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to the problem of the analysis of cell extracts following the incubation

of biological systems with radioactive substrates.

HANDLING RADIOACTIVE MATERIALS

S?ace will not allow a detalled discussion of the theoretical aspacts

of fonizing radiation and of radicactive isotopes. It is suggested that

.morkers new to the use of 1soto;ns ‘should read one of the many excellent

books on *h@ subiect.(] 2 3),

deverthe?ess, ‘there are some points. regarding
Lhe‘manipulatwon and storage of these materials which deserve mention here. .
Radibactive isotopes décay to half their original activity at any given time

in a pnwxod, which. is characteristic “or gach isotope, known as thﬂ half-life,

.Sf the isotopes mest cowwonly used in bxo?ogxc11 research, FT4 and C135 have

such !ong half-lives (about 3,600 years and 4*4 x 106 years. respecbiveiy)'
that decay need not be taken into consideration. Trit?um (d*) has a baif—-
1{fe of over 12 years, and unless a particular experumenu is Tiaely to run

for a significant frac@ion‘of this period, the ha}f—1ife can be ignored.

Hith three other 1sctoges, howaver, Brgz, 113?;.a§d P32, the half-life is so-

short (36 hr., 3 days, and 14 days, respectively) that 1t becomes an important

a2

factor when ‘hesa nuclides are eﬂp1oynd. -Thu<;i8r 1331. and P32 must be

used soon after prcparation, or ]1tt]h of thu oriQ1na1 activity will remain,

°9 703 S3° 65 are to be studied {with half-lives of 45 days,

When Fe and In
48 days,.87 days, and 250-days,1yespective1y), the position is intermediate
beﬁween the two ektremes mentioned above.

in hdditioh,%o 1655 of materialé due to decay, care must be taken to
avoid fadiation decomposition}whép substrates of very high specific actmvw*w

are used, High specific activity compounds are frequently best stored

in vacuyo at low temperatures as a thin film of dry or frozen material spread
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manipulatica, For iﬁstance,_whéa'?abei?er bicas baﬂa e'a; acetate are usad
ogical systems, anu hﬁwaﬂ ;r:ﬁa.are subsequentiy

run in an acid soivent, active csrben dioxide and acetatﬁ may be released
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For the small va?umes of soiution used in chromatography, micro-pipettes are

-available whi ch 0%v1a e ‘siction by wmouth, -ThCSQ-Gf't&e Lang-Lovy constritt%

- type are accurately cai‘Hraﬁed Lo hold or deliver variocus small velumes o

SR
©
-5

tiquid and are fiiizd and aﬂvtzed b ﬁeans_Gf a rubber tube and fing

P

_pressurea,.éC' verg when more tha 0 very small vo.uw s of ligquid are to be

v

Capplied to ﬁhe*chromatcgramg sucé'tlat the pipetie ﬁay he al

entirely at one tim2, ihese"pipettag-arLinct entiraly satisfactory, as siow

ccﬂtvoi 24 outfiow cf ligaed rom them 15 difficult, In practica, syringee
',COﬂtraiied‘ tramicro tranSaer pip tss calibrated to one marﬁg"a.J a¥n1?um}\

ina range of vs}umas Ty ow ? or 2 SR to 500 ui;;<give more satisfactory

 results, These pi pattes_ar fwilud b« Nf .i‘a ng tha clunger Frcw a modi-

o

fied tubexcul%n 'yrinqe- and“iiquiﬁ is Chnfcgaﬁﬂ oy gentle ?n#»rq prﬂssurn
- on the ﬁiaw 1123 o AT 31799 of pips tuﬁ fmx into the same svringe., The pia

gettes are made-m?th-%ﬁng,vsicnder tips -and possess a safeﬁy J?a, and are

to chramatogragh:,;_Syr%nges'can'be made by

fength of thick-walled plasuzc ﬁddeﬁ“ evnr the Luer fitting on a standard
-1 ml. tube rcg} ,finge, ﬁhan laraer volumes arz to he appiied to chroma-

_togran crigins, the syrange fay be held in a clamp, wi

-en the origin of the’c‘reuatoq aly an" sn 1? volunns of Tiauid neriodically
exprns"nd OQLO tn naﬂer. 'in this cas and in many othars, and where com-

. prassed air (pre e"ﬂb!/ felze »d) is availahle as a lahoratory service, a
B v T ' S
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Log *ion by Ende-wingow bﬁéqtr fiiter Tubes; A chrometogran may be
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§ca§neé with a Geige ﬂiepr tube moved manug

& scaler, and the positien of activa-spoig found. Adjacent areaJ to the ong
being scenned at any one ilme mg y 3@ ;nie}_nd with 2 suitable mask, This

2. >

“method 15 applicedle mai ﬂiy 10 one-d;mew s

cussed fur har in the section dealing with the Scott tube (5. 3.

'Radééaﬁﬁagraﬁhy, The wost satisfactory mathod for spot Tocation on two-

dimansional chv Ratograns . cnd which can also be usad fqr Oﬂemdimensﬁsna?

- papers, is t p}aﬂn t ch Qmatogram_?n contact with Yeray f ?m for a suitabie

Tength of time, and“tnen_&eveiga the fiim: areas of Dlackening on the fi?m

will - corvespond with active'areas oa the paper.

&ocatian,w%ﬁh or aa?d-d‘?@ Spark Chambers., This technigue is discussed

" din detail in Cz*atcr'  and 131} HGL he csnszio ad further hers,

i

Y ) o
"~ Location by-"stcneu?c SCaﬂﬂ’ﬁ? ﬁevzc“s. Gng-dimensienal chromatograns
may be passed Chrough or 18 Tront f a counti ng tube and an automatic plot

of the position and activity of radicaciive areas obitained by-cqnn eting the

counting tubds through a rnﬁ ter t0 a nen-racorder,  Automatic scanning
equinment for Lﬂo~ﬂ;rsw;20ﬁ i %rom tograms s o srf much rore difficult o
desian and no really satisfactory ones have heen developed,

tach of these fechnigues has its.usés and will be described sepsrately.

,iﬁduﬁﬂaﬁ1c Chr0m113ﬂVA” Q*anﬂrnr

I

'hnf-o1ren<10wat chromatograsms or eiécﬁrc owciﬁnrahs

;'for rad?o&c tiv

vity by

for this parnoue are avaa}ab‘c rﬂvmrrczgilv.

et ]
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(33}
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-marked automaticaily as a radivactive ink line passss through the counting

48 abaut-t«?% af &rsiium and a-lum for C°°,

Irresne tive of ine t and drive speed ewployad 17 will be necessary
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on laying tnn chron 'ﬁrnﬂ and chart trace side by side with their corres-

pondance paiu@s 1n the cornﬂc% Hes%’i zs, the Tocation of the rhdioactive bands

-

he paper is €auvd, Other landmarks on the chromatogram {pigments, WY,

Q
55
o

'abaorgb?ow,‘f?uoreuc nee, etc,).ﬁmy aEso be noted on the chart as a recoxd of

3

hart ars nrowvrtienaﬁ to

._ a2
¥

.,e areas under the ;eaks on the o

W

the quantities of ?ud?ﬁ ci}y y_sn the chromategram. The instrument may be

¢&3?bf§£‘d y 1nc}ud1na on a scaﬂnlnz run a sirip of paper baaring one or more

spots of Lr 4n radTGacuwvity._'Tne counting efficiency of window-less scanners
TWG“dTu,ﬂS‘Gﬂ chro 1t agwams preseat an entirely different problem,
jn ess aﬁGLc on curaa~“01ra. are widaly aenar cad, resolution adeguate to .

Iy - -

distin guish between the

15 extremely difficuit %o obtain by any type of

Scannéng zechnigus.

o

but the ?a wer the numper of ezenﬁ” det ccicd per unit time, To achisve suffi-

. cient resolution to d%stinguish.bethen adjacent compounds on complex chroma~

tograns of the type routinely obtained in some mn?*io?ic studies (see follow-

frequently have,irreqsiar mﬁrﬁins which may even dovetail togather, the de-

toctor v Oqu nwnd to Le no aarq * ah?? ghout 1 s in diameter. The number
of em ttoa part*cles entering such a mfnuﬁa detactor per unit time would be
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Radicautosraphy: Use of Xeray Film

The lncation of radiocactive spots with Xeray film may be used with onc-

Cor *xo-ozmtn ional chramatmgramsa but is par%iculu fy vatluable with the

)

latter, as no matier how 3 Iv o~d3mar ional chromatogram is cut

e
=
b
Q
N
Cer
<
ot
d
2

" for scanning, there a!ﬂyas renaing the possi

LI

spoi; if thess die é xa12g in reaavaow Lo the diraction in which the strip
- have aeenvcuc.

