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PENETRATION OF GASEOUS I[33® THROUsid HUMAN SKIN

S. M. Gorodinskiy, L. S. Yestkova-soskovets, M. I. Rokhlin, Yu. Ya.
Sokolov, A. D. Turkin, E. A. Fisnevskaya, V. A. Cherednichenko, S. N.

Shatskiy, A. I. Shorokhcv

The question of the penectration of radioactive substances
through undamaged skin was stuaieda earlier, as a rule, in experiments
on animals whose skin structure diifers sharply from human skin.
Exceptions in this respect ar2 studies of the penetration of radon
through human skin whicn J3re conaucted directly on people by V. I.
Baranov and A. P. Novitskaya [1]). [he results of these expariments
are undoubtedly of interest but they may not be interpreted for
iodine vapors since it 1s necessary to consider the specifics of the
physico-chemical nature of the suostance on which, as is known, their
skinr resorption depends to a considerable degres, There is no data in

the known literature on i1avestigation of the character and rate of

penetration of vapors ot a radivactive substance through human skin.




DoC = 1942 FAGE 2

1 The present work is Jdedicated to the study of reorption by
undamag=ad human skin of vaporous compcunds of I131 with isolation of

the respiratory organs rrom contaainated air.

1 Th=2 experiments were performed on male volunteers 19-32 years of
age. Each subject was subjected to a 3-day clinical examination in
the process of which the funccionai state of the thyroid vas
determined and blood analyses were performed. In addition the 3-day
hospitalization had the purposz of identifying the regimen of the
subjects and of standardiziayg their raticn. Persons were allowed to
take part in the experimeat wno did not have deviations in the
functional activity of tha thyroid, with a normal composition of the
peripheral blood and without visioie damages of tha skin. Some

anthropometric data on the supjects is presented in Table 23.

- {oapac I lonepxuoct
) Heenea™ [2) Sorones Voee w |V pocr, on Torn w
i -

| A 2% 60 164 163
3 B. 27 75 183 203
3 B. 29 72 182 1.94
I 28 74 174 1.92
1. 27 72 172 187
E. 19 74 177 194
X. 3R 8l 178 203

Table 23. Anthropometric data or tae subjects, KEY: 1) subject: 2)
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age in years; 3) waight, ky; ¢) neight, cm; 5) body surface, =m2,

The body surface area of thue subjects was calculated using a
Dyubu graph given in the pook vy N« K. Vitte [2). The order for
con .ucting the experiment to study resorption of iodine by skin
consisted of the followiny. The sSuuject with unprotected skin was
placed in an exposure cnamver { 3) 9quipped with a specially developed
It31-compound vapor generator. cleuwentary iosdine and the aerosol
fraction contained ir tne source were removed with filters. Thus we
studied the resorption py skin only of volatile iodine compounds
(prelomirantly iodites, 10dates, o«ides of iodine, and so forth). The
respiratory ocrgans of tne suoject were isolated from the entrance of

radioactive jodine using a gyas neiwet into the face portion of which

clean air was fed at the rate or oV liters per minute. The protective |

?
helment was connected to the waib clean air line using a corrugated ]
rubber hcse with a length of 1,5 w. Exhaled air was also removed by
hose and exhausted into tae space wetween the protective shells and

|

the ~xposure chamber.

For ensuring the sdafaty oL tucv subjects the tests were conducted
vith a relatively low conceltration of 113! on the order of 10-t0
Ci/liter with an exposure up to 4 aours. The tasts ware conducted at

A temperature of 279C; tau r@iative humidity varied from 50 9/, at
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the beginning of the test up to Y2 9/4 at the end.

The accumulation of 1odine in the thyroid was used to judge its
penetration into the organism tnrough the skin. The content of 1131
in the thyroid was measurad using a device consisting of a
scintillation s=2nsor of a single~channel amplitude analyzer AADO~-1

and a conversion device,

Fifteen tests were perrormed using the described method; 11 of
them in a state of relataive quiet of the subject and 4 with an
average physical load. fTheir results are given in Tables 24 and 25

respectively.

