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Yrndolpsh Thomnson frvilsnd

Yerentov rediztion rrocuced bty 359 m:-iias nossitle e
convenlent end efficlent method for determinction of 32?
in virtuszlly eny sonnle utilizin conventionrsl scintillre
tion countera, <Cr-:nic solvents provide hi;n stsolute
elficlencies «= the highest elfliciency mersured, ry roxle
mrtely 507, wes obtrined with toluene, ‘noroximately

507 rbasolute efriciency is otirined in squeous solutions
with very little vrristion uren strons rcids, bsses, or
8nlta sre present, ‘rrer rnd gillco gel give sinmilsnr
efficiencies vith no liquid present tec-use ferenkov roce
{irtion occurs in rolyethylene &nd in plrga., S:mnles ere
con~letely unrltered by the countirg, Counting conditions
ere constrnt for ell srmnles, The efiiciency veries with
volumeo, solution comnosition, rnd virl meterisl, *{{le
ciencies rel-tive to wrter for ¢ wide voriety of raueous
solutions amd orgunic soivents hrve beon determined using

a renid, highly sccurcte method,
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Tetection of redlionctlive nucellides glivirg rice to
gcreuhcv recdistion in cquecusd solution ensloying converntione
rl 1iquid scintilletion s-ectroreters hes bean demonstretad
in recent vorrs (1, 7). “he rceurcey of the meihnd vhen
runiled to 3 . ks bteen si:ovn to bte esgsontinrlly eguivelent
to thet obtrined with rormrel scintillrtion eountinz (3),
rd the ugs of chsnnels rotlo rnd extermcl)l stiadsréin e
tion techinigues ior color quevnch correction hivve besn
noted (3, 4)e “n@ etucies jyublisnhed to ¢rte hL:ove exrmined
onlv » lirmited rurlber of ccueous (, 2, L) =nd¢ orgeanle
artion of the physiceil pdre

‘.ln

soivent () srstens. n exiri
crmoters invoived in Cerenlov counting of & nunter of

3.

nrybiel-rtion of tne viel in Yevreatov countine of Temitters

feotosea, including -y P8 tean »~ublisnhed (9)s “hourh
ig cemonstroted, the sipniiiernt contritution mrde by the
virl motericl in counting en er~eticP emitters such rs
35‘. is rot noted (%)s 'irecticncl res:oncs ol Yorcr.ov
redistion 1imits eiliclency in the coincidance moce of
corventlionsl scintillntlion cournters (9). Touever, n
entirely rew ord ecorirlicried rnairw.ent would be resuired
to overcome tihla »robtlem ernd urovice mrxiium y;rev OV
ef{iciercy (9), end the hirh efficieﬁcy obtxined lor

3
sicderstions sre of relotively limited irmportances -ollowe
ing the obtsarvetion in this lsborstory t&»t 3"’-2rbelcd
phoguhollnids in ekloroform £8 well rs 3‘9 in woter c¢nn

with conventlorsl lugiruments suyests th+t such cone

be counted utilizinz ¥oreniov rscistion, & thorcur: ozeme
instlon of the method hrs been undertrkon,
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07 ¥ 7Y end & 7§

cbgsolute gt rndrrd, " S=01T, £8 0,01 ¥ 2_0 vere ottrired
» » 3 et

iron ‘ew fnglend Tuclenr Corzorction,

SGrlmonegherm I

("hizhly polynerized” from Simm:s) ond -uriiied yerst

vore pilits from ire Je Te rirlev.
tnd 1, Merck gloeogebnelied stllca £el G

"ﬂ

hetmon o, 1 noner
1 tes (:411’1:"’"‘“

Ingtiwients, Tne,) uvore enrloyed tor the ¢ry countlins

gx erinonts, 11 other citeilcerls were re:rrenv grrdo, tnd

¢istilled u:ter w«8 used throu~h:out,

ripateen ml croeclty rolyethylene virls (Feciamrn
"natruments, Inc,) tere rorernlly usod, slthough SSeml
volvethvlene visla md [Denl gloes vinls (7:clrrd Instrue

ment Co,) vwere rlso em~lojyed £8 ind!

