17 + 1.87 27 N =6
141 @ pupa 1.00 + 0.13 29 + 5.21 29 N=6
213 PUPl 508 4 0,02 0.20 + 0.248 2.5 N =6

exuvia - -
213 & adults 0.43 + 0.070 2.7 + 1.54 6.2 N =26
213 @ adults 0.82 + 0.100 11 f~6.28 13 N =6
0.075M

24 ist 0.02 + 0.008 0.20 + 0.243 10 N=2©6

49 2nd 0.08 + 0.009 4,9 + 2.24 61 N=2©6

69 2nd 0.14 + 0.02 5.1 + 0.757 N =5

98 3rd 0.51 4+ 0.06 14 + 2.20 27 N =6
117 3rd 0.34 + 0.20 12 + 7.06 36 N=23

98 4th 0.78 + 0.06 19 + 1.66 24 N = 6
117 4th 1.17 + 0.11 38 + 4.92 32 N =6
141 Lih 1.01 + 0.02 33 + 2.33 33 N= 2
141 & pupa 0.65+ 0.0 18+ 1.84 - 28 N=2
141 Q pupa 0.90 + 0.15 29 + 6.52 32 N=>5
213 P2l 6 09 0 0,04 0.08 + 0.147 0.89 N =5

exuvia - -
213 @ adults 0.74 + 0.10 8.4 -+ 3.85 11 N=5
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TABLE XITT Cont'd.

1 2 3 4 5 6
Time- Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
0.10M

24, Ist  0.03 + 0.008 0.18 + 0.125 5.7 N = 4
50 2nd 0.12 + 0.030 1.9 + 0.461 16 N = 6

69 2nd  0.18 + 0.020 4.0 + 1.57 22 N =6

98 3rd  0.58 + 0.08 14+ 3.09 25 N = 6
117 3rd  0.61 + 0.04 16 ¥ 2.05 26 N = 3

98 4th  0.75 + 0.06 21+ 446 28 N = &4
117 4th  0.92 ¥ 0.22 23 }6.65 25 N =6
141 4th  1.09 ¥ 0.29 19 ¥ 8.47 17 N = 3
141 & pupa 0.68 + 0.06 13+ 2.14 19 N = 3
141 Q pupa 0.83 21 26 N=1
165 @ pupa 0.94 + 0.08 16 + 0.707 17 N =2
189 ¢ pupa 1.02 ¥ 0.06 25 ¥8.98 25 N = 2
213 PUPal 4 69 4 .01 0.23 + 0.247 2.6 N = 3

exuvia - -
213 & adults 0.48 1.2 2.3 N=1
213 Q adults 0.88 + 0.01 11 + 4.03 11 N =2
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The degree of suppression of radiocesium uptake by
potassium at a given temperature appeared to be constant, and
independent of the concentrafion of the latter ion. This finding
could be a manifestation of a saturation effect. That is, all
available papillary membrane transport sites for K+ were occupied at
the concentrations examined, effectively Trestricting diffusion of
cesium ions. To test this hypothesis, a radiocesium uptake
experiment was run at ZSOC, following the same procedure, and using
concentrations of potassium chloride in distilled water 0.001 1,
0.0025M, and 0.005M, and controls. The results of this experiment
are given in Table XIV. Once again, the differences between male and
female pupae and adults were not significant at the 95% confidence
level. It will be noted from this table that the mean activity of
the larval and pupal exuviae from the 0.001 M potassium concentration
is greater than that of the controls. This difference is significant
(p = 0.005). Analysis of variance showed the differences between
controls and the various potassium concentrations to be statistically
significant (p = 0.05). The results reported in Table XIV afford no
evidence of cesium suppression increasing with potassium concentration,
the differences between individual concentrations are ﬁot
significant (p = 0.05). )

At the risk of being repetitious, it is emphasized that
the only difference between the larval rearing procedure followed in
these experiments and the 137Cs uptake measurements previously

described, was the presence of potassium chloride in the rearing pans.
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TABLE x1v

Effect of potassium concentration on uptake of 137 Cs by A. aegypti
reared at 25°¢, Larvae fed dog chow labelled with 13 Cs. Specific
activity of food = 1O6CPM/g. Activity and wet weights reported as

mean + one standard deviation

1 2 3 4 5 6
Time- Instar Mean wt, Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
CONTROLS

22 1st - 3.2 +  0.440 - Nz 6

48 1st instar - 10 + 6.84 - N =26

eXuvia -

48 2nd - 42 + 14.8 - N=5
74 2nd - 99 + 11.0 - N = 4

74 2nd instar - 6.5 + 1.50 - N=25

exuvia

74 3rd 0.41 + 0.08 137 + 36.0 335 N =6

96 3rd 0.55 + 0.11 325 + 72.5 590 N =256

96 4th - 0.99 + 0.08 438 + 64.5 442 N =26
117 4th 1.21 + 0.10 345 + 21.5 286 N =6
117 4th instar - 12 + 6.10 - N=25

exuvia .
117 o pupa 0.76 + 0.22 172 + 34.5 227 N =6
117 Q pupa 1.17 + 0,11 285 + 20.5 245 ' N=5
168 & adult 0.60 + 0.07 106 + 22.0 177 N=5
192 @ adult 1.03 + 0.09 181 + 29.5 181 N=-5
0.001M

22 1st - 1.7 + 0.791 - N-=26

48 1st instar - 22 + 7.95 - N =6

exuvia

48 2nd - 43+ 19.7 - N = 6

74 2nd - 56 + 9.73 - N =6

+ 4.05 - N =6

74 2nd instar - 11
exuvia '
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TABLE XIv Cont'd,

1 2 3 4 5 6

Time- Instar  Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
74 3rd  0.48 + 0.05 59+ 8.15 124 N =6
96 3rd  0.73 + 0.08 .67  + 8.57 92 N =25
96 4th  1.15 + 0.14 103 + 11.7 90 N=2©56
117 4th  1.17 + 0.23 180  + 28.4 154 N=2©6
117 4th instar - 43+ 10.4 - N=256
skin
/
117 o pupa 0.71 -+ 0.03 63  + 10.5 89 N =6
117 @ pupa 1.19 + 0.08 119 + 21.6 100 N=26
168 o adult 0.55 + 0.05 38 +.18.7 69 N =6
192 @ adult 0.88 + 0.13 71+ 41.4 80 N =26
0.0025M , ,
22 lst - 2.4 + 1.52 - N =6
48 1st instar - 11+ 5.34 - N=26
skin
48 2nd - 0.53 + 0.179 - N =656
74 2nd - 49 + 5.66 - N=256
74 2nd instar - 9.0 + 3.92 - N=2©56
skin
74 3rd  0.44 + 0.06 65 + 13.1 148 N =656
97 3rd  0.69 + 0.08 71+ 13.8 102 N =256
97 4th  0.97 + 0.09 131 + 18.0 135 N=2©56
117 4th  1.27 + 0.11 126 + 21.8 99 N=26
117 4th instar - 20 + 6.89 - N=6
skin
117 o pupa 0.70 + 0.08 56+ 10.9 80 N =6
144 @ pupa 1.18 + 0.15 111 + 18.6 94 N=z5
168 o adult 0.57 + 0.04 39+ 9.78 68 N =6
192 @ adult 0.90 -+ 0.03 39 4+ 1.06 43 N =2
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1 2 3 4 5 6
Time~ Instar Mean wt. Mean Activity Mean Activity/mg Remarks
hrs mg CPM 4/3
0.005M

22 Ist - 1.0 + 0.600 - N=©6

48 1st instar - 9.6 + 2,34 - N=2©56

exuvia

48 2nd - 39 + 10.4 - N=3

74 2nd - 32 + 9.04 - N =6

74 2nd instar - 13 + 4.22 - N=256

exuvia )

74 3rd 0.48 + 0.07 61 + 16.3 127 N-=-6

97 3rd 0.66 + 0.10 68 + 5.48 104 N = 6

97 4th 1.15 + 0.06 102 + 10.4 89 N =6
117 4th 1.31 + 0.12 129 + 13.5 98 N=35
117 4th instar - 18 + 4.71 - N=2>5

exuvia
117 & pupa 0.68 + 0.08 56+ 6.70 83 N=2¢6
117 @ pupa 1.14 + 0.11 90 + 12.8 79 N=6
168 o adult 0.55 + 0.06 26 + 9.31 47 N =6
192 9 adult 0.84 + 0.11 41 + 13.3 49 N =4
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The failure to detect a graded response to increasing potassium
concentration, at least at the lower molarities, was unexpected. It
was prudent, therefore, to determine the amount of potassium in the
labeled dog-meal which had been fed to the larvae. Ground dog-meal
is a difficult matrix in whicﬁ'to measure potassium, Flame photo-
metric measurement is precluded because of the presence of many
ipterfering ions. Ordinary atomic absorption spectrometry was
precluded for similar reasons. A satisfactory X-ray fluorescence
technique was develobed by the Analytical Branch, W.N.R.E,, and I
am indebted to Messrs. B. Stewart and G. Smith for the potassium
measures given in Table XV. When it was discovered that the food
contained a éignificant amount of potassium, 0.4 mg/g dry weight,
an;experiment was designed to determine the amount of potassium and
137Cs that leached out of the food into the rearing medium in 48 hrs,
that is between feedings. A series of trays containing measured
amounts of larvae food in 250 ml of distilled water, and in 0.01 and
0,05 M potassium chloride solutions, were set asiae at 25°C. Samples
of each supernatant were tagén after 48 hrs, filtered, and their
potassium content estimated by the X-ray fluorescent technique and
their radiocesium content measured by total-beta counting. These
data also are given in Table XV, where it will be noted that the
potassium concentration of thé external medium had apparently

negligible effect on the amount of potassium which leached out of the

food.
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The larvae of A. aegypti, a freshwater mosquito species,
may be reared in sea-water hypertonic to the normal blood
(Wigglesworth, 1965), which produces an osmotic pressure equivalent
to that of 1.5% sodium chloride. We may conclude, therefore, that
the potassium concentrations used in these experiments, while possibly
subjecting the larvae to a physiological stress, did not cause lethal
osmotic pressures (Wigglesworth, 1938). Normal A. aegypti larvae
~shrink in hypertonic solutions, but those ligated at the rear or at
both endsldo‘not (Wigglesworth,.1933). This finding indicates that
the integument of the larvae is impermeable to water, Furthermore,
larvae which have had their anal papillae destroyed by exposure to
strong salt solutions are also osmotically inert. These and other
findings lead Wigglesworth to conclude that the anal papillae are
the principle water-absorbing organs of the larvae,.

