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ABSM,ACT

A Preliminary and five other low density experiments

were conducted in which chick embryos were subjected to a

treatment level of 0,4 mw/cm.Z and other chick embryos to

a trace level of O.OO5 mr/c^.z. A sixth experiment exposed

ehicks of a meat type strain and an egg type strain to

l+07 picowatts/em.? or 0.OZZ picowatts/cn 2 d.uring the

grolving stage.

Three high density experiments were conducted in which

chick embryos were subjected to densities of 0,O5L n/"*.2 to
t

1.02 w/cm.o at various times of errposure during the first
two days of enbryonic development.

In ühe experiments involving treating durlng the ets-

bryonic stage, hateh weight, feed effieiency, weekly body

weight and nortaliüy reeords were kept. Eggs whlch failed
to hatch $tere broken out and infertility or time of death

determined. In the experiments involving treatnent during

growíng period the bírds vúere weighted at I day of âgê r l+

weeks, I weeks, LZ weeks, L6 weeks, 2O weeks and nortality
feed conversion data was kept.

In the low density experiments the data indieated

that exposure to mlcrowaves at the above low levels had no

signiflcant effect on embryonic development or post em-

bryonic growth to 2 weeks of age in chickens and üurkeys.



the same was ürue with regard to the 2 breeds of chickens

exposed durÍng t,he entire growing period to 20 weeks of
age.

ïn the high density experlments Ëhere uas a definite . 
1,,

detrimental effect on hatchability and possibly on hatch

weight with irradiation with 0.2l+6 - L.AZ ,/" .2. The

nagnitude of this effect being affeeted by (f ) the day of 
:,:,,.,,

lneubation on which irradiation took place; (2) the denslty ",;'l

of irradiation gi.veni ß) tfie üime of exposure. there was 
",,'

evidence that thls effecü was not entirely thermal.



TNTRODUClION

Since the development of radar drrrlng Inlorld l¡/ar fI the
use of ml"crowaves for industrial, medical, and domestlc pur-
poses has Íncreased greatly. I?ris u,as aecompanied by nore

refined and lmproved teehnology as well as increased ponrer in
some of the microwave equipnenü. For exanple, radar sets in-
creased fron 10 IÂI to over I nirlion I{ by 1960 (De Minco rg6r ) .

I?ris increased power and utilization of nlcrowaves has in-
evitably lead to an increased exposure of biologieal maüerlal,
human, animal and vegetable to radiatÍons. Nunerous research
projects attempted to study the effect of mi.cro¡,raves on

biological material as indieated in the review of literature.
rn order to determine the effect of microwaves on poultry,
located within a nicrowave flerd of the type found in the
proxlmity of a microwave tower, the Departments of Anima1

science and Englneering, universiüy of Manitoba, undertook a

joint research proJect (Kondra et aI. 1969).

The Kondra project was 1n part repeaüed using not only
the egg laying type of bird as had been done previously, but
arso a meat type strain. slmurtaneousry, a project was

undertaken to evaluaüe the effect of mierowave exposure at
different stages of embryonie developnent and on post embryonic
growth of chickens and turkeys. Arso a portion of this in-
vesüigation was an attempü to deternine the effect of nicro-
vúave radiatLons, at higher frequencies and densities than
those prevailing in the vicinity of a microwave tov¡er on

embryonic developnent and post embryonic growth.
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selves. If a gÈream of electroRa is passed across the

nouths of the f0f shaped cavitiesr ân oscillating eurrent is
set up by means sf electromagnetic fnduction. The current

involved nill be snall because of the smallness of the

cavitles and th¿e euruent electronE. By connecting several

cavlties in parallel it ls possibLe to build up cumenü and

power of these resonant oscillaüions.
The princlple is analogous to blowlng across the top of a

bottle, the air trevelllng across the top of ühe boÈt,Ie

creaües oscillations of air in the boütle. The frequency of

this oscillation is governed by the size and shape of the

cavity of the bottle. If one uses multiples of ühe sanre sized

botüIe one achieves ühe sane frequency but the volune or power

ls increased.

The flo¡r of eleetrons from the catt¡ode to the anode is
produced by applylng a circuLar nagnetic field between them.

The electrone leave the cathode and ühen describe a clrcular
course under the influence of this field and thereby pass

across the nouths of the eavities Ín the anode before aetually
reaehing it, This produces the frequency of oecillation and

the power required.

the nicrorúave output is usually conducted along a wave-

guide whlcb üerni.nates j.n a micronave anntenna (e.g. horn)

when it is desirable üo emit the lncident energy into tbe

sumounding space. Mlcrowaves do noü require a nediun of
transnission as do ultra-gound waves.
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In television broadcasüing it is usuaLly desLred üo dis-
tribute the radiation over a very large erea so that a non-

focusing antenna ís required. However, in connunications relay

and radar it is necessary to use a reflecting or parabolic , ,.

anüenna to foct¡s the waves into a narro$r bean for nore

effective transmission. ltrÍs ability to be focused, much

like visibl-e light Ínto intense beams, is one of the properties 
,,,;,,,

whichmakesnicrowavesahazard(KaIantl959).Ttrebeanrays
are not absolutely parallel so that the power density de- ii:ì':

creases as the square of the distance from the source point

in the manner of vlslble light. tr{hen the radiatlon reaches an

object it nay be reflected, diffracùed, absorbed or refracted

through the object. ïtre pereentage of the lncldent energy

whieh will pass through, be absorbed or reflecüed, depends on

many parameters includlng the nicrowave wavelength, the texture

and orientat,ion of the target surface, the conposition of
the target and its thickness (Kalant L959). Kalant also states 

,,,r,,,

that the problem in biologteal materials is complicated by :r'l

the Ínhomogeneity of the ned.la, €rg. the presence or absence ,

of fur, hair or feathers, the water content and thÍckness

and orienüation of subcutaneus fat. Bíqu Del B1anco (L969)

when developlng hÍs ütheory of electronagnetic interaction with 
:ti.,llvlng tissues ln the nicrowave ranget? felt that the following

parameters must be eonsidered:

â. ltre geometry of Èhe object under süudy, rrpon which

radiation is lncident.
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b. Ifavel-ength (centimeters) and frequency (cycles or

megacycles/second of radiation).
c. Anplltude of oselllations associated with the

electromagnetic fields.
d. Degree and üype of polarization.

ê. fuat,ial orientatlon of the fleld veeüors.

f. Angle of incidenee between the wave propagatíon

veetor and ühe incidence surface of the obJect under

study.

g. Power density of fneident wave (usually nw/cm.2).

h. IrradÍation mode, i.e. whether continuous (c.vr. ) or

diseontinuous (pulse ) . (ttThe seeond requires

knowledge of the duty cycle i.ê. Èhe time between

the commencement of one burst of power and the next

burst of powern).

Ttrus he feels the anount of energy absorbed is not only

dependent upon the acharacteristics of the lncident radiation
but also on Èhe geometry, physical dimensíons and the

electrical properties of the targetrf. Thus Bigu Del Blanco

(Lg6g) suggests that changes 1n biological systems depend upon

how the mierowaves lnteract with the chemlcal as y,fell as the

physical structure of the target rnedia. Hè feels that the

reaction is nost dependent upon the reaction of ühe chemÍcal

strueture as fttwo medla of simllar electromagnetic characteris-
tics may differ ln chenical structure and therefore radiation
níght affect them both dlfferently.n
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The energy which is absorbed by any obJect or body must,

by the law of conservation of energy, be converted l-nto

some other form of enengy. The prlmary resultant energy of
micro¡vave radiation is heat energy which causes a locar in-
crease in the tearperaüure of ühe tissues (Kalant L95g). Ihe

effect of tenperature elevatlon of blorogical tlssues wirl
be discussed Later.

Bigu Del B1anco (L969) and Mrrray (L963) Uotn suggest

that where aüoms, norecules, ions and radiears are praced

under the influence of electromagnetic fields (micronaves )

the charges are redistribuüed according to the intensfüy and

orienüaüÍon of the fierd vectors. rtris proeess belng the

eondition of a ndipole movenent indicaÈing an unequar charge

distributlon about one or nore bonds in the moleer¡Ie whieh

ls due to the unequal sharing of the bond. erectrons by the
aÈons involved in the bondt?. Hore simpry this induced dipore
is produced by dÍstortion of the electron cror¡d by the apptled
fields (Ander and Sonnessa Lg65).

rn biological sysüems when rnoreeures are subJected to
an arternating electromagnetie (microwave) fierd, the dif-
ferent erements constituting the nolecular system interact,
thereby convertíng erectrical energy into heat energy. rtre
heat energy thus produced eauses a rise in celluJ,ar temperature
which may reach a point at which living cell eomponenüs are

damaged. 0f the vari.ous biorogieal effects of microwaves
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heat produeÈlon or ühernal phenonenon has been the most ex-

tensively studied.

Salisbury eü aI (I9I+9) treated the eyes of anaesËhetized

rabbits with ten ninnte expost¡.res eÈ a field strength of
3 ttl/cn.Z and 12 centineüera wavelength. lhree to ten days

after exposure cEüaracts appeared ln the exposed eyes.

Herrleh and Krusen (1953), using a cavity magnetron tube pro-

dueing co¡rtlnuous wcves wlth e frequ,ency of 2I+OO-25OO

megacycles,/second at L25 watte power and a wavelength of LZ.z

ctnr were able to produce üwo types of cataracËs ih the eyes of
rabbitE. One type was seen only when grossly visibte damage

to the oÈher oeer¡Iar struetures ürere produced in corneal

eloudlng, congestion and haenorrhages. the other üype was

si-nirar üo those produ,eed by salisbury (1949) and was eonfined

to the posterior cortex but could, with repeated exposr¡re, be

made to involve the whole eye.

Because of the laek of bssie informatlon on radietion
dosage emproyed ln these Etudies, Htllians et ar (Lgjj) ¿e-

slgned an experlnenü to esüabllsh the time and poner rê-
quirements for lentieular opaoltles by stngLe doEes of L2.3 cn.

waverength radiation with a power outpr,rt of loo watts co!r-

tiauor¡s at 2l+5o negacycres/eecond. The threehold required to
produce l-entieular opaciti.es ranged from 5 ninutes üo o.5g

waüts/cn.2 ,o 90 nlnutes at o,zg uaws/em.Z Vitreous ten-
peratrlres nithin ttre eye were neasured wlth sone dlfftculty
and ranged between |¡9o _C and 53o ç, representing a 1Oo C to
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Ibo C elevation above normal and agrees with the range of

5Lo C to 55o C found by Riehardson et al (194.8). The

opacities did not appear until 1 to 1l+ days after exposure.

threshsld erpostrres less than 25 ninutes produced leEs than

20 t rise ln body tenperature, but 5O to fO ninute threshold

exposureE, aü considerably lswer power densities, caused a

30 C to 50 Gt'inerease ln body üemperature. It appeared ts the

above authors that the riEe in body tenperature ls a dlrecü

functlon of ühe dr¡ratisn of ühreshold lmadiati.on. A süudy

was also undertaken aü this tine orù an already irretrievably
lost hunan eye. The produetion of sensible disconforü before

injtry aü 0.24 watts/em.z indieated that injury fron rz GE¡

ürayes, before the narning of the few heat neeepüors in the

lens cen be aetivated, fs unlikely. thie is conÈrary to the

suggestion of Saliebury et al (19¿19).