lerted, Unless otiere

wise gueciiled, counting wras woriomoed ueing o Yechred
TrieCrrk ficuld lelintillotion Uwectrometer, !'ocdel 3310,

‘11 s8:minles vere ncointained of uo
countlinz chiunber,

e

in the refricer-ted
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‘et holpht sroctrn of in vrber rb verious grin
gottinrs {12, 1) rove-l tuct glrnificsns portiona ef ti:e
g-octrun lle below YD end cbove 100D (-rbitrcory dlaocrinle
netor ¢ivisions), the finite limits norm:lly emlored,
The brclpground rt rn "infinite’ diserininctor setiing
(O we0) &8 30 & 28 mozxlowa (122)) goin ("rble T)e oOb
only €0 these conditiona provide mrxirmm erficioncy, but
ti:ey rencer tire count rrte esscentirlly indeencont of prin
(:1ce <) t infinite dlgerinmin-tor end ruxinun g-in

sottingg, the only veorictle with cehirnpes in the counting
Yayosten” (visl ond contents) ig the e {icieoncy, inite
digerininstor settincs require determinction of nin
ostina which very with viel nmrteri-1l, so’ution corodie
tion ( ipe 1)y tnd volumae, thoush boelrround is reduced
to 17 € {":ble ).

PI{lclieoney vories ulith s nsle voluwse both bec-uce of
t:e countiry chinbor cnd vicl rceoreotry -nid becruce th
"svsten” rbsorbs o {rretion ol the ferrdistion, Osxtirnn
volutes cro 12l In lienl zolrvethylene viclsy 15 ml in
; el rolyethrlene vicls, nnd 10 nl in PDenl gless vicls,
lefency on volusze ( ise 3) restricta
tize voluze r:nges witnin 17 efficiency of the ostimun
volwre to (el3 ml in llenl snolyetiylens vizls, 1llel9
in [ Denl polyvethylene vislg, rrnid Tell ml 4In [Derl flres
virls, “hese velues moy viry by B2 nl Cesandlng® ox the
counting chrmber geomiotry of sry nerticulry Iinstrure:t,

.,.‘

"o dorendence o e:'f

Trble I ghoivs thie rbsolute eiiiciency in wrter rt {init
rnd inlinite sottinge c¢nd Indic-tes the rrn,e olserved
2th slx instrusen:ils olior thrn the one used,
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i’ereni:cv Feok “ei-nt Inecltrun: 3'\:?1 in “rter
in rolyethylens Virls, ,

10 a1 of stack 3y 1n 1670 K Fe 10,
il Te5g in 10 ml wrter wrs counted In ~n 17enl
rolyethylene vicl, Sneetrel goctions of 50
crbitrery diseriminstor divisions vere counted
et the grin settings indic:cted,

ihie tuird chennel wrs held iixed et infinite
dlacriminztor (0 «e@) pnd mexinum gnoin (1007°)
settinrs, snd counting events vere termincted
viion this chranel reclstered 105 ecounits, Lounts
in tre srectrsl sections rre exrcressed 18 pPere
cenlrrce o the Buu of counts over rll sections
rt the indicrted gcin,
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Trble 1 'baolute ¥iticiency: Yereniov Courting o:
in «ter 1n rolyethylene Vicls

©3 % 0,4 gl plizuots of the chtoolute stondrrd vere
reécéed to G,% ml of witer iIn llenl polrethylene vicls,
Finettes were cclibrsted by £illimz with weter ot 490,
¢lerenainzg, end welipghling the slimot, The Ioccunerntia
Gelgy lsotoas Teeny rbles (7) vere used {or cesry core
rection, Irriniesg were etuilibriteé to ternersture ‘or
one nhour telore counting in relripersted Irstruments,
“hiirty 8-mnlag vere used ror rll celerminantions., ‘n rvere
e2a 0f 3.5 x.lﬂq ¥ wrgs observed, Teneminutes counts on
ity virls contalning 10 ml weter were used for the brcke
ground deteiminntion, “he rbsolute errors incluce the ¥
unceitsinty in the cksolute standsrd, tle uncsrtsrinty in
tie pinette cslibretion, »nd tra snrle Cevintion of tnr
counts from 30 srmnles (¢ mespure of both nipetting and
counting eirrors) ~rou=cried cccorcing to the theoren of
error proosgrtion (5)e "he uncertriniy In the cCeery
correction is nezlisille with resuect to the other errors,
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baolute Viflieiency: <Jereniov {ounting of uhu in "rter &n iolxethylene

