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ABSTP"ACT

by

Johir Ersl<i_re Guthri_e

I]PTAI(E A].{D ELN{INATIOI'Ì OP 137C" IN AQUATÏC INSECTS

Some applications of 137a" u" a radioactive label for
entomologÍcal investigations in the laboratory and in natural situations
are described.

Accunulation and eliminatíon of 137a, by an aquatic HemÍpteran

Lethocerus americanus-, the giant water bug, has been studiecl. Instar IV

and aclult \^rater bugs elirninated t37a" at dif f erent rates. The rate of
labeled-prey consumPtion requireci to maintain Ëhe insectrs steady-state

level of 137c" 
r¿as calculated. ït is shor,¡ir that knor^zledge of an

organismrs method of feedíng is essentíal to successful use of the radio-
acti\¡e 1abe1 tech:rique of estimating food consumption.

A study of r37c" uptake by two species of mosquito larvae

(Aecles aegypti. and A. atropalpus) shorved accumulat.ion of the radionuclicle

rüas suppressed by the concentration of potassium in the larval rearing
medium. rt is postulated that most of th" 137c" entered rhe larvae by

diffusion across the papíllary membrane, and not vía the gut. consequently,
r37

Cs is not considered to be a suÍtable radionuclide for use as a label
Èo measure food consinnptioir by rnosquito larvae. It readily leaches out of
the foocl into the rearing medíu¡n

A 19 m díameter perma-nent poi'id r.ras contaniínatecl rrith 0.5 Ci of
r37 -Cs, most of r,¡hich rvas sorbecl onto tlie pond rnucl . The integrated dose of



ionizing radiation delivered to the poncl's benthic organisms was

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

the distribution of the radiation dose in the poird employing lithium

fluoride dosimeters, Iras developecl. Alga1 grorvths concentrated most of

th" 137c. taken up by the pond biota. chi-ronomid larvae had the highest

specific activity of all the pond Ínsects rvhich rüere measured.
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CITAPTER ]

TNTRODUCTION

Radionuclides are radíoactive species of stable elernents.

A characteristic property of any radionuclide or radioactive isotope,

is that it decays. Radioactive decay is the process r.'hereby radio-

nuclides unclergo spontaneous clisintegration cluring whích energy is

liberated, generally resultíng in the formation of nerv nuclides. This

process is accompanied by the emission of one or more types of

Íonizing radiation such as alpha or beta particles, and gamma photons.

Ionizing radiation (radiation) is any ele.ctromagnetic or particulate

radiation capable of producing ions, directly or indirectly, in its

passage through matter. The radiation emitted by radionuclicles can be

detected and measured with a variety of instruments, ancl 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. Shorrly 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 t\^Io- 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

raclioactive isotopes and'radiation in general biology and entomological

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



Ëext-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 v¡orlters studying biological effects on ce11s,

tissues and organisms (nacq and Alexander, 196r). The cost of running

x-ray equipment continuously, holever, preclucles its use as a

continuous-radíation source. The stucly of the ecological effects of

chronic exposure to radíation was delayed until radionuclides r¿ere

obtainable in sufficíent quantities to make multi-curie sources. The use

of such sources for the irradiation of terrestrial habítats, and the

'observed effects of these exposures have been the subject of numerous

studíes in the past ten to fifteen years. Many of these have been part

of major gamma irradiation projects such as the Brookhaven lrradiated

ForesË (I^Ioodruell, L963; Borver, 1965), the Nevada Test site rrracliator

(French, 1964), and the puerto Ríco Rain Forest rrracliation project

(Odum, 1964). Interest in the ecological eff,ects of nuclear warfare

stimulated Ëhe development of most of these large dose-rate

investigations (trrIoodrvel1 and Sparrorv, 1965). studies devoted to the

ecological effects of radiation in aquatic habitats are not as numerous

as those of terrestrial environments, particularly at 1oy dose-rates.

The uprake and elíminarion of 137c" by the gianr rvater bug

(Lethocerus- americanus) 'and tr.ro species of mosquito, Èhe dístribution of
L37 ^-'cs in a pond which rras contaminated with this nuclide and the

integrated radiation dose which the pond?s benthic organisms received,

are the subject of this dissertation,
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t37 ---'Cs as an Ecolosical Tracer

. t- """ of ..*"-licles to study biogeocheinical cycling

and trophic level kínetics, originatecl with concern about the fate of

radioactive wastes enLering food-chains in rvhich man r,Jas a consumer

(Odum, 1959). Nuclear r.Teapon debris continues to be the major source of

man-mac'le raclioacLive environmental contamination, rvhile the contribution

from díscharge of rad:i-oactive r,rastes is sma11 (United Nations, Lg62),

The biogeocherníca1 cycling of nuclides in aquatic ancl terrestrial eco-

sysLens is Ímportant because the amounts accumulated as a result of

physical, cheilical ancl biological concentration processes (Guthrie,

L962; Davis et al., L963>, determines the magnitude of the internal

radiation dose received by organisms. Many radionuclicles are tr-ans-

located in ecosystems, thus the ecologist is providecl v¡ith a unique tool

for studying animal dispersion, foodweb relatíonships, and productivj.ty

(Schultz and Klement, L963; odum, 1959, and olson, Lg65). Radionuclides

may be used to measure feeding and food assimilation rates in two ways:

1) 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 ne\.ù steady-state level (southrvood, 1966). The latter method

was first described by Davis and Foster (195s), and was developed and

applied by crossley and Pryor (1960), crossley and Hov¡den (1961), and

Crossley ( 1966), who .rr"d 137C".

Radiocesirm (ttta") is distribured throughout the animal body

30 years

animal and the

is suitable

after ingestion. The physical half-life of 137C" is about

(Katcoff, 1960). Irs bÍo1ogica1 half-1ife depends on rhe

Ëemperature of its environment (Davis , 1963). Racliocesj.um
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for applicatíon to foocl co'sr.''rptiolr stucries (crossley, r-g63),

especially since :l-ts measurenent cloes not reguire ti-iat the experimental

anímal be lcil led. llot¿ever, ruith the exceptÍon of the ivork of penc]leton

and his co-rvorkers (penclleton, lgsl , 1960, Lg62, a-nct penclleLon ancl

Hanson, 1958) r¿ho investigated the trophÍc leve1 relationshil:s in
aquatic conmunities, no use has been made of 137a" ao investigate the

feeding habits of aquatÍc insects.

Radiocesium is of importance for another reason - its presence

in f ission proclucts. of all the fission procJucts r,rhich are potential
long-term contairinati-on hazards to the environmeDt, stroDtium-90 ancl

cesium-137 constitute the greatest threat. The yield of 137C" fro*
uranium-235 undergoíng fi-ssÍon by thermal'eutrons is about 6% of the

total fission pi:oduct inve'tory (Katcoff, 1960). consequently 137a" i"
abundant in o1d fission proclucts, and can be expectecr to comprise a

significant percentage of delayed fa1lout. (De1ayed, or global, fallout
is that which comes dorvn on an area remote from the site where a nuclear
device has been cletonated. at or near ground 1evel). of all the sources

of radioactive Ìùastes listed by Neal (1960), the solutions from primary

separation'plants processing nuclear fuel bundles conLain the largest
amounts of fission products. cesium-137 constitutes a significant
fraction of these fission products. Tt has been calculated

(McCu11ough, L957) that irradiated (spent) fuel elements from a nuclear

reactor, producing one mega\^ratt of power rvi11 contain about 105 Curies

(cí) of f issíon proclucts. Th:'-s calculat j-o-rr i" ¡u""¿ on 100 clays of
irradiation, follor'¡ed by 100 clays cooling. The highly raclioactive i^rastes

from fuel processi'g plants are 'ot clischarged to the environment.



The emphasis of the Canadian nuclear po.i/er program is on

heavy water moderated, natural uranium fue1lecl, liquicl cooled reactors

(Nuclear Nervs, 1968). should the primary coolant escape, the greatest

potential threat rvould be íts effect on the aquatic environment. It

folloius that knoivledge of the fate of radiocesiurn and other fission

products in lakes ancl rivers, is important to those in Canada concerned

with the surveillance of radioactivity in the environment (Guthrie,

Lg63, L964; Samuels , I966a and b).



CHAPTER ]I

MATERIALS AND I'1ETHODS

The Experímental Po_n_4g

rn october, 1966, two ponds rvere dug by a small bulldozer

in a str:ip of land along the edge of a srancl of young aspen (ggglgg

tremuloídes) and balsam poplar (p. balsamiferg). The experimental

plot was once cultivatecl farmland, rvhich rvas left to return to its

native vegetation when purchasecl by Atomic Energy of Canada Límited.

This plot is now one of the study-sites within the controllecl, or

restricted, area of. the I¡/hiteshall Nuclear Research Establishment

(Ì,I.N.R.E.). The average heíght of rhe tree stand is 3.5-4 m, and the

ponds are situated 35 m apart on the south side of this stancl. A vier¿

of the radioactive pond is given in Figure 1, ancl Figure 2 shov¡s the

surrounding area. Each pond was lined with 5 mil black plastic

sheeting, to reduce lvater loss. The sheeting was covered lvith 15 cms

of the excavated soi1. The cornpleLed ponds measured about 19 m in

diameter and sloped uniformly clown to the center Ëo a depth of 2 m.

After the spring thaiv ín 1967, both ponds were fu11 of water as a result

of melting snolù and spring rainfal1. The depth contours of the radio-

active pond, measurecl i'n June 1967, are shov¡n in Appendix tA'. No

plant or animal life was artifícially introcluced,into either pond. The

conrmunities developed by invasion from the surroundíng terrain, or by

chance íntroduction of renerval buds or other reprocl.uctive bodies with

Ëhe excavated earth used to cover the plastic sheeting.

rn May Lg67, 0.5 ci of 137c" chloricle solution r,¡as adcred to one







of the ponds, subsequently ca11ed the MDIOACTIVE POND. Af t-er mixing,

replicate samples of poird v/ater were taken from several locations or-t

the radioactíve poncl for racliochemical analysis of t37a", to cleterr-nine

the uniformity of the nuclídets dispersion. The other poncl rvas called

Ëhe NON-RADIOACTIVE POND. The level of radiocesium in this poncÌ rvas

about one hunclre<l times less than the amount in the raclioactÍve pond

and is attríbuted to fallolit.

Sampling

A grid system was estabii"f,"a at each poncl to orientate and

record sampling of the bottom-mud and benthic organisms. A row of

wood-stakes, spaced 1 m apart, was placecl on opposite sides of each

pond. Pre-stretched, 50 mm oD, polyethylene ropes marlcecl off at 1 m

intervals proviclecl a simple but effective 1 m2 gxícl when stretched. across

the poncl betrveerr- stakes. To facilitate gricl-square identif ication, the

stakes r.¡ere lettered tAt to tz' and the rope markes nuurberecL l to 22

(Appendix 'Bt). The rorus of stakes rvere laid. out using a transit. A

pre-determined mark on each rope r¿as usecl to gauge the amount of tensi.on

applied when. fastening it to Ëhe stake.

Ten samples tnere taken from the bottom of each pond at monthly

intervals during the period l"Iay to ocrober, 1967 and 1968. No grid-

squal:e was salTrpled more than once, and sampling locations were selected

by a computelProgram rvhich generatecl randomizecl sets of coorclinates.

A bottorn-samp1er, developed by rreland (1968a), Ì,/as usecl Lo take mud

samples measuring o.o2g ^2 ^nd 
1 cni in thickness. Free sruimming
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(nektonic) insects rvere sampled by dip-net. The mucl samples vrere

taken to the laboratory lor exaniination orf the sarnpling day. Each

sample was spreacl out on a v¡hite enainel tray ancl the insects removed

with forceps. The insects r,rere freed from adhering debris by floating

them in a saturated sodiuni chlor.íde solution. They were then rinsed

in distillecl vrater and storecl in vials of preservative (7025225

ethanol: glycerol: distillecl-water). A portion of each mud sample was

retãinecl for total-beta counting. This is a gross beta countíng

procedure, compared to counting a raclio-chemically pure nuclide,

because all beLa particles regarclless of origin are counted. The

implicít assumptions of the methocl inclucling the use of 40o 
". un

equivalent standard, have been described by Guthrie ancl Grummitt (1963)

trrlhenever total-beta countí.ng \^/as employed, 137a" was the dominant beta-

emitting nuclide present

Study Species

Lethgcergs smgllgapgg. (Leidy), Belosromariclae: Hemiprera

(Figure 3), was chosen as the species of aquatic hemipteran to be

studíed. Hemipterans r¿ere of interest for trvo reasons. First, they

commonly feed from more than one trophic 1evel. This ís especíally

true of the giant water bug L. americangs. seconclly, they do not

completely ingest their food. The piercing-suckíng mouthparts are usecl

to draw out the body contents of the prey. To date, no attempt has

been made using the radiotracer method to estinate foocl consumption of

insects v¡hich feed in this manner. The measurement of food consumption



in t-ire field, by iirsects iuhich feecl by

diff icult. The radíonuclicle tech,ní.que-

solutl'-oil"

11

suchírrg theír prey¡ is

appeared to offer a practical

TVo mosquito spec:les Â.edes gg.g.yp.ç.! (L.) and A. arropalpus

(Coquillett) røere chosell as examples of aquatic DipLera to whích the

tracer met-hod could be applied. An equally ímportant reason for

studying Dipterans resulted from l-he suggestion by peredeltslcií and

Bogatyrev (L959a and b) that aquatic insects emerging from habitats

contaminated ivith fission products, could spreacl them throughout the

surrounding terrain.

Prin"ipl" of Fusdjng-rats but"tmiuution u"irg ar, rsotop"

The technique of food consumption estimatioo using radío-

acËive tracers has been describecl by several worhers (crossley,

1963, crossley and Horvden, 1961, and Kevern, 1966, for example).

southwood (1966) and Reích1.e (1967), and schlagbauer (1967), have

reviewed the pertinent princíples. fnsects may consume radionuclide-

1abe11ed food at a constarit rate, buL its elimination occurs at a

rate proportional to the amount in the body -- Ëhe body bJrden

(crossley, 19665 and southivood, 1966). At steady-stare, the tracer

¡¡i1l be losr ar a raLe (i\.a"r) whereI is the biological eliminarion

rate constant and Q" is the steady-state body burden. The steady-

state coi1clítion is maintaí-necl only if the rate at rvhich the tracer is

eliminat.ed by Lhe inseci is balanced by the amount rvhich is ingestecl

(I.F), ithere I is the quantity of food irrgestecl ancl F ís ihe fraction
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of ingested food that is assiirl:'-lated. Thus we ntay write:

f.F =o.Qs

The eliinin.atíon rate j-s usua,11y røritten in terr¡s of the biologicai

half -1ife (TO). By definití-on, TO ís tire Eíme required for the

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

Let the body burden at time t O. Qt.

The rate of change of the bocllz þi1-¡¿en with time

is described by the differential equatíon:

¿Qr -2.Qr
dr

Re-arrangíng:
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The ins tant that- f eeding of label lecl f ood j_s cIíscontinrrecl ,

(t = O), Qo = Q". Lt any subsequent tÍme, therefore, Qt = Q"."-å.t.

hTiren t = i." O. = eb. .r 
ZU,

--l n
0.5="""tb,

ln 0.S -- - 2 .r.
t)

T" : 1n 0.5 = 0.693
ÀÀ

Determination of_137C" Uptuku .r,d Eliminatíon

A snal1 laboraiory colony of LethocerLls americanu-s was

establishecl by hatchíng Ì,/ater bug egg clusLers obtained from the non-

radioactive pond. The cannibalistic character of the nymphs and adults

of tliis species necessitated indiviclual rearing. The rearing procedure

folloived was síirílar to that described by Rani.rin (1935). Each egg

cluster vras supportecl on a block of wood (5cm x 5cm x 0.5cm) floatÍng

freely on \^iater contained in refrige:raËor trays (30x19x1ocm). As the

eggs hatched the nymphs crai^¡l ed off the block and entered the rüater.

Soon after hatching, the nlrnphs r{ere transferrecl to individual plastic

foodifreezer boxes, measuring lOxlOx8cm, closed rvith a perforated
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plastic 1id. A sma1l block of wood was placed in each box, to give

the nyrnph an object to cling to. As observecl by RanhÍn (1935), tad-

poles l{ere found to be r-he most satisfactory foocl source on r,rhich to

rear L. ameríca-nus in captivity. The accumulation of racliocesiuin by

the water bugs rvas determined by feeding the i'sects t37a" labelecl

tadpoles collected from the radioactive pond. Tire e1Ímination rate of

the nuclíde r,ias measured afËer the r,¡ater bugs had reached the steady-

state, by feeding non-radioactive taclpoles obtaÍnecl from the non-radio-

active pond. The taclpoles collected from the non-radioactíve pond

also contaíned some radionuclides as a result of ingesting the fission

products entering the pond via fallout. Horvever the 1evel of 137c"

was found to be less 1/1000 of that in the tadpoles taken from the

radioactíve poncl. Radioactive and non-radioactive pond ladpoles were

collected daí1y r,¡ith a dip-net. The water bugs rvere fed once per day,

immediately after measuring their racliocesir¡n content. Dead tadpoles

I.^7ere removed from the plastic boxes soon afLer the insecLs finishecl

feeding. otherwise, decomposing tadpoles would have polluted the

T,{aËer sufficiently to kil1 the water bugs (Rankin, 1935).

An experimental colony of Aedes sg-gJp_i¿ and A. atropalpus rvas

established by hatching eggs supplied by Dr. R.A. Brust, Department of

Entomology, The University of Manitoba, ancl with the exception of foocl,

his rearing methods lnere follorved throughour (Brusr, 1968). The

hatching medium r.Ias a suspension of 100 mg of nutrient brothl in tOO ml

1-A product of Difco Laboratoríes, Detroít, Míchigan.
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of dístí1led r,later. Ifoscluito eggs vrere placed Ín 25 ml vÍa1s fi1lecl

to capacity lvitir hatching medírrm. 4. aegypti eggs Tdere lef t in the

hatching solution for tr¡o hours, and A. atropalpus eggs for 24 hours.

Groups of 100 first instar larvae i.,/ere transferrecl to opaque rvhite,

'plastic rea-ring par"rs (30x19x10cm) f ittecl with a 1icl. A. aegypti were
111

fed "'c" lubulecl or un-labeled ground Gainets clog mea1. A. atroparpus

larvae rvere fecl labelecl or ui-r-labeled fish ::earing foodl. The larvae

T,,7ere not allor¿ed to cleplete the food. Sínce Ëhere Ì./as superfluous

food, ne¡v media rvas usually supplied on alternate days to prevent

grovrth of harmful bacteria, About 50 mg of powdered live yeast \,vas

-acldecl to each tray with the first feeding. The \,ùater lever in the

rearing Pans \'/as such Ëhat the larvae could breathe and eat at the same

time. The larvae used Ín the radiocesiun uptake experiments r.^/ere

given a change of medium, dai1y.

Measuremcnt of 137c,

l--
The concentration of radiocesium in Ëhe various specimens

and samples, including mosquito larvae and water bugs, rvas measured by

lorv leve1 beta countÍng or by gamma spectroscopy. cesium-137 emits

0,52 Mev beta partícles and its claughter procluct emits a 0.662 lrev

gamma photon, the result of internal transition to ground state. The

principles and applications of beta counting and gaïnma spectroscopy

have been descríbed in several texts, for example those of cook ancl

Duncan (1952), and Garrousis and Crourhamel (1960)

Total beta counting rvas the method used to *"u"rr." 137a" ,.,

lruarr lvlin baby

'product of Tetra

f ish food trEtt and Itl,tt mixed in eqrra_l anrounts. A

Kraf t trrlerhe Dr. rer. nat. Baensch Melle, r,Iestern Germany.
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all insect speciinens, other thair L. americanus, and taclpoles. I,Jith

the exception of !. j,gggigaggq, and juvenile ancr acrult mosquitoes,

specirnens r'¡ere blot-ted dry, indiviclually weighed, then dissolvecl Ín a

minimum amount of concentratecl nítric acid. After cligesting ín a hot

v¡ater bath, the solutions rvere transf errecl to tarecl stainless s teel

counting trays and evapoi:ated to dryness uncler infra-red 1amps. The

residue on the counting trays vJas covered i¡ith a 1j10 solutíon of

collodoin in acetone, dried, then counted. The collodoi¡ layer bound

resíclue particles togethe:: on the tray which otherwise might have

been jarrecl loose, contaminating the counter. A sharpers Low Back-

ground Beta counter, equipped ivith an automatic sample changer and a

gas-f lorv end window detector, r.\7as used for all beta counting. The

background measured by this equipment with a stainless steel counting

Ëray under the detector was 0.4 t 0.05 stanclard cieviation (SD) counts

per minute (cPM). The 137a" counting efficiency of the derector,

determined by counting standard sources of comparable self-absorption

and geometry, was 42%,

The change in countíng rate attributable to 137r, uptake was

the parameter of interest when measuring radiocesiurn accur.nulation.

Therefore relative counting under conclitions of comparable geometry,

suffícecl. rndividual mosquito larva or adults ,0.." fu"tened into a

shallorv depression in the cenËer of a copper ccjunting tray with the

collocloin mixture ancl the beta emission counted. The average back-

ground measured with these trays in place uncler the detector was

0.50 + 0.10 cpm.
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The racliocesium level in L, americanus nymphs and aclults

and other large organisms such as frogs and small manririals, \,ras

measured by a gailrma s'pect-rlometer. The spectroileter system consisted.

of. a 7.6cm x 7.6crn NaI (Tl) scintillation crystal cletector housed in

a Heath-type shield made of 15 cm thich steel aucl linecl rvith OFC-gracle

copper sheet (I-leath, L964). Individual v¡ater bugs were countecl by

placing them in smal1'plastic pouches made from thÍn plastic film.

The pouch containíng the insect vias gently tapecl on top of the

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

immecliately after counting, then fecl. The net counting rate was

determined by subtracting the insectrs background count-rate from the

gross counting rate. Background counting rates were cletermined for

each insect before feecling radíoactive taclpoles. As rate of change

of counting rüas the parameter of interest, it rvas not necessary to

determine counting efficíency of the detector. The energy calibration

of the sPectroneter I.Ias checked c1aily using 
^ 

I37c" standarcl soul:ce.

The radiocesium activity in each water bug in counts per minute !üas

obtained after subtracting the applicable background, by integrating

Ëhe area uncler the 0,662 \{rey photopeak



C}I¡.PTER III

THJ] GIANT IdATEiì BUGS

Introduction

The gj-ant r.¡ater bug Lethocerus airericanus (Leidy):

Belostomati<lae, rvas chosen to study the uptake of 137C" by an

indigenous specíes, and to investigate applícation of the radioactive

tracer technique to determine food consumption by an insect with

'piercing-suclcing mouthparts. A.brief resume of the life history of

this species is of interest. Bionomíc information of L. americanus

from Pinarva, I'lanitoba, is inclucled here.

I.. amg-fg-eggq is a .preclaceous insect, which captures ancl

sucks out the contents of a variety of prey incluclÍng aquatic

insects, tadpoles, and small fish (Brooks and Kelton, 1967). !.
americanus at Pinai.'a has been observed to capture and feed on large,

adu1t, predaceous diving beetles (_LXgi_es.gg. sp.). The caprure of smal1

frogs living in the radioactive and non-radioactive poncls has also

been observed. This insectts I'bite'r is also reported to be quite

painful to hunians (Batchley, 1926; Brooks and Kelton, 1967). cummings

(1933) commented that the giant rùateï bugs have attracted more

attention than any other aquaLic ]Jg*lLqergg. observations on the

insectts occuLrence and life histoïy have been given by Torre-Bueno

(1906), Hungerford (1979, L925), ltoffman (L924), Barchley (t926),

curnmings (1933), ancl Ranhin (1935). The giant r,rater bugs have been

called rtfish killers?' and are widely known in North America under the
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name rrelectric-1ight bugsr' (currrrnings, 1933). Most members of the

family BelostomatÍdae are large (40 to 110 m*r in length), flat, bror.m

insects, rvith hind legs ciliated ancl f lattenecl for srøimmi¡g (Figure

3). They have short, f.Lat, strap-rÍhe, retractire appenclages at the

tip of the abdomen. Their antennae are concealed in pockets uncler-

neath the eyes, and the prominent raptorial forelegs are a

distinguishing feature. Near pinawa, Manitoba, 1ocaI ponds ar-rd. quiet
I

pobls Ín streams are typical habitats of L. americanus, ancl they have

also been seen near the banks of the l.Iinnipeg River.

Occurrence

According to Brooks and Kelton (Lg67), the Bel0stomatidae

appear to have no close relatives, but are usually placed near the

Nepidae in phylogenetic cliagrams. The family is divided inro two

sub-families, conrprising four genera. Most species are tropÍca1,

horvever, 20 species are recorcled from lùorth America (Brooks and

Kelton, L967). According to these authors, species of the genus

Belostoma and Lethocerus are ividely distributecl Ín North America. The

;r---r;; .. ;;. easrern unirecr srares and canada.

Abe4ug is primarily a vrestern genus

The occurrence of three species of Belostornatidae have been

reported in Manitoba. specimens of Benacus griqer¿g (say) have been

taken in ülinnipeg, Le-thocerr-rs americanus at Beausejour, Branclon, Falcon

Lake, Millrvood, Morden, Mulvihill, Red Rock Lake, Rennie, and tr{innÍpeg.

specimens of Bel.ostoma f lr¡nineum (say) have been taken at Arnaud,

Aweme, st. Elisabeth, and st. Norbert (clark, 19263 Broolcs and Kerton,
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Figure 3

Adurt femare Lethocergq americqnus (Leídy) - the giant water

The strap-1ike b;tthi"g-tPp""dtg"s are to be seen protruding
under the hemielYtra

bug.
f rorn



2L

1967). Specimens of Belostoma flumineuil ancl Lethocerus americanus

for this study v¡ere collected ruithin the w.N.R.E. controllecl Area.

At tr^I.N.R.E., nymphs and adult 1,. _a*ggrggr1gg. wirh rheir eggs, \.zere

abundant in the experimental .ponds ín 1967 . No eggs, n¡rmphs or

adults were found in the ponds during 1968.