The eye is not the only area of the body with linited
tbermo-regulatory capaeity. EIy et aI (L957) lnvesüigated

the üestes as a factor ln nierowave hazard. The genereüor r¡Eed

in this case had a frequency of 2880 negacycles/second and a

I0.l+ en. wavelength. The nornal üesüicular temperature of a

dog in the above experinent ranged fron SO,3o 0 to ],6,Zjo C.

fn this report the IO cn. waves were used to increase testi-
cular üenpenaüures üo fron 360 C to 44o 0 end maintain it there

for sixty minutes in aII buü one ease. Below 39o C the tubule

Iining had a finistrated appearance and the cells appeared to
be grouped in colunns. the nore cenürally locaÈed tubules
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ï,ere indistlnguÍshable fron the controls. 0thers were

charaeterfzed by more narked disassociation of ühe tr¡bule

lining cerls, assoeiaÈed r¡ith focal pykinosis, and giant
cells 1n the lumen. Ttte more cenüral cells either appeared :,,.

'''':
unaltered or gave the flrst appearanee. No clear cut re-
lationship betr'reen temperature or exposure time was en-

üreated for 60 minutes. Iü involved necrosis desquamatlon of .ti.:'

cells, haemomhage, lesser pykinosis and cerrurar dis-
integration. The above authors felt that testicular reaetlon
to microwaves was similar to other forms of heat inJury. Even

at a tenperature of l+l+oc for one hour nthe damage did not ap-
pear irrepairable and pernanent sterility did not appear

Ilkelyn.
The effect of microwaves on hematopoetic tissue has been

studied extensivery in Norüh Ameriea and the u.s.s.R.

',.-,. Deichnan eü al (Lg63) carried out four experiments on rats, the ¡i'.

flrst three aü a pov{er denslty of 20 øw/em.2 and using ex-
posure üimes ranging from Z mínr¡tes to 2.5 hours. He observed

that the longer exposure resulted in a signifÍcanü decrease in
leucocyte concentration, a signiflcant increase in erythrocyte

' eount and a sright increase in henoglobln. The short
exposure ti¡ne within the above range was not a factor. The

same workers quote $chwann (I9j8 by personal commrrnication) as

recommending lO mw/cm.Z 
"a the tolerance level for hunans.
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His rast experinent at thrs denslty of treaünent for 3 ho'rs
every seeond day for a totel 0f eleven days showed that each
exposure induced signiflcanü revers of leucocytosis, rynpha_
cytosis and neutrophiria forrowed by eonprete recovery within
the 45 hsurs before the next subsequent treatment.

rn the [I.s.s.B' 0orodelskaya (Dodge Lg65) reports that
uhite nice, exposed for five minutes üo a density of o.r+n/cm.Z
pursed at 577 eyeles/second, showed a deerease ln erythrocytes,
hemogrobin end leueocyte counts immedietery after exposure
and untll tl¿e tenth day efter exposure when recovery began.
conveetional heat produced less distinct changes and more
rapld reeovery.

Kiüsovskaya (Dodge Lg6j) subjeeüed rats to 30OO nega_
cycles as follows; (1) 6O nlnutes exposure at a density of
10 mw/cm.2 ftr 216 deys . (Z) 15 nlautes exposure at a density
of l*o mn/em.Z for zo days and (31 5 ninutes exposure at a

density of ro0 ww/ere-2 fo" 6 days. rn the first treatment
totar white blood cerrs and absorr¡te rynphocytes deereased
and granreloeytes increaged. At the two hlgher denEities üotal
eryühroeyÈe and reucocyte and absolute lynphoeyte count de_
creased whiLe granr.llocytes and reticulocytes increased.

Michaelson et eI (Lg6?1, working with dogs, found a
marked decreese 1n lynphocytes and eosÍnophils after six
hours exposure at IOO nt/cm.z and A$OO negacyeles/second.
Afüer two hours exposure to L65 w/er.Z th"re was e slighü de_

creasê in aLl whfte cerrs whieh was lesE evident twenüy_four
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hours later. hlhen exposure time was increased to Èhree hours

an inmediate lncrease ln leucocytes wes observed whlch was

nore pronounced at üwenty-four hours. Clunping of the leu-

cocytes in some of these dogs was noüed several months after
irradiaüi.on.

Other organs of the body nay be affecüed as shown by

I4icheelson et al (L96?) who reports altered thyroid functlor¡

in dogs wiüh ühe use of I I31 süudles. Nikoyosyan (Dodge

L9651, studylng eholinesterase activity ln rabblts subjeeted

to I0 cn. waves, found that with an intensity of lro wn/em.? a

decrease in cholinesterase acüivity of ühe blood seruÍ¡ ïas pro-

dueed. AIso chollnesterase activlty of the internal organs

of rets and rabbits decreased. This lead to the assunption of

increased acetyl eholine in the organiem. Michaelson et al
(L967) quotes Nieset as having found theü young animels

(species not given) exposed repeatedly to 3O0O negacyeles/

second (no densiüy given) had e 4-6% increase in growth rate.
He also quotes Blcherdson as having found that ratsr Biven re-
peated doses oî 245O megacycles/second galned welght faster

than the controls.

Nunerous workers, parüÍeu1arly in the U.S.S.R., haye re-
ported that nisrowayes ney have en effecü on the cardio-

vascular systen. Presman and Levltlna (Dodge L9651, exposed

rabbiüs to non pulsed L2.5 cm. wavelength mierowaves wÍth a

field lntenslty of ?-L2 mu/eø.2. Each anisal received ra-

dlation L2-L3 times for tnenty mlnretes. Dorsal rediation had
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a positive chronotrophÍc effect while ventral stinuLation pro-

duced a negative influence. All of these eardiac rhythn

effeets lasted only thirty to forty minutes after irradiatlon
ceased. The authors felt that these rhythmic carÍatlons re-
flected the acüion of microwaves on the skin and vascular re-
ceptors or on cells of the cerebrar corüex. These authors re-
peated a sinltar experiment usi.ng 10 cm. waves of 3-:- mw/cm.z

intensity pulsed at 700 lmpulses per second. The ehronotrophic

effects were the same as with non-pulsed waves excepÈ more pro-

nounced. Levitina (Dodge L965) locatly irradiated rabbits on

different portions of the body locarly with two types of high in-
tensity microwave radiations: (1) continuous pu1se, wavelength

L2.5 crnr¡ pulse duraÈion of 100 m see,, pulse frequency of Z

pulses/second, density of ?l+o-125o nw/c^.Z , and (z) waverength

I0 cm., pulse duratÍon of 1000 m see., and density of 3|'}-ji:-
mw /cm.z

Ihis local irradiation redueed eardiae rhythm regardless

of 1nüensity. Dorsal imadiation with low lntensity produced

a posltive effect and high intensity a negatlve effect. [low-

ever, if the skin rúas anesthetized no effect was produced.

Thls tended to support the hypothesis of Presman that reduced

cardiac rhythm is a resurt of microwaves acting on thernal
receptors in the skin.

Kaplan et al (L97O) found no ehange in heart rate during

or after twenty minutes of radiation of the dorsal aspect of
ühe head of albino rabbiüs with 24 GHz clrl nicro¡raves at

õ
10 mw/cm.o before any change in heart rate could be effecËed.
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The nosü recent interest in ühe biological effects of
mierouaves has been 1a their effect on the fur¡ction and

morphology of ühe central nervous system. Accordlng to
Dodge (L966) Tolyskaya (L959) compared the ühermal effects and

non-thernal effects on various organs when the whole body of

rats was irradiated wlth IO cn. Ìrayes. Erposure to flelds of
?

l+O-tlO mvr/cm. o resulted in pericellular and perivaseular

edena in the Reryous systen, both nassive and nlnute cerebral

haenorrhaging, vascularfzatlon, and protoplasnic swelllng

of ühe breln cells. In the sllghüIy thermal case at I9-3I
w/cm.2 level, the ssme results were obtained as well as

severe protoplassi.c swelllng of parenchynatores nerve ce1ls

and signlftcant cerebral nicrogllal activÍüy. In the non-

ühermal case of I0 cm. ì,aves for thirüy minutes l7.O-9.5
-owt/em.'l even Bore pronounced vascularization in aeural

structures tharù in other organs was found. The authors con-

cluded that ühe ühalamus and hypothalanus sre the most

sengLtÍve structures to nicroweves.

It should be noted that Murray (1963) quotes Carpenter

(L962) as havlng produced lenticular opaeities by repeated

subthreshold exposuree of rabbits Ëo a density capable of
producing opaclüles in one exposure by thermal effect. By

subthreshsld he lndicates the expon¡ures ïere each noü long

enough and had sufficient int,erval beüween them to pnevent the

rise ln üernperature necessary to glve opaeities by thermal

effeet. this would indleate that both thernal and non-thermal
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effects can üake place at the same density dependÍng upon the

enposurc üime üo the sicrowaves.

Lobanova (Dodge L966) inveEtigated the effects of non-

thermal lO cm. waves on the eytomorphology of inÈerneuron con-

necËions. She found the flne projectlons of the dendrites

ürere ln the process of disappearing and 1n sone ca6es

ühickening and swelling. fncreasing the nr¡nber of exposures

caused the dendrite fornatlon to extend deeper into the cortex

toward the nerve cell ltself. She conclr¡ded that the ehanges

ln trigher nervous ecüivity of the aninals induced by nierowaveg

!tas a function of inËerneuron disruption.

Kholodov (Dsdge L966) studled radÍations of 1OO0 v/m on

neuronally lsolaüed sections of the cerebrun and mld brain of

rabblte. lgith an exposure duration oî 2-3 nlnutes, he found

the latent perlod of the reaction of a neuronally isolated

section was reduced (fron 53 to 27 seconds) as opposed to the

intact brein.

Kanenskiy (Dodge L966) studted the funcùional state of

the frog nerve exposed üo pulsed and contlnuous waves LO-L25 cn.

ülhen exposure t{as to eontinuous wave¡¡ (wsveler'lgth 12.1 cm. ,

density of 11 ryr/c^.z, and exposure time of 20 minutes) no

evident changes in threshsld actlvlty nere noted. However

there was increased conduction rate, abbrevlated absslute and

relative refraetory phases and sltered current anplltude.

