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The posalbility of combal irueps bSeing cmusht in lov lsysl allout
Tlelds zod sufloring from betae produced skin lesions lesad.zo the investi-
gation of possible parangters invelved in exyosure to bets rmiliaticn,

Using realistic conditionz, volinteers crawled geveral hupdred feet fhrowh
tegt aresa contamivated with a dry synthetic allout amiterizl. The cone

tazination of the subjects vas oeasured in terms of soil loading acd beta
dese from Laild, Ths sourcea sontriduting to the total bata rediation
verm: (1) the contsminated ield, {2) contazinsticn on the clothing, ard
{3} contoninntion on the skian. It wms found that 20il loading on the
zlothing was approxivately 10 times thet on the sidn. Kowsver the cloth-
5z srovidnd an atlevuation motor of approximately 2 to beta xedistion
56 that the contridution frem the clothing wes about five tines that fro=
whn contamination on the sXin itself. COreviing over dry, hard dist re-
sultad Ln 3 soil loeding on the clothing approxizately ¥ vercent greateyr
than that cblalned on & zowed, grassy {ield. zo

Two mralyticonl zrocedures ware employed 4o detarzine $he bets dose.
Although both procedures were found %0 hove ceriain advestages in the
apalysde, % refingerast oFf the sralybisnl procedures is reeormended for
Suture tectio,
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SURRARY

The | Problen

Iz 1753, pessoonel 1dving for %O days in a falicut ares producad by
2 taznt device in the Endwetok Proving Croundsg daveicped akin lesions attiri-
duted to bete lrradiation, «<hile receiving a2 subelathal uom dose. Jombot
troope night be exposed to slsilar conditdons of Jallous ln vhich the
develonpent of kets produced skin lesions could lead 1o an adverse affect
oo treops in ths serformange of thelr misaicns. Therefore, an lnvegtizs~
tion 57 the problem of contact bets dose (doce due to sources on skin apd
clotheg) 4o troops that may be required to operate ia falloud aress wvus
Investigeted to (1) mscertain environmental fectors vhich are isportarpt
in determining this dose and {2) to develop techmigues for svaluating
relations between tlhese fMctors and the contact bata dosz.

F.ndinga

< mjor fsctors of Imporisnce in deterxining contact deta duse are
‘) "‘ {f=llcut) lomding con skin nud clothes and (2) the hetn dose rats
te gkin resultisg Trow readioisotoves present 1o this scil. Alter volunteer
sub ects persormed a4 combat eravl throusgh a tegy aren «.oveved with ayunthatlic
Fadiout trmowd vith LaldD) these factors vern measured st 15 loomticns oa
the body. Joil loeding on axposed skin was fuund to be spproxisately 1,10
that of adlmeont clothes. Coil leading was found io be acheowbat sensltive

walfdle w4

oy teremln, wut varied Jiuel" among sublects ,.:4: wean 201l lomding
soerusd 4 *..r,.ug 3 eravl mz,wr at ezch of uhv 4.0 paxdly locationa studled
varisd Trem 0.4 to 13 og/oel. The transmiz v af the bete radistion
from the Taif0 trmoed s0il on the clothes was G.S somparad vith depositlons

Airecily on the szin.
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CHAPTER 1

IRTRODUCTION

1.1 OBJECTIVE

This report is Volume V in a series of reports describing the Stonswman
11 Land Target Tests. In thin voluce results of cbjlective (d), "To deter-
nine the cortaminpability characteristics of corbat troops exposed to contact
beta-rediating contasmination”, sre submitted.

1.2 BACEKGROUND ARD HISTORY

On March 1, 1954, seversl groups of Marshallese and cus group of
Anericans were accidentally exposed to the fallout resulting from the deto-
nation of a nuclear device. The Karshallese were exposed to the fallout
and residusl contamination from spproximately R+k until E+58 hra. Approxi-
mataly 20 percent of tha Romgelap group develcoped lesions which might de
considered as comparable to seccod degree thermm) burns. Tha skin lesions
observed were undoubtedly the resuld primarily of beta radiation frem fall-
out material deposited on the skin.® This event showed that direct contani-
ngtion of thes skin with fallout from land surface detgouations can result in
beta lesions to a substantial portion of a population where the gamsa redi-
ation levels exre not high encugh to produce extreme illpess or desth for a
lizited exposure periocd.

The body tissue vhich 18 most seasitive to the deta radistion {rom rall-
out external to the body is the besal layer of the epidermis.2 This layer
is protected by approximately 10 mg/cz® of epithelial cells. This tissue
cen ba expected to undergo the immedinte changes of vesication snd tissue
breakdown when subjected to an acute beta dose of 30 ~ 100 kilorad.* Vesi~
cation Bnd desquematicn can de expected 1-5 weeks following an acute exposure
of 2.5 kilorad.2 The Maraballsse from Rorgelap,vho received a calculated
geama dose of 175 r, but an unimown skin beta dose, showed various degreec
of skin lesions beginning at 12 days after exposure.l

It would De convenient if beta dose rate to a subject could be estimated

fyom known gmzma fields. Some attespts bave been made to estimmte the dose
to a subject on an infinite uniform radicactive surface.3>¥ The consideradle

*I kilorad—=—1000 rad. 1 rad = 100 erg/gm ebsorbed dose



discrepancy betwsen the dsta {ron a Hevads test? axd theory wos attributed
to minor irreguisrities of the terrnin. The problem of sstimsting beta

dosa rates on tha bagiz of gunma measurements becomes very cosplex with the
introductica of additicmal faclors such as shrubs, zrass, rocks, struciures,
etcsy 28 wall as radicactivity on the subject. an alternate pathod of treat-
ing the beta radiations that has been sugnested is 4o connider 1t as a
separata rudiation problea wvhich should be controlled with its owvn gspeciale
ized ipstruments znd techniques.?

1.3 PARKIC PRIRCIPIES

Iata particles of wany coswon radicisctopes have a savipuem range ol
approxizately lecm in tissue acd l-m in air. This property mmXes the come
putaticn of dogse to s surftce fraa 2 sourse not In contect with the surface
dependernt on geometrical configuration and scurce snergy. Rurthermore, the
thecretical approsch 10 Jdosage compulalions ia complicated by the scattering
of wetas as they interact with zmtiter.