A . . .
Coafficient K=-;‘ is the ratio of the iodine content in the

thyroid (Aw in Curies) to the concentratior of iodine vapor in the

chamber (C in Ci/liter).
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'3' ) o [ Ca)epm-e L Ay
4 )) Hecacavemun | » nu.:‘é;@;‘/:.‘-lo‘“. | n_::;;:, A,"X“?.‘:.' K- -
Pl | KiopH
A, 31 3.1 10
b. 35 2.4 07
B. 35 51 1,5
T. 58 96 17
A 80 21 26
E. 14 41 29
K. 40 51 1.3
A, 80 93 12
b. 95 65 07
B. 110 89 0,8
b. 350 303 09

Table 24. Resorption by human skin coverings c¢f volatile compounds of
It31 (in a s*ate of relative juier). KEY: 1) subject; 2)
concantration of I131 iy tue cnamper, Ce1010, Ci/liter; 3) content of l

I131 in the thyroid, Aye1uto, ca.

2) t ? B noxoe 6) C Guanveckod warpyacof
I; ) ‘) N Henu- 4) taszmmc 1) 8concpmmuc
P nn Tyesuit | KOMICHTPANA | 1t gy ronm - KOHUCHTPALNR | viae p 1yronms- .
it ‘ 1w okamepe, | Cpon wetese, K | 1" w xamepe, | yon weacac, A
! ) '(.~10", l(lupu,’.’l' Ay 109, kiopu €A, kiop'a Ay 107, kiopu
’ ! e+ e - e e e e i e
[ 1 A. 80 93 12 120 170 L3
v 2 B. 110 89 08 120 1330 1.1
{ 3 E. 14 41 29 16 1 26
; 4 x. 40 51 1.3 2 4?2 22
1 Table 25. Relative avaluation ot resorption of volatile compounds of
I13t by human skin at rest and uuring moderate labor, KEY: 1) No.

in sequence; 2) subject; 3) at rest; 4) concentration of I'31 in the
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chamber Ce1010, Ci/liter; 5) conteut of I!3t in the thyroid,
/%“ #1010, Ci; A) with a fpaysical lcad; 7) concentration of It3t jin
the chamber, Ce10190, Cisliter; 38) content of I131 in the thyroid,

Ay 1010, ci.

As is eovilent from Tavle 24 tnere is a direct dependence between
the content cof iodine in tue tuyroid and its concentration in the

chamber.

Cozfficient K lies in the liimats of 0.7-2.9. Apparently the
value of coefficient K 1s arfected by individual peculiarities of the

subjects which is evidenc2a by tne scatter of the indices. But in our

PTRPIETIIEE Lo L RT Ty, s

opinion the obtained experimental dependence betwe=n /hd and C may be
applied +o all virtually acdalchy men (in the limits of the conditions

under which the tests were perfcrmed).

In subjects B and Ye staoility was observed in deviation from
the mean value of coefficient K. inasmuch as the conditions of the
axperimerts were sufficilenctiy staplie the deviations in the value of ﬂ
coefficients K mavy be attriputed to the functional state of the
organism. In subject B no pecuiiarities were detected during the

examination. Subject Ye nad a aumper of functicnal changes of the

neuro-vascular apparatus oi tn2 skinh (persistent red dermographia,




e et B e L

E

DOC = 1942 FAGo 1

appearance of svontansously arising red spots on the skin of the
face, nack, and chest and hyjperaniuiosis; during capillaroscopy a
change was detocted in the capiilary network in the form of an
increase in +he nuaber of coilcda capillaries, basal metabolism

+14 9/45), imparting a vegetative-vascular instability to the picture.

The concentration of i13t :pn the thyroid with its entrance
through the skin during a s#-nour exposure may be calculated

approximately using *he reslatioasuip:

Aul = 3C:

where A, 1is the activity of L!3%! in the thyroid gland, Ci: C is the

concentration of T13! ip zThe air, Ci/liter.

In the givaen formula for ensuring safety the maximum

experimantal value of c¢errticie=nt &, rcund24 cff, was equal to 3.

In order 4o explain tne effect of a physical load on the
rasorption of iodine supplementary tests were performed as indicated

above (Table 25).