ÍJith pulsed ïaves there was e definite inerease ln neural con-

ductlon and exeitability resulting from non-thermal effects.
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Gorodltskaya (Dodge L966) studied the effect of 3 ctn.

wavelength, pulsed at frequencles of 577 crprsr and at a

density of 0.4 w/cm.z, on the behevior¡r of mfce and their
progeny, 10 cm. away fron a generator. The aninals e¡chlblted

more pronounced condiÈioned reflex reactlons i.n the form of
negatlve responses than did the contrsls.

Fayüelrberg-BLank (Ðodge L966) found a I0 minute ex-

posure of the epigastral region to a 70 V, L2.6 crr, $rave

field d1d not change the intesüinal glueose absorpüion in a

dog whose solar plexis had been elininaüed. He concluded that
synpathetie nerves participate in t,he transnieslon of micro-

râve effect fron the eplgasùral reglon to the intestinal
region. When vagoeynpathetic nervec were blocked at the neck,

the süinulating effect of nicrowaves or ultra high frequency

(U.H.F. ) waves was impeded. tlhen splnal ganglia were blocked,

U.Il.F. slightly elevated the level of nÞabsorrþtû,on. Slnce

these shifts in reabsorptiora were observed even wlth dener-

vation he suggeste humoral effectE by U.H.F.

Tatrenko (Ðodge ]1966) inveEtigated the effects of a

tuenüy ninute exposure to 12.6 cn. waves aü a porder level of

40 W on the abeorptlon of radioactlve phosphorus by knee-joint

synovial menbranes 1n normal animals and those with Eevered

spinal coh¡mns. Absorption activlËy increased during U.H.F.

radÍation, spinal chord alte¡raüions reüarded absorption but

it again increased under [J.H.F. radiatlon. The above euthor

felü that tbis indicated e dlrect acüi.on of micrswayes on
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synovial receptors.

Semenov (Doage L966), investigating the thermodynamics

of enervaüed and denervated fernoral tissue in rabbits exposed

to 12.6 cm. vlaves at a power density of 15o mw/em.Z aE three,
four and twerve hour interrrars. He attrlbut,ed a thermal

cumulation or sunnation to neuroreflectory processes in the

central nervous sysüern. Testing ühis hypothesis he anes-

thetized animals and then increased the povúer density to
300 nnw/cm.2 and found that the cumulaüive thermal effect was

alnost entÍre1y precluded.

nhlokhov (Dodge L966) attempted to develop conditioned
reflexes to a L3.7 cm, field (ZO nw/cm.z) ln mice by uslng a
conditioning signal of 20 seconds and 15 second unconditloned

slgnals. ltlhile reflexes to u.H.F. !{ere demonstrable, ühey

ü,ere charaeüerized by a long perfod of development, insüabllity,
short residual effect and rapid extinctl_on.

Baldwin, Bach and Lewis (f960) when exposing the heads

of young trfacaca monkeys to exposures of 1-00 watts for ten to
thirty minutes, observed that the crlniear signs deveroped in
sequence. The sequence began with agitation, followed by a
startred reaction which was ln turn followed by akinesÍs.
Ittls was forlor¡ed by either drowsi.ness or agitation. There-

after a seizure rnight follow. The maJority of these signs

disappeared without a trace when exposure was dlscontinued.
lhe nature and severity of crinical sÍgns varied with the

head poslüion. Elevation of the chln accelerated the effecüs.
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Flnally there was sotse hlstelogical evi.dence of an inüra-

neural disturbanse. The Nlssl subsüance was washed out of
msny neurone. This nay have been the result of nolecular

change subsequent to the electronic activatLon.

throughor¡t the llterature we sre reninded that although

nicrowaves produce Bany effects in experimental animals,

hunan beings, for exanple, have a larger capaciüy for dis-
sipating heat (Kalent L9591. Most of the information ou

hunan subjects is the result of people coning in conüact with

micrswaves in the course of their employment. Thus the dis-
tances fron sources of radiaüion and tines of exposure were

not controlled es they would be in a planned experinent.

The first reporÈ of radar hazard is by Dally (Lgb3) 1n-

volving low porler radar seüs of theü era ln which case there

was no evidenee of radar induced pathology. However,

Mclaug1in (L957) reports an indivldual proportedly kÍlled by

a high power radar set but thiE was disputed by other workers

(Kalant L9591. In any caser the above claim of harmful

effects, together with pathologlcal effects in animals re-
ferred to earli.er, have kept the area of clinical study open.

Barron and Barroff (1958) of the Locheed Aircraft Cor-

poration studylng two hur¡dred and tnenty-six enployees wiüh

betreen two to five years exposure to radar found no pathology

or adverse physical effeets unequÍvoeally attribuüable to radar.

Kevsrktysn (Dodge Lg65) inveetigating eighty-seven people

exposed to nicrowaves for fron two üo three years found in a
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proporÈlon of cases eomplaints of headache, sleepiness, heart-
burn, weight loss, etc. On1y fifteen people had no complaints.

0bjective invesüígatlon revealed hypotonia, bradycardia,

dermographlsei, ext,remity tremors, pupil dilation, Iow blood

pressure and loss of cutaneous sensitivity 1n a proportion

of the cases studied.

Osipov (DoAge L9651, investigating people working in a

mlcrowave fleld of intensity range 300.3 - 43.2 Y/m., found

moderate body tenperature Ínerease, slowed pulse, and lowered

blood pressure.

Korsun and Mikhaylov (Dodge L965), examining personnel

vlorklng around radar generators, tended to agree with the

Ameriean work and to attribute the differences observed in
cardiovaseular function to other facÈors in the workers ên-

vironment besides ühe mierowaves. Drogechina (Doage L9651,

Ín a survey of people whose work exposed them to U.H.F. for
lengthy periods of tine, observed hypotension, bradycardia,

form shifts in the parasympathetic nervoìrs systen, auricuJ-o-

ventricular cond¡¡ctÍon was lengthened, exürasytole was in-
tensified and cardiac rhythm slowed. He also found that the

thyroid gland Ís extrenely sensiËive üo nierowave enanations.

In many cases exposed persons had hyper-thyroid activity.
In some cases the actual volume of the gland increased, uhich

ho¡uever rarely caused alteration in f\¡nction. Changes 1n

humoral regulation were refLected in an alnost two-fold in-
crease Ín blood histamine and disassociation of individual
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protein fraetÍons of. the blood.

Kapitanenko (Ðodge L965) atso found that chronic micro-

wave exposure lead to cardiac shifts, alterations in the

nervous system and leukopenia, Revutsrkyy and Eydelrman 
:,.r:,r:,,,,r:,,..,

(Dodge L965) applied local fields of 13.56 mv. and Z3.JJ mv.,

and wavelengths of 22.12 M. and 12.6 ctor ¡ to patients wÍth

chronic dlseases of the intestlne and stomaeh. The effeet on ,.,
thebloodhistaninecontentdeereasedwithlhe22.I2M.
treatment uhile the aeüiviüy of the specific cholinesterese ,',ì'

activlty was unchanged. l{hen a L2, 6 cûI. field was used, the

blood histamine content rernafu'red unchanged, but the activity
of the speciflc chollnesüeraee of the erythracytes decreased.

This wourd indicaÈe tbat these üwo waverengühs differ in
biologie effect.

Not all of the effeets of mlcrotlaves on biological
systens are adversê¡ the use of microwaveE in coru.rection with
therapy was firsÈ nentioned by Krusen et eI (19lr7). Since

that time the method has gradually gained a certain a¡noulrt of ,,,.,','.r.,.

acceptance ln treating specific eonditions. Krusen has shov¡n
.--... . t :

ühat the depth of tissue heating at nedically used frequencies

extends to about 3 crn. Most generators used for therapeutie
purposes operate between 20oo and 3000 negacycles per seeond . ::
on waverengths of 10-15 cE. (scott 1965). Time of patient ex- :'::''.:1:

posure varies from a low of ten ninutes üo a high of thirty
minutes. According to scott (L965) tr¡e najority of treatments

in Ehc united KÍngdon take abor¡t twenty minut,es. Mlcrowave

diaühermydoesnothavethepenetrationdepthofshortwaves
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but deeper than lnfre-red or radiant, heating.

Scoüt (L965) reports treatment of many different types

of lesions with microwaves. These include recenü sprains,

arthriüis, tension headaches, disc syndrones and whiplash.

fn spite of the danger of lens opacitÍes as reported in
anlmals (Micheelso¡l eü aL L967, llerrlch and Krusen 1952 and

C1ark L95O),Soott (L965) indicates eye condltlons including
irltis, cyclites, keraüitis, blypharites ete. have been

treated. Pelvic condiülons have also been treated, but Seotü

1L965) could nst see the value of this treatment because of
a limited depth of penetretion. He also reports that dentel

conditions of a superficial naür¡re such es gum abcesses and

opicil abcess have been treated. Mastltis furuncullüis,
sweat gland abcess, si.nusitie and sciatica have also been

treated.

The effect of nicrowave treatrent on the behavlour

patüern of birds has been s tudled in the hope of alÊering or

controlling fllght. Deict¡nann et al f,L959) subjected ten dey

old bantan chlcks to nlcro¡,¡ave power densities of O,L7 ,/cm.z

and A.27 u/em.z for five hor¡rs a day on eaeh of tea d ays over

a Èuelve day perlod. During the first and second periods of
exposure üo the central area of the radar beam, a chÍck would

stagger and demsnstrate nuscular weakness or collepse.

Occasionally, tonic or clonic spas¡ns of the legs and wings

were notieed. Recovery occurred between flve aad ten ninuteE

later while e:(posure continued. During subsequent exposures
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the birds avoided tbe central ares of the beam.

Tanner (L966) subjected fourteen neek old English Game

hens to powèr levels in the range of IO - 30 nw/cm.Z at a

freqr,rency of 161000 Mc/S and 8OO0 pulses per second. With

an antenna mounted above the cage, in a few Eeconds after the

onseü of radiation, sr¡stained extenEor actlvity of the wing

and leg occurred. the author felt this to be due to the

possible induced electrical activiüy in the splnal column.

shielding flrst the head and then the body dld not change the

manlfesÈed extensor ae?iviüy. Tanner (L967) repeated these

experiments with seagulls and pigeors. The plgeons registered

dlsüress and unsteadlness of gait but not the exüensor

reactlon. The seagulls registered distress and unsteadlness

but were able to shrrg off the nuscular effects by flapping
üheir wings. lanner (L966) suggested that the short exposure

time (resE than 60 seconds) precluded ühermal effects ae the

cause of the exüensor reaction.

lanner et al {L967) conducÈed experinents on three

species of birds using 9.3 Mc/S pulsed at 4Ió p.prs. r¡ith a

pulse width of 2.3 [I sec. The ayerage flerd intensity in tbe

test cage was l*6 mw/cm.z. At the onEet of treatmenü the wing

outside ühe field of radiation collapeed and the opposlte

wing was extended. The legs showed a sinilar reectlon. The

chickens inclined üheir heads so that the eye closest to the

fierd nag oriented to the ffetd and the sagltal axis of the

head was kept in line wlth the approprieüe axls of the body.
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The outer side of the body was peralyzed and uhen the blrd
reaehed the floor of the cage the reaction sas nanifested by

i,ncreased extensor reaction of the field side of the head.

