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- Yhe ‘guhn mu} appuoator h to -n inmi&nt i
cdmtant source of radiation. Waex its yidgionl “Qose
is onoe obtalned, barring brothst. it oan bo uuntnd A0 give ‘the
sine dosage inlefinitely =« from m mauth Yo manth ead "rom YP4E to year.
s & matter of fadt, it does" 3 . N jtant - .
pnto \hich 1onda to nur m\u & Ch

} ,,,,,, 'hno ndiun, as x-ray, s uuu!d by itl 1031 LS et on air
1% is not practioal to state in ionization units the sigust -

'I%_1e essential to record the size and shape of the-4pY

amount of rudium in ailligrams, the duration of tho PP

sebonde or minytes, the ehuracter of the screeningy:
and its thioxmu {in the case of the nasal applid ,::

metal), and, when possible, the wotual sixe of mn-; %Ibc, :ad~
hted tin thie 6asa, the nasophnrynx). : IR

xaoh lyplioator is doaigned to contain 50 mg. ©of r'idium. Two
applioators my be used at the sams time, one thrﬂ ah each nostril,
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They may be spparated by the use .of sdhesive tape attached to the ends
of the handles and to the skin on opposite sides of the feoe,

It has been empirically Getermined that a dosage of one an
twenty seoonda with & sinsle spplicetor ig syfficient to desbroy lym-
phold tissue and not to infure the musous membranem of ono ajde of the
nasopherynx, 8 often must be repeated twice, 2t four-week interval:s
£n applloator eontaining one gram of radium is iuunty times as strong
as one containing fifty milligrams. Therefore, to obtain a dosage
equivalent to one gram twsnty'seoonds4thd-§uraéion of t= spplication
should be twenty times as long, or f dred peoond, i.e., six
minutes and Tortiy seconds. FPor notation on the treatment sheét, It
is only nocessary tc give the amount of redium anc the duration of
the application, Where both applicetors sre ussd simulteneously it
should be 30 stated, _

+ + Should the &pplicator contain an appreciebly smaller or greater
amount of radium than fifty milligrams {(one or two milligrem: either
way will make no difference) the time will have to be inoreazed or
deoreased to &prroximately the desired dosage of one gram twenty
seconds with each applicator, ' For exampls, if the applicator sontains
only forty milligrams the :=trength will be only one-twenty-fifth of
e grem end the time shoulé be increased to five hundred seconds or
eight mlnutes and tweaty secomds, =~ = -

essory Aprangements e
An slam timeclook to eontrol the duration of treatmont.-

.. A table in a separate toom where the patient cen 1ie comfortabdly
during the treatment. ‘ C e S S

A heavy lead oylinder twenty em, hight, with a central. openi
large enough to hold two applisators, ¥From the top down thi: sho
be about fifteen em. deep, A 1iining tube of pless or bross may be -
fitted into the cylinder and kept filled wit: alcochol, No top is -
mecesnsary. The walls of the lead sylinder :should be 25 mm, thick,
whioch would mske the diameter 50 mm,, plus the cilsmoter of the central
opening, which would be aprroximstely oné om. ~ = o

” The rurpore of the lead ocarrying eylinder 1:s to adsord all of the
Beta rays and epproximestoly ninety-three per cent of the Gamna rays
omitted by the epplicator, It is for the proteetion of the person
giving the treatment and his essistants, The slcohol is used to
sterilize the epplicator. Lead is the chsapest effectual material
available for . the carrying eylinder and thi: is due tc its high

density.

: More important even than the lead is distance in reducing radiatio:
The varies in intensity inversely with the square of the dlstunce. At
@ distance of a foot or two the radistion from the nasal apylicator

ean be sonsidered as if from a point source, Yor exsmple, at one foot
the radliation 1s 1x 1 - 1, end we can oell this intensity unity, At
ten feet, 10 x 10 - 100, and the intensity 1s reduced to 1/100 of what
1t 18 at one foot, At twenty feet, 20 x 20 - 400, and ths intensity is

reduced to 1/400 of what it is at one foot.
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When treatments aro given the perconnel should be at some distance

liuy. When not in use the appliocators in the eylinder shoulé be stored
in a safe place, &s the radium is vuluablo. S _

o ‘A.small hend truck should be nvailablo to sarry the redium ap-
plioatora in the load oylinders., During the treatment this can be
bept next to the treatment table, When in storege the space shculd de
large enough to take the truck amd the contsiner,

.. Local annithotizing is rariiy”ndoiuahiy'ann‘when necessary should
be revealed by the preliminary nasopharyngosoopy.

