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Abstract

We present data that illustrate some advantages of Cherenkov counting for the radioassay of 90Y in the dry state and

provide recommendations concerning sample counting geometry. Slightly higher detection efficiencies and figures-of-

merit were obtained when counting 90Y in the dry state in polyethylene plastic counting vials compared to the counting

of 90Y in 20ml of water in borosilicate glass vials. The effects of polyethylene plastic counting vials and sample counting

geometry are compared to similar data obtained in the Cherenkov counting of 32P. Data are presented to interpret the

effects of polyethylene plastic and borosilicate glass on Cherenkov counting efficiency and background counts.

Applications of the Cherenkov counting of 90Y and 32P in the dry state in the biological and radiopharmaceutical

sciences are foreseen as well as applications in the analysis of 90Sr(90Y) and 32P in health physics and environmental

monitoring. r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The applications of 90Y in radiopharmaceuticals for

medical research and cancer treatment are becoming

more numerous and only a few examples are cited in this

paper (Antoniw et al., 1996; Axworthy et al., 2000;

Campbell et al., 2000, 2001; Cremonesi et al., 1999;

Dietz and Horwitz, 1992; Erwin et al., 2001; Paganelli

et al., 1999; Shoner et al., 1999; Watanabe et al., 1999;

Wike et al., 1990; Wiseman et al., 2000). Also, the

monitoring of 90Sr levels in the environment remains a

widespread concern, and 90Sr analysis can be performed

via assay of the daughter nuclide 90Y ingrowth or decay

after separation from the parent (L’Annunziata, 1971).

Since the pioneering papers on Cherenkov analysis of
89Sr and 90Sr(90Y) by Buchtela and Tschurlovits (1975)

and Randolph (1975), the Cherenkov counting of these

radionuclides in aqueous media has become common

and the techniques used have been reviewed previously

(L’Annunziata, 1979, 1987, 1998a). Some of the

techniques involved are reviewed and tested by Scarpitta

et al. (1999).

The methods used for the radioassay of 90Y are

reviewed by Coursey et al. (1993). Among these are

liquid scintillation counting, Cherenkov counting, and

Bremsstrahlung solid scintillation counting with NaI(Tl)

detectors. They report (i) high liquid scintillation

counting efficiencies for 90Y (B99.7–99.75%) over a

wide range of quench levels, (ii) moderate counting

efficiencies over the range of 39–68% using Cherenkov

counting depending on instrumentation, sample geome-

try and color quench level, and (iii) low counting

efficiencies with Bremsstrahlung counting (B9.9–18%)

depending on sample counting geometry and detector

efficiencies. Cherenkov counting has certain advantages

over liquid scintillation analysis, namely, (i) it is less

expensive as no scintillation fluor cocktails are used, (ii)

it is carried out generally in aqueous solution without

the addition of any reagents that could destroy the
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sample (e.g. radiopharmaceutical) leaving the sample

suitable for furthers tests (e.g. spectroscopy, chromato-

graphy, electrophoresis, bioassays, etc.), and (iii) no

interference is caused by other radionuclides in the

sample with decay emissions that cannot produce the

Cherenkov effect, such as, 3H, 14C, 35S, 33P, 45Ca, etc.

When interfering radionuclides are present in the

sample, such as 137Cs, 89Sr and 60Co among others,

sometimes encountered in the analysis of environmental

samples for 90Sr(90Y), Brajnik et al. (1994, 1995)

demonstrated the possibility of discriminating against

these by use of low-refractive index silica aerogel

counting medium to increase the electron threshold

energy required for the production of Cherenkov

radiation.

The Cherenkov counting of radionuclides in the dry

state can be more convenient, at times, such as in the

analysis of radioisotope-labeled biochemicals or radio-

pharmaceuticals on filter material, electrophoresis gels,

tissue homogenates, precipitates, etc. or swipes taken for

the monitoring of surface contamination. The first

report of Cherenkov counting of a radionuclide in the

dry state was provided by H .ulsen and Prenzel (1968),

who analyzed the amounts of 32P tracer in the green

algae Chlorella by counting the Cherenkov photons. The

dry algae was collected on glass fiber filter and deposited

into glass or plastic vials. They used a conventional

liquid scintillation analyzer and reported a detection

efficiency of 13% for 32P in the dry state for glass vials.