Occasionally aninals turned a hyperactive side to the field 
.;..

before the above reaeüion took place. The above worker noted

ühat differenü reacüions could bé ellelted by radiaüing dÍf-
ferent portions of the bird.

Subsequently, Tanner eü aI (I9ó9) perforned variations ,

in this treatment using sinllar equlpnent. ï¡elve blrds uere 
,,

treated to determine the relaüionshlp of tlme of escape

reaction and field inüenslty. Starting ar 45 mw/cm.Z and

taking a single readlng at each step down üo 5 øw/cm.zr lt was

found that as the field intensity decreased the üime to cause

a reaction increased. .A further test, attenpüed to neasure 
l

reaction time nhen repeated expoôures were made to a fteld of

constant intensity. Ïn each ease the response tirne decreased

over the first three or four trials, then increased to a

value twice the orlginal. üIhen X band 19.3 GHz) miero¡¡aves ,,,,

were used in a repeat of the original experimenÈ ühe reacülon 
,

was identlcal, however exposure üine nas twice that of K,, band

to produce the Bame reaotion.

Dorsal stimulation et 60 wa/cm.Z caused blrds to ruffle 
,,,:

feathers and move around the eage. Dorsal süimulation with : l

an infra-red generator at l0O nrw/cn.2 produced neither

agltation nor distress after three ninutes exposure. Iilhen the

head and body were selectively ehielded before application of
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e micro$ave field, a slightly slgniflcant (5 seconds less)
tine to give the flanking reaction was noÈed with the head

exposed.

Other tests were performed using pulsed Ku band with the
horn antenna in the horÍzonÈal positLon. The radiated bird
eould orienü itself so that the radtatlon to the head would

vary beÈween 50 mw/cm.2 and 20 mw/cn 2 d"p"oding on whether

or noÈ it faced the horn. a teEt was arso conducted wiüb

the horn beneath the eage giving a denslty of lro mw/em.z

Both birds showed a starüled reaction at the onset of radiatlon
but onry ln the first case did this continue into agiüation,
franklng or initietion of flight. From these experinents
Tanner concluded the escåpe reaction nay be atürlbuted noü

only to the heating effeat of nicrswaves br¡t also to paramerers

such as eleetromagnetic interaetion with nerve structuree,
nolecular resonance, or chenical excitetion. He hypothesiøed

that disturbance of the heat balance of the anlmal by mÍcro-
waves \^/as a eontributary factor but one which may be secondary

to the nain effect. He has suggested ühat if the range of
paralysis can be increased thls effect may be usefur in con-

trorling birds around airports. The above work has deart
with radiations in the range of j to I25O mur/e*.z.

Kondra et ar (1970) investigated the effect of nicro-
wave radietlons sueh as those found in the vicinity of micro-
wave conmunication üowers by exposing birds in cages in the
laboratory. The generator power Ln one copper cage was
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O.02 plconatt s/cm.z this level sinulated the level pre-

valling in ühe vicinity of a Èower. fn another c€¡ge, poürer

was l+OO picowatts/cm.Z or 201000 tines ùhe level around e

üower. Each of five groups of birds was üreated for a fifty-
six day period at a different age; anoüher group was treâte.d

contlnuously fron day one to b76 days of age at each of the

high and low densitles, plus one unüreated control. The

difference in weight at I neeks and 20 weekg as well as the

feed conversion for these perlode chosed no significant treaü-

nent effeet. Sinilarly, no signlficant üreatnent effect was

fou¡ld ln age at sexual naturity or percent lay. When onJ-y

ühe eontinuously radiaüed groups were considered, ühat is
fron day one to t+76 days, both the high and the Low deneity

treatnents showed, signiflcanüIy higher egg production than ühe

untreaüed birds, The differenae betvleen high and low levels
¡ras not significant. When egg welghts vúere compared, they

ü,ere lower in the irradiaüed group. llowever, on the basis of
grams of egg/hen/day no slgniflcant treatment effect was fsund.

Thus only ühe frequency of ovulation wss affeeüed whieh the

authors hypothesized is likely due to pltuitary stimulation

by nlcrouåvesr Signiflcant differences tn fertillty between

the high and low levels ¡{ere atüributed üo chance differences

ln nale fertiltty. Hatchabit lty H€le non-signtficant while

chick weight followed egg weight. Mortallty uas normsl. fü
was eoneltrded thaü mierowaves radiation at up to 20rOO0 times

ühe level found in the area of micrswave towers had little if
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ârryr effect on laying birds.
Romero-Sierra and Tanner (1970) also found egg productlon

increased (L3.7% over the control birds) when the bfrds were

subjecte.d to microyrave intensitiee ranging from O.l8mVcm.2
)

üo 36Omrv/cm.- at a controlled teruperature of ?OoF. to 8OoF.

Ttris tnereased egg production did not result in reduced egg

welght,

Ir¡ 19ó0 Van U¡nmersen imadiated 48 hsur chicken embryos

r¡ith 245O rnegacycles/seeond frequency at a density of ¿rOO

,)
mwlcm,- for periods between one minute and flve and one-half
ninutes. No deviatlon from the controls was noticed up to
four minutesr while four and one-harf to five minutes caused

abnormalities and five and one-half minutes proved fatal.
In the cases showing abnormallties the wing bud de-

velopment was abnormally small, the posteri,or linb buds, tair
and allantoie which normarly deverop in the region posterlor
üo the wing bud existed at the forty-eighÈ hour süage only as

potential areas. The posterior nosü portion of the embryo

consisted of only three ger¡n layer although the neural fotds
Here present and ühere srere differentiated exüra embryonic

blood vessels. The effect Ís to present differentlation of
new structures. she reported from these sbservations that
nm:icrowave radiation sppeared to inhibit eelh¡Iar dif-
ferentiation 1¡l the chlek embryon. In structr¡res which ts d

already begun to differentiate, cellurar proriferation con-

tlnued, but no further degree of differentiaüion occ¡¡rred.
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Structures uhich had not yet begun to differentiate failed to
do so.

van umnersen (L96i) quoted by carpenter and Livstone
(L97L) irradiated chick embryos l,rithin a terminal section of
waveguide naintained under incubatlon condltions of tenperature
and humÍdity. ^A,t the waveguide povúers employed (not stated)
abnormalities of development resulted from a 5 to 12 minuÈe

irradiatÍon or at a rower power (not stated) fron r¿r to tó
minutes iradÍation. Yolk temperature reached 560 to jToC.

during the period of exposure.

Paff et aI (L962) tested the effect of 2L GHz radiation
in isorated hearts fron TZ hour chick embryos. At a density

.)
ar 75 mw/cm.", the thermal effect was so slight that cardlac
rate did not deviate from nornal limits. Nevertheless changes

in erectrocardi.agram ï,ere noted in all cases, and persisüed.

after irradiation ceased.



I{AIERIATS AND IIETHODS

A series of experiments were conducted on the effect of
nicrowave radiation on enbryonic development and post em-

bryonic growth. These experinents wltl be denoted as follous:
A prelininary experÍment, experlments I Èo 5 involving

low density irradietion, and experinents A, B and c involvlng
hlgh density irradiation, all üreatment irradiatl.ons u,ere ap-
pried during embryonic deveropment,, whereas experimenü 6 in-
volved two levers of treatment during the growth period.

For expoaure of eggs to nicrowave radiation during in-
cubation, a speciar experimental incubator was usedr con-
slstlng of two eomperüments each neasuring 60 cm. wide x
8r cm. long x ?2 cn¡ high. one compartnnent was rined with
copper screening to confine the microwaves to this unit and

to prevent their leakage ts other areas. rn this comparüment

tbe turning device was nade of wood and the eggs were herd

in prastic filler üreys to minlmize refreetion of the nlcro-
waves' The adjaeent plywood compartment was not rined with
copper screen and the üurning device was sf chromed steel.
Microwave radlatton was introduced into the screened con-
pârtment of ühe incubator by a coaxial lead, fron a varÍan
tD 807 generetor, conneet,ed üo an antenna which was nounted oR

ühe sidewarl 40 cm. from the bottom of ühis incubator com-

partnent. the field densiüy within the lfned side of ühe in-
cubator everaged o.2 w¡t/cm.Z ulth a range of o.L øw/cm.Z t,o
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4o.l¡ mw/crr..'. Ttre unllned side of the ineubator had a trace
fierd density below 0.005 ^r/"^.2. lvhen the eggs were not
being subjected to microwave radlation, their incubation uas

continued in a Robblns Model 11 H incubator in a brrilding
locaËed renotery from the treatment unit. ¿.rl treated as

well as untreated eggs were placed at 19 to ZL days in-
cubation in the haüeher portion of the Robbins naehine.

Freliminary Experiment :

ïn the preriminary experiment a total of 90 cobb broirer
eggs were treaÈed as follows: 30 eggs were placed in the

a0.2 mw/cm.' treatment incubator; 30 eggs were praced in the

trace denslty incubator for ühe first week of incubaüion,
and 30 eggs uere kept in the eontrol machine for the duration
of their incubation period. After hatching, the ehicks were

uing banded and groton in chick batteries to five weeks of
age. lhe follouing records ftrere kept: haüch weight, feed

effÍeieney, weekry body weight and mortality. Eggs whieh

failed to hatch urere broken out and infertirity or time of
death was estinnated.

Flxperlments I and 2:

Experiments 1 and 2 involved two identicar series of
freatments and wilr be considered together. rn each of these

experineqtsr 30 eggs per treatment ïrere plaeed in the treat-
nent ineubator and, sinultaneously, 30 eggs per treatnent
ü,ere placed in the üraee i¡reubator as shown in Tab1e 1. AIso

two groups of 30 eggs each ürere incubated in the control in-
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gubator for the entire period of incubation. Ttre sane data
were recorded in the prelininary experiment.

EkperÍments 3 and I+:

As these two experiments are very slmllar, they wirr be

considered together. rn both of these experiments, 30 eggs

per treatnent group were exposed to nícro$aves during the
periods of lncr¡bation as shown in Tabre r. This arso in-
cruded two groups of 30 eggs each incubated in the control
maehine for t'he entire incubation,period. rn experinents 3

and 4, the chicks were grown to five weeks of age as in the
prevlous two experiments except that in experiment 4 feed

conversion data could not be obtaÍned because of space

problems.