- 4 2

'Tyse]oF_Fiim,.'iha_speea of the film and its sensitivity ¢o

emittnd bv the.iscaopo are ‘e main considerations
' f;}m, bhn grain betng or 76 I@‘ﬁCGOUﬂt. %a4$Creen Xérav films as made by

-,tnevusua? manufacturers‘ara tﬁe most suigab?o fcr radioa itograms of chromato-

_qra s, and a= t i ﬁame imp}ies, tnese are'desiﬂ
, o _ ”
'.vfginq qcrﬂevs.b Fnr'wnak am ttﬂra (6345 X7 and

'

%0 be preferred; as they. shaald he naper, the energy of the particles is

~ too Tow for them to penetra'ﬂ the film base and affect the e uis?on on the

oD

side away from the paper ;hkomaﬁorrams,'the prasance of 97Ey one emulsion ra-
“duces the hackground (f r@ﬂ co:wac rays, eﬁc.)ute one«ha?f. that with a
double-coated film, and thers is a'saving of de»e'c er and fixer, Other ad-

ted film will be mentioned oe?v‘, A syitable filp is

avaiiab?e, doubie-coa ﬁz f E& an he uwsed, This is marketsd hy

(o9

as ”(oairgx and by‘i?foré Lv;

Storans of-?i}m. Fitm should be stored in cool, dry conditions, and

1d be used hefore the expiration date fadicated on the packase. . Parti-
cular <are must be taken to avoid storing film where it can be fogged by

radio-isdtopes, X-ray machines, efc, When chromatograms have to be exposed
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'””gtance; if a substrate contains

- active mate riaT used (substrate) con

The ccnﬁaw Inant may cause CO“‘US'.  -

ok
™y
3

«

Radiochemical Qoruaﬂ1w4£1 . It may be HECPsaﬁrY to ensure that the

’).

ains no significant amount of radipe

o

chemical cowxaﬂ 1aticn; a significant shount may be quite smali,

-

| per cent of & contaminant, and 10 per cent

‘of the Suéstrate,is’used ina “eacticr o gr duce tan e ual?y agtive prGOu»th'

~then nach prc fuct zn Lﬂ”'ﬂ?XtJF& Wa13 have the same total activity as the

- oF éna? COﬂnaﬂindP Cassuming the latter plays ne part in the "oﬂcc1on.

Acet recﬁ3/ lztprprﬁtno as 3

C}
=3
£
g
e
£5]
oty
=3
e

prsduct cf;the react on, or intarforence may reﬂu:t hy *13 ccntamznanﬁ

rnrozgton‘anh 1 together w}th a Qroducﬁ. In such cases pratiminary nurifi-

~cation of ha_substrate by. chromatography in the system to be used later for

analysis is advisable. After a?ution9 the substrate should ba used soon if

there 15 any evidence that the contaminant may be reformed. fron the sub= -

"

 strate, perhaps By raqi&ticn,;ecompdsiﬁinn,

-

Laballing of Film, Fer a?iu.n@nb of the raﬁioautngvam 4ith the chromaton
gram after Je, 10pﬁ: s, i“ is advisable €0 stamp or number the chrcmatogram

to contain spots) with radicactive ink..

The inkfmark 1ou;d of »csrs N

davelone é in s 3 vent an a urz ede A

sriate quantity of radiocactive material {a longelivad isotope is bost, to
avoid frequent preparation of ink) with black endorsing ink. Enough radio-
activity should be usad te achieve an adequate expasure in the time that the

2 stamp pad can be made Trom

a Tlat=

bottamad tubz, and enough ink added to give a moist pad, ;“c ruv“»r ecoo¢er

is mounted on a glass rod bearing a cork at the aother end as 2 handle,



P

-.p?aced_aga?mst the pa;er,'sa as to avoid confusion,
pencil point is sufficient fo form a

jed after processing bv ﬁrwtinq

-5forgot ten: at ‘the time, fi!ms can a}Ja he Tabal

'*.on‘them in_ink;vbut this rnsuai* ﬁn a ?esJ permanent image.

'Exonsurev echn?ques.' The mlnufmcta ﬂrs u00§V' «rav f*!m in a var iety

. ,of ,1295 Qﬁd macx?nqao Owing ﬁo'it@.high cost, was aqe snm b< avocdwdg

the neafe stanﬂard size ava :aaig for trm 10 in,;(2§.4 cm. ) aquare pane”s

“described in this book usually be n'g w m,, X 12 in. (25.4 cm:. X 30,5 em).

fola¢r~wraﬂ9;d in tha Tatte

-
Yo

| Films are boxed ewvc ope=wrapped and

]
O
w
£
et
a
—d

“'fi?m'iz<insert in a axm%lﬂ aeur folder which does not constitute a lighte'

';tig:t enclosura, rwlms 17 1nzs ﬂack"ﬂq ars chea@er;andjare satisfactory,

‘ih-canﬁainér_férfthe"fi-m‘duréng é%pcsu%e to'ﬁhé'cﬁrﬁﬁutégéamglbut fo?éer-,
wrapned T;ia.méy e ta an out Q?'ﬁﬁévéaskez 0n?y'under racompendad dark; -
’ragm cend?t%oﬁé, ,Enveisﬁeawraépéd‘? i is First folder-wrappad and then

‘E_encidéed in a‘iight—tighﬁ‘@nVQidp; fonathar Qith:a<§xece of stout éafd;

n one of ¢ ieveva? con-

€"
a’
v-.!
~.'2
J'
D
[o]
»
i3
[
w
Pl
L,
&
-3
s
(o]
[N
(5
it
i
..-'.

! f fitm may aﬁ kept in one ©
tainers Inds¥1nuu3 f cnroua Gu azra way be storad in en velonps as
i ' o

' 'mmni 01“6 armvW or“zn ﬁhé*spﬁt¥a Apas 17 Ho?d s supnifed by rnouoqr aphic
nthCfurPFS, whwcx cun he usnﬂ rep ated y, and do not require anvelone-

Ciyrapped FiTm, Tnej qr suap?and in sizes appropriate for the various sizes

o
o
»

&)
>

3 .
. -
)

o
>

=t

o

:ef fi?m;‘Twﬁen Iara nuwuers of chro“a; grans are to film 211
_;for thn same’ Derwoﬂ, the riim—caramazegram pairsy gach in its feldar, can

”~

be stacked_toueuner be wnﬂn L0 Suce ts of card {3upa3€ed'in'bdXe3&of film)

&na th a <torn” in t“@ ?i;ﬂ t-tioht Boxes in which falder-wranped .11w is

w»

‘ ’ .- . ° " . ) N “l'_‘ o
soij. Tp" }1ds of ne boxes shau?d' 9-&@9% seated with adhpsive 1 tape duri ng

exposure to nr vant ace oyrtal on ntﬂg _



" ,boxos, snoets of ab sorne'tkm terial {3 &m, 2lumin

Coelt

1.

if such af vaper and fi1m is baing ugea.;nat it ascames_ﬂecessary

patd
w
N
[l
Y]
[o

to wrap the edge of the pagcr rouud tha r??ﬂg there. is 2 possibility with

doudln=coated £ilm of obtsining an image on the back of the film due to the

z'r*'

wra n~dnuver edge of the Dégar. vin adedi
'? may b@ exposed ’o pa}téc}es from'tﬁe'hack 6f,the‘next_pa$er3 penetrating twe
;}ayers of foid r paper ev en with weak e31tghr% Eika Clﬂvand 535. Ié SUCh
cases it s best to alac“ #n Q?a sheet of dﬂymtowﬂ;gfiim hetwnen each film
'.chrométog}am pairs ifitw& ‘edges of tne waper-are-tb he wraaned round‘ihé_f
vi?m, thén_théy-c;n instead be :rnp»eo bac«%urusArﬂvnd tha xﬁ?orvnnznv hééts
~of old film, | | '

Precautiqns must be taken with y-amitter' l,d stroﬂg 3«nm1tters which

. ‘ . L. . ’ ‘ ‘ . 'lg‘ 3 ’ A .
- are unnecessar v with weak geewitters such as C]?,-H”, and S%7, If chromatoe

a -

.-

qramg hﬂarx g f°2 and C}Bb are to be stored in stacks of envalopes or in.

.-

' Enave b°uwean earn chrO%atogram to preveni xﬂsaurﬂ or tha fi‘m by nart%Caﬁsv
eminted from ad jeztvnq ﬂap»r° and gaﬁotraaing ﬁheAfoixsrs, envelqpés and
¢chr maaograma._ The saétiai.expa ura holders supplisd by the munufacyurﬂrs

2 Al

arefbac«ed with Kead_fo:l'and this s 10u}d be adenuate in praventing such a

A

cross?cahtamina%ien. 'Chromatccra.a of- v»ﬁﬂitfc 5 must not be stored in

stacks uv?n" thick }e ad 3LV& Ms can up prav1d d. batueen adjacent Tilms,

'h&t must be s*ared flat a3¥ on t,e sa.o planeg ;Jen'cross~¢nntam%nation,w€}?