Contrary to what was expactea the data of the experiments does

not make it possible tc ucaw a conclusion concerning an increase in

the resorption of iodine with an i1ucrease in the physical load. The !
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obtained resul*s make it possiole to consider that in tentative
calculations o€ the quantlity or i1ouine entering the organism through

the skin the dejgree of physical loading (from rest to moderate labor)

)

QAR NI R U A

need not be considersd,

TP = rr sy AR T R 1

As a rasul* of% +he Couuucez2d vests no contamination of the skin

by radioactive iodine was noted.

Quite important is tae ovarali eovaluation of the juantity of
radioactive iodine rescrted by tne skin. Ths maximum permissibls
quartity of radiocactive jiodine in the thyroid is 1.41077 Ci [4].
Accerding tn th= da*a cf our =xperiments this corrssponds to the
quantity of iodine resorbaeu by tn:= skin in 4 hcurs with a

concentration of iodine 14 the air on the order of 107 Ci/liter.

Consequ=ntly this can ue cousidered the rmaximum permissible
concantration of iodine rcer volatiis compounds cf 1131 in the case of

their rasorptinn from tne airl ullectly by the skin.

Comparison of the coelliCichts K=~%}u obtained during the
. . . s g . 1
investigetion of the vejaeciation ot iodine through the skin :
(roct-mean-square value uyuilny a4 rouur-hour =2xposure

Kip= 1.67 & 0.75) ard twnrodgan tne

[

spiratory organs (in the latter

case accordinag to the ddata of a work whose results were presented
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2arlier, K&,= 120 + 61) (o) snows that the entrance of gaseous iodine

through the skin comprises 1-¢ 9/, of its antrance through the
respiratcry organs. Takinj :ntu account that the surfaces of the
lungs are approximately 100-150 tuwes greatar than the body surface
it is possibls *to concluae tnat tue rate of penetration of vaporous
compounds of iniire throuju a uuit of surface of lung tissue and

through unbroken human skin 1s approximately the same.

LITERATURE

| bapanoe B. H., Hosuusus A. [1. Bonpocw Kypoproaornw, 1939, 6.

2 Burre H, K. Tenaonoit 0o6Mell 4eg080Ka It 010 FHEHeHHuseckoe  anaucitne. Tocmenpna-
aatr. VCCP, 1956, :

O Lopodunenuia €. M., Ecoxosa-Cockosey J. C.. Koowakun A . nonp. Hiorouw n
CCCP, 1968, 4.

Vo lyees HoO D O npeaeatlico AONYCTHMBIX YPOBHSX HOMMINPYIOHIIX  waavaennit. Mo s,
M. 1961,

S Tapodunenud C. M., Econosa-Cockosey V1. C., Poxaue M. H.o u ap. Tocrynacnne
napoo6pasubix  cocnelnii {0 B OPralniM  uCJAOBEKA MCPC3  oprawbl  AbIXani.
Pacnpeacaenne, kupernka oOMena #1 6HoNOTHMECKoe  feficThie  pagHOAKTHBHBIX
nsotonos foga. Cxu. nacromniit c6opunk.




PR S0y e o L e
.. L s e v et Myt R S DA SR s 408 ) 16 i et i AL RTRLNEHS - = D e _ i
-~ " b ) T s A ey o JR | e it e T T—— . 1

DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

i ORGANIZATION MICROFICHE ORGANIZATION MICROFICHE
: A205 DMATC 1 E053 AF/INAKA 1 3
' A210 DMAAC 2 EO17 AF/RDXTR~W 1 A
! P344 DIA/RDS-3C 9 E403 AFSC/INA 1
§ C043 USAMIIA 1 E404 AEDC 1
: C509 BALLISTIC RES LABS 1 E408 AFWL 1l
’ C510 AIR MOBILITY R&D 1 E410 ADTC 1l
LAB/F10
C513 PICATINNY ARSENAL 1 FTD
C535 AVIATION SYS COMD 1 CCN 1
€591 FSTC 5 ASD/FTD/NIIS 3
C619 MIA REDSTONE 1 NIA/PHS 1
D008 NI1SC 1 NIIS 2
H300 CUSAICE (USAREUR) 1
PO05 DOF 1l
P0O50 cCIA/CRB/ADY/SD 2
NAVORDSTA (50L) 1l
NASZ. /NST-44 1
AFIT/LD 1
LLI /Code T1.-389 1
NSA/1213/TDI, 2

a

FTD-TD(RS)T-1942-79




