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ABSTRACT
Measurement of the surface contamination by an indirect method is subject to the various kinds of error according to the
sampling person and needs much time and effort in the sampling and assay. In this research, an automatic smear
sampler is developed. It improved efficiency for assay work of surface contamination level achieved periodically in a
radiation controlled area. Using an automatic smear sampler developed, it is confirmed that radioactive contaminated
materials are uniformly transferred to smear paper more than any sampling method by an operator. Also, Solid
scintillation proximity membranes were prepared for measuring the amount of radioactive contamination in laboratories
contaminated by the low energy beta-ray emitter, such as 3H anc 14C. Polysulfone scintillation proximity membranes
were prepared by impregnating Cerium Activated Yttrium Silicate (CAYS), an inorganic fluor, in a membrane
structure. The inorganic fluor-impregnated membranes were applied to detect the radioactive surface contamination.
The preparation of membranes was divied into two processes. A supporting polymer film was made of casting solutions
consisting of polysulfone and solvent, their cast film being solidified by vacuum evaporation. CAYS-dispersed polymer
solutions were cast over the first, solidified polymer films and coagulated either by evaporating solvent in the solution
with non-solvent in a coagulation bath. The prepared membranes had two distinguished, but tightly attached, double
layers : one is the supporting layer of dense polymer film and the other results revealed that the prepared membranes
were efficient to monitor radioactive contamination with reliable counting ability. For enhancement of pick-up and
measurement efficiency, the membrane was prepared with the condition of different membrane solidification. The
scintillation produced by interaction with radiation and CAYS was measured with photomultiplier tube. The test results
showed that the prepared membranes were efficient to monitor radionuclide-contaminated areas with the good counting
ability.

1

INTRODUCTION

Surface contamination can be classified into two types, according to the status of contamination sources on
the surface. One is called the fixed contamination, representing the radioactive adherents tightly attached on
contamination sites. The other is the removable contamination that can be easily detachable and floatable
from the sites, requiring to be carefully treated due to the possible air pollution. The extent of the fixed
contamination can be determined through a direct detection method using a radioactive measuring device
such as the Geiger-Muller counter. On the contrary, the removable contamination is generally estimated
through indirect detection methods, consisting of both the smearing of a potential contamination sites with a
wiping medium and the quantification of the radioactive materials picked up on the medium using a
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radioactive counting device. In the determination of the removable contamination the indirect smear method
is preferred to the direct method since the direct detection can be affected by the peripheral radioactive
interference spreaded out near the contamination sites.
In the view of radiation control, it is important to measure the removable contamination. But in the indirect
method using the smear paper, the transferring rate to smear paper is varied with smeared person, smeared
times, applied pressures, and smeared area[1]. By means of these there are so many error factors. Also, in the
high contaminated area there is possibility of smearing person’s contamination. Particularly, in the case of
large nuclear facilities, much time and effort for sampling is required, because there are so many sampling
points.
The surface monitoring using the indirect method is credited as a proper procedure to determine the surface
contamination, the technique employing the smearing process with a proper medium such as a filter paper
needs to be carefully managed and changed, depending on the type of an object of detecting and its
radioactive energy. The plain filter paper plays just a role as a medium picking up the contaminants, which
are counted with a measuring device in the addition of extra ingredients such as a liquid scintillation cocktail.
Generally, a measuring device requires a thick lead cover for blocking high energy background from outside,
leading to a significant weight increase, restricting a handy transfer. Its relatively high price plus the transfer
restriction limits its availability as the measuring device. For raising the applicability of the indirect method,
various attempts have been made to improve the usefulness of a smearing medium, which can be obtained by
impregnating a scintillatiing material in the medium [2-6]. Also, the research has been done to develop an
automatic counting device that can be remote controlled and used without the presence of personnel on the
measuring site[7].
To be applied in the monitoring of surface contamination, the automatic measuring device requires a specific
medium that holds mechanical strength or tenacity enough to bear the friction force during a smearing
process and the effective reaction capacity with the radionuclides picked up in its structure. Therefore, the
medium has to be dense enough to be held tightly under the vacuum, required to facilitate the detaching and
attaching of a medium on the device. The fluor-impregnated membranes prepared by the conventional phase
inversion method could not be adopted to the device because of their highly porous substructure, and the
polymer matrix became too brittle to be adopted to the smearing process with the addition of large amount of
inorganic fluors. With inorganic fluors impregnated in the matrix, the highly porous membranes revealed
much lower efficiency in the detecting of radionuclides, compared with the dense membranes, because of the
quenching effect of scintillated light on the way from the scintillated site to the measuring device[8-11].
In this research, the automatic smear sampler for surface contamination measurement was developed.
Because it is mechanically sampling, it can improve accuracy, keep up the consistency, pick up many
samples, and prevent the sampling persons from radiation contamination. In order to compare with former
method in the same condition smear sampling was carried by automatic smear sampler and person. It is
confirmed more effective than the former method. Also, new polymer composite films were prepared and
characterized to be applicable to surface contamination monotoring. The films can replace the conventional
filter paper as a smearing medium and, at the same time, detect the radioactive contamination without the
help of any extra ingredients. The film consists of two layers tightly attached each other, showing a reliable
structure stability. The supporting bottom layer is of a pure, dense polysulfone, giving the mechanical
strength and stable physical feature during the smearing process. The active top layer consisting of
polysulfone and cerium activated yttrium silicate as the fluor plays a role to pick up and react with the
radionuclide on the surface. The support layer was formulated by evaporating solvent from a binary solution
of polymer and solvent cast on the glass plate. Coagulation of the top layer was obtained by either
evaporating a ternary poylmer solution cast on the support layer or immersing the solution in a nonsolvent
bath. To evaluate the efficacy of the prepared films, the effect of both film thickness and fluor content on the
radioactive detection efficiency was investigated. The efficiency was estimated by measuring the amount of
light scintillated after the spotting of radionuclide on the film.
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2
2.1