: be m1n1max.and can, in effect, me~igncred, Table 1 su nnarz 88 3 num er- sf

2

prope nd more 1mwo"tanf nractical details of %%otoves most commonTy

- used in_bio?og{ca? research, |

.ATthcugh adéﬂuate conuaéi“b s tiveen film an5 naper may be abtained by"
packihgfiﬁ.an'énv alope or fazr? fu&? bex many workers use vei@ﬁtS-to ﬁa?n-
tain a qood con t.: If Lﬁeac are used wiﬁh {i?ﬁ képt in t%i% vackaqes (sucﬁ

. i S
as enve?opas) it should be rémenbiared tna» waights with sharp-eages are



"prccassinq,,;havruzms can be processad in dis

severat

_v1ew1ng box, and can often b2 scan more @asily 1

Ce15e

‘Tiab Tc to cau e pressura m riing s‘on the films in the same way:that writing

on th@m with pencz} will do, and dtffu e weights covering. the w hole area of

the 121” are >refarabia (e;y. sond hagsg.ﬁr 1argefshe@ts of metal), }F{?mé
":ha1nq ~,npov-'wi "r Frvdh filmp mbs Q@'§t3fed aw#ﬁ_from‘external‘radiaﬁinn

 from Y«@mitters and K=ray mach1n&s.[ | | |

L Pwo vﬁﬁxq,Fﬁims;‘ For toa ‘iﬁg aaﬁ‘grocgsaing x;ray £ilms dar“—wnom

facii i,io 2re NECASSANY. Safmiights nay he used ac card ﬂn to the ‘processing

- s

inst: ucﬁlcns a ich are supplied by the film manufagtur@rs n “mquwnu."m

-
9
=

%"

“;‘.

) y ro » Y

has of 5@V9?ﬂp@rg' ash1nq wator,

and fixer, but if films ave to be praceszed routinely a deep proces i.q uni

e

is most convenient. -These units are supplied aither in one picce to be

'j.connwabea w1+h the plumbing in tha agi%ﬁinggpar as-sets of saparate tanksg'

he ?\»terg of cgursg, aaing.w

T are rount d in specia 1 frames. | Wit u‘ nnnl hﬂngnrq tna f:im 51 ide inﬁo

0y

o

- grcoves which hold it on four sﬁdes,luut‘qui%@ frequeatiy Falls out &vranq

»

processing. Ténsio hangerSVare'much to be prefarred ?a the film 1s impaled
at eac h corner aﬂﬂ,bq a ha}d flat and rigid gnder tens 1qn."wwth %nth tynes -

cof hanger the fi s are p?ac&é vértic@?}y,inﬁe‘ﬁhe nrecassing bathsgvand

-t

-»J

: ' PRI ' I SRS I S
"{1ins may be processad swma;u&n@cus1y,
P . 1

‘f

intinq,anﬁ'EntenSEfiaatéon, rﬂf ter nrocos‘ nq and wa shing, films are

'driéd‘hyvailowing them to stand ver?zuaiiy GVwWPT hi {5111 in their frames,

‘or hung from a line with a ¢lip), and drying may boe accelerated with a.

Fitms may be viewed awaiu ¢ a white background or against the window of a

e vi@wfng béx: the best viewing &mﬁes-have‘f?uarescgnt‘3%9&%5 and a dimmer

o

4]

n

-

v?ﬁc%. VVérv.faint spots on the fi n are best seen with a dim light in

T othe filwm is rovad rapidiy




“back and forth tar ouqh a sma 33 distanca than when stationary, |

reason rn3/ very faint potc can be ubitinea on iﬂn fi?m,
Intensified ! J blue toning, This is normall

4

film ha° heen vas h ed in ruunan water ﬁfué” £ix fnq, but old-

'be Tn?errvfzod aftnv S”&?iﬂ them in wabervfor half an hour i

_‘sc‘vbn the ewuls1oﬂ,_*:he dgirections are as ?o?¥s~ (6
Sotutien A~ Mater (sbout 20°C) 750 ml,
SIS Diglycollic acid (g, o« = o .
oxyciacetic acid) &0 a.
. Sodium 1jurox€dm 36 a.
Solution B ’;v‘water’(a out ¢?°C) o 100 wl,
: o7 Ferric nitrate. 9 HE BEE N
Potassium fluoride, "2 H,0 Sia.
“Solution € - Water (aboub 20°C) 100 =1,
. Potassium. ferricyanide 5 9.
Sodium nitrite 1 4.
Total volume p o S S 1090 w1,

%olufrnns A Bg aﬂd arc “oreparad by add‘ﬁv the constituents in the -

ardar given anove,: SQZinow B is udﬂpd to so ution A in 2 min, with stire

ring. olut1on €is add d to soiutten A p!uSz

~ate

[0
i3
o
3
-
£
wte
g‘?
w
o
P
-
-
wde
3
o]
-

i

Stir 1 min, 3Tna seﬂium vdroxlde and ozﬁlyc 1lic acid act as a huffer and

o

the f'qaifﬁﬁfs ouad pe about 5. Po;assium fluoridc'ac s as an antifogaing
aqent and 50g1um nwtrtte a an athcorro»zop ane.t. The solution is re-- _ -
.,vvortod to ba SL&WTG 1n ataﬁpﬁr“a anie r~ro’our0u bott };S for at least six

_%01tn

wdo
YN

The. f?lm is tutaiij f1eme rsad in tﬁei

-

ntnns-‘!%na rOIution at 20°C for
- 2-8 min, cnswndan on tnc ﬂeqr e of in s1f?cag1on rcquwred It may he
' rcmovcd aurinq tqis ??T?Ou for 1ns cct{an' thn erCﬂ 5 is rarriod out in

norxaI rbom 11thing. Tﬁe films are ashad in running water fbr fot more



s uff1c1ent‘activ1ty is preseﬂu,

) .-T?; .
"_thab 5 min, and dried in iheig§551 #ay; Tha blackened areas on tﬁevfiiﬁ
fraré turned'deép hiug.ané_if'thé_rcsultaét imaga}%s'viewéé with red Iightg'af.
 through a red filter, an increase ?é film speed of about Five tines can be
bbta%ned: i.04p the sawe resu?% is;prb&uéeﬁvafte% f &5n¢i c‘ti on as wpu%d‘
: requv"e Qn expeeum ﬁ"e-cims as 10{1!‘1_ i:-;r.ft?:) no inténsi fication, This tech
°,nfnu* is esp°c1a1ly valuubie unen very ?0 XPOSYTaEs uo:]f tharwise be
neceasany, or w%nn furt)er xpaaur i peihtless @ae-ﬁo the 5h0rt‘ha}f~?if@
 0€ Lﬁ sot ope.»vV4 | | L |
havan YOC%tOd thc ano,s on tﬁ fi1m'w?ﬁh the vxcwvng
;rfnged!raund with wax ,ancf?;‘wﬁich‘ﬁan.éasii sc romovcd xf noco sary'by
sb5fnq'h'én pavcr bxssue or soft ciaun. Ink shou%d not he u ed_ s it is
‘wf very aszvcu?t to remove sat1sfavc9r31y..'The.omtline of the Spot'is then»
;ﬁraged_rram he f13m tc *hv panﬁr af ter th?;tﬁO hava: been 31ne4 up us |
thevink'marks. Fi}ms.t@nd to shrsnx aitér'é;eiénaed'scorage, and shoa?d _‘
:,thénécé sien ar1¢u, it maj bﬂ rarﬂssary Lo exnosa th 'Qape}'aQa;a afﬁar;a
V,Torg period zf the iocag1on of a aa* is requ:raﬂ with g' 2} accuracy.
ave}oped fzams wi th A €' nrovauc"r Véra cgnven ntl Iy & éred in tﬂo
"i';vfo}défs in‘stackéf _The.ﬁrappb - may ba labe }3nu, bnd 11. é high 3y.desirabie -
h;:tha€>each ff}m;$hcu1d‘§¢ar at_zeast the séme rex@r ne unhar actuallg |
:?“:Gévelopéd”inﬁb ﬁhé émufSioh, as appear$'qn 1ts corrﬁdpoﬂdznn maper.-;

Radioautoqranhy of Tritium-co;?u%nina Chro :ai Aams . Although chroma~

‘,.thrum spot 5 conta1n1na tritium will orﬁaace:sAts"Tactory “adicautog ams if

(73

‘ - RO
k: t@chniauv n,s bnnn 'rauosed(b)which

7'=ﬁcan crnat1j qhnruen :h» exoo ure ?im¢ necess arj ’ar ;rat1um chromatograms,

"._After dQVPIOpxont in the sosvcnt*, th c'chromatagrams'arﬂ drﬁpd and att achnd

by stap?es in the cerncr _uc 2 st zta:%n backir ng n ,atekial (e.n. used A-ray

film) ’he bac«1ng swoet and chromacogran are .aid with tbg jatier upper~

o
e
4.9
a—
%]
. .
L ]
(5]
(¥ ]
.
S
RV
>

"fmost 1n a snal?ox tray and caverﬂc titu,s”inti?}ating‘1€q1._
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" of p=diphen 1 bbnzeno.in‘EU1?th-fré@ toluene). ‘A sheet of film is'?aid‘in
the liquid o n £an of 'hé film, takt sl Cu?“ ‘that no air bubbles are tréppeu.,

xﬁe; tray is then covcred with a 1‘5nt~tzr\t nd azr—t 7t 1d, and the

A-fi}w ie t for‘asylona~as necessary; The fitm is reroved from the iray,
‘drxed, anﬁ dhve?cp*d and f1xcd in the usua? way. This technigue can,. of

'ccurse. on?y be u;eo 1F he bratiumpcantalning substances are insoluble in .

‘ tolucwe.