The detection efficiency was reported to increase twofold

when plastic vials were used. Further studies by Berger

(1984) demonstrated the analysis of dry samples of 32P

in recombinant DNA procedures where enzyme-cata-

lyzed reactions were carried out in volumes of 10ml or

less. In this case, the 32P samples were deposited onto

glass fiber filters, dried under heat lamps and then

inserted into glass counting vials. Detection efficiencies

of 2571% were reported with the glass vials assayed

with a conventional liquid scintillation analyzer. As it is

common to use microplate scintillation and lumines-

cence counters in the biological sciences, tests performed

on the Packard TopCount microplate scintillation and

luminescence counters with 32P in the dry state in 24-

and 96-well plastic OptiPlatesTM have demonstrated

Cherenkov photon detection efficiencies of 10% and

14%, respectively (Anonymous, 1996; L’Annunziata,

1998a). Examples of more recent studies in the

biological sciences report the use of a conventional

liquid scintillation analyzer for the Cherenkov counting

of dry samples of 32P on Whatman phosphocellulose

paper (Luciani et al., 2000), purified and lyophilized 50-

nucleotide monophosphates (Lehmann and Bass, 1999),

and precipitated covalent histone–DNA complexes

(Angelov et al., 2000). Further studies by Morita-

Murase et al. (2000) demonstrate a linear relationship

between Cherenkov counting efficiencies and average

energies of the emitted beta-particles and internal

conversion electrons using standards of 32P, 36Cl, 60Co

and 137Cs in the dry state. The radioisotope samples

were spotted onto 0.65-mm-pore cellulose nitrate mem-

brane filter paper of 10mm diameter and air-dried. The

filter paper was then suspended by wire from the glass

counting vial cap to permit the paper to be situated

geometrically in the center of the counting vial with the

paper surface parallel to the faces of the two

photomultiplier tubes of the liquid scintillation analyzer.

They reported a 38.8% Cherenkov counting efficiency

for 32P in the dry state with air-filled glass vials using

an Aloka Model 3500 liquid scintillation counter

with the photomultipliers in the coincidence counting

mode.

The previously cited studies on the Cherenkov

counting of 32P in the dry state provided the basis for

our work with 90Y. The increasing applications of 90Y in

the radiopharmaceutical, medical, and biological

sciences sparked the interest of the writers to investigate

the Cherenkov counting of 90Y in the dry state. Also the

possibility of analyzing swipe material for 90Sr(90Y) in

the dry state without further sample preparation would

be of interest to many persons in the field of radiological

protection concerned with laboratory swipe tests. This

paper reports results of tests performed to compare and

evaluate Cherenkov counting of 90Sr(90Y) in the dry

state and in aqueous media in plastic and glass counting

vials. Although standards of 90Sr(90Y) were used in this

study, the results of Cherenkov counting were inter-

preted as counts for all practical purposes derived

exclusively from 90Y beta-particles, because the opti-

mum Cherenkov counting efficiency reported for 90Sr is

only B1% (Rucker, 1991; Chang et al., 1996; Cook

et al., 1998). The Cherenkov counting data of 90Y are

compared to data collected in the counting of 32P under

similar sample counting conditions. An interpretation of

the results obtained and recommendations for the

radioassay of 90Y and 32P by Cherenkov counting are

provided.

2. Experimental

2.1. Radionuclides

A sample of 90Sr(90Y) was obtained from Tennelec,

Inc. a subsidiary of Canberra Industries, Oak Ridge, TN

37830, USA and used as radionuclide standard for this

study. The radionuclide was provided in the quantity of

3.7 kBq in 5ml as SrCl2 in dilute HCl solution. The

absolute activity of the radionuclide was confirmed as

5.0 kBq by liquid scintillation analysis of six replicate

samples in 10ml of Ultima Gold LLT cocktail (Packard

BioScience, Meriden, CT). A Packard Tri-Carb Model

3100TR liquid scintillation counter was used. The
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radionuclide activity was confirmed with 2.1% standard

deviation for the replicate samples using the efficiency

tracing technique previously described (Noor et al.,

1996). The precision of the determination was suitable

for this work. Most accurate disintegration rates for

standardization can be obtained using the efficiency

tracing with 3H method described by Coursey et al.

