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The purposs of this Handbock is to apprise workers ca the project

of the varicus possible bealth hazards that arise from mucloss radiaticas.

These hazards are described, and ths Health-Safaty procedurve tor dealing

with them are cutlined. In the intarests of zcmpactness the discussion

is btrief and generai. Fowever, it was deemed essential to indicate to the

resder the intensive effort being made ¢to eliminate rediation health huu#si

henos, the detailed description of menitoring instruments and, as an emzple,
_the chemical ssey for 49 and Poloniua in the urioe. Por mere detailed |

m«-ﬁ; o any rediation hasard the worker sbould consult Ur, lLouis Hexpolmenn,

Pinally, the worker expossd to muclear radistions is espbatizally urged to

follow the two basic ruless (1) Xknow all the possidls rediation hazards

in a given job, and, (2) see that proper protective procedures are follcwed

ir the job,

- .,:“T“ED w
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FART I,  EEALTH SETSICS
A, Gemeral

Nuclsar radiatione dealt wmith ir larpge quantizics in practice
are electrons, alphe particlea. gaoem rays, and nautions, Briefly ste‘ec.
elecerons and alpha particles are most hamful, particuia:ly, when the
elements from which they are emitied are taken ‘ato “he boiy b7 mouth
or Yy breathing, Inside the bady they domberd sensitive tlisiss directly,
whereas from cutside they must first traverse air, clothes, end skin
before reaching sensitive tissue, Inside the budy the pruxinily to
tissue and low rete of eliminnticn meke small amcunts of adiosctlive
elsmants very harmful., PFor example, 0,1 microgram of radium is considered
to be the largest asount toleradle in the hody., Electroa radicactive
materials 1n direct eontact with the skin may produce burns of varying
degrees dependirg on the exposure,

The haraful effects of gamma rays and Zast neulroans reach
all tissues of the body bscause of their gzeat penetrsting pawor, Their

"effacts are produced by ionizaticn released at all derths below the sicia

surface, The first reaction will be found in the very Tadio-sernsitive

¢issuss such as the regenerstive and blood forming organs., For geuma

and fast neutron radiations, the best protection is given Jy: (a) greatest

possible distance from the source, and (b) water, concrste, cr lead

:drrior sl)xiolds around the source, {the matorisl depends ipon the type of
iation),

The commen radicactive elements used in large guantities such
as Polonium (alpha sctiwe), 49 (alpha active), and Rale {eta, gamma active)
are known to pet into the air and to spread over surfaces such as tables
and floors, Of thess, Polonium chows the most striking behavior in that
it ®ereeps” rapidly over surfaces and readily leaves the 3olid state to
float in the air attached to dust particles. The other tmo slements,
49 and Rala do not spresd as essily ss Polonium; for instance, Rala or
49 solutioms must dry along the edges of its container before the dry salt
or metal can start floating off into the air. They, nevertheless, get arcand -
and as a result the worker must see at all times that the elements are
properly confined., All possibls free surfaces in the labcratery should
be monitored forr floating contamination and the air should be changed
To g.to prevent contamination from accumulating,

The blological or physiological effects that result from
exposure to miclear radiations or X-rays will dedend om a conciderabls
rmunber of physical and bioclogical factors. Of most importance among
physical factors are: (1) the type of racdiation, (2) the spacial
distribution and amount of the rad-.tion energy absorbed in the tissoes;
and (3) the time distrituticn of ‘~- rediation dcsage, The hiological
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factors which influence the resynase «f sn orgeunism or & tisdsue to & fixed
set of physica: radistiocn ccoditious are mumer-us 8od are not completsly
iwndavstood, Even under apparently identical phyei:al and Bological
eonditions there 1s generally a wide wrread :n the response teo redistion
of a tumber of ®*$identical® orgunisas or tissuse. The latter results from
what is kmown as "individual variatict® in radiceensitivity.

Accordingly 1t is quite an invoived ;rodlem to sel "tolerance”
doses or dosage retes for ell rediation expcsure sonditions that may be
encountered by human beings. By a "taolerance” dosage rate is Jensmlly
peant that amount of radistion whieh could be absorded by the human budy
per day for an indefinitely long periocd without produeing harmful
effects. v

*Palerance” in this sense thus weens aa upper lixit to the
rediation ensrgy absorbed per day indefinitsly whieh will be "absclutely
safe,® 1, ¢, which will produce no observable impairmeat of any fumetion
of a large mmber of healthy mmans. Ia setting such.a "safe tolerance
1imit? provision is consequently made for extremss in rediosensitivity
of individuals and for varied manners of eyposure. Faor ab sversge $
subject and awmruge exposure conditicns there will usually bs a certain 3
Sgafoty factor® iz the specified safe tolsrance linit of dose or dosage &
rate; 1. v. the tolerance valus may be comsistantly exceeded by & oertaid

_ factor withowt evidence of any damage to some individuals, For soms
individuals and exposure conditions the ®safety factor® may be large
vhihhotbruuci}n:bmncuro. S

One san thus state thet if the aversge indivildwal stays withia
the tolersnce limits he can be practically eertsia of suffering no
impairment of any of his fumctioms. If he exveeds the tolsrance limits
one eannot slways predict what the results will be., In genersl, however
1f the tolersnce limita are not greatly exseeded, thindiﬂduiuodm
be considered s "deed Guck®, for in all protability only winor disability
may result, This dose not mean that tolerance limits are to be talen
lightly. It means @iat if oms doss not want to gamhle with ope's health

