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Self•absQJ'ptio.n in the liquid scintillatton counting ot solution& 

containing caroteno1da and chloropeyl.l.a can be overcome by direct 
. . I'. . . . 

bleaohins v1tb chlo~• ~ ai~J;?le tecbn1que restores mcs t of the 

~ountin& 'erttctuq ol colond solutions conta1n1q 3a or 14c 1 or 
I ' 

I 

both, an4 can 'be~. to naolve tbetle acUY1t1es. · 
.. J . . . . k . . . 
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Sei 4er Sc1nt111at1ouzlbl.UD6 von L&sungen, die Carot1Do1de 

und ChloropbyUe enthalten, kann Selbstabsor.ptlon vermieden wrden 

<lurch d.Uektes lll.eicheD m1t Cblor. Dieses eintache Verfabren 

1'\\hrt sur .WJ.e4ezoberatel.l.una 4es plaaten ~eUa d.eX' Zlbl.W:S.rksamkeit 

tn 3a oder 14c bzw. be14e laotope cmtbaltea<S.eD. seft\rbten IJ)sungen 

UD4 kaDn zw ~ .ct.er. "'4en Akt1v1titQ vervendet wezden~ 

.. , ' . 
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The hlberent advantages of liquid scintUlation counting tor the 

assay ot 14c or 3a labeled caroteno14a and cbloropbylls are severely 

curtailed by color quenching. , 

Several tecbniques. tor the baxKJlSDS ot color solutions have 

been developed (1,2~3;4). · 

Por tbe routine aD4 accurate GS&a7 ot :rac11oact1v1t7 in caroteno1d8 

: and cbl.orop~l.l.a in these laboratories, however, a simpler method vas 
I 

needed. A s1p1tlc:ant variable vb1ch affecta the counttns ett1c1ency 

ot these aubetancea baa been ·etudied and a direct and effective 
\ 

metbocl tor their as~ by 11qu1cl sc1nt1ll.at1on counting has been 

4eveloped. '13leae data aboUld be applicable to the assay ot a wide 

vartet7 ot other colored substances b7 liquid acintUlation counting. 

~ 

!Cl':!ipm.ent atl4 Chemicals: CoUD.tin& vas done 'Witb an automatic 

Packard Tri.Ca:rl> l1qu14 ac:S.rlt1llat1on spectrometer Model 3J.lt.. 

D18cr1m1nator ptee were fixed at 10.50 an<i at 50•c/2 • Crystallte 

screv cap 20 ml viala· vere uaed, tilled to a 10 ml volume • Spectral 

data tor cbaracter:f.zatton ot pipenta vere obtained with a Cary r.ecord:f.ns 

spectrophotometer Model 14 azul 10 mm. internal path quartz cells. 'rhe 
.. 

scintillatiou solution used had the following composition: toluene, 

a.o liters; p-dioxt.Ule,.. a.o llter&J etb&.no1; 1.2 litera; upbthalene, 

a6o gm&J 21 Swdiphe:ayl.oxazole (PPO), 26 amsJ and 1,4-bis-(5-pheeyl-2-

oxazolyl)·'benzene (POPOP), o.s ps. In designated instances, POPOP 
. . 4 3 

was omitted. InterDal atandardsconsSated ot to1uene-1 C or toluene- H1 

or both. Chloropbyll a from spinach leaves vas prepared chromatographically 
. -

em aue,ar co1UID11G ·b)' mocuf1catione ot standard methods. Cuotenoids 1 

pr1mar1q ~-carotene 1 were obtained cbl"omatograph1aall.y u a by-product 

ot the pnpanUon ot chloropb1U a. ~ bl.eachina agent, chlorine -
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water 1 was prepared bf 'bubbling chlorine su to saturation through 

:· double gl.ass•Cl1atillec1 water and. stored iu. tbc dark at 2°C for use 

· · w1 thin 72 hours. For bleach1ns, 10 to 300 ~ of chlorine water 

( depencU.ns on the conceutrat1on of the piaments) wre ad.de<l to the 

· colored scintillation solution 1A the 20 ml. vial, the cap screwed on 

tightl.)r and the v:lal vtaoroua~ shaken tor a few seeonda. Caroteno1ds 

' were bleached complete~ by tbia treatment. CblorophyUs acquired. a light 
./ 

'brow tint. ·The 'bleached cblorOpb7ll color was metastable. ·and. a green 

com,ponent .va• nseuerated atter an interval of a few minutes to .a few hours 1 

4epend1ns OA tbe concentration of the ox1dant. Cblorlne water could 

·be addet1 up to 500 1'1 to resenerate and. extend the bleaching period without 

· aftect.ina the counttr.aa c'ba1'1lctcrUt1cs or phase stab1l1 t:r of the 

solution 1n tbe cold. Ad41t1on· of the chl.orine bleaCh to these 
· ;-.. ·Y•·~ :'··;1.;!.:·.:,'·.,.,,:~- • •: ~ ;· .'·t:,: ~- ·. 

. 

. ac1nt1l.lat1on ~ions cSid not affect significant~ tbeir counting 

characteristics 1 even after prolonged exposure. 

RESULTS 

·~relation between pul.le hatsbt end excitins particle erutrSY 

pro4Ucins the pulse 1a a t\mctton ot the ampl.U1eat1on ot the S.Utrument. 

