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ACCUMuLATTON AND ELIMINATION OF CESIUIVÍ-I37 BY FIVE AEÐINE

SPECïES 0F MOSQUIÎOES AND By A CoMMON PREDATOR,

NOTONECTA UNDULAT¡.

Cesium-I3? as a radloactive labe1 for entomo-

logical investigations in the laboratory is described..

Accumulation and elimination ot- 137c" ¡y five
aedine species of mosquitoes (.A.edes aeg/pti, A. atropalpus,

A. dorsalisr .4., triseriatus, and A. vexans) are studied.
Species differences exist in both accumuLation and

erimination rates for a variety of reasons. The pupal and,

adult studies are inconclusive.

.A.ceunulatlon and elimination of cesiu¡n-L3? Uy 4tn
instar normar and degilled larvae in potassium and potas-

sium-free mediu¡n is studied. Iliost of the rad.iocesium enters

the larvae via the anal papillae. potassium in the med.ium

decreases the amount of radioeesium accumurated, but not the

rate of uptake. carbon partictes are used to show that
degilled larvae inerease their gut uptake, Elimination is
not affected by either removal of the anal gills or the

presence of potassium.

.À study of eesiun-L37 accurnulation and elimination
by an aquatic liernipterarr, Notoneeta undurata, the common

backswimmer, shows a decrease in radiocesiun uptake by the

nymphs prior to morting. .A,dult baekswimmers have a single
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CH.å.PTER 1

GENERÀL INTRODUCTTON

Contamination of the .A.quatic Environment

It has been estimated that by the year 2000 more

than 115 GW of electricity will be generated in Canada by

nuclear power stations (Crawford and i{äussermann, L975).

This increase in nuclear generating capacity together with

the use of radioisotopes in industry and medicine, has

raised public concern about the impact on the environment

of the radioactive waste products of the nuclear industry
(Citizen Âction Group, L9?I+), Fallout from nuclear weapons

tests conducted in the atmosphere and. articles which have

appeared in the popular press deseribing the diffieulties
assoeiated with the handling of radioactive wastes stress

the need for aceurate assessment of the eapacity of the

environment to assimilate radioaetive materials without

incurring an unacceptable risk of biological damage caused

by ionizing radiation.
The biosphere has been exposed to radiatj-on since

the beginning of geological tine, The various life-forms
inhabiting the planet have evolved in a natural radiation

background, exposed to an annual dose whieh varies from

90 mrad to 1500 mrad depending on the geographical location
(un¡sce¡.n, L972), This background radiation results from

naturally occurring radioactive minerals in the rocks and

soil of the planetr ârrd. from cosnic rays. To this natural

1



background there has now been added a man-made component:

fallout from nuclear weapons tests, tailings from uranium

mining and ore processing operatj.ons, and radioactive wastes

from nuclear power stations and fuel reprocessing plants.
The man-made radiation eomponent, however, arnounts to less

than 3/" of the natural background radiation (UNSCe¡,n, Lg?Z),

ïf the Moscow agreement whieh bans the testing of nuclear
weapons in the atmosphere and in water eontinues, the major

souree of man-mad.e radionuclides entering the environmentn

will be the nuelear fuel eycle.

Canadian nuclear power stations use a natural
uranium fueled, heavy water sloderated. reactor, the CANDU

reactor (¡rCf,, 1976), In an accident situation it is the

aquatie eomponent of the environment that will be exposed

to the greatest potential impact from nuclear power

generation in Canada,

The Àquatic fnseets

2

The most abundant and diverse group of animals

on the Earth are to be found in the class fnsecta, many of
which spend their juvenile stages in an aquatic habitat
and the adult stage on land. lience, because of the large
transfer of biomass to the terrestrial envi-ronment which

occurs when aquatic forms emerge as adults, there exists
the potential for translocation of radionuclides from

water to land (Peredel'skii and Bogatrov, I95g), The

rnagnitude of such transfer wilr depend on environmental



temperature a¡rd the extent to which aquatic insects, and

other forms, ingest, âssi.milate and egest rad.ioactive
wastes released to the aquatic environment. The aquatic
dipterans together with their hemipteran predators con-
stitute a large fraetion of the aquatic invertebrates.

Cesium-137

The fission reaction whieh occurs in the eore of
a nuclear reactor generates more than zoo radioactive
nuclides, the fission products (Katcoff, Lg6O), However,

the majority of these fission prod.ucts have half-lives of
only a few hours, daysr or months. rt is the few fission
products that have half-lives measured in years, and. are
isotopes of erenents whieh may take part in netabolic
processes' sueh as iodiner or ehemically similar to them,

sueh as strontium is to ealcium, that are the major concern.

These are the biologicarly important fission products.
Such a fission produet is cesium-ll/, It has a high
fission yield (6/") and. a JA year half-Iife (Katcoff, tg6l),
Radiocesium also mimics the netabolically important
erement potassiun in many physiological processes (Ðavis,

L963), therefore, it is distributed throughout the animal
body following ingestion and assimilation. The amount of
radiocesi.um ingested. and, the resid.ence time or biologieal
half-lÍfe in the animal, determj-ne the radiation dose

received and subsequent biological danase (Guthrie, L96Z¡

Davis ar¡d Foster, 1958).
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The use of radiocesium and other radionuelides to
study biogeochemical cyeling and trophic leve1 kinetics
(Pendleton and Ukler, L96Oi Schultz and, K1ernent, I96j¡
Reichle, L96?; Odum, L965) originated with the concenx

about their translocation through food-chains leading to
man (Odum, 1965; Cushing, L9?O), the signifieance of the

insect component in the cycling of radionuelides ln aquatic

ecosysterns has been discussed by Polikarpov, Lg6?; Guthrie,

L9691 a¡rd Reiehle et a]-., L9?0,

RadÍocesium is translocated in ecosystems, thus

the ecologist is provided. in certain circumstances with a

unique tool with whieh to study animar dispersiono foodweb

relationships and productivity. rts biological half-life
depends on the species and its temperature (Davis, 1963),

Early application of cesiu¡o-I3? was as a laber for measur-

ing feeding and food assimilation rates. Crossley Ogeø)

estimated the daily rate of plant material consuned. by

insects living on the plants growing on a former lake bed

contarninated with eesium-llf and other fission prod.ucts.

Gutbrie and Brust (L969) used the nuclide to neasure the

assir¡ilation rate of an aquatic hemipteran equiped. *itn
pÍercing-sucking mouthparts r Lethoeerys americangs.

Guthrie and Brust (f969) stressed that the

application of the radionucride raber to the estimation

of the feeding rates of insects rested on the assumption

that the rate of labeL uptake or etimination, required to
earcurate biological harf-rife, was reasonabry constant



wÍthin a insect family (taxonimie family unit), One

objective of the work to be reported in this thesis was

to test the validity of this assumpti.on. The second

objective was to estimate the relative importance of the

gut and anal papillae as routes for the uptake of radio-
cesium by mosquito Larvae. The third objective $/as to

apply steady-state conditions to the calcul-ation of food

assimilation by another species of aquatic hemipteran,

in order to test if the value reported by Guthrie and

Brust (L969) applied to more than one insect family,



CHAPTER 2

MATERIATS AND I\¡ETHODS

Expelimental O¡'ganisms

Çqlieidae (Diptera) ¡

Five aedine species of mosquitoes, Àedes aegypt_i

(r.,), .A,edes atropalpus (coquirrett), 4gdeå dorsaris (ueiger),
.A.edes vexans (Meiger), and Aedes triseriatus (Say1, were

chosen to study the uptake and elimination of eesium-L3?.

These were eho.sen for several reasons. First, nosquitoes

are common around the world (Stone, Knight, & Stark, L959),

Secondr âeuatic dipterans make up some of the most important
pest species in North America. The genus Aedes is one of
the most important. Third, it has been suggested that
aquatic insects courd contaminate the surrounding environ-
ment with radionucrid.es when they emerge from habitats
containing these materials (Peredel'skii and Bogatyrev,

L959) ,

Notonectidae (Hemiptera) :

Notonecta undulatan Say, the common backswimoêfr

was chosen as the speeies of aquatic hemipteran to be

studied for two reasons, First, they are }cnown to be a
predator of mosquito larvae (Ellis and Borden, L9?O), and

are therefore at a higher trophie lever than mosquito

larvae, seeondry, they have piercing-sucking mouthparts.

Only one previous attempt has been made to measure food

eonsumptíon in a sucking insect by the radi.ocesium tracer
method (Gutnrie and Brust, L96g),



General RearinE Methods

The eggs of five aedine species of mosquitoes

were supplied by Dr. R. A. Brust¡ Ðepartment of Entomologr,

University of Manitoba and the rearing methods employed

were essentially those described by Brust (1968). The eggs

were hatched in a solution of 100 miÌligrarns of nutrient
broth in 100 mI of distilled water for two hours. Groups

of 100 fírst i-nstar larvae were transferred to plastÍc
rearing pans with lids (30 x 19 x IO cm). The rearing
mediun eonsisted of 100 mr of distilled water at a tempera-

ture of Z6oC. The larvae were fed a measured amount of
Tetra Min Tube Food 66x, New food was added and the rnedium

changed daily, Pupae were removed and placed in a con-

tainer of distilled water inside an emergence cage. The

relative humidity of 7 5 JJ/" was maintained within the

eage with a ro11 of moistened paper toweling.
The adults were offered honey solution ad

libitum. GuÍnea plgs and/ot mice were used, as a means of
blood feeding the femare mosqui-toes, Lighting conditions
16L ¡ 8D, were provided, to stimulate mating. Ivtoist f ilter
paper in a funnel provlded the surface for egg laying.
The eggs were stored. at lOoC for ? d.ays before hatching.

