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Summary

This paper reviews methods for understanding, assessing and controlling the exposure of

workers to airborne contaminants while involved in the remediation of contaminated sites. Contaminants
reviewed include asbestos, the oxides of chromium, beryllium and silica. Initial assessment should involve the
collection of information on the types of contaminants present, their form and likely concentrations as well as
their toxicity and exposure pathways. Measures are then considered for minimising exposure.

1. INTRODUCTION

Toxicology is the science that deals with the adverse
effects of chemicals on organisms. A more specific
definition is sometimes employed; that is, toxicology
is the science of the effect of poisons upon living
organisms. A poison, or toxicant, is a substance that
above a certain level of exposure or dose has
detrimental effects upon cells, the basic unit of life.

Almost immediately, things become muddied. What
is the difference between a ‘food’ and a poison? For
example, cholesterol is essential for a healthy body,
but it is well known that too much leads to damaged
blood vessels and often premature death from heart
attack or stroke. By the definition above, cholesterol
is a poison, but a poison is not usually considered to
be essential for health. One could then define
poisons to mean xenobiotic substances (i.e.
substances that are foreign to living organisms), but
this excludes large classes of materials that may be
‘natural’ poisons such as heavy metals, cyanide and
many organics.

As remarked by the famous physician Paracelsus
(1493-1541) some 450 years ago, ‘All substances
are poisons. The right dose differentiates a poison
from a remedy’.

Most toxicological information relates to human, or
animals chosen for practical advantages during
experimentation and similarity to man. A lot of
research has been conducted using rodents because
of their size and rapid breeding cycle. There is
though, a large and growing understanding of the
effects of pollutants on ecosystems and individual
species within these ecosystems. ‘Indicator species’
are often employed in a way similar to a canary in a
coal mine. The canary was used to signal poisonous
gases in the underground mine. Indicator species
may be micro—organisms, the diversity of insects in

a stream or the abundance of higher organisms like
frogs. However, the following discussion is confined
to human toxicology, as this has direct relevance to
occupation health and safety during the investigation
and remediation of a contaminated site.

2. TOXICOLOGY AND EXPOSURE
PATHWAYS

There is no mystic or magical ‘action at a distance’.
In every case there has to be interaction between the
organism and the toxic agent. For the toxic agent to
exert an effect, it must gain access to the body. To
gain access to the body, the toxic agent must either:

(i) pass though the epidermis (the external skin);

(ii) pass through the lining of the gut (the mucosal
membranes lining the alimentary canal); or

(iii) pass through the lining of the lungs (the alveolar
cells).

Theoretically, the intensity of a toxic effect depends
primarily on the concentration and persistence of
the ultimate toxicant at its site of action. The
concentration of the ultimate toxicant depends on the
relative effectiveness of the processes that increase
or decrease its concentration at the site of the target
molecule. The accumulation of the ultimate toxicant
reaching its target molecule is facilitated by its
absorption, distribution to the site of action,
reabsorption and toxication (metabolic activation).
On the other hand, presystemic elimination,
distribution away from the site of action, excretion,
and detoxification oppose these processes and work
against the ultimate toxicant reaching its target
molecule.

This realisation leads naturally to a consideration of

exposure routes. A substance can only harm the
body if it gains access through the skin, gut or lungs.
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Hence, protective clothing protects the skin,
screening food and drink and controlling the
conditions when consuming food will protect the
gut, while air quality control will protect the lungs.
This paper considers air quality control and lung
protection.

Pulmonary Exposure Route

The most frequent cause of death by poisoning -
carbon monoxide - and probably the most important
occupational disease - silicosis - are both due to the
adsorption and deposition of airborne poisons in the
lungs (Klaassen et al, 1990). Toxicants adsorbed
from the lungs are usually gases, (e.g. carbon
monoxide, nitrogen dioxide and sulfur dioxide),
vapours of volatile liquids (e.g. benzene and carbon
tetrachloride) and aerosols (e.g. dust, fumes, smoke
and mist). The adsorption of gases and vapours is
essentially the same, but differs from the absorption
of aerosols and particles. The two primary ways of
the presentation of a toxicant to the lungs are
considered in turn.

Absorption of Gases

Absorption of gases from the lungs differs from
intestinal and skin adsorption, in that dissociation of
acids and bases and lipid solubility are less
important factors. The reason for this is that
diffusion through cell membranes is not the rate-
limiting step. This is because alveolar cells (i.e. the
cells that line the smallest opening in the lung) are
very thin, and any chemical that diffuses across
these cells is quickly removed by the blood.

