"Documento original en mal estado"
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T o~ INTRUBUSTION:

Ta  hpndle padionctive materlal or to use rzdiation producing
rLenings It is necoscary to use reguitatory and  administrative
iLesures snd feollow technical radliation proiaction procodures in
rrdor  to minimize radiatien exposures to the workers as well as
[b the Jencral pubdlic, ln radiation protaction one has to hzd
L omind Lug ocain aspectc: (a) The protectlisn of  the raciation
ber: and (h) The pratcction of the general public.

LY A
t'oro ctringeat precestien  for the protection of  the gdencral
prvlie 1S npoeessary cg ocouporcd to that of  raciatien wWorkIrs,
bectveie  CF 0 tha larze numeer o7V incrvicucts involved a-d  the
peereexiel idicy  of  providinc faroe ccale radiation protcection
Pra udCl cupervision.
ino owitra hBipgo-cy Ry irndirac. me .04 Looco Lo estinmoTs T
trtorantl ocoentamiinaoiosn tevycsl by ithe Zaalvsis g1 genarcsta and ouhov
Lictcaicat samples such as  Lrexth, pacd! dischnrog,  sputum
czlive Lnd imat, eirther of orders LontiaT raustLotrve Dniorl
oo OF wiuTud minal rs of o onnLigae, ty sccinsnyo ! St Iuvavion B
v T2 v o0 FPunlol oty el S SO B cocu b iahstoTion,
S R L-S0rTy 5T TipLUSE SHLa Cr o Ccotrang, Ly oo oozt
e bntavs Lre opedionuoli L 2 Pt Lo Lieoodev
woITL U HD st sUTId a0 T Ugo, arcurnoinT Lo pieterInTy i
croun or tigaue ol the radionuc'ytc.iLl o ooarl ofF th=at SI.0° 3
sIn7s81sd ia praferangcral orgcn or TescuT zha Ul roadindsr e
€y o rnoald by tie urine or Teocs acioratns tus biolezical hali-
T,
5 2 roviinn piprcopv procren it jo roscirol: e ceuesc oo aruta
incone of ragreactive matertael that oS pad LTOn CUSPZCUTE and To
TIUUAV Y Slow GolwaulotIon 5% rodicLcTide oS raad v a ThE Dduuy
reouibting from ch-onte fgyv—teye! s nasur>.Tha rescelts o7 T2
broascay procroms Ly pndlcate thot Tas cnvircamontol conIrTry 7
of ~ the workplecaz hos aitarcd or oLhcy wonittorting nroecrurss hae
feitog o warn to workor of unfaverobte tronds (LZC3E31). Tneo:
mazseremants  can alsc be uscd to estaoolish Jf the treatliont to
anoncee elirniination s guproprrale, to geigrsning ito

cefientiviness,

e - MNETATOLISH CF RADIGHUTLIDID:

ko urnderstanding of the metabollsm of radlonuctides and therr
cipounds Is peczosary for estiontins radration doasne received by
the body and its component parys from radtanuctlicdes  taken intao
the body. This Is especially important for tnterpretation  of
mlasuremenits of body radigactivity aand the resulis of analyses of
excreta.

ro



2.1 - ENTRY OF RADIOQUUSUIDES THTS Tl Jdooy

In discussing thlad subject 1t I3 necessary to nove a  razular
termiawtogy. As far a5 possible the following words will be used
vith the meanings givan:

o

lntasa: The anaount enterling the pose or mouth
Untoaa: The amount absorbed into cextracellutar Fluld.
Manpsition: The amount prasant In the organ of rcoforanca.,

fazsrbgnuctides may entar th body by fnhatation, injescion, or
>

Lh o2u<h jntact or wouni:

T iinacitive gases, licuras c¢r salids maAay enter the baody hy
isaataetion, Water-sciusle 33s23, e.g. Lhoso conwnining trriun
T2 o o ondlaroding, el N BTN B T S VR I LS U S SRR B SFPRY B S i a0
D2 AnLiar o un e teacaiiurse flurd wyitain o fo ronds, LA
T calbrd vadiganTryt . SuaTs anziad in o tie Jiwy oLor3colbE ol 2
b sl 3T pocsiul s faUes dwp2nling an Th2r Gl s1C TN pant
L ties,

21,2 - INCTZESTI00

ien oa worxar indests a vadioacTive substanasc, o owill ousgally gy
% aver g snovkt tima, and this canstiritu*ns a siactz intore 12
N AlLhaugl h2 a3y iinvs 3 sar12s 07 suen tatakes, it is 52k,
1Y arder ta Xo2a tns Ji5CUSTIGn stinpl2, tey) Lonst 2y Wil
cans2qiuz2nces a9f oag intat2 aaly.

i7 tha matarial is non rronseortable, moce o7 ool trarorae
the gastraointestinal tract and  emarge In the A{faces.if L
material is transportanileo, a significenc fracticn will bo
aavoraad into gxtracetlular fluld, mataly Juring fts misuoage
tarougn  the  small tntastine. The. actual mouenytude of  ings
aesoradd  fraction will dape

S nd on tho mzbtehcsitsm Sal nutrition of
10 tndividual as well as the chemical cowpound 1a warca fhe
Jdionuctide is ingascoad.