The beta-ray dogse rate to tilssve resulting from a thin unlfomm scuree
in contact with the skin has been sesgured apd relatsd to the surface
setivity of the source by 1,0 = X, shera ¥ 15 s constant for a given backe
zcatiering material, and a given beta emitiing rsdtoisotope, Where beta-
ray dcse rata, I, is given in rad/’br, and gurface activity density, G, is
given uc/ce®, K has bdeea found o ba 5.05 {rad/br)/{ue/emd) for P3R.° Ir
1 ue is taken 30 be 3.7 x 10% veta-rays/zec, then for P32, K 18 equal io
00135 m -

#/sec/ca®

The beta-ray dose mate 1o a given srea of the skin of personnel sansuver-
ing (1 an ares of loosely depcsited hetamemitting =aterial i3 due 4o deposits
sn three essentislly independect curfuces: {a) the rixed surroundings,
{described as envircnmextal beta), {(b) 4he clothing, snd (c) the skin. It
tollowg that tha total bLeta-ray doss rale received by a given skin ares is
the accumulation of the dose rates dug to emch 57 thege individual zcurces,
and can de sxpressed as

Im I+ Ig+ 3, (1)

wherae I = total bets dose rRia
I,»= envirormental beta dose rate
Icadeta dose rats from radicaetive material oa clothing

Igm Leta done rate tros radionctive zatarinl on szis

The total hets doze is thep due 40 the doze rates integrated over the
sxposure timen



D= I ds + I, dt + I dt {(2)

The aimpleat beia doeage computstion problem is that of calculsating beis-
oy dose tate to skin {rom bota emitters uniformly distridbuted iz cocatact
with the skin. Az g2ated vrevicusly ihe relstiomehip which has been found

Ig = O, (3)
vhere Gg = surfece activity demgity ca skia (2/sec/ca’)
X = Zxperimentalily deternimed proporticnality coastant for a
given redicisvtope and tmsmevbesizg material mynd/hr

Br msoarrEse g :
CAECATIE AL 3, sec/ el

Specific sctivity and scil =mss loading can be ixtroduced into =qua~
ticn (3) fros

g » LiSe ()
vhere L = Zurfoce rass loading of soll comprising the scurce {(ma/cx?®)

Se » Specific radicnctivity of the syathetic fallout (3/sec/zg)

H = Dilutlion facor for synthetic Mallout mixed with Apert soil

M= systbetic fmlicut mRES
inert soil nass + gynthetic fmllout mass

Fquation { ) can be geweralized by intredgucing travssiltancy,; Js so
thst the equaticn sey 2e applied precticslly io problewms wiere the hola
eaitters are oo the eavironment ang clothings

vher=s J = Transmittancy, determized experinentally for ssch sourcee-receiver

coshinetion, which includes the Jactors of gmoawetry, sboorpiiosn,
scatiering, otc. In this equation J Is equal to L.00 for umi-
Sorcly dletributed beta smitters i contact with skin if the
souree k2s negligibls el sbsorptien.

In using equaticn (5) with emvircmoental dose rate, I, the mass load-
ing, L, of the fallont oa the terrain /Fouidde-deiermised, and 0O BAXIAZ \':: meur.,.
w sy voukd-be- aggumed. Ia uzsing equation {5) with clothing 2ose rate, I, the —
maae lozding, L, wes sszuawd indepandent of mixing and specific activiily,
vut dependent erly on clothipz fibre propertiess and soll propertiex.




1.k SCOPE OF THE TEIST

The pecpe of the tast wex limited to twe general wariadbles, which were
chesen arfter preliminary experizents. These vere (1) tsrrain (bare stsbil-
izad scil, srd dry grass) asnd (2) lemgth of uaneuver {cunbat cravl 200 1t
and 500 Tt). In 2ddition, two 2lizhtly diffaoring analysical techniguesz were
tagted axd used im oLtalning the data.

g



"CRAPTER 2
2.1 mmci Ci‘ t ¢C Fm

Tha syuthetic fallout used in these tests was A=mbroge clny lo=n
#ich vas traced with lanthema k0. 1al%, which has « belf life of
50.2 hre., szits both bets and gasoa rays, so that e variety of rmdiation
detoctors can be used or zaking ecasurcmenis. Volume I of this series
of reports descrides in detail the design sad preparation of the syntbetle
fallout material,

2.2 DISPERSAL OF SYBIHETIC FALIOUT

The synthctic fallout wes digpersed over the test arca vith a mechan-
ized sprender gonsisting of a Modified Burch-Hpdron spreader gexred to
the drive wheels of a duep truck. Sasples pans were get Gut priocr to
syothetiz fallout dispersal to neasure zsss Ioading on the ground axd
specilfic activity of the deposited material. The test ares wus monilored
for gexma vedisticn level with an AN PIR-T13 oy AN/PDE-2T aiter synthetic
fellout sprzeding vas copplete.

2.3 TEST COEDITIONS

Pernounel fron the 50th Chentcal Platoon of the Gth Army volunteersd
as subjeats for this flield test. They wvore itheir own ecomdat fatigues,
cartridge belis and cartridas cases =nd carried 2ock reepons. They vore
slustic guards on their elbows and knees. Cog mmekz (Mork 9) wers also
worn to prevent izhalation of systhetic fallout (See Appendix A).

;' The two torvains selected sers bare stabilized s0il snd dry grasz.
™ Zeep ihRe mixdag of the synthetic fellout with the s0il to0 & winlwmm
#0 that ¥ 13 equstion (5) vould have 8 vRlue aear 1.0, the bare zoil was
Tatersd then laft to bake in tha suz for two days before 2 teat. The dry
ZTmas arch was preparsd by ooving ond rakisng. The grass was left & to
',,’/9“1‘13& tﬁll.



The two ccombal crawlisg distances azelected vere 250-ft and 500-t snd
the subjects {ollowed iyplcal comdat cravling techniques.

Three prelimipary rune (designated as Runs A, B, and C) served to ascear-
tain that the saxisum permissibis rwdistion exposurs tao persvanel vould oot
e excerded. The conditione of Bun A vere set, on iha basis ¢f the ladore-
tory testis, to give radiation dosages at the lover limit of dogimeter filn
detectability. The syuthetis “xliout specific activity was increoned for
Runs B and § to bring the rexiistion leowval up 20 a point coepatible to doth
rediclogical safety and film dosimetry. Rou ¢ vas resarvad ax & zontipgeney
ra end for traiuning.

There svers four sublacts for =ach of the rrelimirery runfs. They rer-
formad 2 250-f% combat cravl {Fig. 2.1) over bare stabilized soil, end then
the four subjects were processed as dasceribed helow ln Section 2,4,

The principle tast consizted of six mps; three on eech of the two types
of teryein., Zach run iznsluded two crswling distances and lvo anslyticnl
sroceduinsd. Ench tost aren was 50 2 125-{%. S5ix sudjects mansuvered on &
tast ama\x_le\ng lanes whieh preveanted their crawvling over the same area
more then once.