. the tolerance limits should not de exveeded., : ,

~Thare api. Yirtoally two differest protection problems imvelved
il whathe“the radiation comcernsd, eriginates at a point that is
¥ intermal to the humam body. In both esscs the sells eomcarned arw
" intagratsd dosage over relatively lomg periods of time. With
exte pdiatica, however, it 1s possible to remove the source of danger,
while WilF rediation ariginating from redivsctive materials lodged in the
body nothing,or at least 1ittle, can be done to elinimste the material and
the problem is virtually that of avoiding absorption of the substance ln the
fir.t place. While in the formesr case, protsctics methods are ia order
sgainst the radiaticg, in the latter case protection is aguinst bodily
absorption of the gubetance itself, in exscily the same nanmer as agsicst
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tn his life, & doss of 10¢, erpocnlb.l.y
more than 100 r, should -muwmmarnt.t.u.ndmnkeu
no appreciabls pernanent damage. Perecms

body there is no guch flexibility in the time distribution of the donmage
to the tissuss, Once the tolsrence smomnt has besa degosited im & tiisue.
the tissus will eventually receive a tolerance dose (unless, of ooursd,
gome other normal meens is found of eliminating or resoviag the effec:s
of the redicslemsnt). Comsequeatly, in this case the worker can affcrd
no more gécumlation of the material in his tissus once they bave
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scoumalated the tolerance amount. Since tolerance azmounts are generslly
specified at lsast 100 times below amounts that might prove lethal in e
long pericd of tims, Do extrems effects are to be oxpected even in a -
long time fyom a ssmll exsess cver the tolsrunce amount. This is not
iatended to make the worker regard the epecified tolersnce amounts
lightly, tut merely to assure his that, if iz spite of all precantions
ould accumlate & small excess over

g
]
i
]
g
i
:

damage, Be lh“l‘.' howaver, make no comprosise with safely in any case.

It 48 not the fumction of this portion of the discussion to
consider the validity of tolsrance values. One can say, hodever, that
for materials such as {9, for which there is not s large experience of
long=pericd human exposure, the tolsrance amcunts are necessarily sel
vith a comeervative view, h affording the possidility of edditional
safoty fastor. lethal and chromis effects of {9 and Po are deing studied
extonsively in animals. The rate of elimination and the manner of
depositicn of 49 and Po ia tissues of humans is also being studied, At
some later time the results of experimentation and experience may lsad
to an upwerd revision of the speeified tolerunce amcunts. At present it
is safe for the worksr to proceesd with the presently accepted talsrance:
values, keeping in his favor any safety factors that may result from =
conservatisas ia specifying the tolerances. :

8¢ remarks should also be made ecomcerning what is msant by
*dose,.” A distimstiom should bs made between “exposure” end "dose.”
Exposure connotes the amouat to which cas is exposed, while dose comnotes
the smcunt which one has abecrbed, The dose, hurll of energy released
in the tissuss, is ths bologicelly mt factor. Alth there
1s & fixed rohtianup between exposure ard dose {absorption) for any
particular set-wp, the relationship vill wvary with conditions. Por
example, the degree of exposure © 49 may be monitored by the 49 content
of the air being h'utbl Wt the "dose” or amcunt absorbed will depend
greatly om the sise of tbpﬂhhuaﬂehtbol‘)hdopand,mtho
chaxical composition, and ou the subject. ‘A1lse the rcsntgen which is
cammonly considered & wit of dosage for I-rays and gamm rays is actually
s unit of exposure, The rosmtgen 1s s unit measured by ionisetion in alr
and ot In e tissuss of the dody, It is approximately trus for small
organigpe, - however, that an “"exposure” of one roentgen of I-rays or gamma
rays, ¢» l'ﬂoﬂm‘mdﬂnnﬂhum will produce the
same paditure of emergy or °d '(aw&omfporgmuttilm.
In the dese of @ h-n the energy absorbded at all depths in the body
will depend oa the mtiu poser and bence the energy of the radiation;
consequently, an exposure to cme rosntgen of wery soft I-rays will not
r-mltinu-dw"hand in ell regicos of the dody as for much
barder radiatiom, The correlatiom is good enocugh, however, betwesa the
rosnigen exposure unit and the average energy released throughout the
body, benoce dose received, using the aversge I-rays and gawa rays
encauntered ia practice to make the rosntgen synonymous with dose. Ia the
cass of L9 and other rndioolnonu which enter the body through breathing,

Ut \\.JLI \\)V" oY
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ingestian, etc., the doss, or amount deposited in the tissues, cannot
always be £3retcld from the exposure, 1.e. the ancunts monitored in
the gir, tm table tops, on hands, in the nose, etc. The degree of
‘exposure as determined by monitoring can, however, be used as a guide
to indicate the possible degree of dosage that may result. Then
exposure monitoring indicates the possibility of tolerance amounts of
absorption, tests are done on the subject's excretions, as will be
discussed subsequently, to determine whether a tolerance amount has
been accuwmlated in the body,

PART II, 1 PRIALS

This material is highly toaxic and must be handled with extreme
precaution. Its toxicity is thought to be due entirely to its radiomctivity
- which is principally slpha particle emissiom. The asctiom of its alphe
' . partisles on tissus is identicel to that of the alpha varticles of rediua
which have about the same energy. 49 is somewhat less ective than radimm
(15 times) and therefore, less toxic.. Purtbermare, 49 decays into an
element which, for tdologicsl purposes, mey be considered inactive. This
also tends to make 49 less dangerous to the body than redium which formel
e chain of redicactive daughter products. These daughter products emit %
~ 2,5 alpha particles for every particle smitted by redium nuclei. These
. digimilarities bDetween product and redium make 49 spproximately fifty times
less toxiec LN radium on the basis of physical factors slome, Difference
in metabolism of the two sudbstanses, which will be discussed later, indicate that
the toxicities are more nearly equal. Por safety purposes, 49 may be
considered to bs sprroximately as toxie as radium. The situatiom which
we seek to prevent is one comparabls to the radium poisonings of the
lunisous dial painters of the first Werld Var,