(1984, 1986, 1989), Grau Malonda (1999), Grau Mal-

onda and Garc!ıa-Tora *no (1982), Grau Malonda et al.

(1985), and G .unther (1996).

2.2. Instrumentation

A Packard Tri-Carbt 3100TR liquid scintillation

analyzer from Packard BioScience, Meriden, CT was

used for Cherenkov counting. The instrument is

equipped with dual photomultiplier tubes, and counting

was carried out in coincidence mode with an 18 ns

coincidence resolving time. The normal count mode

(NCM) was employed. The analyzer is equipped with a

4000 channel multichannel analyzer calibrated to

register pulse events over the linear energy scale of 0–

2000 keV.

2.3. Counting vials

Cherenkov counting was carried out with 20-ml

volume polyethylene plastic (1-mm wall thickness) and

low-potassium borosilicate glass sample vials (Packard

BioScience). Background counts were determined also

with both plastic and borosilicate glass vials.

2.4. Sample preparation for Cherenkov counting

Aliquots of 0.1ml of 90Sr(90Y) radionuclide standard

were added to counting vials so that each vial would

contain 98.98 Bq. Four sets of six polyethylene plastic

vials and six low-potassium borosilicate glass vials were

prepared to contain the 90Sr(90Y) standard. The follow-

ing volumes of distilled water: 0, 1, 4, 8, 12, 16 and 20 ml

were added to each set of the plastic and glass vials. The

vials that received no additional water were allowed to

air-dry. The air-dried samples were applied to the

bottom of the vial, and no residue was visible in the

vials after drying. The vials were capped and ready for

Cherenkov counting.

2.5. Cherenkov counting

The pulse height discriminator settings were deter-

mined to define a suitable counting region for Cher-

enkov photons. This was carried out by counting plastic

and glass vials containing 98.98 Bq of 90Sr(90Y) in 20 ml

of distilled H2O in the liquid scintillation analyzer to

observe the Cherenkov photon pulse height spectra. No

significant pulse events could be observed beyond

50 keV when either plastic or glass vials were used. This

is in agreement with past observations (Passo and Cook,

1994; Noor et al., 1996; L’Annunziata, 1998a; Scarpitta

et al., 1999). Therefore, a counting region of 0–50 keV

was selected for the lower-level (LL) and upper-level

(UL) pulse-height discriminators in order to count all of

the pulse events originating from the Cherenkov

photons. A 1-min counting time was selected for the

four sets of samples containing 90Sr(90Y) in plastic and

glass vials. This was adequate time considering the

sample activities.

2.6. Background counting

Four background count determinations were made in

the counting region of 0–50 keV (LL–UL) on the

following blank samples: (i) empty polyethylene plastic

vial containing only air, (ii) polyethylene plastic vial

containing 20 ml of distilled water, (iii) empty borosili-

cate glass vial containing only air, and (iv) borosilicate

glass vial containing 20ml of distilled water. The

samples were counted for 100 min in order to collect

sufficient counts and produce measurable background

pulse height spectra. The background spectra were then

analyzed by SpectraWorkst (Packard BioScience),

spectrum analysis software, to analyze the pulse-height

spectra and extract the background count rates in the

region of 0–50 keV.