Thé mechanism by which A. aegypti larvae absorb inorganic
ions from freshwater into the haemolymph against a concentration
gradient was investigated by Treherne (1954) using 24Na. His work
confirmed Wigglesworth's non-isotopic demonstration that the papillae
were responsible for most inorganic ion uptake. Destruction of the
papillae reduced accumulation by 80%. Blocking the mouthparts
effected a further reduction of 15%, dgmonstrating that uptake from
the gut was also significant (llasset and Jenkins, 1951; Treherne, 1954;
and Stobbart, 1959). The magnitude of the sodium flux is apparently
dependent on feeding being reduced sevenfold by starvétion° Never-

(=2}

theless, sodium balance was retained by the starved larvae (Stobbart,
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1959, 1960), suggesting that both entry and exit of sodium are
metabolically controlled. A twenty~five fold increase in external
potassium level had no effect on the rate of 24Na uptake, indicating
the operation of a highly specific sodium-pump that is insensitive
to potassium concentration (O'Brien and Wolfe, 1963). The
experimental evidence which has been cited demonstrates an active
transport mechanism for sodium ions, but not potassium. Presumably
potassium is transported across the papilliary membrane by a
diffusion process only. The ionic radius of cesium is 1.67 XS that
of potassium and sodium is 1.33 & and 0.97 & respectively (Weast,
1967). Thus the ionic radius of cesium is closer to that of
potassium, and it is reasonable to propose in the absence of evidence
to the contrary that cesium also crosses the papillary membrane by
diffusion,

Thé suppression of 137Cs uptake observed may be explained
by postulating that diffusion of cesium across the papillary membrane
is suppressed or 'blocked' by potassium ions at the concentrations
employed in these experiments, that is an isotopic dilution effect.
The amount of radjocesium which was accumulated resulted from intake
via the gut. The data in Tables XII and XIIT are reproduced in the
histogram shown in Figure 12. 1In this figure, the maximum level of
137Cs accumulated by larvae in the various potassium concentrations
at one sampling-time and by male pupae, are shown as a fraction of the

corresponding value obtained for the controls. The increased
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Rearing Temperature
20°c
25%C
Potassium Concentration - M
A - 0.005
B - 0010
c - 0025
D - 0050
E - 0075
F - o010

controls. No measurements were obtained for 4th instar

larvae reared at 20°C in 0.10 M potassium solution
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’ . o] .
suppression observed at 25°C for 3rd and 4th instar larvae and pupae,
may be a reflection of increased ion mobility at the higher
temperature. It will also be seen from Figure 12 that the amount of
137 A . . . 0
Cs accumulated in the various potassium concentrations at 25 C
averages about 15% of the control-level, comparable to the value
. 24 . ] .
obtained for " 'Na uptake via the gut. Tt is concluded that potassium
is translocated across the anal papillaec of A. aegypti larvae in
preference to cesium, In a field situation, one could expect that
larvae growing in waters having a low mono-valent ion content will
137 - . -
accumulate more Cs than larvae maturing in waters containing
significant amounts of potassium or sodium.
Calculation of the amount of food consumed by A. aegypti
. larvae, using the specific activities given in column 5 of Table VII
and the biological half-lives calculated from Figure 9, gave values
about one order of magnitude lower than those derived from published
work (Brust, 1968). This is explained by the finding that the
majority of the larva's radiocesium uptake occurs across the
papillary membrane, not via the gut. Consequently, application of
the radiotracer method to estimation of larval food consumption
requires knowledge of the fraction of nuclide acéumulated via the gut.
In these experiments, the larva's radiocesium body-burden resulted
. 137 . . . .
from accumulation of Cs which leached into the rearing medium
from the food, and not assimilation from ingested food. 1In a natural
situation such as the radioactive pond, papilliary uptake should not

. . . 137 .
be dominant, there being little Cs in the water,.




CHAPTER VII

FIELD STUDIES

INTRODUCTION

In conjunction with the laboratory studies which have
beenbdescribed, investigations of the levels of 137Cs accumulated
by the insect component of the radioactive pond community were
pursued throughout the summer of 1967 and 1968. A number of radio-
cesium measurements weré also ﬁéde on the pond algae.

A general description of the radioactive and non-radio-
active ponds has been given under Methods, particularly their
construction, and the introduction of the contaminant into rhe radio-
active pond. A more detailed account of the ma jor abiotic factors

pertinent to the ponds follows.

Abiotic Factors

Both ponds are situated in Section 28 of the W.N.R.E.
Controlled Area. Appendix C gives the precipitation, and the air
temperaﬁures and humidity recorded at 1.5 m above ground 1eve1;
measured during the summer months of 1967 and 1968 at the climato-
logical station located about 50 m due south of the radioactive pond.
The spring, summer and autumn surface and pond-bottom water
termperatures for both ponds are shown in Figure 13. Adopting the
practice suggested by Williams (1951, 1961), the tempefatures plotted

in this figure are the means of the preceeding five day period.
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Surface and bottom temperatures of the radioactive
and non-radiocactive ponds recorded during the
summner of 1967 and 1948,
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Seven and ten day mean values have also been abstracted from these
data with a view to future correlation of insect activity with weather
coﬁditions5 in cooperation with the W.N.R.E. meteorology group.

The surface temperature probes were maintained at 15 cm
below the water surface by means of a buoy; which also shaded from
incident sunlight. The bottom Cemperature probes were anchored on
the pond-bottom. The two probes in the radioactive pond were inter-
calibrated with the two in the non-radioactive pond, and the
calibration checked from time to time. Inter-probe agreement was
better than 1°F, Thé five day mean temperatures of both ponds,
measured 15 cm beneath the surface and on the pond bottom, were
similar fo; the two ponds (Figure 13). However, the difference
between the surface and bottom temperatures during the months of
August and September are significant. This difference is attributed
to the presence of algal growth (Westlake, 1966). Duriﬁg these
months, nine-tenths of the non-~radioactive pond surface was covered
with a heawy bloom of algae, whereas that of the radiocactive pond
had but a limited growth at the pond margin. Thus the heavier algal
growth in themwn-radioactive pond probably reflected a significant
fraction of incident solar radiation, and also shielded the bottom-~
temperature probe to a greater extent. The @ottom—temperature of the
non-radioactive pond peaked significantly above that of the radio-
active pond during the period 30 May to 3 June 1967 (Figure 13).

The ambient air temperature measured 0.5 m above groﬁnd—surface also

exceeded by 10°F that of the preceeding and suceeding five day
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intervals (Reimer, 1968), At the same time, the water-depth of the
non-radioactive pond was 18 cm less than that of the radioactive pond.
Therefore, the bottom temperature of the former pond would warm up
and cool, faster than that of the radioactive pond.

The depth of water in each pond was routinely measured.
Water depths for 1967 and 1968 are summarized in Figure 14, where it
will be seen that the depth-difference between the ponds was
consistent. The total rainfall in the period May to September, was
greater in 1968 than in 1967, 48.2 cm compared with 14.2 cm. Heavy
rainfall in 1968 began in early June and is reflected in the sharp
~ increase in pond-depths (Figure 14).

The dissolved oxygen (DO) content of the water in each
pond was frequently measured in §i§g during the months of April to
September, in 1967 and 1968. DO measurements were made with a Yellow
Spring Instrument Company polarographic cell, The precision of the
measurements was + 6%. Instrument calibration was checked by
comparative DO determinations made using the Winkler titration method
described by Carpenter (1965). Most of the dissolved oxygen
measurements were made on the non-radiocactive pond, to avoid
contaminating the DO. instrument with radiocesium;~the-polarographic
cell was difficult to decontaminate. However, enough DO measurements
were made on both ponds at the same time to conclude that the dissolved
oxygen levels measured at several depths in either pond differed by
less than 10%. The maximum DO level measured was 12 mg/1l at 10 cm

beneath the surface. The lowest level was recorded in 1967, 7.0 mg/1
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at the bottom of the non-radioactive pond.

Comparative measurements of light intensity were made
15 cm below the surface and on the bottom of both ponds, using an
instrument built at W.N.R.E., based on the 471 light meter design
described by Maddux (1966). iight intensity measurements were
taken when the sun was at its meridian, except when the sky was over-
%ast. Fewer than five percent of the measurements made on the radio-
active pond differed by more than the precision of the instrument
from comcomitant readings taken in the non-radioactive pond. The
average difference in light intensit§ between pond surface and
bottom readings was 18 + 5 foot candles.

Samples of water taken from both ponds were sent to the
Analytical Branch, W.N.R.E.,‘for analyses of non-radioactive, i.e.,
stable, anions and cations. In spite of the heavy rains in 1968,
their concentration varied but little from measurements made in 1967,

These data are summarized in Table XVT.

As described previously, both ponds were dug in an old
farm-field in the early stages of succession to mixed decideous
forest. The field was in its second or third year of an undisturbed
weedy condition. The average height of the trees in the immediate
vicinity of both poﬁds was 3.5 to 4.0 m, diameter at breast height
2-3 cm. When the ponds were dug, the ground was cleared to a distance
of 5 m beyond the pond perimeters. Twelve sampiing stakes were placed

10 m apart, around the outer edge of this cleared strip that
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TABLE XVI

Summary of anion and cation concentrations in water samples
taken from the radiocactive and non-radioactive ponds, summer
1967 and 1968. Precision of analysis + 5%

ANION - mg/1 CATION - mg/1
Chloride - 3.5 Calcium - 51.6
Nitrate - 3.3 Cobalt - 0.06
Phosphate - 1.5 Chromium - <06.02z e
Sulphate - 750.0 . Cesium - <0.01

Copper - <0.02
Iron - <0.02
Magnesium = 71.9
Manganese - 0.01
Nickel - <0.02
Potassium -~ 13.7
Sodium - 30.0
Strontium - 0.7

Zinc - 0.44
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surrounded each pond. Sampling was done, therefore, within 10 m
wide strip surrounding each pond. Emergent and sub-mergent
vegetation was not included in the survey. Species described as
dominant (D) comprised at least 15% of the vegetation within a 5
m radius of each sampling stake,

The only vegetation which grew in the margin of the
~radioactive pond was cattail (Typha sp.). This species was not
growing in the non-radiocactive pond in 1967 or 1968. Vegetation
encompassed the ponds on the west, north and east sides only. The
south side of both ponds bordered on the open field. The vegetation
surrounding the radioactive pond may be considered representative
of both ponds, and the immediate area (Dugle, 1968). Trees wére
present, but not dominant within the vicinity of the pond perimeters.
They offered little canopy‘cover, and none overhung either of the
ponds. Shrubs too, were present but none were dominant with the
one exception of two Salix spp., at one sampling stake. The domimant

herbs were Sonchus arvensis, the wild strawberry Fragaria viginerea,

Solidago giganteus, and Achillea lanulosa. The species growing about
the radioactive pond are listed in Appendix 'F'. Specimens were

deposited in the W.N.R.E. herbarium.

Algae in the Ponds

The surface and bottom algal growths in both ponds were
sampled in 1967 and 1968. 1In 1967, the dominant alga in both ponds
was an Oedogonium sp., associated with Cladophora (Walker, 1968), A

few epiphytes and desmids were also present. More extensive sampling
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was carried out in 1968 and the identifications are listed in

Appendix 'G'. The Arthropoda and Protozoa associated with these

samples are listed in Appendix 'H'.

pond:

A number of algae were found only in the radiocactive

Closteriopis sp., Gleoocystis sp., and two species

of Desmids, Class CHLOROPHYCEAE

Hydrosera sp., Class BACILLARIOPHYCEAF

A red colored colonial, and a few ephiphytic

Oscillatoria sp., Class MYXOPHYCEAE, and one

Euglenia sp. (Lepocinclis actuta Presc.), Class

EUGLENACEAE, were also found in the radioactive

pond samples only.

Of potentially greater interest are the species abundant in the

non-radioactive pond, but not found in the samples taken from the

radioactive pond:

Scendemus, two species of Cladophora provisionally

identified as #3 and #6, Haematococcus lacustris

(Girod.), and an unidentified filamentous form, all
of the Class CHLOROPHYCEAE,

Fragilaria, and Calonesis, Class BACILLARTIOPHYCEAE,
Phaeothamnion sp., Class CHRYSOPHYCEAE,

Chamaesiphon ?incrustans Grunow Gloeocapsa
P s P

?rupestris Kuetzing, and a Oscillatoria sp., Class

MYXOPHYCEAE,

An unidentified species of Euglena, Class EUGLENOPHYCEAE.
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Thé radiation field in the radioactive pond might be responsible
for the different species observed between the two ponds.

A difference in the occurrence of small (microscopic)
animals in the two ponds was also noted. TARDIGRADA were abundant
in all the algae samples taken from the non-radioactive pond. None
were found in the samples obtained from the radioactive pond.