Experimenü 5: (Trrrkeys )

this test invorved treatment of turkey eggs Ln the pre-
vlously described. incubation equipmenü. Hovlever the pJ,astic

trays ü¡ere removed and repraced wrth paper naehe egg trays
with the bottom removed. from each cup for inproved^ air cir-
culation. T?re use of turkey trays necessitated reducing the
number of eggs per treatnent to zj. rtre eggs used, of the
Tilrolstad strain, were treated as shown in Table 1. AIso one

group, ühe eontrol, remaíned for al1 four weeks of incubatton
ln the conüror íncubabor. After hatching, the birds were

nafntained. for two weeks in batteries and then they were

noved to froor pens. Data recorded, consisted of hatch weight,
weekly ueight to 4 ¡reeks, 12 and 20 week weights and, mortality.
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Eggs which did not hatch were broken out and infertirity or
time of death determfned.

Þ<periment A, High Density:

lhenty-five eggs, of the Dekalb laying stock mating

fron the university of l¿Ianitoba pourtry flock, were exposed

to microwaves for I0 seconds on days 0, I and z or incubation.
these eggs were placed at zero dÍstance from a philips Dï 260

magnetron producing mlcrowaves at a frequency of zl+jo MGHz

with a power input of r20o rvatts. All of the eggs Ì,ere in-
cubated in the control incubator before and after treatment.
Each day a different control group vùas removed from the

contror incubator arong with the eggs to be treated and

carried to the nagnetron and baek without being subjected to
micro¡¡ave radiation. One grotrp remaÍned Ín the control irl-
cubator for the full incubation period without being removed.

the hatched chicks were naintained in batteries untir 5 weeks

of age while the following data was corrécted: haüch welght,
weekry welght and mortality. The unhatehed eggs were broken

out to deternine time of death or infertilÍty.
E:<perinnents B and C¡

In the second and third hÍgh density experiments, the
equlpnent used was identieal üo experineent A, High Density

and the eggs were fron the seme source. The treatments were

arranged as shown in Tables Z and J, and the density of
irradiation at the dlstance from the source used Ís given in
Tab1e 3.
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Experiment 6: Exposure Dtring Growlng period.

Chicks of one egg üype hybred and a neat (broiler) type

hybred were subjected to mierowaves, eontinuously at a

frequency of 6 GHz and aü two densities, during the growing

period. ltre birds ¡vere housed in duprieaüe copper sereened

cages eaeh 6.96 n wlde x 3.6j m long x 2.28 m high, located

in a welr insulated force ventilated windowress pourtry
house. Each cage was divided into four pens, each r.Tt+ n
x i.6J m, so as to accomod,ate two replications of each of the

two üypes of stock. I'!co waveguide radiators v¡ere suspended.

in each cage, one for each pair of adjacent pens, to provide

a uniform fierd intensity at ground level. Ttre power revel
was adjustable in each cege. Periodically ühe fleld intensity
in each cage and within the poultry house was neasured by a
$toddard ¡üw-62 B field lnteneity neter nsing a carlbrated
parabolic antenna probe.

The fierd wlthin the eages at high density varied from

400-l+20 picowatts (average 407 plcowaËts) and in the lower
density cage from 0.021 - o.azz picowatts (average o.ozz
pieowatts). Thus four row density pens urere available. At

one day of age, groups of 30 Cobb broÍler hens and l* cockerels

were praced in eaeh of the two high d ensity pens and each of
the two low density pens. simultaneousry, groups of 30 Dekalb

laying stock chicks and l¡ eockerels were placed in each of two

of the high density pens and eaeh of two of the row density
pens. As contrors two groups of broilers and two groups of
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raying stock ¡,ere housed in the same size pens outside of the

microwave irradLated area Ín the same building. The birds
utere weighed at one day of âgêr 4 weeks, I weeks, 12 weeks,

16 weeks and 20 ¡¡eeks and mortality records were kept. 0n .:ì

weigh days the treatments were rotated fron one pen to
another within the same density treatment, 1.e. the four pens

at high density were rotated among themselves, the four pens ::

aÈ1ouerdensÍtyandthefourcontro1sinanattempttore-
move any pen effect. '''



RESULÎS AND DISCUSSION

LOW DENSIÎY F]XPERIMENTS

EFFECT OF TR,EATIUIENT ON HATCHTNG BODY VI]ETGHT

A one yùay analysis of variance of the preliminary ex-
perinent showed that hatching weights of chicks !{ere sig-
nifieanüly different at the 5/o LeveL buü not at the L/, revel.
Duncants test reveared ühat the chick hatching weights from

eggs exposed to trace level of radiation were significantry
less (P .05) than t,he chick hatching weights from the 0.2

m*/cm.z density treatrnenüs or the contror chick hatching

weights. However the chick hatching welghts of the two treat-
ment groups were not slgnificantly different from the control
chlck weights (Tables 4 and 5).

ïn experinents 1 - 4 the hatching weights were anaryzed

by a two way analysis of variance. The mean of both the

treatnenü and trace densit,ies was compared by a one yûay

analysis to glve an esüimaÈe of the effeet of treatment aü

either level at different stages of embryonic development.

lhe treatment and trace levels ïrere consldered as one of the
variables to be measured (A) whire the stage of incubation
during which treatmenÈ was applied was considered as the other
variable (B). In experiments 1, Z and J there were no sig-
nifícant differences in hatching weights due to variables A

or B (Tables 4r 6 and 7). In experiment 2 there was a sig-
nificant effeet (at t%) due to the i.nteraction between
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variables A and B (Tables 4 and 6). ?he cause of thís ín-
teraction is unknown. In experinent lr there was a sig-
nificant difference at t'he Lf, revel due to variabre A while

variable B and the interaction showed no significant
difference (Tables 4 and 7). In this experíment (Table L)

the treatment level of nnicrou¡aves gives a consistently lower

haûching weight than the trace level of mj.crowave radíatlon
for arr of ühe periods of exposure used. 0nry in experiment

l+t where Duncanls test showed that those treated at either
density for the lst, and Znd ¡veek werb heavier than those

treated for all 3 weeks, Znd week onlyr 3rd vleek only, and

the contror uas any significant difference in hatch weighü

due to stage of ineubation at time of exposure for¡nd. Hov,r-

ever as the majoriüy of the data (experiments I, 2 and 3)

gives no significant dífference in hatch weight it is fert
that this slightly rower hatch weight was probably due to
slight differences in incubaùÍon conditions rather than the

microwave radiation.

Elcperinent 5 (lbrkeys ) was anaryzed by a one vray anarysÍs

of variance as only one contror group was availabte. A sig-
nificant difference (5% Level) in hatehing weights was found

(Tab1es 4 and 8). Duncanrs test revealed that only the

birds in the treatment and trace j-ncubators duríng the thtrd
and fourth weeks of incubation showed a significantly lower

hatching weight than the control group (Tabre l*). As both

the treatment and the trace levers appeared to be equally
affected while those which spent the entire perrod of in-
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cubation subjected to the nicroütaves ütere not affected it
is nnore likely that the disturbance Ínvolved in noving the

eggsr or some other factor involved 1n changing incubation

conditions at that tíme affeeted the haüchlng weight rather

than ühe exposure to microwave radiation.
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TREATMENT EFFECT ON GNOI¡ITH TO 2 üTEEKS r¡ü

CHICKS, 6 lrrEEKS AND 20 WEEKS IN ÎURKEYS

ïn the preriminary experiment there ïres no significant
dlfference in body weight at 2 weeks of age (Tabtes p and 1o).
ïn experinent I the density of nlcrowaves (Factor A) sig-
nificantly affected 2 week weight whÍre the stage of in-
aubaüion at the time of Èreatment (Factor B) also had a sig-
nificant effect ßf¿l on 2 week weight. rn experiment I birds
given ühe üreat'ment level of microwaves were conslstently
heavier ühan those given the trace lever. rn experiments z,

3 and 4, however, variable A was not slgnificant (Tabres rr
and 12). Tt¡erefore treatment with these two revels of micro-
wave radiation did noü have a eonsistently detriraental effect
on 2 week vleight. variabre B was not signlficanü in ex-
periments 2, 3 and 4. The overalr mean weighÈ of both treat-
menü and trace groups was calculated for eaeh time of ex-

.posure. These means were eompared, including ühe control, by

a one way analysis of varianCêr They were significant in all
4 experiments (Tables 11 and LZ). However, D¡neanrs test
showed that throughout the l+ experiments there is no treatnent
or group of üreatments which were consistentry heavier or
lighter than any other treatment or group of treatments.

There was a signlficant difference due to Ínüeracüion
between variabres A and B at 2 weeks of age in experiment 3

(Tables 1r and L2). The cause of this interaeti-on is not
knoYsn.
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The wef.ghùs of the turkeys in experiment 5 were analyzed

by a one ürey analysis of variance at 6 and 20 weeks of age.

Nelther 6 nor 20 weeks of age showed any significant difference
(Tabtes 13 and 1l+ ) .

The weighüs of the two strains of birds exposed to nicro-
ïtaves during the growing perlod were analyzed 

"6 4r I and 20

weeks of age as a two way analysis of varlance with t,he sürains
of birds as one variable and the density of microï,aves as the
other. ltre ueights were significantly different only between

ühe stralns of birds used (Tabres 16, rr e, rB). Ttrus low

density microwave exposure d.urlng the growing stage (up t,o zo

weeks) ¿i¿ not affect growth.

ÎREATMENT EFFECÎ ON FEED EFFTCIENCT

As onJ-y one varue per group r'ras available for feed ef-
ficlency in eaeh experiment, thís trait was anaryzed, between

experfments by a two way analysis of varianee with the density
of ml-croürave exposure as one variable (A) and. the stage of in-
cubatLon during exposure as the other variable (B), fn ex-
perinents lr 2 and 3 as only one esÈimaüe of feed effieiency
for the exposure during the second vleek of incubatlon was

avallable this treatment was excruded from the analysis
(labte 19). over the two weeks of growth there was no sig-
nificant differenee in feed efficieney duæ to variabres A, B

or the interaction betrseen then (tab1e 20).
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In the experlnents involving exposure of üwo strains of
chickens during the entire growing period the feed efflciency
was analyzed according to strain of birds (A) and density of

nicrowave radiations (B). Onty t,he two sürains of birds showed

a significanü differenee in feed efficiency at Ir weeks (Tables

2L, 22 and 231,. the neat type strain required fewer grams of
feed per gram of gain than dtd the laying strain.