2.7. 90Y Cherenkov counting efficiency

The contribution of 90Sr to the Cherenkov counting

efficiency was ignored, because of the very low

detection efficiency (B1%) achievable. Therefore,

counting of Cherenkov photons from 90Sr(90Y) beta-

particles could be considered due solely to 90Y emissions

for all practical purposes. The Cherenkov counting

detection efficiency for 90Y was thus calculated as

follows:

%E ¼
CPM

DPM90Srð90YÞ=2
� 100; ð1Þ

where %E is the Cherenkov counting efficiency of 90Y

for a 90Sr(90Y) sample in secular equilibrium, CPM is

the Cherenkov photon count rate, and DPM90Srð90YÞ is

the disintegration rate of the 90Sr(90Y) standard in

secular equilibrium. The latter term is divided by two, as

the DPM due to 90Y is only one-half the disintegration

rate of the 90Sr(90Y) sample when in secular equilibrium.
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3. Results and discussion

3.1. 90Y Cherenkov counting efficiency as a function of

sample volume and vial type

The 90Y counting efficiency varied with sample

volume as expected (Coursey et al., 1993; L’Annunziata,

1997, 1998a). This was more significant with sample

volumes in the range of 0–4ml as illustrated in Fig. 1.

Sample geometry has a less significant effect on

Cherenkov counting efficiency when polyethylene plastic

vials were used. In addition, plastic vials provided

invariably an increased 90Y Cherenkov counting effi-

ciency and an optimum counting efficiency of approxi-

mately 7% over glass vials. The effect of sample

geometry and vial type on 90Y Cherenkov counting

efficiency is similar to that found previously in the

Cherenkov counting of 32P as illustrated in Fig. 2. The

air-dried samples gave the lowest 90Y counting efficien-

cies as expected (66.9% and 51.3% for plastic and glass

vials, respectively). The highest 90Y Cherenkov counting

efficiency recorded was 74.0% for a 16 ml sample

volume in plastic vials of which approximately 1% is

due to 90Sr Cherenkov photons. The optimum detection

efficiency for 90Sr(90Y) obtained in this work was similar

to the value of 71.7% reported by Passo and Cook

(1994) for a more narrow counting region of 0–30 keV.

Cherenkov counting efficiencies were always highest

when using polyethylene plastic vials as compared to

borosilicate glass vials regardless of the sample state, air-

dried or in aqueous solution. These results may be best

interpreted by consideration of the indexes of refraction

of the various media involved and the consequent

Cherenkov threshold energies. A more detailed treat-

ment is provided by L’Annunziata (1998a), and only the

relevant equations are used here. The threshold condi-

tion for the production of Cherenkov radiation in a

transparent medium is derived from the equation

bn ¼ 1; ð2Þ

where b is the relative phase velocity of the particle, that

is, the velocity of the particle divided by the speed of

light in a vacuum and n is the index of refraction of the

medium. Only charged particles that possess

b > 1=n ð3Þ

produce Cherenkov photons in transparent media.

Where beta-particles or electrons are concerned, the

value of b is a function of the electron or beta-particle

energy according to the equation

b ¼ 1 �
1

E=511 keV þ 1

� �2
" #1=2

; ð4Þ

where E is the beta-particle energy in keV. From

Eqs. (2) and (4) the minimum or threshold energy that

beta-particles must possess for the production of

Cherenkov radiation as a function of the index of

refraction of the medium is derived as

E ¼ 511 keV 1 �
1

n2

� ��1=2

�1

" #
: ð5Þ

Fig. 1. Cherenkov counting efficiency for 90Y as a function sample volume and counting vial type. The upper and lower curves provide

data illustrating the performance of polyethylene plastic and borosilicate glass vials, respectively. The counting efficiencies at 0 ml of

water were obtained with samples in the dry state. The error bars represent the standard deviation of replicate measurements. The

mean counting efficiency values are identified beside each data point.
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When water is the medium, where n ¼ 1:332; the

threshold energy for the production of Cherenkov

photons is calculated according to Eq. (5) as 263 keV.

Thus, only beta-particles that possess energy in excess of

263 keV produce Cherenkov photons in water.

If we count 90Y in the dry state, we have only air as

the medium plus the container walls of the plastic or

glass counting vials. Air has a very low index of

refraction (n ¼ 1:00027712) at the sodium D line at

STP (standard temperature and pressure) as provided by

Lide (2001). According to Eq. (5) beta-particles would

have to exceed the threshold energy of 2.12� 104 keV or

0.0212GeV for the production of Cherenkov photons in

air. Consequently, no Cherenkov photons are produced

by the 90Y beta-particles in air (Emax ¼ 2; 280 keV).