Similarly, the Protozoans Stentor-polymorphus and a species of

Lacrymaria, were found in non-radioactive pond algal samples, but

not in those taken from the radioactive pond.

Pond Insect Fauna

The major aquatic insect types samples from both ponds,
but excluding those species occupying habitats in the pond-margin,
'are listed in Appendix 'I'. No species differences were observed
between ponds. Mosquito larvae were abéent from both ponds in 1967
and 1968. Species identification concentrated on the Hemiptera and
the larger beetles. Except where stated otherwise, taxonomic keys
used to identify specimens were those of Pennak (1953), Ward and
Whipple (1959), Needham and Needham (1962), and Brooks and Kelton
(1967) for the Heteroptera of Manitoba. Specimens were preserved

for future positive identification, and comparison.

Othexr Fauna
Tadpoles were plentiful in the ponds in 1967, and in the
non-radioactive pond in 1968. The most abundant species was Bufo ?

americanus, the common toad, and those of the green frog. Frogs and
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toads were obtainable from both ponds in 1967 and 1968, By freeze-
up, in 1968, no fish were present in either pond. Franklin ground

squirrels (Spermophilus franklinii), and two species of field mice,

Clethriomonys gapperi and Zapus hudsonius, were live-trapped in the

immediate vicinity of the radioactive pond to determine if this pond
was a source of drinking water for small mammals (Iverson, 1968),
The tracks of coyotes, deer and bear were seen around the margins of

- both ponds.




CHAPTER VIII
137 .
THE FATE OF Cs ADDED IN THE RADIOACTIVE POND

Distribution in the Water

The radioactive pond was contaminated on 11 May, 1967,

- . 137 o o
by mixing 0.5 Ci of Cs into the water. Replicate samples of
pond water were taken two hours later and analysed for radiocesium
by gamma spectroscopy (see Methods). The average concentration of
radiocesium achieved was 6.4 x 10-3 pCi/ml, or about 32 times the
occupational 168 hr maximum permissible concentration in water
recommended by the International Commission (ICRP, 1959). Prior to
addition of the radionuclide, radiochemical analyses of samples of
water from both ponds showed the concentrations of long-1lived
biologically important nuclides to be:

A 40 . -8 .
Total~beta activity (as ' K equivalent) - 4.3 x 10 pCi/ml

137Cs - 2 x 10—10 pCi/ml

9OSr -1 x 10-10 pC1i/ml

Thus, the only source of radioactive contamination, prior to the
addition of radiocesium to one of the ponds, was nuclear fallout.
. . 137 . .
Following the addition of Cs to the radioactive pond,

the water was sampled to establish the rate at which the concentration
of radiocesium decreased. These measurements are summarized in

) - 137 _ . - .
Figure 15, where the Cs activity of the water in disintegrations

per minute (dpm) per ml is plotted against time. Only the measure-

ments made on samples taken in 1967 are shown in this graph. By
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April, 1968, the decrease in 13703 concentration had stabilized

at 3 4+ 1.5 dpm/ml, the limit of sensitivity of the method of
measurement. The value, throughout 1968, is only one order of
magnitude higher than the level measured in non-radioactive pond
water, determined using a gra§imetric method of raaiochemical
analysis (Guthrie and Grummit, 1963),

/ Analysis of the curve in Figure 15, using graphical
methods (ORE, 1963) showed the radiocesium concentration in radio-
active pond water decreased ar two different rates. The major
decrease occurred during the 20 day period succeeding addition of
the nuclide to the pond, and coﬁpares very well with rates described
by several workers investigating the uptake of 137Cs and other
radionuclides by soils and river sediments (Clanton and Reynolds,
1963; Tamura, 1964; Lominick and Gardiner, 1965; Lomenick and
Tamura, 1965, and Pickering et al., 1966). 1t is concluded from
Figure 15, therefore, that the initial decrease in 137Cs in the pond
water was‘the result of sorption on to pond sediment. The
disappearance of 137Cs from the water continued at a slower rate from
day 30 to about day 75, and then apparently reached steady-state.
The latter decrease is attributed to uptake and loss of radiocesium

by the pond biota (Pavis, 1963; Seymour, 1964) .

Distribution of 137Cs in the Pond-bottom Sediments

The pond-bottom sediment was sampled once a month during the

months May to September in 1967 and 1968, at ten randomly selected
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locations (see Methods). The mean specific total-beta activity of
mud samples taken from the noﬁ»radioactive pond in 1967 was

9.6 cpm/g, and 9.0 cpm/g in 1968, These values are not significantly
different at the 95% confidence level. The specific activities of
the mud samples taken from the radioactive pond are summarized in
Appendix 'J'. These measurements confirm the postulate that most

of the 137Cs added to the radioactive pond was sorbed by the pond~
mud. Tt will also be noted from the results recorded in Appendix

(J) that radiocesium sorption by radioactive pond mud was non-
uniform. This finding will be discussed furthef under distribution

of radiation dose in the radioactive pond (Chapter IX).

Uptake of 137Cs by Algae

Algal samples were taken from both experimental ponds,
and from other locations in the W.N.R.E. Controlled Area, in May 1967,
and in July, 1967 and 1968. It was not possible at the time of
analysis to identify the species contained in the samples, but it was
established that Cladophora was the dominant one present (Dugle,
1968). The samples were dried in a hot-air oven overnight at 10500,
compressed into pellets and the 137CS activity determined by gamma
spectrometry (Guthrie and Grummitt, 1963). The résulté are summarized
in Table XVITI. .

There was no significant change in the level of radiocesium
in the algal samples obtained from the non-radioactive pond in 1967
and 1968, and it is considered that radioactive fallout was the
major source of the nuclide. Algae samples obtained from the gravel

pit in Section 27 of the W.N.R.E. Controlled Area contained only
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XVIT
137 A - § - . : .
Cs activity of Algae spp. taken from the experimental ponds and
other localities within the W.N.R.E, Controlled Area. Activity
measured by gamma spectroscopy, using oven dried samples
Month Wet wt Activity
sampled Location dpm/g
1967
May Radioactive pond 3.85 7.3 x 106 dry wt
May Non-radioactive pond 14.7 6.29 x 102 dry wt
May Pond-Controlled Area 4.64 x 102 dry wt
July Radioactive pond 34.5 5.80 x lO5 dry wt
July Non-radioactive pond 15.3 2.62 x 102 dry wt
July Winnipeg River, near 10.4 50.6 dry wt
W.N.R.E.
July Gravel Pit, Sect. no. 27 16.1 1.28 x 102 dry wt
1968
July Radioactive pond 5.13 x 10% dry wt
July Non~radioactive pond 2.10 x 10" dry wt
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half as much 137Cs as did the non-radioactive pond samples (Table
XVII). This gravei pit, which is about 1 km, due east of the non-
radioactive pond, is located in a discharge zone. Consequently,
the residence time of water in this pond can be expected to be much
lower than that of the non~ra&ioactive pond. Neither would the
gravel in the pit retain the nuclide for the same length of time,
%t will also be seen from Table XVIT that the amount of radiocesium
in algae taken from the Winnipeg River was much lower than the pond
or gravel pit samples. This is a reflection of the lower

. 137 . .
concentration of Cs in river water, compared to pond water; the

amount of 137Cs in fallout was greatest in April and May (Acres,
1968) .
. 137 . .

After the addition of Cs to the radioactive pond, the
level of the nuclide in the algae sampled from this pond increased
four orders of magnitude, reflecting the rapid uptake of radiocesium
by planktonic growth (Pendleton and Hanson, 1958). Two months
later, the concentration of 137Cs had decreased by one order of
magnitude (Table XVII). By July 1968, the activity of the algal
samples had decreased by another order of magnitude to about

4 . . 137
5 x 107 dpm/g dry weight. When one compares the relative Cs
activities of pond water, pond mud, and algae, it is evident that a
small, but significant, fraction of the radiocesium added to the

radioactive pond was bound up in the algae. No precise data on the

biomass of algae growth was obtained, nevertheless a first
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approximation based on the weight of growth per square meter of
surface suggests that less than 2% of the radiocesium added to the

radioactive pond was bound up in algal growth.

Uptake of 137Cs by Aquatic Insects

The uptake of radiocesium by the major insect species
inhabiting the radioactive pond was followed in 1967 and 1968. The
average amounts of the nuclide measured in more than 200 replicate
>samp1es are summarized in Table XVIII. The level of radiocesium in
comparable species taken from the non-radioactive pond are not
included in this table as they consistently showed no more than the
natural background level, <0.1 cpm/insect. The amount of stable
(non~radioactive) cesium measured in the insects was between 5 and
9 ug/insect. The most abundant large animal inhabiting the
exXperimental ponds in 1967 and 1968 were‘frogs (Rana sp. and Bufo
? americanus). The mean total-beta activity of replicate samples of
tadpoles taken from the non-radioactive pond during the summers of
1967 and 1968 was 0.8 cpm/tadpole, Table XIX gives the mean
activities of juvenile and adulfr frog sampies from the radioaqtive

pond,

RESULTS AND DISCUSSION
Examination of Table XVIII shows that the activity of
Chironomidae larvae sampled from the radioactive pond varied between

2.5 cpm and 786 cpm/larvae. Comparison of the locations from which
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TABLE XVIIT
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Cs levels measured in aquatic insects sampled from the Radioactive

Pond. Weights and activities reported as means + standard error
Month ) Mean wt Activity Specific
Insect .o
sampled mg CPM activity
CPM/g
1967
May Ceratopogonidae 0.4+ 0.05 0.3+ 0.05 750
larvae B B
May " 0.1 + 0.05 <0.1 - 5
June " 0.1 +0.05 0.1+ 0.02 1 x 10
July . 0.2 +0.05 0.1% 0.02 500
July " $0.2+0.02 0.1+ 0.03 500
October " 0.2 +0.02 0.2+ 0.03 1x10
October " 0.3+ 0.05 0.1 % 0.004 333
May Chironomidae larvae 0.27 + 0.0l 2.5 + 0.7 9.3 x 103
(early instar) ‘
May " 0.80 + 0.05 0.7 + 0.1 875
June " 0.10 + 0.02 3.3 % 0.9 3.3 x 104
June " 2.5%0.6 38 11 1.5 x 10%
September " 0.51 + 0.21 1.0 + 0.6 2 x 103
September " 1.7 4+ 0.2 0.1+ 0.05 59
October n 0.48 ¥ 0.05 5.7 % 1.2 1 x 10%
October " 0.21 +0.01 0.1 + 0.01 4 x 103
1968
May . 554+ 1.0 8.3+ 2.2 1.5 x 103
May " 0.31 + 0.06 0.3 + 0.1 968
July " 1.6 +0.25 3.1+ 0.8 1.9 x 103
August " 2.7 +0.48 22 } 8 8 x 103
October " 2.7+ 0.46 18 T 9 6.7 x 103
1967
Chironomidae larvae
May ! late inatars 9.3 + 0.88 786 + 138 8.5 x 10%
June " 2.8 +0.58 192 + 65 6.9 x 10%
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TABLE XVIII Cont'd,