IR,EAf¡IIENT EFFECT ON HATCHABITIÎT

Only one estimate of hatchabillty was avaÍlable for each

treatmént comblnaÈion (Table 2l+). The arcsÍn values of the

percentage of fertÍIe eggs hatched (Table 25 ) were compared by

a two way analysis of varianee eombining data from experinents

I - 4. ltrere was a signlfleant dÍfference in hatchabillty due

üo exposure at different periods of incubatlon (Table 26).

D¡ncants test on the aresin values of the percentage hatch

revealed the eggs treated for all 3 weeks of ineubation have a

signi,ficantly lower hatchabillty than ühe control or those

treaüed for ühird week only. ltre eggs treated for all three

weeks had a lower ovêr-âll everage hatchabllity for the four
experiments. However it was the exceptionally low hatehabilíty
of l*Z.)ft for this group compaired to 88.91Ã for the control group

in experlment l+ which led to the significant difference. this
difference could not be attributed to the microrrave treaüments.

First1y, a difference this large dld not appear in experlments

1 - 3. Secondly, when the treatnents of flrst week only,
seeond week only and third week only were exaninedr oo difference
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exists. Ttu¡s at no given polnt in thi.s experiment did the

microwave radiation appear to be IÍmiting. As a posslble ex-
planaËion it appeers from Table 24 that the longer a group of
eggs renained in that eonpartnent of the ineubator the lower

the hatchability beeame. This trend would. tend to indicate
that sone slight, differenee in incubation conditions courd

have been detrimentar rather ühan the microwaye radi.atlon.
rt nas arso noted in this instance that when the eggs, which

did not hatch were broken out ff, out of [! had died betueen ].9

and 21 days of deveropment. lho out of LZ had died during the

fÍrst 48 hours of incubation. very few ernbryos (T) were found

to have died between 3 days and 18 d,ays of incubation. rf the

mierowaves rìtere having a detrimental effect it woutd be expected

that embryonic naortality would likely have occurred during the

organlzatlon and earl-y development, l.e. 1üo 5 days of the

enbryos development. This lÍas not the Gåsê r

In experiment 5 (turkeys) an analysis of the teüehabilities
was not carried out because of the laek of numbers. However

both the treatment and trace density had lower hatehabilÍty
than the control. Also the eggs exposed to the trace densiüy

for weeks 2 Eo 4 of lncubation had a lower hatchability than

ühe corresponding üreatment density eggs. rn ühe other treat-
ments, including exposure for the entire incubation period,
ühe situatlon was reversed. Thus no eonsistent effect on the

hatchabitiüy of turkey eggs resulted from treatment.
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ÎRE.ê,T¡,IENT EFFECT 0N MORTÁLIÏT

lhe mortalities for the preriminary experiment and ex-

perinents I - 4 are presented in Table 27. The maximum

mortality of LL.5% in the treatmenü at J weeks of incubation
in experiment J represents 3 birds dying by 2 weeks out of a

totar of 26 birds hatched. The nortaríty for bÍrds exposed

up to 20 weeks of age to microü,ave radlation was less rhan LOfo

in all groups. The onry nortarity fÍgures which proved un-

usual !üere those for the turkeys in experiment 5. r?re 5 birds
in the group treated for four weeks whÍch starved during the
first week of brooding gave a 33.3/" mortarity. Arthough this
could be a response üo üreatment it was not borne out by the
groups üreated for the first 2 weeks of íncubation and the
group treated for the last 2 weeks of incubaüion. rf it was

ühe nicro$tave radiation vlhlch had been responsible for ühese

deaths it would be expeeted ühat the mortality would also be

high in one of these groups depending on the time of in-
cubation when the microwaves became detrimental. This was not

the case. Thus to the stage of life that birds were kept

these row revele of n¡icrowave exposure did not effect post

enbryonic nortallty.



HTGH ÐENSTÎY EXPEBIMENTS

TREATIUENÎ EFFECÎ ON HATCHING TEIGHT

In the high density experiments the analysis of vreights was

confined to groups in which lr or more eggs hstched as it wae

felt that thís would be the mininum number required to give an

aecurate sample. As so many groups in experimenÈs Ar B and C

did not meet this requÍ.rement these experinenüs were analyzed

by a one uay analysis of variance wiüh each group of eggs

treated at e glven tlne of exposure, densiüy of radiation, and

süege of ineubation constdered as a treatment.

In experlments A and B there !{as no slgnificant difference

due to the above treatments (Tebles 28r 29r 3O and )2It whereas

in experiment C chick hatching vleights show a significant

differenee ftfr) due to these treatmentg. Duncants test showe

that in most, cåses a!l. control group dlsplays a significantly
higher haÈehing weighü than those treated on either the flrst
or second day of incubation (lable 31). On the other hand

from the s,uperEcrlpts (labte 30) lt ls evÍdent that differences

in density of microwave iruadiation on the length of exposure

do not Ehow any slgnlficant effect on chlck hetching weights

ln this experiment. The fact ühat in most cases chick hatching

weighÊs of the treated groups ¡¡ere significantly lovrer than

those of the eontrol would tend to agree with the findÍngs of

Van Unnersen (1961) who exposed embryos to l+00 *r/"^,2 for 4å

to 5 minutes and observed a retardatlon ln embryonic de-

velopment. It lE possible that all of the treatnent densitles
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and üimes of e:(posure in our tests were adequate to produee

sone degree of retardation of embryonic developnent.

IREAIT{ENT EFFECÎ ON 2 T¡¡EEK TìIEIGHT

Although treatment differences ln 2 week welghts of the

birds in experlments A, B and C (Tables 33, 3l+, 35, 36 and 37)

approach a significant level, sueh differences are noü signi-
ficant. Ttrus if a treatment effect was present, as evidenced

by the hatch weights of experíment C it disappeared by 2

weeks of age.

TREATMENT EFFECT ON HATCHABTLT?T

lhe percentage of fertile eggs hatchÍng in each group

of the 3 hleh density experiments are presenüed in Tab1es 37,

38 and 39. Ítrey reflect the thermal effect of microwave

radiation. The mean tenperaüure rise of the eggs is given in
Figure l. In experinent B at 0 days of incubation ühere is
no effect on hatchability. Eggs treated at 2 days lneubation

had alnosü a compleüe failure of the eggs, exposed to the two

higher densities (1 .OZ w/cm.2 and A.zL6 w/c^.z), to haÈeh.

lbeated at day one of incubation the two hlghest denslties,
(1.02 w/cm.2 and o.2t+6 n/e^.?¡, show harnful effecü at 45

seconds and 150 seeonds respectively.

fn experinenü C there was no difference in the hateh-

abll-ities of Ëhe control groups (Table l+0). In this ex-

periment there nas no definite associatLon betueen embryonic

mortality and stage of lncubation during exposure. However
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as the length of exposure time decreased in the üwo higher

densities the hatchability increased. At a microwave

radiaùion of 0.246 w/cm.2 th" rongest exposure of 150 seeonds

rúas leÈha1 on both day I and day 2, whereas exposure for 120

seconds uas completely lethal to the flrst day of incubatÍon

süage only. If the response was a result of thermal effect
of nicrowaves only, it would be expected that eggs exposed

to 0.123 w/em.Z fo" 2lO second^s wor¡ld have a lower hateh-

ablllty than those exposed at 0 .2t+6 n/"^.2 for I50 seeonds

es a higher mean tenperature is reached (Figure 1). However,

from Table 39 ühis is not the case and therefore some other

mechanism may be involved.

One of the possible causes of this difference is the co-

agulation of protein both in the egg eonstituents as a food

source for the ernbryo and uithin the enbryonic tÍssue itself .

Herriek"and Krusen (L952) quote a text book of comparatlve

physlology as follous, ttthe aoagulaüion t,emperature of a given

protein nay vary within wide linits, conditioned by the salt
content of the solutionr or even nore by the hydrogen in
concentration of the solution. For exanple, â I percent

solution of crystalllzed egg albunen pH 4.8 preelpitates
(forms a coagulun) at about 60 degrees eentigrade whíle at
pH 11.39 tfre eoagulation forms at about 80 degrees. At pH b.25

or below, heat coagulation no longer occurs aE 95 degrees

eentigrade the sol-ution beconing opalescentn. Although the

ülnres of irradiation in these experfments were set so that no



4l+

visible coagulation of the albumen or yolk took p1ace, it is
possible that some mÍcroscopic changes could have occurred.

Fron looking at the data and realizing that the greatest

effect on hatchabillty occurred when irradiation took place

on the second day of incubatlon it is probable that it is the

process of organization and development of the enbryo rather

than its nutrient supply which is being affected. If the

effect on hatchability vrere through an influence on the

nutrient supply then this effeet should be similar on day 0,

1 or 2 of incubation.

As has been indieated ln the llterature there fs also the

possibiliüy of other than thernal effects on the hatehability.
Blgu DeI Blanco (L969) suggests orientation effects such as

Pearl chain formation (Sarto, Sehwan and Schwartz , Lg66), the

Iining up of particles in suspension along the dlrection of
the impressed electric field, as a possible nechanism for non-

thermal effects. Seth and it{lehaelson (L961+) however feel that
non spherÍcal particles shorüer ühan L5 P y¡iII not be orientated
by pulsed or non pulsed fields which do not overheat the

üissues. It is unLlkely in their opinLon that any histological
structure ercists whÍeh ls superfieially sufficiently large

and free to be orienüaüed. In spite of this objeetion Bigu

Del B1anco (L969) states na feature of this effectrt (Pearl

chaln formatlon) ttseens to be that when applied to eells they

cannot reproduce under this condltionr. fhis rnay be one of the

causes for the reduced hatchabiltty and lower hatching weight
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of chicks.

Bigu Del B1anco (L969) also suggests that mlcrowaves

have an effect (what the effect is, is not stated) on bio-
membranes and the rate of diffusÍon of blo-aqueoufr soluüfons

through bio-membranes. ff this was Èo slov¡ down the ab-

sorption of nutrlent t}¡rough the cell ¡1a11 or the dispersion

of the wâste producte of cell metabolism out ührough the

cell wall we would have another posslble cause for reduced

hatchability, Í..e. early embryonic death. Freedenberg (L9671

states however ftthe lnfluence of external eleetric fÍelds
on the bllayer structurert (of cell membranes) nhas not been

establishedH.