.1.3  ABSORATION THAOUSH SKIN

intact skla provides an effective barrier agqatnst Taec entry of
ss radioactive materiols into the vody. Exceptrons ef practical
importance arg tne absorption through Intact skin of: Tritium
oxlde either as rirquild or vapour, Jedinz as vapour or In sclution
and r1odide in solution.



2.1.d ENTRY O A wouUnNg

vhan skin tn broken, puncturgd or abradod, radinactive subatonces
can penetrate to subcutaneous tisscuwes and thence to extracaliular
ftuid, rapidly 1p tne case of transportable compounds, and slowly
in the cece of nan—tranzponrtable compounds., In the ltatter case,
1 the wound is nat decontaminated, the time course of systaemic
contanmination may resemble that resulting from chronic exposure.

2.2 TRAMSLOGATION AND ODCEPISITION

cxtracetiular fluld ts the chief vehicle by which transportabdle

matertals ara transferred from ana part of tho body to anninhar.
Tuo axanmplies of gtaer mctﬂodu of transportation ara the movamant
G insaluble ptutonium sxi1de from fungs ©o lympi nades and tha
sotachmant  of radronnclidas  of their coapgunds L3 red digaod
celts. A osortion of the radironuclids in extracellular  flusd will
52 axaoreted oy kidney, frver, intastine, sxin, or lung, 2anl the
Fasarnctar wild be danesitad on oaay oraaps or tissussd YO0 whiten 1%
=3 3 sazctral aiiiny Ty, 3390 avL2ar d,3fcic contoainavtion oy
conastarTadla rodivnuctide tagera v lt 23 a nat wranfar of [
1o the wraan(s) of ‘”ﬂo ttion,  Turs vl concisuz until tha
coezunTrAtion in o2+trazeltutar flygrt fatlis (dug o 2xcretion A
21.354801aa) to a faval shieh results 1n a nat transvyer af
radtanueciide from the organs of d220s5itian hack into
axteacoitutar fluid.,

2.3 ELIMINATION

Tha  rata of elimiaalion of "a systemic contaningnt vy a!l raouies
comninad  wir il follow its concentration 10 @XtrAacz2liliutla Tluid.,
Cro7assay arncrams ceasist of maasuyring raozes of clnmawﬁtacl “at
varrous tintes after csaiomination, e@nd catculation from thess Lre

amounts retarnad in the otedy, and whcon pgaszible a0 thz variaus
tody oraons, at all times untii the radlenuclice has disapneaced
from the nody.

Cxhalation Is an impartant route of climination, Sweat genceally
vl conTarn any radicnuntide nresent in gxsteacatlutar Tluird,

Radronuctides excreted in uvring can come 29aly Freoy extrocellular
fituid. In the course of excrection certn radizanuctidaes may
deliver enouqgh radiatian to the kidney. Radionucdides exeregced in
feces may, come from  lngestion  ar inbhalatieon of a non-
tranuportanle radioactive compound  or by possang of a
transportable radionuciide into the gastrointestinal tract,

erther dlrectly or by way of the blle.



3. SAMPLING

Ore of the more difficult aspects of a bioassay program 18 the
develapment of @ sampling plan that will provide adequate
screcening to detect accidentat exposure or significant chronic
expusure., Once an exposure is known to have occurred, the
foltowing procedure can be used to dcvelop an effective sampling
plan, All excrcta are collected and all samples are anafyzed
untif the results show that spaced samplics are sufficltent.

ltest Installation ¢consider urlnary sampling as the body screenling
prgcedure. Planning for a8 bivassay screening progrant must bGe
bascd @n the technical requirements, but capital and manpower
cost are also considered. The value of the overall program nuct
te favorably balanced with cost. Sampling, especilally in a
screenling program, -should not be so0 burdensome that cooperation
is difficuivt.

