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The number of applications of liquid scintillation counting

to the measure of radionuclideS in aqueous samples has

increased at a very rapid rate over the last few years. In

the majority of these applications, the aqueous samples are

dispersed into liquid scintillation solutions by the use of

emulsifiers. The aqueous phase is dispersed as tiny micel-

les of much less than a few microns in size. The sizes,

numbers, and distributions of these micelles could effect

the real and apparent efficiency of the liquid scintillation

processes. For very low energy radiations, the ability to

even detect the radiations may be greatly dependent upon

these properties of the colloidal systems.

In this work several radionuclides with different modes of

decay have been employed in an effort to gain insight into

the nature of these emulsion systems. Two different emul-

sion systems were studied because each showed certain char-

acteristics which were important in the understanding of

their applications to the problems of liquid scintillation

counting.

Experimental

Two emulsifier systems were used in this study; Triton 1-100

(Rohm and Haas) and BBS-3 (Beckman Instruments, Inc.).

Triton X-100 is an a1kylphenOXy_pOlyeth0XYethab0l and BBS-3

is a mixture of special purpose emulsifiers. As will be

seen later, the properties of these two emulsifier systems

showed quite different (not always understood) properties.

syst were stdied using the radionuclides

H, Cd- Ag and U. The H studies supplied data for

the excitati-Qfls by low energy beta particles (E 18.6
1U9 i0m .

max
key). The Cd- Ag studies supplied data ror excita-

tions by low energy conversion electrOns2S and 69 key) and

Auger electrons (29 keV). Finally, the U studies supplied

data for excitations by mono-energetic alpha particles (4.8

MeV).
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All counting data was obtained using a Beckman LS-300 which
was coup with a Nuclear Data (Model 1100) multi-channel
analyzer . The pulse height spectra were obtained from
the logarithmic output pulses of the LS-300 and all spectra
show plots of the differential count rate (counts/unit
time/unit pulse height) vs. the pulse height response (chan-
nel number - 0 to 256)

In every sample the total volume of aqueous and liquid
scintillation solution was maintained at a Constant volume
(12 ml) to eliminate any effects that could be caused by
difference in the geometry between the light source (liquid
scintillation solution) and the detectors (the multiplier
phototubes).

All counting was done in one of two liquid scintillation
solutions:

Solution 1 - 84% by volume Toluene
16% by volume BBS-3

with solutes: butyl-PBD 8g/l
PBBO 0.5 g/l

Solution 2 - 67% by Volume Toluene
33% by volume Triton X-l00

with solutes: PPO 5 g/l
M2-POPOP 0.2 g/1

These o3o1utions were chosen because they are the recom-
mended ' compositions for counting tritiated water samples.

Tritium Counting

Figure 1 shows the counting efficiencies for tritium in
Solution 1 and Solution 2 as a function of the ml of H20
containing a constant known amount of tritiated-water.
Solution 1 (BBS-3) showed constant counting efficiency up to
a volume of 1.85 ml of H20 at which point further H20
additions caused a separation of two phases with marked
decrease in counting efficiency. Solution 2 (Triton X-100)
showed a gradual decreasing counting efficiency with in-
creasing water content. The dotted line is necessary to
indicate that for some part of the plot there was also a
separation of the System into two phases. However, at high
water content, the Triton X-l00 system formed a gel which
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Tritium conting efficiency as function of
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prevented the two phase from separating.

Figures 2 and 3 show spectra tritiuni in Solution 1 as a
unction of water content. Figure 2 shows the spectra for

H-toluene. The increasing water content had no effect upon
the spectra. This demonstrates that the water and scintil-
lating phases of the total water-emulsifier-toluene system
are separate and the water content does not interfere with
the basic scintillation processes which are taking place in
the organic phase of the3system. Figure 3 shows the spectra
for tritiated-water and H-toluene. The tritiated-water
spectra show only a very slight shift to lower pulse heights
with increasing water content. he tritiated water spectra
are all shifted relative to the H-toluene spectrum. These

data show the effect of decreased pulse height as a result
of the beta particles having to travel at least for a frac-
tion of their range in the non-scintillating media, water.

Figure 4 shows three methods of monitoring quench in liquid
scintillator systems as applied to the Solution 1 as a
function of water content. All three methods fail in the
region of two phases.

109 lO9m
Cd- Ag Counting

Figure 5 shows the relative sci 11an efficiency for the
88 key conversion electrons of Cd- Ag aqueous sample
in Solution 1 and Solution 2 as a function of water content.
The similarity between these plots an0igu9i are very
evident. In both cases (tritium and Cd- Ag), the
excitations are produced by electrons.

res 6 and 7 show the pulse height spectra for 109Cd-

Ag. Figure 6 gives the spectra obtained in Solution 1
(BBS-3) and the spectra (offset for clarity) all overlap
indicating no measurable quench caused by increasing water
content. Figure 7 shows the spectra obtained in Solution 2
(Triton x-lO0) and clearly increases in water content show
dramatic shifts in the pulse height spectra similar to those
which were obtained by adding a chemical quencig
such as nitromethane. Table 1 lists data for Cd- Ag

counted in Solution 2.

counting

Figure 8 shows the relve scintillation efficiencies and
energy resolution for U aqueous samples in Solution 1
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External Standard Channels Ratio (ESCR),
Sample Channels Patio (SCR) and Compton Edge
pulse height values as a function of the
volue of water in Solution 1. Also showing
the H counting efficiency as a function of
H20 volume.
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Relative scintillation efficiency as a function
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(BBS-3) and Solution 2 (Triton X-l0O) as a function of
water content. Table 2 lists the actual data for the U
samples in S9tion 1. Figure 9 shows typical pulse height
spectra for U in Solution 1 at two different water content
values; 1.8 ml and 2.0 ml.

