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ABSTRACT

* Hauds of field test personnel becsme readioactively con-
ted with (a) dust O{Odur“y synthetic falloute containing
Lal* ¢racer, sad (b) 1al% in acid solutiom. Two protective
cresms and several clesning materisls were usod in an attespt
to reduce adhsrance of contaminant and to facilitate decon-
temination. The protective creams were not found to s
advantageous. Three exparimental cleaning solutioms (isotonic
neutral solution of a coamplexing agent plus a detergent and
germicide; an isotonic saline salution at pH 2.0 plus dstergent
and germicide; and a 3% citric acid solutiom) were foumd to
decontaminate skin more readily thana sosp and vater. A water-
less mechanic's hand cleaner was found to cleen hands with the
same effectivensss as sosp nd‘ntcr.\
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RORTETITCAL SUMMARY

The Prohlien

Axliomctive contamination of the skin of personnel follow-
ing & nuclisar weapon detonation or a radiological accident can
coretitute & serious health problem. However, study of pre-
vaniing contamination or removing contaminant until novw has
bern Limiiadi to laboratory-scale tests of creams ard iiquids
for protecting and clemning hends. Evaluation under field
cenditions hes been lacking.

Finning

i

The kands of personnel became contaminated with synthetic
ralicut Aurinpg & land reclase*ion Tlell test. Two protective
creams vers ueed in an stteapt to reduce adherance of the con-
razinaat, and several cleaning materials to facilitate decon-
tamination.

The protective creams were not found to be advantageous.
Thiez experimsntal cleaning molutions were found to decontam-
{nate skin more readily than soap and water. A waterless hand
clesner wvas found to clean bands with the same effectiveness

28 soap ard vALet.
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Tne work reported was an outgrowth of an investigation
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REFCIT 8 IRVESTIGATION

TITROMYOTION
Frilioective convamination of the skin of personnel following a

nuclear veanom dsteonation or a radiological accident can constitute a

eoyfoms hesltl problem. fovever, study of preventing coutenmination or

remcring conten insnt wntll now hae been limited to laborstory tesis on

s o) ni* < of contmminated skin. No information is available on the

relntive mecits of clerning materieals used under field conditions.

Prevrentica v -ugh the use of rubber gloves is desirable; but under field

tris may nct always te pmcticﬂ or pcssible. Also, conteminants

ce ncitions e
~rve besn kown to penetrate surgeon'sa gloves.l Therefore, it 1s necessory
Lo bavae alterpate nmeans of protecting or cleaning hards vwhich aize vulnerable

o costamination wder field conditions.

Varicus lsboratories that utilize radicisotopes in reseexrch have
put lisghed the results of case studles in which the skin of personnel which
rad bacome accidentally contaminated were deconteminated., Most of these
Jeronteminations were performed with strong chemical reagents vhich are
senarally oot epplicable to field work inasmuch as they require careful
suservision to prevent serious skin irritation.

Mild chemical skin decortamination methods were studied at USKRDL in
502 Two types of solutions that appearcd suitable were developed: cne
T~ congisted of {sotonic neutral soluticns of complexing agents, plun a
tergent and germicide; the other was an isotonic saline solution at
2.6, plus a a,etsr§9nt and germicide, The toxicitvy of thesc solutions
as gtn ).ir'd. in 1950:2 Yoth were found slightly irritating, probsbly due

thn ot etlde,  Trie study alro shioved that these solutionr %ended to
nireace the sadeorption into the body of e soluble §r89Cl, contaminent.
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corrweal and detergent, but - one particular individual such treatment
434 rot rracve the costaminant. An areon.acal petrcleum-based waterless
hand clermer was found tc be effective in cleaning this individual's

wWeosle .