The type o0f sample, the sampiing frequeacy, anc the personnal T
be samnled arc clcarly related to the degree of risk to which an
incividual is erposed. ot only the amouny of racicactivs
material he handtes but alsa his work conditians (in the enon, i4
2 furie hoou, .cr in a2 giove box) and the mogeriatl (targe of sol,

Q G,
nngler or ligquird) rust ke coansidarsed. The degrce of hazard car 2
eccoptalned  anly by experience and by censiderinag the danger oI
the actus!l gneration porforimed. This_decision normally should not
ba made by the personnzt in chorge of the bicgassay taboratory but
Yy o osamooeadn in clese ¢aily contaect with the inotvidual and t1-
wark., Gf csuevee tine somnile prograty can nov be ecteclished wivhaout
refﬁrunc;utc the tirocssay laboaratery tcam, and 11 may, i1ndessd, be
a major factoer in the direction the progrem takes..
After deciging who To sample, the type of sanuple must be
selected. Regardless of technlcal consiceration, a uring simple
is the ecasiecst biciogical speeciment tc oebtarn, It also has &no
analvsis edvantage unless the specima2n is to have gsnly ite garaa
specteum measured. Arriving at a sampling frequcncy IS no easter
than deciding who to sample and whatT to sample, now should tne
sampling frequoncy of a survey program reiate Yo the blatagical
and radiocactive half-tife of the material, whether the samnlins
freouency have to be related to the general shape of thg
gxcretion curve. Hich-Ffrequency sampiing may glve a sensitlivity
gain for slngle acute exposurc sitnce thesc values will fatl on

the steeper part of the excretion curve. This frecuent!ly may bha
justified for persons rogutinely exposcd to high risks, but people
exposed ta low-tevel :hronlc¢ hazards may not benefit frem hich-
frequency sempling.

in general, the shorter the perlod between samples, the better
the- estimate on body burdens. The bioassay laboratory resources

set a very real timit on the number of sampies that can h

handied. Since al! workers cannot be sampled continaously, the
workers with the nighest potential exposurcs should be sanmplico at
lecast veekly and the others less frecquentiy, bascd
proportionately on their potential e¢xposure, Weekly sampling tS



probably the starting f{requcncy, and frecquency may then be
dececrecased as experience dictates. Samples taken at the beginning
of the working week fix any exposures to the praceding week.
aintenance workers who enter high-risk arcas should be placed in
the nWigh-risk sampling qroup. Most often they are in the high-
ri1sk areas at times when the equipment Is not working properly,
and thus high exposures are more¢ probable,.

4 - METHOD OF COLLECTING SPEGIMENS

Even though personne! may be classified courrectliy under a
bigcassay progrem and even though the appropriate sampiing
frecucncy may be selected to estimate internal exposurc of
gersonne!l the results witl not 'be meaningful if the semple 185 not
collected properly. Correct collections of specimens include the
falloving trrez2 facturs: proper selection of cantainers, adequat

ircatment of containers, and e¢ffecctive procedure for colleciien
of opecitiens.

svic conhtainers are frequantl]y selected for the coliection
"2 gndecamens s5ince plascice battles 'are unbregiabie and easd
argle than glacs. Fecgs samples are ucually catlected 1n &
¢ crecaa cenlainars., Lzrae polycthylenz ba~s taped tTo
r

U)G)l»")c.

d tortaey secat are also uced to colttect frces specirmign
g is ctosed by m2ans of tape or @& rubbcr band, 1{ @
spocion o6fF bleod s coliected 19 =t “Is agequate for tha
rerauremenl of radionuctides in the specimens, Glaod specimznc
are nhot eccilceotze fraguentiy, hut, whon they are they shoul 2
cclilected in o vacuum tuve.

C»E

reat semnies may be coltlected by inflating larse balioons ¢
de{lutlnj the batloon into a chemical sofutisn or by exhali
directly and rcpeatediy throuch flasks with inlet and exhoruc
stoproc.s. The effecliveness of tne large ballovius to hold t
ragioLcttve gases and tne efficiency of the chemical reactiron
the gas is transferred from the ballgon or dircctiy from 1
breath to the flask should be determined. BHreailh measuvremonts o
radium  compounds of bromide or chlgride that are incorporatad 1n
the body <c¢an be meaningful since radon can bhe released from
cristal matrix of tne insoluble compound bDut the sulface
compounds of radium do not relgase radon.

o
—~a 3 O o ,-rL;

Treatment of contalners includes the wuse of pregervatives,
refrigeration carrier isotopes and reacting compounds.
Preservatives should be added to the sample to prevent lossecs due
to ph changecs the alkaline side on standing. Urin2 specimeas can
be stored wup to 1 month If a 1 % volume mxture of hydrochior:c
and nttric acid 1s used,. 1f refrigerated, the sample can be
retalned in essentially i1ts collected state unttl the analysis s
made.