28 MSASURSMENT TECENICUES

Zau.l EHpecific Activity Meagurements

Zoil sanples of the test ares surfies wvere collactad bufore snd after
mach run o measure speeific astlviiy. Thess samples ware soligoted by
placirg thr entrince of an alr ssupler cloze o the ground untll suproxi-

tely 5 gm was cellected ¢ the filter. Thoe matsrial wes thes scraped
from the Tilter iate & wveighing botile for gosen radioassaying snd welghing.

ZHha.2 Trrta Dot Bmite Heagurements

Hsosureneats of bela«ray dons rates were made Yy exposing, for koown
+ies, sultsble photogpuphic rilme and ealeulating dose rete from fils dene
sity. Dupoant dosimeter Filmg 555 and 51D were procured in conventicoaml
dantal-sized light-tight packeis. The lover porticn of esch packet wms
shizlded by & 0.005-ip. thick land ghield so that z=ms ray dose could de
amgguresd and sabtructed {ron the open-wvindov film reading. The film packet
was protected Srom soloture and contapination by a polyethyl=ne ecvelops.
7iln expesure density was resd from 23ix pre-selected locaticns on emch fils,
threg from the open~vindow porticn and three Yo ithe lesd-shielded portion,
using elther of tvo HecbetheiAnsco densitoceters. A density va. doze plot
was obtained by sxposirg these films to a Lalbl source calidrated with an

&



18 Perforsing Combat Cravwi on Dare Stabilized
Joil Jonisminsted With Synthetic fallout
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sxtrzpolatios ionlastion chamber similar in desiyn to thnt of Losyinger.d
. -
- Uep

I n dosimalsr Tllxa with graded kuown exposuras 4o the Lol source
wore developsd with cach Lot 0F test muin ©ilms asz = procers cordrol mendure,

The readistion doses conusiderad wers envirommeatal teia dose, elothing
teta dose, =ad sxin bets dose. T beta dossge zessurement procedures wers
smpioyed to zasure these doses. Procedure g omasured total batn-rey doge
durizg the sazeuver and botaeray dose {rom both aizin and elaothes nbzorbed
during sn interval following the sareuver. Prior Lo zansuvers 4wo zets of
dogineter ClIns, Jet A and et B, were zpplied face out to the skin of the
sunjeets at presslected locetisns on the body, shown in Mg, 2.2 and Table
2. . Zet A vns removed upcn the nubjects emerging Crom the test sres atter
lasn then a querter hour's sxposure. et B remaised ln plsce or 3 5o 5
baurs. Oince the tize spent in the test srea uas lnsignificant covpered o
the zomnl dosimetry reriod, ecsentimlly =1l of the measured dose wes due to
sontemliaiion on the clethes 2id skin. The overall procedure iz diagrsnmssd

io pms ~
AT FLZa “aelle



TABLE £.1

Dosinetry 7iim Jcheduls for Determindng Eetao Contributisn of the
Yarious Souress
Zet Purpose Subject and Loeation Zposure
Qe voeition Time
a Totsl Dogags During tkin Test srea quring L 2 hr
agsuver fece out DEDAUVArS
2 Total Dosage Szin Tegt arem duricg 5 hrs

jace put =aneuvers and
dosimetry sren

)

2 Dose Proes akia Gkin coel Dozimatyy sres } days
centamingtion face down

N

3 agee from clothing Thanton Desimetry ares dreza 2 devs
eoatanination Tecs cut in contaningted

% Tose fyowm diastributed Fhanton T2st arsa siter I day
source o the round Tace out mageuvers

Frocadurs I, diagrammed in Tig. 2.4 memsured the thece camponesnt osto
dgans separdtely. Sublects vere only radiologdcal safety dusimetry, It A,
diseany the maneuver.  The dosimstry 7iln scehiedulen, Table T.i, 28 foilowed
=he Shey retuwrnad o the ssalysis puiiding. Their clothes were removed sid
aiaced on phsntoms {(Fiz. 2.8) ouifivted with doesimeter film Set I 40 weadurs
Lhe dogd Syon coatsndnation on toe elcthinrg. These phantons were marnodnins
aovursd with 5. 3-in. polyethylens ‘ackaty to 3ive bota coattering and nbserpe
%icn aimilar to that of 2 humen body. Skin casts {(Fig. 2.7) to romove soil
Jrenmz skin withoug distirbing the noll distridbuticn (Appendix 3) Jere =mods at
the izcatiors on the body shown in Fig. 2.%. Thoe casts vers movnted fasa up
i 8 laalonted choneliz beard. Dogimeter Iilx Jet O waz placed Uzoe doun in
zontazt vith Mhe Tasis U5 masure skin dose and %o radicautograph the distit
bution pattern of the roadiosciive narticles. These Uils seta vere esxpocad
for tvo days. TPhantamg S0-in. tall x l6win. ¥ide were outfisted with doci-
cetagr Pilm Zet ¥ covered with asrrimgbene twill cloth and et up Lo the test
ares 30 zDaagure onvirowmenisl beta duse. These phantosw were L-in. sheel
=ezonite. Tilnm Fet © wag axposed Jor stcut 1 day.

ryl



Pig. 2.2 Clothes Sampling Lecations

FILM SET C°
TO MEASURE
DOSAGE
| MANEUVERING | Fiein M
PERIOD :

/ FILM SET D

(UNDER CLOTHES)
TO MEASURE

& . | DOSIMETRY
= PERIOD
FILM DOSIMETER SET A \

NEXT TO SKIN TO MEASURE
_. BA®HM DOSAGE PLUS
_<¥ 7 COMFMET DOSAGE

Y .—

— N

§ FILM SET €
TO MEASURE

BATH: DOSAGE

!
- PP

Fig. 2.4t Beta Dosage Mezsurement
Procedure 11

11

S e
-~ SN

PERIOD

DOSIMETRY
PERIOD

FILK DOSIMETER SETS B LB
NEXT TO SKIN TO MEASURE
- BATR-DOSAGE PLUS
./ CONSRCT DOSACE /~ - ..
; . ,

! Lol

NEXT TO SKIN
TO MEASURE

CicTae b
AILM SETBONLY

~

SAMPLING
PERIOD

REMOVE SOIL
FROM SKIN

SAMPLE OF
SOILED CLOTHES
WELL CRYSTAL
SCINTILLATION
COUNTER

Fig. 2.3 Beta Dosage Messurement
Procedure I and Local Redioczctity
Messurement Procediure

0 FRONT
B BACK

Fig. 2.5 Skin Cast And Dosimeter
Film Locations
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2,4.3 Surface Activity Denzity Heasuremonts

urface aetivity density was zeasured at the conclusion of the dosimetry
veriod by cuttling avay 2 x 1-1,/2~in. 2lothing zamsles and making 1 1 1-1/2-in.
3kin casts {ippendix B) dirsctly over dosimeter f1lms and then zamm r=dice
agerying these sampies. 3Jemples were telen from subjects arslyred by both
beta dosage measurement procedures, Lseetions ore showm in Fige Z2.2. Tha
expressions Tor csleulating surface activity deraity (at basc time), Gg, :is

4
) A
\:7 :z.t e
P

where Cy = gecumtry {actor of geras rediocassay tastiument (betas,count)
Ay = sagple zctivity at the tizme of counting {count /sec)
t = time of counting {hrs afier base iiza)

1v @ area of sampls {cm?)