Iostmuiect Toncttiorg
anin Cleserlaonutor

‘bgolute Fifilelency

Lkgéd (C W)

P 5)e1 000 L6.,5 & 3,07
100 Cw @ L.l & 3,67

henge obtrined with 6
pgein end Initinlte

discriminstor sottinga,

12,78 ¢
17.983

a-eckerd 3310 en:loyed,
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Grein “ntime Jfor Verious {ubstrnces in +olyethye

lene virls,

infinite Tigeriminntor fetting (O o),

Pt iinite Iiscrpininstor eth-; (EJ=1000),
10 g1 of stock 3 in 1) '.:‘r'.' ""L‘. ni

7¢5 (wrter), or isobut-nol seturrted with Ea ,t?Gh

(solvents) -8 nived vitn 1D =) eof tre solutions

Y]

“dndiceted rnd counted in 1iwml polyethylens

virlses Gne ciannel of the dngtrument wes milne
trired rt O e ¢igerininctor end 130 prin sete
tinzs, znd the ¢rin of tre Olilhier tvo chrnnels
w8 veried £t the Inclested discriminctor seote
tinzs, Countin~ events uwers termminsnted wvwhen

the fixed ci.rnnel re-iestered 135 courts. Counts
8 ¢ function ol grin rre ex-ressod ¢33 yercente
rres ol the meximui count obtrined st orntimum
gein for the partieculer éiscrininrtor setting.

i

Tvery tnird roint is rlotted,
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Ontlimua lounting volurie

10 ;ml of stock 3*‘i tn 107 7”,?:0r’
B Teby vrse mixed vith 1 ml of wrter in virls
o the ty~es indilested, Yoluss ves incre:sed
in 140 ml Lnecresente to thia meoximum cunrelty
of tne virl, One minute counts were tiken rt

.

0 e e d¢lgeriminitor and 1507 grin settings

S 4
Y
]

-7 Tepnlits ghtnin gt findte discriminitor
cnd ootisum grin settlngsle 5 x 107 oom vere
ottrined st minilsmum e Ticlisncy,s 11 meuterinls
rere nointsined =t Instrument temoersture in the
refrigarrted counting eh-rniber, (ounta ¢8 »
junction of voluud are exyreSsed (8B (UPSGLCTEE
of the me=lyne coud orLrirgd 6 ootimwn valure
or tha reptlculer viel, Uncertasinty due to
counting error is $0,57,
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falctlive 'fficiencles ixreriments with visls whiceh
contrsined cdried B;ﬂ in fslse tottoms demonstrated thaot
Cerenkov ruadietion occurs in polyethylene =nd glesa, wiich

suecests that continuous {low counting cosn be performed
with & ecoll of tubing iun the counting chrmber, ‘urther,
counting o semples anslier tnzn 1 ml is rossible 1f the
gmrell volume ctn te nositioned renrodueibly (iiz, 4)e
Since 345 errors in the volume of s 10l slicuot change
the relrtive counting efficiency ty g% 0.L7, uncertsinty
cue to plpetting error is consicdercbly recuced by counting
2 10epl rliocuot, edéins 17 :l of = golution of known or
unknown efficlency ond recounting inste-d of piretting
10wl eliquots Into solutions end counting, 7rbles &
rnd 3 give relstive elficiencies cdetarmined by this method,
Eince low solubility of Di in eolvents mignht heve
resulted in precinitstion, the relstive efficliencies for
seversl solvents were checked using 1 cm? nisces of 117
poser grtureted with 3;51. ringed with witer, and drisd,.
LE’% npuer doss not relesse orthoshoschete to 10U ml of
weter, 580 ¢ frctor reletinzg dry counts to counts in wrter
could bte develo;ed, ~he results rireas witiin exrerimentnl
error with those rejyorted in 7-ble 3., Tifferent lots
of chloroform ernd meth-nol grve &ifferent relrtive effie
clencies tiecruse of voarying leveis of colored imsurities
(¢rof 3 dirferert 1ots of methsrol vrs &3-)., 7The relne
tive efficiencies rejorted for these solvenrts rre the
higheat ones obtcined,
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Volume Lere:cance oi are . ov founting,