'.rhis sa.tA 4epends on the hi;b voltage applied. to the photomultipliers 

in the colncid.ence c1rcu1t. In the Packard '.rri..Ce.rb scintillation 

spectrometer Model 314, this pare.ilet.eJ" can be changed from 68o volts 

tor hish ~lte.se tap 1 (BVT•l) to 1450 volta for high voltage tap lO 

(M-10) in auccess1ve incrementa of approxima~ 85 volta per tap. 

Rol41DS otber, verlabl.os constant, the count1na efficiency ot various 

. aolutiona containtns cuotenoic1& 8D4/ or cbl.orcpbylls vere measured a& 
. . 

a funct1on ·ot the m. ~se results ~plotted 1n J'ie;Ures I to r-1 • 
. ·· ' ....• 

: •'· 



F1~ I shows the effect of cblo~hyU at several concentrations 

and of. carotene$, on the sc:lntUlation count1ns of a standard 2. 46 

x )1)
4 <lpm toluene-14c sample. It can be seen that the countins 

efficiency appears as 1a21 inverse fUnction of concentration. 'lbere 

is also a COilCOmi ttant GhUt of optf.mal mri' • 

In Fie;uro II a e-1'4 1.86 ~ w'.dpm toluene-3a ~le was 

. exposed to the same quenchi~s solutions ·uaea. in Figure I. In tbis 

case, there was a much greater loss ot· counting efficiency than was 

observe<l wltb. 14c 1 but there vas no s1s;n1f'icant abUt in the H"n ~ 
fbus, the. overall. ettect ot chlorophyll and carotenes solution vas 

. to render' a simultaneous. assay of 14c and 3a less precise, not on.l.y 

: throuab a marked 4ecreaoe 1n counttns etf1ciency 1 but also by 

DalTOW1ns them sap necessary to resolve these two actii.Vitiee. 

· It sboul4 " n.ot.e4 that in e~ menta 1nvolv1ng solutions of 

. both chlorophyll aD4 caroteDea 1 the effects Juat described above 

vere quantit.ot1vel.7 e4dlt1ve. Alec, when POPOP vas omitted from the 

ac1nt1llat1on $0l.ut1on, a decrease in efficiency not gr-eater than 0.$ 

was observed 1n all instances atud.ie4. 

The effect ot the cblorine bleach treatment on the highest 

cODCentratioll ot cbl.oropl¢1 ( 4 ms per liter) and carotenes ( l ms 
.· per liter) exem.1ned abov-ta, is .shown :Ln Figure m tor 14c end lD 

Figure IV· tor Sa. In the case ot 14c (Fisure III) the bleachins 

treatment resulted 1n a . near~ c~lete :restoration ot counting 

ett1c1eney and optimal. EV'r of the control SOlution. Bls ach.ing 

ot the cbl.oropl¢1 solution reeul.ted in a less dramatic, but marked 

improvement 1n both count1q eftic1ec)" and HV'l't which aq;>~ Justified 

tbe use ot w.a teclmiquo. Blnce there vas not a aeriOWJ m shift 

--------··---- --



problem w1 th 'a, the main advantage ot the bleaching treatment was to 
~ 

restore most of the counting etttciena:y ot · c:a.ro~ solution, and a 

s1t:;n1f1cant portion of it tor the chlorophyll solution. Also, the 

low eounttns ett1c1enC)" observed v1th these colored solutions 

appears to be due almost ent1rel:y to sclf'-absorpt1on which decreases 

pUlse . heie)lt. ':he discr1m1nat1otl c1rcu1t reJects the low erJargy 

seintUlati.ou thua reC;.Uirtns an increased high voltage on the pboto-
. r 

multiplier for optimUm count1na efticienc:r. This ettect is eutt1c1en~ 

ltlrae. 1n ~.e caGe of carbon-14 to ebitt tbe BW to a hisl:ler value. IJ.'h.us, 

.. the$e. problems are either cons~ m1n1m1Zea or entire~ el'1m1aated 

. Wtth. the ·direCt bl.UcbSq teclm1que • 

. i 

·. 
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EFFECT OF CHLOROPHYLL ANO CAROTENES ON 
L/OUIO SCINTILLATION COUNTING OF 70WENE-cl4 

HVT 

o CONTROL 
1!. Chi. 4.0mg. liter-1 
1 Chi. 2.0 " " 
• Chi. 1.0 II II 

• Carotenes I.Omg. 
liter-1 

~~------~~--------------------~---------------------' 
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EFFECT OF CHLOROPHYLL 8 CAROTENES ON 
OF TOLUENE-H3 
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o CONTROL 
6 Chi. 4.0mg. liter-• 
'Chi, 2.0 II II 

• Chi. 1.011 II 

• Carotenes I.Omg. liter-• 

·I. 
'; 

. ) ' 

3 
>. 

' 
1. 

• / t ~------~----~--~----------------------------------------------
.· .. ~1gure II •. · 

... i• . • 



~ •· 

'. 

... 

/ 
' 

'· 

F1SUN xn. 

·13-

. ' 

--'-----·· ·-· -.- -- . 

EFFECT OF BLEACH ON L/()U/0 SCINTILLATION COUNTING 
OF TOLUENE-C 14 CONTAINING CHLOROPHYLL 8 CAROTENES 
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1-z 
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HVT 

o CONTROL 
t:. Chi. -Bleach 
A Chi. + Bleach 
• Cor. - Bleach 
• Cor. + Bleach 

' 
\ 

! 
··.· 



\, 

·!.:' 

'{ 
.' 

,·,· 

EFFECT OF BLEACH ON L/()UIO SCINTILLATION 
COUNTING OF TOLUENE-H3 CONTAINING CHLOROPHYLL 8 CAROTENES 
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·Figure IV. 
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