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MPOEAPIA TPHI'OPIOY ITAITAMIXAHA

IMPAZEIE KAI ATTODAZEIZ THE AKAAHMIAZ

ANAKOINQZEIZ MH MEAQN

MAIEYTIKH.— The Disadvantages of Radioactive NaCl and the
Advantages of Radioactive Na,Co,* by Aristophanes Papa-
loucas **. *>Avexowvardn o tod %x. Zmvo. Aovrd.

The radioactive 2! Na is one of the very first used radioactive isotopes
in Medicine. Hamilton and Stone were the first to use it, in 1937, in order
to study the excretion of sodium from the body. **Na is a product of the
reaction n, y (from the stable isotope **Na), Table I —which takes place in
the pile-with a half life of 14,9 hours and 2,76 MeV of y radiation.

It was previously used in the treatment of leukemia, Hodgkin’s
desease, sarcoma, polycythemia etc. without any satisfactory effect. Du-
ring the last years its use was rather bounded in the diagnostic side and
experimental investigation.

2Na is an excellent radioactive isotope because: (A) it is a normal con-
stituent of blood and tissues, and therefore it does not give rise to any rea-
ctions. (B) It is a short-life-14,9 hours-isotope, so that total body irradia-
tion can be minimized in a short time. (C) It is not selectively absorbed by
any organ or tissue in the body. (D) It emits a penetrating y ray, easily
detectable through skin and tissues for external recording.

By the use of radioactive sodium Brown and Veall locate the placenta

* From A! Obstetrical and Cynaecological Clinic the Universiny of Athens
Director: Professor N. Louros.

** APIZTO®. XP. IIAITAAOYKAZX, Meiovextrjpate tod QodieveQyod yAwoovyov vatoiov
%ol mAeovextipato Tol Qudievegyold Gvidooxixod vatgiov.
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in the intact human uterus, Baron-Veall use it in problems in plastic
surgery, Payling Wright in the study of blood circulation. Cox, in the
study of the effect of pre-eclamptic toxaemia on the exchange of sodium
in the body and the transfer of sodium across the placenta. ILars Werko
and Sam Brody, in the study of the blood pressure in toxaemia of Pre-
gnancy,; etc.

The sodium used is brought as sodium chloride, and it is introduced
into the pile as NaCl in spite of the disadvantages and risks, which, surely,
could be ignored when it is used near the place of its production and in a
limited time. But in places or countries far away from the pile, the risks
and disadvantages are of importance.

Unfortunately, custom rather than anything else, makes most people
use it, probably because it is considered as one of the constituents of blood
and tissues, and so not dangerous. T'herefore, it was worth considering in
order to get a good idea of the disadvantages of radioactive sodium chlo-
ride, to explain briefly the various reactions in the pile due to the bombard-
ment of the nucleus of Na and Cl with neutrons.

TABLE I
Sl Quanu{q N )
Isotopes n nature Isotopes produced and half-life of them
°fo
Reaction n,y n,p n,a
23 D r 23 | 20,
IINa 100 Ul\a 14,9 hours IONe 40 seconds 91* 12 seconds
35 36 5 35 = 32
I7Cl 75,4 17(‘1 4,4 X 10° yrs 165 87 days 15P 14,1 days
37 38A : 37 : 34
I7(11 24,6 17('1 38 minutes | 165 5 mun:ttes | 153 12,4 secozzds‘_

The nucleus of stable isotope ?‘I’ Na gives birth especially to three

radioactive isotopes (T'able I and II) produced from the following reactions:

Reaction n,y i;‘Na (Half life 14,9 hours)
» n,p igNe ( » » 40 seconds)
» n,a 2R ( » » 12 seconds)
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As far as nge and 2(;) F are concerned their quantity and half

life are not important.