Month Mean wt Activity Specific
Insect o
sampled mg CPM activity
CcPM/g
1968
June Chironomidae larvae 5.5 + 0.54 76 4+ 18 1.4 x 10%
(late instar) - B
July n 11.0 + 1.3 29 + 9 2.6 x 103
August n 10.0 + 1.4 223 1 74 2.2 x 104
October n 8.7+ 0.97 4.5 1.3 517
/ October L 15.7 + 2.0 201 ¥ 55 1.3 x 103
1967
May Chironomidae pupae 1.1 +0.12 7.9 + 0.97 7.2 x 103
1968
July " 5.2+ 0.18 1.8 + 0.21 346
August " 2.3+ 0.24 0.9 % 0.4 391
1967
September Odonata nymphs 41 + 15 304+ 9 732
October 1 . 43 % 20 84 % 20 2 x 103
1968
May " 25 + 4 18 + 7 720
June " 132 + 43 43 + 26 326
July L 58 F 11 76 T 18 1.3 x 103
July " 9% + 3 53 + 9 552
August " 279 + 36 71 + 12 254,
August " 61.5 + 10 202 + 50 3.3 x 103
October 4 650 + 65 764 + 76 1.2 x 103
July Damselfly nymphs 13.6 + 1.9 10.2 + 2.0 750
1967
June Dytiscus larvae 23.6 + 2.2 131 + 34 5.6 x 103
September " | 1.5+ 0.05 8.9 % 1.1 5.9 x 103
October " 1.5+ 0.07 4.4 3.0.4 2.9 x 103
1968
June " 308 + 120 120 + 45 390
July " 25 + 8 24 + 2.3 960
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Month . Mean wt Activity Specific
Insect : SO
sampled : . CPM Activity
& cPM/g
1967 5
May Ephemeroptera ~0.19 + 0.03 152 + 71 8 x 10
nymphs
June r 2.9 + 0.5 66 + 23 2.3 x 10%
September " 1.5+ 0.08 14+ 4 9.3 x 103
October " 0.2 +0.05 3.1+ 1 1.6 x 104
/1968 4
May " 0.44 + 0.14 8.2 + 4 1.9 x 10
1967
July L. americanus 865 .+ 33 136 + 16 157
4th instar nymphs 3
July L. americanus 16 + 4 19+ 6 1.2 x 10
Ist instar exuvia
1967 3
May Gyrinidae adults 1.5+ 0.08 7.7 + 1.3 5.1 x 10
June " 12,4+ 1.0 5.9 + 0.5 476
1968 3
April " 9.7 + 0.6 10 + 3 1 x 10
1967 3
August  Dytiscus adults 3.4 4+ 0.5 g 539 + 75 1.6 x 10
1968 3
April " 86.8 + 0.2 109 + 35 1.3 x 10
August " 216 + 38 126 + 57 583
1967
September Corixidae adults 8.4 + 1.2 0.48 + 0.05 57
1968 3
April " 8.2 + 3.0 31 + 10 3.8 x 10
1967
June Gerridae ‘adults 3.5 + 1.9 23 + 2 730
August " 10.5 + 1.8 6.5+ 4 619
September " 6.9 + 1.6 1.9 + 0.3 275
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TABLE XVIIT Cont'd.

Month i Mean wt Activity Specific
Insect .
sampled . CPM Activity
& ' CPM/g
1968 _
July Gerridae adults 3.7+ 1.0 1.8 + 0.3 486
1967
June Notonectidae adults 5.1+ 0.05 9.9 + 1.1 1.9 x 10
July "o 38.6 F 5.3 29 5 751
July " 172 + 21 32 +6 186
August n 70 + 2 15 + 1.0 214
September " 89+ 8 11 + 3 124
October . " -~ 81 4+ 23 40 + 14 494
1968
June " 85 + 13 50 + 2 588
July " 19.6 + 2 6.5 + 0.7 - 332
August " 32+ 5 3.6 + 0.4 113
1967
June L. americanus adults 5.6 +0.5¢g 3219 + 112 575
July " : 2.95 4+ 0.07 g 1325 + 68 449
August : n 3.83 + 0.1 ¢ 3598 + 85 939

3
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TABLE XI1X

122

Cs levels measured in tadpoles and frogs sampled from the radiocactive

pond. Weights and activities reported

as means -+ standard error

Month Species Mean weight Activity Specific
sampled P mg CrPM activity
CPM/g
1967
3 Tadpoles 5
une (Bufo ? americanus) 61 + 6 11,806 + 1557 1.9x10
July n 85+ 5 5318 + 550  6.3x10%
August " 236 + 16 6226 + 756  2.6x10%
September " 160 + 13 1611 + 218 1 x10%4
October " 57 + 4 1199 + 165  2,1x10%
1968
June " 38 + 11 27 + 3 711
1967
October  -arge Tadpoles 2.37 4+ 0.17.g 9584 + 200 4x10°
(Rana sp.) - - .
1968 .
June " 0.74 + 0.11 g 2654 + 273  3.6x10°
August " 0.64 +0.01 g 978 + 159  1.5x103
1967
June Small green frog 13.61 g 23,170 1.7x103
(Rana sp.) (length-14.6cm)
June Green frog ' 79.0 g 4499 57

(Rana sp.)

(length-25cm)
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these samples were taken with the specific activity of the pond mud
from the same location (Appendix 'J'), showed them to be highly
correlated, r = 0.9850, Thus the level of 137Cs in the larvae reflects
the concentfation of nuclide in their immediate environment.
Chironomidae larvae, therefore, might serve as aﬁ indicator organism
to measure radiocesium accumulation in the immediate vicinity of the
larval environmment. This finding is potentially useful to environ-
mental radiation surveillance of aquatic habitats, as Chironomidae
are an important link in the feodchain of fish (Comstock, 1940).
Attempts to obtain representative samples of emerging Chironomidae
adults for radiochemical analysis were unsuccessful.

Environmental radiation studies have demonstrated tﬁe
tendency for radionuclides to accumulate rapidly in the first or
primary producer, trophic level, and an apparent concentration of some
of these radionuclides may occur in successive trophic levels
(Schultz and Klement, 1963; Aberg and Hungate, 1966). Pendleton and
co-workers in particular, have postulated that radiocesium is
concentrated threefold at each successive level of foodchains, as it
passes from primary producers to primary and secondary consumers and
top carnivores (Pendleton, 1957, 1960, 1962; Pendleton and Hanson,
1958). This view has been challenged by other investigators. The
work of Nelson and his colleagues (Nelson et al., 1967) suggests that
trophic-level increases do '"not appear to be a general rule" in

aquatic environments, the observed differences being the result of
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different foodchains in different habitats. These workers concluded
that available data did not warrant general application of trophic-
level increases to Cesium in foodchains. A proposed food web
1inking the radioactive pond insect specimens listed in Table
XVIII, is depicted in Figure 16. The insect families were assigned
to trophic-levels according to feeding habits reported by

Hungerford (1919), Galtsoff et al. (1937), Comstock (1940), and
Brooks and Kelton (1967), and personal observations. Trophic-level
is shown on the left side of the figure. The grand mean specific
activity, in cpm/g, was calculated for each trophic-level by summing
the specific activities of each insect family in that level. The
grand means appear on the right side of Figure 16, and were calculated
using the 1967 measurements from Table XVIIT.

The grand mean of specific activity shows tha§ each insect
family at a given trophic-level can be grouped or classified within
the same order of magnitude while ‘the use of activity/insect does
not permit such simple grouping., In general then, Figure 16 shows
that insect families with specific activities in the same order of
magnitude, were primarily feeding from the same trophic level of the
food web in the radibactive'pond. It is not inferred thar thé use
of specific activity only enables one to assign an insect, or other
aquatic organism, to the correct trophic level. However this tracer
technique does provide a useful field method, in conjunction with
the knowledge of natural feeding habits, for assigning organisms to

the correct level of the predator part of a foodchain. Tn particular,
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this work shows that the tracer technique is a valuable method for
confirming if two species assigned to the same trophic-level on the
basis of known feeding habits, do indeed feed off the same level.
Gyrinidae and Gerridae are surface-feeders (Galtsoff et al., 1937;
Comstock, 1940), and it would be exXpected on the basis of this
information that they feed from the same trophic level. However,
. the specific activity'of‘the Gyrinidae specimens taken from the radio-
active pond was about one order of magnitude greater than that of
the Gerridae, therefore these insects must have been taking prey
from different trophic levels, Similarly, field observation
‘(Hungerford, 1919, for example), shows L. americanus to be the top
carnivore among aquatic insect predators, but the species' specific
activity (450 cpm/g) shows that it fed primarily at a lower level
of the pond food web than the Dytiscidae (specific activity
2.7 x 103 cpm/g). It is noteworthy that the adults and juveniles,
of both speéies, had the same specific activities. Nevertheless,
although two species on the basis of specific activity appear to
belong to different trophic-levels, it should not be hastily concluded
they feed on different prey. Methods of food ingestion may account
for the observed difference, L. americanus and the Dytiscidae are a
case in point., No data on the fraction of ingested food assimilated
by Dytiscidae have been reported in the literature. The studies of
7Cs uptake by L. americanus which have been describeq (Chapter iV),

showed that the fraction of the prey assimilated by this species is
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quite small, compared to that of a terrestrial beetle, Chrysomela
knabi Brown. Bourdeau et al. (1965) have studied the movements of
137

radionuclides in irrigated ecosystems. They reported higher Cs

levels in Dytiscus marginalis Scop. than in the Hemipteran Notonecta

glauca L., presumably the result of the smaller fraction of food
assimilated by the latter species. Tadpoles were plentiful in the
-radioactive pond in 1967, and it is probable that L. americanus was
feeding primarily on this prey. It is plausible, therefore, that
the insect's low specific activity compared to that of the tadpoles
(Figure 16) is a reflection of the small fraction of captured prey
actually assimilated. It is concluded that specific activity
measurements are a useful adjunct to feeding behavior informaﬁion
obtained by observation in the field, but they do not negate the
requirement for thorough field observation.

The distribution of radiocesium along the food web
depicted in'Figure 16 can be conveniently described in terms of
concentration factors, that is, the grand mean specific activity for
any given trophic-level divided by the specific activity for the

preceeding level:

Trophic Level Speciii;gActivity Con;:ggzition~
Producer 7.9 % lO6 -
1st Consumer (Herbivore) 3.5 x 104 0.0044
2nd Consumer (Predator) 5.5 x lO2 0.016
3rd Consumer (Predator) 2.7 x 103 ‘ 4.9



128

Increasing concentration factors imply that differences in levels

of 137Cs will be reduced at each transfer until, eventually, that of
the top insect predator equals or exceeds the herbivore's-
concentration. This situation was never achieved by the insects
sampled from the radiocactive pond. The concentration factors
continued to increase through all trophic-levels. As suggested by
Crossley and Shanks (1967), the minimal concentration of radiocesium
»is not found at the terminus of the simplified radioactive pond food
~web shown in Figure 16, but at an intermediate level.

-Table XVIII also shows that with the exception of Dytiscidae
larvae, the specific activities of nome of the radioactive pond
insects decreased appreciably in 1968. Neither did the levels of
radiocesium in the tadpoles living in the radioactive pond, particularly
Rana sp. (Table XXIX). The constancy of the specific activity over
the winter months reflects low metabolic activity and céncommitant
reduced rate of radiocesium elimination. Tt also indicates that a
reservoir of exchangeable 137Cs must be available in the radioactive
pond. If not, the specific activity of the insects should have
dropped significantly by early summer of 1968. The reason why the
specific activity of Dytiscidae larvae was significanﬁly less in
1968 (p = 0.05) compared with the previous year, is not apparent,

The mean specific activity of Bufo ? americanus tadpoles
(Table XXIX) was 6.2 x 104 dpm/g, a value which compares favorably

with that of other primary consumers shown in Figure 16. The
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specific activity of the large Rana sp. tadpoles in 1967 was
3.8 % 103 cpm/g, which suggests this species' primary food source
was not the same as the toad tadpoles; perhaps it was the pond-

bottom ooze.