The problea of protection of parsonnel from the hasards of 49
is primarily one of preventing the material from entering the dody through
eny of the ususl routes ~ the lungs, the intestines, or wounds ia the skin,
Abserption of 49 through the :ntestiocnal trect is Jnown to be poor,
Feverthalsss, offerts are made (see Part VI) to eliminate any chance of
entransn, of  saterfak.into the dody by this means. Absorption of 49 bresthed
inte i S ts the most usnal method of gradml accumulation
rial in the body. Elaborats precquticms are nsed to

irs against this hasard, Accidental inoculation of L9
s by msans of contaminatad instruments or objects which

e okin is minimised by ¢ll workers to use greet personal
care vhen working with this poter dangercus materisl., Should sueh
an aocident occur, all personnel should kmow the best method of treatment
of such a3 wound - namely, immediate vashing of the woumd by a full stream
of tap water, increasing the bleeding of the wound, and reperting to the
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Post Hospital withia 15 minules or cxg.:% - eiziog of ‘e woune
(see Part VI, Section 11 b).

If 49 ettors the body 12 anit- of »1l precesutisns. 4t will
locslise in either the lumgs or tie baws, iltheush “re [ing's kave an
excellent mechanism for ridding vhensalves cf rarticul:%» mtier, a small
fraction of inkaled dusts anc particles can ~aain in l»: -ere renotn
portions of the lungs., In the ciee of icacluble calts. tazsc pariicles
may remain in the lung for en incefinitely lcng period of Sioe, I ube
c s are saluble, ray le partially = copletoly aksorded laia
the bBlood stroam, 49 which .ias «nterac the toly in thisz ray or frwm
oontaminsted wounds is deposited almcsi camplotely in the noree., eive 1t

. forme a very tight ohewical ctmbination rhish. for our rurpoves, ey oo
considered permaneat, In this respec: 1% i3 urliks rediun, » large pertion
of which {»s excreted from the bane duming tle first few months. (9 also
tends to be deposited on the surisce of the bamne in closa spnroximatica
to the rediocsensitive cells of tle bome rarrow. This nncoriunate
localisation of product in the bone teogether with the tenacious cherical
combination which is formed, make 49 an extramely toxic substance onue
it enters the bdloodstreanm.

If a texiec amount of (G enters the body, cammge to the luncs.tor
bones warrow rey lesd to the desth of the iadividual., The taxicity of
radioactive mterials is unique in that svidence injuries may not arvear
for ponths or even years. Acute injuries ccuid he caused only In eszse
. of acoident where milligrams of the material enter the body, Delayed
‘  aeffects are more apt to result from the slow accumulation of material

{(nicrograzs) over a period of morths or years. These lat:sr cases ¢
sradual building-up of product in the bedy to Cangerous lavels zan te
srevented by frequeat testing of versommel to cetermine ow ruch materiel
shey contain, Catisfastory testo hawe been develoned (see Pert ITI) and
are made regularly on everyome eiposed to 49, If these studies indinste
that an individual bas more than ome ~icrogrsm in his bhody, he i3 renoved
from further contact with the material, It is helieved at the preseut
tims that 49 in amownts less then ome microgram can be tolarated
indefinitely by the body witbhout injury of any kind,

%, Rolenlem-.-
- b 3

. Thie elewent is toxic becaure of 1ts ralimmctivity, Llke &3, -:
ipally alphe particlec snd, thevefare, :my %e :onsidered darge:»:s
L enters the body. Since it i many thousard tinss more ~xuio-
active 49, mush ssaller ancnts of the material sre ~angerous.

This, together with its grest terdency tc "creep,” make it seem much vore
toxic than 49. In praetice, however, polonlum is :used a2 mch smeller
quantities by weight them is 49, though in spproximately equal aronts e
far as radicactivity. Vhen thought of {n terns of the amoants of mazeriel.
used ir this laboratory, it is actnally somewhat less danparous thar 49 ¢ince,
1) 1t is excreted ruther rapidly from the bcdy ard, 2) i¢ iecsys relntive. v
rapidly (140 day half-1ife) into sn issctive caughter alerant and, 3/ 2
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is not concentrated in any crgan in the body. These three facts enable
the body to tolerate larger amounts of nolonium radicectivity then of 4%
or radium,

The problem of protection of personnel in this cass is aite
sirilar to that described in the preceding chapter. Strenucus efforts
are directed at preventing the material from entsring the body., Tests
ars made frequently to determine exactly how much mterial is in the hody
of each vorker. Polonium is sbsorbed from the Sntestimal tract, from the
lungs and possidly even to a slight extent through the intact s¥in, Then
1t enters the body it is distridbuted throughout all tissues but is oresent
in grester smounts in the ¥idney, spleen, and heart. In cases where the
body sontains toxic amounts of polonium, damage ray be expected vrimari ly
in these organs.