The proceclure follor^recl for reariug ancl feeding !.

americanus in the laboratory has been described under }fethods.
I

Observations made on laboratory colonies rvi11 be described, because

they afford some interesting comparisons with those of other workers

EGG STAGE

Hoffman (1924) has guoted an observation made by

?rofessor Parlcer who noted rrgiant water bugs guarding their eggs on

a bank of small sloughtt. No guardian adults trÄrere seerì on any of the

occasions rvhen eggs were taken from the experimental ponds. Batches

of eggs were obtained from clumps of algae, the stems of cattails

(Typha sp.) growing in the margin of the radioactive pond., and from

the buoys supporting the rvater temperature probes. Batches of eggs

obËained from the non-radioactive poncl were tahen to Ëhe nearby

field laboratory for hatching. Þtost batches of eggs began hatching

11 clays after collection, and continued hatching until day L7. The

âverage incubation time of eggs laid in the laboratory r^7as L4 + 3

days for L. ameriganijs, and 11.5 + 1 day for B. flumiqeum. A

dramatic account of the egg hatching sequence has been given by

llungerford (L925), and personal observations are in agreement !¿ith his
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The emergence of youllg nlanphs from eggs in some instances requirecì

as long as f ive hours. on emergence the nynphs \.Jere a pale rvhite

colour, and translucent. I^Iithin trvo hours, the d.orsal surf ace

became light green, then 2-3 hours later changecl to light-brorvn ryhen

sceleroti zatíon rvas conrplete.

TI]¿}ÍPHS Al{D ADULTS

Developmen!

First instar nymphs vzere quite active soon after hatching,

and when disturbed srvam off witü the rapid, jerky, movement

characteristic of the actult. At rest, the nynphs adoptecl the tail-

up position, which is also characteristic of the adults. An air

bubble developed shortly after: hatching, which r¡/as secured under the

'posterior region of the hernielytra. The duration of the stadia of

each instar are given in Table T. Rankin (1935) has described the

various stages of L. ameriganus, and Torre-Buenots description of

the last molt of the ínsect is quite informative (Torre-Bueno, Ig24),

No reference to the duration of instars in B. flumineum were founcl

in the literature.

rt was shor,¡n by Ranlcin (1935) thaË in L. americanus the tinie

spent in each instar increased when the insect was raised in the

laboratory, compared to rearing in a natural environment. Table r

shor¿s that the duration of I.. americanus instars raisecl in the field

laboratory at Pinalü4, trsas also longer than for L. amerieanus raised

in a sedge-pool in Douglas Lalce, Ivlichigan, (Rankin, 1935). Rearing
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conditions, parLi.cularly ten-Lpe)rature, pi:obalriy accou't for this
díffe::ence. 'llhe laboraiorlz clevelopilent period of i.¿ater bugs at

?inar,¡a rvas shorter tha-n thal- of Lhose raiscd by Rankin in his

laboratorl' (Table r). Agairr, iD the absence of details it must be

assutned that the respective rearing elrvironments account for the

obsen¡ed differences. The clui:ation of the periocl from f irst instar
to adult inolr for Ë. Elglf!,ggirr rvas 40.8 clays, sigrrif icanrly less

(p - o.os) than that of L. alnericanus. Table r also shor^rs the

duration of each instar of the latter insect, reared in the

laboratory, progressively increased from the first to the fífth
instars. The stadial period of B. flumineum shor¿ed no significant
change until the fourth instar,

Dirnension of Nvml¡hs

Table rr girres tr-ie observed average length and maxímum

width of the various insLars of L. americanus ancl B. flumineum, and

compares these measurements ¡vith those reportecl by other r.zorkers

(Torre-Bueno, 1906 ; Batcrrley, 1926; curninings, 1933 ; Ra'kin, L935;

and Brooks ancl Kelton, L96r), Tire a\¡erage rength of female L.

americanus taken at ?ínav¡a r¡zas not significantly greater (p = 0.05)

than that of males. rt rdas not possibre to cretermine frorn the

measurenents reported j-r'r Table rr, if the iength and rr,iclth measure-

mellts of t. ainerícanus_ and B. f_l.unileuni variecl with locality of
capture.

The lengih of ferntir, tibia etc., measureinents of some

nyrnphal aircl adul.t stage al !.. americ-anus ancl B. flurnineuin rearecl at
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Length

and B.

and greatest r,¡idth

f lumineum - Pinarva

Pinarva species given

TABLE II

of variotls stages of L. americanus

species, and others. Dirnensions of
as mean * one standard error

Greatest llidth - min

Pinarva Species Others Pinawa Species Others

Length - rnm
S tage

L, americanus

lst instar
2nd instar
3rd instar
4th instar
5th instar
Adult

10.0 + 0.50

14.5 J- 0.50

19.8 + 0.37

27.8 + 0.62

38.3 + 1.1

54.7 + I.39

10(4)

1s 
(4)

22G)

31 
(4)

3sG)

45-55(2'5)
42-62(3)

5 
(4)

s 
(4)

11(4)

14. sG)
18 

(4)

16.5- 24.(2 '3)

5.5

7.3

9.8

L4,L

18.1

20.5

0.25

0.25

0. 16

0. 35

0.39

0. 48

1-

J

J
I

t
ì-

-t-

B. flumineum

1st instar
2nd instar
3rd instar
4th ii'rs tar
5th instar
Adult

10. 1

14.0

16.4

22.L

0.25

0. 01

0 .37

o.4L

5.5

7.8

8.5

0.17

0.25

0.22

t
t
t

t
-1-

t
t

4-5(1)
6_7(r)

B . s-e. (1)

1O- 12 
( 1)

Ls.7 -17. (1)

2T-24

2.4(t)
3.4-3.7(i)
3.7 -4.(r)

6.7(r)
8.4-B.B(1)

(1) Torre-Bueno 1906

(2) Blatchley 1926

(3) Cummings 1933

(4) Ranlcin 1935

(5) Broolcs and Kelton 1967
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Pinaiva, together rvitir sample size ancl variation, ar e compilecl in
Appendices D and E- Exaninatío' of these appe'críces shoivs that
several interesting correlations between changes ín dírnensions of

a member through successive i'stars are possíb1e. For example:

Differences betr¿een the length of the femur of the fore-, micl-, and

hind-legs, ancl the length of trre tibi-a of the same legs in
successive instarse rüere tested by studenLrs 'tt test (Bai1ey, 1g5g)

For L. americanus, the fe*rur of the fore-, and hínd-legs, and tibia
of the fo-re-, a'd mid-leg are the same length in relation to each

other, in each instar. Neither ,n" femur or tibia of any 1eg

relatíve to one another, r,zas constant from instar to instar in B.

flumineun.

eto.lgleg

l. americanli€ a'd B. flumineum niolt five tímes before

reaching the adult stage. The period of ecdysis is a critical one

for most insects and aquatic Hemipterans are apparently no exception.

Hungerford (19i9), discussing the biology of the v/ater boatman

Palqqcgrixca buenoi Abbot remarked ,under laboratory conditions,

molting appears to be a precarious processr'. Hungerford (rg24),

studying a species of water scorpion Ranatra, came to the same

conclusion. Losses as great as 20-25"/" in the laboratory colonies

r'rere sustained at each mo1t, especially during the molt to the fourth
instar. The reason for this \.,ras not apparent. It r,ras not possible

to determine r^lhether the death-rate at morting rvas higher for water
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bugs fed non-radioactive tadpoles in the laboratory at pinarva,

thar¡ for those in Nature. Examination of the rad.ioactive and non-

radioactive ponds throughout the summelr of L967 yÍelclecl rnany

specinens of L. americanuL.s v¡hich apparently hacl died during molting.

Measurenents obtained frorn thêse instars correspondecl rvith those of

laboratory specimens i,rhich clíecl durj-ng ecdysis. Hoffrna¡ (1922¡¡ *o¿"

comparable observations, and he r¿as unable to establish if the

nrmber of molting-deaths was higher aûong water bugs raised in

captivity. 
.Tn 

one instance, a nymph \,ùas seen moltíng to the 4th

instar and trying to emerge backnards from the split skin. rt

died! Rankin's observations, holever, indicate that the overall

molting mortality is highest for laboratory-reareci L. americanus.

rn. Ëhe laboratory, 45% of his nlniphs died in the 2nct Ínstar and 18%

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

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

GeneIal Obse:vatione

Frequently, nymph or adult r^rater bugs ejected a dark-green

colored liquid from the anal region, rather like the ink-c-loud

expelled by a squid rvhen it has been disturbecl or frighrened. The

liquid had a peculiar foul smelling I'físhyrr odor. Adult L. americanus

have also been reported to make rvheezing noises (Hungerford, Lg25)

rn the laboratory at ?inaiva, 3rd, 4th and 5th instar nlnnphs, and

adults, rrere heard making distinct squeaking and scraping noises.
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lloffrnan (1924) has notecl that alult L. aqerícanus may

overr,¡inter. None of the marlced aclult r^¡ater bugs returned to the

radioactive pond in late september 1967, rvere found the follorving

spring. llorvever, prior to marking the aclults for return to the

po'd at the end of summer, those i' the laboratory appeared to

become restless. Hítherto, the adults selclom inacle any attempt to

escape frour their rearing-trays rvhen the cover lras relnoved for

cleaning or feeding. As autumn advancecl, attempted escapes became

more frequent.

Feeding Behavior

Earlier authors, for exainple Rankin (1935), have reportecl

successfully feeding r,rater bugs deacl prey such as half-a-frog, or a

piece of beefsteak. Attempts to induce.\nrater bugs reared in the

laboratory to feed on recently killed tadpoles or fresh meat failecl.

Living tadpoles r¡ere the staple diet of L. amerícanus reared in the

laboratory at pinaiva.

First instar nymphs, three days olcl and unfecr since

hatching, ruere offered live water boatmen as prey. The nlrmphs swam

amongst the boatmen vríth apparent indifference. .Horvever, ruhen

nine live tadpoles, rveighing betrveen 10 and 
?o ** were placecl in a

rearing-tray rvith 20 nynphs, the tadpoles were imnediately attaclced.

As many as three and four nyrnphs gr:asped the same tacipole, quickly

subduing it. The nynnphs commonly covered a frantically srvimming

Ëadpole in the tray and attached themselves to the head, bach, or
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base of the tai1. Those tadpoles attacked at the base of the

tail rvere ínmobilized r¿ithin t\{o or three minutes regarclless of

the relative sízes of nymph and tadpole. rt has been suggestecl

that L. americanLls secretes a poíson r¿hich paralyzes the prey

(Rankíir, 1935). As r,¡as also reported by Hoffman (1924), a nymph

often fed on a taclpole for as long as one hour, after ¡¿hich time

nothing remainecl of the animal but a shriveled-up skin and. some

dark mud-1ike material in the cligestíve tract.

First and 2nd instar t. americanus frequentry congregated

'together, clasping one another, a resporlse vrhich may have been

caused by crorvded conditions in the rearing-trays. on several

occasions nymphs \¡7ere seen to attack and feed on other nymphs.

This behavior was frequently observecl after nynphs hacl fed on tad-

po1es, ancl 1íve prey vTas sti1l accessible. perhaps Ëaclpoles did

not provide. an adequate cliet. rt was the cannibalistÍc behavior

of L. americanus, rvhich necessitated rearing the ruater br-rgs in

,"U*t*.

Behavior Toi+ards Pr*ey

When a live tadpole was placed in a tray rvith a young

nymph, ít was immediately pursuecl. Tt appearecl that the vígor of

the pursuit rvas related to the nymph's hunger. Having fed on the

f irst taclpole, the second and third tadpoles rvere not pursued as.

vigorously. tlaving chased, capturecl, and fed on one or aroo tadpoles,
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Ëhe nynph adopted a rvaiting posture. rt cluirg to the r.¡oocl block

floati-ng in i.ts tray rvith its forelegs out-spreacl , ancl only

seized another tadpole if it srvam rvithin reaching distance.

A niarked change rvas noteci in the feeding behavior of

olcler rüater br,rgs, especially those rvhich hacr been praced in

captivity as adults. rnitially Lhe aclult hung downwards ín the

l¿ater, holding on to the rvoocl-block lvíth its hiird-1egs, raptorial

fore-legs out-spread. I^Ihen a tadpole swarn past v¡ithin strihíng

dÍstance, the insect quickly lunged forrvard, seized the prey, and

began to feed. After 7-10 days in captivity, aclults made no

effort to lunge after prey. rt seemecl insects had. become

accustomed to having dinner served by forceps betrveen the forelooe

Adults deprived of t'table-servicet for 3-4 clays reverted to the

former prey response.

on one occasion in the raclioactive pond, a 4th instar L.

amerícanus lvas observed grappling rvith a large adult Dytiscus

beetle; the beetle was larger and twice as heavy as its assailant.

The nymph remained at the surface of the water clutching the beetle

I"7ith all its legs. Some 30 minutes later v¡hen the beetle hacl stopped

struggling, the nlnnph slovrly manoeuvred it into a position where the

beak was inserted at the junction of the thorax and the elytra.

fn captivity, it appeared that movement along \,/as not

sufficient to cause capture. Tactí1e perception, as rve1l as move-

ment, seemed to be important, as forcep-feedíng of adults clearly
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shor"ed. A tadpole bruslring against the fore-l-egs, but not tire

mid-, or hind-1egs, of blinclecl adults evohecl the characl-eristic

lunging-clutchir-ig response.

In the late sumüre:: of 1967 , a poi-id rvas fotind rvhich

contained large nuinbe,rs of late instar and adult L. americanus ancl

B. f.luníneum, The average depth of water in this ¡>ond rvas less

than 30 cm. Adults v¡ere brought into the field laboratory and one

of each species placed Ín large plastic trays along with a small

clum¡r of algae. No food ruas offered, yet after four days there

\,{as no evidence of aggressive behavior. B. f lrrmirreum lJere seen to

swim betr^¡een the fore-legs of L. americanus_ rvithout invohing an

attaclc. On being frightened, fot example prodded with a glass

rod, B. flumineum sougi-it concealilent beneath the larger L.

ar-nericairus.



CHAPTER TV

I]PTAKE AND EI,T}IINAT]ON OP 137C" 
BY L. AMERICANUS

As described uncler Ìrlethods, rr'ith the exception of the

'prelimi'ary experiments, the giant r,rater bugs usecl in these

experiments v¡ere raised in the laboratory. Eggs for rearing rvere

taken from the experírnental ponds. Nynph and adult L. amerícanus

were maintained on a diet of tadpoles. To measure the uptake of

radiocesium, the r,¡atcr bugs rverä fed taclpoles taken from the raclio-

active pond. The total-beta activity of these taclpoles averaged
t,

1 x 104 cpm/g. Elimination of 137c" 
'{as stucried by feedíng non-

labeled tadpoles to water bug nynphs or adults ryhich had reachecl a

-steady-state body-burden of the nuclic]e. The average total-beta
count rate of the non-labeled radpoles v¡as B.z t o.B44L (standard

error) cpTn/ g.

In a preliminary experiment, adult L. americ:Lnus taken

from natural ponds rvere fed radiocesium labeled taclpoles for ten

days, then fed non-labeled tadpoles; by this time only trvo adults

were a1ive. The daily increase, or decrease, of the racliocesium

body-burden of individual ínsects r^¡as forrorvecl to establish

techniques. The uptake and erimination measurements are given in

Figure 4, where the fraction of the steady-state 1eve1 of 137c" h."
been plotted agai'sr rime in days. The biological half=life (To) of
uptalce ancl eliminarion r*as estimated to be about eight days (Fig. 4).
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This preliminary experiment r,7as a prelucle to the uptalce experiments

which fo11owed, ancl it proviclecl solutions to problems assocíatecl

with f eeciing and counting r,/ater bugs.

RESULTS AND DISCUSSIOLI

No. 1 Uptake Experiment

The preliminary experiment was repeated using a group of

Ëen second inst.ar L. ameriga3us n1'rnphs obtainecl from eggs vrhich

hatched in rhe laboratory durÍng 5-7 July 1967. The temperature of

the water in which the ivater bugs were reared fluctual-ecl betv¡een

17oC ancl 2OoC for the duration of the measurements. This fluctuation

r{as comparable to that of the out-door pond from r,¡hich the eggs

were obtained. For convenient reference, this experiment henceforth

will be referred to as trNo. l uptaker'. rt has been notecl previously

that the attrition rate experiencecl raising \n/ater bugs, is high.

No. l Uptake experintent v/as stopped r¿hen there were only four adults

remaining from the original group of ten.

The results of No. 1 uptake experiment are recordecr in

Table rrr, rvhere mean rveights and radiocesium activities are

reported with one standard deviation (s.D.) of the measurement.

Radiocesiun activities are reported in counts per minuce (cpm). A1l

attempts to measure the uptahe of 137c" by fírst instar nymphs rvere

unsuccessful, because the counting statistics rvere unsatisfactory.

Time and counting rate data presented in Tabre rrr are reproduced



TABLE III 
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uptake of 137c" by various instars of L. americanus - No. I uptalce
experirnent. Ten fÍrst instar nymphs obtainecl from eggs hatched in
the laboratory 5-7 Ju1y, 1967. Nymphs alloived to moult to second
instar before racliocesium-labeled tadpoles rvere fecl. 137a, actÍvity
reported in counts per minute (cpM) * one standard deviation. only

four insects survived to aclult stage
1

Time-
days

2

Ins tar
J

Mean rvt .

oõ

4
Mean activity

CP}I

5
t'lean CPM/g

4/3

6

Remarlcs

L 2nd

2 2nd

5 2nd

5 3rd

7 3rd

9 3rd

13 3rd

13 4rh
L6 4rh

18 4th
19 4th
20 4rh
22 4th
25 5rh
28 5rh

31 5rh

35 5rh

38 5rh

41 5rh

43 Adult
50 Adult
57 Adult
64 Adult
70 Adult
78 Adult

6 (zna
_(/ lexuvia

0.088 + 0.011

0.088 + 0.011

0.141 + 0.078

0.2L5 + 0.025

. 0.2L7 + 0.027

0.246 + 0.035

0.331 + 0.037

0.569 + 0.040

o.7 52 + 0. 039

0.909 + 0.043

0. 955 rL 0. 045

0.938 + 0.050

0.920 + 0. 045

t.32 + 0.090

I.54 + 0.085

L.97 + 0. 095

L.gs + 0. 095

2.LB + 0.105

2.20 + 0.08s

3.L7 l- 0.150

2.89 + 0. 120

2.75 + 0. r50
2.96 -t- 0. 175

3.10 + 0.208

3.29 + 0.207

0.0¿¡7 + 0. 004

0.047 + 0.004

74 + 37.23

63 + 24.88

183 + B.3lr

93 Jr 20,07

86 -t 27.28

246 + 3;4.9s

2L3 + 49.L0

222 -F 30.05

703 +105.10

604 ! 3s.3s

713 + 61.89

510 J- 25.23

400 + 38.24

307 + 60.73

440 + 82.10

r300 +145.48

11r.10 +300.25

840 + 60.84

660 + 82.66

481 +104.88

607 +L22.9I
400 rL117 ,73

517 +103.62
B00 +160.53
632 +204.62

r.64
2.83

836

7L9

t298

432

396

46s

643

390

93s

664

747

s45

43s

233

286

660

720

38s

300

L52

2to
L45

175

258

l-92

L02

340

2 díed

2 díed

I died

1 died

Adults
returned to
radioactive
pond

5+
16+
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graphically in Fígure 5, rvhere ir- r.¡ill be noted that a clrop in

radiocesium activity, particularly prouounced in the fourth and

fifth ínstars, occurrecl prior to each molt. It is significant that

the biological half-life of this ch:op or decrease approximates that

observed in subsequent 
"r,p.rí^"nts clesignecl to measure the

elimination rate of radiocesir¡rn. The graphs in l.igure 5 suggest

Ëþat the rate of uptake of 137c" by seconcl, third, fourth and fifrh

instar water bugs is between ti¡o and trvo ancl one half days.

unfortunately, all attempts to establish this varue by more frequent

counting v/ere unsLrccessful; the additional l-randljng increased

mortal i ty

No. 2 Uptake Experiment

To obtain a better estímate of the elimination rate of
137a" by L. americanus-e a seconcl group of nymphs obtainecl from eggs

hatchecl in the laboratory on lL/L2 July 1967, were fecl racliocesium

labeled tadpoles. After reaching steady-state in the third instar,

the nymphs \.rere fed non-1abelecl taclpoles. As the nynphs molted

shortly after this transfer, it was not possible to measure the third

instar elimination-rate. Ilor,zever the measurements macle during this

experiment, recorded in Table TV, do al1ol a satisfactory

determination of the. fourth instar elimination rate to be made. The

measurements reported in Table rv are shor¿n graphically in Figure

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

uptahe ancl eliminatio'of 137c, by various instars of L. americanus -
No. 2 uptalce experiment. Ten first instar nynphs obtained from eggs
hatched in the laboratory 11-L2 Jury, Lg6l. Raclioactive tadpoles fed
to first instar. t'7a" activity reportecl in counts per minute (cptr)

* one standard deviation

1

Time-
days

2
Ins t ar

3
Mean wt.

q

4
Mean acl-ivity

CPM

5
Mean CpM/g

4/3

6
Remarks

1

1

4

6

7

B

9

10

11

L2

t4

I6

t9
22

26

z.g

34

41

48

lst 0.178

2nd 0.154

3rd 0.258

3rd 0.283

3rd 0.323

3rd

0.057 36 + 0.700 measured prior
to feeding
active tadpoles
2 dj-ed

1 díed

2 died

began feeding
non- labeled
tadpoles

+

t
I-T-

t
t

0. 008

0. 019

0. 018

0. 028

0. 131

0.044

0.052

0. 065

0. 091

0. 034

0. 040

0. 098

0. 140

0.080

0. 0B

0. 0B

0. 09

0. 09

139

180

158

22L

+ 5.00

+ 26.L6

+ 29.80

-F 4.9.04

202

90s

698

ssB

684

4rh 0.496 +
4rh 0.540 +
4t}l 0.594 +
4rh 0.593 +
4rh 0.641 +
4th 0.682 +
4rh 0.694 +
4rh 0.900 +
4rh 1.03 t
5rh I.49.+
srh L.97 t
5rh 2.43 t

Adult 2.74 t
Adult 2.79 t

165

153

116

108

105

65

43

29

23

11

23

22

1B

25

48.T4

42.42

28.28

42 .42

4.95

10.60

22.62

5.6s

4.4.8

0. 10

1.50

1. 50

4. 10

5. 00

JJJ

283

195

L82

164

9s

62

32

22

7.

I2
'9

7

9
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;
t
t
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137a" by the seco'cl instar was agaí'about trvo days. The clecrease

in radiocesíurn body-burden of the fourth instar nynphs is plotte¿
as a ftaction of the i'itioL L37c" steady-state lever agai'st tíme,

in Figure 7. The regression coefficient of this curve is -0.9908.

Frorn this curve the bi-ological half-1ife rvas calculated to be 4.5

days. The linearity of the curve in Figure 7 indicates that radio-
cesium was bei'g eliminated from one major body compartment onry,

or conversely, all compartments eliminated the nuclicle at the

same rate.

No. 3 Uptake Experiment

A group of fifth instar n¡'mphs, also obtained from L.

americanus eggs hatched in the laboratory rr-r2 July 1967, røere fecl
1374" labeled taclpoles until reaching the steacly-state 1eve1. At

this time they vrere fed non-labelect taclpoles. Mean wet weights of

nymphs and radl'-ocesium levels are reported in Tabre v, and are

also plotted usíng the open symbols, in Figure 6. Tt will be seen

from Ëhis figure that the uptake-rate of t3ta", expressed in terms

of the biological half-rife, was abour two days. Again, the nymphs

mol-ted shortly after being transferred to non-1abelecl tadpores.

These neasurements are plotted as fraction of the steady-state

activÍty ín Figure B. This figure shorvs the elimination rate of
t3ta" by adult L. amelicanus. rn contrast to that of fourth instar

nlmrphs shorvn in Fígure 7, it r¿i1l be seen in Figure B ihat the

elimination rate of the adults rüas nor: constant throughout the 30
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day period by observation. The linear portion of the curve,

marlcecl tA' i' Figure B, has a regression coeff icient equal to

-0.9975. This part of the curve r,ras extrapolated to the ordÍnate

axis (see brolcen line in Figure B), ancl the appropriate increinents

subtracted from the activities measured dur:lng the interval from

the sixteenth to the trventy-seconcl day. Tire remainders are plotted

as curve tBt in Figure B, from r.¡hich a To = L,2 days r,ras measured.

curve tA' reflects a To = 10.8 clays. The clata plotted in Figure B

suggest that, ín contrast to fourth ínstar nynphs, radiocesium is

eliminated at tr,¡.o- clistinct rates by adult L. amer:icanus.