Parvier creams, advertiesd as reducing dermntitisz caused by contact
seente, suzh ag sclvents, grimes, pcl)~rs, aad irritating plants, are e
posaibhle prevertive. Tne use of btarrier creass has reduced the problem
of gkin contamination in one satomic energy pl.a.r.t;l but tests using barrier
crearxs to reducs the effect of other contact zgents bave not been conclu-

aive "

Pavrier creams pay sctually interpoze a physical barrier between the
exin and potential cootaminatirg ageuts. The cieam, if spplied heavily
enough, mBight even act as a shield against alpha and low-energy dbeta
rediz,tion. Fereonne) from this laboratory vwhoe have used various barrier
cres s foumd them generally usaful for redroing the effect reguired to
clead haodis alter working vith ordinery sndustrial greaszes; priats, and
grimes, end the creems civted noc skin {rritation. It ‘wms upon thesé bases
thatl. a test of the value of bsrrier creams vas proposed for Operation
KEDATIZG as part of Project 2.8, Caly limited data were obtained due to
the effectivesness of the Rndiologlcal Safety Prograw.>

Uome ol conducted A lend target recovery fisld teat at Cexp Stonemen,
Pitisburg, California, in September 1956. Pull-zeale decomtamination
procedures were used om liwitsd aress contaminated with synthetic fallrut;
thip providad =r excallent opportunity to test methda and procedures of
hand dscomtasication. ‘Tala report Geazriben the axpveriment which wen
undartaken. The obinctives vere to dezisrmine the effectiveness of berrier
crewmg 1n preventing contamination from adhering to hands and to detersmins
the effectiveness of a waterless cleaner and three experi{mental soluticus
in revovizg rsdusiceical comtaziasation from the skin of the hands.

During the land target recovery tests the ncrml field ration
duties fn:luded: LaldO golution joeparation; mixing the Ial“D solution
with soll to mrice e synthetic fallout; dispersing the syathetic fallout;
redintion survey; acd decontamination operstices. Selected test personanl
vare ziven the experimental pretuction of a barrier cresz prior to enter-
ing the contarinated ares. Any persoa returning from the contaminated arsa
with over 500 c¢/win oa his bhanils, ag dstermined by the Radiological Safety
Fmitor, wvas directed by the monitor to tha hand clesning center vhere a
sequence of count-clean-coumt was performed on the peims of his hands using
the experimental procedures described belov in the gection headed "Cleaning.”
When the experimental band cleaning sequence for an Indizidual was completeg
be wali reless:d Lo the Radiclogical Safety Group for routine personnel de-
comtaainaticn.
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Tares types of contamirant vere used in this »xperiment. Most of the
data own which this ’opo% is based cime from contamination Ly synthetic
fallout traced with Lal%V; other data came from contamixmt*&n by acid Lal
soluticn used in prsparing the synthetic fallouts. The Lal is a8 5- and
y-emitting radiotsctips with a 4O-hr half-1ifa.

The *¥e lypes of sypthetic fudlout vere: dry, using smbrose clay
lcam, aud slurry, using San Francisco Bay harbor bottom material. The
La~*" tvacer concentrations fnr these synthotic faléoute were 7.5 ,uc/g
and C.75 nc/g, giving a totsl of four combirations Previous experiments
had indicmted that the Lal%0 vas firmly mdsorbed o the synthetic fallout
and tha* cleaning operations did not desord the Lal 140 from the bulk carrier
raterial; in other words, the detectirn of Lal0 radiationr wos a good
indi~alicn of the presence of saynthetic fallout.

The tnird contaminsnt type was the acid Lal%0 solution. The Lall0 in
ibis eojution was in a chemicel form guitable for absorbing onto most solids,
ime La+“Y in this Torm was not a tracer 7:r a bulk carrier material; it
wrg the contaminent,

Protestion

Tue rout'ne rpd-safe procedwr for protecting the hands of those
veyforeing vne Lat*0 golution preparation included the wearing of surgeon's
gloves, while cotton gloves vere worn when manval work was being performed.
Additionel eperimental protection was provided to randomly selected per-
scnnel hy tae eppliceticn of & barrier creem prior to working in the
contemirnated arers.