Gases as Cherenkov detection media are limited to the

measurement of high-energy particles in the MeV and

GeV regions. For example, Iodice et al. (1998) calculated

the threshold energy for the production of Cherenkov

photons by electrons or positrons in CO2 at STP

(n ¼ 1:00041) to be 0.017GeV.Since no Cherenkov

photons can be attributed to the gaseous medium

surrounding the 90Y in the dry state, there remains only

the counting vial wall material to consider. The indexes

of refraction of low-, medium- and high-density poly-

ethylene plastics vary over the range of n ¼ 1:5021:54

while the values for borosilicate glasses vary over the

range of n ¼ 1:46821:487 according to data from Bolz

and Tuve (1975). If we select median values of n ¼ 1:52

for polyethylene plastic and n ¼ 1:477 for borosilicate

glass, the threshold beta-particle energies for Cherenkov

radiation production in the plastic and glass counting

vials are calculated according to Eq. (5) as 167 and

183 keV, respectively. Thus, the lower threshold energy

for the production of Cherenkov photons in polyethy-

lene plastic counting vials compared to borosilicate glass

vials, will contribute somewhat to the higher Cherenkov

counting efficiency of 90Y and 32P encountered with

polyethylene plastic counting vials. This is particularly

relevant when counting these radionuclides in the dry

state.

Increasing the wall thickness of the plastic vial would

increase the path length of travel of the beta-particles in

the lower-threshold energy medium. This should in-

crease the number of Cherenkov photons produced. As

described by Sundaresan (2001), the number of photons

Fig. 2. Effect of sample volume on the Cherenkov counting efficiency of 32P in water with polyethylene plastic and borosilicate glass

counting vials measured with a Packard Tri-Carb 2300TR liquid scintillation analyzer (From L’Annunziata, 1997, reprinted with

permission of the Packard BioScience Co., Meriden, CT).
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dN emitted as Cherenkov radiation per path length of

particle travel dx in the medium is defined by the

expression:

dN

dx
¼ az2

Z
bng1

do 1 �
1

b2n2

� �
; ð6Þ

where a is the fine structure constant (1/137), z is the

number of units of charge on the particle (z ¼ 1 for beta-

particles), and o is the photon frequency. From the

above equation, the number of photons N emitted in a

path length L over the frequency range between o1 and

o2 is

N ¼ az2L

Z o1

o2

sin2 y do; ð7Þ

where y is the angle of photon emission with respect to

the direction of beta-particle travel. Sundaresan (2001)

evaluates the above integral approximately by assuming

the integrand to be essentially constant as a function of

o to become

NEaz2L sin2 yðo1 � o2Þ ð8Þ

and considering only the visible range of wavelengths

from l1 ¼ 400 nm to l2 ¼ 700 nm, the above equation

provides the number of photons emitted N per path

length L as

N=LE490 sin2 y cm�1 ð9Þ

Consequently, from Eq. (9) the number of Cherenkov

photons emitted could be increased and the Cherenkov

counting efficiency of radionuclides in the dry state

improved by increasing L; the polyethylene plastic

counting vial wall thickness, that is, the effective particle

path length of travel.

The polyethylene plastic vials used in this experiment

had a wall thickness of only 1mm. Thicker-walled

(2mm) plastic vials are available commercially (Maxi-

Vialt, Packard BioScience). These, as well as others,

could be tested for increased Cherenkov counting

efficiency. The large difference between the beta-particle

threshold energies for the production of Cherenkov

photons in water (263 keV) and that of polyethylene

plastic (167 keV) is very convincing evidence for the

higher Cherenkov counting efficiency for 90Y and 32P in

the dry state in polyethylene plastic counting vials.

Another factor that could contribute to the higher

Cherenkov counting efficiencies measured with plastic

counting vials is the higher UV transparency of plastic

compared to the borosilicate glass.