The uptake of gas by the lung is due to dissolving of
the gas in the blood. There is a unique blood-gas
partition coefficient for each gas. The solubility ratio
is the (concentration of gas in the blood)/
(concentration of chemical in gas phase at
equilibrium). The amount of gas dissolved follows
Henry’s law; that is, the amount of gas dissolved is
proportional to the partial pressure of the gas. For
low solubility gases, the rate of gas transfer into the
organism depends mainly on the rate of blood flow
through the lungs. For high solubility gases, the rate
of transfer is largely determined by how quickly you
breathe. “

Inhalation of Aerosols

Chemical contaminants can be dispersed throughout
the air in gaseous, liquid and solid (particulate)
forms. The latter two represent suspensions of
particles, both liquid and solid, in air and are given
the generic term “aerosols”. Aerosols are generally
classified in terms of their processes of formation.
The following aerosol classification is used by the
industrial hygiene and air pollution fields
(Lippmann, M. 1992)
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Dust: An aerosol formed by mechanical subdivision,
e.g. crushing, grinding, drilling and blasting. Dust
particles usually have diameters greater than 1um.

Fume: An aerosol of solid particles formed by
condensation of vapours formed at elevated
temperatures. These are generally less than 0.1 um.

Smoke: An aerosol formed by combustion of organic
materials. The particles are generally liquid droplets
with diameters less than 0.5 pum.

Mist, fog and smog are also aerosols.

The most important characteristics affecting
exposure to aerosols are their size and the water
solubility of any contaminant present in the aerosol.
The site of deposition of aerosols in the lung system
depends mostly on their size.

Particles larger than 5 microns are usually
deposited in the nasopharynx. They are remove by
nose wiping, blowing or sneezing.

Particles between 2 and 5 microns are usually
deposited in the tracheo-bronchial tree (i.e. the pipe
network that distributes air to the alveoli). These
particles are cleared from the bronchial tree by the
action of cilia, small hairs on the surface of the
lining cells, which sweep particles up to the mouth
where they are usually swallowed. Measured
transport rates by the cilia are 0.1 to 1 mm per
minute. It is noted in passing that smoking cigarettes
results in paralysis of cilia, blocking this cleaning
mechanism. Coughing and sneezing can greatly
increase the rate of removal of these particles.

Particles smaller than 1 micron reach the alveolar
sacs. They may sorb into the blood stream or be
removed by the lymphatic system. The lymphatic
system then dumps the particles into the
bloodstream. It has been shown that the removal of
particles from the alveoli is relatively inefficient,
with only 20% of particles being removed in the first
24 hours (Klaassen et al, 1996). Remaining portions
are cleared very slowly. Whether the aerosol is
absorbed after deposition in the respiratory tract is
related to the solubility of the contaminant being
carried by the aerosol.

Absorption of vapour and aerosols: water
solubility dependence

If a vapour-aerosol mixture (of the correct size)
containing a contaminant, which has high water
solubility, passes along the walls of the respiratory
system, a considerable portion of the mix will be
absorbed into the mucous lining the upper
respiratory tract. However, inspiration of a highly
water-soluble contaminant through the mouth will
result in deeper penetration of the contaminant into
the respiratory tract, and consequently, a portion of
the contaminant may enter the alveoli and be
absorbed into the bloodstream. Similarly, a
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contaminant which has low water solubility will not
readily be absorbed in the upper respiratory system;
it therefore reaches the alveoli and subsequently
enters the bloodstream.

3. OCCUPATIONAL DISEASE OF THE
LUNG

3.1 Silica Related Lung Disease

Although it is not well known by the workforce, the
most important occupational lung disease is silicosis.
Since Roman days it has been known that dusty
work caused a wasting disease of the lungs.
Silicosis (the dust disease) in early England was
better known as “grinders’ rot” and “potters’ rot”, a
disabling, progressive and sometimes fatal disease
involving scarring of the lungs with resulting cough
and shortness of breath. The International Agency
for Research on Cancer (IARC) has identified silica
as a potential human carcinogen (DHHS, 1991).

Crystalline silica is a major component of the earth’s
crust (46% oxygen and 27% silica are the two most
abundant elements). As a mineral in the crust, silica
primarily exists are silica dioxide, which in
crystalline form has a silica atom surrounded by four
oxygen atoms in a tetrahedron. The tetrahedron
structure is linked to fibrogenetic potential.
Amorphous silica dioxide has low fibrogenetic
potential.