1
z

Saot Idantixacatxon. 'Tha ch emi ca? ionna1tj of radvoact1ve substanceq‘

 v.oﬁ_chromat0grams is inferre ;d:in{tha first place from the cwrowatoqranhic
'boéitéah Qifh txé'sc?veht Syétémsfémbioyad""fo ton?ﬁrm idnntity, and :
| assumina that thn amoanu of matnrual on ;ﬁe aqw»r, qulo auf‘i i nt to
cauae fi}m blacweniag,_xs not ncu -o ive a cn ai co%our tpst, the
';fsuhstance is eluted from thu paper, and co-cnrnmaingranhpa w?tb anthentic -
-‘n*rker aubs?ances in ouff cie nt quanai*y to n1ve a CﬂLW?CB} rbdctcoq. Thé ;
cnromatggram:nf annc in activo cozogund_plus uniaba?led,marger 1s.aga1n-ex—
~ posed to fil%,?and'éftgr'deye1opment of the'fi¥;‘en t colour tésé.gn tbef
péper,‘the two are accu?étely 91acadwtogcther using the ink stamp for correcﬁt
aiignment. 1f thévunﬁnpgn is:id&ﬂﬁicai with thé marker. the'ff?m b}ackéning
’}_,énd éoﬂcdfed spot én'tﬁé paper shcu?dfcorresnond in evéry'éétaiiz éositioh, ‘v'
'snane, Jize, da taiia of maruxna? trranb(a itie as, otc; this Vs known as | |

_"f}ngarprantinj.v It may be desiradla to rep

{0
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thun one solvnnt Systen. ‘ | |
| awca} reatmrnb of actwva ‘Qbétaﬁcesvéaygbe followad bj'chroﬁatOn -
'Qraphy df'the products‘1n tne usuai'way9 except t%a changes wil} be Tooked
tw'ror among rddioactlwﬂ suostancus, vnst d of among cemnaund ‘etecwed b/

co1our tests, Tnis can be of the gr atest vblaa in tn isolation Qf minugé

"quenticiqg of suastancns frow aio*o~1ca °vq+avs, 1n awounts qu%tab1e only



| H{'_3§;
_for uitraéicfo man 'u?atiow}-“S"’fténéébfhi#?nélon1y-é few'ﬁuﬁarédf6696?$¢ "
b per minute caﬂ bn sahgcct to many differ ni chnT1Cn? rea oné and7the re;.g_,
1_A 3u ts ana?y nd cnramatograpnwuall if oae is prap arcd to wai ]oqq EnoJ«n
.[:Lfor a ¢i3m image to be formed Fnrthnr refercwra\to t,}g\a rect o the
Cnﬂfquﬂ w 11 be made in *hav oi!owang hnnear (p ;-_); ?  -

Snecafzc Rud1oactivit,.;A nax?y, .t must Bﬂ borne tn m:nd thnt a

E ﬁsuitab19 snﬁcific ac»1vzgy of 1abe}!ed caﬁpourds on chromctoqrams ia necé¢~v
‘ﬁ sarv. vnlv a 1imxted auantzty cf materiﬁ? 1n L“?uuvo dC?“ﬁi can bc ad- _
,Ifsorbnd by a sheet of chromatugrum na' rg' and if too 11*t1c iane? pd watnr%al
 ff;1s used ina. system wﬁxct a?rc&dv canaazns T }gfla unts of uniabelted sub~_ng=;
 f:atanccs, thc radwoact1v1ty may h toa dila _fér h# fz?ﬂ 1maqe to be formed
Hq‘fﬁn a rnusonab?e tzm Furt;er, 1f uant1ta“ivo we %urements arﬂ to he madﬁxi

'-v;fbv~as ayﬁnn the radzoactxvxty 1n LhC sv0+s, 1 irab]g eo havn rca nab e

| ;'actxvitzeé, or count1nq may bg prclonged very areat!y, and tzo count% 4uoicct '

".{fto 1arge errors.'”

AJSAY anwms 1 'w RIAS T
c f‘fm OGRAPHY |

ﬂftar tne positxon cf tﬁe radxo ctiv; SQO@S on tnﬁ chroma?orr m hae beon

ifound, Lhﬁ orcra*er hae twn chozcn of dntar“1r1rv twe mount orvactiv1ty in
 :‘_0uCh spot o1thcr by e‘utirn it and counf?nq 4n a sz?table avsgem, or by - _
.'if*‘countxng d?rect?y on the paphr.’,ﬁ]ution fc!?n,ng by couﬂtinq hae aﬁvantagma,

'” 4i 4eak e-nmitters of an 1ncraasnd eff1cxﬁ1vy COWQﬂF@d mxtn ccunt1ng

”wwidvrnctTv on thm napor, anﬁ tnis ?s uf in DOPtuﬂCG when very an 1cﬁ1v1tiea
are ha in moloyﬁd.-ua‘ |
In \any caseg, aSSﬁjinc t%e spnts cr raee t : y rcct?y on tnﬂ'

'ffvaper can be perforrﬂd, us!nn *’g Scn t-tv*a Gamg:r ”hlimr uUbQ dnscrybhd :



= ~.vof its or1g*na3 actzvxuy ufter four weeks, 1,

:?429- |
';Lbelnw. vae 15 5gved by doing tnis, qu some sens é 1ty is 1cst wzth ”oar '
geemitters due to absorption cf radiaﬁioﬁ.in the aaner. §01 ver, for woqt
tvo"s of experwﬂvﬂt it is the most cuoncmzc wav af uﬁterm1ninq aDOt ac;ivifyp
and is ncn-ceatruct1ve of the compouq& under study, Automatic counting de-

\

vices have been discusséﬁ abevé (pe Y

ﬁa}f-11fﬁ and Fouwtang

Thn lenntx of Lhe haiféewfe of the isotope caé7b§‘65‘imnq%£3hce fn;':_ -
7‘”countxng. Mith 1sot0p s of 1ong naif-:xfe (”1*, flég and- H°) a spo€ co9ﬁt§dl
{alfthce at, sa “an .nterva% of owe mon;n, shcu’d show no d*fforéhcn'in-aéti-
#irvit‘, but w1th hﬂrt 31ved 1sotomps there m1ght he cors1énrable dimfnugicn_:fﬁ

: 'frof *c*ithv af er tn period. ‘Tau< a aOOt of. ?32 uoulﬂ qvve onlj 25 p@r rentvvj

I”} oniv ahouL & par.cent wni1°'"

 Q;'Br82 wou1d give on?y 0. OOSc per cnﬂc.' A siwp!e uay t@ avoim cgmn}nx ca'!cub

' 1','vLai.i':ms of tne amount of dacay qucn ha s OCCJTrQ( Lp o t%e moment of countrnn

is to prepare a standard planchwtte or smat on f t pavhrvof the isotope “

'i;bexng used at thc bmg nnzng of the ua"znd when countan is to tare pTace.

The standard is then coun»ed pe todsc@13y and;tze factor-necesaary.to convert
. the obserVed:count at any particular perfod to the count when the standard -

'_1was first praba%ed'is”calculifed; Thus experi» nta} rmad?nns made at a

'“;”certain tzwe ara nultip]1ad by the Sdme factar as tnat neces sary to conve&tj:

o ‘tne standard samnle to. tne origlna] Vu]Ue. A corvncfvon of this sert is

':eSSﬂﬂtrul if the ountwng opuratxons for one sn* of results nccuvy a 1gn?-a

"ficanﬁ fraction of thn ha1x lifﬂ of the ﬁsotove.":

SCOL»"t_YDQ Gmmr-*ﬁ"?er u'sc o

The end-window tubes sunpl1ed by nanufacturﬂrs u;ual1j Qave a a?ndow o{‘

= mica with a ;hickness density of 2 mg./cm.? or more, When wpak g-em tﬁ1ng_



.',( L

-rraahic use the ﬁaue Was orwiina11y qnsighed i
‘.-Laboratorj of the Jﬁsnﬂrsitv of

) huS been pugTvsheu by ru1ler

2,25 dn, {5.72 cm.). A flange s fitted at the bottom, open, end over which

_shou?d be highly 1aiisﬁhd and a!? harﬂ nﬂq 2% and cornﬂrs, ,uch as the

C w21
otoans are to be employed, and these are important in hiachemical research
, oo ~ ' .  . . :
,3, ana 577), the attenuation of radidtion by the window can renresent

v 1

a considerabl@_sropoqticn of the total. Thus, at a window thickness of

2y )

2 mg./cm.z, nn ¢ -partsciﬂs from tritium would pass into the sensitive volume
 fof-the'c0unter tuhn and with C! 14 sovm 25 per cent would be ausnr ed in the

ff.dindow maﬁer;al In audztxon, mica wiaéows.are-very frag?le, the counter.

- iubes are expenStve, and have a limited Vife, For rhe se rEASONS the type of
.Ge1gcr-xﬁller tube to he des rribed here has many 2 ﬁvan s for chroﬂato-

'Y

3

1 the Lawrsnce Ra diaticn

e

al

forni

Y
pary
Y

s and o cong,rurt1nnna d¢ gram '

(9)

and is rovro&uceﬁ in. Cwﬂ. 2, A_pnotograph

1-igis«shoﬁn 1n,F1g.;J.