10 p2 of stock jf? in wzter weg pipetted
into »n llenl rolrethylene visl end & sequence
a7 snoroorinte rlicuobs of weter wrs rdded,
Ore=minuve ¢ourts 2t J e ® Cilzeriminctor and
1000 gpnin ssttings were tcken, Vesults rro exe
£t 10«1l volunme,
Verticsl bara indicrnte uncertrinty due to counte
in; error snd position roymmietry, which w3

k3

1

ed Ly oeguntiv the viel &n ot lecst S
»ositions, sverszing snd econmpating the a:slle
devirtion, 25 x 13“ C'M vere obegetrvad +t mine
Linvvm el'vicionoy,
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% of 10 ml Counts
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Terend Tow T-hilae

Usrressions sufficiently lerge to eontesin 190 a1 were
mude in lleml rolyeihrylene vwiels by touching with e hested
fless rod, Cince it mrg difficult to ecenter the de resss
ions, marks ware moce on the outasidss of the visls, end
the visls woers slwers counted in the snme jnosition, 10'2
BT PO,
end FEll.y end 1070 ¥ e v, 5 pH TeFy wrs used for the
othex nqﬁeoua pystans, 19 pﬁ of 3¢ in cerrier wrs céded
to the emnty vicl, cousted § times for 1 minute, 10 ml
oi' the sopresriste solubion wrg edded, end 5 mors leminute
counts were okirined, ~rectors vore develonad relsnting
the cocunts in 19 ;1 to the counts in 10 ml of weter for
ecchh viel and esoh sliquot composition, snd relztive
efficisncios weres camuted by:

1 Te5y wes used 28 currler for ths reids, brees,

eonntg 417 10em) g.enla
counis in luegl X Ivcuor

Felly ® x100 @
eonntg oreearyed 1n 1Nenl srwaing
COUNLLS i LCli WONLA L£:VA Desh
coserved hed 10«ml veter baen
prasont

% 1JG

The 10=l siiqusts contsinsd 10“ ¢, fShe shaolute errors
sre elther ti.e vrozegnted counting error nd viel celiltrne
tion unaceartsinty, or the grminle devietlon of e minlipum of
tiree Snfe andent desterminstions, whichever wss lsrger,
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Squeous Holutlion Ffflielenciss Feletive to rter

Yelntive ¥ificlency (i)
Mrxtariol Iiscriminctor O e o0
100% Cein

H.Cy pleas vicls TieO & 1.
2140 ¥ 7Ci, & ¥ Wity Cily 140 4 Yeoit 57T & UeS5p G591 & 0.5, 994 % J.64p rene
) vanw~<:ww

1.0 M3 ¢y 1O H B ‘;ar. 1.0 ¥ HCY 2.1 € 0.0, 99.5 & 0.8, 101.2 ¢ 0.6
9.1 ¥ Tris, oH T.4 59.5 % 0.7

0,085 ¥ prres, ph 8,0 G0.3 ¢ 0.7

0ol K My HiC p oH 740 G55 & 0.6

1, c« Emcw nS.... 0.5 ¥ NL,M.Mrauo. 5.0 ¥ 93,8 & 0.0y §9.9 & 0.6, 106,7 & 0.6

3 i e

1.0 wm_.aﬁ um.vm _.H.,.aw. pH 7Y 120.9 ¢ 0.5

1.0 m e T 973 € 0.5

0,5 mg/miz (un)}ik o Y- 5.0 # o.a- 93.1 ¢ 0.6
1.0 e, 1.90 ?55.3 130, $ 0,5, 123.0 3 0,6

rcmv a lorng-lived recturel %éunnwﬂw

isotore ﬁ.m.sﬁ ® 1,33 ¥eV); =11 other beelzrounds &37 enm,

% Preiground & 300 ¢pm, due to toe presence of
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TIELE 3