Transfer of 137Cs from the Rédioactive Pond to Landi

Peredel'skii and Bogatyrev (1959a, b) have postulated that
? significant amount of radiocesium and other nuclides could enter
Lerrestrial foodchains when adult aquatic insects emerge from ponds
contaminated with radioactivity. Chironomidae were the most numerous
insect species in the radioactive poﬁd. Attempts to measure the
potential contribution of these insects to terrestrial foodchains
were unsuccessful. The adults all emerged within a few days, and
because of their small mass, the activity of the individual insects
was too small to give reliable counting statistics., Consequently,
it appeared that a larger and heavier insect would be necessary to
demonstrate removal of radioactivity from the pond via emerged
adults. Tabanidae are numerous within the W.N.R.E. Controlled
Area, particularly in the vicinity of the experimental ponds. The
juvenile stages of this family are aquatic (Comstock, 1940), and the
average dry weight of the adults was about 60 mg. A trap
(Thorsteinson et al., 1965) supplied by Dr. A.J. Thorsteinson,

Department of Entomology, University of Manitoba, was set up near

the perimeter of the radioactive pond to catch newly emerged Tabanidae.

Replicate samples of 10 horseflies were randomly selected from each
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day's catch, throughout June and July, and the first week of

August 1968, The samples were dried overnight in a calcium chloride
dessicator, weighed, and their radioactivity assayed by total-beta
counting (see Methods). Horseflies were.also randomly collected in
the town of Pinawa, about 10 miles east of the radicactive pond,

and served as controls. The predominant species in the horsefly

samples were Hybomitra epistates (Osten Sacken) and H. affinis
(Kirby). The horsefly samples were not sorted by species before
analysis,

The total-beta activities of the samples are summarized
in Table XX. Those samples whose mean is significantly different
from the controls, p = 0,05 and p - 0.01, are marked 'X' in this
- table. By Student's 't'-test, 14 of.the 26 replicate samples
obtained at the radioactive pond were significantly different from
Tabanidae collected at Pinawa, p = 0.05. Eleven of these differed
significantly from the controls at p = 0.0l. 1It is also apparent
from Table XX that almost all the samples whose mean values differed
from that of the controls were caught in July, Clearly a significant
fraction of Tabanidae caught in the trap emerged from ‘the radloactlve
pond, and did so durln0 the month of July. The samples were not
analyzed by species, to determine if different amounts of 137Cs
accumulated were different. Live-traps to capture small mammals were
also set around the perimeter of the radioactive pond throughout the

spring and summer of 1968, A1l the animals captured contained only
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TABLE XX

Total-beta activity measured in Tabanidae trapped beside the radio-
active pond and at Pinawa, Manitoba. Weights and activities reported

as means + standard error. X indicates significant difference from

controls
Month . ' Mean weight Activity  Different from
sampled Location mg CPM controls
p:0.0S p=0.0].

June and Controls, taken

July 1968  at Pinawa, Man. 33.4 2.1 1.12+0.17 - -
1968

17 June Radioactive pond 80.8 + 6.8 8.4 + 1.6 X X
18 June - 24,5 + 1.5 0.83 + 0.16 - -
20 June " 38.5 + 3.8 1.0 + 0.14 - -
24 June " 36.2 + 4.2 5.8 + 4.0 - -
25 June " 94.0 + 8.4 0.97 + 0.11 - -
26 June " 65.2+9.2 1.0 ¥o0.10 - -
27 June " 79.4 +12.5 1.1 ¥ 0.07 - -
28 June " 48.2 + 5.9 1.7 +0.17 X X
2 July " 81.8 + 10.2 11.0 + 2.22 - -
3 July n 72.1 4+ 7.2 2.1 F0.33 X X
4 July " 91.7 + 9.2 1.9 +0.38 X X
5 July " 39.2 + 5.1 1.3 + 0.26 - -
8 July " 46.6 + 4.8 1.6 + 0.36 X -
10 July " 65.3 +11.7 2.5 ¥ o0.81 x -
11 July " 70.8 +10.8 2.8 + 0.82 ¥ -
12 July " 39.8 + 4.4 4.5 10,93 X X
15 July " 63.3 +11.8 1.9 % 0.44 X X
16 July " 90.7 + 9.3 1.6 +0.22 ¥ X
18 July " 60.8 + 5.5 3.9 + 0.93 X X
19 July " 35.9 + 3.1 1.1 + 0.13 - -
22 July " 65.9 + 9.9 1.2+ 0.25 - -
23 July " 56.3 + 3.1 7.5 + 1.6 X X
24 July " 74.0 + 5.5 3.8 + 0.41 X X
25 July " 48.7 + 4.0 1.8 + 0.41 X X
1 August n 47.2 + 3.2 0.85 + 0.16 - -
7 August " 38.7+3.5 1.07 + 0.16 - -
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background amounts of radiocesium.

The grand mean total-beta activity of Tabanidae samples
trapped at the radioactive pond was 4 cpm/insect (Table XX), about
a factor of four higher than the activity of horseflies collected
at Pinawa. Overnight counting on a gamma spectrometer showed radio-

cesium accounted for more than 85% of the radioactivity measured in

pond horseflies. Thus only a small amount of radiocesium was removed

from the radioactive pond by each adult Tabanid. The average weight
~of all the horseflies caught at this pond in 1968 was about 60 mg.
If one assumes that 4 cpm/insect is representative of the mean
activity of adult Tabanids which emerged from the radioactive pond,
then the average specific activity of newly emerged adults was
67 cpm/g. The counting efficiency of the counter was 30%, there-
fpre the quantity of radioactivity remoyed would be about
100 pCi/g of insect. 1In July at the height of the locél horsefly
season, about 2000 Tabanidae were taken from the trap each day, or
120 g of horseflies. Even if all these insects had emerged from
the radioactive pond, they would account for only 0,012 microcuries
137Cs/day, an insignificant fraction (less than 2.5 x 1O~8) of the
radiocesium initially added to the radioactive pond. Adult horse-
flies which lived during their larval stage in an aquatic habitat
contaminated with radiocesium could, therefore, be expected to

transfer negligible amounts of that nuclide to adjacent land food-

chains. If this finding generally applies to other aquatic insect
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species, the use of open pits, which have been fenced to keep out
large animals, mayvbe a feasible method for disposing low-level
radioactive liquid wastes in regions where soil porosity prohibits
disposal into the ground. Although radiocesium is a most

convenient nuclide to measuréS the resulté of the Tabanid measure-
ments which have been reported show that it is not suited, at least
fn permissible amounts, to use as an ecological tracer for

following the dispersion of adult aquatic insects which have emerged
from a labeled aquatic habitat. It is concludedkfrom the field study
described that most of the radiocesium which was added to the radio-
active pond was sorbed by the pond mud, and less than 5% was retained
and transferred through the pond biota. This conclusion agrees with
the findings of other workers (Pendleton and Hanson, 1958; Crossley
and Shanks, 1967). Had samples of emerging Chironomids for radio-
chemical analysis been obtained, it might have been possible to

show that these insects, because of the specific activity of their
larvae, accounted for a significant fraction of the 137Cs not bound

up in the radiocactive pond mud and algae.




CHAPTER IX
DISTRIBUTION OF RADIATION DOSE IN THE RADIOACTIVE POND
INTRODUCTION

The biological significance of radiocesium aécumulation
by the biotic and abiotic components of the radioactive pond is the
‘radiation dose delivered to the flora and fauna inhabitiﬁg the
pond ecosystem. The measurements described in the previous chapter
‘establisﬁed that most of the 13705 added to the pond was sorbed by
the pond mud, a significant fragtion was accumulated by the‘algae,
and a much smaller fraction was taken up by the insect component of
the pond community. Because of these findings, it is to be
exXpected that organisms living at the water-mud interface of the
radioactive pond would receiﬁe the greatest radiation dose. There-
fore a method for determining the integrated radiation dose received
by these organisms was required.

The calculation of total dose from the nuclide concentration
in ﬁhe water and mud has been a common practice, Nelson and Blaylock
(1963), and Pickering et al. (1966). This method requires

-considerable sampling, and many analyses and calculations, to obtain
a realistic estimate of dose distribution. At any early stage of the
field work it was appreciated that a technique permitting measurement
of radiation does in situ would be advantageous, Blaylock (1966),

studying the induction of chromosome aberrations in Chironomidae,
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used Toshiba low atomic number metaphosphate glass-rod dosimeters

to estimate the dose to larvae living in radioactive mud. Gyllander
(1966), has used a CaSO4:Mn type of thermoluminescent dosimeter to
follow the diffusion in water of low levél radioactive wastes.

A principle of dosimetry is that the device used to
measure the dose to an object should be as much like the object in
shape, deﬂsity and atomic number as possible (Fowler and Attix,
'1966) . Lithium fluoride (LiF) has an atomic number nearly equivalent
to that of tissue, thus a LiF dosimeter of compérable volume should
8ive a satisfactory estimate of the dose to an organism such as a
Chironomid larva. The principles and techniques of LiF dosimetry
have been described by Cameron et ai. (1964), Fowler and Attix (1966),
‘and by Worton and Holloway (1966). Ashby et al. (1967) have used
the technique to measure radiation dose in a terrestrial habitat,

In the work to be described, the application of LiF dosimetry to
measurement of radiation dose delivered to benthic organisms living

in the radiocactive pond was investigated.

METHODS
In 1967 at the béginning of the experiments, the rédio—
active pond was about 19 m in diameter and increased uniformly in
depth to 2 m at the centre. Because of evaporation, the diameter of
the pond decreased to 17 m by the end of the summer. In contrast,
because of heavy rainfall (Appendix 'C'), the pond diameter increased

throughout the summer of 1968,
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Dosimeters

Preliminary dosimeter tests were conducted in a 110
litre glass aquarium, which contained a sloping layer of mud taken
from the radioactive pond before adding 137Cs to the pond in May
1967. TFollowing the addition of 137Cs to the aquarium water, it was
found that 80% of the nuclide was éorbed by the first centimeter of
‘mud.

Two types of dosimetgr were tested in the aquarium. One
was a cylihdrical plastic tube;1 20 mm long and 4 mm OD, filled with
47 mg of LiF powder2 and sealed in place with a‘plastic plug
(Figure 17-A). The other type was a flat disc, 12 mm in diameter,
and 0.1 mm thick, LiF powder dispersed in Teflonl (Figure 17-C).

-Both types of dosimeter were stacked 3 mm apart, and the stacks
inserted vertically in the aquarium mud to such a depth that the mud-~
water interface passed through the middle of each stack,

The disc-type dosimeter was unsatisfactory. It soon became
mud-stained to an extent that severely affected accuracy of reading,
andvit adsorbed 137Cs on its surface. The cylindrical dosimeter
(Figure 17-A) lecaked. Coating it with Dow Corning RTV silicone rubber
(Figure 17-B) prevented leakage, and it was the coated dosimeter which

was used in the ponds,

1Controls for Radiation Incorporated (ConRad), Cambridge, Mass.

2Harshaw Chemical Co., Cleveland, Ohio.




Figure 17

A - cylindrical dosimeter with sealing plug.

- cylindrical dosimeter, filled with LiF powder, and coated
with silicone-rubber water proofing compound.

C - Teflon disgc dosimeter.
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Placement of Dosimeters in Ponds

The dosimeters were fastened at 1 m intervals on lengths
of nylon parachute cord with small pieces of wire (Figure 17-B).
These coxds or strings, were weighted with 10 g lead weights placed
between the dosimeters, to ensure that the strings rested on the
bottom of the pond. The preliminary experiments had shown that the
dose rate was greatest at the mud-water interface, and that it was
reduced by a factor of two at 2.5 cm above the interface. Following
‘the addition of 0.5 Ci of 137Cs to the radiocactive pond, the strings
were placed in the ponds in such a way that the dosimeters lay at
the intersection of a 1 m2 grid. One hundred and seventy dosimeters
were placed in the radioactive pond, and 80 dosimeters were put in
- the non-radioactive pond.

