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Abstract

The aim of this study is to describe a usefulness of nuclear analytical technique in assessing and

comparing the concentration levels through the analysis of uranium using human hair sample in the

field of environment. A fission track detection technique was applied to determine the uranium

concentration in human hair. Hair samples were collected from two groups of people - a) workers

not dealing with uranium directly, and b) workers possibly contaminated with uranium. The
concentration of **U for the first group varied from <1 to 39 ng/g and the second group can be
estimated up to the level of #g/g. Radiographs of heavwy-duty work samples contained high dense
“hot spots”™ along a single hair. After washing in acetone and distilled water, external contamination

was not totally removed. Insoluble uranium compounds were not completely washed out. The (n, f)-

radiography technique, having high sensitivity, and capable of getting information on uranium

content at each point of a single hair, is an excellent tool for environmental monitoring.
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Introduction

As hair has a property to absorb trace elements
and to retain from its environmental conditions, it
is considered to be an appropriate indicator of the
internal status of the individual and of
environmental pollution for heavy metals, for

uranium particularly. Some investigators have

225

claimed that concentrations of trace elements in
hair may differ with respect to non-essentials due
to differences in trace element intake or
environmental exposure.[1-5] In addition, hair
has some merits to be collected readily from
individuals and to be handled easily. It has made
many researchers to be interested in human hair

as a biopsy material. So far it made a considerable
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amount of data on trace elements in the hair of
normal healthy persons to be reported.[6-9]

Uranium, having isotopic abundance of 99.3 %
28 and 0.7 % %°U in nature, is a toxic and
radioactive metal. The enriched uranium(3-5 % of
235) is mainly used for the fuel of nuclear
reactors, and it can make unbalance in the natural
isotopic abundance of uranium(ratio of 2*U/#*U).

Fission track etching technique is useful for
determining fissile materials, especially
uranium.[10] Fission track technique coupled with
radiography using thermal neutron of research
reactor is suitable for detecting 2**U with a high
sensitivity and a good selectivity directly. The
detection limit is reported as to be up to ~103
ng/g for U and ~10™* ug/g for natural uranium.

In this study, fission track etching technique was
applied for the determination of trace uranium in
human hair samples for the identification of
accumulation levels from subjects of two groups
with working condition.

2. Experimental
2.1. Technique

The nuclear track technique is related to local
analytical methods, capable of getting the surface
distribution of the determined element. The basic
principle of this method is follows ; uranium emits
the fission products by nuclear reaction with
thermal neutron and it impacts the detector which
is in close contact with the sample and leaves
latent tracks in the surface layer of the detector
like LEXAN. So the location of tracks is very
closely consistent to location of the determined
element, which makes it possible to examine each
local point of the sample interested. The flow
diagram shown in Fig. 1 outlines the procedure of
the track radiography technique.

Sampling

Human Hair Samples

!
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|
Track Detector for Uranium Analysis
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|
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Fig. 1. Flow Diagram of Nuclear Track Technique
for Uranium Analysis

2.2, Sampling

Hair samples were collected from subjects of
two groups of people, ten samples from office and
laboratory workers not dealing with uranium
directly, and eight samples from workers related to
uranium experiments. The samples were grouped
into two, one is unwashed and other is washed. In
accordance with the IAEA’ s recommended
method [1], washing of hair sample(about 2cm)
was done with acetone and distilled water for
decontamination. The samples were dried on
filter paper at room temperature. Two or three of
hair samples were put into a piece of LEXAN
foil(2 x 3 cm) for neutron irradiation.
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2.3. Neutron Irradiation

A plastic film, LEXAN, was used for the detection
of fission fragments from the ***U(n, f)-reaction.
Irradiation was performed at the HANARO reactor
in the pneumatic transfer tube (NAA #1) with a
thermal neutron flux of ~1.7 x 10"*cm?sec” with a
Cd ratio of ~200, for 10 min.