Reari¡rg of N. undulata

7

*fetra Kraft Werke Dr. rev.
Germany.

Adult backswimmers were collected in the spring

nat Baenseh Melle, Western
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soon after the ponds were free of ice. After identification,
they were reared in the laboratory using the method de-

scribed by Ellis and Borden (L969), The backswimmers were

placed in a large aquariurn with pond water and were fed

tadpoles and mosquito larvae. À wire ¡nesh in the water

served as a site for egg attachment. After the eggs

hatched, the nymphs were removed and, placed. in separate

I00 mI beakers. Thus the feeding and growth could be

observed individually. Each nymph was fed IO larvae d,aiIy.

Cesium-l?7 .A,ecumulation and Eliminatíon
Mosquito larvae

The same rearing procedure as already described

was used except that the reari-ng mediun contained carrier
free r3?c"ct resulting in an activity of l0,ooo ! 5% counts

per minute (cpm)/nL of nedium. The radioactivities of the

rearing media will be included in the data for individual
experiments.

To study cesium-lJf elimination, larvae that had

attained a cesium-r3? body-burden were transferred. to non-

radioactive medium and food. The larvae uiere sampled at
regular intervals to determine the decrease in eesium-llf
activity,

iftrcsquilo Pupae

To measure the uptake of cesium-lJ? by pupae, late
4tn instar non-rad.ioactive larvae were praced in distitted
water to pupate and rnininize cross contamination. The



9

newly moulted pupae were placed. in cesium-IJ/ solution of
approximately IoOo cpn/nl. Pupae oi ¡otf, sexes were

sarnpled, washed, and total-beta counted (beta counted)

every 24 hours. To reduce the likelihood that the radio-
activity measured was d.ue to surface contamj-nation, the

pupae sampled were washed and placed in a container of
distilled water to allow the adults to emerge. These newly

emerged adults as well as the pupal exuviae were beta

counted.

Elimination was measured by transferring late
4th instar larvae reared in radiocesium to a container of
distilled water where they were kept until pupation was

completed. Again pupae were sampled, washed, and beta

counted at 24 hour intervals. Samples of the emergenee

water were also beta counted.

Notonecta undulata (baekswimmers )

Soon after the eggs hatched, individual back-

swimmer nymphs were transferred to 100 nl beakers. The

accumulation of radiocesiurn was determined by feeding each

backswimmer nymph ten eesiun-L37 labelted mosquito larvae.
After feeding, the rernains of the mosquito larvae, eon-

sisting mainly of the cuticle, were beta counted, and the

arnount of food consumed estimated. The radioactivity of
each individual backswimrner was measured daily by gamma

spectrometry prior to feeding.

The elirnination rate was measured after the back-

swj.mmers had. achieved a body-burd,en of 137C", by feeding
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non-labeled mosquito larvae. The backswimmers were fed

once a d.y, immediately after measuring their radiocesium
content.

The sarne procedures were used for the adults.

lIe4ç¡grement of Cesium-l3Z

Cesium-l3? emits Q,52 MeV beta parti.cles, and. its
metastable barj-um daughter product emits a 0.662 Mev gamma

photon as the result of internal transition to ground. state
(I{eath, 1964). Preriminary experiments using nosquito
larvaer pupâê and adults, and backswi.mmer nymphs and adults
reared in the laboratory in local pond water, showed that
the amounts of background cesj-um-rJ/ were below the d.e-

teetion Ii¡¡its of the counting techniques employed. since
the change in counting rate attributabre to an increaser or
decrease, in cesiun-llf was the pararneter of interest,
absolute counting was not required.. care was taken to
ensure that all samples were eounted under comparable

geometry, hence relative counting was applicable.
rhe levers of radiocesium in the various sarnples

incl-uding mosquito larvae, prpâe, and ad.u1ts, and. the water
in which they were reared, were measured by low lever beta
counting, Radiocesi.um levels in I, undurata nymphs and,

adults were measured by gamna spectroscopy. The principles
and applications of these counti-ng methods are d.escribed in
reference texts and reports (Gatrousis and crouthamel, L96ot
Guthrie and Grummitt, Lg63; Heath, l.g6+),
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Individual mosquito larvaer pupâe, and adults,
were fastened at the center of stainless steel counting

trays with a 1¡10 collodoin-acetone mixture for beta

counti.ng. the trays were dried under heat lamps prior to

eounting. å, Sharpe's Low Background Beta Counter, equipped

with an automatic sarnple changer and a gas-flow end window

detector, was used for all beta counting. The background

of this equipment with a counting tray under the deteetor

was 0.4 1 o,O5 (s.d.) counts per ninute (epm). The eesium-

L37 counting efficiency of the deteetor, determined by

counting standard sources of comparable setf-absorption
and geometry was 42y',,

îhe radiocesium leve1 in N. undulata nymphs and

adults was measured by a ganma spectrometer. The spectro-

meter systern consisted of a 7,6 x 7,6 em NaI (ff ¡

scintillation erystal coupled with a photomultiplier,
housed in a lfeath-type shield made of 15 cm thick steel and

líned with 0FC-grade copper sheeting (I{eath , 1964) , and a

Nuclear Data lJ0 purse height analyser. rndividual back-

swimmers were counted by placing them in a small sealed

prastic vial with one drop of water. The viar containing
the insect was placed on top of the scintillation crystar,
and counted for ll minutes. The net counting rate was

determined by subtracting the background count rate from

the gross counting rate. Background counting rate was

determined by counting an empty viar containing one drop of
water. As the change in count rate was the parameter of
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interest, it was not necessary to determine the counting

efficiency of the detector. The radiocesiurn activity of
each backswimmer in cpm was obtained after subtracting the

background and integrating the area under the 0,662 MeV

photopeak.

Removal of Anal Gills (Papillae)

literature for the removal of tha anal gills (Wigglesworth,

L938; Stobbart, L964), However, the description of these

methods is not very precise, so that some experimentation

was required to determine the ¡nost effective method.

The anal gills were removed chemically with

solutions of NaOli or AgNOr. In this process, fourth instar
larvae were exposed to different concentrations of each

chemical for varying lengths of time. The Na0H and AgN03

solutions ranged from 0.IM to 0.JI{ and exposure times

varied fron 0.J to 5,0 minutes.

After the treatments, the larvae were imrnediately

washed with distilled water and placed in non-labe1ed

rearing medium. The larvae were exa¡nined after 48 hours

to determine whieh treatment most sueeessfully removed the

anal gills and caused the least mortality. Ninety per cent

survi.val after 48 hours was considered acceptable. The

larvae were examined under a dissecting microscope to

deternine the success of degilling. 0n1y completely de-

gilled larvae, those which had four healed scars in place

of the giIls, were used.

Several methods have been described in the
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After two experiments with chemieally degilled
larvae, a surgical method. was used. This method proved. to
be the most successfur in the survival of rarvae and

eomplete removal of the anal gi1Is. The gills were removed

under a dissecting mi.croscope using minuten nad.eln. The

larvae were held for zl+ hours to recover from the stress of
the procedure, before being praced in a cesium-rJ/ medi-um.

This aIlowed. for the conprete healing of the surgicar
wounds.

Carbon Partiele Uptake

Ân experiment was ca*ied out to d.etermine if
larvar feeding was affected by the degilring proced.ure.

rnert substances, such as l-atex and. carbon particles, that
are visible in the gut have been used. to measure feeding
rates (Dadd, L968), In experiments reported here, carbon
particles were used to compare the feed.ing rates of norrnal
and degilled larvae. The system used for quantifying the
amount of carbon in the gut is ilrustrated in Figure 4,

Elatistical Lnalysis

All radioactivities and. insect weights are re-
ported as means + one standard, deviation (s.d. ), The

number of observati.ons (n) in each mean (r) is also shown.

rn the graphs the rogarithm of t)7 cs activity (dependent

variable) is linearly regressed. on time (tne independent
variable) and a line is fitted to the points by the least-
squares method. Pertinent statistics of these regressions
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are gÍven in the appropriate S,ppendix. students 't' test
was used to determine the significance of any differences
between regression coefficients or means, p = 0.05.



CHAPTER 3

ACCUMULÂTION .AND EI,TMIN.A.TIoN 0F CESIUM_L3?

BY MOSQUTTOES

fntroduction

Extensive use of radioisotopes has been made in
entomolory. crossley (L966) an¿ Reiehle (L96? ) used radio-
isotope uptake and elimination rates to estimate material
and energr flow in terrestrial food chains. pendleton

(1957, 1962) has included insects in his stud.ies of cesium-

r37 aecumulation by various components of aquatic communi-

ties. orossley and schnerl (L96r) measured the elimination
of cesium-I1/ and strontium-9O by grasshoppers. Getsova

and volkova (L962) studied uptake of rad.ioisotopes by

insects reared in contaminated ponds.