Two strings of dosimeters were removed from the non-radio-
active pond in June and August, 1967, respectively, to check that
water had not entered them. Nine strings of dosimeters were with-
drawn from the radioactive pond at the end of October, 1967, prior to
freeze-up. The remaining strings were taken out of both ponds in
May, 1968; they were unaffected by freezing. At the same time strings

of new dosimeters were placed in both ponds, and these were removed in

October, 1968, '

Measurements
The dosimeter powder was read on a ConRad Model 5100 TLD

reader. As previously described, samples of pond water and mud were



139

taken at regular intervals throughout the summer of 1967 and 1968

(Figure 15 and Appéndix 'Jh.

RESULTS AND DISCUSSION
137Cs emits beta particles in addition fo gamma photons.
In an infinite medium of uniform radioactivity, the beta particles
contribute about 30% of the total dose which would be delivered to
é small organism (Morgan, 1959). The dosimeters used in the ponds
recorded only the gamma component of the radiation dose; they were
insensitive to beta particles, However, the preliminary
experiments conducted in the aquarium had shown, when the pond
dosimeter was compared with the beta-sensitive disc dosimeter

(Figure 17-C), that the total dose could be inferred by measuring

the gamma component only.

Pond Dosimeter Readings

Each string of dosimeters taken from a pond provided a
cross-section of the dose distribution. FEach distribution was
plotted to scale on cardboard, cﬁt out, then assembled to form a
three dimensional model from which an isodose plot of the pond was
prepared. The isodose plot representing the radioactive pond measure-
ments in 1967 appears in Figure 18. Aspects of this study have been
reported in the literature (Guthrie and Scott, 1969).

The most significant feature of the isodose contours shown

in Figure 18 is the non-uniformity of the dose distribution. Compared
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to the centre of the pond, a relatiVely large radiation dose was
delivered to benthic organisms living in the vicinity of the pond
margin, where in some locations the total dose exceeded 200 Rad. The
total dose delivered at the centre of the pond was less than 25 Rad.
One string of dosimeters at the radioactive pond was on dry ground,
about 2 m from the edge of the pond. The average total dose
registered by this string was 400 mRad and it was uniformly
distributed. A uniform distribution of dose was also recorded by the
readings obtained from the dosiﬁeters-placed in the non-radiocactive
pond, the average reading being 50 mRad. This does is attributed to
background radiation; The dose distribution recorded by the
dosimeters placed in the radioactive pond during the summer months of
1968 confirmed the dose distribution shown in Figure 18. During the
summer of 1967 the water level in the ponds decreased steadily;
little rain fell during the period. 1In contrast the summer of 1968
was a particularly wet one, and the water level in the ponds increased
throughout.the summer. The fact that the different water level
conditions in 1967 and 1968 did not change the overall pattern of dose
distribution is an indication that the radiocesium in the radioactive
pond was firmly bound to the pond mud, and little exchange with the
pond water and biota occurred.

The total-beta activity of the pond mud (Appendix 'J')
confirmed the dose distribution measured by the dosimeters. No

emergent aquatic plants were growing in the radioactive pond in 1967,
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but algae were present that year., GCamma spectrometric analysis

of algae samples ruled out the possibility that biological transfer
of 137Cs by algae contributed significantly to the non-uniform dose
distribution. A physical explanation must be sought. It is possible
that transport of radiocesium through the pond mud by capillary
action occurred at the pond margin shortly after the nuclide was
added to the radioactive pond, and was concentrated there as a result
of the water evapbrating at the margin.

The non-uniform distribution of dose in the radiocactive
pond has ecological implications. Chironomids living near the pond
margin could be receiving a radiation dose two orders of magnitudes
higher than that received by the same insects living closer to the
centre. Figure 18 shows that only a small spatial displacement could
result in a significantly different total dose. The importance of
this finding to the pond Chironomid population is being.followed.

It is‘concluded that LiF dosimetry has been shown to be
a practical field method for measuring the total radiation dose in an
aquatic habitat. It required less time and effort than did dose
distribution estimation by repetitive measuring of the radioactivity
in the pond mud and. water samples, and required only one measurement

to determine the integrated dose at a given location.



CHAPTER X

SUMMARY AND CONCLUSTONS

. . . . 137
The uptake and elimination of the radionuclide Cs
by species of aquatic insects has been studied in the laboratory,
and its fate after addition to a small permanent pond investigated.

Giant water bugs, Lethocerus americanus (Leidy) were

137

Fed tadpoles labeled with Cs (radiocesium). The uptake of this
nuclide, and its elimination when the water bugs were subsequently’
fed unlabeled tadpoles, was measured and expressed in terms of
biological half-life (Tb). A biological half-1life of 4.5 days was
obtained for 4th instar L. americanus, and a Tb = 10.8 for the
adults. The finding that adult water bugs eliminated radiocesium
aé a slower rate than the juvenile stage agrees with comparable
observations made by other workers who studied 137Cs elimination
by terrestrial insects. A significant decrease in the radiocesium
kactivity‘of L. americanus nymphs was observed prior to molting, an
indication that the insects had ceased to feed. The radionuclide
label method, therefore, offers a useful means for anticipating this
important physiological event in the field. |

A simple two compartment model was developed and used to
calculate the assimilation fraction (F), that is the fraction of
ingested food which.entered the haemocoele of adult water bugs. The

value A = 0,07 calculated from the model is small, compared with

assimilation fractions which have been determined for adult terrestrial
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beetles and isopods by other investigators. Hemipterans do not
consume all the prey. Therefore another parameter should be
incorporated into the model to compensate for the fact that L.
americanus, unlike adult beetles, do not ingest their food
completely. The effect of mélting and the method of feeding on the
amount of 137Cs accumulated, must be allowed for when using this
radio-~label to determine the food consumption of aquatic insects in
natural situations,

The uptake and elimination of 137Cs by Aedes aegypti L.,

A. atropalpus (Coquillett) has been examined. These studies showed
the biological half-life of radiocesium in these species differed
from published Tb values obtained for insects of comparable size,
This difference is attributed to habitat. Of equal importance,
g ) 137
however, was the finding that most of the Cs accumulated by A.
aegypti larvae entered via diffusion across the papillary membrane,
and not by assimilation from the gut. This diffusion process was
suppressed by potassium, and is assumed to be the result of
) . s + -+ . . .
competition between K and Cs' for membrane diffusion sites, The
. 137 ) .
suppression of Cs uptake by potassium was temperature dependent.
It is concluded that radiocesium is not a suitable radionuclide
with which to label mosquito larval food for determination of food
consumption, In an aquatic environment, the label leaches out of

the food into the rearing medium and is then accumulated via

diffusion across the papillary membrane. Consequently, the essential
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Premise of the radiocactive label technique, that the food consumed
is proportional to the amount of label accumulated, no longer holds
true. ‘

No radiocesium was accumulated by mosquito pupae as a
result of the nuclide penetrating the pupal exuvia. The biological
half-life of 137Cs in male and female A. aegypti was 40 hrs. Most
/of the radiocesium label was eliminated via the fecal pellets. The
/
eggs were only slightly radioactive.

A permanent pond, diameter 19 m, was contaminated with

137Cs. Most of the contaminant was sorbed by the pond-

0.5 Ci of
bottom mud, less than 5% being distributed through the biota.
The algae growing in the contaminated pond had the highest specific
activity (cpm 137Cs/g) of all biota samples., Horseflies (Tabanidae)
were trapped at the contaminated pond. The radiocesium activity of
these flies, compared with that of horseflies trapped at a distant
location, indicated that they had emerged from the margin of the
contaminated pond. Chironomid larvae had the highest specific
activity of all the insect species analysed. Concentration factors
were calculated from these specific activities, and it was found
that an insect's primary food source could be traced in this way.
The sorption of the radiocesium contaminant by the pond
mud was measured. A simple method utilizing lithium fluoride

dosimeters was developed to measure the integrated dose of ionizing

radiation delivered to organisms living at the water-mud interface,
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It was found that doses as large as 2 rad/day were received in
some areas of the pond bottom. It is suggested that this findiné
might account for the absence from the contaminated pond of
certain species of algae, which were abundant in a nearby
uncontaminated pond,

It is concluded that the radionuclide label or tracer

technique is a valuable adjunct to existing methods for studying

foodchain energetics in aquatic habitats,
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APPENDIX A

Depth contours in cm. of radioactive pond

as measured in June 1967
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APPENDIX B
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1 m2 sampling grid used to orientate bottom sampling in radio-

active and non-radioactive ponds
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APPENDIX ¢

Summary of Summer Weather in Vicinity of Radioactive Pond - 1967 and 1968

Five day mean air temperature and %-relative humidity
measured at 1.5 m above ground

Temperature - OF Relative humidity
Period 1967 1968 1967 1968
April 20-24 - 34.6 - 75.9
April 25-29 - 41.4 - 58,2
April 30-May & - 48.7 - 53.6
May/ 5-9 - 41.5 - 75.5
May 10~14 - 48.5 - 65.1
May 15-19 45.9 33.1 67.4 92.2
May 20-24 : 50.9 51.7 63.4 52.2
May 25-29 ’ 58.3 50.9 62.1 79.9
May 30 - June 3 63.4 ' 56.3 53.3 78.3
June 4-8 51.5 54.3 71.8 86.3
June 9-13 58.9 52.8 72.3 83.3
June 14-18 60.8 53.4 67.9 66.4
June 19-23 51.2 56.1 30.1 69.0
June 24-28 61.1 54.6 71.5 69.4
June 29 - July 3 56.2 no mean 75.7 no mean
July 4-8 , 62.9 no mean 75.8 no mean
July 9-13 60.0 no mean 73.7 no mean
July 14-18 63.2 no mean 74.2 no mean
July 19-23 70.3 no mean 81.6 no mean
July 24-28 60.6 54..9 77.6 74.9
July 29 - August 2 58.7 58.5 81.9 80.9
August 3-7 59.3 60.8 - 79.0 87.6
August 8-12 59.2 52.4 75.5 80.7
August 13-17 68.0 48.6 74.6 85.8
August 18-22 56.0 55.4 72.1 93.4
August 23-27 62.2 51.7 68.6 86.0
August 28 - September 1 56.6 58.5 69.4 90.1
September 2-6 67.2 50.2 70.1 89.1
September 7-11 56.9 54.4 72.6 81.8
September 12-16 - 60.4 65.9 84.5 82.4
September 17-21 55.5 55.9 79.7 88.8
September 22-26 48.1 49.7 '70.5 88.5
September 27 - October 1 51.5 49.6 64.7 82.1
October 2-6 ' 41.4 41,9 81.4 83.5
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APPENDIX C Cont'd.