Except for accidents, the greatest danger from polonium is
from chronic exposure where szall amounts are absorbed daily im excess of

 what is lost through excretiom and decay. Thie slow accusulation of material

in the body may result in polonium levels which exoeed the "safe” amount,
It is relatively easy (see Part ITI) to deterxine exactly how much polonium
is in the bady. Peopls who exceed the upper limit of sefety (0ee P:? III,
Section B), are removed from further exposure, _

C. Jubsllov and 23

It bas been known for many years that tudallay is toxic and that
s fow milligrams injected into s small animal will csuse death by kidney
damage. The damage to the kidney 1s saused by chemical action and not by
the mildly radiocactive nroperties of the matarial. In its mode of action,
tubelloy rescmbles the heavy metals (wercury) rether than polonium or 49.
Becsuse of ite well-known taxicity, the danger to pereonnel working with
tuballoy caused great concern during the early éays of the project.
Porturately, bological expsriments during the past few years have shown
that this danger was greatly exaggerated. This results from the fact that
tuballoy is very poarly absarbed from the gastro-intestinal tradt end the
lungs and presumbly not at all throughk the intact skin, Animals have been
:;d tubsllay. daily in very large amounis for many noothe with no evidence

£
2
3
«

. e g by
e 5548 experiments do not enadbls us to disregard the

iy of tiballoy but they do indicate that this material is relatively

i handls. rience with project workers bears cut the fact trat aith
utions (ses Health-Safety Rules, Part VI) and frecuent testing of

for kidney damege,’ tuballoy can be processed in large amounts

indivifuals
without undue danger to perscamsl, It is very important that the expased
perscns cooperats in sudmitting weekly urine specimens for examinatic:

by the Medical Group. By means of weekly urinalysis, kidoney damage can be
detected in 1its early stages before severe or irreparsble harm has baea done.
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heilygy and it ecer rooouct3 toe o lely tadiometive; vre
2m1% aunte 7eota. aad gammg radlit: o+ The alyce and garma madiuticn;
rela=; i 24 .4 aad procanly a0t or nloluglcsl ivmortance. (4 jrans
tubalisy are ruivalent ig ilsha ec-i7ity to O 1 mieragrem of radiun. T
25, =rist o onsidermbly more alpl: active %ran orcinary tutalloy, - Ui
Sengersui e ‘ersonnel primarily b =2us3 of its hemical properties n .t w2t
ifs cedluncti ity miy piay a part. The beta radiation from Totn tuce.
ant 25 ir of ‘:onsiderable importanc: in thet it may sariously damece
akiz. The skin of :Re hands can tc.srate contact with tuballoy mevnl
two “ourr a cay (.5 r beta radiatizn indefinitely) without damage.
tolersace ftr 25 may be uch less - an this depanding upon how recert.
has deen serusnted “rem its daugate: products. If the precautions .n
Fealth 3r.’ety Rules (Part VI) ars ::refully followed, there is no rea:
to axpect 3kia dumepe from either . these ma‘erials,

e,

(3

[
~

'1‘0', iy

(.'! ~hy
h 1YS LI

PART IIZ.  ROCETURES POR DETERT ING EFPOEURS GF FERSOMEL
A, Dotorminaticn of 49"in Ur:pe |
1. Callection of Sample: Because of the extreme difficulty of

detecting irtirnal coataninmation with 49, it is necessary to collect 1 4
hour sampie uilder wvery rigorous corcitions to prevent contamination ¢° "¢
specimen jy tae handis. The subject iz directed to stay awy from %7e t o - |
ares and “he 3,E.D, barrecks during the 48 hour periol prececing the -« =
of collaviion of the sample 20 be etcalysed., Civilians may remsin in .} .
hemes Juring this period if they cf ~ose, It is desirchle, however, ¢ =

they leaws tns sits if conwveniertl; possidle. !Hlitary personnel ars
recuestec Lc svend this period swa:; from the site and are given milic:: -
subsistance “iring this time. All ersoms are asked to wesr freshly
laurdered undsrgarments during thi: peried and if possible, freshly lau .j/r
outer gu.-vents, Certainly, no oute: garmeats previcusly worn in the
technicail area should be used., The individual is asked to wash his r-nris
frecuent!y curing the tims away fr m work,

The subject is aaked to :w=port to the Post Rospital at 8:0C
d'elock in the mornimg at the clos« of this "preliminary” 48 hcur pericr.
He i3 to ™main in the hoepital ro = sssigned to him for the fellowicy
hours exoept that he takes his wea. - {a tne hospitel mees. Fs is aukac
refrsin from drinking excegsive am :ints of beer, corfee, and other e « -
during the preliminary period. It :s requested also that one drink [.*
20 luid between meals and only on¢ cup or glass of liquid at each e :.
the 24 hour period im the Fospital The fluid restriction 1s recueni
an effor: to avoid very large urine volumes which make the evarorat:i:.
procecur: sxcremely difficult ard - :me consumiag, The subject is asi .c
take & s:ower hefore putting om ho: ~ital clothing, Eefore shovering,
1ndividual srpties nis tledder and .iscards the volicding, After stcwe
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goss to the room assigned for sample collocting, aters he remains for ke
next 24 hours. A hand counter is available in ile rooa and s note {2 raie
as to whether or not the individual has o -!'ritr oen his hends, ALl
specimens of urine volded duriag the 2L rour period sre c¢ollected in ile ,
2 litar Erlenmeyer flask provided for the purnces. During esch voiding the
person wears shite cottom gloves to prewent eritholisl sceles from the
hands falling intc the funnel during the vrocess of urination. These
epithelial scales might possidly carry 49 comtaninet!as

. On the follewing mcrning the subject has breekfast in the
hoepital mess after which be returne %0 the room and collects the last
voiding of urine at abeut 8:00 AN, Be then dresses and leaves the
hospital, serely leaviag his specimea om the table where it was collecicd.
Ne doss ot touch or stopper the flask, The semple will be picked up »nd
delivered to the laboratory by soms member of the 'edical Group,

Rigid adherence 1o the prooodm described above should permit
the collection of e 2& hour urine .pochm as nearly free from contamination

a8 possible, P

<

.2, i ] mmuhwwmniuf

svaporsted aslmost ryNese reaidus 1s wet-ashed, using e ¥

. sdditiom of oonoentreted ICl1 and repesated eodditions of ceneontuud ™02
snd 30 per ceat peroexide, 'The eshing is contimued wmtil s white

-e.ud uhoot ¢ free of orgenie matter remains, The residus is

and g complete hydremile pro:ipitation earried cut, Te

bdma. pncxw.hu 19 dissclved iz EB1, and the pif carefully adjusted,
The 49, plus 1 mg. of ferriec ircn as a earrier, is extracted into chlorofora
sfter complexing with cupferron. The chloreform is evaporeted off and tre
cupferron residud digested with nitric snd pesrehloric acids, From the

- perchloric acid solution s lanthanimm flweride precipitation is earried

© out. The lanthaniwm flueride precipitate earrying the 49 is pliced on a
platinum foil and comted in a proportiaml cownter for a 30 mimute period.

