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NUCLEAR ANALYSIS METHODS IN MONITORING OCCUPATIONAL HEALTH

E. Clayton

Applied Physics Division, AAEC,Private Mailbag Sutherland. NSW 2232.

ABSTRACT

With the increasing industrialisation of the world has come
an Increase in exposure to hazardous chemicals. Their
effect on the body depends upon (1) the concentration of the
element in the work environment; (2) its chemical form; (3)
the possible different routes of intake; and (4) the
individual's biological response to the chemical.

Nuclear techniques of analysis such as neutron
activation analysis (NAA) and proton induced X-ray emission
analysis (PIXE), have played an important role in
understanding the effects hazardous chemicals can have on
occupationally exposed workers. In this review, examples of
their application, mainly in monitoring exposure to heavy
metals is discussed.

1. INTRODUCTION

Many people in the work force agree with the title of a 1971 book "Work is
Dangerous To Your Health " [1]. Although that expression may be a little stark
it is true that we are exposed to a large number of hazards at work. A short
list of these hazards include stress, noise, the effects of heat and cold,
radiation, welding hazards and chemical exposure. In this review we will
concentrate primarily on the effects of metals and metal like elements on the
body, and their monitoring in the workplace.

The consequences of exposure to such elements depend upon the chemical form
of the element ( valence state or whether the element is in an organic or
inorganic form ) , the dose size and duration, its rate of absorption, whether
there are synergistic effects and finally on the variation of biochemical
response to the dose. The difficulty in assessing the degree of hazard of
individual metals is compounded by the fact that in many cases workers are

in the form of dusts, aerosols or
individual metals is compounded by the fact
exposed simultaneously to mixtures of metals ii
fumes, all with differing degree of toxicity.

This multielement exposure requires, essentially, that a multielement
method of analysis with high sensitivity be available for monitoring. Nuclear
techniques such as Neutron Activation Analysis (NAA) and PIXE (Proton Induced
X-ray Emission) are such methods.
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2. MONITORING THE WORKPLACE

Although some metals play an essential role in the body's biochemistry,
their beneficial effect is limited to their staying within a relatively narrow
concentration range. When levels become too high deleterious effects can arise.
For example, exposure to high levels of over eight elements and forty one
organic chemicals can damage the liver [1].

To minimise the effects of such exposures it is necessary to monitor the
workplace in order

1. to determine whether there are adverse health effects from exposure under
existing safety systems

2. to maintain safe working conditions and permit the detection of
unpredicted adverse health effects.

Two approaches to such monitoring are either to monitor the work environment or
to monitor the biological response to that environment.

The work environment is monitored to assess the concentration of hazardous
agents that the worker may be exposed to, (for example the lead or cadmium
concentration in the air) while biological monitoring aims to measure the
biological effect of that exposure on the worker (for example changes in enzyme
activity). These two methods should not be regarded as alternative, but rather
as complementary, as the information gained from one reinforces that gained from
the other technique. Environmental monitoring has the advantage that results
are easy to interpret and also it is non-invasive to the worker. This form of
monitoring is commonly used in legislation covering occupational exposure.
Biological monitoring while being more complex to interpret does have some
advantages

1. in many workplaces, the main exposure will arise out of accidental
exposure, for which routine air analysis 1s inadequate.

2. quite often the effect of an exposure will depend on the microenvironment,
such as welding fumes passing the nose, so that aerosol monitoring of the
general area will not represent the actual exposure.

3. physiological differences may ensure that the same level of an element in
the air will have a different effect on individuals, depending, for
example whether they have different inhalation rates, or biological
response.

2.1 Environmental Monitoring

Environmental monitoring can be carried out by installing aerosol samplers
In the factory. PIXE is an ideal technique for the analysis of these filters as
1t Is a multielement method which works very well on the small amounts of sample
typically collected ( aerosol concentrations in the range 0.1 to 10 mg per cubic
metre). Figure 1 shows a typical aerosol sample collected in a Sydney factory
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and analysed by the author. The elements K.Ca.Ti Cr,Mn,Fe, Ni, Cu, Zn, As and
Pb are readily determined in this spectrum.