The next most important factor relevant to
fibrogenicity is particle size. An airborne silica
particle is usually invisible to the naked eye and
observations have shown that in many industrial
environments the overwhelming number of airborne
particles to which a worker is exposed are smaller
than 5um in diameter (Major, 1989). However, they
may be visible as a distant dust cloud. Most
visibility impacts relate to fine (<2 um) particulate
emissions, because these remain in the atmosphere
the longest. Fine particulates scatter incoming
sunlight, creating a haze that interferes with
atmospheric clarity (Bridgman, 1998). If coarse
(>2 um) particulates are added, there will be a short-
term localised deterioration in visibility.

Human studies have shown the most fibrogenic
particle size is 0.5 pum to 3 pm and that there is a
direct relation between the concentration of silica
dust and the intensity and rapidity of the reaction in
the lung (Klaassen et al, 1996). A particle with a size
within these limits can make it all the way into the
alveoli and therefore presents the most potential for
poisoning. The inflammatory reaction in the lungs is
related to the concentration of the particles and the
duration of exposure. The inflammation leads to
fibrosis formation (scar tissue) and emphysema (the
destruction of lung tissue). There are three types of
silicosis, depending upon the airborne concentration
of crystalline silica to which a worker has been
exposed: Chronic silicosis usually occurs after 10 or

more years of exposure. Chronic silicosis, the most
common form of the disease, may lead to lung
cancer and tuberculosis which may go undetected
for years in the early stages, in fact, a chest X-ray
may not reveal an abnormality until after 15 or 20
years of exposure. Accelerated silicosis results from
higher exposures and develops over 5-10 years.
“Acute” silicosis occurs where silica exposures are
greatest and can cause symptoms to develop within a
few weeks or up to 5 years.

The current US Occupational Safety and Health
Administration’s (OSHA) permissible exposure
limit (PEL), which is the maximum amount of
airborne crystalline silica that an employee may be
exposed to during a single workshift (an 8 hour day),
is measured by using the following formula:

3
PEL = 10(mg /m”) W
P silica+2

The US National Institute for Occupational Safety &
Health (NIOSH) recommends the exposure limit, for
respirable crystalline silica, to be 0.05 mg/m’
(0.01 ppm) for up to 10 hours/day during a 40 hour
work week [NIOSH, 1994].

3.1.1 Particulates

Silica is ubiquitous in the environment, and occurs
in many particulate-producing occupations including
mining, sandblasting, construction and foundry
work. Table 1 shows particulate size distributions
from coal mining activities in the Hunter region.

Table 1. Particulate size distributions (% mass) from
coal mining activities (Bridgman, 1998).

ACTIVITY 0-25pm  2.5-15um  15-30 um
Drilling 9.0 62.0 29.0
Blasting 5.1 46.0 48.9

Dozer 19.6 54.0 26.4
Loading 5.0 58.0 37.0
Hauling 6.0 53.0 41.0

Because silica is ubiquitous in the environment it
occurs in many particulates and so, health guidelines
for particulates are also relevant for controlling
silicosis.

The NSW Environmental Protection Agency (EPA)
has established health guidelines for concentrations
of particulate matter in the air. A guideline of
50 pg m annual average and 150 pg m™ maximum
24-hour concentration is in place for particulates
smaller than 10 um. Although the NSW EPA has no
guidelines as yet for particulates < 2.5 pm, the US
EPA (as from 1997) has introduced a concentration
standard of 65 ug m™ for a 24-hour average and
15pg m™ annual average for particulate matter
< 2.5 um (Stix, 1998).
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3.2 Asbestos Related Lung Disease

Asbestos is of concern as an air pollutant because
when inhaled it may cause asbestosis, mesothelioma
or lung cancer. Inhaled asbestos fibres 2-10 pm in
length and less than 3 pm in diameter are implicated
in doing the most damage to lung tissue

Asbestosis occurs after asbestos fibres are inhaled
and become trapped in the lung tissue. The body
tries to dissolve them by producing an acid. The acid
then destroys the tissue around the fibre causing
scarring. The progressive build up of scarred tissue
stiffens the lungs, thereby restricting inspiration
volume. It may take as long as 10 to 20 years before
scaring progresses enough to be detected.

Mesothelioma, a cancer of the pleura (the membrane
covering the surface of the lung) is of serious
concern as it has been responsible for an increasing
number of deaths among people who lived with
asbestos workers or nearby to asbestos facilities. It
has also appeared in people who have been exposed
to low levels of airborne asbestos for periods as brief
as a few weeks. The latency period may be as long
as 20 to 50 years (Manjunath & Cheremisinoff,
1993).