" The results are w:-cmtcpn-immm per 24 hours,

: ilhm 5-10 counts per minute have been recovared
from spiked ] I3 of urine with ar securacy of better thea 80%.

- _ ' , 38 mly those pooplo working
aith 49 asg to be sonitored by this rrocedure. It is lroped tha:
[yidual '-t!.u with the ‘material can be monitered every tro cr
three #enths, and these working ia usususlly hasardous arcas, every 10 Jays
The value for the maximm tolerance does of 49 has not deen estadlished u:
to the time of this report. Present procedurs is to retire anynne showing s
pereistent excretion of 7 or mare counts per inute per 24 hour sarmle,
from further direct comtact with the material, All results are rerorte:

to the respective group leaders as soom after the completion of the mnalyc:-
as is conveniently possible. The Group Leader should discuss the resul:s
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with the individual members of his grevp
B. Determination of ®oloriur in Uriae
1. .wml Rec~.une of tre roesihlhty of ~ -
it is ovanud thet the rollavinp vlan be usod.

On leaving she Technical Area on Saturcay nigh% the indiwsll s
should obtain a specimen hottle and a peir of arits covton ploves ‘rar
Reom U-)8, These will te contained in a parer btag. He mst not =pra-
the Teebnical Ares again until after the collection of the sceple -n
Uemdey moruing. On Suniay he washes his hands frecuently, preferit.y -
abrasive scap. Sunday night he notes the hour at which he disearied *:.:
last wriss sample. The next morning he showers, pute on the shite <o:

loves and collects the fir-t morning voiding beforw dressing for wac~
ontire voiding must te collected. Fe should avoid touching the 1::
of the Bottle at any time, On the label on the bottle ke indicates th:
heur st which & srecimen was last discarded and the hour at wkich the
sample was scllected, as vell es his name., The bottle should be deliwmwre:
40 Romm U-38 as the individual comes to wark. Under no circumsiances sho..
the bottle be takem into & contaminated building. Because of the poad‘:“: 2

pelonium precipitating on the glass, it is reauested that the

4

of the
. nqh be delivered to Room U 38 before nine o'elock Mondey morning.

Al} semples are to bs collected on Monday morning unless, for some rexs ..
s special chock wust de run during the veek,

2. Wt A measured quantity of urine
(90 es) 1¢ soidi with hydrochloric acid and the Po is plated out
aR 8 eepper disc which is suspended in the acidified urine. The urine
is egitated by contimued stirring. A provortiomal counter 1s used to
doterminge the quantity of Po on the copper disc., The results are
to the basis of a 24 hour sasple,

Then nown amcunts of Po are added to scidified urine, the
the adove methad is 808 or greater,

L evegdert 3, Wma At the present time. the
j dose of polonium 1s set at that mountﬁru a
‘s wrinary exoretiocn of 1500 counts/win, (3000 disintergrari-n=:-.

s Whoa determined by this procedure., The present assum:ticr .:
vidual will be transferred to other work should this

i

i

Only those pacple working directly with polonium or thcge
{avolved in eceidents with the material are to be monitored, The neour:
working directly vith polonium are “eing checked routinely by tris
mthod every week., All results are rencrted to the respective pgr-ou-
lsaders as soon after completion of the analysis as is convenienti-
possidble, The group leaders should discuss the results with ire

prm ""C‘CD
U.‘lb\\-v".' ’ )
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individemal members of their groups.

c. Detacmipation of AJbumin in Uring (for evidence of kidney
dasage caused by tudalley, 25, and Ng.)

g s L e,
of specimen are oed ir ™ washrooms

Thureday

of DeBuilding, Siges.-and C Shop, Al perscmnel werking vith tuballcy .
25, and msroury ave ssked to leawe a specima, These segples are deilv rs
to Q Building for altawrin amlyses using the Roberts reagent,

2. s Results ohtained hy this method are
soul-quantitative akly. sts ave reted from O to 4 plus, The murpose
of the test is te Gatect faulty Vidmey fumetion and may be an indieatiicn
of heavy metsl damage. These Individwmls showing a consistent altaminur:a
will %o exanined further and tubelloy and/or mercury determined im their

the partieulatr . o Cate sheuld %o emsreised in gvoiding
the handling Settle,. On the way to werk, the specimen
-yhh_ﬁ:t mmu-mmu.