Solvent Efficiencies Felntive to 'ster

Nelotive "ffieiency (X)

17

Meterisl {iscririnstor 0 «
100% Gerin
Feth:nol 107.5 $ 0,67
Ethonol (9357) 115.7 * 0.6
fcetone 11944 ¢ 2.5
tetrolews Fther {b.p, LOw5520) 171.1 ¢ 0.6
Eerane 128.2 ¢ 0.6
Eerzene 159.2 ¢ 1.0
Toluene 166.2 ¢ 2,0
Chlorofosm 113.0 ¢ 0.7
CHC1 4308408 131 (v/v) 10640 ¢ 1.2
umnnuunmu 211 (v/v) 110,83 ¢ 0.5
CHEC1 41 uom: 2 204911 (v/v) 111.5 ¢ 0.7
nmnuunomwe. 21 (v/v) @ 0,37 HCl, neutralized with Ko0l 112.4 ¢ 0.6
omnuuumo e 3L (v/v) 113.1 ¢ 0.6

Qmwu,nxwﬁ 21 {(v/v) $ 10 m1/1 ,.nmrom 109.9 ¢ 0.7



*:PLE 3 (eontinued)

Zolvent rlficiencien Kelative to uster

lelctive trficieney (%)

Matoriel fiseriminntor O =
100§ Grin
0.5 % xm:o e in CuS u"nchmummo iD1G:iY {v/v) 110,6 & 0.6
1.0 M zm:o\c in amowu,nwucm“mmc 2019:1 (v/v) 110.0 ¢ 1.1

Fxoseriments were performed s8 indiceted in the lepend to Tnble o
excent thst the 10-al rliquots consisted of umw in {sobutanol

sstureted with Y» ..__,;_,OW.

<
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B Couﬂtin! since ¥erenkov rediztion occurs in
the viel wells, 7 on peper or silics gel cen be counted

with no liguid present, Zelfesbsorntion reduces efficliency
with incrscging eres or msss, &8 shown in Fipure S. Cute
ting the psper rectangles into pleces ~I X 5 ma reduces
the error due to position veristion for one counting event
from $ 105 to & & 51 (Teble 4). ‘ccitlon of limid to
the viasle gerierally increcses efficlency, dtut does not
reduce th poslition error excent »ien the licuid elutes
a signifiernt freetion of the radiosetivity (7sble 4),.
Cless vicls gove soproximatsly €04 aefficlency relstive
to polyethylene vicls for chopped neper (T:ble L4)e Sproye
ing the propers with coloreforming resgsnts recucss effie
cianecy, orobebly tecsuse of incrersed self:hsorgtion,
Jnélrect “Ificlency l'eterminrtions ruenching of
forenkov rediction by colored solutions enn te resessed
by the usuel chsnnels retio (4) snd externsl atasndzrdle
zstion (3) techniques, OCur results (rigure 6) confirm
those of “hite »nd ¥llis on the utility of the externsl
stendnrd for color auench correction, »rovided mersurass
sre teken to evold the observed € &7 veristion in extermnel
stendard counts due to veristion in polyethylene viel
cherceteristicss Cless visls exhlbit vnprlstion of less
thrn or equel to & 1%, Somzie velinme rust be held cone
gtant, If counts sre too low for sccurste channels rotio

1. nile this work wes in rrogress, tlilzen end VYrenvel (6)

resorted counting of 3”? on menbrens filters without
linuid, Our independent experinments coniirm snd extend
thelr results,

—p—
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Iv LI £ &4 v. .
Cerenlov {{lclency Telstive to .cter tor Try
feoar o rnd 051ienr Cel t8 ¢ Tunction of rer end
1 88
: o 30 -
10 m1 rlicuots of stock 7'+ &n 130 " n
Tr,?rah. rii Te5, vere ninetted into 10 wml of