The creams tested were (ream A, & hard, vax-like cream,8 and Cream
B, & soft, earlly smoothed cresm simjilar to comvon cleansing cream.%®
Botil wWele propliewssy preparations selected as sultabie Tor wel work.

Cleaning

The havi cleaning vas pealarmed by test porsonnel under swpervision.
A vigorous 1- to 2-oin wash vas prescribed, but nct timed. Drying was
done with paper Lowele. The formulations of the diffsreni washcs tested
and application procedimes are given in Teble 1.

Scap and water wathing vas chosen es a control. The EDTA and gaiine
solutions were salected &8 & result of previocus wvork at USNHDL.< The
veterless cleaner vas selected becaunse of favorable experieunce at Cocration
CAGTLE. The citric acid wves recommended by the Radiolcgical Safety
Tapregaptative for the field testa. .

ST T ¥iriAey 71, " manufacturcd by Ayret Laboratories, New York, New York.
3
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Cleaning Formulations and Procedures

et fortn S MRIRRS L i g

Approximata
Wash ormmila*ion { vt Amount per Cleaning
Applicetion Sequence(d)
o W TR, : B A,
Sosp and Rtearate Boap, No' Lidited Wet han ,
vntar 6(51.8-1879 lather, rinse,
wipe dry
¥aterless Amaoniscal Petrclsume 15 ce Pud into skin,
Pard Cleansr dazed proprietary wips clean
formalation with 2 towels
rrA xem-xrmala) 3.0 Som Rub during
Dmiuf&ctm<b) 0.1 application,
Jetting Agent(c) .k rinse, wipe dry
Vater 96.5
Bl (to aijust e
PR to 7) ’
Saline NuCl (1aotonzc; 0.9 S0 ml Rud during
Disinfectunt ? . 0.1 spplication,
Vetting mgentic) O.h rinse, wipe
Warep 98.6 ary
71 {to adiust
PE to 2)
Cieriec Acid Clitric s~1d4 3 50 =1 Rub Quring
Veter 97 opplication,
rinzs, wipe
ary
(/) Tetra sodius ethylensdiaaintetrascetic acid.
{v) i~ Laodulylpbesoxyetiogethyldinetiy denzy lanmont um-
chleridesscanbpdrata,
'c? AXlylasylpolyetheralenhol.
2«&) All rinses were with tap water, all drying was with one paper

tovel unlesa othervise noted.,
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Two wanshings by the swre method vere performed in each cose, unless
orer Wwagsh browght tee lount very clos¢ to the hockgrcund count.  More than
Wy wnshirgs asing the same method wvere perfinrmesl when activity levele

permitted,

in some instances of unuswally high beta rendings, more than one
clannng wetho® was prescribed,

Iratrimentiticn

The instrmment for routine init{al rediological safety monitoring was
a Gelyger-Muller end-window count rote meter.® The instiument ‘wWed in this
study for osesessing contaminction on the palms of the honds wes *he USNRDL
isrge Area Beta Detmctnr. Tis Instrwment, designed and built by the
Nucleonice Divisien of USKRDL, consists of a modified AN/UDR-9 radiac set,
& rre-zoplifier, and a detector. A S-min timer*® replaces the normel
gwitohing and timing circui‘s of the.ﬁN/UDR~9 to simplify the operation of
“he instrument. The pre-asuplifier is a 3-~tche device with a voltage gai
of approximately 1,(X0. The detector uges an & x 10 x l/S-én. sheet of
pleretic scintillent.™™ The scintillant is coupied with 100 centistoke
D2-a00 silicone oil te & segmented plexiglas lighy-pipe, which is coupled
to @ 5-in. diameter phiotcmultiplier tube. ¥ e dctactor pre-amplifier
combiration is contrined in a Jight-tight hox with 2 remcvable cover. The
instrument was gzt to give a 15-sec rcount. The physical relationship be-~
tween & perason wilh his hawnds in position for counting and the elements of the

beta counter prowmli©ier is5 shown in Fig. 1.