Cons tructicn.- The tube i5 constructed fram brass steck tubing, 05,25 in,

'(6.64 cm.),thick, and 2,5 in. (6,35 am.) extornal diameter. The inner sur-

face of the tubing is machined and polished to an internal diameter of

)

- K
s

9y

 thé window of‘thfn ?Taétic;film {see halow) ?q fftted and held in posﬁtion
.:with a stout ruhHer Qéfihasf‘CowQar‘fubes.are providad for qes f?bw, and‘ |
the tob of’ﬁhe tube has a hO!“ into »hi v the c»atrni tuncsgoﬁ vire assembly.
. i;isrfitted{j The top may be LOHStTdC d of béass, but uniess tr}tiUm i{s to
J“?;;i_beithe fsotove counted it is often ma 2 cdnveﬁi@nt to'haVQ the tov fon-_
o struct@d of:Persnex so that thu.axar‘ ’oca+1qn cf the counter tube cn the

[',cwromatoqr e can He obs eﬁvcd,” in this casea ?cwovor, it 15 necessary £0

fit an'earth connection’betweenhthe out@r hrasf tuhe nd the cas*na of tnn

'chntra1 ninn volt:g# wire as nh?y. AlT inter 1Pta7 qurfac s of the-tubs

2 .

entry ports for the gas tuﬂns, and the bottom mdvn must be we!l.#@undcd
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1°ff té pf“Vent>disé53r96 frbé‘tﬂn“ceﬁtrai ﬁidh tmnfioh'wire. ThP;Dcint of

'  }{tha fungs ten anode is 1nsu‘ate by a small glass hnad *Lsea onto the end.,

'_A flexib?a cam}e Cannec*s the tube wztﬁ 2 conventional sca!?ng unit: tnis :

7 cable éheulﬂ bn as f exone as aosszb?e to pnrnxb the placing of the counter

’»ubc at any pcsxuxon on tnﬂ chrom a*oaram.
| J dindoﬂ. The windoa matnrxai COHS]SLa of thin plastic polyester fi?m.

- 501d in the Unwted x1nndam under the traea nﬁﬂm of “MeYinax 0" (1. Clo eaxes -

””.'Office, 83/87' s'k’- olbom, London, ¥.C.1. ) and in the United States as.

: "Hylar" (F. I. uuPont de %erour* f £o., Inc., Jz? mington 98, Dn}aqare)’ apd
'>1s cupplxed 1n'roils o; sevwral nundrgc yardf of p’astxc film of varyinq
"Qwidthr and th1ckne,ses._ For use with . tﬁe Srot tubu, g8 1n. (15 Zo cm.) if

'”a convenvent Nidbh and Lha th?CPness rerui“ed is 25 7auv@ (0 00025 ine, .

R 0 006?3 mm.), navxnn 2 d nsity tnzckne s'of 2. 80 mq;/cm.? To fit the winuow,u

6 in. (15 25 cn.) 1ength of p1as;1c ;11m is Luu from the r011, 1tted

':routhy cver the end of tne tuoa, and he1d in p]acp by the ruboer 0~rinq

"“ﬂystretched over 1ts f}anﬂe. Tne p?aatic is then pu11ed tauan by qnntle

7-7tan°ion at var1ous poxnts rouqd t%e tJbQ, and cn»g must be taken %o avoid 1

' 3 wr1nk1es in thc filmg no nartacular}y ?eur hos°S° these are especially

?g,‘}i?eiy to occur wherﬁ the plasttc passes over tmc ‘ianqe, u¢ua3}; when' too

‘} gr -a* a-tez;icn is used when pJI!in the window tauqﬁt. At any time the

‘ J:'winanw may be rep?acnd in a teﬂ scconda should it bscom0 dama;éd 6r cone

. taminated o o -

'V_chration.:

. gas Fi11€nq._ The counter tube 1s deﬁiqned LO bo operated as a gas-fTod

coununr for two main reasons' 1n Lho 11rot placvg»bhn fas f1111ng of tne f'
'ﬁube necds to be replaced each wae the Window fq rnmoved, and second?y thn

' th1n p?astic f11m 1tse1f is ,11P1+1y porous awd gas must contunuou;1y be



—Za-‘ |
nassed fﬁ?oughfthe tub to prevrnt 1c antrv'cf‘a§%._'Tﬁb typaslof;gas fi??ing
'_laro P0SS ibln, “prcaoruicnai gas" and "Beiger nas. The former fonsféts of é
7f'vm?xture of 90 per cent argon and }O por cen* Wﬂthane, and has the acvantage
‘”::of baing re!ativq?y chﬁap, and the dx avantaqc of re quir1ng a very. qqqd hcgn ;
v;-vo?taﬂe Jupp?y fcr use, 1n tWe p"omoruionai rerznn ano has an cperating vo?a

Aftnge oF apout 2 4 PV. Manj scalers are nrmvxdod wfth 11qh vo1 ano power pucvgfﬁl

trwving on?y »KV.. Gf the Gn er,gaseso-"Q“ qas 1¢ thn one of cho?ce (QQ 05
'per cent hﬂl?um ard 0. 9% nnr cent 1sn-aub3np}, h"? is n/tremﬁiy ox ﬁensXVQ'in
j [urope due tc tr pcruatzon acra s the &t?annic Oraan in ﬁ/lxndnr

, In pract?ce tag most conV\nxenu rgs to usn s helium \Am@rzcan %inoral
_:rade) bubb?ed tbrouch 1ce-colm &tﬂanol L' nrav?d, a qucncnvn" ag sant (hubbling
;tubn 2 5 L dxau., cthanc? “about 13 cn. ﬁpep, gas’in1et tube 0.}4 cm,:iﬁﬁf;' "

»{'djam,).; A .th counter is not intenacd to he wun for Tong'périods'fn'the

ahsence of an opﬂratcr, it is not 3nconvenfant-tﬁ-mainta4n 2 bgbb]ihg<tuhe ‘

-;7conﬁaining eﬁhanci in an ice bath in a Wif@'ﬁff% acuuw F?awﬁ; One or two

- »_f‘liinﬂs with ice is usuall sufficisnt to‘cover‘a ful day's npefﬁtion.

Q:he, 0as shou?d f%ow thrnng the counter fube 2t the ra te of u%OUt . bubhles .
‘ pérvSecond,'and a Icng‘rubber'tuﬁevfiﬁted to the outlet port prevents the -
diffusion of air back into the counter tube. Defore use each day the tube

. should be well flushed with1the nelium-athanol mthure (increasing the flow -

he tube is ccma1etely filled with counting gas

4“?.

. rate to'save t’me) and'theﬁ

o.and the uir expoiI;d, tue aas Tlow ratn can be adjusﬁed to buﬂales pnr

o second.>:_ne gas ficw ray@ is net eritical and gbe oonraﬁor should ex meriment -

with bis own ‘tube to achieve a flow rat ufffcfﬁnﬁ tO’“r°VéPt air'entty

© L but not too wastefu1.of the helium, Failure:ﬁf the ¢ tuhe ﬁo functxoq pro-

:1tper1y‘1§ fraquent?y dum to Lh gas- Flow bﬁ%vo tao 1nw In tnm event of the

 counter not wor«ing well the first hings to c’ncv are that the gas flow is



. . ‘ ‘?4‘. . . S
1;ad quate.and that aTY eT;c»r:cai LownecL1en '-re é%ght;' The high V6Jtag¢'
:‘vhould bn swiucnnd off whennver the q%ndow is changed bruelectriEQY connec- :'Eﬁ?k
Z'L“;tions dlSﬂan+led.‘T"' R B

(123)

_Dlatﬂau.- The Scctt tube haa an 0pera+zqv p?atcaa hich varies soma-

. ‘what fron ‘tub'A to tubv, and thn difaereat gas,fi?}1ngs. Typical values are, G-

i;23w1th “Q“ gas, a plateau from 1, aD-i,Sﬁayvo?tsg and with,&e]ium-cthano1; a
‘ﬁ:'ci Plateau frow 1 730-3 950 voTtJ.i: The plateau féfleaqﬁ'%ubé should be deter-
:'fninad aﬂd the CQunter cperatud at a vo?taqezabéut'loo vdIts ﬁighér'than |
Ahi.;th“ beginn1ng of gha plateau. Thus, the tube can be sa»1efac;ori]v overated
5   ;,w1gh a poqer oack ﬁnliVQr1ng oniy 2 kv ”_T ) Tateau has 2 slope‘qf about
‘»;i 5 per cent/?ﬂﬂ volus at tﬁe Operat1n vo?*age. ;ahe ( ;nting tubm is'uséd

3'w1th9uu a qhield, and the backnround ,n thb ab ence of ﬁ~1ghbor:ng iwuer-

B férente from riy macninns, ﬁtc., 1; about o0 COUQ»S/Nf“ Thm backgrcund

{lcount shou?d be. taPen periodically dur1na thz counting oparations under tHn .
h¢ame condit:ons as tne crparimental ceunts ara wad awd dhould, of rourse, '
Abe aubtrac*ﬂd from the xparim nta] Vd]U“S ob awnﬂd in a simi]ar countxng
Ctimes - . '