The nucleus of ‘E;Cl (quantity in nature 75, 4%,) and %;Cl (quantity

in nature 24, 6%) produce in the qile the following isotopes;

Reaction n,y‘:’?Gl (Half life 4,4 X 10° years)

» n,p‘;’gs ( » » 8y, days)

» n,a32P ( 14,1 days)

15
&1
Reaction n,y ‘Z’?Cl (Half life 38 minutes)
» o ompds (> 5 > )
» n,a ‘;’gP ( » » 12,4 seconds)
Evidently, the isotopes produced in the pile from %;Cl even in
quantity and the half life are not important. The isotopes ‘;’?Cl and‘ggP produ-
ced from ‘;’; Cl are not important either, but on the contrary, the isotope

35

16 S produced also from the stable isotope 35

17
our experiments in the Isotope Division A. E. R. E., Harwell, it was found

that: 500 m.c. of NaCl contain 8 m. c. of ‘:’gS, with unknown effects on

Cl is important. According to

the suprarenals, kidneys, liver etc. and probably harmful, especially when
radioactive NaCl is used in pregnancy (where S in the body is increased)
for various investigations.

5
6

The quantity of ‘E S contained in 500 m.c. of NaCl according to

time is as follows (Table III).
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TABLE II1
Containment of 85 in 100 p.c
. Quantity 16 et
- Quantity o 85 of Radioactive NaCl according
il of Radioactive NaCl in m.c. 16 to the increased volume
in m. c. of the dilution, because
of the half life
= == - e
o Hours ! 500 m;e. 8 m.c. Th0 0%
5 » | 250 1.6, 8 m.c. 3521 W
30 » 125 111.C. 8 m.c. 6,4 p.c.
45 > 62,5 m.c. 8 m.c. 12,8 w.e.
60 » I‘ 31,25 m.c. 8 m.c. 25,6 W.C.
75 > 15,625 m.c. 8 m.c. 52l e,
9o > 758125 e, 8 m.c. 102,4 M.C.
105 » 3,90625 m.c. 8 m.c. 204,8 p.c.
120 » 1,953125 m.c. 8 m.e. 409,6 p.c.

If we take intov consideration: 1) The use of the radioactive NaCl for
a whole week sometimes. 2) The double or triple quantity of radioactivity,
whenever the radioactive material has to be sent to countries far away from
the pile and 3) That the administered dose for experimental uses is 100 . c.
sometimes, it is obvious that, at the 120%™ hour after the exit from the pile,

24

dilution considered as containing 100 p.c. of radioactive '

Na, contains in

addition 409,6 . c. of ‘?I’g S.

On the other hand by using radioactive Na,CO, we can produce, if
we want, NaCl by the addition of HCI, avoiding by this means the harm-
ful effects of radioactive NaCl, as the new mixture contains radioactive
sodium but non-radioactive chloride

( Na,CO4}F2HCl=2NaCl+H,0-}-CO,).

It is advisable to warm slightly the new productions of the che-
mical reaction in order to evaporate the CO,.

Thus as it is proved, from the various reactions which explain the
disadvantages of NaCl; Na,CO, has the advantage that the new isotopes
produced from it are not able, even by themselves, either in quantity or
half lif, to cause any harmful effect in the organism. Besides that, we can
get rid of them, except sodium, by the above mentioned simple chemical
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reaction, after which, we get NaCl (radioactive sodium but non-radioactive
chloride).

CONECLUSIONS

1. The pure NaCl at the exit from the pile does not exist any more

as NaCl but as a «mixture» containing:
24Na—2Ne—F—3¢C]—8C]—*8S —#'S—%P—*2P,

2. The content of *S is in a considerably large quantity, such as at
the 120" hour to be four times greater than ?*Na.

3. The use of radioactive Na,CO, is preferable, as we can get, by a
simple chemical reaction (Na,CO,+2HCl=2NaCl+H,0-CO,) NaCl which
consists of radioactive **Na but non-radioactive chloride.

HE PRI AFIWIS

To oodieveoydv **No uté yobvov tmodimraciucuot 14,9 dodv xal 2,76 MeV
(Mubho-fhextoovinc-Bort) dxtivoPforiag -y- Tiro &v 8x t®v modtwv eloaydévimv
gig v “Tatouyv looténwy, magayduevov did tiig dvridodosws 0, y & tol **Na.