"™y

urter (15 srmrles e~ch for nroeyr end silics pel)
or on £o ronronrinte rectunsles of “hetmen Yo, 1
nener Oy silics gel G nlrtea (F, Yerck, glcsse
brekad), he vectrcniles were then flooded with
rethiznol, dried, snd counted in l. el noiyentye
lene vicls ¢4 0O «w gigerimin-tor erd 1207 prin
aptbirge, is grcteduve five o noseunilorn
cistribution of reclorctivity similer to trant
cht-trad 2f%er nrrtition echram-tograrhy, "Choe
~ed" pnrner wra cubt into pieces ~ 2 X 5 rmy VUne
chionued rectungles of nuoer vwel'e nositioned selither
f1rt on the bottom of tie vieie (1 ¢nd 7 cm’)
or rround th:e circumnierence, ut nol comrletely
coveriiny tihe entire inside well (Se.5 em“), #nd
vere not emmnpled, ‘Y:ich point renresents the
ever:e of 5 aannles civided by the -vercge eof
thie 15 stendrrdés for the msterisl, Verticrl brrs
rorragent uncert-inty cdus to g:mrle rarmaltry
sod inetting errar, cdetemmined by asrad:g-tlon
oi tue 8:x1:ie devictions for the sB:rivlea snd the
stonderds corregﬁonding to ecch noint, '’ nmine
irmim 0f 3 x 134 ¢ viere tetected,

3 rroepr und sillien gel

T+ {illcn gel only
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Efficiency Relative to 10 ml Water

o
!

1 | I ] I
\\%// o unchopped paper i

100 |- m% ) lw///W -
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Figure 5

\ T
80 - silica om_\ % ? -

| p/w

70 1 1 1 1 1 =
20 50 N_O.O 15.0 200 250

| Area (cm®)

L 1 1 1 1 1 1 J
0.02 0.07 0.2 0.7 027 0.34

Silica Gel Mass (g)



==les »rasrrad 08 in cisure 5 were counted ¢ mine
Iinxm oi ten ticmes ior 1 minute vwlith sritation of tre sum-le
Tetuass cowning ev3atls, 246 8-..:ie Govistlions coivuted,
lrulog vare tnen rafedy, o 8- ing wara ~l:iced In gl:as
¥i-18 smid the srocedure reerhed .ﬂftex’l n Sesinite equllie
brotion period. | minimum o: s x 1ot em wr8 cetected
£ nisiawt efriclency with 0 =9 gigerimiastor :nd 10U

frotn gottincg, 1) motariila vere meintained st fratrue

ment tamnarcturae,

1*“, e Covistiona nre tha »o0130 Cr8os oLesrVal L IOm
10«1 mirute counts witiv internedicte t3itetion on 3
iiferent 8rmr.les, 11 one count on onue 8«m:le is nere

forned, tina trus (iverrze) value lies within g ‘@ of

tue volue obLtodand,
“ryverrce of 5,0043

3 roncnated nosition grror 1or ell rel:ntiva el'iicienclies!

{ut into pleces e~ X L o,
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(olor ‘usnelling of ¥ovoriow Trolotion

evles o7 15 mi :olgethylene ¥irls cone
tadning 13 ml wrter was courted lve tinas for
I ricute with tire erteranl stondrrd £ 0 - o@
Glaecriminutor snd 1077 orin 860 r~8. "he €Olew
ored soluticnz vors tnhen cdded, end the visla
recountad, cud the rrtior

caunts b 1Y w1 osuarc
-~y 2
i -~

CORSLE il

wra ctted with - 8077 uncertainty due teo the

A oerrory wilch msy have been

v

octazrved countl
ervsgd by vorictlions In viel well thicinees,
talztive eliicienciecs to »ulor verae detormined

n the ss Bomnlss uzed with the extern:zl sternce
erd by the motned sliven Ia T:-%1lo 7 with urcere

2y

trinty dus to counting error of @ 0,5 + foncene

3.