As & lubricant, Boro-glycerine is most oconvenient. It can bo
wushed off in a stream of wnter :rter each upylioatlon. . .

b. Aioohol is a oonxeniant means or atorilizing. Heat must novor
uneed. .

v No one nhonld ever toush tha radinn oarrying tube at the end or'
She applicator, If this is done :epoatadly. rldiation chansos nay
otroot the :xin of the ringpra. .

..« With this particular applicator. whero there is co much Beta
tndiation, the wearins of rubber glovo: -hould bo helpful,

teoction to the Parsonnel Us adi icato
S It the pr'oautions outlined aru tbllavnd, th.xo is no dang-r %0
the hands or fingers. 7The spplicator should always be held at the end
of the handle and away from the bodye The placing of the applicator
should be dons repicly anu: when treatment is ccmpleted the applicator
should go back 1n o the oylinder.

Ovor-radiation of tLe entire body daily for months will produoo
& drop in the white blood count. This is mainly in the lymphoid eells.
One~tenth of an r. of Gamma radiation pey diom is without any asoumu~
lative effeet. Actuslly, in treating £ifty patients & day and every
day, AL the precautions indioated are followed, the body would not be
exposed to anything like this safe dose = pradbably not more than 1/100
T. pexr diems There may be variations in tolerance - and it shoculd be
& routins practice to make a complete 8el) oount of the blood in every
doctor and nurse employed in these treatments, Counts might be made
overy two months. Individuals who at the onsot, show & low white
oount should bs excluded from the work.

heo the A aratua

nadinm itselr 1: unstable and Ihon radinl.zl usod 1t is in tho
tora of a salt. For permanent radium .applicators the insoluble sulfate
i3 the best salt to use beoeuse in the event of a bdreak there is much
less danger of & loss. It should be kept in mind, however, that the
epplicator should always be handled as a delicate instrument.

.. Om rato ocoasions & tube conteining radium dévélops a miordaoOpio
fracture which can't be seen but which, nevertheless, allows radon,



the gas which is formed from radium, to escape. As will be explained
later, If this ooours there is a lozs of strength in the spplicetor.

A simple method of determing whether such a dresk has oecurred is by
the use of a srall inexpensivc Alpha ray elsctroscops. If the appli-
oator is put ir the ionization chamber of such an eleotrosecpe and left
for e few minutes end then removed, there should be no chkange in the
functioning of the eluctroscope. However, if radon is escaping the
electroccops will be radio-active and eannot be sharged for several
hours, If this methcd of ceterming lonization or coxme other simple
device 1: smployed, the tub: should be tested about once e week.

-

Sources of Radiunm

Widely distributea in the earth's derust and waters, radium osowrs
in almost infinitesinel quantities, It is found in reocverable amounts
in uranium-bearing cres, which are themscelvee rare, mixed with other
minerzls. Most minsrals containing uranium ero low=grade aud nct
comnercially veluable co far &5 the radium is ocnoermed. Ores yrish in
uranpium arc axceecirngly rare. The riehest daposita so far uncovered
have been in the Belglan Congo and in the Breats Bear lLake region of
Cenada. TIven when an ore goansists of a pure uranium salt the proe
portion of radium to uranium 1s only one to four million. The pogullr
movie, "adams Curie”, prescnts a very good picture of the gunera
plan and difijculties ensountered in separating racium from its ores,
8ince its first extraction dy the Curioes in 1898, there has been ex-
tracted perhaps as much as one thousnnd grams or radium. Moot of
this 18 in medical use, & considerabls amount have bBeen used in manue .
feoturing luminous paints, and a.modest smount employed for ressareh
in the physical laboratories. . e .