Again, Figure 8 shows a close correlation with the scinti1-
lation efficiency plots of Figure 5 and the counting eff i-
ciericy plots of Figure 1. The energy resolutions are approxi-
mately the same in either Solution 1 or Solution 2. Further-
more, very high specific ionization of alpha particles
(from U) would lead to considerable energy loss of the
alpha particles leaving the water micelles if the size of
the water micelles were increased even a small amount. This
would be reflected in a marked increase in the energy resolu-
tion. It can be seen, especially with Solution 2, that even
though the scintillation efficiency decreased, the energy
resolution stayed fairly constant. This seems to indicate
that the micelle sizes do not change with increased water
content. Rather the number of fairly uniform size micelles
has been increased.

Low Water Content Second Phase

The dip in the plot for Solution 2 in Figure 8 at low water
content, 0.1 to 0.3 ml, is due to a separation of water
into a second phase. Figure 10 shows spectra for U in
Solution 2. Plot (a) is the spectra for a sample containing
0.2 ml aqueous that has separated completely. Plot (b) is
the same sample which has been shaken to disperse the aqueous
phase. Even shaking the sample does not seem to completely
dispense the aqueous phase as evident by the high count rate
in the tail (below the peak) and the very wide peak. Addi-
tion of an extra 1.0 ml of water to the sample narrowed the
peak of the spectrum, eliminated most pulses from the tail
and increased the number of counts in the peak. Further,
the added water stabilized the emulsion and prevented sub-
sequent phase separation.

High Water Content Second Phase

At Water contents greater than 2.0 ml in Solution 1, the
counting system separates into two phases, see Figure 1.
Figure 11 shows spectra for a tritiated water sample of 3 ml
iii 9 ml of Solution 1. Curve (a) is the spectrum obtained
when the two phases are together in a single counting vial.
The top and bottom phases were each 6 ml in volume. The two
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Figure 9. Typical pulse height spectra for alpha
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Figure 10. Pulse height spectra for sample of in

Solution 2 showing the stabilizing effect of
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Pulse height spectra for 3H-water in a sample
made of 3.0 ml of water and 9.0 ml of Solu-
tion 1. Curve A is spectrum obtained for two
phases together in same vial. Curve B is
spectrum of bottom phase alone in a separate
vial. Curve C is spectra of top phase alone
in a separate vial.
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phases were separated (as efficiently as possible) by draw-

ing off the top phase which is then transferred to a second

counting vial leaving the bottom phase (with a little of the

top phase) in the original counting vial. Curve (b) is the

spectrum of the separated bottom phase and Curve (c) is the

spectrum of the sepaed phase. Figure 12 shows the

Compton spectra for Cs- Ba gamma ray source; Curve (a)

both phases together, Curve (b) the bottom phase alone and

Curve (c) the top phase along. The two distinct Compton

edges indicate that each phase scintillates with its own

efficiency.

Each separated phase was diluted with extra Solution 1 to

reduce the quenching level to a measurable amount. Figure

13 shows the spectra for the Compton edge and the tritiated

water for the 6 ml of the bottom phase with an additional 6

ml of SolutiOn 1. The Compton edge showed only a single

value which indicates the whole sample is counting with one

efficiency. The value of Compton edge pulse height indicates
the diluted solution has a 32% tritium counting efficiency.

Figure 14 shows similar spectra for the 6 ml top phase with

an additional 6 ml of Solution 1. Again, the Compton edge

showed a single efficiency which corresponded to 40% for

tritiurn. Tables 3 and 4 list the counting data for the

combined and separated-diluted phase and the percentage of

each phase which is H20.

Conclusions

These data seem to lead to several conclusions. The decrease

in counting efficiency and scintillation efficiency with

increasing H20 content, expecially with Triton X-l00, is not

due to an increase in the size of the aqueous micelles. It

is probably due to the water releasing some quencher, which

was initially bound to the Triton X-100, into the organic

phase. When the emulsion phase breaks down into two distinct

phases, each phase has scintillation character and the
radionuclides in each phase contribute to the total measured

response. Solution 2 showed two regions of phase separation;
at very low water content (0.8 - 3.3% by volume) and at

moderate water content (15 - 25% by volume) in the 12 ml

total volume samples. In cases of low water content in
Solution 2, addition of extra water to increase content to
approximately 15% by volume produced a more stable scintil-

lation counting system without changing the scintillation
efficiency.
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137 137
Pulse height spectra fr Cs- Ba produced
Compton electrons and H-water for same

samples as shown in Figure 11.
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Pulse height spectra fr 137Cs-137Ba produced

Compton electrons and H-water for bottom
phase after dilution with added Solution 1.
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