Two 12-p: saples of synthetic fallout vere prepured for instrument
stundrrdizatfon. Semple 1 wes 0.75 uc/g San Francisco Bay mud (dried).

Sxrple 2 was 7.5 pc/g San Francisco Bay mud (dried). The averasged 15-gec
count wzs used as the gtandiprdizevion factor to convert from counts per

15 sec (¢/15 sec) to microcuries (uz).

PECATE AND DISTIRSION
The effectiveness of the vnrious methoda tested is expresced ns a

residunl fructlion, the bota rodization resding of the palms of the rands

wken imiad!ntely fter a wvoshing dividad by the betn reading taken

* Model 2/%0, Derxeley Sriertifie Div., Beckmun Inetruments Corp.,
Riehmenl, C.iif.
¥ "Mieroflex” Timer, Envle S5tmmal Corp., Meline, I11.
r¥® "Seintilon BY, Nationnl Radiac, Newsrk, . T,
¥ Dype 6300, AUT. Dreenmn Inc., Clifton, New Jersey.
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LEAD SHIELD
PHOTOMULTIPLIER
SCINTILLANT
LIGHT SHIELD

—3 LIGHT PIPE

}ig. 1 large-area Beta Detector in Use
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C L0 8 pmmmmesrsstsmemsmes MOXiTIUM Perm.ss.ble Level (Ref 8

P—-
INIYIAL LEVEL 1at 2nd 3td
(hermaized) AFTER INDICATED WASHING

Fig. 2 Coamparison of Waterless Cleaner With Soap and Water

immediately before the washing (that is, the readings taken before end
after any one of several wsshings). All types of contaminant are included
in ;he evaluntion of a clesning method, unlegs otherwise noted.

P~ tection Methods

The two barrier creams tested, when used in conjunction with a soep
ani wvater wvash, gave approximately the same results as a soap and water
wach vith no special protection (Table 2).

Clesning Methods

The residual fractions for the soep, EDTA, and waterless cleaning
methods were divided into three growps to determine gross effe_is due to
initisl contaminaticn level. These group Aivisions were beeed on initial
level: lesa than Q.03 me, 0.03 to 0.3 pe, aul greater than 0.3 ne. The
logarithmic wezn residuml fractions are presented in Table 2. They were
normalized to 1 ue, 0.1 uc and 0.0l pc for convenience of comparison
(Pigs. 2 and 3). The results presented are for all three contaminant

types corbined, The British maximum permissible level9 of fixed radio-
activity on the skin is 105 ix/cm2, vhieh is equal to 0.004% uc wniformly- *

distrirted on the pelms of both hands.*

* The U. S. hags no camparable maximum permissible level.

{
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Fig. 3 Comparison of Aqueous Cleaning Mathods

Vaterlesc Hand Cleaner. The averages of the first washings with
vaterless cleaner werse roximately as effective as the equivaient sosp
washings {Table 32, Fig. 2). A reviev of the washing procedure will ghow
that vhile the soap and water vishiig method was not limifted by the amount
of wvater that could be used, the waterless method used only 15 cc of

cleansr for onme washing.

EDTA. The aversg: rsaidual contamination from washimg with EDTA was
considerably lcwer than that of soap snd water (Table 2, Fig. 3).

To furthar test the affectiveness of EDTA, we deviated from the

origimal plan of using s single washing method; the initial washing was
with soap, tie second with EDTA, The result cf this test shcwed that the
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residuel fraction for the EDTA wash wvas sssller than residual fraction
for we soap wash. Also, two EDTA washings removed more contamination
thas the one soap wash plus one EDTA wash.

Saline Solntim: E-Q. The average residual contaminmation from wvash-
ing acidic pe solution vas considerably lower than that of
soap und somevhat higher than that of the EDTA (Table 2, Fig. 3).