GCenery) Facts

Radium's atomlc weight 1s 226, It is en eslement and a ustal,

. It coxmbines with acids to muike stable salts, of which the commonest
are the ochlorice, the bromicde and the sulfate. The first two are sol=
able and suitablc for use in radon planta. The least, the sulfate, is
bdest admpted for medical radium preparctions.

: Mme. Curle, by electrolyslis of a fused salt, cbtained pure radium
which oxidizes ra;idly. It melts at 700° g, |

«% While sold in milligrams of pure radium it i3 not measured by a
scels but by the amcunt of Gamma Hays emitted, A standard prepuration
of pure radium ohloride ocontaining 21.99 milligrams of radilum ohlaride
was prepared by Mme, Curie in 1912, The Bureau of Standards in
Washington Las cnc of the numerous subsidlary standards. A Gamma ray
slectroscope is cuploysd in comparing the strength of an unknown pre-~
pearation with the standard preparation.

Radio~activity is the process of spontaneously omitting rays.

Radlo-active transformaticn 1s the neme epplied to the chenges
which oocur in radio-active materials.



Kinds of Radiation froun Radium

Rays or particles of aatter are digsoharged from atoms undergoing
radlo~active transformaticn. These reys or particles in the c¢ase of
radium, in equilidrium withi its produots, ‘are of three kinds:

l. The Alpha particles are positively elarged Lolium atoms,
Thoy carry most of the energy of radiction, have initial
- Bpeeds of from 9,000 80 20,000 miles per seococnd, and they
welgh atout elgliteen hundred times as much as the Beta
rays. Even those with highest speeds are sbsorbded dy a
fay centizcters of air, a thin sheet of paper or glaas
and, of course, complately by all zetal covers, They are
not, therefore, t0 be considered in qonnection with the

nagal applicator,

2., The Bota rays aro true partiales, negetively ocharged iomns
which ere ejocted from the atoms &t speeds varying from
20,000 to 186,000 miles per second., They are almost eom-
pletely abscrbed by two centimeters of tis.ue, Under the.
heading of "Filters" their availebility will be further
oconsicered, L e f R

3. The Gamma ray: have no eleotricsl charge snd huve the speed
of liskt, 186,000 miles per second. Under modern physical
oconceptions, Just as im the case of ligkt, they have to
be ooncidered particles (quenta) traveling in wave forms,
They heve a very high eapacity of traversing matter opaque
to ordinary light and are identical with X-rays produced
at voltages from 400,000 to 3,000,000 '

Radio~active Transformations =

N Practically all spontaneously radic-ective substences bclong either
to the uranium or thorium groujps of elements, Artifioclal rudio-activity
in almost any e¢lement cun now be produced by bomberdment with neutrons.
The disoovery of the neutron has materially cusnged the idea as to the
qonstruotion of the atom,

" Vil peed only to oonsider the uranium family of which radium is a
member, This grovp of elements atarts with Uranium I, atomic weight
238, and ends with leat, atom weight 206,  Nota that the atomio weight
@eocreases. This is at the rate of four for each transformation -~ ex~
actly the weight of an Alpha particle (helium atom)., When lsad ias
reachsd, also knovn as Fadium G, atadbility is attained and there ls
80 further transforgation, Some of the group only give off Beta and
Gamxa reys. In this oase, tLe new atom is called an isotope of that
from whioh it is cerived and has the same atomio weight but different
chemioel propertiea and is e true elemant, '

Omitting from consideration the isotope, the urenium series oon-
sists of o | .

Ae. Uranium I, welsht 238, which by sponstasous transformation
deoreases to one~half in 4,670,000,000 years.

5.
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B. Uranium II, woight 234, whose half vilue is 2,000,000
yoarge _

C. Ionium, wel. ht 230, whose half value is 69,000 years.
D. Rediun, weisit 226, half Yélﬁo 1.600 years,

E. Radon, welght 222, Lalf value 3,85 éays,.

Fo. Radium A, weight 218, half value 3 minutes.

