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PENETRATION OF GASEOUS IIJl THHOUGAi HUMAN SKIN

S. M. Gorodinskiy, L. S. ftesxova-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 peneviatlon of radioactive substances

through undamaged skin was stuuleu earlier, as a rule, in experiments

on animals whose skin structure dilfers sharply from human skin.

Exceptions in this respect dre studies of the penetration of radon

through human skin whicn ware conducted directly on people by V. I.

Baranov and A. P. NovitskayQ f 1 ]. The r-sults of these experiments

are undoubtedly of interest but they may not be interpreted for

iodine vapors since it is necessary to consider the specifics of the

physico-chemical naturp of the suastance on which, as is known, their

skin resorption depends to a considerable degree. There is no data in

the known literature on iavestgat~ion of the character and rate of

penetration of vapors ot a radioactive substance through human skin.
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The present work is dedicdted to the study of reorption by

undamaged human skin of vaporous compounds of 1131 with isolation of

the respiratory organs trom contaainatel air.

The experiments wrf iao ed on male volunteers 19-32 years of

age. Each subject was subjzctod to a 3-day clinical examination in

the process of which the funccionai state of the thyroid was

determined and blood analyses were performed. In addition the 3-day

hospitalization had the puzpos.. of identifying the regimen of the

subjects and of standardiziag their ration. Persons were allowed to

take part in the experimeat wao did not have deviations in the

functional activity of the thyroid, with a normal composition of the

peripheral blood and without visiDie damages of the skin. Some

anthropometric data on the suojects is presented in Table 23.

HttiA e. 1IOG9WT I) I "eM b
MM" 3) k-.w OTCM IIOUCPIUOC

A. 25 60 164 1,63
B. 27 75 183 2,03
B. 29 72 1,42 1,94
I'. 28 74 174 1.92
A . 27 72 172 1,87
L. 19 74 177 1.94
X. 32 81 178 2,03

Table 23. Anthropouctric d-ta or tae subjects. KEY: 1) subject: 2)
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age in years; 3) weight, ky; 4) neight, cm: 5) body surface, 2,.

Tho body surface azea of tue subjects was calculated using a

Dyubu graph qiven in the ooK uy N. K. Vitte [2]. The order for

con -ucting the experiment to srtua resorption of iodine by skin

consisted of the followinj. Tnt subject with unprotected skin was

placed in an exposurc cnami~r CJJ quipped with a specially developed

1131-compound vapor generiror. AL n'ntary iadine and the aerosol

fraction contained in tne source wdre rqmovpd with filters. Thus we

studied the resorntion Dy sKin oni of volatile iodine compounds

(preiominantly iodites, iouti, oxides of iodine, and so forth). The

rrspiratory organs of the suoject were isolated from the entrance of

rad~oactivo iodine usinj a ja. ucs.Let into the face portion of which

clean air was fed at the rare ur bu liters per minute. The protective

helment was connected to tne a.,ian clean air line using a corrugated

rubbqr hcsq with a lnrth or 1.5 w. Exhaled air was also removed by

hose and exhaustfed into tae spjce oetween the protective shells and

the axposure chamber.

For Pnsuring thp at. ty OL tu: subjects the tests were conducted

with a relatively low concizntrdtiun of 1131 on the order of 10- 10

Ci/litsr with an exposure uk to 4 aours. The tests were conducted at

a temperature of 270 C; tna re."tvw humility varied from 50 0/0 at
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the beginning of the test up to 92 o/0 at the end.

The accumulation of iodine in the thyroid was used to judge its

penetration into the organism tnzough thp skin. The content of 1131

in the thyroii was mpasurad using a device consisting of a

scintillation s:ensor of a single-channel amplitude analyzer AADO-1

and a conversion davice.

Fifteen tests were jerzornma using the described method; 11 of

them in a state of relativi quiet of th'l subject and 4 with an

average physical load. fher resulrs are given in Tables 24 and 25

re spectively.

Coefficient A=l is the ratio of the iodine content in the

C

thyroid (A. in Curies) to the concentration of iodine vapor in the

chamber (C in Ci/liter).
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Kornewrpairn I D n eprirm mwe Am
III, MT05BitIion Xte-|) |cc~el~e,. i u Kauepe, C.Io', s.w~je,A, A 10"',*  K

A,, x pp . .. "

A. 3.1 3.1 1,0
B. 3,5 2.4 0.7
B. 3,5 5,1 1,5
F. 5,8 9,6 1.7

8,0 21 2,6
E. 14 41 2,9
X 40 51 1,3
A. 80 93 1,2
5. 95 65 0,7
B. 130 89 0,86. 350 30 0.9

Table 24. Resorption by haa sKin coverinqs cf volatile compounds of

r131 (in a state of relative ju1e$t). KEY: 1) subject; 2)

concentration of I1131 in tra cnamDr, C-OI0o, Ci/liter; 3) content of

1131 in the thyroid, Aw*Io0, ci.