trrtion roveg vora s iclleoup: Yeihvylens blue,

iy f ©
PR ™ . o - P . < e
107 @ 10T By T 13 3. 12 7 ¥y ¢ {‘-7.
-] R L . N
id - 1 3 * o S ptintoun of 154 ot urs obsarved,
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Figure 6




o7
determinetion cnd rn extornal stindrr»d Ig net gveileble,

courting efiicisney in colored golutlicens, Yirl:
senx helght greetre with virl raiszses the error &
iinstion ¢fF guenching by & clionrels rriio ro-lied to tls

extarnzl etendord eowtts ta 6817,
leterminstion of relative elficlencies in cclorless

solutions using the externrl strndsrd hsg not been nosgaible.

lthough chsnges Iin externsl strndsrd counts ocaur with
chenges in sysiem composition, the v-ristion is portislly
dependent on f'sctors indepencent of the Yerenkov efiie
clency, probsbly veristion in collision crossesection

for Compton scattering and psir produetion, FEven when
the veriztion in solution comvosition is defined (e.g.,

s gredlent of Nﬁu0<e in wster), the veriction in externsl
strsnderd eounts due to viristlion in glsss virls mikes

it impoesible to cetermine relctive efficlency cnrnges
smzller than h;, "erk heirht susectrr of sither the extere
nsl stendsrd, 35? in solution, or dry, show too little
vearistion with efficleney chenges for & ciirnnels ratio

to be useful,

T At A A AT 1 TERpg——
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Tn~licetions nd fdnitetions of the "asults ‘L.e

rel=tively brosd gsin onrtims observed in zcueous solutions
(rixe -) and clreet destr not nresentsd indlerts th:it colore
less zJueocus solutions esn be courtsd «¢t the grin ontimum
for wrter rnd r'inite wincdo=: with rel:stive efficiencies
essentially icdentierl to those oht:ired st infinite window,
The smrll chinnges in relstive efficiency obzerved with

wide veristion in srusous soluiion comnoaition (931067,
T-ble ) Indicste thrt for routine worx not requiring

Eid

grarter then € 5% cecursey, the chrnce in efficiency with
chenges in solulte concentrrstion c+n te reglscted, Ch:enges
in relstive efficlerey in cdifferent mixturea of etlorofom
end methrnol rre =180 sm-11 eroush to bte nezlected (irtle
3).

'he exnonenticl relrtion between eount rete =znd volume
from 0,01 to 0.5 ml shovn in figure 3 ia consistent with
ctbsorntion of & fraction of the p-rrdiation by the w-ter,
whiile geometricerl foctors (centerinz snd height of the
column of wster relstive to the rhotomultiplier tubes)
spperr to be the me jor determinunts stove 0,5 ml, The
relrtive efficlency of 1 ¥ Csil1 (100.6%, Trble <) indle
crtes thet gellerbsorntion ern hnve consicderstle offect
on the observed efficiency, since the high refrrctive
index of tris solution (n® 1,35) should hrve resulted
in inorexsed ferenicov efficiency. The vizl materisl elso
effects the efficlancy, s8 48 spperent from the date in
Trble <o The obssrved (- con thus te resresented ty:

“Tm R ? ) (] om
¢ jgng e m e} e

s
where e is tre detectlon erficiency of the instrument,

pg tnd a8, rra the ¥erenkov efficiencies of tre solution



9
rnid virly, #2nd 1y snd n_ «re geometricrl fectors which very
with volume end visl conshruct? e "he resulting relotive
efficiency exrresaion is:

Trersfore, tl.e ralstive effictancles in Titles ¥ ~nugd 3

verey with volume znd virl metarisl but ers inda-andent

of tre zbLisoslute afflclancy provicded by ruv individusl
instrumeat, They ennly to = renrs of 1=10 ml in 18enml
nelysthylene visls sné nre 1o mora then 17 below the ree
1~tive efficlency rt 15 ml, Tn [Deml glrssg viels, relctive
fficlencliea in 12 ml volumas nre from 3=£7 hisher than

thoans resortad, =nd inerarsing volure in the rrnne lelS

ml cousas ifncracsas in relrstive efficlency of 127,

vreac-utiong S:nce & sipuiilcert frezction of the

tot:z) countg with 1J«ml gun~le volumes is due to thae viel,
viel ehsrrreteristlics must ta held conghent ror thes method
to te rasroducitlae., Jolyeilivlens visls which hrva been
used for seintillstion countingy must not be uvsed for
erankov counting unlasa ther bisve Lean extensively sosked
in solvents (e.,7., chloroforr) to remove acintillator
cont:ined in the vicl w:lls. Verisble increzses in nonse
rant Yerenkov efflciency of us to 15: hnve been ohsarvad
with molvednrlens virls sorzkad &{n toluans or cloxane