To *Na winool tods dragowtitovs Goovg €vos dolotou gadievegyol toord-
mov. Todro elodyerar &vedg thg dromxiic otilng xal BouPaodiCerar dg Xhmor-
ofigov vdrotov, yonotuomoieitar 08 elra Vewoodusvov ©g ogudievegydv yAwoiod-
yov Ndrotov. ITagaxohovdoivres Suwg tdag »ara tov Poufaodionov tehovuévag
Tuonvixag Gvtidodoeig xataljyousy eig 1o 6t 0 8z Tiis drowxiic orilng &Eeo-
y6uevov ®g Xhworotyov Ndroiov 8gv elvar dAlo v elun pelyna oadieveoydv
orougelowv, megiéyov *Na—Ne—»F —s¢C]—s:C]—#85 15— P—sip,

Taoetnondn 6ti mdvra T magaydueva gudievegyd lodroma otovyeimv mAny
ot BS eivar dvev arovdandtnros, téoov Boov dpood €ig TV mocdtnta, doov xal
glc tov yobvov Umodimhaciaonod. TAMG T0 *°S tédoov xatra moodtnra, GOV xal
xato obvov Vmodimhaciacuod (87 Hueodv) yonler mepartéom uekérng xad’ Foov
elvar mdavov vo &gy totro BraPeods ouvemeiag 8xi tol fimatog, T®V vepodv xal
70V Emvepotdimy.

Eic ta fjuéreon mergdpata, yevoueva eig 1o Isotope Division A.E.R.E.
Harwell, e0oédn 6t elg moodmmra Xhoorovyov Naroiov gadieveoyeiag 500 m.c.
(millicurie), meotéyovrar 8 m.c. *S.

*Eov Adfopey Om” Sy :

1) Tay 90 mohdv yonownomoinoy tob oadieveoyod yhoorovyov varoiov
moMdrig &nl 6AéuAnoov EBdondda, xad’ fiv tolto vmodumhacialipevov Etacde-

vovtat.
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2) Tob megieyouévov Simhaciov 1) toumhaciov moool oadieveoysiag, mooxer-
UEvou meol woxoav e00LorOUEVOVY wody, (Bote xatd Ty magulaBiv va meoués
yetal glg avro 1 aitmdeioa moodne.

3) 6t 1 dia merpauatinoVg oromovs xoonyovuévn ddéoic avéoyetar molhdxig
elg 100 u. c. (microcurie), mooxvnter &x rovrav dtr thv 120mv GHoav dnd tijg 2E6-
dov tov € tijs drowxiic otiidng, dwddvua Yewooduevov dg megtézov 100 w.c. (mi-
crocurie), **Na, da megiéyy »ai 409,6 n. c. *S, #rov teroandacioy xal mhéov
nocétnra **S dnod to **Na.

’A /’ & ~ 2. ~ ~ -1 ~ ’ \ ~

vivdérog did tig yofoews tol gadievegyol dvioaxixod varolov xal tiic
5': . ~ 6 \ / c ~ & /’ ~ ’ ’
&5 avtol Owa mooothxng Ddooyxlwoinol OEéog maouoxeviic yAwolovyov vatoiov
dmogpevyovrar al miavai BhaPeoai ocvvémeiar Tob gadieveoyol yhmotovyov vatolov,
duétL ©0 magayduevov pelyna, to Gmoiov meouéyer gadieveoydv Ndrolov, Exer moog
rovrorg Xhdowov aveveoyis (Na,CO,+2HCl=2NaCl+4-H,0-}+C0,).

“Odev 10 dvdouninov Ndtoiov déov v mootindror meds deoumevtindy 1o~

’ ’ / ’ - ) 7 cr \ k3 e \ \
ow, St PouPaodilouevov magdyer véa iodrona, driva 8év elvar ixava va moo-
#arésovy xad’ olovdrmore todmov PAafeodv Tiva magevéoyetay &l tod doyaviouod

100 mdoyovTog.
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