Radioisotope studies with mosquÍ.toes have arso
been quite extensive. several- rad.ionuclid.es have been used

to 'tag' mosquitoes in order to study tlieir dispersal
patterns (0'Brien and i{olfe, Lg6j), severa} authors (Bruce-

Chwatt and Hayward, L956; Hassett and. Jenkins, I95L;
Quraishi, l-968) have studied. the uptake of phosphorus-jz by

mosqui.toes, a¡rd the accumulation and elimination of cesium-

L37 by Å. aesvpti has been reported by Guthrie (tgíg) and

by Guthrie and Burz¡rnski (tg?Z),

t5



Results and Díscussion

Accurnulation

The accumulation of radiocesium by À. aegypti
larvae was performed for comparison with the other aedine

speeiesr âs well as to compare the results of this rad.io-

labeling technique with that of Guthrie (1969). Groups of
one hundred newly hatched larvae were reared in medium eon-

taining 10'000 epn/nL of carrier free cesium-r3? at z6oc

until pupation. samples of ten rarvae of each species

were taken at least twice in each instar and beta eounted.

The mean radioactivity of larval instars I to 3 increased

uniformly (Phase 1), then leveled. off during the fourth
instar (Phase 2), The results are given in Append,ix .A.,

lables .4,-1 to À-5. Figure I, a plot of the logarithm of
cesium-l1/ activity versus ti.me in hours, sumrnarizes these

two phases in the uptake by the five species. The best fit
line for each phase was obtained by the reast-squares

'

method. The rate at which the larvae doubled their body-

burden of cesium-I3?, T¿ (doubling time), was different for
the two phases. The slope of the least-squares fitted. line
is a measure of the rate of cesiun-Lj? uptake. The d.oub-

ling times of the two phases for each species are shown in
Table 1.

Cesium-1

L6
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Accumulation or r37c"

larvae reared at z6oC

The regression lines
two uptake phases are

o- å. aesrpti

O- Ä. triseriatus

Figure 1

by five aedine speeies of
and sampled at successive

of activity of the larvae

shown.

v - å. atropalpus

a- A. vexans

mosquito

periods.

for the

tr - À. dorsaLis
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Doubling times, Td,

species of nosquito

for the two phases

Species

of cesium-13| in houçs for
larvae. Development times

is given.

A.edes

Aedes

Aedes

TABLE 1

aegYPti

atropalpug

dorsalis

Aedes

Phase I (Instars 1-3 )

Aedes

ml_.o

vexans

triseriatus

The rate of uptake erpressed as f¿ is dependent on

several factors: temperature, development timer ãrd size
and structure of the anal giIIs. Rearing ternperature has a

significant effect on radionuclide uptake (Davis, Lg6j),
The Td value obtained for A. ae$¡pti in phase I is ress than

LL

that reported by Guthrie (L969) for a comparable phase of
developrnent. The rearing temperature used by Guthrie was

zOoC, whereas that used in this experiment was Z6oC,

In Table 1, there are apparent relationships be-

tween some of the species. ô. aegypti and A. atropalpus
have doubring times that are not statisticarly different,
P > 0.05 in Phase I. fn Phase Z, however, TU is signi-
ficantly different for these species. This difference is
attributed to the longer development time of .4.. atropalpus

11

L2

L9

L7

3I

Develop. time

five aedine

in hours

18

96

120

L20

96

I¿}4

Phase 2 (Instar 4)
Td Develop. time

74

116

131

L42

L5t+

48

?2

72

?2

96



in instar l+ (ta¡te I).
Another factor affecting the rate of nuclide up-

take of these two species is the relative size and structure
of their anal gilIs. The importance of the anal gills as

a site of cati.on uptake has been shown by Wigglesworth

(1938) ' Stobbart (L965) and. others and will be further
discussed in Chapter 4. Both A. aegypti and A, atropalpus

have ânal gills that are larger than the anal segment (up

to four times the size) an¿ broad, in structure. The other

three species have much narrower gills ivhich are never

larger than the anal segment. There is also a. sirnilar re-
lationship between the A. Qçr¡galis and {. vexans uptake

phases (ta¡te I). Ä. dorgalis has anal gi1ls only L/3 as

long as the anal segment while A. vexans has gil1s as long

as the anaL segment. Because of their importance in ionic
eontrol, shorter anal gills should result in a slower

cesium-lJf uptake rate and hence a longer TU.

Elimination of Cesiu n-Li? by Mosquito Larvae

19

Fourth instar larvae, that had been reared in
cesium-13| medium, were transferred to non-labeled medium

and samples of ten Larvae were taken during the first ?4

hours. the mean activity of the larvae deereased uniformly

during the first 12 hours at which time it leveled off
(.{ppendix B, Tables B-1 to B-5). Figures ?a to 2e show

the logarithrn of L37 C" activity versus sampling time in
hours, Considering Figure 2a in detail, it will be seen
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Figure 2a

Elimination of 137C" uy 4tn instar A. aeg¿pti 1arvae at
Z60C. Points plotted are means + one standard deviation.
Biological half life for assimilated and unassimilated
137cs is determined for the 1ines marked A and B

respeetively.
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Figure 2b

Elimination or 137c= uy 4tn instar A. atropalpus larvae
at z6oc. Points protted. are means + one standard d.evia-

tion. Biologieal half life for assimilated and un-

assimilatea 137cs is determined for the lines marked A

and B respectively.
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Figure 2e

Elinination of t37 cs by 4tn instar A. dorsalis larvae

at Z6oC. Points plotted are means j one standard

deviatj.on. Biologieal half Iife for assimilated and

unassimilated. r37cs is determined..
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Figure 2d

Elimination of t37cs by 4tn instar A.

at Z6oC. Points plotted are means *
deviation. Biologieal half life for
unassimilated. 137c" is determined.

triseriatus larvae

one standard

assimilated and
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Elimination of L37 ct
z60 C. po j-nts p3-otted

Biological half life

Figure 2e

Uy 4th instar A. vexans larvae at
are means + one standard deviation.

for assimilated. r37cs is determined.
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that the curve consists of two d.istinct components. One

part (¿') slopes steeply over the period. 0-12 hours, and

then tapers off (A"). According to Crossley (fg6O) tfre
first component reflects the combined elimination rates
(Tb) of assimirated and, unassimilated rad.ionuelide. There-
fore, in order to obtain estimates of the elimination rates
for these fractions, curve A" (Fig, za) was 'peered' (ore,
L963) by extrapolating to zero time, and the appropriate
increment subtraeted from the activities measured during
the interval from o to rz hours. The remaind.ers are protted
as curve B in Figure za, from which the erimination of the
unassi.rnilated fraction of ingested. radiocesium is ear_
culated. The same procedure Ìvas used. for the other aed.ine
species. curve A" represents the elimination of assi¡ni-
lated cesium-l3?. A sunrmary of this data is given in
Table 2,

TÀBLE 2

Tb and E.. (in hours) for the elimination of cesium-rJf by
nosquito larvae. A sunmary of Figures 2a to 2e and

Appendix B. See text for exp)-anatíon of TO and E".

Â.
Å.
A,
À.
A.

Species

aegypti
atropalous
dorsalis

-

triseriatus
vexans

(assimilated )

I00
50

98
26

25

(unassimilated )

r

2,L
)9

?,5
2,6



fraction of ingested radiocesium (8.) for the five species

are not si¿grificantly different, P>0.05. E, is indicative
of the time required to empiy the gut and is proportional

to gut size. Since all the larvae were approxinately the

same during the fourth instar, these val-ues should not be

signifieantly different.
the biological half life of assinilated eesium-

l-37 (Îb) shows species d.ifferences. T¡ is an indication of
the time required for f,he elimination of cesium-137 that
has been incorporated into the tissues. This value varies
for the different species because it is proportíonal to the

permeability of the gut wa}I, metabolic activity, tissue
structure, ioni-c balance eontrol, etc. These factors vary

in different species and are difficult to determine.

The Tb of I00 hours for A. aesvpti at Z6oC is in
good agreement with Guthrie's (L969) value of 10j hours at
}OoC. This is in contrast to the different TU values for
A. aegypti at the same temperatures. îhis finding suggests,

therefore, that unlike uptake, elimination of L3?Cs may not

be temperature dependent. Furthernore, it supports

Wigglesworth's (L938) argument that the anal gills are not

involved in eliminati.on. Gut permeability and malpighian

tubule function shourd be less temperature sensitive than

the anal gi}Is, the structures involved in the maintenanee

of ionic balance.

lhe elimination rates of the unassimilated

26



Uptake of Cesiun-l-i7 by Pupae

(wigglesworth, L96l+). The pupal stage is often dismissed.

as an inert resting stage between the larva and the adurt.
However, aquatic pupae are provided with a means of
breathing and regulati.on to the surrounding water (Ordroyd,

196B).

Newly noulted, pupae were placed. in a med.i-urn con-

taining 10,O0O + 5% epn/mL carrier free cesiun-Ilf. After
24 hours the pupae were washed. with distilled water and

transferred. to non-labeled, water. The adurts whieh emerged.

were killed immediatery and attached to stainless steel
planchets for beta counting. Pupal exuviae and the

emergence water were also sampled and beta eounted. À.

aeg¡pj! pupae of both sexes served as controls, and. were

counted to obtain the background level. The data is
summaried in Table 3,

The results of the pupal uptake study were gen-

erally inconclusive, due to the sample size. fn all species

except Â. vexans, the activity of the females was signi-
ficantly greater (p = 0,05) tiian that of the ma1es. This

finding refleets the larger mass of the females (Guthrie,

L969), The mean activities of males, females, and exuviae

of each species were not significantly different (p =

0,05) from the eontrols. This result irnplies that rittre
or no uptake of cesium-lJ/ occurs during the pupal stage.

The activity of the pupal exuviae is probably due to
sorption of radioeesium.

In the pupal stage an insect does not feed

2?