The body-burclen of radiocesium in L. am.ericanus decreased

before molting lvhich indicates that juvenile rvater bugs stopped

eaËing prior to ecdysis. Tt has been suggested by wigglesr,¡orth

(1965) that the immature stages of insects stop eating prior to

molting. Examination of Figure 5 will shor.¿ that the decrease began,

in the case of 4th instar nymphs, as much as four days before

mo1Ëing. During the period rvhen th. 137c" body-burderì !/as decreasÍng,

the weight of individual nytrphs did not change significantly (Table

rrr). specific activity, that is racliocesium activíty in cpm/weighr

(Table TIT, column 5) also decreased. If specific activity is

consiclerecl to be a reflection of raclionuclide concentration per

unit niass, then this observation Índicates that the 4th and 5th

instar nlmrphs had begun to reorganize tissue in prepa::atí.on for

ecclysis about four days prior Ëo molting. rf this hypothesis is
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TABLE V

uptalce ancl elimination of 137c" by L. americanus - No. 3 uptalce
experiment. Ten 5th insta.r nyrnphs obtainecl from eggs hatched in the
laboratory 11-L2 JuLy, L967 " Nynphs fed non-racliocesitiur-1abe1ecl
tadpoles after completing actult moult . L37çs acLivity reportecl in
counts per rnintrte (Cp}{) -l- one standard deviation

1

Time -
days

2

Ins tar
J

Mean rot.
6

5
Mean CpM/B

4/3

6

Remarlcs

4
Mean activity

CPM

0 5rh L.45 1' 0. 38 7 38 + 2.t3 26 measured
prior to
feeding
active tad-
poles

I
2

3

¿+^

5

7

9

13

t6

5rh L.47

5rh 1. 58

5rh 1.86

5rh 1.68

5rh I.95
5rh 2.OL

5rh 2.06

Adulr 2.60

Adulr 2.43

L7 Adulr 2.73 +
18 Adult 2.5I +

20 Adult 2.36 +
22 Adult 2.38 +
24 Adulr 2.47 !
26 Adulr 2.46 +
28 Adult 2.47 +
31 Adult 2.34 +
34 Adult 2.40 -F

37 Adulr 2.47 -F

42 Adult Z.m lr
45 Aclut r 2 .35 ;
18 5rh 0.037 +

exuvia

t
-r

Iì-

-l

t
J

I

;
t

0.402

0. 413

0.289

0 .324

0. 335

0.5r4
0.32L

0.3s7

0.499

0 .557

0,42r

0. 408

0 .342

0.4t2
0.343
0. 334

0.310
0.432
0.227
0. 037

0. 005

83 + 18.78

185 + 45.80

494 + 47 .L3

478

32L + 71.81

477 + 68.47

330 + 50.37

342 + 53.34

355 + 60.68

254 t 32.t6
195 + 24.63

130 + 16.4r
102-l- 3.39
BB t 9.s4
B0 t 6.10
67 t 4.52
ss t 3.91
44 ! 1.s0
41 t 2.08
28 -l 3 .86
22 -! 2.16

46 + 24.34

56

tt7
266

285

165

237

160

r32

r46

93

7B

55

43

36

JJ

27

24

18

T7

T2

9

r243

'*Died during
nighc

1 dead

I dead

began feeding
non- labeled
tadpo les

*Died overnight - single measurement

All died overnight
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correct, the raclío-labe1 technique offers a simple method for

determining the onset of this important physiological activity.

The elimination of radiocesium by 4th instar and aclult

L. americerllrå is shoivn iir Figures 7 and B, vzhere the logarithrn of

the mean fraction of steacly-state t37a" activity + one standarcl

deviation (N = 10) is plottecl agaiirsr tÍme in days. rt will be

seen from Figure 7 that radiocesium \¡las eliminatecl by the 4th instar

nlnnphs at a single ratee TO = 4.5 days. The aclult water bugs

elirninatecl their 137a" body-burcten at two rates, Tb = 10.8 days

(Curve 'A'" Figure B), and TO = I.2 days (Curve tBr, Figure B).

The latter value is suggestive of the insec t, s 24 hour feeding cycre

and is assumed to represent the biological half-1ife of non-

assimilated radiocesitm. A si-ngle elimination rate is indicative of

complete assimilation of t37a" label from the gut (crossley and

Horvclen, L961; cross 1ey, Lg63), theref ore, 4th insta:: L. americanus

are assumed to have an assimilation fraction equal to unity. The

same conclusion can not be macle for the adult ínsect.

For the adult rvater bug, consícler a t\^Jo compartment model

in which Èhe total amount of labeled food ingestecl (r) comprises

the amount entering. the body compartment (or haemgcoele) and that

which is not assimilated. The insectts gut is a probable location

of the unassimilated component of r. The body compartment shal1 be

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

compartment r,¡ith the stib-script tg'.
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Now the rate of entry of 137c" label into the body compartmenr- is:
gl.q, where F is the fraction of I that enters
dr the body compartment.

.'. dr. _ gir-E. r dT(1 _ F)
dr-dr'dr

That is, the total íngestion rate equals the sum of the entry rates

ínto compartmenLs tbt and tgt.

Let the amounts of 137c, in each compartment be Qo and Q*, and the

exit rates from compartnenLs tb' and ,g, be exponential with
elimination constants t-\Ot 

"rra 
,-X,,

Thus: dQt 
= 

dTiu _ìt.Qo, and

dt clt
I

doro
Þ

dr
= 44#) - l*.0*

dto

At steady-state:

uþ - o,anddQ, = Q

dr dr

dI.F = ),,.Q,, and dI(1 - ¡')= X .O_?t L, u __dt . g .g

I{hen feeding of labeled taclpoles ceasecl, r -- 0, ancl dr 
^ãE- U

= _Àr.Q,
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Sirnilarly, from Equation I:

F.qr- - _rdr = -À6.Q¡r, ancl (1 - F).dr _ -\.q^
dt_66

F = lo'oo 
.-_

(Xb.Qb 'r- Àc.Qs) ÏI

Values rorXO and À, can be calculated froin the slopes of curves

'A'and tB', Figure B. They are\o = 0.065, urla),' = 0.613. Extra_
'polation of these curves (Figure B) to 16 da1,s, i..., I : O, gives

values for QO utrd Qg ín terms.of fraction of Q, the specifíc
activity of the wrrole insect at steady-state. From Figure B,

Q6 = 0.42Q, tttd Qg = O.5BQ.

Substituting these values in Equation Tf:

F = = 0.07
(0.065 x 0.42 -F 0.6itx OJÐõ

rf the assumption that cuïve 'A' in Fígure B represents the

elimination rate of 137c" from the bocry compartment is correct,
adult L. americanus in the laboratory assimirated less trran one-

tenth of the racliocesiu'r 1abe1 ancr probably less than 10% of the

food r,¡hich they ingested. The adult assirnilatíon fraction is ín
marked contrast l¿ith that of 4th instar n¡mrphs.

Having estímated values for rFt, the fraction of íngested

food assimilated into the bocly compartment, the vreigrrt of taclpoles

consu¡red daily to mai¡rtain the steady-state leve1 of 137C" 
may be

calculated from the model:
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Recallingthat t=q.ìf,
F

ITI

where, I = ingestion or feecling rate,
F : fraction of ingested prey assimilatecl into

the body cornpartment,

l¡ = eliminatiorì rate constant of bocly
compartment, and

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

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

Q = 780 cpm/g nymph (Table III)
,O= 4.5 daYs (Figure 7)

F=1

\* = In2 = 0.693 = 0.15"%4.s
Substituting in Equarion TII:

I = 780 x 0.15 = LI7 cpm/g nynph/clay
1

That is, each 4th instar water bug in orcler to maintain its steady-

state 1eve1 in the laboratory assimilated 117 cpm/g nlmrph/day of
137a". 

The specif ic activíty of rhe tadpoles r.¡hÍch were f ed to

Ëhe nynphs and aclults rvas 1x 104 cpm/g. Therefore the vreight of

taclpole constrmed to supply this amount of 137a" activity was:

TT7 : 0.01? g tadpole/g n-lnnph/day
¿!1x 10'

For L. americanus, the .pertinent data are:

Q = 200 cpm/g adulr (Tab1e TII)
TO= 10.8 days (Curve tAt, Figure B)

F = 0.07

À.- ln2^0.693=0.064
" % 10.8
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Substituting in Equation III:

T = 200 x 0.0þtr 
=

0. 07
LB2 cpn/g aduLt/day

to mai-ntain this rate of 137a" intakeTaclpole consurnption requirecl

I17AS:

TB2 = 0. 91 B $-_t_*¿p:lSlg_agu1 r/<tjry
L1x 10'

The tadpole consumptío' rates requirecl to naiÐtain the steacly-

state 137a" body-burclen of the nl,mphs ancl aclults, are in goocl

agreenìent. rf the average consumptíon ::ate of nynphs ancl ad.ults

is assumed to be 0.015 g tadpole/g insect/day, and the mean weight

of the tadpoles to l¡e 0.16 g, then trre fraction of .prey i'gestecl

was about one-tenth

The difference betr.¡een the fraction of food ingested by

terrestrial insects and iso,pods, ancl that of adult water bugs is

remarkable. Reichle (Lg67) has reportecl racliocesium assimilatio¡

factors of 0.7 and 0.87 for four species of terrestrial isopods,

and these are one order of magnítude 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-ca11ed gut

cofipartment, and 2) radiocesium is not prefeïentially concentratecl

in either compartment. As r,¡as .poii'rted out by crossl.y ( 1963),

ingestion rate is a function of the fraction of the ingested food
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Ëhat is assimílated. It is apparent from the foregoing

calculations that anothelparameter should be introduced j-nto the

model to colnPensate for the fact that L, arnerlcanus, unlike aclult

beetles, do not consume their prey completery. This factor rvhích

may be called the fractÍon of food ingestecl , v¡ould,perrnit an

estinate Lo be made of the ntrmber of prey killed.

Reichle (1967) has deinonstrated radíocesitrm turnover in

isopods to be a function of metabolíc rate, The assimÍlation

rates measured for ltth i-nstar -ancl adult L. americanus, 1.0 and

0.07, shorv tl-rat the metabolic rates of nymphs ancl adults are quite

different. The specific activity rneasurements (Table Trr) support

this conclusion.

rt will be recalled that rhe biological half-rife of
t37a" was smaller for 4th instar water bugs, than for the adults.

Crossley (1966) also found the biological half-1ife of radiocesium

was less for the larvae of !þrv_qgnlgþ knabi (Brorvi-r) rhan in rhe

adult stage of this terrestrial beeLle. Tn adclition, crossley (1966)

found that the biological half-life r,¡as affected by the age of the

adu1t. Nervly emerged adult beetles cricr 
'ot eliminate 137a" *"

quickly as did overrvintered adults. The age of adult L. americanus

had no demonstrable effect on the rate of radiocesiurn elimination

by thal- specíes. crossley (1963) has also suggestecl that the

biological half-1ife of radiocesium in an insect increases rvith the

size of the insect. L. americanlrs adr-llts are one of the largest
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species of insects founcl in Nortl-r America, and its 10.8 clay

biological half-life supports crossley's conclusion. The gíant

ï'iater bug studies rvhich have been describecl clearly shol, r¿hen the
1'37cs elimination rate measurements are compared r,¡itrr tl-rose

reported for other j-nsects (crossley ancl pryor, 1960; crossley ancl

sclrne11" L96L; ar-rd crossley, Lg66), rhat large differences betr,¡een

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 ancl Brust , 1969).



C}IAPTER V

IIPTAKE oI, 137c" 
By AEDES AEGYPTI AND A. ATROPALPUS

(DIPTERA: CULICIDAE)

TNTRODUCTION

studies of Ínsect meiabolism using raclionuclicles are

being actively pursued at the oalc Ridge National Laboratories, lo

which the annual progress reports of the laboratory bear rvitness.

Workers at'thi-s ancl other national laboratories in the United States

of America, are engaged in a variety of ecological investigations

employing radionuclide tracers and techniques. Russian rvorkers,

noËab1y Peredelrskii and Bogatyrev (L959a and b), ancl Getsova and

Volkova (L962), are actively engagecl in studying radio-contamination

of insects and their environment by fissíon products. pendleton

(L957, 1962) has macle reference to the uptake of 137c" by insects

living in aquatic habitats, ancl crossley and schnell (196r) have

compared the elimination rates of 137C" 
"rrd 

90S, by grasshoppers.

Phosphorous-32 has been used to stucly feeding behavior of adult Aedes

gggzpli (schmidt and smith, 1962), and rhe uprake of rhis nuclicte by

the same species has been investigated by Quraisl-ri (196s). several

nuclides, t4or., utrr, 
"nd 

32p for exarnple, have been used to ,tao,

rnosquitoes for the purpose of studying their clispersal ,patterns

(OrBrien and Inlolf e, 1963). It appears from the literature, horvever,

that tI-re acctunulation of 137a" by mosquitoes has not engaged the

atÉention of investigators
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Tvro mosquiro s.pecies, Aecles _eggypli and A. arlopalpue,

rvere usecl to study the uptalce of radiocesiun by an aquatic Dipteran.

Their bíology has bee' clescribecl by Fto::sfa11 (1955). The feeding,

rearing, and coui'iting techniques ernployecì have been clescribed under

Methods. Nevertheless some amplification of the mosquito methods is
in order. The anount of radiocesíum in incrivicrual larvae, pupae

and adults, althougrr reporLed as counts per minute (cpm) 137a", 
lras

measurecl as total-beta activity in teïms or 40r equivalent. The

rationale for measuring total-beta activity in this manner,

together with the necessary cou'r-er calibration techniques, have

been described (Guthrie ancl Grummitt, 1963). The baclcground or

naËural radioactivity content of larvae rearecl on nolt-Iabeled food

¡vas founcl to be 0.1 cpm. Tt r¿as justif iable, Lherefore, to
attribute any beta activity exceecling this amount to 137ar. 

A

comparison of total-beta actívities measurecl in larvae reaLed on

radiocesium-1abe1ed food, with the accumulated a:nount, of 137c"

determirred by radiochemical analysis (Guthrie and. Grurnmitt, 1963),

demonsl-rated their one to one corresponclence; coefficient of
correlation (r) = 0.9984.

Radiocesir.rn labeled dog foocl for feeding A. ggåypli larvae,

r{as preparecl by stirríng coarsely ground Gaines clog-meal ín clistillecl
Tdater contai'ing 104 cpm/ml carrier fruu 137cr, for 15 minutes.

After stirring, the nieal rvas al-lor¿ed to settle aird the supernatairt

drawn off . The meal r,zas then r,¡ashed thre.e times r¡ith clistillecl



s4

r^zater, to remove radionucride adhering loosely to the surface. Tire

foocl rvas thei:r spreacl out on a large enamel tray to dry at room

tenrperature. wl-ren dr¡', the food r,Jas re-grouncl , ancl stored in

screi,T-top glass jars Í-n a refrigerator. The specific actívity of

the labeled A. aeg-ypti food izas measured radiochemically ancl found

to be about 106 cpm/g driecl foocl. This batch of food r¿as used Ín
all the radiocesium uptake by a. gggxpli experinents. As pre'iously

described, a fish rearing food rvas used to feed A. atropalpJLg larvae.

This food was labeled rvith ca::rier free t37a", in a malìner similar

to that described for rhe ê. cgg_tp.tí labeled-food, wirh the

exceptíon that Ít received only one washing \"Jíth distÍ11ect water

afcer contacting rvith the racliocesium solutioD. trIashing three tímes

with distilled \'7ater removed too much nutrient, ancl the larvae dÍcl

not thrive as v¡ell as those reared on unwashecl foocl. The fish-

rearing food sorbed more radíocesíum than the dog-meal, the specific

activity of the former being at leasr ro7 cpn/g crry iveight.

RESULTS AND DISCUSS]ON

No. I Uptahe of Raclioces.iuin by AeJþe esgJpt:L

A prelí-minary uptake experiment, designated No. I uptake

by A. aegy.pti, r.ras run to establish methoclology. This experinent

was successful and served as the ,pattern for all subsequent uptalce

experiments using mosquitoes. plastic ::earing trays were set up.,

each containír-rg 100 f irst instars randomly selectecl from nervly hatched

larvae. Thesc larvae I,zere reared at .2Toc, ancl the tray-r^iater changecl
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and tire larvae fed labeled clog-meal, every 24 hours. Rancloin

samples of six larvae v¡ere selectecl for inclividual total-beta

activil-y measurement, every hour for the first six hou::s, at 2\

hours, 30 hours, ancr daily thereafter. The mean activitÍes * one

standarcl deviation of these sampres are given in Table vr.

It v¡ill be seen from Table VI that there trvas a steady

/increase in actívity per rarva, as larvae passed thlougrr successive

sampling periods. A steady-state bocìy-burclen of radionuclicle rvas

reached after 168 trours, when third instar larvae \^/ere present. Tt

will also be seen from Table vr that the radiocesiun content per:

adult was less than that per larva. The concentration of radio-
activity ín the pupal exuvia was quite small. The latter fincling is
in agreement rvith that of other rvorkers rvho have stucliect the uptake

",)of '-P (Riordan, L965; Quraisrri, Brust and Lefkovirch, L966).

The data given in Table vr are reprocluced graphíca1ly in
Figure 9. rn this figure, r-he logarittm of 137a" activity is plottecl

against samplÍng time in hours. rn contrast to the trptahe measure-

ments macle on I ggg5fg"g"", no deiectable decrease in the body-

bu::den of the larvae occurrecl prior to molting. The uptake-rate of

larvae sampled up to 140 hrs luas u'iform, the same li-near equation

describing all poinrs v¡ithin this period. The broken_line marked

tAt in Figure 9 is the least-squares fit of this equation. rts
pertinent statistics are:
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TABLE VI

No. 1 uptake of 13'9:_O, 
Aecles aegypr!. Larvae fecl grounct dog-

chorv 1abe11ecl with t37a". Specific acriviry of food = tO6 Cptt/g.
Reariirg temperature = 20oc, 137a" given in mean counts per ninute

(cPM) -l- one stancrard creviation Lotal - Beta acf-ivÍty

S amp 1 ing
time -
hr-s

Mean Activity
CP}f Remarlcs

1

2

J

4

5

6

24

30

48

7L

9B

9B

120

r44

168

L92

218

246

268

293

3r2

336

336

268

0.34

0.31

0. r6

0. 16

0.24

o.2B

0.65

1.11

r.2o
4.7s

3. s3

9.82

57 .5

103

L24

96.6

89.3

L7L

79.9

67 .4

72 .5

72.1

L,72

28.5

N=5
N=6
N=5
N=6
N=6
N=6
N=6
N=6
N=6
N=6
N=6
N ='6
N=6
N=6
N=6
N=6
N=6
N=6
N-6
N:6
N=5
N--6
N=6
N=6

0.90 +
0.59 +
0.17 +
0.18 +

0.35 +

0.40 +
0.96 +

2.0 t
/,o-L
=. 

J I

12.g;
23 1
4et

168 t
348 t
s46 J
sLe J
437 -t

s40 t
474 t
323 t
340 t
30s t
11.6 t

160 to'pupae
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TABLE VI Cont'd.

S amp 1 ing
time -
hrs

Mean Activity
CPM Remarks

3t7

363

268

3L7

363

43s

460

363

435

¿+6O

t40

8.0

348

270

742

66

34

29s

T48

t46

25.9

s.93

63.6

51.1

7.76

15.6

16.5

63.L

¿o,J

25.6

N=5
N= 12

N=6
N=6
N=4
N=5
N=6
N=2
N--6
N=5

cl pupae

cl pupae exuvÍa

? pupae

Ç pupae

d adults
- 
cl adults

cf adul ts

Ç adulrs

Ç adults

Ç adults

1

t
t
-1-

;
-r

;
f
t
t
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I

J\ lo';ã:À2o-5

(A) l¡ - ¡¿ ¡¡
(B) Tu : l03hr

i __,qu ec QO t6o ?oo

lir.9 - ¡9sta

_--r _*t_
æc 3¿O210

I"j.9.Lrr-c g

No. 1. Uptat;e bi' :\:__^ðggLi¡-_t. t-1>{,atte oJl 137C. 
tr.u*larva€ Ì"eâ¡rr:rcl atr 2ooc "Ã.t -=airipì.ecr at-, succcs,siveperiocls. Broken line narJiecl I i_s r-cgrcssi.onf-ine of actil-_ity oll ].arvae sa.rrrplccl bõLir,ce,r 2 ancl

] 40 hrs, that nrar-kecl Il j.s r.egt essì_on 1:i--ne oflart'ae sanrplecl bctrvcen 240 a.ncl 330 hr.s.
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Coefficient of correlation (r) = 0.9926
Itt lest of r : 0

It' test of slope (b) = 0

Degrees of freedom (d.f.)

= 23.0768

= 23.6666

=B
The'probability of this rerationshíp occurring by chance is (0.01,

ancl it is concluded that the slope of 'At in Figure 9 reflects the

accumulation-rate of radiocesium by all larvae sampled rvitll the 140

hr'period. Using the methods described for the computation of the

biological half-life (TO) of L. eme::icanus, the value of the

bíological half-1Ífe of racliocesiun uptake was calculatecl to be lB

hrs. Figure 9 also shor,zs that the activity of the larvae samplecl

aftet 240 lnrs decreased r¡ith time, an indication that they had

ceased to feecl. The broken line markecl 'B' in this figure represents

the least squares fit, and its statistics are:

r
ttt test
ttt test

d.f.

: -0.9307

= 4.4069

= -4.6666

=B

ofr.0
ofb:0

The probability of this correlation occurríng by chance is (0.02.

rt is tempting to conclude chat the slope of'B' (Figure 9)

re'presents the elimination rate of radiocesitrm b.y larvae prior to

molting. The value of To calculated from rB' is almost 110 hrs. rn

the light of crossley's suggesiion (crossley, 1963) that the

elinination rate of radj-ocesir¡n increases with the síze of the insect,
and the figure on 4.5 days previously calculatecl for fourth instar
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L' +Fer'cenrie n¡-mphs, 110 h-r:s (about rr.5 days) is a surprisingly
Large bíological half-1ife for a late i'star mosquito larva.
Clearly an alternative explanatí_on must be sought. At any given

sanplíng tirre, the experimental*population r¿i11 be composed of
individrals which have nei¡ly moltecl a'd those r,¡ho are close to
ecdysis' This differentiation car-l be expectecl to increase through

successive instars. Trre duratÍon of the periocr rvhen larvae of one

instar r{ere present \ras 90 hrs (Table vr), but the average duration
of tlris period r^¡as about 48 hrs at 2ooc. Thus, it is not

unreasonable to expect that tlhe samples taken of larvae contained

some larvae v¡hich had recently molted from a previous instar, the

instar which reached the higrrest racriocesíum/larvae 1eve1. The

activity of these larvae r.¡oulcl tend to elevate the mean activity
of the sample, causing Lhe observed long biological half-life.
Another fac.tor which could account for the decrease in the level of
racliocesium measured in larvae sanrpled after 240 ]nrs is the

differerrce betr¡een the arzerage amounts of the nucride in male and

female larvae. Tt T,,zas noL 'possíble to segregate mare and female

larvae for sampling, but it Ìùas a simple task to separate mare and

female pupae and adults. The differences betr.¡een the means of male

or female pupae and adurts (Table vr) are not significant at the

95% conf Ldence 1evel. Ho'ever, the grar-rd mean of either sex, that
is the mean activ'ty of aE male pupae or a<lults, is significantly
different (p = 0.05) from that of female pupae or aclults

consequently, an increasi'g proportion of females in successive
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sanples of fourth instar larvae, rvoulcl tend to off-seL the amount

of nuclÍde beir-rg lcst as a result of biological turnover.

IL3_qtrtaltc by A. Aegy_pr.i.. Experinenr

The uprak" of 137cs by 4. g-qgypli at 2ooc experimenr ruas

repeatecl, beginning rvith 200 neivly hatchecl lst instar larvae. rn

Ëhis experÍrnent, designatecl No. 2 Uptu|e by A. qgg_JL!!, anphasis

, 
was 'placed on deterririning the biological elimination rates of

radiocesiuin by the pupal ancl aclult instars. The results are

presented in Table VII.

No. 2 tiptake experiine't confi'ned the .previous value of

18 hrs obtained for the To of 137a" accumulation by larvae. As

before, the logarithms of the .pupal and aclu1t radíoactivítíes are

plotted against sampling tirne in Figure 10. rn this figure, male

and female pupal actíviLies are shot¡n by o¡:en circles and squares,

and adult male and female activities by solicl circles ancl squares,

respectively. Considering first the adults, the sl,ope of the

least-squares fítted línes repïesent the biological half-1ife

which was calculated to be 40 hrs. There is no statistically

significant difference between the slopes of the trvo aclult lines,
p = 0.01, and it is co'cluded that male ancl female adult A. aegypti

eliminate 137a" at the same rate. Female A. ggg:pli concentrated

altnost ti¿ice as much 3', ," the male (l3ruce-Chrrratt ancl Hayward, Lg56)

Bugher ai'rd Taylor (1949) also reporred that female A. ae.gypti

exhíbitecl about trvice tl',.32p 
"rld 

Bgsr of males from the same racrio-

active baths. Horvever, in all th" 137c" upiahe by 4. aegypti
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No. 2 uptake

labeIecl with
temperature =

total - Beta

of 137c"

tt7 r" .

2ooc.

TABLII VII

by A. g_gglp!-L. Larvae fecl ground clog cl.ror,r

Specif ic activíty of foocl : tO6 Cptl/g. RearÍ-ng
RadÍocesium reported as counts per mintite (CpIl)

activíty. Activity and rvet vreights reportecl as nean _l_

one standard devÍati._on

1

Time-
hrs

2

In s tar
3

Mean ¡,¿t.
mg

,4
Mean activity

CPM

5
I'tean CPM/rng

4/3

6

Remarks

67
9L

118

118
L44

144
168
L92
2L6
240
263
28T
330

216
240
263
28T
330

3s7

381

2r6
240
263
28L
330

:

0. 115
0. 071

0. 38
0. 36

0. 33
0.20
0.8 9
0. 39
0. 31
0.34
0. 40
0.69

0. 15
0. 28

0. 33
0. 56
0. 16

0. 061

0. 019

1.1
2.9

34

JJ

32
33

7B

363

542
s94
673
566
673
528
428
254

305
264
262
266
2L7

t07
55.1

r62
196
158
10.8
48.7
67 .4

26.7
28.9
27.3
66 .5
33 .4

t.37

2.67

L49
r0B
30. 3
52 .7
72 .5

72 .3
IO4 . ¿¡

66.6
304.7

20T.6
130.0
L87.9
1s8.1
L37.4
101 .8
82.O
44. O

N=
N=
N=
N=
N=
N=
N=
\Ì-

20
lL?