EXPERIMENTAL METHODS
Removal fraction

There are two methods to monitor the surface contamination level, the direct and indirect method. The direct
method is a direct measurement of the contaminated surface with survey meter. The indirect method is
wiping the contaminated surface with smear paper, and then counting any collected samples with a radiation
counter. Since there are always radioactive materials in radiation controlled area, it is difficult to measure
with a direct method. Therefore, measurement of surface contamination mainly uses the direct method
instead of indirect method.
Sampling method generally measure radioactivity transferred to smear paper, which wiping 100 cm2 surface
with dried smear paper. Radioactivity (Bq/cm2) is as follows;

A=

N − NB
F • S •ε

(1)

where, N is the total count per measuring time, NB is the background count rates, S is the sampling area, F is
removal fraction, and ε is counting efficiency.
Removal fraction is the transferred radioactivity to a smear paper from total removable contamination in the
contaminated surface. Removal fraction F is as follows;

F=

transfered radioactivity to the smear paper in the first sampling
total removable radioactivity

(2)

The removal fraction from contaminated surface to smear paper by indirect method is relatively unknown.
Smear paper can pick up the contaminated sample from 0 to 100 %. Generally, it is estimated that the
removal fraction is 10 ~ 20 %.
Removal fraction is varied with pressure when sampling, the quality and state of smear paper, and physical
and chemical nature of radioactive materials. In order to estimate the surface contamination, the removal
fraction is listed in the table 1 according to quality and status of contaminated surface.

2.2

Membrane preparation

Polymer composite films was formulated via two separate castings and their respective solidification. For the
preparation of a support layer, a homogeneous solution of polysulfone (PSF)/ methylene chloride (MC) (25
g/ 80 g) was cast in a 300 •m clearance gap using the Doctor Blade (Sheen applicator, England) on a clean
glass plate and dried in a vacuum oven at 30 oC. After 48 h, the glass plate was removed from the oven, and
the suspension consisting of PSF, dimethylformamide (DMF) and cerium activated yttrium silicate (CAYS,
P-47, SPI Supplie) was cast over the PSf film in a 200 or 300 •m clearance gap from the glass plate.
Coagulation of the freshly-cast film, containing the solid first layer and the liquid second layer, was obtained
by either immersion to methanol bath or evaporation at the conditioning oven.
After being coagulated for 24 h, the solidified films were removed from the bath or oven, dried and stored at
an ambient condition before the test. PSF (Mn 22,000), MC and NMP were purchased from Aldrich and used
without further purification.
The membrane preparation condition and method are showed in table 2 and figure 1.
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2.3

SEM

Morphology of the solidified membranes was observed by using a scanning electron microscopy (SEM,
Philips XL30W). Samples were freeze-fractured under the cryogenic condition using liquid nitrogen and
coated with a gold and palladium (60:40) alloy before tested.

