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Introduction 

The tritium analysis of many natural products e.g. whole cow's milk, often requires 
two estimations viz. the gravimetric determination of tritium in the aqueous phase and a 
separate analysis of the water from the combusted organic fraction. Such analyses are 
undertaken using wett established aqueous counting practices tnwhrcg ©WEpeff!SC« ct the 
sample with a "tritium free" sample blankl1!. Sample preparation for aqueous and organically 
bound tritium can be very slow and labour intensive requiring that great care is taken to avoid 
cross-contamination between laboratory glassware. Any more than the occasional analysis of 
a few samples entails the use of expensive apparatus such as freeze drying or vacuum 
distillation equipment and a combustion device capable of handling large amounts (tens of 
grammes) of dried material. As the majority of any tritium present in whole milk Is likely to be In 
the aqueous phase, analysis of this fraction alone is usually undertaken. In this case the 
sample preparation should include distilling the sample to dryness to avoid any preferential 
concentration of aqueous tritium in the residue. 

However, the object of this project, counting whole cow's milk directly by 
incorporation into the scintillator, is to estimate the total tritium content of both the organic 
and aqueous fractions simultaneously. To fulfil these conditions, the chosen scintillator 
should be able to accept large sample loadings and display the same counting efficiency for 
the organic as well as aqueous fractions of the whole milk. In an attempt to establish this 
method, samples from four different brands of milk were analysed using the 
pseudocumence based Picofluor 30 (Canberra Packard)and the di-isopropyl naphthalene 
based Aquasafe 500 (Zinser Analytic) scintillator solution. Glass vials were used thus 
enabling visual observation to be made. 

The tritium activities of four different brands of milks were estimated to be very low 
and at, or near, the detection level of the system. 

Methods and Results 

The Scintillation Counter The instrument used was a Canberra Packard 
2260XL Liquid Scintillation Analyser. The counting system is operated by a particular 
model, which is designated as an "extra low level" because it incorporates novel features for 
background reductionl2-3!. 
Optimum Sample Volume Aiiquots of milk from 5 to 10ml, incrementing in 0.5ml 
stages, were pipetted into a series of 11 scintillation vials and a complementary volume of 
scintillation solution was added to bring the final volume to 20ml in each vial. The procedure 
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was repeated a iJaaharahflseitoss 
vials; one group using Picoffuor30 as the scintillator solution and the other Aquasafe 500. 
One series in each group was spiked with 1 QOjil (6L72* 102Bq) oi tritiaied water (HTO) wnfisi 
the same volume (6.07»102Bq) of tritiated toluene (HTOL) was added to the other series. 
Each vial was counted for 10 minutes. The Figures of Merit (FOM) were calculated and 
plotted against the sample volumes, which indicates that both scintillator solutions return 
their highest FOM's at approximately 8ml of sample loading and each exhibits very similar 
counting efficiencies for both HTO and HTOL over the sample loading range. 
Long Term Sample Stabil ity: Phase Contact The optimum volume (8ml) of milk 
sample was added to two 12m/ a/quots of Aquasafe 500. one spiked with HTO and the other 
with HTOL The procedure was repeated with PJcofluor30 and all the vials were set to 
cyclically count for 2.5 minutes each. After approximately 250 minutes, the PiCofluor30 
counting efficiencies, calculated using the internal standards, are seen to stabilise and this 
level is maintained throughout the extended counting period giving an effective and stable 
phase contact of ~1 (0.97-1.02). Conversely , the Aquasafe 500 maintained "its initial counting 
efficiencies, also with a phase contact of unity (0.97-1.03), throughout the extended 
counting period. 
Luminescent Decay Trial Under dimmed incandescent lighting, in a laboratory 
devoid of natural light, a series of samples were made up using each of the scintillator 
solutions. Each series consisted of Sml of the scintillator solution alone and duplicate 
samples of scintillator + milk. Each sample was counted for five sequential one minute 
counting periods immediately atter preparation and treatment. The treatment consisted of a 
brief(15sec) exposure to a fluorescent lighting tube at a distance of approximately 50cm from 
the sample. One of the duplicates was untreated and transferred in darkness to the counter. 
After the initial counting cycle, the samples were recounted later. 

Both the scintillator solutions are highly photoactivated; the Aquasafe 500 much less 
so than Picofluor 30. Luminescence in the Aquasafe sample appears to decay rapidly. The 
untreated samples have very similar count rates at all counting intervals. 
Quench Correction Curves Two quench correction curves were used in external 
standard method. 

1.Chemical Quench Correction Curve After addition of 8ml aliquots of whole milk 
to each of ten vials containing spike+scintillator, 1--9 drops of 1: 2 mixture of ethanol/CCI4 

were added incrementally to vials of No.2 to 10. The vials were counted until a 2ocounting 
error of 1% was achieved. Efficiency calculations and plotting function were undertaken 
automatically by the scintillation counter. 