Carrier Isotopes (stable isotopes such as 1-127) may be added to
the containers to prevent the uptake of slgnlficant quantities of
the radlioactive counterpart of the carriers {(such as I-131) oan



the walls of theo contalners. in the case of 1-=131 coltcection In
the containegr, spodiunt hidroxtde petlets may be added {n the
contziner to cnaure retention of the lodine 1n the uriyne sofution
prior to analysis.

Cifective procedures must be established te ensurc the collection

i & rcjrcscntatlue sampte of potentia! activity in the uvrinc of
i fn.ployee. Such proccadures should contain the followtng
Togurrements.

a2 Execeptional curg and cleanincss ts required to avoid
invoisdating theo anatysces by the inadvertent introduction o1
reatcacttive conteminatiaon from hands, dust, dirty <cgntain<rs
eLs.,

5t be clecarty marked with identification Ly
¢ perzon submttting the sample, the Ttme o
rvcd of collectian.,

53 f1) gontainers mu
nac2” or number of tn
colicction and the pe

¢y I semplee  mMust be sub tted in clean areas where no
radroactive matartals ¢cre na a

patlion — safet procedures |
ity of each emnlovee, in s
scfety proaccooure ¢ !

W
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]
~
o

5 - BAQIOCHINICAL LABCRATORY

saet majacity oF radiochemical work | Y
viTIEeS &T microecurie tevels or beollow. Mhtle thcsze muan™d
dioactive matertals can possibly roprescnt &8 persons ha
can be hanuwted witheout the constructron of s
ctoaratoriegs. Spc 1al fabtoratorics, particufarly tho so-
hot laborater) , are beyond the scepe of thic wmanual, €
gther hand, tncrc are certain critrria of destgn and Qos
wnich witl simpli{y laboratory procecurcs.
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The moct tikely harmful result of a radicective spill er accra-af
in a radiochemtcal taburatory is contoamination 09 cquipment
particular contaminatioen of counting Jactttties or contomntnaliun
of sameles. As 2 seneral rule, a laboratory Wit become
tnoperable for technical reasons long beforec any porsonal hazord
exists and conversecly | f the operation is technically well
executad bt is very untibely that any hazard to personnz! v
arise,

o
vl

From the dual standpeints of safety and laboratory ceperation v
s neccessary  to monttor the handling of radioactive matertral.

Survey itnstruments of the Gelger-Mueller or jon chamber tyree, as
recqurred, may rngicate  the personal hozard but arc not
suff{iciently seasitive to Indicate contamination problems. -Also

even though the level of activity may be itnsufftecrent to yndacate
personal hazard from direct radiation, there is the chance thot



co{fielent mater!al wnutd hocome airhnrpne to cans lt“i“ n
tnternal hazord from rnhalatyon., Thaerciore, cvery rt ooshoud
bo expencdnd Lo see that rodicactive material dous not Spr‘cc.v, 1n
tre Jobhuratory.

Leboratory design  for radlochemical work nas two eguirements:
firot, adenuctic ventilaticen with ample hocd space ar glove LG K
St tu earry out goeratioens where radioactive wmatarial  might
posoibly became atrboinc, and sccond, WOrking su~{a gs That can
be readly decontalinalcy

Satutlion handlin~ presents e possibiliTies o7 air
tantonination, angs it 15 oniy in evaporation and tonitias
nrecesszs that haod ventrlatien is requirsa, Un the other hany,
CReeraLionse wieh nowdered sziiples con lead Yo gusting, and th2 uss
t7oa gilave Soto1E rooonsoEnTII. ¥ consrcerzola 22wty 13 Tl
bonolndg, atr omonttaring 19 aostrabla, eyza thouen U will ciiv
foratrsa ¥ gr—{ilnc—-facx tnformation an nga=-roulineg aborciovcy
gperations,

Tropn o oare twg ephrooshes €3 the preobiccr of worcing curfaczc Tor
Crzzontornilinn. Tho firct, onld onset enpErcye 15 ta ysg~e T om0
c.oilon poonery s ne o materr sl sy as oweaeldoo sucintess e B
coTL AT 43 Yo wTto ocurToch T ownich, iT conitoonota, Con L2 7 a0y
Coe e Us and drscaerszi, Sinpce thors i@ nc aciuwlily I R
surfzcen, it wouis anvest Taot thy secang Tzannrque t s it
casivradte.