2.4

Radiation detection test

For the radiation detection test of the prepared membranes, a radioisotope solution of aliquots of 30 μL was
deposited on the prepared membranes. The radioactive solution consisted of C-14, a low energy beta emitter,
diluted in isopropanol. Its radioactive concentration was 2.3 Bq/ μL. After being allowed to dry over night at
room temperature, the amount of the radioactivity spotted on the membrane surface was quantified by using
both PMT (photomultiplier tube) and LB (low background α/β counter). Their counting rates were recorded
as CPM (counts per minute).
In the PMT test, the membrane containing the radioactivity deposited on the surface was put into a counting
chamber (figure 4), and its detection capacity was measured directly without any help of any auxiliary agent
such as a scintillation cocktail. In the LB test, the membrane holding the isotopes were directly applied to the
counter and its CPM values were measured.

3
3.1

RESULTS AND DISCUSSION
Automatic smear sampler

An automatic smear sampler for the measurement of surface contamination is composed with Fig. 1. A
sampling machine is designed with power part to supply electric power, vacuum part to adsorb smear paper,
rotating sampling part to sample contaminated surface with adsorbed paper, and a sample transfer part to
move sample. Its main purpose is portable and automatic so that a DC power supply is used and it is not
heavy too.
Figure 3 is 3D modeling of the automatic smear sampler. If it is operated on the sampling surface, it
automatically picks up the smear paper, and sample a contaminated surface of 100 cm2. When sampling, a
vacuum pump is used in order to adsorb the smear paper. Dish completed sampling is piled up to the picking
dish tube. Rotating sampling part is composed by vacuum cylinder and motor.
Using a manufactured smear sampler, automatic sampling is carried out, and then it is compared with former
method by the person involved in the sampling. Figure 4 is shown picked up sample by man and automatic
sampler. The sampled paper by man is showing sample of finger-print type. But, the sampled paper with
automatic smear sampler is showing uniformly sampled through whole smear paper. Therefore, using
automatic smear sampler developed in this research, it is expected that it can solve the problems of sampling
method by man and can maintain accuracy and consistency because of uniform sampling.
Using a portable and automatic smear sampler, a performance estimation was carried out. In the radiation
controlled area of the research reactor (HANARO) 20 smear papers were sampled by man and developed by
machine. These were counted with a low-background alpha-beta counter. Figure 5 is shown measured result.
It is shown that automatic smear sampler is increased with about 2 times compared with the sampling by
man. Using a manufactured sampler, it is more effective than the traditional sampling method.

3.2

Polymer film for sampling and radiaiton detection

Single layer structure representing a conventional asymmetric membrane show both the mechanical defects
such as tearing during smearing process, and also the structure defects, the quenching of scintillated light due
to highly porous structure. To overcome these inherent shortcomings, double-layered films are prepared with
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a dense polymer support layer and a active composite layer holding an inorganic scintillator. In the structure,
the dense layer highly improves physical and morphological status of the films such as mechanical strength
and pore suppressing effect. Even though the porous structure has a moderated advantage in picking up the
contaminants, the porous morphology induces the significant quenching in the measurement of radioactivity
so that the active layer also was formulated as nonporous dense structure.
As shown in figure 6, the top layer over the dense support shows a homogeneous and nonporous structure. In
the coagulation via the solvent evaporation, a cast solution solidifies via polymer vetrification rather than the
phase separation owing to PSF's amorphous property and the solvent's non-hygroscopic character.
For surface monitoring, the composite film holding CAYS is applied as a smearing vehicle. The film has to
be strong enough to endure the attrition stress on the surface during the smearing or wiping process. The
mechanical strength, the tensile strength, of films are measured using LR30 and compared to that of a
conventional filter paper. The strength of a filter paper, populous as a smearing medium in liquid scintillating
counting, was 23.57 N/mm2, comparable to 24.61 N/mm2 of . It has been noted that the tensile strength of a
double-layer film can be improved by increasing the thickness of the dense support layer, and that the filter
paper is significantly downgraded in the presence of liquid on the surface.
The detection capacity of the prepared films was estimated using the PMT which quantifies the amount light
scintillated by the reaction between radioactive sources and scintillators. The data were obtained without the
addition of any scintillating cocktails, being compared to the scintillating count results of a filter paper
counted with the help of the scintillation cocktail. For measurement, the same amount of radionuclide
solution was deposited on a medium and counted using a scintillation counter. The ratio of the counted
values to the original spotting count was 88.8 % for the film and 84.7 % for the conventional paper. These
results indicate that the prepared composite is endurable and reliable enough to replace the conventional
method, with an advatage of eluding the production of a secondary radioactive waste due to the diffusion of
picked-up radionuclides into the scintillating liquid.
To evaluate the effectiveness of a scintillating process, the radioactive detection value counted using PMT
was compared with that counted using LB that directly detect the radioactive energy in the absence of the
scintillating process. The difference between two data can be enlarged by the increase in incomplete reaction
of radionuclides with the impregnated CAYS.
Figure 7 reveals that on CPM detection capacity, the composite prepared by methanol precipitation does not
show a marked difference from one prepared by evaporation coagulation. SEM photograph finds that two
films have a similar dense structure. In particular, the film prepared by methanol precipitation does not
reveal a porous structure, which is commonly found at the rapid non-solvent exchange. The dense support
structure rather than the porous one proves that the vitrification occur instead of the phase separation via
nonsolvent pick-up, which indicates that the solidificatioon of the memthanol coagulation is controllled by
MC's outdiffusion rather than nonsolvent indiffusion. But, the rate of coagulation woud delay by MC's rate
of diffusion, compared with the evaporation coagulation, which is identified by relatively diffused border
structure. These structural similarity reflect that even though their coagulation path is different, their
compositional variation follows the similar path. Considering these similar structures and the detecting
capacities, the evaporation method was chosen as the standard method over the immersion precipitation in
subsequent experiments.
The film structure prepared by methanol precipitation reveals that relatively fused interface is formulated
near the border of two layers, which indicates the coagulation is delayed, compared to the clear-cut interface
of a film coagulation by evaporation.
To evaluate the effect of film thickness on the composite's performance, the support layer was reduce by 50
to 150 μm and the active top layer was increased by 100 to 300 μm. After being coagulated by evaporation,
the detecting capacity of the prepared film was that of the previous ones. As shown in Figure 7, detection
capacity enhances with the increase of the active layer thickness, largely due to the increase in the overall
CAYS content. But, the reduction of support layer can cause a significant degradation of the mechanical
strength, limiting the effectiveness of films as a smearing medium.
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CONCLUSION