N = decay constact (0.017,/hr for Lall0)

Sexele sean soil loasding, L, wos calculated from

L=

gl

= cpecific zotivity at bose time (detas/sec mx)

2.4.5 Respirstory Messurements

Soatril swabs ol gech gubleet were takes before and alter cach 1est run
o indicate the 2ogs3:ble yresenca of radissetivity in the noatril.

Gua =gk cannisters were radiocpznyed following =sech test run. The soil
oz collected in the camnistar during the test run wes celeulated oo the
hasia of aza empirical calibration of the zmssa radintion counter.

+

2ea.5 Tadizlogicel Zalety Frocediswes

KE
%

-'-;1010‘34 g«-m v’:aiey'«] sroeedures shigh were eopl 2@ arg 4dsacril .1 in
g b 3
ﬁ.yL{!’ tai}i.u ,ﬂ‘\l



| CHAPTYR 3

RESULYR

3.1 BUTA DOSE RATES

lothing dbeta dose rates vere related o surface activity density of
i1he clothes through squat.oas (&) and (3), iz the formm J = 1,#G. {The £
valus Tor Lal® {3 0.182 zyed/hr, based on laboratory experiments). Table
8/a/
3¢ Zives tho trangmittancy of L&lm through clothes.

hn treasmittancy data of the bYets radiation froxn the level fterrain were
slotted va mmes loading for emch height above the tarrain. Sooothed curves
vore Titied to the &ains points and transmittancy values for 30 mg/end and
5% zg/cne were cbtained by interpolating along thepse curves. The transalte
tancy values for thege two mass loadings were then repletted vs beight above
the terrain, (Fig. 3.1)0

3.2 HOIL LGADIHG

%04l lomding on skin and clothes was calculaied frosm soll gpecific
aobivity and unit area activiiy of 51(1:1 arnd clocthes weing equation (7).
“he data oy the 250~1t and SCO«rt orawvl diztances were cozmbined, a5 oo
difference in soil loeding due o diatsnce (ses Fizs. 3.2 and 2.3) vas
syidente Tho resulis ase vrassntsd iz Tablae 2.2 aad Figs. 3. 2 a.nd 3.3

4K
4 print (wagnification SB) of a dosioster {ils ia direct covtact with
z skin cest is shown in Tig. 3.3

3.3 CRMEDAL REQULTS

The test zuns werv sede in the sorning at approximmtely 0830; ambient
temperetune was spproximately 5P, The mean tizmes required by the subjects
to crawl 250 £ owas 4.4 ming SO0 £t, J.5 zin. Tho mean specific activiy
and cean 2aus loading of the synthetic fallout as dispevsed on the test
areas are given in Takle 3.3, The seen beta radliation desages received Dy
tha sublects in tha course of Ruzs A, 3, acd £, usad for zetadlishing test
corditiong o0 the principle tast runa, arye ziven in Table 3.3«

w



TABLE Je3

Trenguittancy of 181 proced Synthetie Fallout on Clothss

N YA TR R I T R T SR, M= == s it s T

Pt AG .%t_—:zu-.-\;' (a)
v
]

location ~SELtalanair,

2 collar, hesi 4 18-
3,4 Jecket ceurfs 0.8
. S 4 a (b)
pIS2) inzide albows 2.
{v}
7,8 belov srcpite 1,
3 nid chest 2.5
L ald bask 0.4
1t nalt, Cront Dehs
2 belt, bacx 0.5
13,18 zroin 0.5
13,16  aankles 0.3

&. Standsrd deviatioz is sppreximately + 200§
T. These areas ware sdiscent to heavily soilsd areas {ses Discussion).



i

|

:

-
2

:

i}

l
‘1

'Beta: radiation transmittancy values vs.

[

i
I

1

.FIG. 3.1.

height above dry,: -

0

1

{

i

hard terrain contaminated w

'

t

4
|

i

y———

.....
L . '

R [

;
[P R W S L

v
P
i

[T N

0

Y
(@]

1
A ~¢
S 3 5

RN S o
O N .
AR B o
N w
THEBEREE L RE
:._.%.,A.a...lh_fl“,w, -H.
T R o _
“MAAMN4 § m_ w
PN
ARG : B m
i QW_“ _ :
o B BRCE L L
| crglol gt T T
” ._..mﬁ,(/m/&. ._< T O L A R T
_ M.O.D : _ .....
i b “ P
1 i i ,
i . .
“. -1 ! *
: N .
; | P _
_“.AA " i e
P ! i O A .
R, M - - ‘_1 -
_v_w i ol :
oo : ,"._.,. .# b
e e
__" v P R ; v b
Pl B . ! Pl
[ B e S A r e
_.. b ; Lo ..w.. 1
L o SR L an
N “ . o |
i R e ;e |
i S \ I [
w | | V s e
n‘. - - 4.—.- ru - — ... ;M ..M..*..,
b | | _ RE b | ;
m * | 1 TW_“ ) ! S R
' : . | . : : !
R i Ll SRS S R S YUV O VUV SO S VUL S L SO VUL LSOO U8 S UOS SRS SN AL
o

r .%o:mpMHsm:uqh

A v

T

U R
(R T RTO

Yaa i
I S AR Y]

EEN

3

o

o

; N
. ] ! _L
o

20

70

40

Height above terrain, inches

/



e

<

e
(9

G

Log

SuTpuey T

.

e

T

1

UuoY Ja Iy SR

2
o

L vDOOon

N

0]

t

A

el

bl

S1

ro

— = v v e 1V s e m e

ERRY P

o]

001

[

RN

AN

RS

NANNNNNNY

s

\’t\\\\\\{\\\\\\\\\\\\\\\\\\\‘
S0

NN\

NN\

l

HEERR

N3g ais
\ NV NVIW
INYHLIN0T9

el o2

14 006 ‘ssvyo aaddiid

23

NN

o B

r =

- m

o .

m w

o O

o 5

B

> o

w o

w o
-

S

(6,

(@]

M

—

14 0G2 ‘110S 3IyvE




ARE SOIL, 250 FT
BARE SOIL, 500 FT

SONINNN

LIPPED GRASS, 250 FT

C

X

N

LRSI TN AN

P Kexaveant o Ba s oot 200

CLIPPED GRASS, 500 FT

GEOMETRIC
MEAN AND A
STD DEV

AN

N

l L]

|

T
SIS ORI P I A S S e

l

WIS / O W

Ay

ONIOVOT 110S

2004

16

15

14

13

12

10

O N

LoCAT

in After Conbat Ciml,

.