The National Occupational Health and Safety
Commission recommends an exposure standard
concentration maximum of 0.1 fibres/ml for
chrysolite, crocidolite and amosite asbestos types.

The exposure standards set out the time-weighted
average (TWA) fibre concentration of the air
breathed by the worker throughout a working shift.
The TWA is defined as the average airborne
exposure in any 8-hour workshift, of a 40-hour
workweek, which shall not be exceeded (Rom, R.N,
1992). This is calculated from one or more
measurements taken over a four-hour duration using
the membrane filter method (MFM, see below).
Although the above is considered to be the maximum
allowable exposure standards for airborne asbestos
fibres, a measurement of 0.01 fibres/ml of air
should be aimed for as 0.01 fibres/ml is the lowest
measurement that can be obtained through the MFM
of measurement. It is recommended that when a
reading of 0.4 fibres/ml is reached all work should
cease until static MFM measurements indicate a safe
level of airborne asbestos.

33 Beryllium Related Lung Disease

Beryllium fumes and dust are among the most toxic
substances known. Beryllium is used as an alloying
agent in producing beryllium copper that is
extensively used for the manufacture of springs,
electrical contacts, spot-welding electrodes, and
nonsparking tools. Beryllium is used in nuclear
reactors, gyroscopes, computer parts, and
instruments where lightness, stiffness, and
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dimensional stability are required. Occupations that
are at risk for beryllium disease include beryllium
metal and alloy workers, scrap metal reclaiming,
electronic industries, ceramic manufacturing, space
and atomic engineering, laboratory workers, dental
technicians, and ore extractors. Any process or work
place where beryllium can become air borne, in the
form of small particles or fumes (e.g. welding),
presents a serious health hazard for workers.

The main hazard that may lead to the debilitating
condition known as berylliosis is the inhalation of
particles of the metal beryllium, or its oxides, into
the lungs. Once the condition has commenced it is
progressive, even in the absence of further exposure.
This is because beryllium oxide does not dissolve in
water and therefore does not easily leave the body.
An acute condition can develop within 72 hours of
exposure to high concentrations of Be fumes. The
WHO’s International Agency for Research on
Cancer have classified beryllium as a cause of
cancer in humans. There are two levels of beryllium
toxicity.

1. Acute Beryllium Disease (ABD).
2. Chronic Beryllium Disease (CBD).

ABD may occur immediately or shortly after
exposure to high levels of beryllium oxide.
Overexposure can severely irritate the airways and
the lungs, causing tightness in the chest, cough
and/or fever. Symptoms may be delayed after
exposure. Removal of exposure results in reversal of
symptoms. However, ABD can also be fatal if the
initial exposure is high enough.

CBD occurs after long term exposure to beryllium
oxide fumes or dust. Many people with CBD
become pulmonary invalids dependent on oxygen 24
hours a day. There is no cure for CBD and
treatments with anti-inflammatory steroids, although
able to bring some degree of relief, have serious side
effects. Although CBD is not always fatal it can
shorten life expectancy.

The chronic form of beryllium toxicity is called
berylliosis, which may appear many years after
exposure (generally <17 years). Berylliosis is the
name given to CBD when the scarring of the lung
tissue progresses into growths in the lungs. These
growths may or may not be cancerous. Therefore
there is no safe level of exposure to beryllium and
all contact should be reduced to the lowest level
possible.

The legal airborne permissible exposure limits
(PEL), as given by U.S. Occupational Health and
Safety body NIOSH, are 1) 0.002 mg/m3 averaged
over an 8-hour workshift, 2) 0.005 mg/m3 as an
acceptable ceiling and 3) 0.025 mg/m3 as a
maximum peak above the acceptable -ceiling
concentration not to be exceeded during any 30
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minute work period for Beryllium and compounds
measured as Beryllium.

34 Chromium Related Lung Disease

Chromic acid and the bichromates of sodium and
potassium have wide spread uses. Industries that use
these chromate forms include chemical, drug,
aviation and electronic industries. Tanneries, cement
works and some timber preservation industries also
use chromate salts.

All forms of chromium can be toxic at high levels,
but chromium (VI) is much more toxic than
chromium (III). Breathing very high levels of
chromium (VI) in air can damage and irritate the
nose, lungs, stomach, and intestines. Cr (VI) is
readily absorbed from the respiratory system,
whereas Cr (III) is not.