Fooanate storanz ceace &nanid Do o orIyvrded ot LTOTH tSGYCuls ne
active sanples s Tnat ctoraoe Saould arrivrasity ow oTwaY T oo
worting aroew 1o provent unnececaliy gynposurs a7 [ s AR o Rl AL
rergonnel., fn the stoviez erea thore saovuld b2 work venc oLl
nuGC0C spuce ¢ thet larges amoents o7 radiGec Ve martericd TEonL
nececssary  to be broucht intvo the radiochcmicorny are; 1o
providing  worging guanwilies of trngse mizi2riais. The Coinm
requiremaent is the preparation of workineg <coliutirans for uss U8
SPpInLs  oOr tracers., Tne uvsual millicurie -uanttiTy as PeECO L L
should be dituvted opd carriers or CUDCT reavyents oddoo N Lh
stecrace area. Suificient moterial may then be transferred to o
smaltler botyte for uvse 10 tine faborc<wory doerang 1that doy or 20,
In Ahis woy, thae gmount oF rodi0acTivsty 1 oradrIor ey ety o
s alwveys minimal end hazards te peorsennel or of contaminaitea
are rcgduceqg .,

The haondling of most radicactive materiagls witnh activities aof a
nmillticurie or leces 1S tjttle dirfferent than hand!ing gcthor
hazardous or toxtc chuemicals, ffaturalty, cerain radionuctid_ vy
egre mare hazardgous than others and mildrcurie levels arc ot
always perfectly safe. A3 a rule of thum when constdering
hazard, gquan<ities ¢f a few manimunt cermiscible tony burgeanas may
be handled In ne taboratory, but targer gquantitics snouyld anly
be processed in the storace arcva and by competent personnel.
Radloactive sotutlons should not be pipetted by nmouth and in
operatians  subject  to spills, surylcal or plastic Qloves arc



¢rofrable Lo prevent hand contaminatian. On the gther hnnd, at

S radiotion levels 14 13 e tIr onesentary or oaven dueoiont g
o otienmal rewiotN uperation behine Staeldrnoa, LU o ws overy velulhlo
in tlestine a new operation to moke scveral ary runs  wWirih-uu i
raulcactive nmaterial, T™his not only assist in setting up the
cr'ratton] and thus reductipg radration exposure but also may
it.porove the technicest quatlity of the opseration,

[es)

-

[t I |
D

[ =

ing on the tota! amount of radiosactive materiatl in th
tory it may be desirable to monitor perscnael with Foc.
ters or filtm Bacages., The necd for e can be 0
toed by determining the manimum dose -~ate durihg Operavt
h maximum length of tinmie such operatvions wuuid 4o cn.
taleow 25%  of the rernttssi bt value for e
norsenal menitoring is prooaoty of lottic valu
a7 the leborgiory it ocurvey tnstrumenTs sl

entlis and tncreases 1n the guantity cf rasica
rescnt.

U

:: 1

[N

(
T

et 0

o

ko

.
bl
[52 N ¢+)
i<

~-

1Geur
v

[ I

)
a
©
)

1]
5] . “

9]

[
.

o 2]
[ AL It T OO T O T
cto LY
[2* I B
e e & BPC
— ) b}
3 -2 T

o
S BTG U 0 B 91

oo
al
[ IR

(8]
(¢ & |

¢ = — Q

"
I
Bl
)
.~

moeasyrenent of reacvebioe
e o9t omzE: grrbarne and pra2

r-: o cecemt a aboraxto~
| r

(S &)
| .Y
e
o
s
€y e

Ly O
b}
(C
e |
L]
O 1
I

s
1
o
3
n
~I
I
2
fadl
-
wl
[
O

Lo]
oo
s

!
¢
o
[ I T o R R R
)
o
“
O M @

e then
ctivity that m

(a3 I o WS I
by -
e (2
[ & B
Ly
iy
[
ho
or
«Q
D o— e
.Lﬂ
w
o
>
.
[}
¢

-3
"~
-3

,
e
'
)

-~
s
C

. 3
(93]

tloﬁ pand O radiation satety iy
ry labaorzyvory safet

hcat burn putnumbzar radiatio
tude The standcrg procedur

-

e
cquipment hanagy and sl

3 o ow
O 0 T3 D o~ s
S BT W & R
0D - T =
o T )
2
-
(=Y
w
Cl . lg]
-ty ui-g
[ [
3 B
~
(9] rf‘ r+
i B4
G oW
sy OO
G = O
—_— oL T
=3
SIS
-

-3
o
i~
L\
e
~z

In summary, the aorevention of accidents in
lavaratory that might tead to personal ov
lovoratory convcaminatian coun best~ bhe convr
kenovledae of materials worked with, the proc.s
tuc potential hazaerd.