. Alfguets of the urine

are

N sanple
”Tr rowide amd taken .o
9 solutidn is wade B.3W with W NO3 and the
! 39e 10 nl, partions of hexocms.  hexone 1is
off e the steam Dath, the residue ignited gently
R anll the carbom from the residue burned off. The
i down with o Then is evaporated o'
‘the platimm &ish with a fusics mixtur ccneistis:
y carbonate, 42,5 g. of sodium carbomate end 2.5 ¢. ¢!
- . ‘ Aftsr o » the flucrescense of the fused mn3s
19 compared with that of suitable stanfards prepared in the same my
from knowm snouts of wunyl nitrets end 2,5 g, of the fusion mixture.
standards end are compared im & dark room under s mercu-y

The
are light, Results are rerorted in micrograms excreted per day.
ssh

Thea knewa amounts of ureniuwe are sdded to solutioms of irirc
recovery is 708 or greater,

’ ’ o~ ’,\f:‘.“C\ED

g
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3. 4pnlicatiop 1 Tule ,_‘_J:,_;;;,_:.q cnly tnose persons ':'o*t
with tuballay and 25 vhe show altunirur:iz "a <38 roguisr routine weel.-
urine anslysis should have toeir urine ':.".';".'5 for tuhalloy esntent.
The purpose of this test ic :c éetermine ri:thyv o nat the albumdwir-:
{9 a result of kidney damage %7 the “ubda.l.zy. DParscons axereting la2es
than 50 micrograms of uraricm ‘Ic. 24 hours are clanned as alightly
exposed; 50-150, inderaiely axpesed, eni ster 130, ar hignly axposed

PART IV, TRCLE:
A. Aloha Survey Meters

1. Eluto

a.) A4 small, portadle, dat-ery cperated, two stage
amplifier, with linear response, princinal’y.used for dcuction of
alphe rediation from plans surfaces (full ucale sensitivity, approximateis
20,000 to 50,000 ¢/m, 308 gecmetry), Tris meter also responds %0 beta
nnd gamma ndhtion. but is relatively insansitive to such rediation
because of the small chamber volume and ths srell ionization produc -
by beta and gassm rays as compared to alvk:,

b.) Not sensitive tc ecunting retes less than 200C -
5000 ¢/m, Not to be used tare greater thin 7% accuraey is nuded
Aprroximats battery life of 75 hours.

6.) These uits are availedle for temporary or permanc.:.
loan to laboratory groups.

2. Sunar feuto

8.) Very similar in size asd cperation to Pluto, but
aa entirely different circuit (3 stage, D.l. amplifier with negative
feedtack for faster respense), It has two Tanges; ome, 20,000 to $C,0CC
¢/a full seals (n- as Plute), and two 2,20C %o 5,000 e/n full zesle.

b.) Not sensitive to countiag rates less than 200 ‘*c
500 Ch Hot to be used when greatsr than 10 =o 278 accuracy is meel:
Appromimate battery 1ife of 1000 hours.

¢,) These uniis are avnilable for temporary or perm::
loan to laberatory groups.

3. Super Snace

A lobih battery operated. al;ha curvey meter of ~hs
proportional counter typo. I% uses a1 con-iguous zas (mthnm) £lew

~\
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counter for the detector. Tre unl: hes Trwur rcnpes, full scale value:
of 150, 500, 4,000 and 12,000 ¢/m =itk nci=linear resronces. Ear phonec
are provided for ranid detection of parti:ics of low counting rates.
Individusl pulses are easily detected,

L. RDonpy

A modbile, A.C, operated alpha survey meter of the pro-
portional counter type, tut difforing froa the Shoop in that 1t uses
.an air-rilled comter for a detector., Thr set has a loudspeaksr
attachment for auwdible indication of actirity. The unit has e uiigle

100 to 10,000 o/m full scale {logerithric respcnse). It is
limited in use by the fact that it is necessary to operate om A.C,

5. Eertahls Aloha Survey ¥atsr

As the naxe indicates, this zeter is ccmpletely
self-contained (battery operated), and portabls, It uses s /aropmic:al
counter for a detector with sensitivities frca 0 - 10,000 ¢/m, Earphcres
and counting rate mster are provided for low and high ecounting retes

respectiwely, . :
B. Alohe Hapd Coupters
1. Comtimuous gas flov tyoe (methang)

Yery similar to the Smoop, differitig in two ways; one,
it 1s A.C, operated, and two, it 18 modified for use as a hand counter
rether than a survey meter. The sensitive area of the counter is reist:. -
small and necessarily covers only a portion of the hand for & given
reading. The unit has a small loud-speaker attachment so thet the pulse:
are audible, The sensitivity is approxirately 0=5000 o/m with a non=l!:e:
response,

2. Alr fillad ccunier tvoe

This unit is a proporticnal type coummter, sare as (1)
but dess not require s comtinucus gas flcw in the comter, The surfacu
srea of the coumter is such that both sides of cne hend cen de monitcie.
simltanscusly. The full scale sensitivity is approximately 20,000 c,n
(298 geometry) with logerithmdc respomse., This type of response makes
the reeding at low counting retes more accurate whem the upper limiz :
high, A modification of this type iz used to mcnitor slpha comtamdnaver
elothing. Bothk types of hand counters are placed about the wvarious
laborataries for the use of all members,

C. Standard Alnhe Counter

These units are used for counting nose swipes, hand swizc::
and other swine samples. Two models are ava_lable; ome, the Cyclotrr:

o -"*‘

e '
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four thin-walled ;lays U 7 .utes or ictesliors, an ampl.®ior ane

- high voltage scprly, M 3 4 ucas eidy tha cinthes {2 sheve o3

below and the amoun? of :r-rtrmliatiou .3 1acicated an 4 ountiag vale
metar,

2. ,PI.- HH"" ';:'er‘nr

This neter is o roiification of the launcz:y Tnit (7
nodificatioa Yeing tho addi*ion of two G.¥, tubes, one of vh:izn 12 uaecd
a3 & probes, The other tive Lubes can be plsced in a docr«my o meniils
personnel passing through. 3o ~lam L9 sounced {f the le =i «F ar-i-. -
is too high. The nrobs is uzed to determine tne axact locavici: arc
amount of contmimtlon on the person upon its detecticm Ty the cracs -
tudes. The sensitivity of the itiple sectica (5 *ubes) is 00 ..
full scale, and the probe i3 4000 c/m full scale.