TREAÎIVIENT EFFECÎ ON MORTALTTY

the morÈa1ity 1n e:çeri.ment,, A consisüed af 2 birds.
Both of these from the O stage treatment, were due to starving
during the first 3 days afüer haüchlng. In experiment B, 2

blrds dled ln the 30 sec. exposure Èo density 1.O? w/cn.Z at,

O stage of incubaüion which süarved during the first week of
brooding. In experlment C one blrd starved drering the fireü
week in each of the following üreatnents z LoO} ,/"^.2 for 45

seeonds on day I of incubatlon, O.L23 ,/cm.z for Zl0 seconds

on day I of i,ncubation and 0.123 w/cm.Z 1or 2l0 seeonds on

day 2 of incubation. This msrtaliüy was well within the

normal expeeted proportions and nicrowave radtation (up to
L.OZ w/cm.? for 45 seconds) wae not considered to have any

effect on post embryonlc nortallty to 2 weeks of age.
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CONCTUSIüN

In the lou denslty (t.2 rau/cn 2 o. less ühan t.OO5
a

mw,/em.o) experlments data on hatchabilityn feed efflclency,
haÈching weight, 2 week wetght and morüality oupports the

previous fLndlngs that exBosure üo mLerowaves at the above

denslÈles have no slgntficant effect on ennbryonlo deveJ.op-

menü of ehtcka or Èrlrkeya. Tn addltlon ühe post enbryonle

growth üo 2 weeks of age of theee blrds wae not i.nfLuenced

by radiation treatmente. Iire same le true wlth regard to

È¡oo breede of ehlekenE exposed durlng the entire growfng

period to 20 ¡eeeks of age.

In the hlgh donslty exBerinents Èhe Ehlalcs hatched

shoued no dlfference f.n poet ernbryonle grouth as evldeneed

by non eigniflcanü differenees 1n 2 ueek welght and morÈaltty.

However, ühere w&B a definlte detrlmental effeet on hateh-

abtllty and. poosf.bl.y on hatch netgtrt resultLng from lr-
radlatlon with hlgher denelt!.es of mlerowå?esn l.e. 0.21+6 -

.o
l.O2 w/em.' lhe magnltuds of thte effeeb on hatehabtltty
sas affected by, (1) the day of lncubatlon on uhleh 1r-
rediatfon took plaee, day 2 belng more susceptfble than day

O or day 1, (2) tfre densf.ty of f.radLatl,on gtvenrthe two

hlgher densi.tLes, 1.02 w/em.2 and 0.2l+6 w/em.2 b"1ng Bore

deürlmenÈal or even rethal then ç.L23 w/ea.2 o, o.05L va/en 2r{r)

the tfne of expoeure ¡ as exposure ti.ne Lnereaeea tø l¡5

seconds for the 1.0? w/ent.2 denelty and to L50 secønds for
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ô
O.246 w/cm.' densiÈy the hatehability decreases (erperiments

B and C). lhus exposure for 90 to 120 seeonds Èo between

O.L23 u/em.2 and, 0.2b6 w/cm.Z density microwave irradiation
becomes lethal to chick embryos. Ttrere is evidence that
thÍs effect is not entirely therrnal,
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TABTE 1

PLAÌ{ OF MISBO$AVE TREATIMNÎS OF CHICKEN AND TURKET

EMBRÏOS AT DIFFERENT SÎAGES OF DEVETOPMENT

,Ot Embryonic Stages of Treatnent

Experimentel&2 Erperiments3&4 Experinent 5

(A) (B) (c) (D) (E) (F)

Q.z w/cmz .oo5 wrr/e^Z o,z mw/eøz o.oo5 m*/emz o.z wrr/emz o.oo5 ^r/r 
2

t Ist üfeek lst ltleek lst ïIeek Ist ÍIeek l&2 ülks. 1&2 lÍkc.

¿ LeZ Wks. 1&2 Wks. I&2 Wks. I&2 Wks. 3&4 Wks. 3&4 Wks.

I 112&3 U¡ks. Lr?&3 Wke. Lr2&3 klks. Lr2&3 lrlks. I-tr Ï¡lks. 1-4 llks.

¡ 2e3 Wks. 2&3 lfks. Znd tdeek Znd Week

I 3rd fifeek 3rd Week 3rd l¡teek 3rd Week

/ Gontrol Control Control Control Control
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10

lo

I*
2+

3*

4*

5*

6

TABTE 2 - DESION OF H]GH DENSITY EXPERIMENT C.

6.99 L3 .97 20.96 ?7 .94

tL5 30 20 150 120 90 2r0 180 r50 300 240 210

10 r0 10 10 t0 10 10 10 to I0 10 10

L5 30 20 150 120 90 2I0 180 t5O 300 2¿n0 210

r0 t0 r0 10 I0 10 10 10 to 10 10 10

Day of incubation when treated.
D1ótance of egg from source of mlcrowaves (cm).
Time of exposuie to microwaves (seconds).
No. of eggs given each treatment.
No. of eggs in eech travelling control group.
No. of eggs in control not taken from control incubator.

I*
2*

3*

4*

5*

6

t0

l*-
2*-
3*-4*-
5'f-
6

ÎABLE 3.

Djgte4qe_ IXgrn_ Sqqfce Ðensity

6.gg
L3"97
20"96
27.9b

I.o2 ,/"*.2 
^0"246 w/ cn.l

0.123 w/cn.l
0"051 w/ cm,"

by power absorbedmeasured

antenna effective area
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ÎABLE 5 - ANALYSTS OF Vå.RTANCE OF lHE HATCHTNG üTEIGHTS
OF CHTCKS IAEATED FOR THE FTRST hIEEK OF TN-
CUBATI0N WIIH tOW DENSIIY ¡/fiCR0hrAVE RADIATION
PRELIIIINART ETPERTI,IENT.

Source

I?eatnents

Error

ToÈaI

df

2

59

61

MS

50.68

L4.78

Experiment 2

df Ir4S

I 0.03

4 1¿1.86

t+ l+9,31+

2L2 11.38

Exoeriment 2

df MS

5 23,98

262 12.48

ÎABTE ó - ANATTSIS OF VARTANCE OF $IE M TCHING ÍTETGHTS
0F CHICKS TREATED WTTH O.Z mw/cm.Z 0R
0.005 mw/cm.z AT VARIoUS STAGES 0F TNCUBAII0N.

EXPERTME}TTS I AND 2

Source

A

B

A+B

Þ?ror

Experíment I
Source df MS

lbeatment 5 32,46

Error 279 14.86

Experiment I
df MS

t 23.73

4 21.38

4 15.3r

227 L3.99

ANALTSTS OF VARTANCE OF ?HE IvtEAN OF BOTH TREAT-
![ENÎ .A.ND TA,ACE LEVELS TNCTUDTNG lHE CONTROL.
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TABTE 7 - ANALTSIS OF VÂ.RTANCE OF $IE HAÎCHTNG hIETGHTS
0F cHrcKs TREATED trlrrH o.2 mw/cm.? 0R o.oo5 mw/em.z
AT VARIOUS STAGES OF INCUBATION - EXPERIMENTS
3 AND Il.

Þcperinent? Þ<perirnent4 
.,,Source df MS df MS

A r 2.59 1 1og. g6*

B 4 Ll+.55 l+ 22.21+

AxB t+ 3.72 l+ L.b7

Error zh6 Lz. j8 n3 9. gI

AI\IAIYSTS OF VARTANCE OF THE TMAN HATCH hIETGHT
OF BOÎH TR,EA$MNT AND TRACE LEVELS INCLUÐTNG
THE CONTROL.

Þ<perimenü I FÞcperiment ln

Souree df MS df MS

lreatment 5 L6.69 j 23.69*

Error 3O5 L2.33 2gZ 9.ZO

Þcperiment 5

df MS

6 63.t9

101 26 JO
LO7

TABLE 8 - ANATTSIS OF VARTANCE OF ?HE TIATCI{TNG VúETGHTS
0F TURKEïS TEEATED t{Iïi O.Z mw/em.Z 0R
0.005 mw/em.¿ AT VARIOUS STAGES 0F INCUBATION -
ETPERI¡IENT 5.

Source

Iþeatment

Error

lotal
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TABLE II ANALYS]S OF VARIANCE OF BODY WEIGI{TS OF CH]çKS
(AT rlvo UIEEKS QF acn) Exp0sED T0 o,z mvt/em"¿ oR

0,005 m*f cm"z AT vARr0us STAGES oF TNCUBATTON -

Source

A

B

AxB

Error

Source

Treatment

Eryor

EXPERTMENTS 1 AND 2"

E)cPerirnent I
df MS

r 5L79'r1*

4 2067 "67

l+ 1c68" 70

218 718"89

ANALYS]S OF VAR]ANCE OF THE
OF BOTH TREATMENT AND TRACE
CONTROL.

df MS

5 348t.59*',

269 gr4"g

Experiment 2

df MS

r 53 "95

4 958 "5t+

4 388.92

2L2 836"È2

}{EAN OF T'II,]O V!'EEK h¡EIGHT
LEVELS TNCLUD]NG THE

df MS

5 376L "95+
26u 83z"or

TABLE L2 - AIVALYSIS OF VAR]ANCE OF BODY WETGHTS Otr' CH]CKS
AT T1'IO WEEKS OT' AGE EXPOSED TO O.2 mw/em.Z OR

O.OO5 MW/CM"¿ AT VARTOUS STAGES OF INCUBATION -
EXPERTMENTS 3 AND 4.

Exr¡eriment 3 llxpefimqnt 4

Source

A

B

AxB

Error

Source

Tþeatment

Error

df

I
l+

4

23t

ANALYS]S
OF BOTH
CONTROL.

df

5

295

lvïS

3360 "t+6

719.80

df IUS

5 1756 "L2

286 665 "7t

MS df ¡4S

2063 "98 I 62,20

556 "L2 t+ IL85.3?

2569 "7 5â' l+ 732 "I7
729 "62 40 6tú "Cg

OF VA.R]ANCE OF THE IVIEAN OF TI¡JO I¡,ETK ITEIGTiT
TREATIVTENT AND TRACE LEVELS INCLUDING THE
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TABLE 13 - MEAN TüEIGHTS IN GRAMS OF CHTCKq AT FOUE'-ETGHT
AND TWENÎY WEEKÊ TREATED DURING THE CROi'rING STAGE
IflITH O.2 mu/cm.z OR ( 0.005 nrw/cm.¿ MICR0IríAVE
RAÐIATION.

Hlgh Ðenslty Lou DensitY - Control
Brollers Layärs Brollers Layers Broilers Layers

lr l{eeks 532 228 53L 22O 520 227

5L7 235 526 227 5ot+ 227

8 1¡Ieeks I36t 629 L5L3 605 1500 62L
L522 626 Lt+8? 6L7 15oo 6L7

20 Weeks 3b2O Lt+t+3 3t+94 ILII 35L9 Lt+3t+

35t+7 LI&g 3360 r35o 3t+b8 ]389

TABTE Il+ - ANAIJTSIS OF VARIANCE OF BODÏ WEIGHTS 0F TURKETS- 
AT FOUR WEEKS AND TWENTT WEEKS OF AGE IN
ENPERIMENT 5.