G. Rediun B and Fadium G, weight 214, helf velue 26.8
minutes and 19,7 ninntaa. ulpootively.

He Redium ¥, Folonium, weight 210, half valun 136.3 deys,
. end finalxy lead, weight 206,

All thouo elementa are 'aolids with tho oxoeption of radon, vhich
is a gas, _

A taeble Beta and Qenma radiatlon ia glven ofr by the is ot.opou of
Umium 11 enc by the iscotopes of Polemium,. Lo

). e

The efreotuul Beta anc Gamna rays from a x‘acium-oontain.,.ng tube,
lro from hadium B enc G, ‘ . .

w‘ | Omitt.ing tron oon«aidcrution the prcdoeossors of !iadi\m and tho
desoedants of Redium B and C, there remains only Kedium, Kedon and .
Radlium B 8nd ¢ of importnnce in the nasal applicator.

All tliree types of Alphe, Beta and Gam. have the property
of ioniziny geses, u?i: energles are heasured by their ioniz

power in small volumes of gag, the Alphe rays are texz thouscnd, the

Beta rays onc humirod, wnd the Goama. reys sre one, This ie a rough
approximation. If the ecnergy of each is teasured by complete absorbtion,
shs Alpba rays ourry 88,8%, the Bste raya A.sﬁ. and the Gamma ruys

6.75 of the totel energye .

Radi adio~8cilive "quilibrium

Bou and Cemna rays are givun otr 1nvnrib1y togothnr. Only
lldi\n B end C, vory short=lived produsts, produce these reys. When
Radium is sealed in a tubs it begins to form Redon,.and the Radon
Radiums B and C., These products begin alsc to disintegrate, rapidly
at first and thon slower. It tokes epproximately thirty days for the
radium tube to reach equilibrium, i.s., the point of meximum Rediums
B end 0 aontent., Then onoe attained it is, for our purposes, constant,

When kedon 1 secled in a tube it i‘eéches squilidrium in four
hours znd then becins tu decrsess at the rate of about one=-sixth every
day. There ic no Redon and no Radiums B and C after sbout thirty days.

A milligrem of Radium containg millions of atoms but only few
undergo transformetion in & unit of time., This rate is perfeotly
uniform and cennot be oh .nged by any of the physical agents known at
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- . Much higher csoncentrations of kadon are possible than in the ocase
of Radium. In the seme volume, at lsast forty times as aotive pre-
parations ere possible, The kedon is measured in the same way as:
Radium: A Curioe of radon has the same energy as a gram of Redium and
the sume applies to freotions suoh as milligrams and milliocuries,

' !hat Hapgéna when Radiatiog;is Abibrﬁod?‘ Qw'. v

- -. If the material traversed is thieck enough thexe is complete .
absorption of all three types of rays. -If an atom i3 piotured as oom-
posed of a central nuoleus and orbital sloetrous (the pucleus containing
protons, electrons and neutrons) it is simpler to visuslize. BEach
proton carries one positive charge and each electron (Beta ray) one
negative charge. A noutron is composed of a proton and en elesotron
ancd has no charge. .An Alphe ray may strilke an atom, lose some of its
enerXgy, and release enormous eleotrons. Suoh electrons aot as Beta
rays do. Very infrequently, an Alpha strikes an atom solidly and
oauses it to lose a proton., This is artificliesl radio-transformation,
It was first observed by Rutherford in she transformation of oxygen -
ioto pitrogen, With Lawrence's Cyelotron end the development of
KNeutrons tais has been aosomplislied for many elements, The Alpha ray
£inally loses all its energy. : T L

.. Beta rays, whioch aye definite particles, elso produse secondary *

electrons and characteristic X-rays, They aot on the orbital sleotrons
of the substance through which they pass and bave most irregular paths,
bounding from eton t0 atom. They vary in their energies and speodsgee .
the higher tne energy the more the effees. . - .i:. . - RIS

¥

. Cemms rays, as visible to light end » &re impenderable, but
are also absorbed and scattered. In passing through tissues they re-
lease electrons from atoms and also ¢haracteristio X-rays, Some of
the observed phecnomena are only explainable on the wave theory, while
' others demand the particle (quanta assumption) to be the understood.
The manner of their sotion and their nature is still in doubt and had
deen argued pro and oon since tha time of Isamc Newton., It would seem
that Gamma yays, like X-rays and like ordinary visidle ligzht, are
partiocles of matter and procved in the form of waves -- the higher
the energy in the particle the shorter the wave length, In the pro-
duction of X-reys the length of the wave is propartional to the voltage
applied to the tube., One ocen, therefore, speuk of Gemma waves of
certain wave lengths as rayt due to gertain voltages,