*5J_S£ahd=rd Sé&ple.- It 1a conv ant to prenare a sturdard sanTe op some }oqq-

'ﬁf¥?71VPd isotap° with which the worxing of the- couwter tube may b“ f0031"97y
x‘fﬁlchec?ed at the beginn1n9 of each xor&ina daYa and after the rgpiacement of
‘iWindows, repair of rault,, etce - The standard sample may be prepared from :-;IT- -
{“‘fia p1eco of radzenctxve piastac énent or hy evanarat1nc a small vo?unc of }a4=* :
’ _Jolution of raq1oact1vc ﬂater1a1 onto. a f at thin mﬂ‘al nlanchette, and |

i coverzng the dried material hlth a th;n 1&yer of »arn1sh to W1nim1ze Toss

Auﬁﬂffr m the. p1anchett» by rubaing,. 35' 5'4 2 suxtahTe ieotono to use in
.‘J:‘praparwng-a gtandard,plancnat* , Lutvshnu!d wst of crurse. ba rontuined

Lk in a;vp?qti]éjsqbétéhée, If tw«' bJOTute effwcicncy of tbe countar is
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quir@d, st 1s best to prepare tne tandard pTanchettn with a knmqn amount

.[jof the isotope to be, used exoerwmentalfy, and then to abscrva the countinq o

;rate aith the ﬂartfca1ar tube 1nvolved. If the tota1 activity on the n1ann-u"-'

. f} chette )q known, the percentage of the total’ disinteqrations recorded by
ﬂ'l ;'the countin? aystem can be ca!culated.v For rout1na usey sufffcient radwo- f".
V(bﬂfaactive material shou}d be placed on the planchatte’ to give a count?ﬂ? rat@ i

*l{'of about 4 000 counts/min.. This is weIl above background, and a count for L
‘EZT nin.,wiil be subjected to a coincidence error of on?y about 1.6 per C@ﬂt«;icf

"'Lffj;Stat1c Charq s on wiﬂdo&. It 15 sometimcs fcund that the plas tic Wi“dGW

""‘ff'acqu,res a high static cnarge. particu]ar]y whpn Lhﬁ aumosphere 15 very .

Cdry, aqd uhan the tube is: standfng on certain surfacos.. This can be ree jffcﬁfj

:'*fﬁfmoved by w1p1ng the window with a paper tissue moistﬂnad dith pthano!, and

*'f*ﬂ allowing the window to dry. The window can also be c1eaned in. this wav frOW:;ﬁ; g

‘ i*“ifduet, and somﬂtimes from contamination as wc11 Som» workers keep aw open QQ1?7 )

“'*.vps el Qf water on the boil 1n the counting room when the hunidity is verf

z$€ i6n. It 15 also possib?e to &void the prob!em 0? static charwes by using
| windown matcrial thin plastic sheet which has been sputter@d on both
}tswdas thh very thin fi?m of gcld or alumincm.‘ This renders the Wiﬂd@&
-*&aterial conducting without at the same time add;ng any sinnificant aﬁount
;3of mass or rendnring it tota!ly opaque. e

‘5?f_“bount1qq thh Spoto. Having been 1ocated by tﬁc bTackon?ng on X-ray film e

YL or other method), and their positions traced from the fxin onto the chroma-f

 ‘“2'toqram papor. »h@ spotJ are: counted simply by p?acinq the Scott-tube on the- S

f?paper. and ohserving through thc Perspex top tﬁat the tube is properly
"ff;laliqhned over the *pot.v thh spots giving some thousands of counts ner
'fffl,minute 1t may be SJfficient to count on1y for one minute. 1f the countinq
1‘7 j rate s very hiqh, caincidence corrections shou1d be app1ied For weaker

B

<'{’ spots 1t may bc necessany to count for more than one minute, but in a11




o CPﬁec it is usua11y conven1ent to express the act1v1t’es in tc'ms of a
'qtandard twﬂe uwzt, often 1 min. or 1 sec, - |

"Atnanuahxon of Actxvh Soots. Wnon spocs are to be a%sayad wh1ch qivn count

S0 hich thw: t:ny cannot convenient1y be counted with the counte r (over ahnut
vv?0.000 COUﬁu%/ﬂfn.). tna activity raachfng thﬂ cenntﬂr may ba 8tt”n08u9d by

if 91ac1ﬁ1 a sh1e]d of a matnrxa? su1tab1e for the isotope hetween the filter :
paper and'fhe counter wundow; lhe degree of attpnua*ion nﬂcossary il de-"
rend on thn actwvi y in the 3got and the na*ura cf the 160&099. “and cnvven1pnt
| hze?d may Ee 5 ﬂd by experiment With' Fl“ for 1nstanc\, 2 sheet of

':aiumxn%ﬂ foil fnrﬂs 2 suitablo %h1e1d and the deqra@ of attanua jon can he

'”'f.dﬁt@rmined by- counting th s*dndard p?ancnc*te with and fwthuut the shield.

iizfﬂ}umsnam foil can. also be used fur 535 w?th hfqher enpruj e-eni*tors such

izas_£136_anu_P32, stnel or 1ead foil are batter, as alunin:n saf€1c1ent to

o give. alseVQfalefolﬁ agtcauation”1s too thick for cpnvenience. It.qogu1d hp

"*;wnntad tn at the backgrcﬁnd»coﬁnt is not altered Qith'an_aftenuating;shieldg

and'ﬁac%qround shou?d'cdnSquent1y»bn sdbtracted‘from the observed count |
fore the }atter 13 nu?tin]ied by the attenuation factor.

' Shieldinn Adjacent Spots. Spots on the chrnmatoqram adjacent to the one

fy; heinﬂ cnuntnd must be comw!etciy sh?eldnd if the/ are c?osn enouoh to ba

- covnrnd, uho?lv or partin]?y. by the counter windoa. Th1$ is most simply

Houu by c'u ing the srcts ouy of thc,uhrouatogr m and ount1nn aach- one 1nd1~'

'V_v1dua1}y unéer the uube.; If it is desired to ke ep,the who?e chromatoqram e -

-‘,3nvact then mas?s are nnce sary to abSorb the radiation from the uwdes1rod

"'J'soot. %aske ta shw@!d aut adjacent spots are ;1m11ar to atthnuat:n" shields \

save that 100 per cent attenuation is rpquired Aﬁain, the type and thicknass
“ - of shield gaterial depends on the isohope'being_uséd. and exémﬁ?es of suitab!e

" masking substances are given in Table 1.

’
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o Owinq to %he 10w sensftivity of the Scottwtube for y-rays, 1t 15 often
: "}5(_sufficient with iaotopes wnich emit both 8= and y-rays to shield QnTy the |

";5?Js~nart?cies from adjacent spots to achuevﬂ virtua?ly complwte m?skinq.

.82

' 5Tff"Th1s is’ tho case with 1131 Mith Br and Fe about 4 per cent and 1 per JHf;“

B ﬁiilcant, respectively, of the counts in the abscnce of an attenuator are ob-
“fﬂftainpd wh@n the chromatograms ara counted throuqh a sheet of stainless e
ﬁJ;stee1~1 e thick. If this residual countinq rate 15 accentahie, adjacent o
"l f.spots may be masked with pweces of sheet steo! of suitabl» shape, When it
'17?4 19 important that there shculd be no interferﬂnce at all from neiqhhouring ‘f f;a
i H ”;? svots’,the saots to be counted must ba cut from the chromatoqram and o

'55 :counted separatnly.._;~_’.?

Mith Znés. abcut 97. 5 per cant of thn decay 15 by K caature of e!ectrnns,- if;
$1 -1f‘“ ¢g3?i,iﬂw§th accgmpanying y-emission. and abuut 2, 5. par cnnt by posxtron emiqqicn. |

: : V‘J'?,There are thus a very largp number of y-rays emitted for each countable

E, '1 j’.;?3 1fTi8~em1ssion, and these prevmnt adequate shie1ding QVﬂn though the sensitwvity”-f L

65 ?Cnﬁnnper sti11 gave 31 per

"ﬁf'of the ccunter for y-rays 15 !os.ﬁ A Spot of Zn

lxcnnt and 27 per cent. respcctﬁvnly, of th countinc rate without attenuator ,_f,ffj

!iwhon counted through 1 mm.,of stainless steel or 1 £5 mm, of lead Jpﬂta o

65

i}on chromatnqrams containing Zn must therefore be cut out and counted

?:5°paratﬂ1y. o

' Whpre possible. shie]ds af materials which can eas11y he cut to shapov ‘

535

;tare des1rab1e° index card 1n the case. of 614 and and writing paper w1th‘ }T;]

?f 3

| For the count1ng of nost of the spots on the chromatonram it 15 uqefu]
“LO cut out beforehand a number of masks of standard ahapes' r1nﬁt-ang?ed '
. corners. two or three each of convex and concave curves, ete. It 4s ofton}y'ff;:“

~ found, however, that two spots e so close toqethpr. or have such awkward <

;&ff_ shap s, tha“‘it is difficu]t to deal thh them unless rasks spec1al?/ cut f “ ;f»7
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L to the. shape © th se spots are used The shape ofjsach f§5o£g7éaﬁrbetfraged"

onto thesmasking material and the spots cut out, Developed X-ray filums

. v' .(. 3 K ._.~ . ] . '3!‘ . . o T
~are also very good masking materiais for C’Q,_S“J and Hsg and have the

advantage of -being transparent. Sometimes a spot, too large to be covered

by the counter at ohe“time_must beicountéd. It then becomes.neccfﬂany to _ ;El']"
.~{‘?.subdividn«thé soot 1nso'sectiens.and-coﬁnt'thésn onb at a time, while | -
-i §h?e1dinq out adgacent sect1cns, It 15 marticu1ar3v important 1n thase
,':'cases to ensura that the edan of tbe masP 1zns Lru}y on the dividing Iwn@,
'-otharvise smaIl areas of overlap ma be counted tvxce, and, of cour;e,.