67

1st
1st
lst

2nd
2nd 0.44
2nd 0,32

3rd L.2
3rd I.2

4rh 2.7
4rh 4.6
îth 3.6
îLh 3.6
4rh 4.9
4th 5.2
4th 5.2
4rh 5.8

cl pupae- 3.1
d pupae 2.9
cl pupae 2,8
cl pupae 3. 0
cl pupae 3. 2

pupal 0.16
exuvid
pupal 0.06

exuvid

+ 0.289
+ 1.08
+ 8.31

+ 3.23
fto.a
f e.zz

+ 9.01I r:s

N=6
N=6
N=6

N=6
N=6
N-6

N=5
N=6

6

6

4
6

6

5
6

6

6

6

4
6

6

Iì-
;
+
'r
TT

¡
+
i

J-

i
+
+
+

J

¡

t
IT

+
l-
;'t
¡
+
i
'1-it
+
;.

itt
+

99.7 N =
91.5 N 

=92.L N =BB.2 N =66.3 N =

I4.9 N =

79.5 N =

-T-

2.4 !
5.0 t

? pupae
Ç pupae
Ç pupae
Ç pupae
Ç pupae

0.45 sB4
0.30 613
0.36 545
0.49 447
0.40 207

r29.2
t32.6
t23 .5
108.5

39.7

4.5
4.6
4.4
4.r
5.2

N=3
N=5
N=6
N=5
N=5

-t-

J
¡

¡
+
-1-

t
-L

+
-T.

+
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TABI-E VII Cont . d

1

Tíme
hrs

2

Ins tar
3

Mean ltrt.
mg

4s6
Mean activity lrlean Cpll/mg Remarks

CPM 4/3

330 cl aclul ts
357 cf aclults
38 I cf adul ts
405 cf adults
430 cl adul ts
448 cf adults
4BI cl adults
500 cf adulrs
52Lt cf adults
548 cl ãdults
381 cf adulrs

330 Ç adults
357 Ç adults
381 Ç adults
405 Ç adults
430 Ç adults
448 Ç adults
487 Ç adults
500 Ç adulrs

7.7 + 0.11
o. 58 :t- o. 06
0.70 + 0.12
r.4 i o.og
1.3 + O.rg
r.2 -i o. r¡
1.0 + o.r+
L.4 I O.ZO
L.4 I o.os
L.4 i O. Og
0.57 + 0.03

2.9 + 0.22
1.0 + o.og
0.s9 + 0.11
2.5 i 0.t¿u
2.L + O.ZO
2.2 1o.zø
1.8 + O.SZ
2.3 ] o.zo

209 + 3L.4
L27 + 17.s
68 + Ls.7
q,6 4 tz.z
T :r 27.6
13 + 4.30
14 + 3.15

8.1-t: 3.46
6 .8 + 3.4s
s. t lr t.42
722 + 3L,r

440 + 65.4
37s + 60.3
213 -1 101
224 + 68.4
tß + 46.7
1ls ; 37.6
sB + 16.2
4L + ts.7

r20.2
2I8 .0
97.7
32 .9
25.r
14.9
13 .4
5.9
5.0
3.8

2t3 .3

L52 .4
373.r
240.6
BB. 9
68.B
s3. 3
3L.6
TB.2

N=6
N=6
N=6
N=6
N=4
N=5
N=6
N=6
N=6
N=6
N=6

N=6
N=5
N=6
N=6
N=5
N=6
N=6
N=6
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experiments, partícu1arly No. 2, trre differer-rces between male

and female pupae and adurts are not significant at the 95%

confidence 1er¡el. rt canirot be co'clucled from this experiinent

that the female mosquitoes acc.r¡rulated more 137a" thair the ma1es.

Bugher and Taylor reportecr fro¡n their stucly, that the only

significant loss of 32p 
rr-rd B95, from adult mosquitoes resulted

, from egg laying (Bugher and Taylor, Ig4g).

The measurenents reported in Table vrr clearly shovr

that the 137a"-"o.rtent of the adult mosquitoes decreased by an

order of magnitucle cluring the stucly-ínterval. This clecrease is
reflectec'l in the biological half-life calculated for the nuclicle

and is shor,rn in Figure 10. The arnount of racliocesium in the eggs

laid by female mosquitoes in No, 2 tJptake experiment amounted to

only a few percent of the fenalets bocly-burclen. Measurement of

Ëhe beta actívity of fecal 'pe11ets accountecl for mole than 75%

of the decrease in the female aclultts racliocesium body-burden.

The apparently different fates of 32p ur,.l B9Sr, 
compared with t}rr",

is not surprising. Table T of the conrmittee Tr, Tnternational

courirission on Radíologica1 protection (r.c.R.p.) report, lists
32P ,nd 90rr r" being bone-seehing nuclicles in man, ,r,d 137c" ," u

Ëotal-body nuclide (ï.c.R.p., 1959). phosphoïous and strontium

being trtarget-organrt seekers, one could expect them to be retained

longer in aclult mosquitoes, than a radionuclide such u." 137a"

r,¡hich is dístributed throughout the anj_mal's bocly. More than tto%

of the 3'" ot Bgrr r"..r*u1atecl by acrurr ¿. ggilpli is cleposirecl in
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the legs (Bugher ai-rcl Taylor, Lg4g), a fincli'g iøhich supports

the suggestion that the biologicar half-1ife of radiocesiun in
Ë're adult mosquito is shorter than that of 3r, or trr., 

because
137 c" is not concentrated by any particular organ Attempts to
demonstrate localizatíon of racriocesiu¡n in A. gggry_ptt larvae a'cl

adults by autoradiog-raphy rur" ,rr-rr,rccessful . What is remarkable

is the magnitucle of the 40 hr-To value obtained for the adults.

I As cíted previously, crossley (1963) suggested trrat trre biologÍcal
half-life of radiocesíum increases rvith the si'ze or. the insect.
The 40 hr half-life measured for adult A. aegyptí places them in
Ëhe sarne class as grasshoppers (Crossley ancl ?ryor, 19603

crossley ancl schnell, L96L), insects much large:: than mosquitoes

but, not aquatic. I^rhen discussing radiocesium e1ímination by L.
:'americ.cnus, it r^ras poÍntec1 out tl-lat the value of To obtained for
nymphal stages uras smaller than that measurecr for adults.
similarly, the uptake rates of early ínstar mosquiloes, Figure 9,

are less than those of 4th instar a'd adult mosquitoes (Figures 9

and 10).

The radioactivities of the pupae give' in Table vrr
suggest that some of the pupal 137a" 

bo<ly-burden may have escaped

through the exuvia. A regression analysis of the .pertinent

measurements, plotted in Figure 10, gave the following statístics:
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Correlatíon coefficient trt
t-testofr:0
t-test of b:0

sLanclard deviatjon of y on s (Syrx)_

standard dcviarri-on of b (SO)

cl pupae ? pr¿pae

-0.94L7 -0.9207

4.84s4

-6.000

0.0223

0. 002

4.0847

-4.1000

0 .087 7

0. 001 0

degrees of freedoni (c1. of f.) 3 3

some of the pupaets radiocesiul' body-burcren may have passed

through the exuvia into the surrounding water5 in r¿hich the

pupal were placed to emerge. samples of this \,Jar-er were countecl

and found to have count-rates significantly higher than those of
comparable samples of distilled r"rater. This f incling can be

accounted for by radiocesiun de-sorbing from the exuvÍa. The

methocl employed. could not differentíate betr,¡een 137a, l¡hich
'passed througl-r the exuvia, ancl that de-sorbecl from the exterior

surface of the pupa. The forner explanation, in the light of

reports by liasset and Jenkins (1951) and other r,¿orlcers, is not

Ëoo 'probabl e.

No. 3 Uptake by A. gegypill Experiruenr

No. 3 uptalce of radiocesium experiment was carried out

at 25oc, five degrees higher than Nos. 1 aird 2. The results are

recorded in Table vrrr, and plorred in Figure 11. Reichle (L967)

for example, has shor,'n raclioces j-rrm-turnover to be a function of

metabolic activíty. One coulcl expect, therefore, that the

biological elimiiration rate of 137c" at 25oc rvould be greater trran

it is at 2OoC. This íncrease in turnover-time rvould be reflectecl
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TABLE VIII
No. 3 uptalce of t3ta" by A. sggypqi. Larvae f ecl

labeled ,,,itL, 137C". 
Specif ic acrivity of foocl :

Rearing teniperature - 25oq. Raclioces j.um reported
minute (CpM) total - Beta acrivity. Activity ancl

ground clog chor,r

to6 cpy/g.

as counts per

dty (dried over-
night in a cacl, dessicator) weights reporr-ed as mean * one

standard deviation

1

Time-
hrs

2

Ins tar
3

Mean rvt.
mg

4
Mean Activity

CPM

5
Meau CPM/mg

4/3

6

Remarks

24
48
72

72
96

96
L20
L44

L20

T44

276

2t6
28B

2L6
28B

lst 0.05
2nd 0.OB
2nd 0.53

3rd 0.27
3rd 0.50

4th 0.79
4rh I.2
4rh 1.3

cl pupae 0.68

? pupae L,2

pupal 0.06
exuvia

cl adul rs 0. 53
cl adults 0.37

Ç adults 0.89
Ç adulrs 0.64

-r
{-
-r

+
T-r

+
-r

i
l-

t
t
+
ì.

1-
.f

l-

;-

t
+
¡
+
:
j.

IT

-l-

I

o .02
0. 01
0. 15

0. 05
0. 10

0. 05
0. 13
0.L4.

0. 05

0.07

0. 01

0.03
0. 04

0 .07
0. 10

5.9
13
11

7B
285

32L
373
313

r37

283

0.8

31
L9

r10
67

2.37
4.13
s.24

22.s
58.0

3I.7
84 .4
4L.3

27.0

59 .3

0.44

7 .to
10.4

32 .3
62.9

N= 12
N= 12
N=9

N:12
N = 11

N=6
N= L2
N:6

N= 12

N=12

[J= T2

=L2
= 11

+
-t-

+
+

118.0
162 .5
20.8

2BB .8
570.0

406 .3
310. B

240.8

20L .5

235.8

13.3

58.5 N

5t.4 N

L23.6 N
T04,7 N

= 11
-B
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in a lor'¡er value for To, Examiiration of trre broke'-line markecr
rA' in Figure 11, shor,¡s that trre rate of uptake of radiocesium

v¡as faster at 25oC, than it rvas at ZO)C. The value Tb = 12 hrs,
is sig'if icantly less (p = 0.05) rrran To = 18 hrs, creterm j-ned f or

similar larr¡al stages ::ear:ed at 2OoC (!-igure 9). Líne ,A, in
Figure 11 ¡'¡as fittecl by the rnethocl of least squaïes, omitting the
'points marlced :t. The s tatís tics of the f it obtaínecl are:

r
b

- 0.9925

- 0.0248

- L4.03s6

- 14.5BB2

- 0.1100

- 0.0017

t-test
t-test
s
Yrx

tþ

d. of f.

ofr=0
ofb=0

For some reason, for v¡hich there is no obvíous explanation, few

of the adr:lts in No. 3 upLarce experiment survived long enough to

r-neasure theír 137a" elimination rate. The amounts of the nuclicre

measured in the males ancr fernales dicr not differ significantly,
'P - 0.05,

Uptake of 137c" by 4. aeg¿p-L! Pupae

rt has been pointed out that the radiocesitun activity
of A. aegypti pupae decreased wirh rime 1räbre vrr). The observecl

decrease coulcl be accounted for by de-sorption of trre nuclicre from

the pupal exuvia, o:: it migrit be the result of 137c" escaping from

the 'pupa through the exuvia.
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To test these tr,ro hypotireses, a group of 100 24 hr
o1d A. aegypti pupae were placed in distÍlrecr \,/ater (conr_ro1s), a

seconcl group r'ras pl,aced in the same volurne of distillecr r,Tater

containing B x 103 cprn/ml- carrier-free 137a" f.or 2t¡ l1ys, and a

third group in trre same coricentration of racriocesiuin for 72 hrs.
All groups r{ere maintained at 2ooc; the pupae had pupated from

larvae reared at the same tenrperaLure. Follorving the treatinents,
all groups of pupae r{ere washecl three times in equal volumes of
distíl-led vzater, then each,placecl in 100 ml of r^rater to emerge.

Adults were cai)turecl ancl total-beta countecl lvithin 12 hrs of
emerging, to avoicl loss of 137a" by excretion. The exuvia ancl

samples of the emergence-Ìvater, were also countecl.

The resurts of this experíment can be briefry summarized.

None of the male or femare ad.ults rvhich emerged frorn pupae immersed

in the radiocesitun solution r^rere significantly more raclioactive
than the controls, (StuclenLs rtt test, p = O.05). A material
balance, based on trre acËívity of the 137a" solutions before and

after'pupal exposure, trre pupae after exposure, the emergence-

water, and the activity of exuvia, srrovred that cre-sorption of 137c,

from the pupa coulcr accou't for the decrease in pupal activity
observed in No. 2 UptaLe experiment.

1a1
Uptake and Eliinination of t"C, by Aedes 45gpa-l p_u€ (Coqui I 1 et r )

A series of experinìents to measure uptake- and

elimination rates of ::acÌiocesi-r¡n by Aecles atropalpus, a mosquito

species native to ca'ada, were carried out u'der conclitions
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comparable to Llrose emirloyecl for A. acgypti mcasrrrcments. ïhe

first of th:'_s series, No. 1 Uptake by A. atropal,pus, employecl a

rearing tenperatLlre of 2ooc" The results of tlie experiment are

tabulated in Table rx, from which Ít r¿il1 be irnmecliately apparent

that the inortalif-y rvas quite high. For the purpose of To measure-

ment, the neasurernents are valueless. High mortality ancl poor

weíght-gain, coinpared to A. at::opal.pge fed non-labeled foocl ,

suggested the larvae perhaps sufferecl racliation clamage as a result
of the specific activity of their foocl, 1 x 107 cprn/g, giving an

íntegratecl i:acliation dose J uUorrt 2 rad./Larva/d.ay. No. 1

A. atropafpus Uptake experimeirt r+as repeated (No. 2 Uptalte

experiment) at a rearing temperature of 25oc (Table x). Feiv of

these larvae survíved beyond the 3rd instar. The weight-gain

suggested that the larvae may have fed poorly. However, the

measurements reported in Table X do índicate that the accumulation

ratc of 1st, 2ncl a'cl 3rd instar A. atgopalpus rvas about 12 hrs,

comparable to that of A. aegygEj- reared at 25oC.

A nerv barch of 137c" labeled A. ggfgpghgg food v¡as

prepared, specific activity about 103 cpm/g, and usecl to feed the

larvae in No. 3 uptake experiment. The vreight-gain of these

larvae (Tab1e xr) compared favourably with that of A. atropalpu_s.

fed non-1abe1ed food. unfortunately, the actj_vity of the radio-

cesium labe1 was too 1or,r, ancl no useful results rvere obtaíned..

Therefore a fourth uptalce e>lperiment employing anotl-rer batch of

labeled foocl, specific activity L.25 x 104 cpm/g, ancl a rearing
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TABLE TX

No. 1 Uptake "t 
t']g: by A. atropalprls. Larvae fed fÍsh rearing

food labelecl r,¡ir-h 137a". Sp;ic acriviry of fooct = ,ot ao"i*.
Rearing temperatui:e = 2ooc. Racliocesiun reportecl as counts per
minute (CPl'{) total * Beta activity. Activity ancl clry (clriecl over_
night i' a cacl, clessicatoï) rveights reportecl as mean * one

standard deviation

tL
Time-
hrs

2

Ins tar
3

Mean wt.
mg

4
Meair activity

CPM

5
Mean CPlt/g

4/3

6

Remarks

24

47

69

97

69

97

IL7

L44

235

23s

235

8.0 t
46 1
46t
4.2 !

2 .24

74 .3

r0. B

4. BB

38 .6

25.7

82 .5

TT2

269.s N=9
N=12
N=10
N=6

N: L2

N = 11

N = 11

N:5
N= 1

N= 1

N= 2

2n4 0.04 + 0.008

Znd lost
2nd losr
2nd lost

3rd lost
3rd lost
3rd 0 .2L -l- 0 .0112

3rd 0.11 + 0.041

3rd 0.16

7B

46

370

381

t
+

;
t

642

4th 0 .67

cf pupae 0.65 t 0.05 732

108 2

+ L42

t770

3628

4ILL

1615

LT34
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TABLE X

No. 2 uptahe.t t'19: by A. arropalpus. Larvae fed fish rearing
f oocl labeled i¿ith t"a". 

Specif ic acrivity of f oocl = tO7 CpW/ g.
Rearing temperature = 25oC. Racliocesium reportecl as counts per
minute (cPM) total - Beta actirzity. Activi ry ancl dry (driecl over-
night in a cac1, dessica.tor) weights reportec] as mean * one

standard cleviation

1

Tíme
hrs

2

Ins tar
3

Mean wt.
mg

4
Mean activity

CPl"l

5
t'tean CPM/g

4/3

6

Remarks

24

4.6

70

1

t
+

57

60

N=9

N:6

1e3 t
4BB t

70

92

1st

2nd

2nd

3rd

3rd

4rh

0 .0L2

0. 036

0 .04.7

0. 084

0.L7

0. 005

0. 006

0. 008

0.013

0. 013

L2.3 5 .27

15. 5

2r.9

51 .8

67 .6

L025

158 0

t2B0

2300

28B O

N:10

N : 11

N= 12

1-

-L¡

l-

T-

r42
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TABLE XI
Total - Beta acr-Ív'ty of A. ^atroparpus fecr labered f ish rearing
fooc1, specific activity <tO3ceU/e. Rearing temperature = 25oC.
Activity in counts per ninute (cpM) ancì day (dried overnigrrr in
a cacl, dessicator) vreights reporbed as mean * one stancrard

deviat ion

1

Tirne-
hrs

2

Ins tar
3

Ilean r,¡t
mg

4
l.fean activÍty

CPI'{

5
Mean Cpi.{/mg

4/3

6

Remarlis

24

49

49
72

120
143

120

I20

r43

L43

168
193
277
241

168
193
2I7

3rd
3rd

4rh
4rh

cl pupae

? pupae

cl pupae

Ç pupae

d adulcs
d adults
cl adults
cl aclul ts

Ç adults
Ç adults
Ç adults

2.6

3.8
3.2

0.42
0.31

0,25

0.32

0. 60

0.L4

0.72
L,2
1.0
0.66

0. 33
0.34
.0.19

N=6

-o
=6

=L2

=L2

=6

=2

lrJ o 17
N = 11
N-9
N=7

N=12
N: 11
N=6

1st

2nd 0.05 + 0.020

0.T2 -t-0.019
0.13 -t- 0.031

0.90 + 0.239
L.24 t 0.27 s

0.65 + 0.053

1.33 + 0.104

0.63 + 0.035

1.53 + 0.064

o .4.7 * 0. 038
0.4 1 + 0.037
0.33 + 0.026
0.29 + 0.0lrO

1.11 + 0.089
0.96 + 0.096
0.86 + o.og2

0.22 + 0.344

0.13 + 0.LI7

0.45 -l- 0.1r11
0.41 + 0.536

0. 38 -t- 0 . L99
o. 38 + 0.747

0.16 {- 0.128

0.43 + 0.360

0.38 + 0.T72

o.2I + 0.276

0. 34 + 0.27 5
o.4s + 0.423
0.34 + 0.s62
0.i9 + o.zLs

0.37 + 0.181
0.33 -t- 0.450
0.16 -l 0.171

N

N

N

N

N

N

N

N

=12

=6
=6
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tenrperature of 26oc vtas set up, The results of tr-rís experime't

were also inco'clusive, the activity of trre larvae bei'g about the

same as in the other uptake experiments. The effect of ,potassiuür

concentration o' radiocesium upr-alce, to be clescríbed, suggests the

failure of A. atropelp€ to accumurate racriocesium may have been the

result of the aniount of potassirrn in the foocl. Analysis of the

rearing meclium showccl that sufficient potassium leachecl froin the A.

atrE>qlpus food in 48 hrs to produce a concentration in the rearÍng
medium of abouL 0.002 r'r. rt is postulatecr that Lhe apparent fairure
of A. gr.g.p-alp-.g!. to accumuLut" L37cs r{as the resurt of suppressíon of
uptake by'potassíum, and the aclequacy of fish food as a cliet for this
species.



CI]APTER VI

EF}-ECT OF POTASSIUII{ CONCEI'ITRATION OIV 
137C" 

UPTAI(E

INTRODUCTIO}.I

In the course of the racliocesium uptalce by A. gegJp!¿

experiments the question arose: can a' io' cheinÍcally simílar to
cesium affect the accumulation of that nuclicre by the mosquito, in
a manner coinparable to the suppression of strontíLim uptalce by

calciurn? ?otassiu-m is an element of consiclerable ímportance to the

invertebrate and vertebrate body. Because of its similarity to
potassium, cesiurrr m:i-ght be expec.tecl to behave biorogically in a

sÍmilar manner. The ecological relatíonships of potassium and

cesÍr¡m have bee' extensively reviewed by Davis (1963), therefore onry

the more outstanding aspects of the question - the Ínter-relation-
ship of poLassitu-n ancl cesÍrmr - will be discussed. The topic is sti1l
very much one for debate.

Hanclley and overstreer (1961) demonstrated that in row

external concentraLions of cesium, potassiurn significanlly affectecl
141the upLalce of '-'c" by barrey roots. uptake experiments using

miIlet, oats, ancl s\,/eet clover groiving i¡ nuti:ient solutions have

suggested discrimination by these .plants against cesium, in favor of
poËassium (Ilenzel1 and Healcl, 1955). Depres"ior-, of cesium uptake in
the presence of potassium has also been demonstrate<i for the alga

ch1oge1la (Morgan and Meyers, 1953), and for yeast celrs (RothsteÍn,

1955). cli'e reporred that Ëhe uptalce and translocation of 137c"
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and I(+ r'Jere inarkedly influe'cecr by variatio's in potassiullì

concentration of the mediuin in which red lciclney beans \.Jere gro\øing.

Holever, he concludecl that the behaviour of cesium ancl ,potassium Ín
plants r'ras largery inclependent of eacrr other (clíne, Lg,oz). Evans

and Delcker have stucliecl the uptake of racliocesium by oats and alfalfa
in the laboratory and in the greenhouse. Tirey found accurirulation of
tl'ris radionuclide to be related to the clegree that it was fixed in
the soil. Plar-rts gro\,r1-Ì on soíls ivitrr a loiv concentration of
available potassiurn, accumulated the most racliocesiurn (Eva's anc1

Dekker, 1966). rn contrast, it has been reportecr that the suppression

of l37c"-uptake 
by potassiuin is quire snia11, and ge'erally of litrle

consequence (I,Iil1iams and swanson, 1g5B; !tri11iams, 1960, for example).

scott (Lg54) has reportect that marine algae ce1ls attempt to utilÍze
cesium to fulfill potassiun deficiency. MetaT¡olic similarities
bet'een cesiu.r and potassiu¡n in anímals have been recognized since

1882, when Rí-nger cornpared the effecLs of cesÍum, .potassium, and

rubiditim on the activity of the isolateci frog heart (Ringer, 1gB2).

Loeb observed that potassium was an essential constituent of water

for the develoi:ment of sea urchin eggs, and that these requirements

could be provided for by the replacement of potassium rvith cesium

(Loeb, 1921). The addition of supplemenrary potassium to the diers
of manunals has been srro¡,m to recruce retention bf cesirän in their
tíssues (Mraz, 1959; trnlasserman ancl comar, 1961) . Measurc'ients of
137t' and potassíum in the edible tissue of species of freshruater fish
caught in the Arctic ocean ancl certain lakes in south Finland, shorved
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a tenclency torvards an iirverse relaij_onship (HäsHiren and Miett:._nen,

1963) ' Precise comparison l¡ras cliff icult because the levels of fall-
out fission products in the lakes r,,ere clifferent. In general, the
opinion of investigatoi:s coilcerned rrith racliocesiun accumulatíon i'
físlr is sumned up by Gustafson et al . (Lg66) _ ,,Ces:._um_137

concentration present in fish depencrs pr:._rnarily on three factors:
(1) the concentratÍon of tire raclionuclicle in the rvater environment;
(2) the accompanyi'g level of ,potassíurn (ratio of cesr._urn-137:

potassiu'r); (3) the posÍtion of the fish in question in the aquatic
food chaint'. Little comparable rvork on invertebrates has been

reportecl, h'r'lever Gustafsoi-l et a1. postulate provided a satisfactory
wo'kíng hypothesis for insects, .particula-r:ry an investigatioir of
potassium effects on the accumulatioir of 137a" by A. _e-'e_gJpli.

METHODS

The only departure from the mosquito methocls rvhích have

been describecl, res the presence of various concentrations of potassÍum
chloricle in the rearíng niecliur. Larvae i¿ere fed 137a" labeled Gai'e,s
dog-meal as before, ancr rearecl at 2ooc and 25oc. This series of
experiments rüere set up as a completely randomized clesign. The various
insta::s rüere salnpled ctaily. Grotrps of 100 nelvly e'rergecl lst instar A.

_æ,åyp!,L larvae were rearecl ín clistilled T.rater, ancl in .pans containing
0.005, 0"01, 0.025, 0.05, 0"075, 0.10 and 0.25 morar solurions of
potassitrm chloride in clistillecl r^rater.
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RESULTS A}ID D]SCUSSION

The results of these experiments are presentecr in Tables
xrr and xrrr. All larvae reared in 0.25 M potassÍum crrloricre

solutions at 2OoC and. 25oC died within 2t¡ h¡s. It will be seen from
these tabl'es that the clifference beLr+een the amount of racliocesiuin

accuinulated by trre controls, ancr the amouirts talten up by larvae in
the various potassÍun concentrations, increasecl ¡vii-h successive

insl-ars. Any effect that potassium may harre exertecl or, 137a" 
uptalce

at 25oC i_s not pronouncecl before the thircl instar.