Absorption from the lung is dependent on the
characteristics of the aerosol, including the size,
shape, hygroscopicity, and overall electric charge of
the chromium-containing particles. Long term
exposures to high or moderate levels of chromium
(VI) cause damage to the nose (bleeding, itching,
sores) and lungs, and can increase the risk of lung
diseases. Because hexavalent chromium (Cr VI) is a
known human carcinogen NIOSH recommends an
exposure limit of 1 pg/m3 for carcinogenic
hexavalent chromium compounds.

4. EXPOSURE MINIMISATION
Dust Prevention Methods

Engineering controls are the most effective way of
reducing exposure. The best protection is to provide
local exhaust ventilation and/or use wet methods at
the site of dust release (e.g. hose down the worksite
before commencing operations). Isolating operations
can also reduce exposure. Using respirators or
protective equipment may also be necessary.

Respirators

Australian ~ Standard  1716-1994  “Respiratory
Protective Devices” & Australian Standard 1715-
1994 “Selection, Use and Maintenance of
Respiratory Protective Devices” provide details on
how respirators are used most effectively.

Respirators come with a Protection Factor, which
indicates what the fibre concentration will be inside
the respirator depending on the external fibre
concentration. For example a protection factor of
100 means if there are 15 fibres/ml outside the
respirator then there will be 15/100 (0.15) fibres/ml
inside the respirator. Therefore the higher the
protection factor the safer the respirator.

There are three classes of filters for respirators.
Class P; (low efficiency), PF 5 to 50. Commonly

used against mechanically generated particulates,
e.g. silica and asbestos. Class P, (medium
efficiency), PF 50 to 100, used for mechanically
and/or thermally generated particulates, e.g. metal
fumes. Class P3 (high efficiency), PF 100+. A full
facepiece is required, used for highly toxic
particulates. Therefore, these are used for protection
against beryllium and beryllium containing
compounds.

Alternatively, full-faced respirators, with positive air
pressure will provide protection against all
contaminants (99.97% removal down to 0.3 um).
These respirators supply air to the wearer through
hose lines. A compressor is needed to supply the
necessary volume of air. The compressor should
conform to AS 1716, which sets the requirements for
flow rates, carbon monoxide concentration and oil
concentration. Each filter should be changed twice
every 8-hour work shift.

“Positive pressure” masks keep the air in the mask at
a pressure just above the pressure outside, thus
reducing the possibility of leaks inwards. However
at the point of most rapid intake of breath, a person
can achieve a flow rate higher than the minimum
rate at which the air is supplied, thus creating the
possibility of momentary leaks inwards. Thus,
regular breaks should be taken especially in extreme
working conditions to minimise this possibility.
Comfort and the correct fitting of dust masks are
essential. AS 1715 states that sideburns extending
below the line between the notch in the ear and the
corner of the eye will interfere with the fit of the
respirator mask. Stubble growth can also interfere
with the fitting, and asbestos removal workers
should, for their own protection, shave before each
working shift.

Regular training of personnel in the use and
maintenance of the respirators should be
implemented along with regular respirator fit testing
to ensure the necessary protection is being achieved
by the respirator(s) in use. Fit testing involves
exposure of a worker with a fitted mask to a smoke
irritant. The fit is deemed correct if the worker
shows no side effects to the smoke test (Garrard, E.
1990).

All filters and other respiratory equipment can be
purchased through any safety product specialist.
Worksafe Australia can also be contacted to find
suppliers.

Protective Coverings

Disposable clothing consists of a coverall, head and
foot cover and latex gloves for hand protection. The
most popular disposable protective clothing is
manufactured by Tyvek and Dupont, and is readily
available through local safety equipment suppliers.
Each worker should be supplied with a minimum of
two complete disposable changes per day. This is to
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minimise hair and clothing contamination, which
may gain access to the lungs after the respirator has
been removed.

Air monitoring

Air monitoring of all major sites at the
contamination area must be carried out to ensure
unprotected workers are not being exposed to
hazardous dusts. The Membrane Filter Method
(MFM) is the only recognised measurement
technique for the determination of airborne asbestos
fibre. The MFM involves the following:

1. A known volume of air is pumped through a
special paper filter that traps any fine particulates
or fibres present in the air. In most situations at
least 500 litres of air should be pumped through
the filter. The sampling time will depend on the
flow rate used but 4 hours is usually observed.