2. Milk Quench Correction Curve The preceding process was applied to a series 
of milk samples of varying concentrations. As an aid to simplicity, tinned condensed milk was 
diluted to various degrees to cover a suitable quench range. The object was to provide 
sufficient data points on either side of the expected Quench Indicating Parameter values of 
the milk samples to be analysed, e.g. the Transformed Spectral Index of the External 
Standard(tSIE). The data points were more variable than those of the chemically quenched 
set. It was observed that white precipitates, probably proteinaceouse, had formed in the 
most concentrated samples of the set and that the amount of precipitate increased with milk 
concentration. It was concluded that the scintillator solution was overloaded with milk solids 
and therefore these data points were unreliable and excluded. The tSIE's of the milks should 
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then Re in the nnrsaium error region of the calibration curve. 
Whole Milk. Counting — A f t e r ensuring the miBc to be sampled was thoroughly mixed, 
an Smf afiquot was incorporated in 12ml of PAsoflaor 30 and was set to count for 1 000 
minutes. Visual observation on the samples after repeat counting suggested no visible 
phase separation had occurred in samples. Picofluor30 was accepted for use on the basis 
of; a) its high counting efficiency (-17%), when determined under the same conditions as 
the milk samples to be analysed, against that of Aquasafe 500 (-14%) under the same 
condition, b) its stability with the sample was tested over a fairly arbitrary period. 

Choosing the sample with the lowest count to act as a "blank", the activities were 
calculated by the internal standard method and the external standard method (employing 
two quench correction curves). The detection level of the system!4^ for a poorly known 
1000 minute background of 12 440 counts, is 6.3+3.9 Bq/l. The activities of a particular 
sample, estimated by different means, are effectively equal. The good linear fits of the 
quench correction curves have minimised errors in efficiency determinations which, when 
the relatively poor pipetting error of the internal standard is taken into account, results in the 
overall experimental errors of the different methods being effectively equal for the 
determinations on a particular sample. Although the error associated with the milk correction 
curve is larger than that for the chemically quenched curve, this difference does not 
materially affect the overall error on the result. Therefore, for practical purposes, the 
chemically quenched curve adequately represents the degree of quench over the range 
encountered in the analysed milk samples. 

Tritium Activity in Milk 
Brand A B C D 
Bq/l 363+43 13.6+3.8 8.4+3.9 6.3+3.9 

Although the chemical quenched set were found by extrapolation and those for the 
milk quenched set by interpolation, the equality of results for the external standard method 
might be expected due to the similar degrees of quenching in each sample.. The similarity of 
results of the external vs. internal standard methods might be expected because it had 
already been established that the scintillator solution had good phase contact and the 
samples were effectively homogeneous. However if the sample had become 
heterogeneous, use the external standard method would have been invalid as only the 
effraertcy cf the sctrrtSfartof wauJd! have been estimated and not the cotjntinQ efficiency o& 
the sample which would again have led to differences between the activities. 

Discussion 

Chemiluminescene and photoluminescence can not be differentiated spectrally!5! 
and their presence might greatly affect the low level determination of low energy p emitters, 
principally tritium, because the scintillation energy peaks of the interfering luminescence and 
the tritium p particles coincide. Luminescent is a single photon event and therefore only 
recorded as a scintillation event if the rate of luminescence is sufficiently high to be 
registered within the resolving time of both, coincidence gates, photomultiplier tubes (PMT). 
Some scintillation counters can estimate the amount of luminescence by employing 
additional counting circuitry which delays the output of one PMT and establishes 
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coincidences between this delayed output and the output of the other PMT But this 
procedure ts not availabte on the Packard 2260XL. ntoera operating in the tow level count 
mode. If further work can demonstrate that the interfering luminescence can be avoided, the 
method should at least prove to be capable of detecting the tritium levels already found in 
the aqueous phase of milk samples collected from the vicinity of some tritium emitting 
facilities, Le. 54-110Bq/lt6l. 

By choosing' a suitable' "well knownr background^ the' background1 reduction1 

technique of the Packard 2260XL should allow a very low detection level to be achieved 
\~5Bq/\ tor a 1 WO minute count). The estimation ot the anaVytica^ Wank background may be 
a time consuming business requiring the analysis of milk from many sources before a 
suitablely low activity sample is encountered that is thought to be representative of milk from 
areas unaffected by local tritium emissions. Alternatively, old stocks of powdered whole milk, 
reconstituted with tritium-free water, might provide a suitable blank. 

In constructing ttte cpjreoctn oocrectaofB curve using various rraJk ©octcsriteaSscts tite 
scintillator solution was overloaded with milk solids when samples of concentrated milk were 
incorporated. The analysis of milk samples with a wider ranges of quench than encountered 
in the few samples analysed here, would require that the validity of the quench correction 
curve used would have to be more rigorously tested than in the brief comparison made in 
this project. Working on the principle that quench correction curves should be specific to a 
specific sample, sample volume and scintillator. The capacity of PlooDuor 30 lo "hold milk 
solids would require that any comparisons between chemical or "self" quench correction 
curves would have to be with a sample volume much less than the 8ml optimum volume for 
ordinary pasteurised milk. 

In practical circumstances tritium analyses may have to be performed on preserved 
milk sample (e.g. containing formaldehyde or sodium metablisulphate) which would require a 
re-evaluation and assessment of the cocktail choice, compatibility and luminescent 
properties for this type of sample. 
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