Malmqvist [2] recently reviewed the application of PIXE to work environment
aerosols. There he pointed out that the power of the technique is increased by
careful selection of aerosol samplers which enable the microenvironment around
the worker to be sampled. Small personal samplers which can provide a time
resolution of approximately 15 minutes allow an accurate determination of the
real levels of metals that the worker is exposed to. As was pointed out in the
introduction, the effect of an exposure is dependent not only upon the levels
but also the form of the element and also of interest is the particle size of
the pollutant. Elemental concentration as a function of particle size is very
important when studying respiratory function, as the passage through the
respiratory tract is dependent on size. Larger particles are removed in the
mucus of the nose and upper respiratory tract, whereas smaller particles may
penetrate to the lung where they can then either remain possibly causing tissue
scarring, or be removed by the blood. Cascade samplers can provide information
on size distribution by splitting the collected aerosols into some six to ten
stages each covering some particle size range. Williams and Punyasena [3], and
Budnar et al [4] discuss the usage of such samplers in monitoring garbage
incinerators and a lead battery factory.

The influence of the work environment can, of course, extend outside the
factory gate.

2.2 Biological Monitoring

One difficulty in biological monitoring is the choice of an index medium.
Different elements are accumulated, stored and excreted at different rates in
different organs and fluids of the body. For example lead is stored in bone
whereas cadmium is primarily stored in the liver and kidneys. Thus it is
difficult to obtain samples for direct analysis when studying these elements,
except through autopsy.

A sampling protocol must therefore be chosen which is readily available,
even though its interpretation may be more difficult. Analysis of blood and
urine are commonly chosen for biological monitoring programs. Clayton and
Wooller [5,6] using PIXE have chosen hair as a medium in studies of workers
exposed to a number of different elements. Figure 2 shows the correlation
between hair lead and blood lead from a survey of lead acid battery factory
workers. This shows that hair lead levels may be a reliable indication of
exposure. The PIXE method has poor sensitivity for cadmium in hair (minimum
detection limits of approximately 20 ing/kg). However, in a group of five
nickel-cadmium battery assemblers two showed elevated levels (48 and 57 mg/kg)
together with measurable levels of cadmium in urine. Nickel was measurable in
all subjects, with the exposed group having a mean hair nickel level of 25 mg/kg
compared with 4 mg/kg in the control group. Selenium, cobalt, niobium and
zirconium have also been seen in the hair of exposed workers. PIXE as a
multielement technique is valuable because it provides a means of detecting
unexpected exposures. This work is presently being extended
by following twenty workers for a period of 15 months, sampling every 6 weeks.
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The aim of this study is to ascertain whether the variation in blood lead with
time and exposure would be reflected in the hair lead concentrations. Figure 3
shows the blood lead concentration over the survey period, for one member of the
survey. The preliminary results show that the hair lead results show a similar
pattern of variation with exposure.

,-f

Sabbioni and Maroni [7] exhibit the amount of detail that is necessary in a
thorough biological monitoring program. In a study of workers exposed to
vanadium from oil fired power plants, they used NAA and atomic absorption
spectrometry. Air vanadium concentrations were determined, as well as levels in
urine and blood. The kinetics of vanadium elimination enabled an estimate of
the health effects.

3. IN VIVO ANALYSIS

As mentioned before, it may sometimes be difficult to obtain samples of the
organ that is directly affected by some element such as cadmium. This problem
can, in some cases, be overcome by the use of in vivo analysis. Conn et al [8]
discuss prompt gamma neutron activation analysis for measurement of low levels
of cadmium in the liver and kidneys. Detection limits of 1.5 mg/kg are
reported. They also discuss the feasibility of determining a number of other
elements by different in vivo methods. These include the determination of
silicon in the lung, lithium and mercury in the brain and iron in the heart and
liver.

As lead is accumulated in bone, there is a need for a simple method of
determining bone levels as a measure of cumulative exposure. Somervaille et al
[9] have recently reported detection limits of 10 mg/kg for tibia levels using
cadmium source X-ray fluorescence.

4. CONCLUSIONS

We have seen that there are many problems confronting workers in our
society. Nuclear techniques have played their role in monitoring many of these
problems. If the possibility of becoming insane from high levels of mercury,
doing damage to the central nervous system from exposure to lead or suffering
renal failure from exposure to any number of organic chemicals lead one to
consider retiring to a small farm then one should carefully think again. Not
only is the bucolic peace of the countryside shattered by the noise of
agricultural machinery, the air, soil and water possibly contaminated by
pesticides, fertilisers and weedkillers, but one can also contact a number of
diseases from contact with animals [10]. Tetanus, anthrax, brucellosis, fowl
pest and Weil's disease are common hazards for the farm worker.
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FIGURE 1 The multielement PIXE spectrum from a factory aerosol in Sydney.
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FIGURE 2 Blood lead versus hair lead concentrations
for 38 workers from a lead acid battery
factory.
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FIGURE 3 The variation in blood lead levels for a worker
taken over 15 months.