-3
Do b
=)

B — SAMPLE PREPARATION

'hen 1arge ameunts of oerganic material are prescnt the first steop
Is usually the ashing of the sampie. There i a choice of wet or
dry ashing depending on the properties of the sample, such ac
mass, bulk and physical form, on the oxi1datiron roesistance of the

erganic material and on the votatitity of the esired
constrtuecnt., Dry ashing is simpler but has the drysadvantage .
that many clements are volatile at ashing temperatures. Wihtle 1 t
is possible to mintmize looses by ashing at 400 to 480 G, the

precosce i s prolcnged, Many samplces ignite to procduce Io
teuperaturces far 1n excess of the furnacz temperature. Ashing at



7 jovw temporature nroduces a soft ach while higher temperagturncs
o Pead tn the farmontion of refroctory resioues nd may gcuna
o a o part of the ocosrred  materiad o combine wiilh  the
Cer xInur, Purceclain, si1lica, ni kel and pltatiaurny all have an

affinity for certoin elemants at ashing temperaturcs.

1t Is rdot aoilways nccessary to sroduce a pure white ash.
Frecuently <the ashed residuc 1S merety a more canventcntl form of

-~

the compia thom the ortatnal. Where complet2 removal cf carbon 15

ncceesary this may  bhe a2ssisted by feeding 'n nxyden to theo
meiile, 5y  ashing after mixincg in selid exaiic acyd, b
morLtentng ihe restduc Wi Th saturated amz. . um nitrate and
rzoonina or by breaking up the ash with a nortar and pestiec ang
resvhing,

{r~ w2t achlne procoss is rnare tedious, particylariy Tor bare
soontas, but 1 T i s to be preferrcd untz2ss thcre 1S direct
cvictenen  that dry ashing 18 suittable for the sarticular sSampie
\fo g ashinqg altlons ha direct addiTiaon oy carryear during tTh s
A LIzl s, ond VG.cylllgﬁtIOﬁ ioseas gooul Coiy YT T
cxrLnel, volaviis gler:ents sUCh as 1C0avue, hromiing, and 1
[

ir vot 2chineg the mojor gidizing agent 1S netric acid, and
fro-cently tac connlol: 01|dat: on ¢an be cearricd out This reaZen
ez, It I3 ggnerally verable-va adl the ¢campic 1 amai i
rearIlrons to A re!atlvely larr vyalume  of ho aci g, Urun
R il e B4} to a smicltl velume, ynaoxidized arqanrc motter )z
incicatoa by browt-fumes and a@sntrng may be corwnletsd Ly repoate !
agsrTicns O0f aitrsc acid orf nitric ect1d mtus snatl quantities of
nerohterys 2eid  or hidreasen perostde The »ost  evidence o0
coripietcnces 07 oxidatran hestdes ths assence of brown fumas “1s
the appeareacc of the resicue on drying. In the absecnce of tne
trznsittcy elements thigs should be pure white.,

The adcition of sulfuric or perchloric acid to assist  oxidation
is sometimes heipfu!l but may lcad to the farmation of insotub!~
compeounds such as baeiun or catlcrum sulf{ates or npotacsiul
peorcochtleorate. In agsdition, some elemznts ara mor volatile 3t tno
higher tomperatures reacnecd tn fuming wiln theose 2ctds., Kjeigan
trecoomznt of the sample provides rap:d asninsg wherd the adcde
sulfuric acld docs naoy present a proatem. 1 1S applicable,
however, _only to refatively smali sampies of matericl and goe
introduce a large volunme o0f a diffsculty volatite acid,

':) :J
D rs

L)

T - 0

-t

(300

Vhen graanig materitales are not oresent 1n large guantities, a
reasenable  vartety of samples wilt bge open to actd attach, In
som2 cases tt Is not even necessary to obiain a complete solutlion
of the entire sample if 1t can be shown tihat the desired element
may be removed by leaching. This type of attack can be qu! t¢
veweful as leaching also affords sowme separation frow bulk  matrix
matertals.

prdual mineral aclds may

Sampleos  which da not vyield to Indiv
ds such as agqud regira. For

respond  to treatment witn mixed aci

10



“leas conrinla <1licatec In emal!l amounts, 3 moreg vigorous
Ut e Wi attric a3nd nysrofiwortc acids foiflowed by evaporation
ti% sulfurlc ar percnlortc acids may be of value, This fatter

tecchnique opens up many silicate mingrals

and

volatilizes the

sllica present. In all cases, the carrier should be added before

§r i th {he 2c1ds.