Lower Cherenkov detection efficiencies occur when

counting small samples of 90Y or 32P that rest at the

lower part (0–4 ml) of the counting vial for either dry or

wet samples as illustrated in Figs. 1 and 2. The effect of

sample counting geometry for small sample volumes (0–

4 ml) is due to larger numbers of Cherenkov photons

produced at the bottom of the counting vial further

away from the center of the photomultiplier tube faces.

When counting samples in the dry state (e.g. biological

samples, filter or swipe material with 90Sr(90Y) or 32P,

etc.), inserting a 1-cm thick polyethylene plastic disk of

suitable diameter at the bottom of the vial would elevate

the dry sample and consequently should reduce this

geometry effect as well as increase the amount of plastic

medium in the vial to enhance the production of

Cherenkov radiation.

3.2. 90Y counting backgrounds and figures-of-merit for

plastic versus glass vials

As seen from the data in Table 1, dry samples of 90Y

in plastic vials provided figures-of-merit of the same

order of magnitude as samples in 20ml of water in glass

counting vials. The background count rates were lower

with plastic counting vials than glass regardless of

whether the vials were empty or filled with water. This

would be expected as natural radionuclides that could

produce Cherenkov photons, such as 40K present in

glass, would be essentially absent from plastic vials. An

interesting observation here is that lower background

count rates were obtained when the vials contained

water compared to the dry empty (air-filled) vials. Data

provided by the background pulse-height spectra

Table 1

Cherenkov counting of 90Sr(90Y) in the dry state and in water

Medium Volumea (ml) 90Y counting efficiency (%) Background (cpm) FOMb

Glassc Plasticd Glassc Plasticd Glassc Plasticd

Aire 20 51.3 66.9 22.2 20.4 119 219

Water 20 66.2 73.4 21.4 16.1 205 334

aVolume of the medium (air volume for dry samples or water volume).
bFigure-of-merit calculated as the % counting efficiency squared divided by the background count rate (cpm), i.e. E2=B:
cBorosilicate glass vials.
dPolyethylene plastic vials.
eThe medium for air-dried samples.
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discussed subsequently provide information to interpret

these results.

The pulse-height spectra of the four types of back-

ground count data are illustrated in Fig. 3. These show

significant differences in background photon intensities

for empty (air-filled) plastic and glass vials and water-

filled vials. The higher background counts obtained with

empty plastic and glass vials particularly in the 0–4 keV

region, as illustrated in Fig. 3, may be due to high-

energy cosmic radiation interactions, which could lead

to air luminescence. It is known that particles of

relatively high mass and charge, such as alpha-particles,

produce luminescence via principally N2 excitations in

air (Takiue and Ishikawa, 1979; Takiue, 1980; Homma

Fig. 3. Pulse height spectra (counts versus keV) of the four types of background count data collected with 100-min count times plotted

with SpectraWorkst (Packard BioScience). The four types of background blanks are described in descending order with the total

counts collected in the region 0–50keV provided in parenthesis as follows: (a) empty (air-filled) polyethylene plastic vial (2041 total

counts), (b) polyethylene plastic vial filled with 20 ml of distilled water (1611 total counts), (c) empty borosilicate glass vial (2219 total

counts), and (d) borosilicate glass vial filled with 20 ml of distilled water (2135 total counts). The vertical line at 50 keV represents the

upper-level pulse height discriminator setting.
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et al., 1987; Murase et al., 1989a, b; L’Annunziata and

Kessler, 1998). Water-filled vials would prevent air

luminescence and, at the same time, water could

attenuate possibly some Cherenkov photons produced

in the vial wall material.