Iwanenevar a snot is counted in scctionc, *?e hacquound mu*t Se subtracted

for- eacﬁ sec»ion caunted | Care must aiso be tabon when countrnq a vary weak
;spct lyinq r;ose to a very aronq opoﬁ that tho qtrono one ?s commle*e]y
ii;shie}ded._ If it 1s rocessary for tqﬁ counter wxnuov part1j to cover thn}?
"shieided s*ronq qpot, 1t xight bn advi uble as a safely prﬁcuutxon to psac~ R
R couble the normal asounu of ﬂieldinn 1aueria¥ over the strﬁnqer spot, as
i:);nvcn 2 very small percentaqe or tne activity from thn strong spot passing -
"”?f;;uthrough tne snieXd may” be equxvalent to a }arqe nerc tage of the activity
4 from hm wea? spot;-'In.eXtrema Casas whpre sxwpecinq wiq%t be imor#éth' )
¢5i cable, the wnak fpot can be cut out from the chromatoqram and counted
_.separately, ouitn aafe from any po sibility of rntersercnce from-a ngigh-_
' ;abourxng strong_spot. | ' o |

Couthn fficipncv itn thm Inwnr enaray 190Lopes 1t is desiraﬁle to

,ccunt each ¢pot on botn s.d oF_Lhe_pﬁper,.anu to_average the re adings.

lbnless chromatogram pa?ers are dried several fhcﬁpf aaart, and this {s often

~hof conv@niéht, solvent vaporag s more raw;dly from one side of the. paper
e than from the otner, 1~av1n1 nroport1ona?a]j more Taaelled substance on

L that-sidc.. This is not‘gmportaﬁt with strong emitters, but with 514’ 53”;



o e |
‘_‘géﬁd HB‘tﬁé radiaéfbh fs*&ea? énbuéh’tb éuf?@f éericu? ~5sé}ntiéﬁ 1h»fﬁ$ ‘
;.paper itse?f reaultxnc ina different countinq rate from each swdﬂ of té
| paper.f Hith Hhatman No. 4 aapar. rcr inctanco, a standard. amount of a.
f"C’4-containing comoound g1ves only. abcut 33 per cen* of the counts wnonv” |
_iiispottec onto fi!ter pauer comaared wzth ery?nq onta a flat p?wnchettp.
'“ f¥iw1th H3 the. corrcsponding va?u& is Oﬂlj ﬁbsut 8 per cent bat w1th 2 otrond”;
'x13~emitter (?32) the va}ue rises. to about 85 pe' cent, and counting hoth _.f
'?J's1des of the paper is harﬁ:y nocessary. In taiq connertion 1t 13 worth '
'a1 ;noting tha? with wea? B-emigters, couwtznq the origin of the chromatoqram'-
Hx "7on both sides of the p per befcre tne chronafoqram is run. a!most 1nvariab1y
‘7ﬁ gives a ‘eount hiqhnr than tﬁe sam of aI? bo vnst% on Lhe ngﬂEOped chromam !
o lﬁcogram. Ono 1de of the orxgin 13 iiable to give a count t41c9 ae high as
v‘;uhe other, or even ninhcr. This appearf ?o be duc.to thﬁ fact tnat the
;}3 13ouid is usua?ly drzed preforentially onto one svdw of the naoer, resu1tinq
) ff‘in»faster vanoratwon and nore dago¢i xon of ac*ive watﬁr1a1 on tha side.
FlFurth@r, materia} xy1ng at the or1g1n ap pears. to bn Tyinq c1osor to the  :
 .Li aurface of the napar tﬁ q 1r SQULS on the deVﬁTOﬁed chromatoqrau, and tnare f-'.
ﬂii,is thus Tess ab orption in the pavnr 1t»°1f. |
B _'. The cff1c1ency of the coanuer with 150tope ‘GLCh as ”7 and 335 pfaéed
”ﬁf];;;Oﬁ:a flat p}ancxetta actua]ly tcuchung the windoy iv aoout ?0 per cent,
_ e . e., about 20 per cnnt of all d1 1ntngrations arn counﬁ 4. Thi* is fhe
.~ ;£fi1rés"1t§n€‘\ TJQVOf the qeometry of thc countan systew, bsorption in the o

.

. :;?uindow ratarial, efficfency of ion co]lcction in.the counter tubn 1tsclf

*g,etc., dith the e two isotopes spotted onto Nh%tman ND.. 4 fi]ter paper tbe

o efficiency fa11s o about 7 per cent. - 41tn strﬂnn e—emwtters, the fa11 in

""771“efficianry 1* much 1ess when snotued onto pap r ratncr tnan onto a p?an-

chette, and workers interEftLd 1n viﬂding the re*xc 7etuoen counts on 7apcr ; -



o togran ccntatn1nq

_ 4309 5

- versus counts on a planchette are advised to make their own determ1na jon

for the particular 1sotope'and'pap r beinq used. Wx{fer@nt filter panaré

"+ have varying thicknesses and densut1es, ano hencc varging powers of ansorp-

- tion, while various isotopes nave,emassxons o.'different peneurat1na powers. :

-

;ReprOducib€1ity;'.The'degree:of reproducibi!it; of counts. taken ﬂ1+h the

'Scott tubra nay be il?us»ra ed by thé-fb1iowing_exemp1e. A,sapt.on a chroma- f

CI4

"lnot moved between counts.. The rate of counting was 3,843 + 75 counts/min,

The same. spot was countﬂd ‘or one 12-m1nut° per1od resu?tinq in a count”

”i;f,raue of 3 904 cOunts/min. Tne Spot Was next countpd for 12 one-minuge |
ifiiper.odag yhe countnr being removed from the paoar af ter each count and re--~

'5;f‘placed a° c]osn3j ae ponible au exactiy tha sawu poszuion on the papcr.

'ﬂf-.he count ratn was 3,940 + 36 coun /m?n. Fnr'twose counts tho-%acxground

"_»was not deducted.r Twelve one-minute coun ts of tno hacquound oave a rate

Vi:of 99 + 10 counts/mnn., whi?e one 12-m1nute background count gave 101

'ﬁ?"countslmin.' *he reprOuucib11it/ hoth of the 1ectric31 system and of the

;}fplacinc of tnn counter on tn paper, using a snot of moderatu activity.

’fﬁ?Jwaa bettor ﬁhan + 2 pnr c&nt...Tne arror was rucn chrpr with tno 10¢ rate

L ;ﬂ;of bachqround coun*ing, and this would anp}y equal:y to weak- spots, countinq

v;'lat about the aame rate as the backgrounﬁ

"<rann1nq Qne‘dwrcn51ona1 Chromatoqrams.. In addztion to 1ts use ?or'counting

‘:f',pots on- two-dinensiona} chromatcrrams,-tﬁe <cott tube may also be usad as

:.,ja manua] aux1lxarv to the automatac one-dirensxﬂnal scanner doscrfbed in

’:thiﬂ,chapter.v Usiqg a mask suztaple for the 1sotopn,-and conuainino a

‘*”fsl1t, one-dimens1onai cnroma ograms'm ay be ;cqnnpd by hand, section bv

. *sectzon, 1n order to 1ocate t%e pos1t10na o’ active nreas. if an automatic}'

'" scannnr is not &V&i}&}]u (y-' "_) Locat1on of Spors in this. uay is more

Has counted for }° 1a~m5nute'pekiods; the counter was '

.
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ﬂi;rapid. but }ass precise, tnan wzth fer ray zw?m, and has the advantaqe that

’{,Jthe:s ots are coun»cd 4t +%e sa e time. as thoy aro %qcatﬂd.-

Coun*%nq ritwuw. d?th tne excnpt1oa Or tri fum, all tha is dtogési'

'_mantioneﬁ above may be assayed with the Scott tube as previously destr%béé(im‘""“im

V"fTritium rema1n; the one eACﬂptioﬁ. as twe energ gy ef the ﬁ-radiut1on fron

vf;*His nuc11de s so low, that the nargzcles are cemp?eunly aosorbed even b/ T
'}the verj thin wxndow emglqy d,' lowever, trit?um :ay be ccuntnd ?F the windéw A :
-~ is- removed and the tube us»d dS u1ndow~1@ $ counter. The tudbe, minus |
.lnwindOn, 15 placed Oﬂ the cnromuﬁogram in tne usua] uaj, and tima is al?oﬁnd

" to elapsn until ali thﬂ atr whicn aas entered tne counting tube after each

"Vi;cbanra of posi»ian, 1s swent out by *bﬂ ga" mxxture- this takes about 5 min.,-