So0il Loading On S1

-



TABLE 3.2

& wl
< b
8 o

apd Clothes Following Combat Cravl '-m_nqw‘r

“oll Londing oo
secsetric mesn of macs loading in mg/emts (a

‘;;»).]‘(‘:3 :-.4 wai:..e

= R i R S
Locntion 3aro Soil Stubble Grass
_ Zkin  <lothes 2xla Clothes
1 seeky 2lds 0005 006 TeDk 006
3 neck, bachk C.05 b, 308 10
3,"-‘ urista 0.1 ie 0.1 Ze
3,5 icuide altows QG 8.5 .02 O.h
j )t..:) Yalow “"’*Pita e.02 Qos F.0% 3-5
9 shest QQCB 1. O.Qﬁ l.
Ho) neck QQ&"“ e 0.02 s
13 »elt; front 0.03 5. .03 2.
2 belt, back 0.01 1. ¢.0L 0.6
13,14 groin .04 5. 0.02 2.
lt))lé iul?ﬁ 0.01 0.3 $.0L 9025
es(D) - 13 - 5.
éibc“d(b) - (= 1Y - ls
. Statdard dovistiou is approximately + 1%0%.
%. Data froa Run 3 caly. -
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TAZLE 3.3
Srrthetice Faliout HMass Loeding and Tpecific dctivity on T2t irss
Tesl Area  Hodiation
S¥G 338} Lurizcs Zeil Level, Observed 3 Cose

Hong Speeilic spacili 3 T to T=st lubiceis
~ B 7 - PN . . ey, A +
Sun Terrain Londicg Activitz Activit: SRR v s (i YA

p -3 i i "

{zg ce Sisieg Arg oh arv-or} {rad i rod

X el N
4 Bare Joil b, 114 * o iEF 28 21 L
3 3’.“'5 .;Gil :351 N z‘;"j 2“35 l:?t) '615 E‘..“»{)G
c Zare 3oil 1.2 5.7 453 152 260 14020

-~ ] e - -
iz Dare Coil .1 03 336 + 150 -
P 1 2 o 3 . -
ik Grazs 0.6 & 415 + 153 -
Za Dore Soil 12.6 420 349 + 116 140
Zo  Grass 45.0 27 XThh + 125w 104
3n Bare Soil 25.3 365 205 + 077 o7
b SJress 28,3 367 379 + 035 22
Lok veless bdalleved duc to nrefersmtiai pickop oo finer puprticles.
3
,:\



Filgs To% Todlcautogroph Print of Skin Cast Frim
Groin Sumpling Location, fe=st
X i

b

tivity of 306 3 zoc. sy tha ooeas
uentitative reglon” ol the dezi-
cetor Tilm film only) wes 2.4 3 rad, welld
nelow the estatlished mmxinum reruisnible levsl.

LpRSUTE WaT
"

b r Ao ta ] < oy ey “ 1 R s tad ™ v ©
Bostril swmbo tsien before acd arler the smmeuver of Taet Runs 2 asgd
. - - g e Y ot ey R w
wod anproeximately 0 uzm eoil in sootid

~ [ TR E 3 S
1 sho 5. The zZes masl censistisrs
- . b penwr E b S S e 3V el g . 1 R Y
showed 2 isnn reiontion of 270 g of 2edl with a skdalmus value of 32 og
S
£ - IR »
and & aeximum oF LYI0 o,

Inly oDe urine spoviseon shoved simificant radicectivity above HSacke
> - - « , o~y P PN W 9,
: 2{%er Ruz 3, oue sublect shoewved & count oF 5882 + She min in ona

R P e : s ; . N
€. V. Weiss, UTEREL #4030 1o V.Le Teylor, 22 dept. 1358.
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SHAFTER

DINCUEZIOR OF BERULTS

Tokio 3.0 and > s Se 342 and 2.7 indiceste that the soil loading ropuli-
lng Trom creviing through erepred rass vRg approsimatelr &0 persant tint

Jras bare solle ’i‘l;e srade apperenily asted as bath a Trush and a suehioo
SetWean the Wiy and lcose 30il asd ik 1izreby lessened scil buildup somevhed.
These tebiss 2150 show that exosed zkin wvas loadad o only approxizetely 10
Jereent a8 hewevily as the sdiacest cluthing and, =g exroected, coversd skin
wou even less solled.

»

The slbovw aod dnoe aroes sho &5 the hishest :mi}. ioeding. These deia
ware ol ectsd Sor Dun 3 only, iz albow snd imee radn ware worn under the
elothing tiwere 38y Yo s bizs *o t: > resulis; tharefore, thay were not used

> . 5 « 3 2 i
0 drmow concliunlions.

-

i:s: i ?ia.‘a’ 3ail losd velues abour the mweas Jor
of Sest conditiona is much greater then
:"iqvcz and instrusemistion. This spresd
regalt of "m.ia}..,ﬂ:.cal and persural

« Iz eddition; the movewents of anr
“ollov & unlfors zasttern of motica dur-
& for the

study of this facter. Perspine
L Gib. : 23t on soll londing oF the ssin
':'it‘ Al sub.jm’-—:-r whise skdne wero dampered by persipiratics rxww*d higher
soiliny temporardly; nowever o s0Cn 88 the siin &ried, such of this scil
drgpped from it o al‘ars;'czzizg ::“ 2lsthes dua to persplraticn vas notsd.
dad tne togt mung vreguired dugiained cxerticn over a longer pericd, persuice
a%t.on prwbkably would havs "I',wx.mi the zoil loading on 2lothec.

The sindor soil loading of ¢lethes which wes visidbiy ms zv;n‘ox.z.zaze‘

0.3 g, @, The mmximus soil losdirg which 4id sot mprear to b2 'caied
us approximately 5 owgoewP. vtk ihs ald of prepared stapderd of soiled
ed porsonnel ahould be posaible to obtain repid estimmtoes

.l *h ar«d hrsin Ly 1%
of 2oLl lcading s ~lothes nocurste So * 30% withisn this munge.

3



4.2 DOSIMETRY

Sosizetyy checlks vere uade by re-rcading and reecaleulsting ymndonly
chosen asmall syoups of desismeter Jilms uzing different lnstrumenis and
-..ir'e’-ent tochoiclans., Agrsesout {or the Dupont 355 filamg was + 3.04%5 wad
or + $.5%, whichever wms greafer. I mescent Jor the Duront 510 fila vos
+ 3 rad. This uncoriminty beczoo very lopartant in the aavironmental tetn
messurcments, Jhere samma redlation dose e was gresicr than the Leta dose,
2 the bots radlaticn dose vas dotermined by difference.