TABLE 3

cesium-137 uptake by mosquito pupae. IVIean activity in
eounts per minute after 2þ hours in cesium-rlf medi.um.

Aedes aepypt! male O ,53 + O ,42 10
female 1.06 + 0.65 IO
exuviae 0.15 + 0.06 10

Aedes atropal-pus male O ,95 + O,+? lO
f ernale L.32 + 0 ,44 6

exuviae 0,35 + 0,26 10
Aedes dorsalis male O.B3 + 0.)Z 6

female I,57 + 0.61 6

exuviae 0. 15 + O. OB 6
Aed.es triseråa_tus male L,S6 ! L,Zj 5

female L,|O ! L,Z6 5
exuviae O,ZZ ! 0 ,I9 s

Aedes vexans male 4.96 + 4.g0 3
f emale I,36 1

exuviae 1.06 + e.5? 5
Control-s male O ,4? + O.5B 6
(4. aerypti ) female 1,5? + I.95 6

exuviae 0,14 ! O,Zj 5

Species Sample Mean Activity Number

2B



Conclusions

fn the cesium-l3? uptake stud,ies, all five aed.ine

species of mosquito larvae exhibited a two phase aecumu-

lation eurve. The rate of uptake for each species depends

on temperature, development time, and on size and structure
of the anar gills. For those species which have the above

factors in common, the accumulation rates are similar. Such

is the case in Phase 1 (instars r-3 ) for A. aesypti and

4. atroparpus, and for .4.. dorsaris and A. vexans. The phase

? (instar 4) doubling time ind.icates a d.ecrease in food con-

sumption prior to moulting for all five speeies. The T¿

values for a given temperature are not the same for all
speeies within a genus.

ivlosquito larvae eliminate cesium-L3? in two

distinct fractions¡ r) assinilated. radiocesium, and z) un-

assirnilated radiocesiunt. There was no significant difference
in the erininatj.on rates of unassi¡nilated cesium-l_j? by the
five species studied.. The biologiear half life of assimi-
lated cesium-rlf showed species differenees. These result
from differences in the permeability of the gut, metabolic
activity, and. tissue structurer €tc. The anal gitls are
not involved in elimination. The gut permeabirity and

malpighian tubule function of A. aeg¡pti are not tem-

perature dependentn with respect to radiocesium.

the eesiun-L37 pupal uptake studies suggest that
little or no uptake occurs during the pupal stage, The

apparent urptake of radiocesium was probably due to surface
contamination.

29



THE EFFECT 0F POTASSTU¡i1 rON ÀND THE RERÍOVAL 0F THE ¡.NAt

Grl,l,s ol,i cESIutrf-137 .4.cCUMULATION .A.ND ELIIVTINATION By

FOURTH INSTAR MOSSUTÎO TARVAE

fntroduction

Cesium and potassium show similarities in meta-

bolic processes because of the fact that both are in Group

I of the periodic tabl-e. The eeological relationships of
potassium and cesium have been reviewed by Davis (1963 ).
There is a possibility of potassium competing with cesium

in a manner sinilar to calcium and strontium cortrpetition.

The amount of radiocesium accumulated by an organism may

be affected by the concentration of potassium in its en-

vironment. Suppression of cesium-L3? uptake by potassium

has been reported for algae (irlorgan and t/leyer, l-gsj),
higher plants (iiiienzell and Heald, 1955), and some verte-
brates (Mraz , L959). Its suppression of cesium-llf uptake

by mosquito larvae has been reported. by Guthrie and

Burzynski (I9?2).

Aquatic invertebrates can control the volume and,

eomposition of their body fluids by ion regulation.
Osrnoreguration in larvae is achieved by the body surface

and gut lining (Uotn of which transport Íons and. water

between the envi.ronment and the interior of the body) anA

the excretory organs. Excretory systerns play an important
part in maintaining the body fluid coneentratíons of

CHAPTER 4

3o



)L
aquatic larvae by conserving or excreting substances

already present in the blood..

wigglesworth (19j8) d.emonstrated. the osmoregula-

tory function of the anar gills of mosquito rarva, and.

Stobbart (L959, L96o) showed that about 90% of the ionic
exehange takes plaee through these organs. when the anal
gilrs were destroyed by treatment with a 5/, Nacl sorution,
the Na* concentration in the rarvae d.ropped drastically.
rf the gil1s were left intact but the gut was brocked, the
Na* concentration was reduced by a "relatively smarl
amount" (stobbart, L959), This suggests that most of the
ion exchange takes place via the anal gitls, and the re_
rnainder through the gut (Stobbart, Lg59; Treherne, LgSU),

Thus, the infrux via the anal gills is larger than efflux.

Methods

The following series of experiments were per-
formed to d.etermine the route of radiocesium accumulation
by mosquito larvae. Newly emerged fourth instar rarvae
were divided into four groups which were treated as forlows:

(1) Normal larvae in L37c" labeled med.ium (it),
(z) Normal larvae i., 13?c" rabeled medium plus

K+ (Nr* ) ,

(3 ) Ðegitted larvae in L)7 c" ]abeled med.ium (D) ,

(þ) Degilled larvae in 1J7c" Iabeled. medium

plus K+ (pr*).
Fourth instar A. aegupti larvae were used. because earlier
instars did not survive degilling. The degitring methods



are described in Chapter 2, A 0.05M potassium chloride

solution was used for the K+ med.ium (çutnrie and Burz¡mski,

I9?2) , Larvae ,¡/ere sampled every 2 hours during the first
12 hours and. at 18 and 24 hours thereafter. The mean 

\

larval activities are given in Appendix Cn Tables C-I, C-2,

c-3,

The first two experiments were performed using

chemj.cally degilled larvae. The che¡ni.cal method had ad-

verse effects on larval survival; in some groups al1 the

larvae, died within 12 hours (Appendix C, Table C-I and

C-2). The surgical degilling method, was used in the third
experiment and resulted in high larval survival. Therefore,

only the results of the third experiment are d.iscussed.

These data are plotted in Figure 3,

32

Effect of K+ and. Desilline on Uptake of Cesiun-Lj?

Comparing the normal larvae reared in K+ free
ned,ium with those reared in K+ rned.ium, there is a drastic
reduction in the amount of cesium-l3/ accumulated in the

presence of potassium. If the major site of radiocesium

uptake is the anal giIl, this reduction in the presence of
K+ wou1d. be the result of conpetition for transport sites
aeross the gi1l membrane r sugg€sting ihat the a¡ra1 gil1s
discriminate between K+ and. cs*. This apparent discrimina-
tion may be the result of isotopic dilution because the

accumulation rates are comparable (p > 0,05),

RESULTS AND DISCUSSTON
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The effect of potassj.um ion and degilling on the uptake

or r37c" uy l+th instar À. aesypti reared. at 26oc,

o- Norma1 larvae (W)

o- Norma1 larvae with K+ (nf¡

a- Degilled larvae (D)

E- Ðegilled larvae with K+ (DI()

Figure J
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comparison of degilled and normar larvae reared
in K+ free med,ium showed. that their regression coefficients
were not significantly different (p ) O .OS), However, there
was a difference in the magnitude of the cesium-rl/ body

burden attained. For the degilled larvae, the site of up-

take nust be the gut. sinee the red,uction is less than
has been previously reported. (stobbart, Lgsg), the assump-

tion is made that the gut increased. its uptake to compensate

for the loss of transport via the anal gills. This assump-

tion was substantiated in the next experj-ment.

when considering the aeeumulation eurve for the
degilled larvae in K+ nedium (Figure 3 ), the rate of
aceumulation is significantry greater (p < o ,05) than that
for the other three treatments. The degilring process
resulted in a greater radiocesium uptake via the gut in the
presenee of potassium, This observation suggests that the
gut does not distinguish between potassium and, cesium ions
to the same extent as do the anal gil1s.

The Effec-t of Ðeeil1ine on Up]ake ofjgrbgg_eeLr!!cles
throueh the Gut

This experiment was performed. to test the earlier
finding that removal of the anal gills resurted in an in-
creased uptake by the gut. Fourth instar larvae were de-
gilled surgically and placed in a med.j.um eontaining carbon
particles. The Larvae were periodieally sampled and. given
a displacement value depending on the amount of carbon in
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the gut. Figure 4 shows the displacement values of a

larval gut filled with carbon. The mean d.isplacement

values of ten larvae sampì.ed. for 24 hours (Appendix c,
lable c-4) is plotted as the rogarithm versus time in hours
(rig. 5). Initially the degilled larvae accumulate carbon
particles at a faster rate than the normar rarvae, because

of increased. feed.ing activity. The higher rate for degilled
larvae deereased with time and they were surpassed by the
normal larvae whose guts become filred completely in less
time. The initial rarger rate of gut uptake by degilred
larvae would result in a greater radiocesium accumuration
which would exprain the similarity between the two accumu-
lation curves of the normal and. degilled larvae in the K+

free medium.

the forrowing experiment was performed to d,e-

termine the effect of K+ and. removal of the anal gills on

eesiun-137 eli¡nination by mosquÍto rarvae. The larvae were
reared in a cesium-l1/ medium until the fourth instar,
degilledo and praced in distilled. water and. alrowed. to
eliminate their radiocesium body burd,en. Figure 6 shows

the least squares fitted rines of the regression of
rogarittrm r37c" o., ti¡ne for the four treatments as used
previously (Appendix C, Table C-Ð. Statistically there
were no significant di.fferences (p > 0.05) between the
regression coefficients of the four treatments in the
eliminatj.on rates. This result is to be expected since
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Figure 5

lhe effect of degilling on earbon partiele uptake by

þtn instar A. aegypti larvae.
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The effect of potassi,um

nation ot 137c" ty 4tn
Z60c. Regression lines
drawn 

"

e- Normal larvae (N)

a,- Degilled larvae (D)

Figure 6

ion and degilling on the elimi-
i-nstar A. aegypti larvae at
for the larval activities are

o- Normal larvae with K+ (NK)

@- Degilled tarvae with K+ (DK)
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neither external K* concentration nor

affect elimination via the malpighian

Conclusions

From the studies with potassium ion and degilling,
the following conclusions can be drawn. Potassium in the

rearing medi.um reduces the body burden of cesium-I37

achieved by mosquito larvae, but it does not affeet the

rate of accumulation of radiocesium. Degilling larvae also

resulted. in a red,uction of the amount or 137c" accumurated.

but to a lesser extent than potassium ion. The gut uptake

of degilled larvae inereased with the result that there was

no significant change in the rate of accumutation compared

with normal larvae. The gut ¡nernbrane of mosquito larvae
may not be able to distinguish between potassiurn and cesium

ions. Neither K* nor degilting has any affect on elimi-
nation of cesium-l37 by mosquito larvae.