; f5 f:depeﬂding an tbe ra*e of ges. fiow. ';hc s

etcp thnn counted in tnc usual

E way, anﬂ the countor moveu to tne ﬂ?ht p0<1t10n. ,1me 1< saved . oj sliding ,, 

the couqter a?on" tﬁe paper from one qpo» to the ne , so that Tess air leaks

- into thc counting b’b? t“an if the couwtnr 23 506?3/ ra»sed from the paper

and set do:n agaxn._ 1hen*u$ad witaout‘a windew the reproduczbvlity is not
'=qu1te 50 good, and the g rate must he arﬂfu1(; adﬂﬂs;ed'tb about 5 bubbles/

,jsnc., ﬁhe rute varies onwwwat :row Lube to tuba, and operators should find

"w.tha opt*mum ra*e for thelr Qﬁﬂ particu&ar ecmm't nt.r she 41ndoq?nss tube o

”V¢3‘is also rather sensitive to Iigﬂt, and 1f‘a‘Perspcx,top is fmttad,'this

should be blacled out whhn thv tube isfuséd w?ﬁ%mut'avwﬁndow. A1tprnatiVeI¥'

‘"[a-SEparate,brass t p ahou¥d bo vawiaoie for frttmno in the event of trit1um o

"}‘1countinq. or comp1et°?v sc&aratn :oes may Je ma1n+aincd Thnro i° ne

~ "practtca1 advantage;go_be gafn&d-1n_gsang @ wzndow?ess tube for assaying

‘nuclides other:than'ﬁa. 'Even wvtn.tne next weake st isotope (C"), the -

- 7»enekgy of the. rudiatian ss high Lnﬁuqh to res ult in abs orption by the window

of not morefthankauout Iowper'cent. vghe extra experimentadeiff?cu1ty of
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"'3;‘ﬂanipu1ating the Counser wauhout the window, and the time speqt waiting for

'.'-‘aar to be f]ushed out, is not «orth the gain of an oxtra 10 ner ccwt or 50

L in rate cf Pﬂuntin %1Lh gritium thﬁre ia no u1tcrnative, un1c < the_cem-

'u’jpound 15 eluted from the Daper, or a laquzc SCYH»TllutTOn counter- is

"“Eg;avai}ab]n (s»e below), and tnn use o*c a winuo:1e s tube is nece¢sany in. ordar )

"tto obtain any regults at al1 dlrect frow the ugwer.  |
The Scott tube is tnus a cneap, robust, and versatw]e 1nstrument to

‘fl' use for assay1ng radioactlv.t/ on paper cﬁrom@togra nS, and rendere unwace*—;'

‘ fi,sary the prohibitive amount o‘ 1me rnquirnd to nlut@ each pot from many_'*-

”f§€5chrenatograms for counting in some. other sy°taw. Tﬁe reproduci5i1ity is-

'Id'f Quite adeﬂuate for most typ°5 of 910?097ca1 -naerimnnt. and the tube can be .

> ff}emp1oyed for mest. it not all qf the raumoactive»1sotopes.used in biochem1ca17"

' ”vresearch. f@::a, .::f--'

quuid, Scinui’latzon Cﬂuntinu of Excwsed Chromauoqram Spot Picccs of

':’“-‘chromatogram paper bear1ng radtoactive natnrxa] nay he counued without elutiowf

‘“ﬁ}rby beinq placed in sciatillat;@n solution with or u1taout pruor trnatmant

:i“fQ fa1th so?ubxlizer.(}o 11 12) Thxs permlte auucmatic ccuntinq of excised

N chrcmatogram spots w%tnout tne conatructaon of the comnlnx equ1nment dis~

'cus¢9d above (p. . 1);: nfter Iocation of tha comncunds in th° usual wa/

%"with radingutography, the spot is cut out of tn° chromutOﬂram. placed in 2

"f:1€*u1d srint11iation v1a1 and countnd as de crihed by the au*hors in refe-;_ o

”5ﬁ ,_rences 10 11 or 12.~ Count1ng 1n th1s uay has the advantage of hiqh countirn

”fi{effzcinnCJ as wel? as the ablliuy to measure two 1so,op s1mu1taneous1y, andA‘

‘fufuse ray a]so be made of an autonztwc sample chunger 11 this is avatladle ﬂxth ”

 -.the counter. Thc uiaaévantane 15 that it may bo daff1cu}t or iwwca 1a1e to :

' "f vrecovar the active maner}al for furbher atudy owce it has been prepared for o

'"”Jiscintiliation counting. o
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Thvn Layer Chrcmatoqrapﬂy of Qadxcac*ivc SUBStﬁnCPa.. Some of fhe"»

'rv?"gechniques usod for paper chromatograpnf are a?so anp%xcab?e o th1n }aynr

?vchrona cgr9m>. \adioautograns maj 59 made by apg]yinu X-ray film, emulszon
| xsfde down, direct?y to the chramathram., Should aﬁy dsfftcu?ty be encoun- 
f tered with particles of adSOroent adherina to the Fﬁ?m, a Tayer of thin
  -tp1as*€c shcnt (My?ar/ﬁelinex) may ba inuerposed bntueen the adeorbpnt and. N
o the fiim. | l  M IR
| | Coun inq of Xabelled COmQOdnda sungratnd on thin ?ay@r chromatoqr&ms ‘

_1S‘uau¢11y accomp11shod by care?ul}y scraping ozf thp appropriate part of

E ﬂftqe chromatoqram into a scwnt711at1on via] and shabwnr with sc:nt1110tor

% »so1ut1cn.(_%? ccntaining dioxane and . to}uﬂne(é)for aater‘ oluble materials_j

fﬂor convent?cnal to?uene-based ¢o1ution ‘or 11ﬂid 1%9 partic?es§of.adsdréﬁ.7

i'fiubmnt are naintained 1n qusg zon by the adﬁit7on of 4% Cab=0eS5i1 Thixotropic'i‘

’35C91 Powder (Packard Instrument Fo., Inc.. ﬂewnerJ uFOVO. Il!ino?s) (13)

This techniqun may. bn used both for C'* énd for 3 1n the latter case 1& o ff'-'

"f;is necessary to allos the Sanple to equilibrat@ for ahout 30 minutoq with

':‘"'7 ﬁthe vaTlaJ scintillaoion so]utnon nofore cauntvnq. Scanninq devices, ana-'

o 1ogous to those for onc aimensionaX pan r chromatoqrams, are a!so commor- '_

 'ti¢ cia?ly ovaiTable for tnfn 1ayer chroxatograms.'.
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S L P Lo CE s ] Maximum "1 Residual

4 o . S - bhmklmg for iold;

1 U o e ; 5 useful Shiclding for | Count Rato
v B-cnorgy SN I ety -4 -Adjacont X-ray Exposure ' | Adjacent spots | whon Shiolded

P leotope | Halflife | . : cont 2
’ . - e ] (MoV) . . (MeV) ] Filmsin Period whoen Counting | with 1 mum,

PR I R T ) stack ldeye Stocl (%)

A | oo 38hry L 0-465 .1 055-1-3 Noné o 4.5-7" 1 mm. steol L 4
T o : : . : .- . | convenient* - ’ . ’

C . 5600y | 0185 . | . —. X-ray film 4. — | Indox card

CLCPe L]t 440,000y, | 0 0TI3 | . — | I'6mm. Al — | 1 mm. steol

RS RS B 'Y 00180 . | =" . |'Xerayfilm - “Papor

) I - .8d. 0-33, 0-60, ,0:08-0-72 .| Nono ] 24-32 - | 1 mm. stoel
: 015, 0-81 . " | convonient® . .

ociolole

—
[
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 Captions for Figures

 Fig: 1. Spotting fra@evfpéaéhromatograms. Cém?ressed eir.ié b?an simyl-
. taneously over bothﬁsurfacés éf the_péper. Air to the prer surfacé 
can be turnod off by a tan whfié Hquid s actua11y'beinq ruh on*b
'the paper, The ax' ma/ be hoa tad ov p!ac*nﬁ a bunsen burnnr under
'vv_‘the‘ébiled pipe. 1Af 100 ul, uItramfcro transfer pipette attachad to :
.3 #yfinge'is»éisp_anwnﬁﬁ
‘Ez2i;:if'Ffég'Z;f‘vonstractzana1 diacram fer the Scott—tyno Gé1ger~\ﬁ11er tube.ld).'

in11 measure'nentc are in inches (1 in, = 2 J4 et ) Thw; figure-is

';fr°porduCﬂd by courtes 3% of tha nthOYVO? Sciance,

T Fiq. 3{;-Experfmental arrangempnt for assaying radioactivity in chromato-

kS 'nfam.énbts. Fron Teft to riq%t 1¥?umiﬂatcd viewing hox. for examining |
_radioautoqrams; vacuum Jar contaxﬁinq iced watnr and uubb!inq tube
'3k7 with ethano?, scalcr, w1 th Scogt-type_yewger-mﬂlier tube in front;

 f_cy11nder of halium,

se the same mck‘as for Fig, 25.}, 'page 485 of m edition.

Use the sare,oiocx as fcr F1$. 25 4, paﬂe 408 of ?nd odition.

;Use taé same b!ock»as for Fig.»ZS.S,,page 499 of 2nd edition.ﬁ




This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