The apparent differences betrveen the amounts of racliocesium
accumulated by mare and female pupae and acrurts are not signifi-ca't
at the 95% confidence 1evel. The variation betrveen racliocesium

concentration of larvae in each potassíum concentration and thaË of
137a" uptahe rvith temperatuïe at a gíven potassium concentration,
v/ere examined by the analysis of variance methocr (Bailey, 1g5g). The

results of tl-ris analysis permit the follorving conclusions about the
measurements reported in Tables XII and XIII: (1) The differences
betrveen the amounts of 137a" accumulatecl by the controls and the
activities of larvae, pupae, and adults reared at 2¡oc or 25oc in the
various potassium collcentrations, are statisticarly significant
(p = 0.05). (2) The apparently grearer suppression of 137a" 

uprake by

potassium at 25oc, compared to 20oc, is also statÍstical1y significant
(p = 0'05)' (3) All the potassium concentrations examíned suppressed
137a" tiptake to the s ame degree. signif icant clif f er.r.,""" betrvee'

individual potass:'-uil concentrations, rvhere they occur, rrere ranclom.
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TABLE XTI
Effect of potassium concentration on uptalce of 137c" by A, aeg_¿lpt¿
rearecl at 2ooc. l-arvae fed clog chors labelecl ¡,i¡þ 137Cs. spuãri"
activity of f oocl = tO6Cptt/g. Activity ancl rvet weights reportecl as

mean * one standard cleviation

1

Time-
hrs

2

Ins tar
J

Meair rvt.
mg

4
Mean Activity

CP}f

5
Ifean Acriviry/mg

4/3

6
Remarhs

CONTROLS

lz+ 1sr
49 lst
70 lsr

70 2nd
97 2nd

119 2nd

LLg 3rd 0. 23 -l- 0. 05

L67 4th 0.66 J- 0.08
LgL 4rh 1. 01 + o. 07
237 4th t.24 + 0.31

237 d pupa 0.78 + O.O4

JJJ- ^
357 Ç adulrs 1.23 l- 0.03
aatJJ J-

35j cl adulrs 0,75 + 0.04
381 exuvia 0.05 + O.O0B

0. 00sM

¿4 Ist
49 lst
70 1st

70 2nd
97 2nd

97 3rcl
119 3rd 0 .24 4- O .04

0.8 5

4.2
8.6

2.4
3.7

36

50

tot

477
349

Il+5

224

99

0. 93

o .72
20
3.9

0. 55
1.5

4.8
25

0.73
L,28
2.TB

T.L7
t.47
LO

20 .3

24.0
49 .0
39.4

13.6

L4 .5

2L,T

0. 78

0. 36
0.8 5
1.136

0.t¡4
0. 60

3. 58
s .34

2L8

442
472

28t2

186

tB2

131

18.6

to+

ìL

-i-

i
I

t
f,

i
t
tt
J

t

=6
=6
=6

=6
=6

=6

=6
--5
=J

=6

N

N

N

N

N

N

N

N

N

N

N

t
t
't

J

;
iì-

-l
t
+
+

N:3

N:6
N=6

N:6
N=6
N= 6

N= 6
N:6

N:6
N=6
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TABLE XII Cont. cl

I
Tíme
hrs

2

Ins tar
aJ

Ifean rvt .

4
Mean Activity

CP}f

56
Ilean Activíty /ng Remarks

4/3
t67
L9L

4rh
4rh

237 cf pupa
26L ? pupa

309 cf adults
333- ^
381 Y adul.ts

381 exuvia

0. 0lM

24 1st
49 lst
70 1st

70 2nd
97 2nd

97 3rd
l-20 3rd
168 3rd

168 4rh
191 4tn
238 4rh

238 cl pupa

309 cl adults
333- ^
381 Y adults

m

0,85 + 0.15
1.t2 + o,L3

0.77 + 0.03
I.57 + O. rO

0.82 + 0.05

1.25 J- 0.06

0.05 + 0.02

o.zo i o.os
0.49 + 0.13

0.90 + 01.3
1.32 + 0.13
r .47 + O.L3

0.82 + 0.07

0.78 + 0.06

1.29 + 0.10

118 -t- 17 .3
89 + re.:

77 + 8.96
L23 + rs. so

50 + 12.34

92 + 16.07

0.98 + 0.762

0.72 + 0.32
3.2 + 1. 03
2,4 ¡ r.17

0.51r * 0.76
t.6 i o.4s

3.0 t 2.98
23 + 4.43
62 i rs.a

115 + 28.1
103 4 zo.s
L4e j +t.z

64 + 22.0

26 + 13.5

93 + 13.1

138
BO

99
123

6L

74

20

N=6
N;5

N=4

N= 6

N:6

N=6
N=3

N=6
N:6
N=6

N= 6

N=6

N:6
N=6
N=6

ã,
L04

127
7B

L02

77

33

.72

N*6
N=6
N--3

N:6

N=6
N:6

0. 0.25M

24
49
70

1st
1st
1st

2nd
2nd

0.5 + 0.78
3.s + 0.Bo
4.r t 0.72

0.43 J- 0. 30
2.e ¡ 2.s

N=6
N=6
N-6

N=6
N=6

70
9B
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TABLE XII Cont.d

1

Time-
hrs

2

Ins tar
J

itfean rvt .

mg

4
I'fean Activity

CP}f

5
Itfean Activity/mg

4/3

6

Remarks

98 3rd
I20 3rd
168 3rd

168 4rh
L92 4th
239 4rh

o.zo -r o.o+
0.3s + 0.18

0.87 + 0.18
1.17 -I 0.13
1.16 + 0.36

0.81 i- 0.10

0.83 + 0"05

1.25 + 0.09

0.05 + 0.01

o.zr i o.os
0.41 + 0.12

0.75 + 0.08
1.08 + 0.13
1.3s + 0.06

0.83 -t- 0.05
2.34 + L.33

0.66 + 0.06

L.L2 -t O.O7

3.7 + 2.20
20 + 4.283e I zz.s

96 {- 9 .3676 i r+,sr2o ! ++.a

59 + 11.8

37 t 7.60

82- + 18 .3

1.s t 1,18

0.92 + 0.623
4.3 + 2.46

11 ¡ 2.s4

0. 03 -t- 0 .049
1 .4 l- 0.84

1.0 t 0.64
15 + 3.9L
32 + ro.r

77
103

110
65

103

N:
N=
N=

N=
N=
N:

6

6
6

6
6
t)

239 cl pupa

309 cl adul ts
JJJ-

381 V adults
381 exuvia

0. 05r{

24 lst
49 1st
69 1st

69 2nd
99 2nd

gg 3rd
120 3rd
168 3rd

168 4rh
L92 4rh
240 4th

240 cl pupa
262 ? pupa

309 cl adults
a E1J )t-

J0 l

73 N=

44 N=
65 N=
29 N:

N=
N=
N=

6

6

6

42 N=
25 N=

77 +4e+
6T¡

35+
60¡

23+
4L;

13.9
11.1
9. 33

6.48
ro.2

5 .43

4 .33

0. 133

N=
- N-

- N=
70 lrJ =
78 N=

103 N=
46 N=
45 N;

35 N=
36 lrl =

6
6
6

6

6

6
6

6

6

6

2

6

J

6

3

N--638 i exuvia 0. 06 -t- 0. 01 0.22 + J. t
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TABLE X]I ConT'd.

1

Time-
hrs

2

fns tar
J

Mean rvt.
mg

[¡

l.fean Actir¡ity
CPM

56
Itlean Act ivity/rirg Reurarlcs

4/3
0. 075M

24. 1s t
49 lst
69 lsr

69 2ncl
99 2nd

99 3rd
iL2O 3rd
168 3rd

168 4th
L92 4t1n
24.0 4ttr

240 cf pupa

309 cl adults
??"-
;áí Ç adurts

381 exuvia

0. tM

24 lst
49 lst
69 lst

69 2nd
99 2nd

120 2nd

99 3rd
I20 3rd
168 3rd
24L 3rd

260 4rh

0.24. + o.o3
0.31 + 0.12

0.77 + 0.09
t.2t jr 0.22
1.38 + 0.19

0.84 + 0.0s

0.69 + 0.05

1.11 + 0.07

0.05 -t- 0.013

0.1/r {- 0.03
0.26 :¡- o.06
o.60 + o.ls

LOg + 0.22

0.64 + 0.592r0 + 4.81

.B.B ¡ 2.5tt

0.99 + 0.726
0.17 ; 0.208

4.6 + 6.93
11 + 3.64
re ¡ B.7s

44 -F 4.8340 i ro.rs2 I s.zz

32 I 7.L7

T7 t 2.83

3e t 4.3e

0.19 + 0.i89

0.60 + 0.445
23 l tt.g

7 .4 ¡ r.o2

0.17 + 0.I42
0.29 + 0.22722 t 3.7s

I.2 + 0.378
8.7 + 2.4s

2L + 7.443r ¡ s.o2

63 -t L6 .7

N=6
N=6
N= 6

N=
N-

lrJ o

N-
'Nt -

N=6
N= 6

N*5

N= 6

N=6
N=6

N=5

N=5
N=6
N=6

6
6

6

6

6

44
62

57
JJ

3B

.QJ9

25

35

ôo
JO

62
B1
s2

N-6
N=6
N=6

N=6
N=6
N=5
N=6

57 N=6
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TABLE XI I Conr I cl .

T2
Time- Instar
hrs

3
Mean wt.

mg

4
Mean Activity

CPM

5
Ir{eai-r Activiry/mg

4/3

6

Renarks

357 -
381

381

cf adults 0.55 -t- 0.03

0. 01

0.02

31

L.2

9.70

0.707

L,t+5

38+ 70

34

30

Ç adults 0.92 -l t
+

N=3

N=2

N:5381 exuvia 0.04 -t-

All larvae died rvírhin 24 ]nrs 0.25M
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TABLE XI'II

Effect of potassium concerrtration on uptalce of 137C" 
by

rearecl at 25oC. Larvae fecl dog chor.r labeled r.riLh 137a"

activily of food -- tO6Cp¡t/g. Activity ancl v¡et weÍghts
mea-n -!- one standard deviation

4. aeeyp!!
. Spec í-f ic
reported as

1

Time-
hrs

2

Ins tar
J

Ifean r,¡i..
mg

4
Mean Actívity

CP}I

5
Iulean Activity/ing

4/3

6

Remarlcs

CONTROLS

I z+ lsr o.ole + o.oog

48 2nd 0.06 + 0.010

97 3rd 0 .49 -l- O. 15
l4L 3rd 0.36 + O. tS

165 4rh 0.72 + 0.11

165 cl pupa O.58 + 0.13
L65 ? pupa OISS

0. o05M

24 lst O.O2 + 0.006

48 2nd 0.07 + 0.03
69 2nd o .27 i o. OS

69 3rd O .41¡ -t- 0 . 03
98 3rd 0.58 i o. r:
98 4rh 0.76 + 0.15

t77 4rh o.BB i o. ¡gL65 4th 0.75 + o.+r

I4L ct pupa 0.47 + 0.03
I4L ? pupa 0.BB + O.OS

165 pupal 0.043 + 0.015
exuvia

2L4 pupal O.O4O + 0.009
exuvia

214 cf adults 0.24 + 0.035
2I4 Ç adulrs 0.47 + 0.130

0. 97 r' 0.461

15 t s.76

2gg r. LL7
137 t s4.0

20L + 69.5

269 + tt2
367

2.5 + 1.55

7 .9 + 2.t4
11 ¡ 6.47

23 + 7.47
3e ¡ 7.s7

56 + 8.7442 i rr.s48 i rs.o

29 + 1.81
4L ¡ s,4s

3.3 + 3.61

s4

266

6LT
3B0

278

463
632

L23

tr2
42

52
66

74
47
6tt

62

46

7B

5

N=

lrJ o

N=

N=
N=

N=
N=
N=

N=
N=

N=

N

N

N

N

N

N

N

=6

=6

=J
EJ

=2

=4
=l

5

6

6

6

6

6
6
2

5

J

J

0.2 + 0.187

4.3 + r.20
24 i to.z

18 N=2
51 N=5

N=6
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TABLE XTI] ContId.

1

Time -
hrs

2

Ins tar
J

Mean v¿t.
mg

4
l'lean Activitl'

CP},I

56
Mean Activity /mg Remarlcs

4/3
0 " 01I'f

24 lst 0.03 + O.O0B

49 2nd 0. 10 -t- 0. 01
69 2nd, 0.22 + O.o3

98 3rd 0.62 + 0.11
tL7 3rd 0.74 + 0.03

1L7 4rh 1.12 J- 0.30

I4I cl pupa 0.99 r,- O.L7
165 ? pupa 1.15 + 0.13

16s l:P"l o.07 + o.02exuv]-a

213 ::ff|" o.07 + o.01

2I3 d adulrs
2T3 I adults

0. 02 5M

24 lst

49 2nd
69 2nd

98 3rd
L77 3rd

98 4th
L41 4rh

I4L cl pupa
I4I g pupa

0. 05M

24 1st

0. 52 -t- 0. 10
0.79 + 0.10

0.026 + 0.005

0.06 + 0.02
0.13 i O. O:

0.52 + 0.07
0.22 + o. r¡

0.7L + 0. 10
1.11 i O.Zr

0.7t + 0.08
t.zs

0 .62 J- 0. 007

5.4
11

t 2.32
+ 4.47

0.20 + 0.244

3.5 + 0.632
s.6 ¡ 0.s76

29 -þ 8.73
10 t s.sl

37 + 8.09
38 ¡ s.77

20 t 1.31 ,

39.4

0.01 + 0.016

0. 50 {-

3.7 +
e.7 ¡

33+3si
74 1

52+
6e¡

0.92 +

0.72 +

o.644

0 ,949
1. 98

8.69
7 .86

19.6

r1.8
4.46

0. 311

0. 653

15

37
44

53
48

66

52
69

13

10

N=

$=
N.

N=

N:
N=

N=

N=
lrJ =

N=

N=

5

6

6

6

3

4
4

5
1

N=
N=

6

6

6

6

6

6

6

2

2

6

10
Ll+

N={
N=5

7.7

5B

43
lrJ =

N=

N--
N-

55
47

52
35

2B

32

N=
N.

0.5 N=6
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TABLI1 XIII Conr rd 
.

1

TÍme-
hrs

2

Ins tar
J

Mean r¿t.
mg

4
Mean Activity

CPM

56
lilean Actív Lty /mg Remarks

4/3
LO

69

69 3rd
98 3rd

I4L 3rd

98 Ath
II7 4th
L4I 4th

0.11 + 0.02
o.L7 + o.o2

0. 33 -¡- 0. 05
0.s6 + 0.06
o.ss + 0.19

0.95 -r- 0.14
o.9B jr o.L7

L:27

3.3 + 1. 10
6.0; t.3r

L2 + 2.4.2
15 -þ 1.55
13 + Z,ss

23 + 3.99
32 {- 7.05

4o

17 + t.B7
29 l s.zt

0.20 + 0.248

2,7 + 1.54
11 i O.ZS

0. 20 + 0,243

lv.9 -l 2.21r
5.1 + 0.757

L4 + 2.20
12 ¡ t.oo

+ 1.66
! +.oz
+ 2.33

+ 1.84i ø.sz

0.08 + 0.147

8.4 + 3.85

2nd
2nd

30
35

3B

26
22

2.5

6.2
13

N-6
N=6

N-- 6

N=6
N.6

N=6
N-6
N-3

N=6
N-6
N-- 1

24
33
32

27
29

1-trl cl pupa 0.63 -t- 0.07
14l- ? pupa 1.00 + O.t3

2r3 PuPal o.oB + o.o2exuvra

2I3 d aclulrs 0.43 + 0.070
2L3 ? adulrs O.B2 lr 0.100

0. 075M

24 lst O.O2 + 0.008

49 2nd 0.08 + O.OO9
69 2nd 0.14 + 0.02

98 3rd 0.51{-0.06
LL7 3rd O .34 -+ 

O .20

98 4rh 0.78 + 0.06
t77 4rh 1.17 + 0.11
r4r 4th 1.01 + 0.02

I47 o" pupa 0.65 + 0.0
l.4I ? pupa 0.90 :t- 0.15

213 f"T_11 o. oe + o. 04exuv].a

2L3 9 adults 0.74 + O.IO

N= 6

N=6

0.8 9

11

N= 6

N=2
N--5

N= 5

N=5

10

N=6
N=5

N=6
N=3

N=6
N=6
N=2

61

27
36

24
32
JJ

. oo
LO

32

19
38
33

1B

29
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TABLE XIII ConT?d.

1

Time-
hrs

2

Ins tar
J

Mean wt.
4

I'fean Actl'_vity
CPl"l

56
Mean Activity/nig Remarlcs

4/3

0.10¡r

24 lst

50 2nd
69 2nd

98 3rd
1L7 3rd

98 4th
LI7 4rh
L4L A.th

I4I cl pupa
L4I ? pupa
L65 ? pupa
189 I pupa

2L3 PuPal
exuví_a

2L3 d adults

m

0. 03 -t- 0. 008

0.12 + 0.030
o.18 + 0.020

0. 58 J,- 0. 0g
0.61 + 0.04

0.75 + 0.06
o.s2 í- 0.22
L.09 + O.2s

0. 6B -t- 0. 06
O:B 3

0.94 J- 0.08
1.02 + 0. 06

0.09 + 0.01

0. lr8

0.18 + 0.L25

L.9 J- 0.461
4.0 7 t. st

14 + 3.0916 I z.os

2L * 4.46
23 i A.Os
79 I e.dt

13 + 2.I4
2t

16 + 0.707
25 + e.gs

0.23 + 0.247

t.2
+ 4.03

5.7

16
22

25
26

28
25
L7

t9
26
L7
25

2.6

2.3
11

'N1 _

N=
N=

N=
N=

6

6

6

3

N=4
N=6
N=3

N= 3

N=1
N=2
N:2

N=3

2L3 ? adutrs 0.BB j- 0.01 11
N=1
N=2
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The clegree of suppressÍon of racliocesium uptake by

potassiun at a girzen tenìperature a¡:pearecl to be constant, ancÌ

inclepenclent of thc concentration of the latter ion. Thís fincri'g
could be a ruar-rifestation of a saiuratíon effect. That is, aLI
available papilla::y nembrane transpoïi sites for K* rverc occupied at
the concentrations examined, effectivery restricting diffusio' of
cesiuin ions. To test this hypothesis, a radiocesitim uptalce

experirirent \r7as run at 25oc, folrowing the same proceclure, ancl using
concentrations of potassíun chloricle in clistillecl r./ater 0.001 M,

0.0025M, and 0.005M, ancl contr:ols. The results of trris experirnent

are given in Table xrV. once again, the differences betr,reen mare and

female 'pupae and aclults r¡7ere not signif ícant at the g57. conriclence

1evel. Tt v¡i1l be noted from this table that the mean activity of
the larval and pupal exuviae from the 0.001 M potassium. collcentration
is greater than that of the controls. This difference is significant
(p = 0.005). Analysís of variance showed the dÍfferences between

controls and the various potassium concenLrations to be statÍstÍcaIly
significant (p = 0. 05). The results reported in Table Krv afford no

evidence of cesium suPpression increasing with potassium concentration,
the dífferences betrveen incrivicruar concentrations. are not

signifÍcant (p = O. OS) .

At the rislc of being repetr'-tious, it is emprrasizecl that
the only difference betr'¡een the larval rearing proceclure follor.¡ed in
t.hese experiments and ah" 137C" uptake measLrrements previously
described, ü7as the presence of potassium chloricle in the reari'g pans.
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TABLE ¡1V

Effect of potassíur,r conceirtration on uptake of 737 
Cs by A. aggJÌli

reared aL 25oc. La-rvae fecl crog chor¿ laberred ¡.¡Ítrr L37c's. sñri"
actívity of f ood * 106CpM/g. Actívity ancl r¿eL rveights reportecl as

niean * one standard deviation

I
Time-
hrs

2

Ìns tar
J

Mean rvt.
mg

4
Mean Activity

CP}I

5
Mean Actívity/mg

4/3

6

Remarks

_ç_qNreag

22 lsr
48 lst instar

exuvia

48 2nd
74 2nd
74 2nd instar

exuvia

74 3rd 0.4L
96 3rd 0.55

96 4rh 0.99
lL7 4rh L2L
lL7 4rh insrar

exuvia

3.2 + 0.440
10 ¡ 6.84

N=6
N:6

N:6
N=6

N=6
N:6
N=5

N=6
N=5

N-5
N:5

0. 0B

0. 11

0. 08
0. 10

0.22
0. r1

0.07
0. 09

42
99
6.5

I37
325

438
34s

T2

172
28s

106
iBl

T4.B
11. 0
1.50

36.0
72 .5

64.5
2I.5
6.10

34. s
20 .5

22.0
29 .5

0.797
7 .9s

t9 .7
9.73
4. Os

JJ)
590

J-

¡
f

N:
N=
N:

5

4
5

442
,:u

t
l-

+
-f

+

-t-
;-r

t
'r-

+
-J-

t
I

:

J-
'r

t
-1.

lI7 cl pupa 0.76
LL7 ? pupa I.L7

168 d adult 0.60
192 Ç adult I.O3

0. 00lM

22 1sr
48 lst instar

exuvia

48 2nd
74 2nd
74 2nd instar

exuvia

L.7
22

ATJ

56
11

N=6
N:6
N=6

-l-

-L

-1-

¡
-t-

227
24s

177
181

N=6
N=6
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TABLE XIV Coirttd.

1

Time-
hrs

2

Ins tar
J

lulean rvt.
ng

4
Mean Activity

CPM

5
I'fean Activrty/ng

4/3

6

Remarlcs

3rd 0.48 -i- 0.05
3rc1 0.73 + 0.0S

96 4tn 1.15 + 0.14777 4rh r.r7 + 0"23
LL7 l¡th ins ta -r :

, skin

1L7 cl pupa 0. 71 -t- 0.03
II7 I pupa 1.19 ; 0.08

168 cl aclult 0.55 + 0.05
L92 Ç adulr 0.BB -l O. ig

0.0025M

22 lsr
48 lst instar -

shin

2nd
2nd

2nd instar
skin

3rd O .44 -t 0 .06
3rd 0.69 ; O.0B

97 4th 0.97 + 0.09L17 4tr] r.2i + o.n
Ll7 4th insrar 

=skin

Il7 cf pupa 0.70 + 0.08
I44 ? pupa t.t8 ; O.t5

o'adult 0.57 -F 0.04
Ç aclu1t 0.90 + 0.03

+ 10.5
+ 2L.6

38 4- LB.7
7I + +t.+

2 .4 -r 1.5211 i s.34

0.53 + 0.L79
4e -t s .66

e. 0 ; 3.s2

74
96

59
67

+ 8.15
;- 8. s7

124
92

90
,t:

B9
r00

69
BO

N=6
N'5

N= 6

N= 6

N=6

103 -t LL.7
1Bo i za.¿,.
Lr3 + I0 .4

63
LLor

65
7I

+ 13.1
+ 13.8

N=6
N=6

N=6
N=6

N-
N=

N=
N=

N-6
N=5

N=6
N=2

6

6

6

6

74
97

48
74
74

t
-r

+
f

168
L92

56
r11

10. 9
18.6

9.78
1.06

148
r02

135

?n

BO

94

6B

43

N=6
N= 6

N=6

N=6
N=6
N=6

131 -F 18.0
L26 -t-- 21 . I
20 -t 6.89

39
39
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TABLE XIV Conrrd.

1

Time-
hrs

2

Ins tar
3

Mean ivt.
mg

4
Mean Activity

CPM

56
Itfean Activ íty /mg Remarks

4/3

0.005tj

22 lsr
48 lst instar

exuvia

2nd
2nd

2nd instar
exuvia

3rd 0.48 -t- 0. 07
3rd 0.66 + O.t0

97 4rh 1.15 -{- 0.06
tL7 4th 1 . 31 -! 0. 12
LL7 4th ínsrar :

exuvia

lL7 ct pupa 0.68 + 0.08
II7 ? pupa L.L4 J- O. rf

168 d adulr 0.55 + 0.06
192 Ç adult O.B4 + 0.11

61 J- 16.3
68 ¡ s.4B

L02 + 10.4
L29 i- r¡.s
18 ¡ 4.71

56 + 6.70
90 i rz.s

26 + 9.314r i r:.¡

N=6
N=6

1.0 + 0.600
9.6 + 2.34

+ 10.4
t e.04
1- 4.22

4B
74
74

74

97

39
32
13

N=3
N=6
N=6

L27
104

89

:u

83
79

N:6
N=6

N=6
N=5
N=5

N=6
N=6

N=6
N=4

47
49
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The failure to cletect a gradeci resi)onse to increasing potassitm

concentration, at least a-t the lor¿er molaríties, Ì{as unex¡:ected. rt
røas prudent, therefore, to cleterinine the ainount of .potassíurrr in the

labeled dog-meal i'¡hich hacl been fecl to the larvae. Grouncl clog-meal

is a cliff icul-t rnatrix in rvhich to measure potassium. Fla¡re photo_

metric mea.sur:eme't is precludecl because of the .presence of ma.ny

ipterf ering ions. ordinary atoniic absorption spectrometry r,/as

preclucled for similaï reasolls. A satísfactory x*ray fluorescence

technique vras developecr by the AnalyLical Brancrr, I,/.N.R.E", and ï
am indebted to Messrs. B. steÌ^/art and G. smitrr for trre .potassium

measures g:'-ven in Table xv, tr^Iher-r ít r.ras discovered tirat the food

contained a signíficant amount of 'potassium, 0.4 mg/g dty rveigl-rt,

an experiment was desígned to determine the amount of ,potassium and
137t" that leachecl out of the food into the rearing medium in t¡g hrs,
that is betrveen feedings. A series of trays containing measurecl

amounts of larvae food in 250 ml of dísti11ed water, ancl in 0.01 and

0"05 If 'potassium chloricre solutions, rüere set asicre at 25oc. samples

of each supernata't were taken after 48 hrs, filtered, and their
potassiurn conLent esËimated by the x-ray fluorescent technique and

their radíocesium content measured by total-beta counting. These

data also are given in Table xv, rvhere it v¡ill be notecl that the

potassir:rn concentration of the external mecrium had appare'try
negligible effect on the amount of potassium r,¡hÍch leached out of the

f oocl .
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The larvae of A. aeg.}J¡tj-, a freslrrvater mosquito s.pecies,

may be reared ín sea-rvater hyperto'ic to the normal bloocl

(hligglesrvorth, L965), r,rhich procluces an osmotic pïessure equivalent
to that of 1.5% sodium chloricre. tr,Ie may conclucle, therefore, that
the'potassium conceÐtratíons used in these experiments, while possibly
subjectíng the larvae to a physiological stress, clid not cause lethal
osmotic pressures (Wigglesrvorrh, 193S). Irlormal A. gggyj.Li_ larvae

shrink in hypertonic solutions, but those ligated at the rear or at
both ends clo nor (Inligglesrvorth:. 1933) . This f inding inclicates rhar
the integrunent of the larvae is impenneable Lo r"/ater. Furthermore,

larvae rvhich have hacl their anal pai>illae destroyecl by exposuire to
strong salt solutions are also osmotically inert. These and other

findings lead ltrígglesi,¡orth to conclude that the a'a1 ,papi11ae are

the 'principle i.rater-absorbíng orgails of the larvae.