39

the anal gills should

tubules and hind gut.



UPT.á.KE J,ND ELII{TNATTON OF' CESTUM-l37 BY NOTONECT¡.

UNÐUT.A,îA, Ä LARVAT, MOSSUITO PRED.A.TOR

Introduction

Ulosquito larvae are preyed upon by both arthro-
pods and fish. Exeluding fish, the most important pre-

dators of mosquito larvae are aquatic Hemiptera and

Coleoptera, especially Itlotonectidae and Dytiscidae
(liinnan, L934), Christophers (1960) noted that Notoneeta

CHÂPTER 5

spp, actively destroy larvae.

Notonecta undqlqEe Say is one of the most widely

distributed backswimmers in North America. Iiinman (l%4)
considered it an important mosquito pred.ator in permanent

and seni-permanent habitats. Adult baekswimmers con-

sistentry serected, rnosquito larvae and pupae over six other
prey types (fffis and Borden, I9?O).

The baekswimrner Notonecta undulata Say was chosen

to study the uptake of cesium-l3/ by a predator of mos-

quito larvae to determine the possibility of biological
magnification along food chains, and to investigate the

application of the radioactive tracer technique to rneasure

food consumption by a predator insect with piercing-
sucking mouthparts.

Methods

40

.A,dult backswimrners were

soon after the ponds were free of

eollected in the spring

ice. They were colonized
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in the raboratory using the method described by El1is and.

Borden (L969). Newly laid eggs hatched in about a week.

The procedure for deternnining the accumulation and. elimi-
nation rates of cesiun-L3? by both immature and. adult
backswimmers is described in Chapter Z.

Results and Discussion

Nymph Uptake

A group of 15 first instar nymphs were obtained
from eggs hatched in the laboratory. The water temperature

was maintained. at z5oc d.uring the experiment. The nymphs

were reared individually in I00 ml beakers and fed ten rad.io-
cesium labeled mosquito larvae, daily. Each nymph was

counted on a gamma spectrometer and fed immediately after-
wards' High mortality oecurred during the nolting and. none

of the backswimmers survived through the third instar. The

daily handling of the nymphs for weighing and counting could
also have attributed to the observed rnortality. To red.uce

the amount of handring, weighing was diseontinued and,

weights were only obtained after death. prior to daily
feeding a randon sanple of six mosquito rarvae was taken

from the 'feed-stoek'. These specimens were weighed and

then gamma, and beta counted. Samples of the larval
exuviae and nymph rearing medium were also counted.

the logarithm of the mean nymph activities
(Appendix D, Table D-f ) was plotted. against time in d.ays

(nigure ?), The plot adopts a step-shapeo increasing
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Figure 7

Uptake of 137C" by various instars of N. undulata fed,
r37cs labered mosquito larvae.
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rapidly during the early part of the first instar, then

levelling off in the latter portion of the first instar.
The same is also true for the Znd instar. This type of
graph indicates very rapid food consumption after molting

and a reduction in food uptake prior to molting. This

result agrees with the finding of Guthrie (L969), who

studied the radiocesium uptake by i.nmature Lethocerus

americanus. The second experiment using nymphs was a

disaster. .4,11 the nymphs died during the first instar.

Uptake and Elimination of Cesiun-L3? by Adu1t Notoneeta

undulata Say

Individual adult backswimners from the laboratory

colony, were gamma counted and fed cesium-l37 labeled

mo'squito larvae daily. After reaching a steady-state, the

adults were fed non-labeled mosquito larvae in order to

determine theír rate of cesiun-L37 elimination. The results
(Appendix Ðr Table D-2) are plotted in Figures I a¡rd 9

which show the logarithrn of cesium-137 activity versus

tine in days. the aceumulation rate for cesium-l3? ex-

pressed as doubling time (Td) was 1.1 days. The back-

swimmers'reached steady state after seven days of labeled

feeding' that is, their cesium-I3? body burden did not in-
crease significantly. The value of TU at steady state was

calculated to be 27 days.

The elinination phase results are plotted in
Figure 9, This figure suggests that radiocesium was
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Figure I
Uptake or 13?c" uy adult N. undulata fed 13?c"

labeled mosquito larvae. Hleans j one standard devi-
ation are plotted. Biologicar doubling time (Td) is
shown.



r37
Cs

Activi ly
(cpm)

rooo

Figure I

T.=27(l¡

34567
Sompling Time (doys)



45

Figure 9

Eli¡nination of 13?C" by adult N. und.ulata" }îeans 1
one standard deviation are plotted. The adults were

fed non-labeled mosquito larvae. Biological half
life is determined.
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e1i¡ninated at two rates by adult N. undulata,

similar to that obtained by Guthrie and Brust

adult 1,. americanus. The initial elimination
rapid and has a biological half l-if e, Tb = 1.1

T¡ value i.s assumed to represent the T¡ of non-assimilated
radiocesium and reflects the insect, s 24 hour feeding

sehedule. ¡. singre elimination rate would. be ind.ieative of
eomplete assimilation of cesium-llf (crossley and -i{owden,

L96L; crossley, 1963), The ratter part of the graph (Figure

9) has a longer half life, Tb = 4,3 days and represents

elimination by the insect of assimil-ated radiocesium. rt
has been postulated that the biological half life for radio-
cesi.um is related to the insect,s size (Cross1ey, 1963),

That is, a small insect would have a shorter Tb than a
larger onê, This can be explained by the fact that the

smaller insect has a higher metabolic rate than a large in-
sect. Consequently, less time would be required to elimi-
nate a given amount of labeI. The Tb of 4.3 days for [.
undulata measured in this work and that of 10.8 days re-
ported for a larger inseet, L. an-erÍca-nus (Cutnrie and

Brust, L969), supports crossley's (I98) hypothesis.

Mgasgfe4ent of Food Consurnption

46

a finding
(1969) for
phase is very

days. This

Using the sane methods as Guthrie and Brust
(Lg6g), the following ealculations were performed with
N. und,ulata adults .

I = ebtb * QgÀg = (b\ * gtrS) A
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where I is the ingestion or feed,ing rate, b is the fraction
of Q (total body burden) taken into the body, and g is the

fraetion of Q remaining in the gut. From Figure 9, values

of b and g at ?,ero time are ealculated to 0,51+ and 0.46

respectively. Therefore f = (0.54\ + 0.461g) a. The

elininatj.on rates (À's) may be obtained from the slopes of
the curves in Fig. 9t

l-=,b

Therefore fb = (0.5þ x

rg = (0.46 x

The fracti.on of nuclide

+-3 = *4.22 = 0,1.61.
^b ' oJ

ls = tg = 0.6)

Therefore ^ _ 0.088Q
^=1ffi=4.23

[=

0.163)Q = 0.088Q

0,63 )q = O.29OQ

assimilated (À) is¡

Thus, it is concluded that N. undulata adults

rb

-

lb + tg

less tha¡r 25% of the radiocesium and probably

25% of tlre food which they ingested.

Having estimated the fraction of ingested food

assinilated into the body, the weight of mosquito larvae

consumed daily to maintain the steady-state level of
137Cs may be calculated, using the following equation r

wmQuÀu

assimilated

less than



where f = ingestion or feeding rate,
F = fraction of ingested prey assimilated into the

body,

I = Qlb
F

and

Q = total body-burden, i.e., specifie aetivity of
adult backswimmer.