3.3. Self-absorption

Self-absorption, that is, absorption of beta-particle

radiation by the sample, should be considered when

counting samples in the dry state. Fortunately, the

lower-energy beta-particles are the first to be absorbed

by the sample depending on sample thickness and

density. In view of the beta-particle threshold energy

for Cherenkov photon production in polyethylene

plastic of 167 keV, the sample thickness and density

should not be capable of absorbing beta-particles of

energy in excess of 167 keV or even reduce significantly

the energy of beta-particles escaping from the dry

sample to energies below the threshold energy of

167 keV. If the sample thickness is such that self-

absorption would occur at any appreciable extent, then

an internal standard might be required to determine the

degree to which self-absorption occurs. Several empiri-

cal formulae are available for calculating the average

range for electrons or beta-particles in matter. These

may be used to calculate the average range of beta-

particles from samples in the dry state including the

following formula of Flammersfeld (1946) described by

Paul and Steinwedel (1955) and employed by Grau

Malonda and Grau Carles (1998):

R ¼ 0:11ð
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 þ 22:4E2

p
� 1Þ for 0oEo3 MeV; ð10Þ

where R is the beta-particle range in g cm�2 and E is the

beta-particle energy in MeV, or that reported by

Glendenin (1948) and described by L’Annunziata

(1998b):

R ¼ 0:407E1:38 for 0:15 MeVoEo0:8 MeV: ð11Þ

Both of the above formula provide similar values and

in agreement with those obtained from the range–energy

curve of Friedlander et al. (1964). For 167 keV beta-

particles, the range is calculated to be 0.030 or

30mg cm�2. To put this in perspective, commercial

aluminum foil of 0.0025 cm thickness would have a

surface density of only 6.75 mg cm�2 or commercial

borosilicate glass fiber filter material of 0.0035 cm

thickness, commonly used in biological research, would

have a surface density of only 7.88mg cm�2. Both of

these materials are well within the range of 167 keV beta-

particles where self-absorption might be ignored. In any

case, tests for self-absorption using radionuclide of

known activity are recommended.

3.4. Color quench

Chemical quench is absent in Cherenkov counting;

however, color quench can be significant. If dry or

aqueous samples are colored, which is sometimes

encountered with dissolved biological samples, a color-

quench correction curve based on a quench indicating

parameter (QIP) derived from the sample pulse height

spectra, could be used (L’Annunziata, 1998a). Alterna-

tively, colored samples can be bleached to remove color.

This is a good alternative, if the sample chemistry does

not have to be preserved for subsequent tests, such as,

radiopharmaceutical structural analysis, chromatogra-

phy, electrophoresis, etc.

4. Conclusions and recommendations

The Cherenkov counting of 90Y in the dry state is

possible with only a slight reduction in detection

efficiency compared to counting in aqueous solution.

Polyethylene plastic counting vials provide significantly

higher Cherenkov counting efficiencies than borosilicate

glass vials. Dry samples of 90Y in polyethylene plastic

counting vials provide figures-of-merit of the same order

of magnitude as samples containing 20ml of water in

glass counting vials. Evidence is provided to show the

advantageous effects of polyethylene plastic vials for the

Cherenkov counting of 90Y and 32P. The higher

Cherenkov counting efficiencies obtained with plastic

vials can be due to the higher index of refraction of

plastic providing a lower beta-particle energy threshold

for the production of Cherenkov photons, and the

higher UV transparency of plastic over glass vials. The

significantly higher index of refraction of polyethylene

plastic (nD1:52) compared to that of water (n ¼ 1:332)

attributes to plastic counting vials the property of

reducing the beta-particle threshold energy for the

production of Cherenkov photons from 263 keV in

water to 167 keV in plastic.

The Cherenkov counting of radionuclides, such as 90Y

and 32P among others, in the dry state or in aqueous

solution should be carried out in polyethylene plastic

counting vials. Lower Cherenkov counting efficiencies in

20-ml counting vials are encountered when samples are

dried on the bottom (floor) of the vial or as small

volumes (0–4ml) in aqueous solution. When counting

samples in the dry state, such as filter material,

electrophoresis gels, and swipe material, etc., elevating

the sample above the 4 ml volume level of a 20-ml

counting vial should improve the detection efficiency.

This may be accomplished by inserting a 1-cm thick

polyethylene disk into the bottom of the vial before

adding the dry sample.

When counting samples in the dry state in poly-

ethylene plastic vials, the sample thickness should be
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kept well within the range limits of 167 keV beta-

particles to avoid the deleterious effects of self-absorp-

tion. If self-absorption is suspected, the degree of self-

absorption could be determined experimentally with

radionuclide standard.
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