PART V, MONITORING AND TECma!INATION
A. Gaperal
The wark of this group is primrily that of health and

safety, the coutrol and prevention of excessiwve spresding af contacrinrise.

due to redicactive elements and compeunds, and the instiluwing anc ra:n
taining of safe handling procedures for tln benefit of persons exrosad
to such meterials, This is accomplished by s daily checit of the :coms -r
laboratories in which the ~aterisls are used, and the issuance of :rcrmcrt:
¢lothing svecifically designed for the mum of the indivicucis
involved in the handling of rsdicactive substances, Rooms ia wrich
radicactive materials are crocessed are checked periodicaily >.th
electronic tyre of instruments casigmed for the detection f elewonts
enitting alpba, beta, and zamms rmdiations. These rocm checizs are rno:
intsnded to be an exact quantita’ive redicessey, but are a cquick ~zae 2.
survey of the degree of contamination that exists, with 2 Teassnat:le

‘degree of sccuracy. This survey "Snoop” methad of 1s'bomtor;r oregl rmic -

a quick, thorough scanning of a laboratory with a quantitative aeouieey
sufficient to deterwine the relative degree of contaxdnation and cce:
nder the normal operstions that are going on in the s=cm.

Decontaninaticn can be effected by scrubbing the con-a-izncar
mxﬁ. with various types of cleaning solutions and &rying. ™he elcan:as
solutions used will vary vith the tyve of materials and the gecme .rvy -0

the surfaces, ss well is wvita the diffrrent radiocective elaparte =re ool

. eompournvis, The success of a carticular deccntamination ;oo cderents v ‘. =

accuracy and judgment of the decontarinator., The mast suitahla < meg o
surfaces for handling thrse hezardous rediochemicals are, 3s-z.alexs »vu-
polished glass, pollszed steel und brass, lucite, and certain plasiiz « -
in descending order of effaiiiveness., ~ood, cast iron, trarsilte, 2o
painted surfaces are all s:ri-corous or tend to becoms sn with e ¢
permit the conterinsting Tuids (o soa¥ in end beccme ‘misided “nice

.
-
.
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surface, in which case decoeni:zmination is practieally impossit:s,

A very important result of thls perdocdic room chack is %he
prevention of spreeding of raciochemicals, If s solution cc: aini-\g
these materials is epilled, the spot formed will at firs? te wol and
localised, Nowewer, as the spot cries, the material accumiletes ca
the dust whiech is always present and 1s picked up by the air currents,
or sticks oa the shoes of persoms moving edout and thus may e tireno-
ferred throughout an entire building, in which ~ace the materinl ia
4ifficult or impassidble to localize and control. To awnid this, ary
comtaminating fluid or selid vhich is accidentally spilled must be
recoversd and olesaned up immedlately.

. The safe handling of rediesctive chemicals presents a
uniqus problem, In comtrsst to most other texis materisls, the sutstance
cannot be reandered inert Yy crdimary schemdesl or plgsicel meqns, If the

SGES Beans escepes frem its somtrellad ecatainers 1t should
overed immediately, or if reecovery is impessible, the objects on
qilhdmthditpoodofﬁhurluulom

Anctder mt fumstion of this nouu 1s the pnnn‘lun
of body contamimation of laboratery teshaisians working with the "hott

mterials, Yer thig purposs protective clething and equipment such as
nupintw:ﬁmlh, smocks, cepe, rebber » and shoe covers are

speeifically.
eleaning. 41l elething lsaving this lemmdry is memitored by instruments
and ¢l) garments ia whieh the count emseeds safes limite are re-laundered

or discarded.

laberetories ia D, D annex, W, Sigm, U, V, and
ineluied upen their completicm)

ag* with the mobile alpba meter (Poppy) or
the g:hbh survey mter, Fleors, doers, doximobds, ladoratory
benches and ta » hools, cutsides of drybemss ‘and other rermanent
laboretory installetions are scanned holding the counter spprocimetsly

00132368.020
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ono=fourth inch from the surfaces belag tested. This requirss the
serviese of two men, cae to rush the instrument through the laborstcries
and resesd the counts and the secand man o carry the snooper chamber

and sean the surfaces under examination. Alpha comts found to lass
than 500 o/m (this figure 1s bmsed upom ar average of 150 ¢/m/in®) are
eansidered safs and recorded as negligibls (certain areas may have special
1imite set). Alpba coumts foumd to be greater tham 500 o/m are
camsidered contaminsted or "hot", and warked with suitable markers,

. Ap soon us possihle these "hot" spots found should be
doscmtaxizmated by the laborstory wembers, Upon campletion of
dooontamimation, the H, I. acitor sheuld be called to check the cleaned
sves (see Part VI, Section 13). Each monitor carries an alpha survey
mater and checks the decontaminated ares; the comt must be below

500 ¢/u bafore the decentaminatiocn is considered succesaful, In scae
cases, the comt fails to fall belew 500 ¢/m as recorded cn the meter,
oven after a thorough ecrubbing of the area. In thees cases, a swvipe
1s made over the surface with o resteagular piece of odl impregnataed
£11ter paper and scunted seperutaly ‘W helding the swipe against the
comior. If no entaningtiom is plelmd fram the wurface, the ares
is ooneidered impregmted and cemnet bs ¢ e, If necessery these :
surfaeces are replaced or covered vith s protective ecating of metal ot
paint, The latter 1s usually comsideven unrelisble,

Periocdic semitoring cheels are also carried cut en other

oundry iteas sush as office desk teps, laderetory glassware, drybox gloves,

hood wvents, filters fresm hools, chairs, coks bdottles, and lighting and
olectrisal sppliances. The results obtained cn these items are recorded
and careful control is maintaimed to heep the alpha contaminmation within
a safe limit, or to effect decomtemimation if comt goss beyond the
limit, This safs limit is considered to de 250 ¢/m or less.