A test, similar to the specizl test for EDTA, was performed using the
saline solution (Txdle 2, Fig. 3). The first two washings were vwith soap.
The third wag with saline solution. The residual fraction frcm the saline
solution wasking averaged atout Balf the residml fraction for the equiv-
alent sonp wash, showing that the saline solution removed the contaminant

to a grester degree than sosp.

Citric Acid Solution. The citric acid snlution vas give~ a cursory
test (Trble 2, Hg. 3)/. The aversge residual from the citric acid washing
was approximetely the sumw as that of e EDTA and saline solutionms.

Miscellanmeous Cleaning Methods. Three individual cuse studies are
reported (Fig. ¥). In these, an assortment of methods wvas used on each
subject to remove a relatively high level of contaxination from the bands.
Convent.cnal methods weie usca at the deginning and as they appeared to
lose 2ffectivezess oxperimental methods were tried in an attempt to reduce
contaxination of the bands as much as [<ossible. In two of these cases it
appeared as though contamination were "fixed" at spproximately 0.1 ne but
upon changing to ELTA wash the bands were cleansd to less than 0.01 pe.

Near the conclusion of the test series, two individuals’ handas
becawe contaminated to approximately 5 uc, presumably from the acid 1allko
solution. Ove sequence of soap scrud, wvater rinse, XDTA scrub, water
rinse (using & nylom scrub drush and warm solutioms, including rinse) vas
used as a washing procedure. The final levels were arproximately 0.05 amc,
or overall residual fractiom of 0.01. The cleaning sequence used in these
two caszen may be of iaterest if further investigative work is to be per-
formod

In ancther instance s man mistekenly used the waste water from the
day's k=ad doconteminmation work (containing a combimatiom of #ll cleening
soluticos) as the wash for his hands. Ris hands bad an initial contami-
natiou level of .006 nc, vhich was considearable lower than the sversge for
the day; but *he waste solution cleaned his hands to .002 ic, oearly
background. This one csse indicates that in the event of water shortage,
cleaning sclutions can, perbaps, be reused. Mturally, more data would be
roquired to sulsientiate the idea and to explore possible adverse side
effects. '
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A oylon brush wvas used to a very limited degree against resistant
contsminaa*, as the Health Physics Representative had wvarned us that the
eomtaminant would be driven into the skin by brushing. No adverse effects
vare observed. ‘The results of ona case vhere a nylon brush was used are
precented (Pig. k). Purther investigation could be applied to re-evaluva-
ting the effect of scridbding the skin with & nylon drush, perhaps after an

initial wash without b-ushing.

Miscellaneous Observations

Physiclogical Effects. No nttempt wis ra‘e to determine toxic effects
of the cleaning preparation or birrier crecus. Xach pevson ussi several
materials over the period of the field operation; therefore effects could
not be isclated. Several persons, viw 4d1d not regularly usse the soft
creea eaocllient vhich vas availadle, complained of chapped skin. Previous
vork3 indicated a slight toxicity of two cleaning solutions traceable
primarily to the disinfectant.

Comparison of Contaminant Types. In & parsllel analysis tle data
for wvaching vere separated by contaminant type and compered, i.e.,
acid Lalb0 golution, slurry 0.75 me/g, slurry 7.5 mc/g, loam 0.75 nc/e,
loaa 7.5 ne/g. 8lurry contaminant with 7.5 uc/g vas the only one that
shoved a noticeadbly different residual fraction; it apparently was easier
to remove than other contesinents. As there vers only four data points
showing this effect no Zafinite counclusions can de drawa concerning the

aeffect of corlaminant type.

Inictial level Rffect. The effestivsoisg of the first washing was
related to the initial contanination level. In general, a lower residual
fraction vas from the wvashing of hkands contaminated to a higher
{nitial level of 1Lal%. This would be expected if there were a maximm
level of tightly adbering syntuetic fallout. %There was no observable
4iffervnce in the residmml fractious, vith respect to contamination level,

for the second or third washings.