The mechanism by rvhich A. aeg-yptå larvae absorb inorganic
ions from freshwater into the haernolymprr agaínst a concentration

gradient was investigatecl by Treherne (1951r) using ,4*r. His r,rorlc

confirmed Wígglesiuorthrs non-isotopic demonstration that the papillae
r'^7ere res'ponsible for most inorganic ion uptahe. Destruction of the

papillae reduced accuniulation by B0%. BlockÍ.ng the mouthparts

effected a furLl-rer reduction of L5"a, demonstrating that uptake from

the gui rvas also significant (IJasset and Jenkins, 1951; Treherne, 1954;

and stobbart, 1959). The magnitude of the soditirn flux is apparently

depende't on feeding, being reducecl sever-rfolcl by starvàtion. Never_

theless, sodiun balance r.¡as retainecl by the starved larvae (stobbart,
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1959t 1960) e suggesting chat both entry and e>rit of soclituLr are

metaboli-ca11y controlleci. A tiventy-f ive folcl Ínc¡:ease in e>rternal
'potassir-un level hacl no effect on the rate of 24Nu.rpt*L", 

inclicating
the operation of a highly specific socrÍum-purnp that is ínsensitive
to potassiun conce'tratio' (o'13rie' and [,,70lfe, 1963). The

experímental eviclence rvhi-ch has been cited clemonstrates an active
tra'sport mechanism for sodium ions, but not potassír_im. presumably

potassium is tra'sported across the papilliary membrane by a

diffusio4 process on1y. The icnic racrius of cesium ís r.67 R, that
of potassium and soclium ís 1.33 I ancr o .g7 R respectively (trrreasc,

ro'67). Thus the ioníc radius of cesium is closer to that of
potassium, and it is reasonable to propose in the absence of evicle'ce

Ëo the contrary tr-rat cesíum also crosses the papillary membrane by

diffus ion.

The suppression of 137c" uptake observed may be explained

by postulating that diffusion of cesiun across the papillary membrane

is suppressed or rblocltedt by potassium ions at the conce'trations

employed in these experiments, that is an isotopic clilutíon effect.
The airount of radi-ocesit¡r rvirich trvas accumulatecl resultecl from intalce

via the gut. The data in Tables XII and XITI are reproclucecl in tl-re

histogram shor.¡n in Figure 12. In this figure, the maximum level of
t37 

L̂:s accu¿rulated by larvae in r-he various potassiuin concentrations

at one sarnpling-time and by mal. pllpae, are shoivn as a fraction of the

corresponcling value obtained for the conl-ro1s. The íntreased
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Figure 12

Hístogram showing effect of potassium concentration
(M/l) in rearing medÍum on uprake of 137C" by A.
aegyp.!! larvae reared at 20oC and 25oC. Uptake of
larvae and pupae are expressed as a fraction of the
controls. No measurements were obtained for 4th instar
larvae reared at 2OoC in 0.10 M potassium solution
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suppression obsel:vecl at 25oC for 3::cl ancl 4.th instar larvae ancl ptipae,

may be a reflection of increasecl ion mobility aL the higher

tenrperature" It v¡íll also be seen from Figure L2 that the ainount of
137a" accumulatecl in tbe varioLls potassium concentrations at 25oC

avcrages about 15% of the control-lerzel, comparable to tire value

obtainecl for 24Nr uptake via the gut. It is concluclecl that potassium

is t::anslocated across tr-re anal papillae of A. ae&ypti larvae in
'prefere'ce to cesium. Tn a field situation, one could expect that

larvae groiving ín rvaters having a 1or,¡ niono-valent ion conf:ent ivil1
accumulate more 137a" than larvae i'aturing in rraters containi'g

signíficanl- amounts of potassiu_m or socliurn.

cal,culatíon of the amou't of food co'suinecr by A. aeg¿pti

larvae, usíng the specific activití.es given in colunn 5 of Table vff
and the biological half-lives calculated from Figure 9r. gave values

about one order of magnitrrde lo¡ver than those clerived from published

work (Brust, 196s). This is explair-red by rhe fi_ncling rhar rhe

majority of the larva's radíocesium uptake occLlrs across the

papillary mernbra'e, not via the gut. consequently, apprication of

the radiotracer. method to estimatio' of larval food consunption

requires knoi'rleclge'of the fraction of nuclicle aciumulatecl via the gut.

fn these expe::íments' the larvats racliocesiurn body-burcle¡ ressltecl

froin accumulation of 137c, rvhicrr leached into the reari'g meclium

from the food, and not assímilatíon from ingested food. In a nat-ural

situation stich as the raclioactíve pond, papilliary uptalie should not

be doninant, there being little 137a" in the water.



CHA?TER VII

FTEI,D STUDIES

INTRODUCTION

rn conjuncti-on witÏr trre laboratory studÍes i¿hich have

been clescribecl, investigations of th. leve1s of 137c" 
accuinulated

by the insect component of trre racrioactive poncr community vrere

pursued throughout the suinmer of 1967 ancl 1968. A nuinber of rad.io_

cesiurrr measurcmerìts Ìùere arso niacre on trrc pond argae.

A general description of the rad.ioactive and non-raclio-

active ponds has been given under Methods, particularly trreir
construction, and the introduction of the contaminant into the radio-
active po'd. A more detailecl accounL of the major abiotic factors
pertinent to the poncls fo11orvs.

Abiotic Factors

Both ponds are situarecl in section 28 of the Iü.N.R.E.

conLrolled Area. Appe'crix c gives trre precipitatio', and the air
temperatures and humidíty recordecl at 1.5 m above grouncr 1evel,

measured during the sununer months of L967 ancl 1968 at the climaro-

logical station locatecl about 50 m due south of the radioactive poncl.

The spi:ing, sumner a'cl autumn surface arrd po'cr-bottoin lvater

termperatures for: both poncls are shor¿n in Figure 13. Aclopting the

practice suggesred bv i'lilliains (1951, 1961), the temperatures plottecl
in this figure are the means of the preceedi'g five day periocr.
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seven and ten <lay mean v-alues har¡e also been al>stractecl from these

data ivith a vier¿ to futu-'e correlation of insect activit-y r+ith r¡eather

conditÍo's, Ín cooperatÍon r¿ith the I\I,N"R.E. neteorol0gy group.

The surface temperature probes \'ere maintainecr at 15 cm

below the r¿ater: surface by nea's of a buoy; rvhích al-so shadecr from

incident sunlíght. Tire bottoir temperature probes rvere a¡chored oir

the pond-bottom. The tr.ro probes in the radioactÍve poncl were inter-
calibraLecl l'¡ith trre tr+o in trre non-::acrioactive poncr, ancl the

calibratioir checked fron tíne to time. rnter-probe ag::eernent was

better tha. loF. The five cray mean temperatures of both poncls,

measured 15 cm beneath the surface ancl on the pond botton, were

similar for the trro poncrs (Figure 13). Horvever, the crÍfference

betrveen the surface and bottom temperatr-rres dur:-_ng the months of
August and september are sígnifícant. This dífference is attributecl
to tire presence of algar- groivth (westlake, 1966). During these

months, nine-tenths of the non-radioactive pond surface LTas covered

with a heatry bloom of algae, whereas that of the raclioactive poncl

had but a limitecr growth at the pond nargin. Thus the heavier algal
grolth in theron-radioactive poncl probably reflectecl a significant
fraction of inciclent solar radj-ation, and also shielclecl the bottom-

teirpcrature probe to a greater extent. The bottom_temperature of the

no'-radioactive pond peakecl signifí_cantly above that of tire raclio_

active pond cluri'g the periocr 30 rlay to 3 June 1967 (Fígu-r:e 13).

The ambient aír temper:ature measurecl 0.5 m above ground-surface also
exceedecl by 10on that of tire preceecling ancl suceecling five clay
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intervals (Reirner, 1968). At the same time, the rvater-crepth of trre

non-raclioactl:'ve pond r'ras 18 cn less than that of the raclioactive pond.

Therefore, the botton teinperatu::e of the fonner pon<l r,¡oulcl rvarln up

ancl- cool, faster thair that of the raclioactíve poncl .

The depth of rvater in each pond rvas routÍnely measurecl .

I^Iater depths fo:: 1967 and 1968 are su,mmarized Ín Figure 14" r+rrere it
lvi11 be see' that the depth-diffe::ence betiveen the poncrs r^ras

consisLent. The total rainfall in the period May t-o Septernber, \.{as

grea{-er in 1968 thair ín 1967, 4.8,2 cm comirarecl r,zith ur.2 cm. ÉIeavy

rainfall i' 1968 began in early June ancl is reflectecl ín t:he sharp

increase in pond*clepths (Figure 14).

The dissolved oxygen (DO) content of the i,/ater i' each

pond i'ras freque'tly measul:e.l itr eåtg durÍ_ng the months of April to
September, in 1967 and 1968. DO measurements i¿ere made l¡ith a yellow

spring rnstrument company polarographic ce11. The precision of the
measurements r,üas ! 6"/.. Instrument calibration v¡as checkect by

comparative Dc deterininations macle usíng the trrtinkler titration rnethocl

described by carpe'ter ( Lg65). Most of trre dissolvecr oxygen

measureïrìents r^/er:e made on the non-radioactive poncl, to avoicl

contaminating Él-re Dc. instrurL-ent rvith racliocesium; .the polarographic

ce11 rvas difficult to clecontaminate. Ho'ever, enough Do measurements

r¿ere macle on both ponds at the sa-me tirne to conclude that the clissolvecl

oxygen levels measurecl at sevel:al depths in either pond differed by

less tha'1o%. The niaximum DC leve1 measurecl iuas 12 rng/1 at 10 cm

beneatlr the surface. The lol.¡est lever. was recorcrecr in 1967, 7,0 '*g/L
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at the bottom of the non-raclioactJ._ve pond.

Comparative neasLrreilents of light intensity rvere macle

15 cm belor'¡ the surface ancr o'the b'ttom of both po'cls, using an

iirstrument buílt at w.N.R.E., ba-secl on trre |tl ttgÍtt meter clesígn

described by Macrdur (1966). Light intensity measurene'ts l¡ere

talcen rvhen the sun lras at its meridian, except r¿hen the sky rvas over-

last' Fer¿er than five percent of the measurements inade on the raclio-
active pond differed by more than the precision of the instruine't
from coirconiitant readings takeir í' the non-radioactive pond. The

average clifference Ín light intensity betrveeir poncl surface and

bottom reaclings rvas 18 * 5 f oot candles.

samples of rva-ter taken from both ponds \.rere sent to the

A'alytÍcal Brancir, trf.N.R.E., for analyses of non-radioactive, i...,
stable, anions and cations. rn spite of the heavy rai's in 196g,

their concentration varied but 1itt1e from measurements macle Ín 1967.

These data a.i:e summarized in Table )lüI .

4e-

As described previously, both po'crs reïe clug Ín a' olcr

farn-field in tl-re early stages of succession to mixed decideous

forest. The fielcl was iu its seconcl or third year of an undisturbed

weedy condition. The average height of the trees in tlie irnmecliate

vicinity of both ponds r,¡as 3.5 to /r.O m, cliamcter aL breast height

2-3 cm. wiren the poncls r,rere dug, the ground r.¡as clearecr to a distance

of 5 ilr beyoncl the pond periniete::s. T\velve sampling stakcs vrcle pracecl

10 m apart, around the outer edqe of this cleared strip that



106

TABLE XVI

summary of anion and cation concentratioils in water sampres
taken f roin the radioactive and noir-racl ioa-ctíve ponds, summer

1967 and 1968. precisÍon of analysis * 5%

ANION - ng/t CATION - ng/t

Chloride

Nitrate

Phosphate

Sulphate

3.5

3.3

1.5

750.O

Calc i-urn

Col¡a1t

Chromiun

Ces ium

Copper

ïron

Magnes ium

Manganese

Nickel

Potas s ium

Sodium

S trontiurn

Zínc

5L .6

0. 06

<0.02

<0. 01

<0. 02

<0. 02

7r.9

0. 01

<0.02

13.7

30.0

0.7

0.44
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surroLllldecl each pond. Sampling ruas

wide strip surrouncling each pond.

vegetation r,/as not included in the

dorninant (D) coinprised at least 15%

m radius of each saurpling stake.

done, therefore, rvíthi_n 1O m

hle::gent and sub-mergent

survey. Species clescribecl as

of the vegetation within a 5

The only vegetation which greiv in the margin of the

radioactive po'd rvas cattail (gyp¡.g sp.). This species was *ot
groi+ing in the non-radioactive pond in 1967 or 1968. Vegetation

encompassed the ponds on the ruest, north ancl east sicles on1y. The

south side of both ponds borclerecl on Lhe open field. The vegetation

surrounding tT-re radioactive pond may be consiclered representative

of both ponds, and trre inmediar-e area (Dugle, 1968). Trees v¡ere

present, but not dominant lvithín the vícÍnity of the poncl perime.ters.

They offered little canopy cover-, and. no'e overhung either of the

ponds. shrubs too, lzere presenL brit none rvere clomina't with the

one exceptjon of trvo sa!!r spp.r at one sampling stake. The dominant

herbs rvere Sonçþue arve'sis, the ruilcl strarvberry Iåggar.¡C v{ginerga,

soliclag: gågg4gu€-, and Aclr*1e.a lanJrlosa. The species growing about

the raclíoactive po'd are listecl in Appe'clix ,F,. specímens vrere

depositecl in rhe Iü.N.R.8. herbarium.

Algae in t_hs_?onds

The surface ancl bottorn a1ga1 gror,rths ín both poncls røere

sampled in 1967 and 1968. Tn L967, the dominairt alga i¡ both poncls

riias an oeclogonirm sp., associatecl vith claclophora (i,/alker, 1968). A

fel+ epiphytes and desmids r¿ere also present.' More extensive sampling
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r^ras carriecl our in 1968 ancl tlr.e icle'tificatío.rs are listecl i'
Appenclix 'Gr. The Arthropoda aircl Protozoa associatecl v¡ith these

samples are listecl in Appenclix rHr.

A number of algae ¡vere fotind only ín the raclioactive
poncl 3

ClostegíEris sp., GlsgosygËis sp., ancl rr"/o species
of Desmicls, Class CHLOROPI.IYCEAE

Hy4rosera sp., Class BACILLARIOPHYCEAE

A red colored colonial, and a ferv ephiphytic

O""f!!gggåfg sp., Class l"IyXOpHyCEAE, and one
Eug.þnia sp. (Lepociircl j_s acLyta presc. ) , Class
EUGLEMCEAE, rvere also fou'cl i' the raclioactive
pond samples only.

of poi-e'tially greater intei:est are the species abuncrant ín the

non-radi-oactíve pond, but not founcl in the sampl-es talcen froin tire
radioactive pond:

Scendenus, trvo species of Cladophora provisionally
identified as lf3 and 116, llaemar_ococcus lg._gg._r_lti"
(GÍrod.), and an unidentified filarnentous foim, aIL
of the Class CHLOROPHYCEAE.

lgggllaria., and Caþ".s:g, Cl ass BACILLARIOPI.IYCEAE,

Phaeothqninj-on sp., Class ClIRySOpHyClÌAE.

Chamaesípilon ?irtarus:qar g Grunor.r, Glococapse
?_fgpSS.!fÞ Kuerzing, and a Oscillaroría sp., Class
MYXOP}IYCEAE.

An unidentified specí-es of Eggl ena, class EUGLENoplrycEAE"
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Tadi-ation f ield in the ra.clioactive po'd might be responsible

the different species observecl betr¿een the tvzo poncls.

A difference in trre occurrence of srna11 ('ricroscopic)

animals in the tr+o poncls rvas also nol_ec] . TARDIGRADA ivere abundant

in all the algae sairples taken from the 'oir-raclioactive poncl . No'e

were fou'd in the sarnples obtainecl froni trre racríoactive pond.

Similarly, the protozoans Ste.nLtor-lgb4ggþgg ancl a species of
Lugåytqglle, r\7ere founcl in non-radioactive pond algal saurples, but

not in those taken from the radioactive pond..

P.ond Inse_ct Eaun-C

The major aquatic i'sect types samples from boLh po'ds,

but excluding those species occupying habitats i' the pond-margi.n,

are lístecl in Appendix rft. No species differences Ìrere observecl

betrveen poncls. MosquiLo larvae r¿ere absent from both pond s ín 1967

and 196B. SpecÍes identification concentratecl on the Hemiptera ancl

the larger beetles. Except rvrrere stated otherrvise, taxonomic keys

used to identify spec:i.mens were those of ?ennak (1953), hrarcl ancl

tr^Ihipple (1959), Needham ancl Needhan (1962), ancl Brooks and Kelron

(L967) for the lleteroptera of lfanitoba. Specimens !/ere preservecl

f or f uture positive j-dentif icatíon, ancl cornparison.

Other ¡'r.rna

Tadpoles were plentiful ín the poncls in L967,

non-radioacLive pond in 1968. The most abundant species

3eg.lcgpgg-, the common toad, and those of the green frog.

and iu the

was Bufo ?

The

for

Frogs and
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toacls rveie obtaj-nable from both poncls in 1967 ancl Lg6S. By freeze_

up: in 1968, no fish r./er:e present in either poncl . Franhlin grouncl

squirrels (!pgggpÞ!-1.qs ÍrankLiuli), ancr rivo species of fielcl irice,
Cletbl:ioi,o'y', geqp.çf! and Zairus húci'o'igg_r vrere 1i_ve-trappe. in the

imrnediate vicinity of the racl.ioactive pond to cleterrnine if this porrd

was a source of dri'king water for silall manrmals (rverson, 1968).

The traclrs of coyotes, cleer and bear tr/ere seen around f-he ¡ra::gÍ_ns of
bol-h ponds,



C}IAPTER VII.T

THE FAT' op 137c, 
ADDED rN Tr,rE RADroz\crrvE l?oND

Dí s tr ibqt ion in the I.Ja t er
%

The radioactive poncl irras contaminatecr o' 11 
''{ay, 

1967,

by mixiirg 0.5 ci or 137c" into the r{ater. Replicate sarnpres of
pond water trüere takeir trvo hours later aircl analysed for radiocesiuin

by gamrna spectroscopy (see l'fethocls). The average concentraLion of
radiocesiurn achievecl rvas 6.4 x 10-3 ¡Ci/ml , or about 32 times the
occupational 168 hr maximum permissible concentration in r,¡ater

recommended by the rnternational conrnissí-on (rcRp, r959). prior to
addítio' of the raclionuclide, racrioche*ica1 anaryses of samples of
Ì{ater from botrr poncls shorvecl the co'centratíons of long-livecl
biolog:Lca11y important nuclicles to be:

Total-beta acriviry (as 40K 
"q.,irra1enr) - 4.3 x 10-B yCí/nI

tr7a"

9ort

- 2 x 10-10 ¡rCí /m1

-1x10-10pCi/nl
Thus, the only source of radioactíve contaminatÍon, prior to the
addition of radiocesiuni to one of the poncÌs, \,/as nuclear fallout.

Follorving the aclclitíon of 137a" to the radioactive pond,

the r'¡ater rvas samplecl to establísh the rate at rvhich the concentration
of radiocesium clecreasecl . These measureilents al:e summarizecl in
Figur:e 15, rvhere thu 137c" activity of the r^rater in clísintegratí.ons

per minute (dpm) per: m1 is prottecr agaii-rst tíme. only Lhe measure_

ments macle on samples talcen in 1967 are shor.m in this graph, By
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April , Lg68, the decrease irr 137c" concent::ation hacr stabilizecl
at 3 * 1.5 dpm/rnl, the limit of sensitiviry of trre methocl of
measurement. The value, throughout 1968, is onl1, one order of
nagnitude hígher than the level i'easured ín non-racìioactive poncl

lvater, determined using u ,r.rrrn.,"tric method of radiochemical

analysis (Gurhrie and Grummit, 1963).

1 Analysis of the curve in Figure 15, using graphical
methocls (OM, 1963) sholeci the racliocesium concentration in radÍo_
active poncl rrrater decreasecl at tlvo dif f erent rates. The ma jor
decrease occurrecr cruri'g the 20 day period succeedíng adclítion of
the nuclíde to the pond, and compares very well with rates clescribed

by several rvorlcers ínvestigating the uptak" of 137Cs and other
radionuclídes by soíls ancl ríver sediments (Clanton and Reynolds,

L963; Tamura, 1964; Lomínick and Ça¡clins¡, 19653 Lomenícrr and

Tamura, 1965' ancl pickering et al., Lg66). rt ís conclucred from

Figure 15, therefore, that the initial decrease in t3ta" in the poncl

r,¡ater was the result of sorption on to pond sediment. The

disappearance of 137a" from the r,rater conrinued at a sloirer rate from
day 30 to about day 75, ancr then apparently reachecl steady-state.
The latter decrease is attributecr to uptake and loss of raciiocesi.um

by the pond biota (Davis, 1963; Seynour 
" 

1964)

Qistribution of 137Cs- in rhe poncl-botrom Sedimenrs

The po'cr-bottoni secrinent vTas sampled once a month cruring the
months May to september in 1967 ancl. 1968, at ten ra'doinly selectecl
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locations (see Metl-rocls). The ilean specific total-beta actívity of
mud samples take' fro* the non'racrioactÍve pond in T967 was

9'6 cpm/g, and 9 'o c¡>m/g in 1968. Tirese values are not signif icantly
different at the 95% conficlence leve1" The specific activitíes of
the mud samples talsen from the raclÍoactive poncl are sur.n.arízecl Lt-t

Appe'dix 'Jt. These rneasurenents confirm the posturate that most

of the L37r" 
acrcled to the radioactive poncr ruas sorbecl by the po'cr-

mud. rt lvi1l also be noted from trre results recordecr in Appendix
(J) that radi.ocesium sorption by radioactive poncr mucl r\7as nol-r-

uniforin' This finding will be clÍscussecl further under distril¡utíoir
of radiation dose in the radioactive pond (Chapter IX).

piet" "r 
13?c"¿, 

nrgæ

A1ga1 samples rvere talcen from both experimental poncls,

and from other locations in the Iü.N.R.E. controlled Area, ín May Lg67,
and in Ju1y, 1967 and 1968. It r,¡as not possible at the time of
analysis to identify the spec:res contained in the sa*rples, but it was

established that cljrd.ophorg rvas the dominant one prese't (Dugle,

1968). The sai'rples rvere clried in a hot-air oven overnight at 1o5oc,

compressed into pel lets ancl the t3 7a" activity determí'ed by gairuna

spectrometry (Guthrie ancr Grummitt , 1963). The resrrlts are s.,,nma rized
in Table XVI].

There was no significant char-ige in the level of racliocesium
ín the a1gal samples obtaíned from the noir-radioactive poircl in 1967

and 1968, and it is consiclereci that raclioactive fallout rvas the
major source of the nuclicle. Algae samples obtained from the gravel
pit in section 27 of the I^I.N.R.E. contror.red Area containecr only
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L37
Cs activity of

other localities
measurecl by

TABLE XVII

Algae spp. taken from the experinental ponds and
tvithín the Id. N" R" E" Conrrolled Area. Actívity
gannìa spectl:oscopy, using oven dried samples

Montl-r
sampled Location

trnlet r¿t
oÞ

Activity
dpr/g

1967

May

May

May

July
July
July

July

I 968

July
July

Radioactive pond

Non-radioactive pond

Pond-Co¡trol1ed areã

Radioactive poird

Non-radioactive pond

l,Iinnipeg River, near
I^I.N. R. E.

Gravel Pit, Sect. no.

Radioactive pond

Non-radioactive pond

12B x 102 dry wt

It10' dry

102 ary

J. Of

14.7

34.5

15.3

10.4

L6.I

7.3 x

6.29 x

4.64 x

5. B0

2.62

50.6

106 ary

toz ary

102 ary

d.y
dty
dry

È

x 10r

x 102

l7t

r¿t

\,7t

\^7 t

TüI

v7t

27

wt

wt

5.13 x

2.10 x
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half as *,r.1-r 137a" 
uu dicr ttre non-racrioactive pond sai'ples (Tab1e

xvrr). This graver pit, r.rrricrr is about I lcm. crtie east of the non-
raclioactive poncJ, is locatecl i' a clischarge zorre. consequently,

the resicle'ce time of 
'ater: in trris poncl can be expectecl to be much

lor¿er than that of the ,rorl-.uãioactive poncl . Neither r.rould the
gravel in the pit reta.in trre nuclicre for trre same rengtrr of time.

ft will also be seen from Table xvrr that the amoLlnt of radiocesium
in algae taken from the trlinnipeg River r,zas much lov¡er than the po'd
or gravel pit samples. Tl-ris is a ref lection of the lower
concentration of t37a" in river \,/atere comparecl to pond r,/ater; the
amount of 137c" in fallout was greatest in Aprir a'd IIay (Acres,
1968).