Nand and nose comts bave alsc beed instituted to check the
ancuat of eantamimetion which may hewe been picked up em critical parts

‘of the « Jaad soxmts are taken Yy filtsr paper swipes over the

se are counted on the
cngidered to e 50 o/n(for 49),
290 o/s (for 49), 1000 o/um
and nose counis hawe

ng material to which

a peveem i , and serve as & marning to the individual that he
mst ispreve teshnique and exercise nore care in the handling of
contaninating mterials. :

hﬂdu‘l&.‘un« in nent and decontaningtion

procedures mxy ocoewr will b icated to the lahboratory
msabers by a suitable semo issusd by the R, I, Group.

-
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PART VI.  SFALTH SiFETY TLES

The followirg list of rules is zeoeral in nature, and any
exception to it must be by agreenent with the proup rjuesting suzh
exception and the suthorized reprosentatives of the H. I. uad

Yodical groups,

1. Cleaning rsg3’ axd othar contaninated trush snouil is
dilpoud of in special trasa zontainers marked with rvd rainv.

2, Booties, cowversalls, smoeks, surgeau’s caps, ribiur
gloves, and respirstors wust bs wore ev all tiln when weking =i
49 or Po, Pace shizlias musdt de worn in all cperstions invoiring
handling of boiling solutions;, cr other soclutions 1in which tuele i3
any possibllity of a spray being formed,

3. Coverslls and respirstors must be worn in randling
tubsllay or 25 where there iy any poesibility of either saterial get-:.»
into the air. In machining either of these metale, s solution of
water soluble oil must be kept playing on the peruon being nachined,
Direct handling of these metals should be kept at e ainirus (see Part 7.
Section C). During operatioms invelving direct bandling of these
mterials for more than one hour per day, thick, protectire gloves rus*
be worm,

4. Yhen leaving s tuilding wbere contamimeted operat:cnsz
are carrivd om; smosks, booties, caps, gloves, and respirstors musc s
removed, (gloves should be left in the wvorking ares within the build:sur:
Project issued coverslls are not to be worn when leaving the Techa’ca.
or DP areas or when entering non-comtaminated buildings within these
sreas, except the dispensing sectioms of K and S stock, Spot checks
will be made to see that this rule is followed,

5. All rubder gloves should be washed frequently in vhe
approved manner during lomg operations snd before removing from hands
Hands should be carefully washed after removal of gloves and checked :l- -
the alpha hand eounur.

6, %o mouth pipetting shall be done in any operaticn ia
which active materials are involwed,

7. Ko material either free or in working containers, a
no contaninated objects shall be set om writing desk tops., Ixaiditix.
specimena kept in cleaned, closed containers. are exemst from this n::-

8, Persons desiring to work with the raterial in la'm" T
other than their own, must request permission from trs usual accupen
before begimning the work.

9. All active dust producing operations muast be daie .
approved dryboxes or sealed vacuum systems. ,

AP
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10, Pens s2ould be left rsning in all hoods which contsin
cr have contained active msterial until they have been checked ond
decontaminated to the satisfaction of the K. I. Oroup.

1. a) In éass of any spills involving active meterial,
persannel aot required {'ar reccvery sheuld leave the laboratory immeciats.y
and the remaining perscunsl as sood as pessidble, A1l fans not alrescy
operst_ng should be turned on before lesving, The B, I. Group should
be notified as quickly as possidls after any such accidents,

b) In case of an accident in which active mater!l
;:y :;t been introduced intéd a wound, the following procedure should
followed:

1. Vash vound immediately with full stream of
tap water.

2, Squeese wound or apply tourniquet to increase
Min.

3. Report to Pest FHospital for treatssni of wound
48 socn as you have changed your ccntaminated
oclothes, .

4. Iaform the reeeptionist et the Kospital that this

. is a "Techaieal Ares Lmergency”; be careful %o
confide the mature of the eccident caly to ‘he
docter in eharge

S. Report the aesident to both the H.I. and ledicai
offices after the wound has been treated,

12, Ko eating, drinking, or smaking will be allowed in

Tooms 30 posted, No food or drink il'to be kept in laboretory refrigerater..

13, The following ¥ & D vrocedures are in effect:

4 e) Daily room surveys are made and all "hot spots”
(greater than 500 ¢/m) will de indicated by a suitable marker.

) B) As socn as possible the laborutory persomnel
should deconteminste the "hot spots® found.

¢) Upon the completion of decontaminetion, if no member
of N&D is present, the ¥, I, Group should de called to meaitor the
cleaned ares in order to determine vnether it is bdelow 500 s/a.

d) If any persistent ocumt within & room is 5000 e/

| ‘(’ﬁi 25, and tubsllay) and 10,000 c/a (Po)“w greater, a1l operation

be stopped within that room until it has been cleened, The
clesning will be done by the room occupants vith the asaistance of 717
4, 1. nyreuntltin, 1f desired (Rection 130 spplies after such
ngl.

et UNCLASSIFIED
S

00132368.023

DA NI



Rule 13 does 2ot arnly in caze of edergency or ccata-ilat.”
aceidents. In such cases all X & D scrvicas that are nacessary ooz
available will b supplied, It should be aoted that iu ths event .
serious sccidents or spillage the room connt is to be assumed to to
abowe 5000 e¢/m (for 49, 25, and tuballay), and 10,000 o/n iior Po).
or greater, until shown otherwise,

Any questions concerning flealth Safety Rules or N & v opeT™: ¢
should be discussed with the Medical or H, I. Group.
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