For N. undulata adults, the pertinent data are!

q = 5390-cPm - ?z cpn/g adutt72,) g tt

Tb = 4,3 days (Fig. g)

P = 0,23

\ = elimination rate constant of the body compartment,

Substituting in the equation

r - 72-x.9.163 - SL epn/g að,uLt,/d,ayo '?3 
JL vtv¡ry 5 qsu

Larval mosquito consurnption required to maintain this rate
of cesium-l37 intake was ¡ 5I ^

-= 

0.012 gLarvae/g
3xl0l

aduLt/day ,

Conclusions

Notonecta undulata nymphs accumulated cesium-I3?

in a step-like fashion, with rapid radiocesium uptake soon

after molting and, a reductj.on ir, 137C. uptake prior to
molting. This type of accumulation was not present wíth
the adurt backgwimmers, which had a single aceumulation

t+8

\ = 0"L63
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rate with a doubling time of 1.r days. The elimination of
cesiurn-13? by adult N. undulata had two distinct eomponentsr

1) rron-âssimilated radiocesiurn and. z) assimilated, radlo-
cesiumo with biologicar half lives of 1.r and. 4.3 days

respectively. The fraction of radionuelid,e assimilated, was

caleulated to be 0,23, that is, less than 25% of the rad,io_

cesium and, presumabLy the ingested. food, was assimilated.
The rarval mosqulto consumption at steady-state was cal-
culated, to be 0.Ol? g larvae/g aduLt/d,ay. The t37Cs bio-
logical half life for N. r¡nd,ulata and, that obtained for
!. amerieanus by Guthrie and Brust (Lg6g), b,3 and ro.g
days respectively, supports Crossley's 0çg) hypothesis
that the snaller the i.nsect the smaller the Tb. rt is
noteworthy that the fraetion of ingested food, assimilated
by I. undulata, Q,Zj o is larger than that reported for
!. a¡nericanus, 0,0? (çuthrie and. Brust, 1969), ft would,

appear, therefore, that crossley's hypothesis may equally
apply to the size of an insect and the fraction of its
prey which is assimilated.



The accurnuration and elimination of cesium-I3?
by several aedine species of rnosquito rarvae and, a conmon

predator has been studied.

All five aedine species of mosquito larvae showed

two distinet r37cs accumulation rates (Td). A d.ecrease in
food eonsumption in the 4ttr instar prior to molting was

observed. The Tu varues at the same temperature are not the
same for all speeies within a genus. Mosquito larvae also
eriminated cesium-rJf in two phases. lhe eri¡oination rate
of unassimilated radioeesiun was the same for all the
larvar mosquito species stud,ied. The anal gilrs are not
involved in erimination. Elimination is less tenperature
sensitive than accumulation. l,ittle or no accumulation of
radiocesium takes place d,uring the pupal stage.

Potassium ion in the rearing ¡nediun red.uced. the
amount of cesiun-ll/ accumulated by mosquito larvae but it
has little effect on the rate of aecumulation. Removar of
the anal gills also resulted in a red,uction of the amount

of 137c" accumulated but to a resser extent than K*. when

larvae are degilled, they increase their gut uptake to
compensate for the loss of ion uptake via the anal gilIs.
[he gut nembrane does not appear to distinguish between

+LK' and cs- as do the anal gilrs. Neither K* nor degirling
have any effect on the erinination of cesi un-L)? by

CHAPTER 6

SUMMARY

5o



mosquito larvae.

[. undulata nymphs show a reduction in food. con-
sumption prior to eaeh mort. Àd.ult backswimmers have a
single uptake rate (Td) for cesium-lJf , Td = I.1 d.ays. .{s
with the mosquito larvae, N. unduLata ad,ults have two

eli¡nination rates. Tb = r.r d.ays for unassimirated cesium;
L37 and ro = 4,3 days for assimilated, radiocesium. The

fraction of radiocesium assinilated, was o,zj and larval
mosqui.to consumption at stead.y-state was O.Ol? g Larva/g
adurt/d,ay, crossrey's (rglÚ) hypothesis that the rate
of erimination is inversely proportional to the size of the.
insect is supported. rt is suggested that it equally applies
to food assimilation. That is, the fraction of ingested, food
assimilated by an aquatic pred.ator with piercing-sucking
nouthparts is inversely proportional to the size of the in_.
sect predator.

5t
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Accunulation of cesiun-L3? by Aedes aegfpti 1arvae reared in
13?c"ct medium. specific activity of medium was g4)z epm/m!,

Rearing temperature = Z60C,

the mean cpn * ens standard deviation total-beta activity,
Wet weights are reported as mea¡ * one standard d.eviation.

APPENÐTX A

TÂBLE A.1

Ti¡ne Mean Weisht
(hours ) ¡nstar (mg. ) 

"

6

L2

24

30
4B

72

96

96

120
168

Lg2
?L6

240
264

lst
1st
Ist
2nd

3rd
3rd
3rd
þtn
4trr
4trr
4trr
4t¡r
4trr
¿ltrr

L37c" activity is reported as

0.08
0.14
0 ,57
0,7L
0.7?
L ,26
L,74
I. 80

1. 89

L.96
2,6!
2 .84

58

+0.0I8
j 0.02
+ 0.06

1 0,14
I 0.17
+ 0.2I
+ 0,+5

! 0.33

J 0.30
+ 0,53

! 0,37
+ 0,63

Mea¡r activitv(cpm) -

r.7g
2.72
5.69
l-5.5
79,L

347.6
323.3
45? ,o
757,0
6 52,6

rl25,L
Lr25,5
L664.r
2)76,7

B.egressS.on line data:

Phase I (fnstars 1-3)

J
+

+

J
I
+

+

I
+

I
+

+

I
1

o,70
0.80
2.08
3,5
L6 ,5
98.0
49. B

gl. I
L52,3
r9l.,2
220,0
zltz,o
245,L
772.8

Mean
epø/ng Number

r = 0,9560
b = 0.5011
rr = 0,0620

zt,l
I1o .7
138.8
489.6
!:-g ,9
362,7
43s,1
362,6
595,3
574.2
637 ,6
836.9

L0

10

10

10

L0

10

10

10

10

10

10

10

10

10

Phase 2 (Instar 4)
r = 0,8809
b = 5.l-Z9l+
m = 0.009¿l



.A,ecunulation of eesium-llf by Aedes atropalpus larvae

reared. ln 137c=cr medj.um, speci.fic activity was 8000 epú/

ml. Rearing temperature = z6oc, L37ct activity is
reported as epm total-beta activity. .4.ctivity and wet

weights are reported as mean * one standard deviation.

ÂPPENDIX A

ÎABLE A-2

Time
(hours )

2l+

24

4B

48

?z

96

L44
168

l.92
2L6

240

Mean Weight
Instar (mg. )

1st
â1d

2nd

3rd
3rd
3rd
4trr
4tn
4t¡r
4t¡r
¿ltrr

0,24
Q .52
0.70
1,32
L.56
2,14
L .92
1. 84

L,66

1
t
+

+

+

+

1
I
+

59

Mean Activity
(cpm) Mean epn/ng Nunbs

0.09
o ,L2
0. 16

0 .2L
0,43
0ô4
0,?3
0 .31
0.30

g.3g
1þ.05
5L.L?

104. 86

262,7

393,6
587 ,7
6B0.z
7l+L.L
883 .1
92? ,L

Regression line data¡

Phase I
r - 0,9306
b = L.2O38
n = 0.0583-

1 3.18
! 2,78
jr4. 81

Ð7 ,OB

+86 .98

1141.4
+?42,6

!2t8.7
1176. t
!233,6
Ð04.4

:,3
238,8+ 64,? 10

176 ,8! 6L, J rO

398,6+ 80.1 Io
298,2+t57 ,g 10

3?6 ,0+I31 .6 10

3L5,4+ 73 ,4 10

39r.6!]oz.4 10

47 S,z+ 7j .L lo
550 ,I+131. I 10

Phase 2

r = 0.984g
b = 5,4677
m = 0.0060



.A,ccumulation of cesium-l37 by Aedes dorsalie larvae

reared at z60c in 137C"Cf med.ium, specific activity was

8oo0 epn/nl L37c, activity is reported as counts per

mj.nute total-beta actj.vity. Wet weights and activities
are reported as mean + one standard deviation,

¡.PPENDIX A

T.å,BLE A-3

líne
(nours )

lL

22

28.5
4B

?2

?2

96

l-20
l-20
r.65

L92
2t3
238

i{ean Weight
Instar (mg. )

lst
lst
1st
2nd

2nd

3rd
3rd
3rd
4tn
4trr
4t¡¡
4tn
4tn

o,oSSio. oo?

0.06 + 0.01
0.L7 + 0,02
0.?7 I 0.01+

o.4o + o. 04

0.61 t 0.18
0 ,92 + 0.08
L.?6 + O.L2
L,52 + 0.17
L,?8 I 0.30
L,65 1 o.3o
3.81 ! 0.53

6o

Hlean Activity
(cpn)

3,L7
5,93
7 ,07
28.1+

50,+
57 ,4

104. o

205.9
236.2
28L.6

304,9
239.9
479.0

Regression line data:

Phase 1

r = 0 ,9704
b = 0,4768
m = 0.0161

+ 0.81

! L,L3

J L'45
! 4,t+

t 10.3
+ 8.0

! 32,8
+ 85.9
+141.6
+ 68,6

I 90.1
! 85,3

1133 ' B

Ivlean
cpn/ng Nunber

roi. a

11? .8
l.67 .t
L86,7
L43 .5
L?0 ,5
?23,8
L8?,5
L85,3
T7L.3
L45,4
L25,7

10

10

10

10

9

10

10

6

o

10

10

10

10

Phase 2

r = 0.5016
b = 2.0252
m = 0,Q023



Accumulation of cesiun-Lj7 by .å.edes triseriatus larvae
reared at z60c i., 13?c"ct rnediurn, specifie activity was

6582 cpmr/ml. 13?c= activity is shown as cpm totar-beta
activity. Activities and wet weights are reported as mean

* one standard deviation.