After the addition of 137a" ao the raclioactive pond, the
level of the nuclicre ín trre algae sampl,ecl fron this pond increasecl
four orders of nagnitude, ref lectiirg trre rapid uptake of ra.diocesíum
by planhtonic grorvtrr (pe'crleton and Hanson, 195s). Tþo monLhs

later, the concenLratíon of 137a" 
hu., decreasecr by one orcrer of

magnitude (Table )il/rr). By July 196g, rhe acrí-viry of rhe algal
samples had decreased by anothcr orcler of magnitude to about

t,
5 x 10* dprn/g dry r.'eight. I,trhe'one coilpares the relatirru 137c"

activities of po'd r{ater, pond mud, aircl algae, it is evident that a

smal-1, but significanL, fraction of the racriocesíum acrcrecr to the
radioactive poncr was bouncl up in the algae. No precise crata on the
biomass of algae grorvth rvas obtainecì, nevertheless a fi_rst
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RESIILTS AND DISCUSSION

Examination of Table K/III shor¿s that the activity
chi¡:o'ornidae larvae sami>1ecl from the radioactive po'd varied
2'5 cpm and 786 cprn/rarvae. comparíson of the locations from

approxination based on the

surface suggests that less

raclioactive pond rvas bouncl

weight of groruttr per square me,ter of

than 2% of tl-re racliocesiun aclclecl Lo the

up in alga1 grorutl-r.

of

be tr.¡een

i.¡hích

:¿nre&-u-:gj]1@rq"
Tire uptarce of ra-diocesi.on by trre major insect species

ínlrabiting the racrioaciive pond rvas forlor¡ecr í' 1967 and 1968. TLre

average anounts of the nuclide measr_rrecl in more than 200 replícate
samples are sunìmarized in Table xvrrr. The 1evel of rad.iocesium ín
comparable species taken from the no'-racrioact:._ve po'd are not
incluclecl i' this table as they consistently srrov¡ecr no more than the
natural bachground 1eve1, (0"1 cpin/jnsect. The amount of stable
(non-radioactive) cesium measured in the insects rvas betryeen 5 ancl

9 ug/insect. The most abundant large animal inhab¡._ti'g the
experime'tal poncls in 1967 and 1968 rvere frogs (Rana sp. ancl Bgfo

? america'}le). The mean total-beta acti-vity of replícate samples of
tadpoles taken from the non-rac]íoactive por-rd cluring the summers of
1967 and 1968 rvas O.B cpm/taclpole. Table XIX gÍves the mean

activities of juvenile and aclu1t f::og sainplcs from the raclioactive
poncL



TABLE }[iIII
t37a" levels measurecr in aquatic i'sects saärplecr

Pond. trrTeiglits and a.ctivities reported as means

118

from the Radíoactive
s tanclard errorJ

Month
samp 1ecl Insect Mean rvt

mg

Ac t ivi ry
CP}.I

Spec if íc
ac t ivi ty

1967

May

May
June
July
July
October
October

May

May
June
June
S epternber
September
October
October

T968

May
May
July
August
October

L967

CeratopogonÍdae
larvae

lt

il

lt

il

tt

It

0.4 + 0.05

0.1+ 0.05
0.1+ O.os
0.2 + 0.0s' 0.2 + o.oz
0.2 + o.o2
0.3 + 0.os

0.3 + 0.05

CPI'f/

750

'¡
1x10'

500
500

1x103
333

9.3 x 103

875
3.3 x 104
1.5 x 104
2x103

59
1x104
4x103

1.5 x 103
968

1.9 x 103
8x103
6.7 x IO3

8.5 x 104
6.9 x LO4

Chirononiidae larvae 0.27 -F O.OI
(early instar)

It

lr

tt

ll

lt

n

tt

il

lr
It
il

tt

0.80 + 0.05
0.10 ; 0.02
2.5 :t 0.6

0.51 :t- o.2t
L.7 + 0.2

0.48 + 0.0s
0.21 + 0.01

5.5 -t- 1. 0
0. 31 :t- 0. 06

1 .6 + 0.25
2.7 + O.4B
2.7 + 0.46

<0. 1

0.1+ 0.02
0. 1 + O.O2
0.1 t 0.03
0.2 t 0.03
0. I ,r- 0. 004

2.s -! 0.7

0.7 + 0.1
3.3 + 0.9
3B -T- rr
i.0 + 0.6
0.1 + O.Os
s.7 + t.2
0.1-l 0.01

+
'T-

+it
May

June

Chironomidae larvau g,3- (late,,ínstar)
2,8

-L

-1--L

0.88
0. 58

138

6s

0.J
0.3
3.1
22
1B

786
192

2.2
0.1
0.8
o
O

9
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TABLE K¡III Conr 'cl.

Month
sampled Insect Mean rut

mg

Act ivi ty
CPl'{

S pec if ic
activity

C.PTT/ 8i 9!8
June

July
Augus t
Octotr¡er

/ o"tobur

1967

May

T968

July
Augus t

Chirononidae larvaä
(lare insrar)

n

ll

tr

tr

ChironornÍdae pupae

5.5 + 0.54

11.0 -t- 1.3
10.0 + 1.4
8.7 + O.s7

ts.7 + 2 .0

I.L + O.I2

76 -¡ 18

29 -F I
223 --r l4
Ly.s 4 t.3

2oL i ss

7.9 +

L.4 x LO4

2.6 x L03
2.2 x IO4

5L7
1.3 x 103

7.2 x LO3

5.2 + 0.18 1.8
2.3 + 0.24 0.9

0.97

0.2r
0.4

346
391

L967
September Odonata nlnnphs
October rr

+
-r

41 -t-15 30+ g

43+20 84+20
re69
May
June
July
July
August
Augus t
October

July

1967
June
S ep tember
Oc tober

1e6g
June
July

n

lt

il

tt

tr

lf

il

Damselfly n1'mphs

Dytiscus Larvae
ll

lt

it
tt

418
43 43
11 76
353

36 7L
10 202
65 76t,

1. 9 LO.2

732
2x103

720
326

1.3 x 103
5s2
2s4

3.3 x 103
1.2 x 103

750

5.6 x 103
5.9 x 103
2.9 x IO3

25
L32

5B

96
279

6r .5
650

13 .6

7
26
1B

9
L2
50
76

2.0

34
1.1
0.4

45
2.3

23 .6 -t 2 .2 131
1.5 + 0.05 8.9
1.5 + 0.07 4.4

308 + 120 I2O2st B 24

'f

-l¡

"T

¡
+
-r

¡
-r

'f

¡
ì-

t
;

-t
+
:
+
¡
J

¡
I

390
960
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TABLE XVIII Conrrd.

Month
s arnp 1ed Ïns ec t Mean r,¡t

nìg

Activity
CP}I

Spec i.f Íc
ActivÍ ty

CPM/c
1967
May

June
September
Oc tober

lwos

Ephemeroptera
nlmrphs

lt

il

lt

May

Ie6!
July

July

T967
May
June

1 968
April rt

Le6l
August Dytiscus adults

1 968
April
Augus t

Le97
September Coríxidae adults

19.68

APril rr

L967
June Gerridae adults
August rt

September It

L. americanus
+tI itrsfarffi¿s

L, americanus
r"r- i"siãr ãîüÇ'i'

Gyrinidae adults
ll

lf

tt

0.19 + 0.03

2 .9 -F 0.5
1.s + 0.oB
0.2 + 0.os

0.44. + 0.I4

B6s

1-6

1.5 + 0.08
L2,t¡ --¡ 1.0

9.7 + 0.6

3.4 ! 0.5 e

86.8 + 0.2
2L6 + 38

8.4 + I.2

8.2 r- 3.0

31.s + 1.9
10.s + 1.8
6.s i- L.6

L52 + 7L

66 -r 23
14i- 4

3.1¡ 1

8.2 -f

8x105

2.3 x IO4
9.3 x 103
1.6 x LOî'

1.9 x 104

I57

1.2 x I03

5.1 x 103
476

1x103

1.6 x 103

1.3 x 103
sB3

57

3.8 x 103

730
6r9
27s

116

t6

-l 33

+4
136

19

7.7 + I.3
s.e + 0.s

10 -t-

5390 -t- 7 5

109 + 35
t26 + s7

0.lr8 * 0. 05

31+10

23 ',- 2
6.s + 4
1.9 + 0.3
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TABLE )il/III Conr rcl.

Month
samp led Insect Mean rvt

mg

Ac tivi ty
CP¡T

Spec if ic
ActivÍty

CPM/e
19 68
July

t967

Gerriclae aclul rs

June Notouectidae adults
July tt

July rr

Augus t t'

SePtember tt

OcLober rt

1 968

3,7',- L.0 1.8 + 0.3 486

1.9 x 103
75L
186
2L4.
124
494

58B
332
113

s75
449
939

5.1
38.6

L72
70
B9
B1

B5
L9 .6

32

adults 5.6
2.95
3.8 3

13
2

5

0.5 e
0.07 s
0.1 g

-F

+
-r
+
¡
+

Jr

-t.
i

-t
I

;;-t-
i
-T-

+
'r
;

0. 05
trt

2t
2
Ò

23

oo
2A

32
15
11
1+O

1.1
5

6

1.0

I4

June
July
August

1967

June
July
Augus t

il

il

lt

50
6.5
3.6

2

0.7
0.4

I-T

_î

¡

-¡
+
-|-

32r9
L325
35 98

tL2
6B

ol



137a" leveIs measurecl ín taclpo 1es ancl

poncl . lleights and actÍvities reportecl

L22

frogs samplecl froiri the raclioact:._ve
as mealls J- stanclard er::or

TABLE XIX

Month
sampled Sp ec ies l.fean rveight

mg
Ac t ívity

CPM
Specific
actÍr¡í ty
CPM/c

L967

June

July
Augus t
S ep tember

October

1 968

Juire

1967

Oc tober

1 968

June

Augtis t

L967

June

June

Tadpo 1 es
(Bufo ? ame!ícanus)

ll
1-

-Ll
t
t
+

-i-

t
t
-¡

-r

tr

il

ll

6T

B5

236

160

57

6

5

16

13

4

11, B 06

53 18

6226

1611

trg9

L557

550

756

2LB

165

200

1.9x105

6 . 3x1O¿r

2.6xL04

1x104'

2 .Ixl O¿t

7LI

4x103

38 l- 11 27+

Large Tadpoles
(Rana sp. )

Small green frog
(Rana sp. )
Green frog
(_R"ge 

"p. )

2.37

-j'

+

-L 0.77 e 9584 -t-

273 3.6x103

159 1.5x103

0.74

0.64

0. 11

0. 01

2654

978
t
-r

oÞ

o

13. 61 g
( length- 14. 6cm)

79.0 g
(length*25cm)

23,L7O

4t¡99

1.7x103

57
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these samples lvere talten i.¡itir the specific activity of the po¡cl i¡ucl

fron the sa're location (Appendix 'Jt), shor,red thern to be highly

correlatecl, r = 0. 9B5O " Thus tl-re 1eve1 of 13 7a" ir-, thá larvae ref lects
the conceirtrat.lon of nuclicle i-n their ímnediate environment.

chii:onornid.ae larvae, therefore, rníght serve as an indicator organism

to measure racliocesium accumulatíon in the imnediate viciDity of the

LatvaL environ'rlent. This f incljng is potentially useful to environ_

mental radiation surveillance of aquatic habitats, as Chiropomidae

are an important linh ín the fooclchaín of fÍsh (coinstoclc, 1940).

Atternpts to obtain representatíve samples of emerging Chironomidae

adults for radiochemical analysis were ui'rsuccessfur.

Environmental racliation studies have demonstraLecl the

tendency for radionuclicles to accunulate rapiclly in the first or

primary producer, trophíc level, ancr an apparent concent::ation of some

of these radionuclídes may occrlr i' successíve trophic 1eve1s

(schtiltz ancl I(1emenr, 1963; Aberg and Hungate, 1966). penclleron ancl

co-worhers in particular, have postular-ed that radiocesíum ís

concentrated threefold at each successíve leve1 of foodchains, as it
passes fron primary producers to primary ancl secondary consumei:s and

fop carnivores (pendleton, 1957 r 1960, Lg62; pendleton ancl Hanson,

1958) . This vie' has been challenged by other investigators. The

t¿ork of Nelson ancl his colleagues (Nelson et al., 1967) suggests that
trophic-level increases do rtnot appear to be a general-.ru1e, in
aquatic environincnts, the observecl clif f erellces being Lhe result of
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differeirt fooclchains in different habítats. These workers conclucle<l
that ava:'-lab1e crata clíd not r,Jarrant general applícation of trophic_
leve1 íncreases to cesiuin ín foocrchains. A pro¡rosed foocr web

linhing the raclíoactive poncl insect specÍmeirs listed i' Table
XVIII, Ís depictecl i'Figure 16. The insect families ü7ere assigned
to trophic- 1eve1s accor:cri'g to f eecring habíts reportecr by

Hungerford (1919), Galrsoff er a1 . (Lg37), Comsrock (1940), and

Brooks and Kelton (L967), ancl personal observations. Trophic_1eve1
is shorvn on the left side of the fígure. The grancl mean specÍfic
activity, in cprn/g, \,/as calcuratecr for each trophic_leve1 by su*rming
the specific activities of each i'sect family in that 1evel. The
grand means appear on the right side of Figure 16, and were calculatecl
using the 1967 measurements fron Table XVIII.

The grand niean of specÍ-fic acti-rzity shows that each i'sect
family at a given trophic-leve1 can be groupecl or crassifiecl ivithin
the sa*e order of magnitucre whire the use of activity/insect does

not permit such simple groupíng. rn general trren, Figure 16 shorvs

that iDsect familíes r¿ith specific activities in the same order of
magnitude, rvere primarily feecling from the same trophic level of the
food rveb in the raclíoactive pond. It is not infeirecl that the use
of specific activity only enables olìe to assígn an insect, or other
aquatic organism, to the correct trophic level. llorvever r_hís tracer
technique does pr:ovide a useful fie1cl method, in conjunction rvitrr
Ëhe kno'ledge of natural feeding habíts, for assigning organisms to
the correct level of the predator part of a fooclchain. Tn partÍcular,
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this worlc shor,¡s trrat the tracer tecirnique is a valuable methocr for
confi:ming if trvo speci-es assígnecl to the sanie trophic-level o' the
basis of knor,¿n feedíng habits, do indeed feed off the same 1evel.
Gyrí'ídae and Gerridae are surface-feecrers (Galtsoff et al., L937;
comstock, I9¿t'0), and ít i¿ou1d be expected on the basis of this
infornation that trrey feecr from trre same trophic level. llorvever,

the specific activity of the Gyrinidae specimens taken from the radio-
active pond was about one orcler of rnagnitucre greater than that of
the Gerriclae, trrerefore trrese iirsects must rrave been taki'g prey
from clÍfferent trophic levels. simílarly, field observation
(Litrngerford, LgLg, for exa*rple), shorøs L. americanus to be the top
carnivore among aquatic insect predators, but the speciesr specific
acLívity (450 cpn/g) shov¡s that it fecl p::imarily at a lorver level
of the poncl food rveb than the Dytisciclae (specifÍ.c activity

e2.7 x 10- cpin/g). Tr is noter¿orthy trrat the acrults and juveniles,
of both species, had the same specific act:.-v:._ties. Nevertheless,
althotigh trvo species on the basis of specific actir¡ity appear to
belong to different trophic-1eve1s, it shoulcl not be hastily concluclecl

they feed o' different prey. Methocrs of foocr ingestion may account
for the observecr diffe::ence. L. arnericanus ancl the Dytisciclae are a

case ín poínt' No data on the fraction of ingeslecl food assimilatecl
by Dytisciclae have been reportecl in tl-re literature. The stuclies of
137a" uptake by L. arrrericanus. r¿hich have been describecl (chapter rV),
shor'¡eci that the fraction of the prey assímilated by this species is
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quite snial1' comparecl to that of a terrestrial_ beetle, chrysomela

knjlbi Bro\r'n' Bourcleau et al . (1965) have studj-ed tire moveinents of
radio'uclides iir írrigated ecosystems. Trrey reportecl higr,r"., 137c,

1eve1s iir Dytlscug marginalis Scop. than Íir the llemipteran Notonecta

glauca 1., presumably the result of tire smaller fraction of foocl

assimilated by the lar:ter spec:res. Tadpoles rùere plentí-ful in the

radioactive pond Ln 1967, ancl it is probable that L. elnericanus vras

feeding primarily on this pr:ey. Tt is plausible, therefore, Ëhat

the insectts low specific actir¿i-ty co'rpared to that of Lhe tadpoles

(Figure 16) is a reflection of the smal1 fraction of captured prey
actually assimí1ated. rt is concludecl that specific activity
measurelnents are a useful acljunct to feecling behavíor informatíon
obtained by observation i-n the field, but they cro not negate the
requiremenL for thorough fielcl observation"

The distributíon of racriocesium a1o'g the foocl web

depicted in Figure 16 can be conveniently crescribecr in tenns of
concenLratíon factors, that is, the grancl nìean specific actívity for
any given trophÍc-1eve1 díviclec] by tl-re specific activiry for the

preceeding 1evel:

Specific Activiry
cÞm/s

7.9 x 106

3.5 x 104

5.5 x 102

2.7 x Lo3

TrE:hic Level

Producer

1st Consumer (llerbivore)
2nd Consuurer (predator)
3rd Consurner (preciator)

Concentration-
__le9!9r--_-

O.00Lr4

0.016 '

4.9
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rncreasing concentration factors imply that clifferences Ín levels
1a1

of "/cs ivill be recruced at each transfer untir, eventually, ttrat of
the top insect predator equals or exceeds trre herbivorers-
concentration' ThÍs sÍtuation u¡âs l1êver achievecl by the insects
sarnpled from the radioactíve pond. Tire con.centratÍon factors
continued to i'crease through ar1 trophic-levels. As sr_rggestecl by

crossley and shanks (1967), the niniiral concentration of radiocesium
is not found at the terminus of the sÍmplifieci radioactive poird fooc;.

web shor,m in Figur:e 16, but at an intennecliate level.

Table Xvrrr also shov¡s that i¡ith the exception of Dytiscíclae
larvae, the specific actívíties of none of the radioactive po'd
insects decreased appreciably in Lg6B. Neither díd the 1evels of
radiocesium in the tadpoles living in tl-ie radioactive poncl , particularly
Rana sp. (Table xxrx). The constancy of trre specific activíty over
the winter nonths reflects lorv metabolic activity and co'conrnitant
reduced rate of racliocesium el-imination. rt also inclicates that a

reservoír of exchangeable t37a" 
must be available in the raclioactive

pond. rf 'ot, the specif ic activir-y of trre insects should have

dro¡rped sigr-rificantly by early sumnìer of 1968. The reason ivhy the
specífic activity of Dytíscicrae larvae r{as signif.icantly ress in
1968 (p = 0.05) comparecl r,zith the p::evious year, is not apparent.

The mean specific activity of Bufo ? america'qs taclpoles
(Table )tux) r'¡as 6 ,2 x r04 dpm/g, a value which conìpares favorabry
rvíth that of other primary consurlers shor.m in Fígure 16. The
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specific activity of Lhe large R?te str. tacr-poles ín Lg67 wa.s
I

3 . B x 10" cpm/g, rvrricr-r suggests trris spccí_es r priinary f oocr source
T,vas not Lhe saile as the toad taclpoles; perhaps it v¡as the poncl_

bottom ooze.

Trgne.€el-el 3b":t*-ir" nâclioacti.vq poncr ro La'cl

pereclelrskii a'd Bogatyrev (1959a, b) have postulated that
a signif:'-cant anollnt of radiocesium aird other nuclicles coulcl e'ter
terrestrial foodchains r¿hen aclu1t aquatic insects energe from ponds

contaminated i'¡íLh radioactivity. chironomid.ae were the most numerous

insect species in the raclioactive pond. Attempts to measure the
potential contributioir of these insects to terrest::ial fooclchains

trüere unsuccessful. The adults all emerged witl-rir-r a fero days, ancl

because of their sma11 mass, the activity of the incliviclual insects
vTas too small to give relíab1e cor-rnting statistics. consequently,

it appea-red that a rarger and heavier insect rvould be 
'ecessary to

demonstTate removal of radíoactivity from the pond via emerged

adults. Tabanidae are l-ìumerous r¿ithin the lJ.N.R.E. controllecl
Area, particularly Ín the vicinity of the experimental poncrs. The

juvenile stages of trris family are aquatic (comstock, rgqo), a'd the
average dry i'leight of the aclults r,¡as about 60 mg. A trap
(Thorsteinso' et ar., 1965) supplied by Dr. A.J. Thorsteinso',
Departme't of Entonelogy, university of Manitoba, r.,7as set up near
the perimete:: of the racrioactí-ve poncl to catch nervly emergecr Tabanicrae,

Replicate samples of 10 horsefríes \veïe rancromly selectecr from each
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dayrs catch, tr-irough.i,it June and Ju11,, a'ci trre f írst rueeri of
August L96B' The samples Iùere clriecl overnight in a calcíum chloricle
dessicator, rveigrrecl , and tireir raclioactivity assayed by total*beta
counting (see Methocls) " Ilorsef lies ï'/ere also ranclornly collectecl in
the torr¡n of pinar¿a, about 10 miles east of trre raclioactive poncr,

and served as co'trols. Tire precl0ninant species in the horsef rv
samples r+ere H;'bomítrg epislatgs (Osten Sacken) ancl H. aff j_nie

(I{Írby). The horsefly samples were Ðot sorted by specÍes before
analys is

The total-beta activitíes of the sam¡:res are summarízed.

in Table xx. Those samples rvhose mean is signíficai-rtly different
frorn the controls, p "'0.05 ancl p - 0.01, are marked ,X, in this
table. B)' stuclent's rtr-test, 14 of the 26 reprícate samples

obtained at the raclioactive poncl rvere signíficantly clif-.ferer-rt from
Tabaní-dae collectecr at pinai^¡a¡ p = 0.05. Eleven of these criffered
sígnificantly from the controls at p _ 0.01. It Ís also apparent
from Table xX that almost all the samples rvhose mean values differecl
from that of trre controls rrere caught in July. clearly a signí-ficant
fraction of Tabaniclae caught in the trap einerged from the raclioactive
pond, and c1icl so cluring the mo'th of July. The samples \,zere not
anaLyzed by species, to detenni'e if crifferent amounts of 137c"

acctlmulated tvere dif f erent. Live-traps to capture smal1 uran¡:rials rvere

also set around the perinieter of the raclioactive poncì throughout the
spri'g and sunmer of 1g68. A1 r- the a'irnals captrirecl contained onry
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TABLE XX

Total-beta activity measured i' Tabanicrae trappecl bes ide the racrio_
active pond and at pinarva, Ilanitoba. Weíghts ancl activities rcported
as means J- standard eri:or. X indicates signif ican. crifference froin

contro 1 s

Month
sampled Locat ior-i

Mean vreight
mg

Ac t ívi ry
CPM

Different from
cont::o 1s

p=0.05 p=0. 01

June and
-lur!' rOeS

T968
17 June
18 June
20 June
¿4 June
25 June
26 June
z / Jur.e
¿o June
2 JuIy
3 July
4 .luly
5 July
B July

10 July
11 July
L2 July
15 July
16 July
18 July
19 July
22 JuIy
23.ruly
24 July
25 JuLy
1 August
7 August

Controls,
at Pin:riva, 33.4 + 2.1

taken
Man. T,L2 + 0.L7

Radioac t ive
.il

!r

lt
It

'l
It

il

It

il

tt

il

L

ll

ll

il

il

n

il
,t
,,
lt

tr

il

r
lt

pond B0.B + 6.8
24 ,5 :F L.5
38.5 + 3.8
36.2 + 4.2
94.0 i- 8.4
6s.2 + g .2
79.4 + L2.s
48.2 j, 5.g
B1.S -l 10.2
72,r + 7 .2
9L.7 + s.2
39.2 + s.L
46.6 + 4.5
65.3 + 11.7
70.8 + 10.B
3e.B + 4.4
63.3 -l 11.S
90.7 + s.3
60.B + s.s
3s.e + 3.1
6s.e + s.s
56.3 -l 3.1
74.0 7 5 .5
¿rB.l 4 4.0
47.2 + 3.2
3S.7 + 3.s

8.4 + r.6
o.s3 + 0.16
1.0 i o. r+
5.8 J- 4.0
0.97 + 0.11
1.0 i o.ro
1.1 + o.oz
L. / + 0.I7
rl.o 1- 2.22
2.7 i o. ::
L.9 i o.sa
1.3 I o.zo
L.6 i o. so
2.s i o.ar
2.8 jr O.Bz
4.5 + o.g:
L.9 4 o.q+
1 .6 I o.zz
3.9 i o.gs
1.1 i o.r:
L.2 4 o .zs
7.s -l r.o
3.8 + o. +r
1.8 i o.+r
o.Bs + 0.16
1.07 i- 0.16

Y

X

X

v

X
X

v

X

X

x
X
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baclrground arnounts of racliocesium.

Ti-re grand mean total-beta activity of Taba'Ídae sa*rpres

trapped af- the raclíoactive poncl vas 4, cpm/insect (Table XX), about
a factor of four higrrer trran the actÍvity of horseflies collected
at PiDav¡a' ovelnight couuting on a garrrna spectrometer shorvecl radio-
cesium accountecl for more than 85% of the raclioactivity measurecl in
pond horseflies. Thus only a sma11 amount of radiocesiu'r was removecl

fron the radioactive poircl by each aclult Tabanid. The average iueight
of all the horseflies caught at trri-s po'cr in 1968 rvas about 60 mg.

If one assumes that 4 cpn/insect is ïepresentative of the mean

activity of aclult rabanids t'¡hich emergecl from the radioactive po'd,
then the average specific actí-vity of neivly emerged adults r¡as

67 cpm/g. The counting efficiency of the cou'ter ruas 30%, there-
fore the quantity of radioactívíty removed v¡ould be about

100 pci/g of ínsecr. rn July ar rhe height of rhe local horsefly
season, abouL 2000 Tabanidae rvcre talcen from trre trap each c]ay, or
120 g of horseflies ' Even if al! these insects hacl emerged from
the radioactive pond, they woulcl account for only 0.0L2 microcuries
1t1
'"'c"¡d-uy, an insignificant fraction (1ess than 2.5 x 1o-B) of the
radiocesi-trrLl inítia1.1y aclclecl to the radioactive poncl . Adult horse_

flies røhich livecr cruring their larval stage in au aquatíc habitat
contaminated v¡ith radiocesi'in coulcr, therefore, be expectecl to
transfer negligible ainounts of that nuclide to adjacent 1ancl foocl-
chains. rf this findi'g generally appries to other aquatic i'sect
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species, the use of ope'pits, i'rrrich rrave been fencecr to keep out
large airimals: may be a feasirrle rletirocl for disposing roi.r-leve1

radioactÍve liqr-ricr Ì^Tastes in regions rvrre-re soÍr porosity prorribits
dísposal into the g::ound. Although radiocesium j_s a most

convenieilt 
'uclicre to measur:à, the results of trre Tabanid measure_

ments ivhich harre þss¡ reported shor¿ that ít is not suitecr, at least

in nermÍssible ai'ouni:s, to use as an ecological tracer for
folloiving tl-re clispersion of adult aqua.tic insects which have emerged

from a labeled aquatíc habitat. rt ís concluclecl fro* the field study
described that most of the racliocesium r,,hich rvas addecl to the radio-
active pond rvas sorbecl by the pond mud, and less than 5"A røas retainecl
and transferred through the poncl biota. This conclusion agrees rvith
the findings of other rvorkers (penclleton ancr llanson, 1958; crossley
and Shanlts, 1967). IIad sair.rples of emerging chironomids for radio-
chenical analysis been obtained, Ít migrrt have been possible to
shorv that these insects, because of the specific activity of their
larvae, accountecr for a significant fraction of th" 137c" not bound

up in the radioactíve pond inucl ancl algae.