Sawplecs  That resist acld attack or rasiduc
cr tanitioens rmay reguire fusiton to bring th
=

Lbigh tanmszratdre cf fusion as ccmparcd z
colutian and os oreJtiousliy mentiongd atso

wiih  the 2uz2d carr1ar, In some caszs tng

vaolatilizavien gf the decired constiiluent

chavhed,

There arz severzt +tyeocas of flurecs a2vorissl
The fairst 15 the ceivd flux reoaresented by

rpoctosstiun pyrosculyate This is gurte =27ff
¢’120s  or ovThar &3 ¢ matertals z2nd The T
crzzolved. 1 <3ToLP O¢ Gi'4Ut2 minercl oacio.
suTh as 522127 g&rranate ar o th:z nYarQ
macerials sucn @3 stircotes, The maelt may

rrorad aci1d  wiih  the reltezcee 0of silica
romeved., A therd o ciz2gs o of {fluxes araz thece

I cricetion, Theses tncluge nttrates,

prroexicce, Those arz Trecuzantly vafbuzstie-
rcfracicory maxeria, - but are othervice s
ftuncs. Sonie succzss hag been roporild wi
bssi ¢ fluxes vt fivoridas for atilac
veleatilization cf ecma silyca. Art fusians
Pieyt of the atticy 37 the flux on the fus)
resis“ant to moast molten {fluxes exgent o
sodium pergoatdz, These fustgng can be ca
nickel crucioles which arg also atiacked
reptace.

7 ~ CHEMICAL SERPARATIONS

In the chemical separzations regurred for ro
advantage ts taken cof practically all techa

s from acid soluttg
27 into solution., T
€
n

it

h
a
4
~

rt W WD

2c1d ~vtack nremg
mayvy Dbrcomaote gvch3a
fustan may bring aboy
and this poInt muse Lo
s for samale attoch
potazsicm bicguifate or
ective In dissazivind
gstca w=zz2elty can o of
The 3fkattnz fiuvcss
c2s athick Thn 2ct 3
te diszzcivsed tn drluts
which must thaen te
¢ncss Troamary fTunclion
ntirytes and sSCU Lt
Jar the solution 571
i tar Te tha bagct
th ¢sin3 a mrxtars of
¥ cn  stlicaies gn
mest 22 consigerzs N
on v2szczi, PlezTiyauvy 1o
P the nydroxides  and
rrigag SUToEN iragn Q"
but are cheaper t0
giochemical anaiysis,
Iqucs. Wnile thers tiasg

been a tendency to uttlize ton exchange technrguas very waidely,

the vsual radiochemistry 1s based on classtcsal precipirtatio
techiques. tn fact, evan when the nmore reocent methods are used 10
separation 1t s found that they are most effective when combins

wilh classigcal methocos.

The genera! goals of chemical separations are to reduce the mas

of the sampie Jor counting, to achiteve chemical
for Fecgvery moasuremant and fto achiove agcontamination of the
vdes. The degrece 01

substance sought from  other radironuc!
senparation requaired 1s dependent gn whothe
delermination can Bdg carrtgcd out n tho p

r th

rese

p

¥

ne

material and whether 1t ¢an distinguIish between

contaminating activities.,

1M

urrty sufficien

final method of
2 of some bul X
the dewtred and



I+ should be realized .t%at ajl segarations are 1mperfect 2and Lthat
t%2 conditions set are a compromise betwesn collectrno allt of th»
ceosrreda consttituent and removing tne unwanted materirals. I'n
r:dr1ochemical analysis 1t ls common €9 sacrifice the former
somewhat to rmprove the repoval process. Again, si1nce no
ecnzrations ts aonsolutely specifice, a ccmbinaticn 0of twg o° mere
{wffchnd sgparations are rcquirad (o) 1solat:2 the decsireag
clement. As 1a more classical techntguezs 1% is usually deasirolia
190 remave the destires constrtsent fraomm  the osulk matarial,
particutarlty when prectprtations ire 1nvolved. Even (] ine
prezcnce of carrter the tosces 1ncurr2d tn preciprt2ting a marcr’
cornsituent can he aut te high. In preclIpitating tne mIncr
cerstituent, the small bulkx of the me*terial daoes not carry 3¢
IV cantzouination and this nmay be remnovea by rege<i<ivz
S Traticns.
Tl o terms docontomination factor or ssacratiens factor are widszs'y
--¢ 1n radiochemical snalysis. The f2c¢*3r ts merely the raTid o7
thse geTivtty of a spscific consaminart to that of the gzsirel
nLclide tn the gri1gin2t samolz cemra3red Ta UNE ratio tn tThe
rezol T c3malc, The terms ars uscd grTher t9 cover Ihl
tLtIhTcanztion n 3 singls sTep Or in n gverald analyTiz.’
crocadure
Cirnze o many of the segsarattiarns in raodtigchemcet analvsics 21
cirraied out 1n osmiall o voiumes The centiaTuzues 15 widely azaliec
(I has become ¢comninn practice T3 rcfissolve znd rCOrgErt 2t T2
rovhor than to wagh precip itz sl carofolty. This fwzy Lo roposnil”
ceveral time vary ranedly andc woibt cgnarally Giyn ~IIc
de::ntamlannon. As neted z20ve, where the 2lement s2ush”T and vaz
cooavanminanty have similar properires % s oarefergotie US dJdcg2 R
Jifiercat prectipirtaticas, a srgocorTztion fallgweld m el
gxcraclicon, or any two‘WIUeiy diffarant steps TJ acnieve S0
¢ceocentamination.,
0ne oprocess  that is frequently of vatue {s the onc called
scavengine, This is ucually zpplied to a preciprtation carrrad
cut o remove contarminating radronucides after the bulk &2ir.
0f the samale has been removed. The »oroecess involves the edlitian
oV ] groun carrier, prec1n|tat|?n and vscarding of th2
pracipirtate, A typrcad gxomote wasld D2 an acIivion o7 teoan
currter followed by nicdroxigde pracipeTzTign to regmave rarg eartas
and clher heavy met2als In a determination of an alkain c -
atkaline earth. Freaquant!y the scaveacingy preocedure 1s repedted
to improve decoataminattion, but 1t ts only rarely that TtThe
scavenge precipitate 1s redissalved and raprccypitatz2e to rz2eLvee
any of the destred constttuent that may have veen absarbed
Time may enter Into considaration of the separation techniaues {0
be used. In some cases the nuciide sought h3s a short hati=1 o172
ond dotermination musT b2 carried out raprdiy, In gthar cass,
the nuclide sgought may be the parent or daughte tnoa chaon anc