TrNe 007 geintillator, snd vrolonred socking 1n hot weter
snd detsrr-ent does nodt c:rusa £ signifieent deeracse in

ts lavel of contsminection, 7housh there wrs no dotecte
rble clhisnge in erficiency or neck helont shrectrum {or

44¢ sounted in tolusne or dioxrne seintillstor in vicls
cont<ininz cbaorhed acintillcetor, tne extarnrl strndord
enunts incra~sed by r3 much ss LA, rnd the pask halght
stectrum with the externcl stsndrrd wrs surflielently éise
torted to yroduce & ;D1 ehznge in & precst chrnnels rstio.
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tinae most sutomzctic externtl etondeordizntion systems
derend on & crannels rotio with the externrl) atandsrd,
svsorbed gointillslor must bte removed from the wzllas ol
:0lyethylene vicls used for norne)l geintilliction countine,

“he rertantility ol polveihriene to orcrnlie solvents
ro8es & more renercl orobtlem since solutas may be cenosita-
ed In the virl weclls I solutions remuin ln the virla for
more then & few hours, Yo signifiennt ehnnzea in forenkov
eitficiency hiave Leamn observed rhen solvents rre present
in the visl wrlls (incresze & 0,.,i+ with toluene), but
toiusne £nd benzene, which evarorsia only slowly from
the vi¢l wulls, ¢o c:suss Incrosses in externzl stonderd
counts of us to 137, 7Thia 4s prod:rely ¢ue to crenges in
Ter:y {nterrction cnerreteristices, rotiher than increcses
in Yerentov olficlernicys The usd of pless vicls circune
vents thess rotlens st 1 5. cecrerge in efficiency.

Yo tbsorstion nrotlems heve bLesn encountered with ejueocus
solutions counted Iin rolyethylere virls,

(remicel or whyglienl phenomens whieh result in a
rion=horiosenecus distribution of rodlorctlvity in the vial
7411 eftect the off{ciency. If nn squaous s:cmole iIn polye
ethylene gontﬂins 3‘%1 end rgll icns in the srmule sre
telow 19°% ¥, efficiency increszes with tize beccuse of
edsorstion of tha phoaphnts to the viel (iisure 7). “he
ineresge ern ba un to 37 in 4 Yours snd us to 10% in
L% bours, In glass vieris, effleiency decrecsses ty no
more then 2+ in 4o hours, but cecrecces of less then 13
occur even in D,1 M Enﬁﬁvoh, 1 Tele in 1o ccse is there
detect-blie el{licioncy Ehrnga in 17 bours, inis elfect
hzs bean noted only wien the lrbeled compourd is orthoe
rboa:haste, wnd the presence of most lons excapt “rls end
Hrevs st glf)"“’?-’-. nrevents the effect, It shoulc s£lso te

noted that the molybtdste cornlez of inorsunie orthoshogihrte

bindg very egtrongly to nolyseti;ylene visls,

T TR T S TR S



Yiure 7

Yornce da Counting fi{ticlevey vith Tine
Cal ml rli-uols of slocw B’p vera nixed
with 13 rl 6i Lie incierted niwoe hicte tuifer

concestrotiong, ¢ounted Lmwoilztely riter
mixiny end ¢t fitervels eitervird, "he visls
were stored in the refriznsroted counting chanber,

8 the . chenge in count rrte rew
lstive to thst srecicted by rormsl deery end
veg comnuted for ezcein Indivicunl viel cecording
to:

{observed ¢ ot tira t)e

{AYreryel -~ oF (3 tima ¥ Jecsy eppraction)

% w100 X

‘. relyethrlens virls
e (loas visls

Cogerved ¢a vy U tive x cecry correction

—— ——in, c— . - ettt e, sttt ettt st t——  a———  ——
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