The accuracy o7 4he 1Y z:wmtte; Ty 45 i dependent upom the mtio =f
tke bota dose rate and surinos activiiy density as wull as the ocetion off
the film with -c.apcw w0 the selled siothing sample. The problen o loes
tion wes minisized by cuttlaog avay the clothing saspla direetly over the

dcsiccter filx ::erorc recovicg the Dilm,

Factory vhich contribated to the distridution of the individunl trmnse
nitianey foctors about the men: for 4 given aanpling location are vel ht
ot the cloth, aeaber of cloth layers, dlstribidion of zodl throughout the
cloth, ard speeoing betvoen tho 2loth sugd skin. D.fferences in soil loo
on aress boundisg the gample lotaticn 2lso contributed $o the veriability
of 1o individual trarsmitfency Tectors. Ho queantitative dsta vers collecced
‘du, 1 oweuld be useiul in 6?&1:-:: ing the :e..atim, importance of *“'&ee Tacters;
NOCVRY ; e 3

ke - a

1'2? 35 = we,l( {"(1,\‘.40( face ulﬂib .-ﬂ;-/ [c,,.(,,,, e wlethes ofwen CPATES L ey

The tms—zi';,,s.my Tactors resarted for the .,a::xvle 1ceaticr: inaide elicy '
and ‘emaa—: arspis {Table 3.1} vere invluenced by hiszh acll loeding of the
lmsediate surroundings which added to the dosnge due Lo m” ¢n the clotp
eoveriug the [ilss, thereby giving an apporent tygnemdbtancy sreater than
kc'\)On

The Tilics o) fet 5 indicuted low zemn dosage snd gpotty dliutributico.

A Doy xrposurtd mSe in & 4arvh rocm with the filn in contact with the puin
casT 2learly show the skin pottern (P1g. le4). DBroause of this dosage
gistribution, the skio : meas 301l leading results of Table 3.2 should son-
sic‘w. this distribution. althouzh the aee: soil loading is relatd ively lov,

ihe spolty distridbuticn 'hm's et small sreas of skin wore sublocted ‘o
aiph dosage. The desizetxy techalique ased sanoct yield quantitstive éatn
of grrmiszal layer dose Trom nenreraint sourses on the ﬁ:.:\ BrTace becsuse
5T peometrical ocblems. Tha zermisal layer i3 shielded from zoll by
spproximately 10 mgren® o7 epithelinl vells wvhile ore emulsion of the ils
ha3 oo shielding, =nd the other has 30 =g 2.

The transmittzney reguits o ‘hiz bagt Torp euvaz;:mnt&l wete dose are
much lower than those g"re:z in a2 theoreticel study.¥ Throe imetors in
tiis test vhich sy accounr Jor the diflarence avre (1) the lower maxima:

{
G



bota anergy (2.5 —ev comparcd ¢o 4.0 3ev of Rererence 4), (2) the roughhess
sf +he terynin {ccopared ‘othe ideal plare of Refersnce 4) and (3) the =mas
loading of syathotice Tallout o5 ibe terrain {comeared to tils neglizivie xass
losding of JAefereonccci)., The lover maximoy energy ©F ‘he beta radistion
would result in much ore attenustion vith distonces. The terrain ruughness
and =ass lomding both wonid rezult in selfaabsorsticn that would alse attsoie
ate the intensity of the hets mys.

DXECE AHALYSTS PROCEDURES

&
.
(V¥

4.,3.,1 analvtical Prucedurn 1

Tha beto dossge zegasurenent Procedure I had the advantage sver Procedure
71 uccause it iovolved the lecet dlsturbancn of the soil lvadingn on the
siin and sicthing of the subject after the maneuver thivugh the synthetde
foiloat. (The filems of Zet A wero attached 4o coxda. A4 sharp tug on ihe
main cord was all ibst Bz Decessary 4o remove this f1lm set). Hovover,; the
tincture of henzoin liquid adhespive, vhich was necessary 10 fasiten films to
the sxis o the sublects, bename noticsably sofled, am? thexshy intsriered
with =making skhiu casis. A.s80; the contagt dosase to [ilm Set B wes lover
than thet oY tha dct D Tilm o Pyocedure II dun Lo the shorier exgposura tinc,
and in addition, Zet B filss hed 2 hipber radiation background dus to thelr
Teing wpra Qurisg the sanouver through the synthetic fel.cut. The latter
wye Tactors ctubiped to soks the Procedure I dosimctry data less relisble
ard =ore dirficult 4o intersvret thon Procaduye 1T dosimetry.

$.2.0 Ammivtiosl Progzdure I

Jote dosape metsuretent Protedurs I bed the distinet advantiage of o
2 22y {contreolled) dosimeter Iilnm exposure pericd which permitted adequate
Jiim exzogurs vithout sreatly cooplicating the test proccduren. There wos
e Jevicus dsturbence and redistritution o7 the soil on 2lothes and akic
a5 & result af removicg the clothes “rom the sublects and placing thes on the
nhastcmse The Jit of the claothing on the thacicsa wvae not as aattrol 28 on
the sudjectis, dbut the affect of ithis an tha wvalues of the troscmittancy
Pagstors when compered i thope saloulatsd Do Procedire Iodsta Was oot
apparenl,

J

%4303 Relimengrt of fomlrtical Proccdures

The eagurewent technigves could ba extendsd in fNuturs tesis to include
grenter detail in the dato. For cxexple, the =20fzct of irregular clothing
sentanination upan 3kia dose vould be batier dooumented by photogranhing
porticns of the clothing and then suiting awny relatively larme (10 x 10 ird)



panpics sand placing these a5 saturally as poszible, uader safelight, agsinst
3 sheet o7 rmdioautogragh filx on 4 phanton. Prosptly followving radicmauto-
#rach exposure, a full size print ¢f the phote and the radiosutograph would
be sompared with the szeple Tor the selpetion or suitable swall samples ‘oo
»adiogsany. The results of the mdioassay than could be relasted to the daose
e, 38 has bdeen dona in this ropurt. 1 aimilar techrique could ba zyplled
to studying the soil on exposed skin. This zore detkiled approach :cuglcd
ui th a very careiul sppraisal ol ithe acticns and physiclogieal peculinriti

of the itest aublects vould =fford a better opportusity for detzrmining .,hc
“aators resporsible for the broad zpread in the data of the preaent test.