the timing of Lhe anatvs:s must be adjustad Lo oreak the charn 1n
the proper way so that only the desired nuclide 15 counted.,

12 .



s attemat  will be mada to do=ail tha common senarat!'aon
tochninuas but =hay are mere!y !tistad hera 35 3 remninder.

= Precipitation
- Electrolysis

- Elecirolyisc
- Exlvszctran
- Distiilatio
- laon Excnance
= Chromatoarar

Qisplacement

tbast rzziouchemicst snalysrs are carried ou? 1o gych & nay that
losces 22C4r Cdurtnas the separatiing Th=2zs logses ire usucilys
natescer in 9r3Icr t3 chtarn &@dacuazTa zezAaritisn from hs taraz
rinber of contiminanits Ta3t mey L2 ersgent Thus, 1% is necesszry
12 inctiila a Techniqus f2r gstimzting thecs losses n the
gzvelormant oF the anstlytica: grocedirs.

Trz fjezz7 destrasi2  techniguce te ta deterwiine the zyanItn
recoviey for oa s2rrec 2f epirked szncias (2amnlas Ta whicoch o3 o <taun
FmounT cf radionuctiids hes oSz2en aldizg) zac To us2 Thls Fagavery
vaiue for fyture decernminatians TA's doce potL ak2 sttawv=ncos
for chanzzs tn T2chnpigua ULUnCcer geTa@rvinzTIons, This C0Rs not Mavs
gllcywanczs for cuznces in technteoue JgndeEr CIRCITIGAS 2nczuntisrss
In the arzlyvesis. 17 10 19 necossary L0 ¢Lg U915 M3Thnod, 2 onboaaauts
recutrencnt Is”That one Or mare spyyeg scartles L run o1 Th SIIN
tatzn of anatyses to assure that tThe gsTimated recovyery s z1a3
maintainzz.

By far, the ltarczst numbar of recoyery meisyrements are mgde an
ihe basi1s3 of agdting &@n i1saloptic carrizan 10 tha sanicla 3nd
gdetermintng the amount of carrier recavareq. This ] JZry
egnerally 2pplticanle  and 15 capable af yitelding gxceltznt
results. The finzal determination 0F recovery is gsually maga
gravimetrscaliy. Wnile thys is tha2 simpiest ma2thod 1T 15 not 132
rost dasirable since wejant 18 a non-spectifioc pronerty it 1S
prefercote  to determine recovery oised 00 o volumatria roacluion
or a phctonetTric measyrement which can be made speciftre for NS

elegment betng determinegd.

nd wWeigntay

In determining recovery gravimetrically, the conizou
ng farm Tar
¢

o]
must have the oropertties required by a g00d¢d woight
standard gravimatric analisys, thatl 15 co1stcat con
hyqgroscapicity, andg sa forth. After sepsrstion,
should be pure within the limtts of accuracy desired tn the
analysis. It is also highty desirable that the final gravimatris
campound nmaounted for counting be the same as that used {o
standargize the initial carrier soiution.

osttiaen, fow
ek comzcound

In many cases where bulk samnles must be analyzed, It will be
foundg that the oritginal samgle cantains asoarecrab!s quantitios of
the element used 05 a carrier. In such it I3 pPosSsintc to
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