¡.PPENDTX A

TABTE .å.-4

Tine
(trours )

2t+

t+8

48

72

?z

96

14al

168

t92
2]-.6

24o

264
288

3r2

Mea¡r Weight
fnstar (mg. ) -

Ist
lst
?nd

2nd

3rd
3rd
4trr
4tn
4tn
4trr
4tr¡
4th
4tn
4tn

6L

o,22
0,39
0,43
0,92
!.07
L,2g
I,57
I,76
2,37
2,35
2,42

Mean Activity
(cpm)

+

J
+

+

1
+

I

I
I

34,69+ ? ,?g
23,0 ! 9,34
66 .6 ! 3r.z
82.7 + 18.4

L56,0 + 38.?
rz3 .o + 36 ,5
?99,9 7t08,7
278,9 + 79.5
273 ,4 +l-0g ,5
362,t ! 94,6
376 ,o !i.43 ,5
393 .T + 64. B

50+,6 +20? ,3
6L2,5 +2,2,9

0,03
0.05
0.06
0 ,L2
0,23
0 ,2L
0.24
0 .41
0,35
0,25
0.33

Regression line data¡

Phase I

Mean
epn/ng Number

r = 0.6918
b = 2,B4Lg
In = 0,02?]-

:

3? 5.9
4oo, o
286,0

326,0
260.6
zLL,9
230,6
2L3 ,6
L66 .T
zlt+,?
253.r

9

I
10

10

10

10

?

10

10

10

l0
10

10

10

Phase 2

r = 0,590L
b = þ.8416
or = 0.0045



Accumulation of cesium-llf by .A.edes vexans rarvae reared.

in 137C*cf solution, specifie activity was B]rz4 cpn/nL

at z6oc. 137c* aetlvity is given as cpm total-beta activity.
.A,ctivities and wet weights are reported as mean * one

standard deviation.

APPENDIX A

ÎABLE A-5

Time (hours)

6

L2

24

þ8
48
,)

96

96

120

168
L92
216

24o

ïnstar
1st
lst
lst
2nd

3rd
3rd
3rd
4tn
4tn
4tn
4tn
4tn
4tn

6z

ùlean activity (eprn)

4,L3
5,68
7 .25
L6,7
26,7
48. o

L48,6
?63.r
44L,3

573,0
7r0,2
753.r
767,5

Regression line data¡

Phage I
r = 0.9908
b = 1.0888
m = 0.042]-

1
I
I
I
J
I
I
I
I
1
I
t
+

2 .07
2,43

3,r5
6,3

10. I
15.1
34.2
RIr 2

L0?,3
t4o,?
L59.6
163,2
160.1

Number

IO

10

l0
IO

9

10

10

I
9

10

9

a

Phase 2

r = 0,9660
b = 5,5350
m = 0.0049



Elimination or 137c" uy 4tn instar .4., aegypti 1arvae

reared in non-labeled medium after moulting into the 4trr

instar. Radiocesj-um activity is reported in counts per

minute (epm) + one stand,ard, deviation. The rearing
ternperature was 260 c ,

APPENDIX B

TÂBLE B-1

fine ( frours )

0

I
2

4

6

I
9

11

L3

24

Mean activity (cpm)

6l

Z7jV,Lr + Z? 5.3
2I5L.3 + L24,5
1982. B + 296,6
2084.6 ! 2)O .2
L65t.r + 39?,9
1484 ,Z + 203.6
L380,3 + 29? ,3
1282,6 + 345,0
lJ.68.8 + ?29,5
L093,1 + 232,9

Regression line data¡

Assimilated & unassinilated(o-re h)
r
b

m

= - 0,9278
= 7,494j
= 0.3306

Number

5

?

6

5

I
9

9

5

4

IO

Unasqimil-ated (O-tZ h) curve B

r = 0.8158
b = 7 ,7933
m = 0.0641

Àssimilated (I2-?4 h)
curve À "

r = - 1.0000
b = 7,1399
m = 0,0069



64

APPENDTX B

T.å.B],E B-2

Elimination of L3? cs by 4tn instar A. atroparpus larvae at
z60c. Larvae transferred to non-rabeled, mediun in earry
4th instar. Rad.iocesium activity is shown as mean +

one standard deviation.

fime (hours)

0

1

¿

4
6

I
10

I2
24

25

28

48

Mean activity (epm)

565,2 + :.Bz.6
4s9,9 ! t59.9
433,4 + Lt+3.3
4)0,3 + Lz? ,?
j/+t+ J + ?4.?
305,2 ! BL.?
218 ,4 ! 68 ,3
?70 ,L ! 64.5
204 3 + 62,z
224,9 + 5L,2
218.0 + 70.g
160.4 + 44,t+

Regression line data¡

Assimilated & r.¡nassimilated

t

b

m

= - 0.9434
= 6,293?
= 0.0652

(o-rz h)

Nunber

10

10

9

I
10

9

10

10

10

10

10

10

llnassinilated (0-12 h)
r. = - 0,9259
b = 5.622]
m = - 0.3226

å.ssimilated (IZ-48 h)
r = 0,9646
b = 5.74t5
m = 0.0140

eurve B



6S

APPENDIX B

rABrE B-3

Elimination or 137c" uy Þth instar .A.. d.orsalis rarvae at
z60c. Larvae were tra:'rsferred to non-rabered. med.ium in
the 4trr instar. Radiocesium activities are shown as mean

j one standard deviation.

Time (frours )

0

I
2

4

6

I
10

L2

18
24

Mean activity (cpm)

??L,3 ! 70,2
26I.0 + 6 9,1
2I3,0 + 62.2
L65,7 + 53,4
L39,9 + 5L,2
L].? .8 + 38.6
9L.3 + 27 .5
82.1 + 22,3
69,5 ! zo ,4
6? .5 + zr,3

Regression line data¡

Assinilated & unassi.milated
_(o-re h )

r = - 0,994L
b = 5.5923
rr = 0.103 B

Number

t0
10

10

9

10

10

10

10

10

t0

UnassiniJated (O-fZ h)
r = 4,99j9
b = 5,28L5
m = 0,2720

Assimilated 0z-24 h)
r = 0,9268
b = 4.5809
rn = 0.0071

curve B



Elinrination of L37c= uy 4tn instar Â, triseriatus larvae
at z6oc. Larvae tra¡rsferred to non-labered. rnedium in the
4tn instar. Rad.ioeesium activities are shown as mean +

one standard deviation.

Tine (hours)

APPENÐTX B

T.A.BLE B-4

0

1

2

4

6

7

9.5
11

L2

18

24

30
¿18

Mean activity (cpm)

L36 ,L + 3j,?
L4j,O + 38.I
114.3 + 32.r
94,6 ! 25.3
83,4 + 36,3
74,9 ! 2?,L
6?,4 + zo,B
46.5 + Ll+,9

50.1 + L2.7
39,5 + 9,4
31.I + B. I
?3,3 1 6 .4
18.8 + ? .j

66

Regression line data¡

(q:IZ h) curve A'
F = - 0.9880
b = 2.I53L
m = - 0.0j99

Nunber

10

10

9

10

10

9

10

10

10

l0
10

10

10

Unassimilated (0-12 h) curve B

r = 0.9819
þ = I.94L7
m = 0.1140

(12-48 h) eurve Â"
r = 0,9555
b = 1.7984
m - 0.0118



APPENDIX B

TÂBLE B-5

Elimination of 137c" uy 4trr instar A. vexans larvae at
z60c. The larvae were transferred to non-rabeled. medi.um

in the 4th instar. Radioeesium activities are shown as

mean t one standard deviation.

ÎÍme (hours)

0

2

5

?

10

L2

24

Regression line datar

(o-fe h) curve A'

Mea¡r aetivity (cpm)

6Z

449,9 ! Lor,z
327 .5 + 66 ,B

309,7 + 98,2
3L7 ,9 ! 82.4
294,9 ! ?o,t
2M .4 + 5S.z
182. 5 + l+g,j

r = 0,857L
b = 1.8970
m = - 0,0106

Number

7

6

6

6

6

5

6

(O-e4 n curve Â"
r
b

m

0.6997

5,9497
0 .033 5



ÎABLE C-l
Effect of degilling and K* on cesium-I3? uptake Uy 4tn
instar Â. aeg[pti larvae reared. at Z60 C. Chemi.cally d,e-

gilled larvae were used. specifÍc activity of the r37 cs

ned.ium = 103 cpn/nl å.ctivity and wet weights are

reported as mea¡ + one standard deviati.on.

APPENDIX C

Tíme
(hours )

Nqrgql larvae in K+ free medium
L

.2
4

6

I
9

11

L3

24

Normal larvae

Mean weight
(me )

0,99
0, 81

0,7 5
0. 87

0,77
0.86
0,75
0,68
0.91

in K+ medium

IWean activity
(cpr)

68

7 .02
L6,75
L7.73
27.?2
28 ,82
32,5L
30,22
38,26
59,2t+

2,78
4.7 5
5.07
5,9L
7 ,oB

?.38
? ,TI
8.r7
w,2

I
2

4

6

B

9

I1
L3

24

+

I
J
1
+

t
I
I

3 .08
3,?4
5.L6
LL,7
11.9
L5,5
L3,2
18.5
14, 8

0.87
2,L6
L,26
L,36
1.88
1. 81

2.25
2,6L
4.?

Mean
cpn/ng

0,89
0.91
0.8r
0,7 5
0. 83

0,99
0.85
0.82
0,7L

7 ,09
19.11
27 .08

3L ,86

34.66
3?,80
46 ,24
56,26
6S,z?