A Alrect measure of the =meen =znss loeading of the scil on clothing aress
appesrs poszs.ble by refining <he ignition {achuiques usad ia this test %0
rc-dx.:ce sample volums (Appendix L) and by contrclling sore accurataly the sive

£ the aample arem. The basis for inis suggestion is that there 1ls approxie
mately 5 percest weigh?t lcoes of $0il sod greater thap 35 percent velght lasa
ol cwﬂ" vpon ignltion: almest ail that remains Irom the ignltion is eeil.
Thiz tschnigue wouid also =patle one (o cbtaln scourate clothing-soil specilic
activity data.

hobh SYRTHETIC FALLOUT

labsratory tasting of ihe syntketic fallout has Jdemonstraied that the
1510 sracer besomes abscried onto the soil marticles and provides an accure
ate tracer of the soil undoer chyszienl ol chemica.l copditions o pywater
geverity than those eacountered ia thils test.#

The data ¢f Table 3.3 zomparing syotheotle fallout znd tost mres specilic
activity i3 interproted as indicating litile overall mixing of synthetic
Pallout J<ith the nonetraced tezut sron seils Thereflcre the test nres soil
atsbiliration was zulflciest Mrom the standpoint ¢f axperinental control,
I7 =uch coastreced cull had mized with the mhtheulr “a.l.lout-, interpratation
of the dsis «ould have Losh 20re Ificultse The spreed i the data on tast
aree specific activity £s sttributed io irregular local smixing of zrall
mantitizs of sonetmmeed soll vith symthatic (ailout.

.

The use of the stabilived scll and dry zrass aress in the tests, hovevsr,
leaves wsngvered the questlion of the degree Lo which feRilout =might =ix wiih
the narural ooil during a meneuv such &8 =eo used. Factors such as avall-
sblie locge sall, ”a;.lmnt =238 md‘ s machanical action, wind, reiz, tise
aftar depesition and Talliout ; clc gize dlatribution as cougorsd o thet

1} . «
*5iltghirs, Le.L., oL a1, The sdscyniion of 1a~® on imbrose Clsy Lomn™,
8 ITY L."".stb', J Jan. .Lj_,xc



of the solil are undoubiedly invelved. Tha study of the affinity of particles
for cloth vs., particle sire, coupled vith the particle size distributions of
fmllout and goil; could also lexd additional izforsation to the importasce

or this xind of mixing or dilution as well as to tha retention of tha soll
particles cuo skin and clothing.

=



CHAPTER 5

AFPLICATION OF DATA

Application of the data to n stated axposure to fallout 13 given here in
the Jors of an exfipls computation to 1llustrete one possidble procedurs for
satimating deta dose to personnel. The conditions of exposure are token to
be a3 folicws: two groupe of troops enter o fallout aresa 24 hrs. after bdurst
a.ud)to accomplish a niumu-)are required to mmpeuver over 3 bare stable soil;
the specific sctivity of the fallout iz the ares is 1011 fissions®/mg, and
the fallout zass loading on the terrain is 30 zg/cad, equivaleat to approxi-
petely 2300 r/h at 1 hr after burst. Group A receins in the fallout aress
Group B leaves the fallout ares after 2 hrs, but does not dust its clothes
oor clesn upe

™wo malor assumptions were made in the computaticms: (1) there is no
alxing of the fallout with soui and (2) the f=llout hag approximataly the
gane botas energy spectirun as la ko,

The dosas were calculated Tor locatioms 13 and 14 {zroin). This location
wvas chosen since it wag fousnd to be one of the locations most likely to be
heavily loeded with soil (fallout dust), nud bets lesions in this reglon would
be very affective in reducing personnel afficlency.C

The doses dua to Veta and gamma were calculated by integration using
data baged on uniracticoated =mixed fisslon produsts of y235.9 Dpose rates
were calculated frow the experimental resclite using the forzmulas presented
in Sezetion 1.3.

The environwenial bheta dose rate is gilven by:
Ie=KJg Ly 8 (2q. 6)

¥ w 0.182 %-E‘—““'/ﬁ from Seetion 3.1

#] figsion = 2 radicactive atoms of {ission produsts produced at zero time;
therefore 1011 fissiens/=g = 2 x 1011 atoms of fismsion products per ag
of fallout.



Jg ® 0.034 from Pig. 3.1, 36-in. high, P mg/en? soil leeding
al i ;
s w 20270 B/sce . jonn rissions/mg at He2h hrs (Rerf. 3)

108 zissions
Iq = 0,182 8 zxod/hr x (0.034)x(%0 28 ) x (.oa;?- 8/gec x 1 x 1011 riscilons/mg)
8/sec/cn? coe 10% rissions

Ie = 51.3 B red/hr at E+2b hrs.
The beta dose {rom radioactive zaterisl con clothing is givea by:
Ig» KJg Lg S (eq. 5)
and the beta dose from radiosctive muterial oo skin iz given by:
Ig=KlyS5 | (eq. 3 asg 1)
K and S have been zim previcusliy.
Je = 0.6 from Teble 3.1 loeation 13, ih.
Lo = 5+ 2&/cx? from Table 3.2, location, groin (clothes)
Ly = 0.0 mg/as® from Table 3.2, location, groin (skin)

T = 0,182 x 0.6 x 5. x =079 x W4 152.0 rad/nr
3

3 .
Tg = 0.182 z O.0b x B2 X 102 | 5.2 reasnr
10

The gesma doses vere calculated in a similar manner frow data of Ref. Fe
Ia calculsating ga=zza dose due €0 20i) or clothes,; the value for K was
cbtained by smltiplying X given ia Refe 3 by 0.5.

The calculation results are plotted on Pig. S.1.

Pigure 5.lahowsthatﬂ=emtoorimmofgamdoseiaamrply
arrested vhen the subjectz of Croup B leave the fallout area, but the rato
of increase of the bota dose remains subgteantially the same due to the fall-
out on clothing.

The accum:iated bets doges for Group B, vhich loft the fallout arem after
3 2-hr gtay tise have besn replotted in Pig. 5.2. However, in this {igwre
only the interval including the standard devieticn is indicated. This inter-
val includes the ostimated dosage absorbed by 2/3 of the group. Or, to view
the problea from another standpoint, 1,6 of ‘he group vould de expected to
abgort dosages in excess of the upper boundary.
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CHAPTIR &

CONCLUSICHS AND RECOMIERDATICHS

Three factors foportant in dstemmining the rate of beta doce dellvery
o *he skin of troups that have operated in a contaminated erea are: (3.)
the mnes ilcoding of soil on skia and clothes, (2) the specific bete aciiv
o this soil, and (3) the tmeaesmission of the beta radimtion a:m.;in tl.-:
clothes to the skin.

The soean soil loading resulting from g wlir.daver a conteninated Irassy
area w28 0% of the mean resuliing froa crawvliing over 2 contaminanted ztabil-
icad bere soil arsa. Cravl dlsiance, within 250500 £4 limits, bhad no sige
nificant effect on 801l lomdings with the types of terrain and clizatic
condivions used 1o the lests.