2.4. Chemical Etching

After exposure, the LEXAN foils were detached
from the sample and etched in a 6.25 N NaOH
solution for 60 min at 60C. Chemical etching
enables transformation of latent images to tracks
visible in optical microscope. Latent tracks can be
considered as radiation damage zones. It is known
that the etching rate in the immediate
environment of the radiation damage is much
higher than the bulk etching rate in the
undamaged region. This effect can be explained
by the fact that such a defect leads to weakening
atomic or molecular bonds, and the removal of
atoms from the damage is a more probable
process than from undamaged regions. After
etching, the detectors were thoroughly washed in
distilled water and dried.

2.4. Image Analysis

Radiographs of etching tracks is analyzed by the
observation of image with optical microscope, the
image capture by digitizing and quantitative
calculation. The magnification used for counting
of track was about 500. The images were
captured with a CCD camera and analyzed with
Scion Image software.

2.5. Quantitative Calculation

When a detector is in contact with a sample

Table 1. Concentration of 22°U in the Hair of the
First Group

Sample number Concentration of **U, ng/g

1-1 <0.1
1-2 264 + 20
1-3 <0.1
14 389 + 356
1-5 <1
1-6 33.7 + 58
1-7 17.0 £ 1.5
1-8 220+ 16
19 160 £+ 1.0
1-10 <0.1

containing uranium in 27 geomeitry, the true track
density produced by the fission fragments is a
measure of the content of the material fissile
under the conditions of irradiation. In the
absence of other fissile materials and using a
thermal neutron flux, the track density is
proportional to the concentration of ?*U, The
concentration of 2**U was calculated by the

following formula:
Cu = 2Aup, / (No ®oR.) 7 (1)

Where, Cy = concentration of **U, g/g
Ay = Atomic mass, g
oy = fission fragment track density, cm™®
N, = Avogadro’ s number
@ = Thermal neutron fluence, cm?
o = differential cross section of #°U (n,
f)-reaction, cm?
7 = detection efficiency
R.; = effective range of fission fragments

in a sample material, g.cm®.
3. Results and Discussion

The uranium concentration in the hair of the
first group is shown in Table 1. The concentration
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Fig. 2. (n, f)-radiograph of the Hair Sample #9 of
Group 1 (a) Unwashed, (b) Washed
Neutron Fluence : ~ 10" cm®. CU.;3s :
~ 16 ng/g

of Z*U for the first group was varied from <1 to
39 ng/g. The fission track radiograph of the
sample #9 is demonstrated in Fig. 2. There is no
difference between the washed sample and
unwashed sample. It is suggested that there is no
exposure of uranium from an external
environment.

Fission track distributions for the second group
samples were characterized by non-uniformity with
significant amounts of “stars”, so-called “hot
spots” of different densities and dimensions along
a single hair. It is assumed that the track stars
were formed by uranium particles deposited
intensively on the hair surface from the

50m

Fig. 3. (n, f)-radiograph of a Contaminated Hair
Sample (F4, unwashed)

Neutron fluence : ~ 10'¢ cm?

environment. Such distributions of uranium fission
tracks can be seen in Fig. 3, in which there are
two radiograph of the most contaminated
different
magnifications. After washing the sample in

sample{(F4, unwashed) with
acetone and distilled water, a significant amount of
uranium remained on the hair surface, which is
clearly seen in Fig. 4. Non-uniform track
distribution and the star forms indicate that
contamination was not internal, and uranium has
deposited on the hair surface from the
environment. The concentration of ?**U for the
second group can be estimated up to the level of
ra/gq with reference to the analytical results of
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Fig. 4. (n, f)-radiograph of a Contaminated Hair
Sample (F4, washed)
Neutron fluence : ~ 10'® cm?

uranium in the same samples by neutron

activation analysis.[4,9]

4. Conclusions

The experiments carried out have proved that
human hair can serve as an indicator of
environmental pollution, and the track etch
radiography technique can directly provide
information on contamination character. The (n,
f)- radiography, having high sensitivity and
selectivity, and capable of giving the distribution of

uranium along a single hair or other analyzed

object, is an excellent tool for environmental

monitoring.
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