3 ,L2
5,22
6,26
7.88
9,29
7 ,45
8,36

9,96
22.66

Number

10

9

9

10

9

10

9

10

10

10

10

10

10

9

IO
10

10

9

+

t
+

+

!
+

+

+

+



lime
(hours )

.!Ðegilled larvae in K' medium

TABLE C-I Continued

I
2

4

6

I
11

L3

Mean weight
(te)

0,71+

0.7L
0,77
0,79
0,?3
0,67
0,76

Degilled laryae in K+ free medium

Mean activity
(cPm)

1

2

4

o

I
I1

?,L6 + o. I
3,9 j 0.9
6 ,L9 ! L,2
9.36 t 2, OB

11.56 ! 2,60
Lr.6? + 4 ,16
L6 ,7L + 4,)6

6g

0,60
0.70
0,76
0,7I
0. 81

o,69

UIean
cpn/ng

2,92
5,35
7,+8

11.85
15, 84

17 ,42
2L,99

14,47
2L,06
20 ,54
24,79
23 .42
?8,6?

8.6 8 + 5,og
L4,?4 ! 4,?8
L5,61 + 4.60
L7 .60 + 4,42
18,97 + 3,35
rg,78 + 6.80

Number

10

10

9

10

10

10

10

B

I
10

10

10

7



T.å.BT,E C-2

Effect of degilling and. K+ on cesiu¡n-r3z uptake by 4th
instar A. aes¡pti larvae reared at Z6oC. Chemically de-

gilled larvae were used.. specific activity of the t3? cs

mediurl = 104 cpn/ml. å,ctivity and wet weights are
reported as neari * one standard deviation.

.å.PPENÐTX C

Time
(hours )

Normal larvae in K+ free med.ium

1

2

l+

6

I
11

L2

2+

Nornal

Mean weight
(ms)

0, 89

1.04
1.05
0,92
0.89
0.87
0,94
o.76

larvae in K+ medium

Mean aetivity
(cpm)

7o

I
2

4

6

I
9

11

l2
2L+

92,4
196 ,3
256,4
263,7
270,4

)80,2
533,7

1608.4

2Q,?

34,5
5r,6
58.8
83 .2
81.0

101 .3
100.9
27L,5

I
t
J
I
+

J
1
+

þr. o

110

l'68,3
80.9

158.1
256.4
225,3

350.0

Mean
epn/ng

0. 86

0,96
0,96
0,99
1.00
o.g4
o.9r
0.91
0,95

I03,8
188. I
24+,2
?86,6
20l.,2
436.?

567 .7
2Lt6 .5

24.L

35,9
53.8
<o i¿

83.2
86,2

111 .3
110.9
285.9

Number

10

9

9

6

5

B

7

5

10

]0
10

IO

10

10

10

l0
9

1 9,0
+ g,l+

! l.3,z
! L5.4

! 2r,9
+ 36,6
119.8
+ zL,B
+ 73,9



Tine
(hours )

Deei[e¿ larvae in K+ free medium
I
2

4

6

I
9

11

L2

24

Desilled

Mean weight
(me)

ÎABI,E C-2 continued

0.88
r.04
0,92
0.86
0.86
0. gB

o,?3
0.76
0,65

Iarvae in K+

Mean activity
. (cpm)

98,2
l.56 ,5
2L?,0
30? ,3

325,0
387 .+
\zt.o
496.3
86B.j

mediu¡n

1

2

4

6

I
9

11

L2

+

+

+

t
+

+

+

t
+

64,4

33,r
6o.I

L06 .2
L60,2
Lsl+.3

L24,8
l'4? ,5
304. o

5,9
l+,6

12.8
24,r
6.5

38,2
4g,g

38.7

Mearr
epn/ng

7L

0,93
0,9?
1.01
0, 86

0,71+

L,02
0,96
0.6)

L02.5
l.50,5
23 5,9
35?,3
377 ,9
395.3
5?6.7
653,0

r33 5 ,8

20.0
27 ,3
47 ,8
gg.3

L32,4
LT?,O

L77 .5
2?6.0

Number

lB .6
26 .5
48.3
85,3

98.0
TI4.2
L70.1+

L73,9

10

9

10

10

9

9

10

10

5

9

10

9

10

3

5

10

o

+

I
+

+

+

I
+

+



Effect of degilling and K* on cesiun-Il/ uptake by 4th

instar A.

degilled

medium =

standard

aes/pti larvae reared. at Z60C. Surgically
larvae were used. Speeifie activity of the t37 

Cs

IO4 cpm/ml. å.ctivity are reported as mean * one

deviation.

å.PPENDIX C

TA3LE C-3

Time (hours)

J-
Norma1 larvag in K' free medium

I
2

4

6

7

9

10

L2

18,5
?t+

30

Nornal larvae in

Mean activity (cpm)

7,0 !
1f8.8 1
2L4Õ I
287 .8 +

344,4 +

379.3 1
37 5,2 +

3L3.5 +
35t.0 !
557 ,5 +

7 53,9 +
a. ,n meo.l_Llm

7z

5,3
6 5.8

118. ?
r09,6
148 .6
L26 .3
235,L
L42.3
L34 ,6
235.L
296.4

o)
7,L
4.7
7,L
6.0
4,3
6.1
6.7

12. I
25,5

I
2

4

6

7

9

10

L2

24

30

Number

10

9

10

10

10

10

IO

10

I
10

10

9

10

10

10

10

10

10

10

10

10

18.4
L5 ,2
L6 ,3
2L,6
2]-,8
Ll+,7
2L+,1+

26.4

33.2
5t,?

+

+

I
t
I
I
I
!
1
+



Time (hours)

Deeilled. larvae in K+ rned,ium

I
4

6

7

9

10

L2

L8,5
24

30

T.å,BLE C-3 conti-nued

Mean activity (cpm)

Degilled larvae in

9.1
L7 ,2
r7. I
20 .5
24.6
20.5

37.2
42.6
85. 0

63.9

+

1
+

J
:
1

J
I

t-

2

4

6

7

9

10

L2

18.5
24

30

3,8
8.9
9.8

L2 ,2
14.1
6,4

25,6
2L,2

33,2
28 .8

73

K* free medium

Number

5,02!
55.7 !
93,0 !

r)4,L +

93,7 +

78,9 !
93,9 +

L5L, 5 +

L68,7 +
2?4,9 !
Lg7 ,3 !

10

9

7

10

10

10

10

3

10

6

9

10

10

10

9

I
9

9

7

9

I

2,73
3 5,?
?6.3
104. 9

5l+,3

60. s
57 ,?

92,8
70.2
255,3
164,6



Uptake of carbon

aegvpti larvae.

Mean * one standard deviation shown. Sample size (n) = I0.

APPENDTX C

TABLE C-4

particles by normal

Displacement values

Time (hours)

0,25
0,5
I
L,5
2

2,5
3

3,5
4
4,5
t
5.5
6

6,5
9

10

10.5
11

23 .5

Normal larvae

0.25
o,+5
0.7 5
0,95
L,L5
L.45
1. 80

2,L5
?,40
2,? 5
2,95
3.25
3 ,50
3.,85
4. 80

5,05
5,L5
5,25
7 .00

and degilled .4.,

as per Fig. 4,

+

t
+

!
+

1
+

1
J
I
+

1
I
I
t
I
+

t
+

0,20
0,28
o.)?
0 ,51+

0,78
a,64
0.86
1.11
L,22
1.06
1,43
r .23
L,20
1.¿+o

L,2L
0,96
0.91
0,95
0.00

?4

Degilled larvae

0 .40
0.68
Q,93

L,45
I.5B
2.30
2,6 5

3,05
3,35
3,46
3 ,55
3,82
4. oo

4,og
4.90
5,05
5,30
5.20
6 ,Lg

Regression line data:

Iormal
r = 0,9920
b = 0,3695
m = o,+7îs

I
+

t
I
1
t
+

t
+

+

I
I
+

1
J
!
t
I

0.2!
0,33
o.4l+
o.6o
1.19
1,03
L,06
I,36
L,42
L,62
L,L7
1,54
L,43
r.3 0

L,07
L,2l
T,L7
1.16
L,25

Desilled
r = 0.9601
b = 0.9993
rn = o.43Sz



Effect of degilling and. K* on cesium-rj? erimination by

þtfr instar A. aegrpti larvae reared at z6oc. Activity and

wet weights are reported as mean + one standard d.eviatj-on.

Time
(hours )

APPENDIX C

Tå,3r8 C-5

1 1.07 : 0.28
2 1.00 + 0,2I
4 L.o? + 0,2?
6 o.9o + o.zl
8 I.O2 1 O.3O

9 o.9o ! 0.22

Mean weight
(ms)

11

13

24

lilean activity
(cPm)

Noqqal larvae in K+ medium

1.06 + o ,22
0,95 + 0,26
0.85 t 0.19

75

?036
L7 43

L920
L697

Tþ84
15ro
161B

1548
LogS

L873

L9I?
Lg23

17 94
1458

L57z
t6Bz
l.555
L242

t
¿

4

6

B

9

11

t3
2t+

+

t
I
+

+

I
+

+

+

L25
L77

t23
111

l45
L73

150

L64
66

L2L
178
229

237

274

74
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Uptake of 137c" by N. undulata nymphs that were fed, ten

radioeesium labeled mosquito larvae daily. The cesiun-l1/
aetivity is reported in mean cpm * 6ns standard deviation.
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l.dBLE Ð.2

Uptake and elimination of L37 c" by adult I{.

radiocesium labered nosquito larvae were fed daily to each

adu1t. Cesium-L37 activity is reported in mean cpm * s¡s
standard deviation.
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