C%m With Previous ubontor-:: Study. Cowparison of some of the
findings thi« £ test a ratory experiment performed in
19%9,2 upon wuich a portion of the field test work wvas besed, shov that im
both cases EDM and saline solutions were more effective decontaminstion
agents than soap, learing & residuml fraction of approximately half that
of soap. ladborutory experiments using rats gave much lover residual frac-
tions than those observed at the field test; however, the second washings
2t the field test gave residuval fractions numerically almost the same as
the saecond wxshing on the skin frca a cedaver in lahoratory teste. An
additiomal factor, wvaich lends further intarest to the correspondence of
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- the findings, is that the -ontaminating ageats were quite Aifferent:
synthetic fallout (and Lati‘ n acid solution, in a fev instamces) vas
used for fi=1ld work, wvhile a neutrel solution of Sr** was usea in th2

latoratory experiments.

Laboretory-msesle decontamination tests were parforssd with the co-
operstion Of Muzan voluntser subjectslO st approximately the same time
as cthe rield tegpta. A synthetic fallout, composed of Axmbrose clay-loem
traced vith Lal%0, vas dry-sprayed onto a 10-cad area of the underside
of the foresrm. then rudbbed into the skin with a rounded glass rod.

The residual fractions resulting from the cl=saning operations were
much lower for the laboratory tests than for the field tests, indicating
that the methnods vere wore effective in removing the synthotic fallout
under the laboratory conditionsz. This may have deen a result of & com-
bination of effects, among vhich are the type of siin studied (i.e., palms
vz underside of forearm), the total area conteminated, the mechanical
action grinding the synthetic fallout into skin and moclanicsl action of
scrubdbing, the dcgree of supervision, the synthetic fallout contact time,

etc.

However, the qualitative findirgs of both tests were essentially the
same: barrier creams offered no iarge dscontamination advantage, the
first wvash vas the post effective wash (vhen a single cleaning agent was
used), wvaterless machanic's hand cleater vas at least as effective a de-

— contamination agent aa soaxp and wvater, and EDTA anAd citric acid were more
effective than roap an decontamimation agents.

Potential Decontamination Methods. Some cleaning formulations have
been vapected of increasing the absorption of S8roC12 sclution into the
body.”? However, before any cleaner is disquelified for this reason, all
its properiies should be waighed {in the light of anticipated field con-
Aitions. It may be that after the contamipant haa been in contsct with
akin for aeveral houra, the additional adsorption caused by the use ¢ a
special cleaner would be negl,yible. Furthermore, it may be possible

" that for some instan~es of high level contaminatinn, & two-part vash (such
as d~scribed in the recond parsgreaph under "Miscellaneous “leaning Kethods,”
vould b desirahle in an effort to maximize removal and minimize adbsovrption,

The watting agent, used alone in 0.5-percent solution has been shown
to ba & go0ld decontamination agent.” It may be advantageous to further
asluate thia agent for absorpiiocn, toxicity, and decontaaination effective-
ness under fieid conditions.

13
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"« barrier crvam pre-treatments 414 not detectadly alter the sffort
required to ramove the contzminants by socap and water washing.

The waterless hand clsaner showed tha seme effectiveness as soap snd
wvater in removing contaminant from the hands, dut required the least total
Fat~rial. voluawe aftllclmstem.

The XDTA, saline, and citrie ncid solution= (as for-xhtod) worR YT
affsctive than soep snd water in removing the contaainant. .

There Was Bo observadble differonce in decontamination effectiveness
treceables 2 comtswminant type.

mummmmmm-m-imuunmw
in clesning contaminated bands to audﬁthuutthnmeonityof.ndi&-
tion check aftsr washing, t0 .omp.y With pesace-time maximum permissahble
levels.

Apprond byt

R: Sochbino

M, Chenical Technology Division
Por the Scientific Uirector
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