Summary of Summer Weather in Vicinity of Radioactive Pond - 1967-1968

Monthly rainfall and hours of sunshine

Rainfall ' Hours of sunshine
Month 1967 1968 1967 1968
in. cm. in. cm,

May 0.20 0.5 3.27 8.3 - -
June 1.54 3.9 3.88 9.9 108.6 123.5
July 3.18 8.1 5.96 15.1 155.7 187.1

August 1.62 4.1 3.37 8.6 146.8 109.4
September 0.08 0.2 2.78 7.1 118.8 103.9

October 1.57 4.0 1.40 3.6 42.3 -




162

°

I71°0 9°1 I11°0 %°'1 LZ20°0 I°T 100°0 0°1 100°0 0°1 nein
T77°0 1°% LST°0 ¢€-°¢ 0%8°0 6°2 1/0°0 €°7 GZ1°0 8°'1 snsaeg
128°0 L°6 L25°0  9°9 0SZ2°0 G°¢ 990°0 Z°% 100°0 6°¢ BIqIg
%69°0 7'Z1 LE7°0  L°g 1€9°0 Z°L Z8%7°0 %°g GZ1°0 €°% anwe g
6550 1°% 862°0 #°'¢ GZ1°0 ¢°z7 €50°0 6°1 GZ1°0 €°1 a93uByo0I]
| 922°0 1°¢ 862°0 92 060°0 1°'2 GZ1'0 9°'1 GZ1°0 €°'1 BX0) ST
m €80°0 6°1 [8T°0 G°1 €L1°0 %°1 GE0°0 6°0 100°0 0°1 netid
, 202°0 1°2 690°0 8°1 290°0  L°71 €80°0 6°'1 GZ1°0 €°1 snsael,
€65°0 9°'6 S29°0 7'/ L25°0  #'¢ 69€°0 9% 060 0°¢ BIQL]
GES'0 6°¢€I Z9S°0  6°01 GoO%7'0  6°/ 0S2°0 0°'9 CZ1'0 8'% Inwe g
9zz2'0 %°'¢ [81°0 6'Z 060°0 1°2 GE0'0 6°1 00S°0 6°'T I93UBYDOIL],
69€°0 9°¢ 207°0  9°g 870°'0 1°2 611°0 9°'1 GZ1'0 ¢€°1 mxoummmammmm
1070 2°1 0L0°0 670 090°0 L°0 9%0°0 ¥°0 020°0 #%°0 3usw8ss yiy-yzBuel-iyeeg
960°0 6°0 690°0 §'0 LEO'O  §°0 GE0'0 §°0 0I0°0 8°0 3usw8es pig-yz8udf-yesyg
922°0 %°1 GL0°0 6°0 Zi0°0 S0 800°0 6°0 0100 8°0 3ueuwdss puz-yjzfus]-yesg
650°0 6°0 6€0°0 670 120°0 £°0 €70°0 80 %°0 3usW8es 3sT-yzBuel-yesg
611°0 ¥°¢ €L1°0 9°Z TI1°0 - 6°1 990°0 /°1 SZ1°0 €°1  °5Ue3SIp IBINDD0-I93U]
€86°T S°07 19€°T  1°81 TIT'T  TI°%I 602°0 8°6 GZ1°0 €'/ yapta Lpog
LS CT LS 000°0T "¢£°g¢ 875°¢  6'L7 990°1 8°61 005°0 G°%1 yasus] ALpog
S 4 S S S 4 S 4
[4 £ [4 X Z X Z X Z % wn - y3guel jxeg

8=N‘31npVy g=N‘aeasuT uig 6=N‘ie3sul yy g=N‘aeisul pag 9=N‘ae3isul pug

BQO3TUBK ‘eMBRUTJ
UOT3IBTIRA = _S
92Ts o dwes

Ue3aW 2Tl TIig
q XIQNEddy EOW oT3suaT £

(4pTo7T) SONVOIMHERY SOIYHDOHIAT FO SUOTSULWIQ ABISUT

—

]
=4

u
>




163

G000 81 8700 %°1 I€T°0 21 T€0°0 T°1 §Z1°0 8°0 Me1d
9%°0 %-g 9€L°0 6°¢ 20%°0 9'y 961°0 7°¢ ¢Z1°0 €°¢ snsie]
88%7°0 g-71 8YG°0 1°6 9¢Z°0 L9 2s€°0 8'h 1000 ¢ BIQTT
¢0L°0 #%°¢1 €LT°0 %01 2950 8L 8€T1°0 LS §C1°0 €7 ANWS g
9LY"0 6°% I11°0 6°¢ 0420 0°¢ 8CT1°0 €2 §21°0 81 d93uBys01]
60€°0 1% §21°'0 ¢G°¢ §21°0 'z GC1°0 1°2C 10070 02 BX0D
Nw X z° X Nm X wm X z° X i - y38uel jaeg

8=N‘310pV _6=N°ie3sul ygc

9=N‘ae3sul puy

6N °aeasul yay g=N‘ae3isul pag

"P,3U0D

d XIaN¥gav



164

100°0 0°T Z90°0 6°0 SZI'0 870 100°0 0°1 nern
00Z2°0 ¢z Z90°0 6°1 0050 ¢'1 Z2LO0 1 snsae],
€G0°0 6% SZ1°'0  G°¢ 00S°0 o0°¢ ZL1°0 ¢z BIQTL
§Z1°0 9°¢ SLO0  €°% 100°0 0% LLT°0 0°¢ . anue g
€G0°0 6°1 100°0 G°1 100°0 6°'1 890°0 €1 A33uByd01]
990°0 @'T 060°0 %°1 100°0  6°1 890°0 A} BX0D
SSOTPIN
990°0 8'0 SL0°0  L'D 100°0 60 220°0 0°1 MeT)
GZ1°0 €°71 00Z°'0 2z°1 100°0 01 890°0 AN snsaeg,
1L0°0 €°¢ ©0S0°0 Wz GZ1°'0 €'z 812°0 A BIQI]
961°0 6°% 0650°0 6°¢ §Z1°0 ¢°¢ Z221°0 S¢ anwe g
LI%°0 9°1 0S0°0 11 T00°0 0°1 7G0°0 771 I9]uByo0i]
LT7°0 9°1 00Z°0 €°1 G210  8°1 220°0 1 BXOD
SSolea04
8ET'0 870 010°0 90 S70°0  9°0 2€0°0 ) JuRuBes yiy ‘yz8usi-yeeg
061°0 61 200°0 0°1 020°0 0°1 600°0 9°0 JuRuBas piag ‘yaguei-yeag
990°0 8°71 200°0 0°1 100°0  0°1 ZS0°0 9°0 JuduBes pugz ‘yzgusi-yeeg
9610 T1°1 €E70°0  g'0 S%0°0 L 0 1€0°0 L°0 JudW3es 3sT ‘yzBusi-yeeg
990°0 ¢€°7 T00°0  §°1 G210  8°1 0%0°0 701 9OUBISTP IBINOD0-I23UT
712°0 8°0T 0S2'0 6°g ¢z1'0 g/ 22€°0 e Yyapia £pog
6€€"T 1722 GL9°0 %91 100°0  0°%1 704°0 1°01 yigus] Lpog
z° X 7S X z5 X 75 X
8=N ‘31npy ¢=N ‘ie3sul yag 9=N ‘aejsul yay 1N ‘zejsur pag T - uaeueT axeg
BQO3TUBH ‘emruld UOTIBTIBA = 8
(£e8) WNANTWATA VWOLSOTEg FO suoTsuswi(q Jejsul- 9z1s oTdwes = g
uesw OoT3Lunltae = ¥

4 XIaNEdadqv




165

I%1°0 11 $806°0 L°0 100°0 0°1 0G60°0 0°1 MeTD
76170 £°¢ 91%7°0 €°C §21°0 8'C 2L0°0 'z snsae],
76170 89 ¢Ze0 LY GZ1°0 8 7 78TO 6°2 . BTIQTL
99070 L9 G/0°0 £°qg GZ1°0 £ g 701°0 AR Anwe 4
7170 €2z SL0°0 81 10070 0°¢ 070°0 71 d93ueysoay
20170 1°¢ SL0°0 L°1 §Z1°0 8°1 TI00°0 ¢°1 BXOD”
S8oiputh
,$ X S X zS X 75 £ - y38ue] jieg

8=N ‘31npy

¢=N ‘ae3sul yasc

9=N ‘ae3sul yay

T1=N ‘xe3asul pag

—

"P,IWOD B XIANA ALY



166

47 X a X X X STUX9UT Snuwoxg
8 X T# +ds snuwoxg
29 X X X X xo1dwts -y
8¢ X X X X X X X STADBRT 'V
L1 X X sTsusuueryol 'y
8 X SNIBIOTIIO I93SY
¥4 X X X umouyun -ds 1938V
L1 X X STSUSPBURD SUOWIUY
8 X BOTATQIS VY
001 X X X X X X X X X X X X BSOTNUBT BRTTTIYOY
STIAH

€8 X X X X X X T X X X I0T00SIp °§
S/ X a a« X ¥ X X X X BURTGQSq XITES
5¢ X X X SNS03TIS IeA SNowpT snqny
Y X X X X X *ds esoy
3 X BINUIOD SNTLI0N
8 X BSo3ni snuio)
8 X *ds aoTyouBToUNY
SANY¥HS

L9 X X X X X X X X SeproTnwsxy g
0¢ X X X X X X vlsjTwesieq snindogd
SHIYL

- 0 0 O 0 0 0z O 0 0 0 0 o 19800 Adoueo 9,
- 0% 09 09 0L 09 08 0S5 05 0L 0f 0 OY po19400 punoas g

ooueseIg Z1 11 0T 6 8 L 9 G 77 € Z 1

%

NOIIVIS ONITAWVS

(poyzeuw Suridues Jo SITelsp 103F 3x93 ©9G)

jueutuwop (q pue ‘jusssxd s$93BOIPUT X

*(8961 ‘®18ng) puod PATIOBROTPRI BY3]

Sutpunozans drays opim w ] ® UTUITA polBOOT SUOTIBIS g1 3e pojdues uoljejofop

I XIQNAddV



167

z6 X X X X X X X X X X X BUBOTIDUWR BIOTA
z6 a X X X X X a x X X X suadn -J,
SL X X X X X X X X X osusjead umI{oITa]
L9 X X X a X X a X 9TBUTOTIIIO UMOEXeIR],
4 X X X UM32ITI0 BWOUOITID]S
A X X X X X sta3sned sfyoeag
001 a a a « a X a a q a a da STIsUoaI®e Snyosuog
4 v X X X BIloyTuiwead oZepiiog
8 X STsuepeUues 03epTITOog
€8 X a «a X X X a X a d snajue818 oBepiiog
Sl X X X X X X X X X osuejead unelyg
8 X BIBINOTIIS[EE BIIB]I2INDOG
v X X X X X X a X X snqie SnIoTIToR
1539 a a X X X X « BATIRS I
8 X eutIndn] o8eoIpol
£e X X X X SNON®TOIYD0 SNALyle]
5L X X X X X X X X X unjeqn{ wneopioy
8 X uMoUNUN SSBIY.
LT X X g4t +ds sswvan
8 X Zi# 'ds sswan
8¢ X X X X X X X T# -ds ssein
0§ X X X X X X unotddaie wnoo
L9 X X X X X X a X ®leuoTajueidas umtes
00T X X ¥ ¥ X a« ¥x X X X X x BUBTUTSATA BIIe8Rl]
Q X unoTydiope1Iyd uoxegTay.
G/ X X X X X X X X X unoI3vATAs umisstnby
A X X X X X SMOTUTSATA § Snuwk1x
Gl X X a X X X X X X BSUDAIR WNTISITH
8 X : ©12IN0OBUW BINOTLH
(39 X X X X unouyun +ds xoie)
LT X X Z# +ds xoaen
20Uss0I] ¢t 1 01 6 8 L 9 S % € ¢ 1

%

NOILVLS ONITAWYS

*p,3u0)

4 XIANZddv



168

X X L "
X - ot i
¥ x Gt u
X X 74t i
X - et u
X X i T
e *ds ®Ioygdope

X¥ X T# gaope1d eeooraoydopeT) soTeI0ydopETs
_ ¥ *ds sojueTIealDL
% - +ds mSEmm@oﬁoom_ R
- X TGS uMI3seUTIOY 92O 0BWSOPOUDDS
- X STSdOTID]S0OTH
¥ X 7¢ 74 -dds SNWSOPOISTHUY

uunxg (- 8oey)
X X TTUNRIq | SNWS9POIISTNAY 28908354000
¥ e *ds STNIOD0D0I0TYD
X X 7°cz 14 -dds WmToexeys 9B20BTORIBYD

e $9182202010TYD mmmo%ﬁamHOHso
A eidydoxoryn
d-N  d
UOT3BO0 snuos A1Twe +opI0 SSEIO torstAYd