In order to solve problems such as differences of removal fraction by sampling person, possibility of
sampling person’s radioactive contamination, and much time and effort for sampling in the large nuclear
facilities, portable and automatic smear sampler was developed. It was confirmed that the manufactured
machine was more effective than past sampling method.
New polymer composites are developed to be applied for the pick-up and concurrent detection of radioactive
surface contamination. The prepared film can be strong enough to be adopted as a smearing medium. Its
mechanical strength is similar to that of the filter paper. But, its active layer holding CAYS works as the
active vehicle detecting the radioactive contaminants, and its support layer as the reducer blocking the
possible cross-contamination and the enhancer increasing the physical strength. The film also has an
advantage over highly porous films which shows detection loss due to the quenching of scintillated light. In
the solidification of the active layer, the film coagulated by the evaporation does not show significant
difference in the structure and function, being compared with the film coagulated by the immersion
precipitation.
The detection capacity of the film increasing with the increment of active layer thickness shows that overall
CAYS amount works as the significant factor to control the film's capacity to detect radionuclides. The
overall data indicate that the CAYS content is the most critical factor on the detection capacity of the film.
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Table 1. Removal fraction for status and quality of surface.

Status of surface

Quality of surface

Removal fraction (%)

Impermeable

Vinyl, glass, stainless steel etc.

50

Permeable

Wood, concrete etc.

5

Other

Not defined
permeable

whether

impermeable

or

10

Table 2. Preparation conditions for composite films

support layer
No.

PSF

MC

(g)

(g)

(

1

25

2

active layer

thickness

thickness

coagulation

PSF

MC

CAYS

)

(g)

(g)

(g)

(

80

300

4.5

25

5.0

200

methanol immersion

25

80

300

4.5

25

5.0

200

evaporation

3

25

80

150

4.5

25

5.0

300

4

27.5

80

300

4.5

25

7.5

200

5

27.5

80

300

4.5

25

7.5

300

6

27.5

80

300

4.0

25

7.5

300

condition

)
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Figure 1. Schematic diagram for membrane preparation.
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Figure 2. The manufactured chamber for measurement of inorganic flour membranes using a PMT.
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Figure 3. 3 dimensional modeling of the automatic smear sampler.

(a)

(b)

Figure 4. Smear paper sampled by man(a) and automatic sampler(b).
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Figure 5. Comparison of surface radioactivity by sampling method.
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Figure 6. Cross sections of a double layered, CAYS-impregnated polymer films coagulated by evaporation (a) and
methanol immersion (b).
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Figure 7. Radioactive detection capacity of the preparation films.
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