The weve 1éngtha can be esativrted by the crystal defrzotion
speotroscopic ap._earance enc by the absorption methods,

Effect of Covers opn Radium Preparation

As already pointed oui, soreening, or filtration, markedly chunges
the amount and character of tho radiation used in treatments. For
variocus reasons, meinly, howsver, ocontrolled by the aim to limit the
dosage to the tissue to be treated, it is advansagecus to use different

soreens for uiffarent purposes.
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V2 with m hosogenious radiatica, L.0., &3 the e88e-of Geuma Tays
‘911 of the seme :::nhn_cth, or{ T tho"‘ut-or Beta with m Sama
' .’.¢8u ererg)y i any material-the abssyptien fs b tiad, i.e0,,

g ynit of Shiekness ‘of the absorbed, tWhize Ls the.

is'g . Azt percentegs
of &bserprioa. T

; ike beta .pna Gauma yu: from haclum are not homogenious but are
| in bands, When analyzed they are not in a gontinous speotrum as is
the sase wish X~-reys. When soneidering Redium one apeaks of soft sad
hard Gamma and Peta rays. The soft rays are more sasily absorbded
&84 heve a higher-coeffiolent of adsorption thenm the Lard rays, As
& eonsequence, the total radiction drops rapidly with the first

thia filter and only besomss exponential whea the radiation desones

Bomogenious from the dicaprearance of the rofter ruys,

T™he nbnorz;ion oapeaeity of a filter is proportional to iss density,
! To adoord all the Bete reys only about .5sm. of platinum, gold or
sungsten is required, one mm, for leed or silver, two mm. for brass o
acnsl metal, 10 mnm, for alumizum, and twenty mm. for water snd animel
and humen tiumo. with the exweption eof bdene whioh i adbeut tea mm, .

Iven when all the 7 Beta radiation is absorded there is a sesoadary

Pota and Serme ation from the filter, This is mosS penetratiag
fIom the mwtals of high density. I¢ iz not large from menel metel}
48 1s oconstant from a fixed soures ar in the ease of $he nasal ap-
mum apd, for the trestment of the nasopharynx, 4oes not requie a

ondery soresn of lighter material ordinarily used in &desp treatamats, .v

- It is quite certein that all the Bete rays from the applieator
&re adserded by the tiscues of the nmasopharynx, On the other hand
ywm'um ol absorption of the Gemma raye is smalle AS a given dI
o tude from the walls of the masopharynx She most intemse redistion
iy from the exis perpendioular to the senter of the $ube, and much less
&% she ends, This is becauce of the inverse square law, The redium

in the tudbe mey be considered as a line of points,

Thes influence of filtration by monel metal is appruximately as
followss

With ) mm ~ Besa reays 326, Cesmm rays 70%
2 ’ | _J ” 7

unoj-‘ " . ”
"WMth lomm - * v y ® v o5
"-“20"’ . o 'y ” » lm

This refers to the quality of the beam &nd not the total quantity
“ radixtion, ' A

The primary setion of dhe yadistion is direotly em the atoms of
the tigsue and has already deem deserided.

. WaEges in 1iving Vissws and oells ere direstly proportionsl e
e ratintion ﬁ%q ‘.KQ tWis > :m of & -u{u sposuys givesn

. 18 & S 3imw, it nay e Wedifisd very greatly by the Feperative
| powers of tissues, A wnit dose given at ons sitting prodwses more

She
stance

{
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ofroot than tha seme total dose 1n h.p‘riod Ofal ,Ok With daily ,
freotions being given each day. When $ho fraotions ;ure Elysp at wnakly
fntervals pr a great many weeks, thgri may be . ngithor nacroaoppio oy .
miorcogsoopic ohanges demonstrablc, 'All aveilable evidcnos gées to show
that_ the chenges in tissues due to. ‘Gamme -and Both rays sre tdentiosn),
provided the emount or-energy ebserbed. 1a 140n$1¢c1 and tno ting f.oéor

kcpt cnnstant. CenEL e AIREE

5 Hot long after its disaoter aonﬁ aacidental‘burns occnrred w&th
thﬂ" bandling redium’ and these Qﬁsurvutiona qun ted its uae, a3 e it
thorapwtio agente oo ‘ S RIS