SUOTJBOTITIUSPT Jo Aieumng

juesaxd s93edIpPUT Y ‘UOTIBOTITIUOPT ©AIBIUS] §23BOTPUT ¢ (8961 ‘®13nq)

"8961 Ul spuod (Y-N) °ATIOROIDPRI-UOU pue (J) °ATIOBOTpPRI UT °B31Y

O XIANEd4v



169

N- ; : WIOo  STOJULWETT A
umouNuf
_ % Z4¢ -ds umouyu)
_ X I# -ds umouyupn
% v ‘14 -dds umIaswson
¥ X *ds WnTI9350T5H
SBIOBTIPIUSS(Q soTBIRWRUZLY
X X A10g umiow BUTiopueq 9BIBDOATOA
(rpoatd)
X - STIISNOBT SNDOD0D0]BWORY 9B90B00000]BUDEY
X x ds seucuwopAwETyy ¢ , ,
. oE9dTpRUOUWOpAWRTY) S®TBO0ATOA
, 4 o d J
X X ¢ tdds XTagloln 9B9OBYDTIIOLN
se@TeyOoTI30T
- ¥ *ds 1354009015
PESoRIIPUTE] soTeaodseasa]
. ) T T e
X X ds wnTuo3opso ®e9d8TUOZOPRQ soTeIUOS0DP®
H LUo O.mv O mmmohﬂﬁ.HOH.ﬂo MU%.L&O.HOHA\HU
q-N ¥
UoT3E00T snueg A1Tue g 19pI0 SSED UOTSTALQ

- °P,3U0D 9 XIANZAAY



170

-x ; 2 pe10T0D Py
-IBTUOTOD umouyp
| gutzieny | |
x _ STajsedna ; esdeocoooln 9BDOBD002001YD $9T®020200aY)
Mmounig
X - suelsnioul ; uoydiseruweyy
% X -ds GOSQHW@NENSO mmmomﬂo&&.wm@ﬁEﬁﬂDmemﬁOSQmemﬁmﬁo
1 o' 24udoxA e34ydousdn
(sesoraoydopeT)n uo o134ydide)
5 _ .mm UOTUWEYJ09BYJ | mmmomﬂaamﬁommﬂmmo BUOTINOSAT
,H yoIajo 4d awa0hydosLayn
¥ x | *ds ®InoTABN
-y *ds Ba9soapiy ;
% - *ds sissuoclz) 9B90BINOIABN
< - "ds eTIBTIS®Ri4 9B9OBTIBRTSRL]
) . ; . sumouu seJBUUSJ
oe9odydotaeToRyg e14dydosLayn
Id-N " .
u0T3E007] snuep ATTwe g 1°pI0 SSBTD UOTSTATQ

"P,IUOD D XIANHAY



171

- X ‘08944 BIN3O® SITIourloode

(puod sat30BOIpPRI-UOU
031 poaedwoo MRF Aaea )

X X *ds BUSTSNE ¢ oroorUSTINT soTeURTSNg .
Q
eesodydousysng e3dydous18ng
X - Z31y Zolew BUINILAG
(puod saT3OBOTIPRI-UOU
01 poxedwoo Moy Lioa %v
X % ﬁoﬂuhsmﬂaw|.gw BTIIOIBITIOSQ
~ e *ds vAqBukT
- X ‘ds eaxrdsoagiay -
SBO0BTIOIBRTITOS(
e - A Z# "ds oo3soy g
X X 1# -ds do3soy
)¢ - *ds BIno>IaBN A
¥ X ¢‘z# -ds euseqely
% _ I# -ds ®useqeuy SBOOBD0ISON $91BTI038T 11050
tv\P .
orooAydoxAR e3&ydouess
d-N ¥
UoT3ED07T SNua9 LA11we g I3PID sse1n UoISTAIQ

'P,3U0D - H XIANEAY




Ehcihnc

Q ui TnJrijusid
— Ax9n ‘puod
X - b A ’ A 9AT10BOTPRI-UOU
ur AJuo punog
epeadipie]

X X i A é POIJFIuspTUn

. ‘e3ae7] :
X X m A I91381M

~WIOTTISA amouuf]

x < ‘ds uniosweieg ; oBpIDdWRIRY
. (8961 “@18nq)

] -ds BTTIBWAISES
% v ds BTIRWAIOET oeprLaydoyoy

EPIYOTAIOTOH

(8961 “°18nq)

X - snydiowk1od I03U935 oepricjua
prio3uess BPIYOTIZoITdS B1BITIOD
T BZO303g
¥ x - 9EPIDOTIYIOIOBY | BIDOOPRT) eo0RISNIY
epodoayiay
d-N ¥ |
U6T2E8007 snusy . ATTwe g 19paQ SseT1) unyiug

juesaiad so3eOTIPUT X ‘UOTIBDTITIUSPT SATIRIUS] S93BOTPUT ; ‘SUOTIBOTIFTIUSPI

Jo Lxeumng cgogT UT spuod (¥-N) saIjoroIpeI-UOU pue (¥) SATIOBOIpPEBI UT sTewiue oId0OSOIDTK

H XIaNEdav



173

sndojootaoy
sndduejoajoesyg
unyrpadiyodg
sadtpusio3dity 9BPTWOUOITYD
sepTuc3odoieis) vae3d1q
*ds snurafy
QBPIULILD
ysiel sSilejuoxj Y snyueyy
"097 snlnoiedeiag I SNTQATI
"1999 snotanep -Q
Leg sTijusaiose; -
29Ny TISIPIOS *q SNOSTI4(
(sTxxeq) Si(13dinos 5 s919quiTo)
9qny) snjeo[nsiwes -y SNTTIO
(2qny) snjesinsy v FTTOY oepTosTIAq ezo3doston
soT09dg snuo A1Twe g aopag

UOTIBOTITIUSPT 9ATIRIUL] B S93BOTPUT { -eaeadiwey uo sem 3x0IF0

8ur3097700 IolfeR "8961 PuB £96T uTl spuod Jejuswriodxo °U3 WOIJ pPo3d2[[00 S3O9SUT o13enby

I XIaNgdqav




174

(Aeg) snutaqnios § 'O snyduwo8o1dg (98961 ‘pueTexl)
oepTyduoy
L BIRTIeqTT oBPTINII9qTT B3BUODQ
Kossny
pue ousng sIIB9JI0q ¢ ‘N
Leg ejelnpun ‘N
B309UO30Y °BDPT300U0ION
STOANEOY
op 3J0sITed ®osny ¥
eijRURY seprday
Leg sT8TWoI § *H S931BqOII9N ¢
STIIRH
pue °¥eiQ SIJX0SSIp 'H T STII9D 9BpIIIOY
BXTIOOOUDTIL ¢
£ssn{ BUBOI4oWE § '3 BI3RWAD 9BPIXTIION
(Apto1) snueotiewe 7T Elakchlelémichy | 9BPIIBWOISOTOY exo3diwey
SUBTTOWLS § * O sTua®H :
S (48961 ‘pueTeal)
’ SEPIIeRg eao3doasueydy
so1oadg snus) A1Twed F°P20

‘Py3uod I XIANAAAY



40 .
Total-beta activity, as K equivalent,

sediment samples taken in 1967 and 1968,

APPENDIX J

of radioactive pond

Activity expressed

in CPM/g + standard error

Month sampled Location Activity

May 1967 c-13 1.15 x 107 + 322
F-17 9.70 x 103 + 335
H- 7 1.19 x 10 & 20
J-16 6.04 x 10% I 1583
M- 6 8.31 x 103 T 498
N- 9 2.41 x 102 + 5
P- 7 5.89 x 102 & 28
Q-17 6.53 x 10% ¥ 2230
R-10 8.17 x 10> ¥ 30
$-15 2.06 x 10% I 731

“June 1967 D- 8 1.55 x 102 + 10,178
P-10 2.09 x 105+ 93
P-15 6.86 x 103 & 692
Q- 8 2.92 x 102 ¥ 337
R- 9 1.52 x 103 ¥ 173
- 5 3.01 x 10 & 4356
§-12 1.46 x 107 T 6664
V- 8 1.84 x 10% ¥ 1301
V-10 1.85 x 104 & 906

July 1967 F- 6 6.52 x 10% + 1718
F-14 2.22 x 10* ¥ 1419
G- 6 7.86 x 103 + 427
K- 5 2.28 x 103 I 116
K-13 7.22 x 103 ¥ 265
L- 5 1.90 x 103 & 75
¥-15 1.07 x 107 ¥ 4089
M-16 4.60 x 10% ¥ 2685
P~ 9 8.75'x 102 & 76
U- 3 3.00 x 10% T 1932
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APPENDIX J Cont'd.

Month sampled Location Activity
September 1967 F- 8 8.63 x lO3 + 338
K- 7 2.46 x 103 ¥ 40
L-15 3.74 x 104 T 1439
M- 5 5.28 x 102 ¥ 105
M- 7 1.27 x 103 & 12
N- 8 2.28 x 103 ¥+ 140
N-10 2.60 x 103 ¥ 110
P-12 2.53x 103 % 3
Q- 7 4.20 x 103 &+ 273
U- 9 3.13 x 104 & 253
October 1967 B-12 2.92 x 10> + 277
J- 6 3.05 x 105 + 146
J- 7 9.50 x 10° ¥ 43
J- 8 9.34 x 102 I 23
J-12 1.78 x 103 28
J-14 2.22 x 100 ¥ 164
N-14 1.47 x 103 ¥ 24
P- 6 8.83 x 103 ¥ 117
R-11 2.59 x 10> & 71
R-14 3.00 x 103 & 170
May 1968 D- 8 1.41 % 107 + 558
D-11 2.22 x 103 ¥ 117
G- 5 9.36 x 107 & 497
J- 8 2.97 x 100 & 288
K- 7 1.89 x 10° & 89
L- 6 2.15 x 105 + 105
N- 9 4.74 % 102 ¥ 23
P- 5 9.89 x 103 & 450
P- 7 1.48 x 100 ¥ 101
R-13 2.03 x 103 ¥ 45
June 1968 E-11 5.12 x 100 + 115
G-12 8.72 x 105 ¥ 403
H-12 2.24 x 103 ¥ 144
L-16 3.00 x 10* ¥ 827
N- &4 2.88 x 103 + 36
P-13 9.39 x 103 &+ 208
R-16 6.90 x 102 & 45
S- 7 8.42 x 10° & 184
T- 7 5.87 x 105 ¥ 382
T- 9 1.28 x 104 ¥ 479

176



APPENDIX J Cont'd.

Month sampled Location Activity
July 1968 7-10 9.30 x 10° + 721
F-16 1.26 x 103 & 5
H-11 1.67 x 102 + 161
M- 3 2.79 x 10> & 189
P- 8 4.31 x 103 & 95
P-10 3.96 x 103 ¥ 23
Q-10 2.14 x 10 ¥ 55
/ Q-16 1.89 x 102 & 136
R- 7 1.57 x 103 & 77
s- 9 1.67 x 103 & 126
October 1968 D- 9 1.12 x 10° + 5963
E-10 2.33 x 10% ¥ 1437
G- 4 2.13 x 10" ¥ 1373
G- 9 1.67 x 103 &+ 141
M-16 4.87 x 10% I 4278
Q-13 7.03 x 103 + 273
R- 9 1.59 x 10° ¥ 151
U- 6 4.06 x 10% ¥ 1795
U-11 9.61 x 103 ¥ 770
U-16 4.29 x 10° & 33
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