4 Ïfeeks 2O l{eeks

Sor¡rce df MS f df MS f
Treatment 6 53255.80 O.5g 6 200 0.80

Error 81 89932.LL 78 287

Tota1 87 8l+
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ÎABLE 15 - MEAN WEIGHTS IN Kgms. OF TURKEY POULTS AT SfX
AND T'rrIENTf üIEEKS OF AGE IN EXPERIMENT 5.

6 Tdeekg 2O ltJeeks

Inleeks Treat. Trace lreaü. Traee

L e 2 L.7t+ 1.68 6.39 6.28

3 e 4 1.58 L.56 5.69 5.75

1 - 4 L,67 L,62 6.67 5.69

Control L.7L 6.49

IABIE 16 - ANåLTSIS OF VARIANCE OF THE FOUR hTEEK ITEIGHÎ OF
CHITKS SUBJEÛTEI T0^¿r.07 PICOWATTS/cm.z OR
o.o22 Prooi{Arls/em.z OUntUG THE GROIÍING ppRIoD.

Source df MS f
Grand ToËaI l+26

Breeds I 911931Ió8.18 6688t+"32

lreatments 2 6L62.82 4,1+8

Breed x Treatment 2 699.1+9 O.50

Between Pens
Wlthin Treatment 6 891.82 O.3b

Wlthin Pens
Ttlithin Treatnent l+L5 2563"95

::.'...j:. a
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ÎABIE L7 - ANALYSI$ OF VAR,TANOE OF ETGTTT WEEI! WETGHT OT
CHICKS SUBJECTED TO^40? plcoratts/cm." OR

o.oo2 picouatts/cm.z DURING THE GRoI¡IING PERIOD.

Souree df MS f

Breed x Treatment 2

Between Pens
ftlithin lreatment 6

füithln Pens
Within Treatment l+Lj

Grand Total

Breeds

Treatment

Source

Grand lotal
Breeds

Treatments

Breed x Treatment

Between Pens
!ûithin Treaüment

Hithin Pens
Itlithln Treatment

l+24

1

2

df

399

I
2

2

6

40o.96

o.23

0.14.

0.02

o.3?

L959 "63
0.94

o.72

o"52

o" 88

2673.06

L" 53

o"g3

0.06

3767.88

1.80

1"39

O,59

TABTE 18 - .ANAITSIS OF VARIANCE 0F THE ThIENTY WEEK HEIGHTS
OF GHI0KS SUBJECTEÐ^TO l+O7 plcowatts/cm.¿ OR
o.o2? picowatus/cm.é DURING THE GRohENG PERI0D.
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TABTE 20 - ANALYSTS OF VARTANCE OF THE FEED EFFICIENCIES â
O-2 WEEKS OF AGE-OF CHICKS EXPOSED TO 0.2 rw/cm.É
OR <O.OO5 øw/cm.? II VARIOUS STAGES oF TNOUBATTON.

Source df MS

A T O.OIO N$

B 5 0.014 Ns

AxB 5 0.002 NS

Treatmenü II
Error 22 0.061

Total 33

Meaü Type Laylng lype

4 lleeks

Hieh Low Control High Low Control

1.85 r.83 I.83 2.68 ?.52 2.65

1.94 t. 87 t. 87 2 .73 2. 88 2.81+

I t{eeks

TABTE 21 FEEÐ EFFICIENCY TO FOUR JTND ETGHÎ IÍTEEKS OF AGE .,
OF tHfCKS EXPOSED 10 tpW LEVELS b0? picowatts,/em.'
oR 0.022 plcowatts/cm." DUBING THE GROWING PERIoD.

2.21 2.2L 2.2L 3.00 3 .06 3.A5

?"3O 2.2A 2.2L 3.28 3"2O 3.L5
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TABTE 22 - ANATTSIS OF VARIANCE OF lHE FEED EFFICIENCIES TO
FOUR IâIEEKS OF^AGE 0F THE CHICKS EÏPOSED T0 l+07
picowatts/cm.Z oR o.ozz picowatt s/amoz ouRttgo
THE GROWING PERIOD.

Source

A

B

AB

Treatment

Error

TotaI

Source

A

B

AB

Treatment

Error

Totsl

SS

t+t+737b.47

293.50

L935

t+49593

L853.5

/+681.28

SS

5O3O7O,7t+

7L7.L7

L75.5L

503963.42

11801. 50

5L5768.92

MS

4t+7374.40

LhL.75

967.7L

3089.16

f
1¿l¿1.82**

0.04

0,3r

f
255.70

0. l8
o.ol}

TABLE 23 ANALTSIS Or VAnIANCE OF THE FEED EFFICTENCIES T0
EIGT{T WEEKS OF AGE OF THE CHTTKS EXPOSEÐ TO LOW
LEVEL IVIICROTflAVE IRRADTATTON DURING THE GROWTNG

PERTOD.

df

1

2

2

5

6

1I

df

1

2

2

5

6

1I

MS

5O3O7O.7b

358" 58

97.75

Lg66.gL
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TABLE 26 . ANATTSIS OF VARTANCE OF THE ARC$IN VALUES
OF THE PERCENTAGE HATCH^OF THE CHTCKS
ÎREATED WITH O.2 mw/cm.;¿ OR(0.O05 mw/cm.¿
AT DIFFERENT SIAGE$ OF TNCUBATION.

Source df SS MS f
A I 32. l+7 32, l+7 O, 5b

B 6 9L7.Ll+ L52.35 ?.55*

AXB 6 488.89 8t.l+8 1.36

Treatments L3 l-lû5.50

Error 3l+ 2024.31+ 59.53

Total 47 3459.8t+
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TABTE 28- ÏIEAN HA?CH WEIGHÎS OF OHICKS TREA,IED
DENSTTY MTCR0WAVE RADIAÎIONS AT 0, I
OF INCUBATION - EXPERI1UENT A.

WITH
oR2

HTGH
DAYS

Day of
fncubation

Source

Treatment

Error

TotaI

Treatment

l&,52 gms.

SS

l+O.l+9

åt+g.gl+

890"43

0

I
2

Îrave11Íng Unnoved
tontrol Control

41.10 gms.

l+0.26 1r

I

l+z.LL gms,

ÎABTE 29 - ANALTSIS OF VARTANCE OF THE HA,TCH WETGHTS OF
CHTCKS RESUTTING FROM EXPOSURE OF EGGS TO HIGH
DENSITï MICRO'IIIAVE RADIATIONS AT O, I OR 2 DATS
OF INCUBAÎION - EXPERIMENT A.

DF

3

81

84

MS

L3.bg

10.49

f

l. 28

1. Not recorded as no treatment chicks hatched.
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TABTE 31 - MEAN HATCH WEIGHTS TN GRA.MS OF CHTCKS EXPOSED
l0 1.02, 0.246, O.L23 AND 0.05 w/cm,z oN DAÏS I
OB 2 OF TNCUBATION - ETPERIMENT C.

Density Ttne (Sec. ) Day t My 2

l+5

1.02 ,/"^.2 30 34.5oacegikno

20 35.Ilacegikm 3?.Ilbdegikm

I50-a
0.246 r/c^.z Lza

90 Slr,TLecegikm 36.Zibdfhikt

zLa 3¡.i?acegikm 35.T5aeegikm

o.Lz3 ,/cn,z l8o 31.11bdegÍkm 36.gzac"gikm

I5O 3S.Ogacegikm 36 ,zzaeegÍkm

3oo 32.goaeegikm 36,5obdfhlkm

o.o5r ,/"*.2 zua 3z.?jaeegikm j5.il7acegikm

zLo 3L .i¡3^eeglkm 3? .??bdegikn

lravelling control 38.lobd"gikn 39.57bdfhi1n

Unmoved Control 3?.Z'bdegÍkn
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TABLE 32 - ANALYSIS OF VARIONS OF TIIE EFFECT OF H]GH- DENSITT MICROTüAVE RA,DIAIION ON THE HATCHING
I^JEIGHT OF CHICKS RESTILTING FROM EXPOSURE OF
EMBRYOS A1 DIFFERENÎ STÁ,GES OF DEVELOPMENT -
ETPERIMENT B AND C.

Experiment B E¡cperiment C

Source df I,{S df MS
:

Tþeatments t9 12.33 19 29.32*

Error 80 g.3g Ll+? LL.23 l

Total 99 L66

TABI,E 33 - MEAN 1ÌI0 VIIEEK WEIGHTS 0F CHICKS IN GRAMS
ETPOSED TO HIGH D ENSI1Y IVÍTCROhIAVE RADTATTON A1
0, I 0R 2 DAYS 0F INCUBATT0N - EÏPERTMENT A.

lbeaËment Travelling Control Unmoved Control

0 110.20 Log.75

118.00t
2

106. 83
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TABTE 34 - AN¿'TT$TS OF VARIANCE OF lHE TI¡¡O WEEK WEIGHTS
OF CHICKS EXPOSED TO HTGH DENSITT MTCROIüAVE
RAÐIATïONS ON ÐAYS 0, t OR 2 0F INCUBATI0N
EXPERIMENÎ A.

Source df MS

Treatrnents 3 328.25

Error 67 L7O.52

TotaI 70
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IABLE 36 - IUEAN Tt{O hrEEK WEIGHTS 0F CTTICKS IN GRAMS
nxposnb- ro-i. oàl- o-.á10 ,- o.Iãj--õn' o .ti';7 

"^.2ON DAÏS I OR 2 OF INCUBATION - ETPERTIiMNT C.

Density of
Radiation

Time of
Þcposure (seeonds )

T?eatment ÍJeight
Day I Day 2

loO2 r/c^.2
b5

30

20

t26

L2L 118

O.246 r/"^.2
150

120

9O II9 L20

O.L23 ,/"^.2
zLO

180

r50

111

L27

L2b

138

t33

L26

0"051 n/"^.2
300

2l+O

zLO

131

r30

L2l+

t27

rIg
L2L

I?aveIIing Control

Unmoved Control

114 118

L2l+
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ÎABLE 37 - ANATYSIS OF VARIANCE OF THE TWO IflEEK TdETGHTS
OF CHTOKS EXPOSED TO HTGH DENSTTY MICROVüAVES
AT DAY 0, I On 2 0F INCUBAÎIoN - EXPERIIVIENTS
B AND C.

Experiment B Experinent C

Source df MS df MS

lreatment 19 2t+8"9t+ 19 3?b.8z

Srror 8f L46.89 144 2O5.?z

Total 100 L63

TABLE 38 - PERCENT HAICHABTIITY OF FERTTIE EGGS EXPOSED
TO HTGH DENSTÎT }IICROIIAVE RADIATTONS ON DATS
o, I oR 2 OF TNCIIBATION - BEFERI¡{ENÎ A.

Day of fncubation

Treatment

12

72.1+ 10.3 O

Travelling tontrol 74.1 86.6 È3.3

Unnoved Control 78."3

o
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