Z) 3, wsoe j 6) C $famaecKoR narpysrIe

SN; KOIIIHTpahLII, R at HH - pOHIeTpC , a ITOl-

i I0 wmc..eICI. K I i KIklepe, i1 A'

I A. 80 93 I1.21 120 170 1.1
2 B. 110 89 0.8 120 1;0 1.I
3 E 14 41 2,9 16 41 26
4 X 40 51 J .;i 21 42 2.2

Table 25. Relative qvaluarion ot risorption of volatile compounds of

1131 by human skin at rest ad. uurinq moderate labor. KEY: 1) No.

in sequence; 2) subject; J) at. rest; 4) concentrition of 1131 in the

I
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chamber C.1010, Ci/liteL; .) conteit of 11 in the thyroid,

.*1010, Ci; 6) with a Eaysicai load; 7) concentration of I13 in

the chamber, Co10lo, Ci/lizet; d) content of 1131 in the thyroid,

lq,°1010, Ci.

As is evi]hnt from Tdulz 24 tere is a direct dependence between

the content of iodine in Lue tuyroid and its concentration in the

chamber.

Coefficient K lies in t..H limits of 0.7-2.9. Apparently the

value of coafficient K is afecr.ed by individual peculiarities of the

subjects which is evidpnced by tae scatter of the indices. But in our

opinion the obtained exer Lmentr± dependence between AU4 and C may be

applied to all virtually acLicLty men (in the limits of the conditions

under which tho tests were perfcrwed).

In subjects B and Ye staoility was observed in deviation from

the mean value of cofficieut . irasmuch as the conditions of the

':xprimerts were suffi.cieniiy staDie th- deviations in the value of

coefficients K may be attriDuted to the functional state of the

organism. In subject B no pecuii4Lcties were detected during the

examination. Subject Y, nad a iiumvir of functional changes of the

neuro-vascular apparatus L tiae sxin (porsistent red dermographia,
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appearancP of suontaneously arising red spots on the skin of the

face, neck, and chest and hyjeaiaLosis; during capillaroscopy a

change was dqtected in thd cajui1airy network in the form of an

increase in the number of coiiza capillaries, basal metabolism

+14 0 /0), imparting a vegatLitive-vascular instability to the picture.

The concentration of L131 in the thyroid with its entrance

through the skin during a 4-ILour rxposure may be calculated

approximately using the LdidtIoas.p:

A., = 3C,

where A., is the activity of 11 -3 1 in the thyroid gland, Ci; C is the

concentration of T131 in zhe air, Ci/liter.

In the given formula for erA:uLing safety the maximum

experiw-ntal value of ccezricr~nt &, rounded off, was equal to 3.

In order to explain tie ettect of a physical load on the

rpsorption of iodirne supplementary tests were performed as indicated

above (Table 25).

Contrary to what was expactead the data of the experiments does

not makF it possible tc u~aw a conclusion concerning an increase in

the resorption of iodine witi an i,,crease in the physical load. The
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obtained results nmakf it poss.Lji -o consider that in tentative

calculations of the quantity )r iouine entering the organism through

the skin the degree of ehysLcai 1oading (from rest to moderate labor)

need not b considered.

As a resu! + o" thc co.uuc.;;d -csts no contamination of the skin

by radioactive iodine was iLotei.

Quite important is tm ovarai' evaluation of the 4uantity of

radioactive iodine rescrted by tne skin. Tha maximum permissible

quantity of radioactiva ioduinr in -he thyroid is 1.*-10- 7 Ci [4].

According to th- lata cf ou ,xp,=rLients this corresponds to thc-

quantity of iodine resorba by rne skin in 4 hcurs uith a

concentration of iodine ia Lhe ail on the order of 10 -
7 Ci/liter.

Consequ-ntly this call e LCkdere the ifaximum permissible

concentration of iodin ICI voiaL.1i1 compounds of 1131 in the case of

th -ir rzsorotion from tne air uicrctly by the skin.

Comartson of the co ,ici.nis K=A-" obtained during the
C,

invstiqetion If th- [rtiECLAt;ofn ot iodine through the skin

(roct-miean-squarr valu- uaiinj a Luur-hour e3xposure

K, = 1.67 + 0.75) ind tnzoua tan respiratory organs (in the latter

case accordinq to thp ddtd ot a wuok whose results were presented
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:aarlier, k,, = 120 + 61) 1 )j snows that the entrdnce of gaseous iodine

through the skin compri.-.s 1-., 0/0 of its centrance through the

respiratcry organs. Takanj Lnzo account that the surfaces of the

lufl(Js ar- approximatir-y 1JU-1 )U t.jLios qIriatar than the body surface

it Is possiblie to conclatat tnat tu= rat;- of penetration of vaporous

compounds of iolir,- 1 hroujii a uaii of surface of lung tissue and

through unbroken human sr-iu i-- alijcoximately the saime.
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