CIIAPTER TX

DISTRIBUTION OF RADIATTOI$ DCSE IN TI]E RADIOACTIVE POND

INTRODUCTION

The bíological signifÍcallce of racliocesiurn accuijìulation
by the biotic aird abiotic conponents of the radioactive poncr is the
radiation dose cleliverecr to the frora and fau'a inrrabiti'g the
pond ecosystem. The measureme'is described ín the previotrs crrapter
established that most of th. 137C" 

aclded to the pond rvas sorbed by
the pond mud, a significant fractíon \.r'as accnmr,rlatecl by the algae,
and a much säraller fraction rvas talce' up by the ínsect component of
the pond com'runity. Because of these fir-rdings, it is to be

expectecl that organisms 1Íving at the rvater-mud interface of the
radioa-ctive poncl rvoulcr receive the greatest radiatÍon dose. There-
fore a method for cleterrnining the integrated radiatio' close receÍvecl
by these organisrns rvas required.

The calculation of total dose from the nuclide concentratÍon
in the r^¡ater a.cr mucr has been a comnoll practice, Nelson ancr Blaylock
(1963), ancl pickering er al . (Lg66). This merhocl requires
considerable sa'rp1ing, ancl many analyses ancl calctilatioirs, to obtain
a rea-listÍc estimate of dose cristribution. At any earry stage of the
field r'zorlt it r'ras appreciated that a tech'ique pe::mitti'g n.ìeasureme.ìt

of racliation does in sitJ rvoulcr be ad.vantageous" Blayrock (1966),
stuclyiirg the incruction of chromosorne aberrations in chirono*ridae.
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used Toshiba lotv atomic n.*ber neta-phosphate glass-rocl closimeters
to estj_mate the dose to larvae lí_ving in raclioacLive mucl . Gyllander
(L966), has used a casorr:M' type of therrnoluminescent d.osimeteï to
follorv the dif fusion i' rvater of roi.r r.evel racrioactive trrzastes.

A priirciple of dosíneti:y is trrat trre der¡ice usecl to
measure the dose to an object shoulcl be as much like the object i'
shape, de:rsity and atomic number as possible (Forvrer and Attix,
L966). Lithíum fruorÍde (LiF) has a' atomic nunber nearly equivale't
to that of tissue, thus a LÍF dosiineter of comparable voluüle shoulcl
give a satisfactory estimate of the crose to an organism such as a

chironomid 1arva. The pri'ciples ancr- tech'iques of LiF dosimetry
have been clesc::ibecl by Cameron et al-. (Lg64), Foller ancl Attix (1966),
and by trrlorron a'd Hollor.ray (1966). Ashby er ar . (1967) have usecl

the technique to measure racriation dose in a terrestrial habitat.
rn the rvorh to be clescribed, the applicatío'of LiF crosímetry to
measurement of radiatioir close clelivered to benthic orga'isins living
in the raclioactive poncl ruas investigated.

METiiODS

rn rg67 at the begÍn'ing of the experiments, the racrio-
active pond rvas about 19 m in diarneter ancl increasecl unifonnly in
depth to 2 m at the ce'tre, Because of evaporation, the cliameter of
the pond clecr:eased to 17 m by the encl of the su¡nmer. ïn contrast,
because of heavy rainf ar. 1 (Appenclix ,c,), the po'ci diameter i'creased
throughout the sunmer of 1968.
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Dos ine!ers

preliinj_nary dosímeter tests r,¡ere conductecl in a 110

litre glass ac¡uari.uin, rvhich contair-ied a slop:._ng rayer of mucr taken
fron the radioactive poircr before aclcring 137a, to the pond ín May

L967. Folloning the aclditioir of 137a, to the aquariurn r,/atcre it ivas

founcl that B0% of the nuclide r,¡as sorbed by the firsr, centÍ*reter of
mud.

T\vo types of dosineter ïvere testecl in tl,re aquarium. One

rvas a cylindrical plastic tuuer l 20 ,.,ro 10ng and 4 mm oD, fillecr r,¡itrr
47 mg of LÍF poro.rur2 ancr sealed in place r¿irh a plastic prug
(FÍgure 17-1\). Tire other type i,/as a fLaL disc, 12 mm in díamerer,
and 0'1 mm thi-ck, LiF porøcrer dispersed ín Tef ro" 1rrg.r." r7-c),
Both types of dosimeter r,/ere staclced.3 mm apart, and trre stacks
inserted verLicalry Í.n trre aquarÍum mud to such a depth that the mucl_

T'ater interface passed througrr the niidclle of each sta_ck.

The disc-type dosimeter \,/as unsatÍsfactory. ït soon became

mud-stained to an extent that severely affected accuracy of reacring,
and it aclsorbed 137a" on its surface. The cylinclrical crosimeter
(Figure 17-Ä) lcaked. coariug ít iyith Doi,¡ corning RTV silicone rubber
(F:'-gure 17-B) preventecl leaitage, and it ryas the coaLecl dosinieter which
was used in the ponds,

lcontrols 
f or Racriation rircorporatecr (corrRacr), cambridge, Mass.

2Hrr"l-r.,ro 
Chemical Co, , Clevelancl, Ohio .



L37

'''a:'

l¡::'

Figure 17

A - cylindrical dosimeter wíth sealing p1ug.
B - cylindrical dosimeter, filled wiEh LiF powder, and coatedwith silicone-rubber water proofing 

"ornpor'rrrà.C - Teflon disc dosimeter.
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Place'qgr-rt ,of loqimeters in poncis

The dosi*rete::s r¿ere fastenecl at 1 ni intervals on lengths
of ny1-on parachute corcr r,¡i-th sma11 pieces of r¿ire (Figure 17-B).

These cords or s irings , i.7er:e rveígirtecl rr,ith 10 g lead i.reíghts placecl

between the dosimeters, to ensure that the strings restecl on trre
bottorn of the poncl . The p-r:e1irnÍirar5, experiments hacl shor,m that the
dose rate T{as greatest at the mud-r¿ater iDterface, and that it rvas

reducecl by a factor of tr,7o at 2.5 crn above the interface. Follovring
the acldition of 0.5 ci of 137c" to the radioactive po'cr, the strings
raere placeci in the poncrs in sucrr a rüay that the crosimeters lay at
tlre intei:sectíoir oÍ a L m2 grid. One hundred ancl seventy dosimeters

were placed in trre raclioactive pond, ancl Bo dosineters trüere put in
the non-radioactive pond.

Tþo strings of dosimeters tTere rerrovecl frorn the non-radio-
acLive pond in June a'd August, 1967, respectivery, to checlc that
water hacl not entered them, Nine strings of closj_meters rvere ruíth_

drar'¡n from the raclioactive pond at the encl of october, 1967, prior to
freeze-up. The remaining strings v¡ere Larren out of both ponds in
May, 1968; they were unaffected by freezíng. At the sarne Liüre strings
of nerv closirneters were placed iir both ponds, ancl these trl'ere removed in
October, 1968.

Measureni-e.qts

The dosimeter por.rder rrTas reacl on

As previous 1y describecl, sarnples of

a Coi'rRacl Model 5100 TLD

pond ivater and mticl l,¡ere
reacler.
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(F igu::e 15 ancl Appencli>r r J ,
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throughout the surirnter of L967 and 1968

).

RESU]',TS AND DISCUSSION

L37cs einits beta particles in additioil to gamma photons.
rn a' ínfiníte medium of uniform racrioaciivíty, the beta particles
contribute about 30% of tl-ie total close rvhich v¡oulcl be deliverecl to
a smal1 0rganisrn (I{organ, 1g5g). The dosime¡ers used in the poircls

recorded o'ly the gamna component of the racli-ation dose; they ivere
ínsensítive Lo beta particles. Holever, the pi:eliminary
experime'ts conducted in the aquaríurn rracr shor.rn, whe' the pond

dosirneter was compared with the beta-sensitive clisc closimeter
(Figure L7-c), that the total dose coulcr be inferred by measuring
the ganrna component on1y,

Pond Do_símgter _Reacling:

Each string of dosimeters talcen from a pond provided a

cross-section of the close distributíon. Each distribution was

plottecl to scale on carclboarcr, cut out, then assemblecr to form a

three dimensional model from rvhicrr an isodose plot of trre poncr was

prepa-recl ' The ísoclose plot represeni-Í.ng the racríoactíve poncl measure-
nents ín 1967 appears in Figure 18. Aspects of thfs sttidy have been

reportcd in the literature (Guthrie and Scott, 1969).

The nost significant featrire of the isodose contours shor,m

in Figule 18 is the non-uniformíty of the crose cristribution, compared
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POND PERIMETER
AS OF MAY,1967

l-l q 25 RAo

Ø4 > 25, too

m roo- 2oo

ffi > zoo nao

Figure 18

Isodose plot showing distribution of radiation

pond in 1967

dose in radioactive
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' to the centre of trre pcncl , a relatively large radiation c10se ryas

deliverecl to benthic orga'isns living in the rzici'ity of the i:oncl
margi', r"¡here in some locaLions trre total close e>lceecred 200 Rail . The
total dose deliverecr at trre centre of the po'd vras less than 25 Raci.

one string of dosirrreters at the raclioacti'e po'd rvas on dry grouircl ,
abouL 2 rn from the eclge of the poncl . The average total close

registered by this st-rÍirg r,¡as 400 mRarl ancl it rvas uniformly
distributed' A uniform clistríbution of dose i¿as also recordecl by the
reaclings àbtained fror¡ the closinieters placecr in the no'-raclioactive
poncl, the average reacling being 50 mRacL. This does is attributed to
background racriation. Trre crose distributio' recordecl by the
dosimeters placed in the raclioactive poncl cl:riirg the sunmer rnonths of
1968 confirned the close clistribution shor.¡n in Figure 1B. During the
summer o'1 Lg67 the water 1evel in the poircls decreasecl steaclily;
little rain fel1 durÍng the period. fn contrast the suûrilìel: of 1968

rüas a pai:ticularly wet one, ancr the r.Jater leve1 in trre poncls incr:eased
throughout the sumner. The fact that trre clifferent water 1evel
conditions in 1967 and 196B clicl not change the overarl pattern of close

distribution is an indication thaL the radiocesium ín the radioactive
po'd rvas f ir:rnly bouncl to trre pond mucr, and littre exchange rvith the
pond water and bj-ota occurred.

The rotal-beta acrj.r¡ity of the pond mucl (Appenclix ,Jr)
confirnecl trre ciose distributíoir measurecl by the dosímeters. No

emergent acluatic pla'ts r,/ere groning in the raclioactive poncl in 1967,
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but algae rrTere present t,hat yee.:" Gamr-na spectrometrÍc a'a-lysís
of algae sa:rp1es ru1ecl out trre possibility thaL biological tra.nsfer
of 137t" by algae contril¡uLecl signif icantly to the 

'on-ui-riforrn dose
distríbution. A physica1 explanatiorr must be sought. It is possible
that tra:rsport of racriocesi-um through the pond mud by capillary
action occurred at trre poncr ma'r:gin shortly after the nuclicre rvas

added to the raclioactive poncl , and rvas conceirt::atecl Lhere as a result
of the water evaporaiing at the margin.

The non-unifozm disLribution of close in tl-re ra.clioactive
pond ha-s ecological irnplicatioirs. chironomÍds rivi-'g 

'ear the pond
margín coulcr be receivíng a radrratio'd.ose tivo orders of magnitucres
higher than trrat receíved by the same ínsects living closer to the
centre ' Figure 18 shor'¡s that only a sma11 spatial crisplace*rent coulcl
resu1l- in a significantly criffereirt total dose. The írnportance of
Ëhi-s findÍ-ng to the poncl chironomid popuration is being folloi¿ecr.

rt is concludecr thaL LíF crosimetry has been shor^;.n to be

a practícal fÍeld methoci for measuring the total racliation dose in an
aquatic habitat. rt required less tine and effort than did crose

distriT¡ution estiinatio¡¡ by repetitive measuring of the raciioactivity
in the pond rnud aircr. r,rater samples, ancl required only one measurernent

to determine the integratecl d.ose at a gíven locatíon.
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STDMARY AND COI'ICLUSIOllTS

The uptake ancl eliminatj-on of the radionuclicle t37r"

by specí-es of aquati-c iirsects has been stuclied in the laboratoi:y,
ancl its fate afLer adclition to a small peïïìanent poncl investigatecr"

Gíanr rvarer bugs, i_.qÞgggggg americgiruå (Leidy) were

ked taclpol-es labelecl ,oíth 137cs (::acliocesium). The uptake of this
nuclide, and its el.ininaLi.on r.uhen the r^zater bugs rvere subsequently

fed unlabelecl tac11ro1es, ras measurecr anci exp-ressed in terms of
biological half*1ife (To). A biological half-rife of 4..5 crays rvas

obtained for 4th insra:: L. egglfggl},gg., ancl u Tb __ 10.8 for the
adults' The fincling that adult Ìva-t.er bugs eliminatecl radíocesíum

at a slower rate than the juveirile stage agrees r,rith cornparable

observatíons macle by other worlcers r¿ho stuclí_..1 137C" elimination
by Ëerrestrial- iDsects. A significant clecrease in the racliocesium

activity of !. ameri-canus 
'ynphs rvas observed prior to rnolting, an

inclication that Lhe insects hacl ceased to feecl . The raclionuclj_de

1abel method, therefore, offers a usefur means for anticipating this
important physiological event ín the fie1d"

A simpJ-e trio coilpartment rnocrel r¿as clevelcped ancr usecr to
calculate the assirriilatíon fractior (F ), that ís the fraction of
ingest-ecl food r'¡hjch cntelecl the hacinocoele of adult rvater bugs. The

value A = 0.07 calculated from the 
'rod,el is small, colnpared rvitrr

assimilation fractions rvhich have becn cleterrnined for aclult terrestrial
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beetles ancl isopods by ottrer investigators. Flemipterairs cro not

col-rsLirne all tfie prey. Therefore a'oLhe:: paraneter shoulcl be

íncor1:orated into the model to conpensate for the fact that L.

americqgqs, unlike adult beetles, do not ingest their foocl

completely. The effect of molting ancl the methocl of feeclipg on the

amouilt of 137c" accunulaLed, must be allorrrecl for r^zhen usí¡g this
radio-label Lo dete-rrnine the foocl consumptioir of aquaLic insects i'
natural situations.

The uprake and elirñinarion of 137C" by Ae-4g_q agg^Xp.li L.,
A' at.LgP.gbU." (coqui11ett) has been exarnined. These stuclies shorvecl

the biological half-1ife of radiocesium in these species clifferecl

from publ.ishecl To values obtaiired for ínsects of comparabl e si,ze.

This difference is atl-ributecl to habitat. Of equal iiaportance,

horvever, rrzas Lhe finding that most of the 137r" accuilulated by A.

åe€yPqi larvae entered via diffusion across the papillary rnernbrallee

and not by assimilatíon frorn the gut. This diffusion process tr¿as

suppressed by potassium, ancl is assumed to be the restilt of
competitíon betrøee' r* rrrd cs* for inemï¡rane diffusion sites, The

1?7suppressio' of *''cs uptake by potassium rvas temperature clepe'dent.

It is concluded that radiocesiun is noi a suitable raclÍonuclicle

r'¡ith rvhich to label mosquito 1arva1 foocl for cletermination of food

consumptr'-on, In an aquatic enr,ril:oninent¡ the label leaches out of
the food into the rearing mecriun ancl is then accumurat ecl via
cliffusion across the papirlary mernbrane. consecluently, trre essential
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premise of the radioactj.ve 1abel

is proport:lona1 Lo Lhe amouilt of

true. (

techniciue, that the foocl consuinecl

label a.ccr.rmulatecl, no longer holcls

No radíocesium \{âs âccuinurated by moscluito pupae as a

result of the nuclicle penetiating the pripal exuvia. The biological
half-life of 137a" i' male a'cr fcnale A. aegyptÍ rvas 40 hrs. Most

,of 
the radiocesiurn laber ivas elimínatecl via the fecal pellets. The

eggs r,rere only sligl-rtly radioactir¡e.

.A pernaitent poncl , díamcter 19 m, rüas cont¿ìininatecl ivith
0.5 ci of 137c", Most of the contamínant was sorbed by the poncr-

bottom rnud, less than 5% bei'g cristributed through the biota.
The algae grovring in the contaminal-ecJ poncl had the highest specifÍc

1?7actÍvíty (.pt '-'cs/g) of all biota sarnples. llorseflies (Tabanídae)

were trapped at the contaminated poncl. The radiocesium activity of
Ëhese flies, conìpared wíth thaL of horsefries trapped at a cristant
location, indicatecr that they hacl emerged from the margin of the
contaminated poncr. crrironoi'icr larvae hacl the highest specific
activity of all the insect species analysecl. Concentration facrors
were calculated from trrese specific activities, ancr it vzas founcl

that an insectrs príniary foocl source could be tracecl in this rvay,

The sorptio' of the radiocesium conta*Í.'ant by trre poncl

mrrd was measured. A símple method utÍliziirg lítirium f luoricle
dosimete's r,ras crevelopccl to neasure the i'tegratecl dose of ionizing
radiation deliverecl to organisms living at the r,zater:-mud ínterface.
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rt was fou'd that closes as large as 2 rad./day were receivecr in
some areas of the pond bottom. Tt is sug[estecl that this fincling
migh! account for the absence from trre co'taminatect poncl of
certain species of a1gae, r,rhí.h rvere abuncla't in a nearby

uncoittamínatecl pond .

rt is concluded that the ra-cr:ronuclicle 1abel or tracer
tech'íque is a varuable acrju'ct to existing methocls for stuclying

fooclchain energetics ín aquatic habitats.
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APPEi\DIX
Suirunary of Suruner lt7eather in Vícinity

Five day mean ai:: teiaperature
measurecl aL 1.5 m

160

C

of Radioacrive pond - L967 and 1968

and %-relatÍve humidity
above grouncl

PerÍod
Tenperature - oF Relative humídity

L967 1 968 L967 1 968
Aprí1 20-24.
April 25-29
April 3O-Ifay 4.

Mayi 5-9
l'{ay L0- 14
Irfay 15- 19
Ì{ay 20-24
May 25-29
May 30 - June 3
June 4-8
Jtine 9- 13
June 14.- 1B
June 19-23
June 24-28
June 29 - July 3
July 4.-8
July 9-13
July 14-18
JuTy L9-23
July 24-28
JuIy 29 - August 2
August 3-7
August B-12
August 13-17
Augtrs t IB-22
August 23-27
Augus t 28 - Septernber 1
September:2-6
Septenber 7-11
September 12-16
Septernber 17-2I
Septerrber 22-26
Septenrber 27 - October 1

October 2-6

+s,g
50. 9

5B.3
63 .4.
51.5
58.9
60. B

5L.2
6r.1
56 .2
62.9
60. 0
63.2
70.3
60 .6
58.7
s9 .3
59 .2
68.0
56.0
62.2
56.6
67.2
s6 .9
60 .4
55.5
¿+o.I
51.5
4Ltr

34 .6
4L.4
48 .7
4.7. s
48.s
33. 1

5L .7
s0.9
s6.3
s4. .3
52.8
s3 .4
56. 1

54.6
no mean
no meaïl
no mean
no mean
no meal-l

s4.9
58, 5
60. B

52.4
48.6
55 .4
5r .7
5B. s
50.2
54 .4
65.9
55. 9
49 .7
49.6
4L.9

øl .+
63 .4
62 ,1
53.3
7L.B
72 .3
67 .9
80.1
7L.5
75.7
75.8
73.7
74.2
Br.6
77.6
81.9
79.0
75.5
74.6
72.L
68,6
69.4
70.L
72.6
84.s
79.7
70.5
64 .7
BT .4

75.9
58.2
s3.6
75.5
65. I
92.2
52.2
79.9
78.3
86.3
83.3
66.4
69 .0
69.1r

no mean
no mean
no rneaït
no meao
no mean

74.9
80. 9

87 .6
80. 7

B5.B
93.4
86.0
90. 1

89.1
B1.B
82.4
BB.B
BB.5
82.T
B3. s
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APptìi\DIX C Conr 'd.
Sunnnat:y of Summer trdeathe:r iir Vicinit), of Radioactive poncl _ Lg67_1968

Monthly rainfall and hours of sunshÍne

Rainfal 1 Hours of sunslii_ne
lfonth L967 1 968 r967 1 968ín. cnì. in. cm,

l'1ay 0.ZO 0.5 3.27 8.3

June 154 3.g 3.BB g.g 108.6 In.s
July 3. 18 8. 1 5.96 15. I L55.7 IB7 .L

Augus t 1.62 4..r 3.37 B .6 L46.8 Log .4
September 0.OB 0.2 2.78 7.L 118.8 103.9
October I.57 q..O L.AO 3.6 42.3
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APP]]ND]X J

Total-bet a actL-vLty r o, 40ra equivarc't, of raclioactivc poncl
sedirnent- samples taken ín 1967 ancl 1968. ActÍvity expressecl

in CPM/g {- stanclar:d error

Month sanpl.ed Location Activity
May 1967

!"nel-gÉZ

JuLy_126.7

c- 13
F -T7
H-7
J- 16
M-6
N-9
P-7
Q- 17
R- 10
s-15

D-B
P- l0
P- 15

Q-B
R-9
s-5
S-T2
V-B
v- 10

F-6
F- 14
G-6
K-5
i(- 13
L-5
I{* 15
M- 16
P-9
u-3

322
335

20
158 3
498

5
2B

2230
30

731

10,178
93

692
337
L73

4356
6664
1301

906

77 LB

I4L9
427
116
265

75
408 9
2685

76
1932

1. 15
9.70
1.19
6.0¿r
8.31
2.4L
s.B9
6.s3
B.T7
2.06

x 10-
x 103
x 103
x 104.
x 103
x IO2
x Lo2
x tO4'
x Io2
x 104

1.55 x 105
2.09 x 103
6.86 x 103
2.92 x LO3
1.52 x 103
3.01 x 101
1.46 x 10)
1.84 x 104
1.85 x 104

6.52 x lo¿!
2.22 x IO4
7.86 x 103
2.28 x 103
7.22 x IO3
1.90 x lOJ
1.07 x 10)
4.60 x IO4'
8.75'x LO2
3.00 x 104

+
'-T-

T

;
¡

i.
-ï-
i'l-
;

¡;-f

+;l-
TT
i-r
+
t

-t-

-l.

+

t
f
i

+
-t-
T

I-t-
-'¡
_l
T-r
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APPENDIX J Conr'ci.

Month sampled Location Ac t ivi ty
Septeml>er 1967

%

Octol:er 1967

May 1968

June 1968

s.63 x tot; ,38
2.46 x 103 + 40
3.74xiot:+rßs
5. 28 x 10, -t- 105
L.27 x 103 + 12
2.28 x 103 J_ 140
2.60x 103+ 110
2.53 x 103 -t- 3
4.20x103+ 273
3.13xi04¡ 2s3

2.92 x t03 r- 277
3.05 x 10: {:. 146
9.5OxrO¿+ 43
9.31r x tO2 --t- 23
1. 78 x 1ol -i 28
2.22 x to: l- L64
I.47 x r0: -F 24
B.B3x10:+ rL7
2.59x 10r+ 71

3.00x103¡ r7o

r.4L x lo/t + 558
2.22 x 103 -l i't7
e.36 x 10? + 4õ;
2.e7 x to; ¡ 2BS
1.B9 x i0: + 89
2.r5 x 10: + tOs
4.74x10:¡ 23
9.B9xt0:+ 450
1.4BxtOJ; tol
2.03x103¡ -i;

5.12 x to3-t- 115
B .72 x r0] r: 40á
2.24 x roi -r-_ r4A
3.00 x 104 + 827
2.BBxtO3; 36
e.39 x io: -i 2oB
6.e0 x ro: + 4s
8.42 x 10i -l- 184
5.87 x 10r l--. 382
1.28 x 104 + 47g

F.B
K-7
L- 15
M-5
M-7
alO
L\- (J

N- 10
P-L2
a-7
u-9

H-T2
J- 6.
J-7
J-B
J-T2
J-L4
N- 14
P-6
R- 11
R- 14

D-B
D- 11
G-5
J-B
K-7
L-6
N-9
P-5
P-7
R- 13

E- 11
G-L2
H_L2
L- 16
N-4
?- 13
R- 16
s- 7

T-7
T-9



L77

APPIINDT)i J Cont rd 
.

Monl-h sampl ed Locat:'-on Activity

-Jgb12_qg

October 1.968

F- 10
F- 16
H- 11
M-3
P-B
P- 10

Q- 10

Q- 16
R-7
s- 9

72L
5

L6r
189

95
23
55

136
77

t26

9.30 x 103
1.26 x IO3
1.67 x to]
2.79 x 70'
4. 31 x 103
3.96 x 103
2.I4 x IO3
1.89 x 103
1.57 x 103
1.67 x 103

-L

-i
î-t_
il
-L

i't-
+
-¡-

+
T

D-9
E- 10
c-4
c-9
}f- 16

Q- 13
R-9
u-6
u- 11
u- 16

L.I2 x to5 + sgo:
2.33 x 70+ + rß7
2.r3 x ro't i- 1373r.67xto3+ r4r
1.91 "rc44+zta
!.0_l " loi -.1- 273
1.59x10:+ 151
4.06 x Io1 :r L7g5
e.6r x 10; ¡ 770
4.29 x l0' l- 33