It wes cnrly ob:orvad,thathmanroscopio ohan o8 ooourredro y after
an Lnterval of & numbar ¢f deyd. ;This was sermed the latent period. . -
niorosoOpic chenges. oan ooour ahd de demonstrable even with ‘small {osea
in & few hours,. As the intensity and smount of. dossge . lnoroaaoaA%hp. S
latent poriod booomna ahorter anﬁ_ahurtor. L ”4,_. RN ", R

)fg ;g'!.':* i

" When agaling with normel tiseues, ‘it wad ‘edon racognitod that A0
they varied greatly.in their ability. o _tolerats radiationy . That the "1
lymphoid tigsues were injured by dossge that appsrently bad ‘o effeod i
on other tipsues, was shown by Heihsoke in 190k." This has been cone’
firmed by oyery oxyerinantal atudy msde since then and by oountless.’
elinten}l Obaexzationsu .¥alignant, trensformed ¢ells were found to bo L
less tolerent ‘thun the. pormal qaliz from which they are derived, I%. *hh
is thia ‘aiffersnce in tolerance whigh forms the basis for all 1rrad£t€19n
therapy. -What sotuslly Yakes place is bxnoodi:ggy complex and but 13*?
1nperrootly understood, “There are physigo-chemical and ohemical iy
slterations’ fmmedistely following the _exposures. Whather these priﬂ,l
ohangese: 1044 ‘S0 the permanant shangesd, directly or indirectly, is-une’s%
known. -~There is ebudant microscopic evidence of the final changes lqﬂw
growths and. tlssuqs, such as replaoonsnt by oonnectivo tissucs of the e
paronohymal oolla. é.‘,,;u. o , s ’

Y It ie almo%t cortain that tho primary changss 1n a cell involvnlnim

both nucleus end protoplasih, - Which recovers first and what effect ;n Ty
of oné or the otlLeT may haye on the other is not known. It ir pro .

that the intracellular sissue is contributory tc ths changes, Kdemé’ is

. oonstlnt change tollowing raéiation. - . ¢

. Baotorla, eapecially pathogenlo ones. which cannot be dostroytﬁ
in culturel -aro destroyed by radiation of tissuds in whioh they agdw
_1ooated.> Thia muot bo & seccndery effect. R

. 00119 qprinitely vary - depending on the stagse they are 1n._:§ibiiw
are most essily injured =t the time of division and a very mild yeds= =
1ation.nay*nuuse 1njury of the rappoductive part of the cell alonl.Aigf

£1 Hypoxpltttic tlaauos are more oaaily lnjured than qnlosoent
soues, ; :

~ The rocovery period ot the nasopharyngaal tissues, arter a nnderato E
radietion injury, takes about four weeks, It is decause of this that
the 1ntervuls between treatmenta haa b-cn rixed at this period.
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The surroundings and physiocal oonditions in ell adenolds vary and

« exaotly the same «ffects Irom a similar dosage cunnot be ¢ipcoted in
1 eaoh oage,

The aim of the treatmunt is to remove mechanical cbstruction which
prevents free ventilation through the kustachien tubes, but perhaps
mors iuportent is the rolief of inrectlion whioli cuuse hypcrplasia of
the lyuyhoild tis ues and edema and swelllng of the amucous membrane.

Blological dosage i¢ & tsrm applied to the uosuys necessary to
produce & desired effeot. In this case, it might be called the adenoid
dose. Filtration has merked offect in this conasctlon, <.g., where a
millimeter of brass, or «t. e uivaleal, monel mstul, 1o employed this
dose is two _ram minutes on sithor :lce. If tile riltration is reduced
to o5 millimoters, tic doseze becomes oue gram forty seconds, and with
the epplicator wo recuniend .3 millimaters, one grew twenty scoonds.
The energy absorbec is approximetely the swne and, with the tlssue we
are coealing with, the recsults sre neurly the .aue.