The contanineted suil on c~ t fztimues was approximetely 50§ as effec-
tive in producing beta dose at the =kin Irom .Ju-“a relative to ito beins in
aohitact with skdn

ontexingtad soil on the owposed skin pruduced amall areas of relatively
iy *h cencentrations of radicectivity (and duse-rate); hovever, the nesn doge
Trom soil on ARAR was approxicEtely 1,5 the memn dose from sodl on the ciothes.

I8 Turther study of coptzoi bets radiaticn is conteumplated, considsration
should bo given o messurenents that will zive more detailed informzstion with
Tzl Lo the distribution of the Tzilout pearticles on sxin and zlcthing as
well a3 some of the husen” factors in arder Yo isolate acme of the causes
¥ the lerge devisticns foun

Irder contenisating eonditlions sisilar to those carried out in the

',.arted tosis, bota doge contridbuticn from enviremmental; clothing ard skis
soures +o personnel cperating in an arse of besavy MAllout wald ha rela-
cively =inor in rselmsiion to the cowexistin@g pwma radliaticea. sherees, L€
sersomnel were Jemoved from the fallout field after a stay of skort durstion,
limditing the sawymm dosage to uon-casualty levals, the beta radistion Trum
rediozetive sarticles clinging o clotheg and skin could causa cosumibty
sreducing siin leslons.



Perscanel vithdrsyn Srom 2 falloud fiald in whieh intismte contact with
the sround susfoes wes invelved should de allowed o shover and ziven a
crmplete change of clothes ag 30cn as possible. I corditicms do nct perxil
this degree of tarsestl zanitation, field expedlsnt methods of rerxoving
7isitle dust Irex clothing and skin okould be initiated. In this study,
decontamination sctiung after expopute wera not igvestipgated since nll the
subjects wers utilized 0o study the contamminstion probles itgell and o
derive the dose rate - scll lpading caiibration factsars; 1n future gtudies,
i carried oui, 3 larger nuzber of audbiects sould be procesged vherein some
of *‘hem could be used 20 svaluate perscnnel decontaminastion measuses such a3
sugpestesd above.
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APPINDTE A

BARICLOGICAL SAFEYY

The contasivation of and dtseags to porscunel volunteering as subjects
in the test runes van controlisd by the folloving veanss

- Y - L
4. Oynithetic Msiioutt Ths 1alll vas chexnizally separated rom Tig L0
ngrent and vas checied tor radiochemicel purity pricy o zach test mun.

be The tagt area was monitorsd o deterpine gocow radiation intensity
nafore the saneuvering pericd, end the “otal time intervel for mmneuvering
van sat shert scough to zssure a gasem doeage corsideradly bolow the L,

ce Pocket lonizatiocn chamberz mid dosimeter £iln tadges were vorn
throughout tha test uns %0 give o coutinuous indication and x permmuest
recocd of Famze do6AgSe.

3. In opder to grevent ichalation of the syntheotic falilout, gus =ssis
{dari J) were worm during the Tuns.

e. A Rauiiological "anfety renresentaitive wue present during the test
nms to ssse2s and advise the projeoet officer on the madislogleal situation.

s The monitoring period, with ity thorough radiatian survey of the
sublect vug uacd 4o datormine Y provmt shovering vere sdvicable and wo
Aeteraine the tioe roguirsd for optimen Filn exposure during e dosimetry
nerind.

Ze Subjenta were relezsed Tron it tant only after showering and
fadioliogicel Zafety munitoming.

hy Tuentrelour hour urine speclzens Srom the subloofs wors collecded
syyl gmgﬂif)gr,ﬂ:;f;

fe ALl voluntesr sublacts [or those tesiy were tboroughly fafomsed
20 0 radiological health sapects O their particireticons ritien stats.
wenta of voluntesy participaticn vere cbiadined Irom sach man.



APPIRDIX 3

ABALYTICAL TECHEILUES

o ugelful emiytical techiigques vere develoged: Serple valuma reduction
and guantitative resoval of 301l Syom skin,

Clothing samples soiled with 1al®%0 sraced symthetic rfallout vere reduced
in voluge Ty ashing them st S00-7009C 2or 2-3 hr in & muf®ls fursaces Snch
sangprle w2 1 A crucible vith twice the zagacity of the bulk sawple volume.
After the firing and cooling, the contents of ths crucidle was brashed,
osto a square of sarsn IIln which wag then tolled into 2 gwall bulk and
rzdicassayed. The brush wms cleaned by tapping 1t sgainst the lip of the
eruzible betvesn sampleg. Tha nesn loss was 5 rercent, uvith no contsnle
wailion oirrontrols, despite visible dust drifting ofY the saran £ilm,

Three nethods vere tried 1in an atiemst 40 collect quantitatively the
s0il ‘rom a mmowvn ares of zkin for mean ascil loading measuresentss The
firat wvas to mask the arwe with plastic edhesive tope and serud the zrea
vith dawpened cotion sponges; the second was to Terove the s0il with
adhesive cellophane tape; the third was to resove the 8¢il ap 3 zRin 83 &
ekin improsalon with a plastic omst.

Ty nethodz ware tried iz an attempt Lo caks radicoutograghs of the
synthetlie fallout op the sixin using beta docimetar Mlms: the first wen
Lo fasten the Silm pjacket to bw skin ik varicus adhasive tsypes; the
second WS 10 oxpose the sackst 4o the sain impreszion of & ragd taken
from L sukiect.

Both of the above prablexs were solved by the plaatic cast. Por soil
eclleeting, the sponss waghing procedurs was unsgtisfactory due to inabil ity
o »ask the ares reliably, and the adhesive celiopbane tape required abous
& mpplieations 3o remove visible 8013 2nd lodt the akin raw. Yoo TRiice
avtegrashs, the zRin peruplred under the dogiveter 1in and czused B ro-
distribusion of ibe 3cil on the skin. Saveral cesting caspounds vere trieds
colicdian, liguid lucite, and unplzsented liquid envelope. Jollcdisn
edhersd Lightly and wmsn't tezovedls in ooe plece, ligquid lucite rulled
out 48irs aud laft the akin irritated due to its thlorinated solvent. 3ut
liguid envwnlope zppetred satisfactory in that it smde intirzate contsct



Lith the skin, it dried in 2D nins, wac lexible cacuga s that it “squeegeed
the Baivs 85 it w23 removed, oud 1Y zven rumoved the vislbls scdil oo the
sores and crevices. 4 though the zethyl sthyl xetope solvent led't “bhe skin
dried, po inllemmation gor tenderness was aoted 20 nin O 0re afler rmmovicg
she cagt. Usdiction measurcments lrdicated spproxiumstely 104 residual media-
s3on which, in part, megt have bhoes due Lo mmdiation from adjosent svens.
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