2. At the end of the sampling period the filter is
taken back to the laboratory, where it is examined
by either light or electron microscopy depending
on the fibre size. Phase contrast light microscopy
allows fibre diameter detection down to 0.2 um.
Transmission electron microscopy detects the
smallest fibrils and also permits identification of
the crystalline structure. '

3. A known area of the filter is examined and all
fibres, of a particular size, within the area are
counted and their respective concentrations
calculated. The results are expressed in fibres per
millilitre of air (fibres/ml).

The portable membrane filter sampling equipment
consists of a small, battery powered pump, worn on
the workers belt with a pump connected by plastic
tubing to a filter holder located on the workers
shoulder or lapel. This type of MFM is known as
“personal sampling”. “Static sampling” can also be
used and involves running the samplers in a fixed
position. High-Efficiency Particulate Air Filters
(HEPA) can also be used for asbestos, silica,
beryllium and chromium.

HEPA filters remove 99.97% of all smoke and dust;
they contain an activated carbon pre-filter that
removes large dust particles which would normally
clog the main filter. The pre-filter can be cleaned
when necessary. HEPA filters are inexpensive and
as such will provide increased protection from
airborne contaminants entering on-site buildings
through air-conditioning vents. A large HEPA filter
will protect a room of up to about 50 m”.

Ion Blast Australia (Pty Ltd) has developed an “ion
blast” air purifier with up to 99.999% cleaning
efficiency. It removes airborne particles from Smm
down to 0.005um; it is portable and therefore can be
taken to any site. The “ion blast” gives suspended
aerosols an electric charge. An electric field sweeps
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these charged particles to the wall. A water spray or
vibration and gravity removes the particles from the
wall. This technology is ideal for the application of
contaminated site remediation, particularly for
enclosed spaces.

Sampling for Gases and Vapours

Personal sampling for exposure to gases and vapours
has been simplified in recent years by the use of
passive personal monitors. These are small,
lightweight (~50g) samplers that require no power
source and which have no mechanical parts.
Contaminant gases diffuse along a tube or through a
semi-permeable membrane and are collected by
adsorption onto a substrate (usually charcoal) at the
back of the sampler. The sampler, after use, is taken
to the lab for desorption and analysis. These
diffusion samplers are ideal for personal monitoring
at a contaminated site as they are inexpensive,
convenient and accurate.

Detector tubes are also useful for screening and
quick estimation of airborne concentrations of gases
and vapours. Detector tubes work by pumping (with
a hand held pump) a small quantity of air through a
small tube containing an adsorption medium that
reacts with a specific contaminant to cause a colour
change. The intensity of the colour change is
proportional to the concentration of contaminant in
the air. A major drawback of detector tubes is that
other substances often interfere with the chemical
reaction. Because of this detector tubes are not
classed as personal sampling devices.

Future Developments in Air Monitoring

Recently the U.S. Army has been trialing the use of
infrared (IR) technology for the remote detection of
chemical contamination on the ground and in the air.
ALPHA-1 (The Airborne Lidar and Haze Analyzer)
was designed to observe smoke plumes and
atmospheric particles over large areas. The system
successfully observed particulate plumes from
power plants in the Los Angeles area. ALPHA-1
consisted of a two-wavelength laser and a data
collection system. A tunable diode laser (TDL) was
also used to test for atmospheric trace gases. The
system detection limit for ammonia was found to be
500ppb in 10 seconds. NOX gases and hydrocarbons
can be analysed for using a similar detection laser
system.

Once commercially available these systems will be
invaluable to the on-site remediation process, as they
are both quick and accurate.

Personal Hygiene

A common-sense approach will serve to protect
workers from dusts encountered during the day. Do
not eat, drink or smoke near contaminated sites.
Face and hands should be washed thoroughly before
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eating, drinking or smoking. Shower and change into
clean clothes before leaving the worksite (this
should be done in a “clean area”). These procedures
will serve to protect family members from
contamination.

5. CONCLUSIONS

Toxic airborne contaminants pose a serious threat to
the health and safety of those involved with the
remediation of contaminated sites. Personal
monitoring should be used to assess worker
exposure. To relate sampling data to health effects it
is important that a significant fraction of airborne
contaminants be collected and analysed.

Engineering controls are the preferred method for
reducing the potential of hazardous exposure during
the remediation of a contaminated site. Such
controls include the wetting down of contaminated
sites to minimise dust clouds, the isolation of
particularly difficult areas using tents or makeshift
buildings, and controlling the air in these buildings
by using HEPA or Ion Blast air filters. Other options
include personal protective equipment such as
clothing and filter masks. Employee education and
training are also essential for maintaining a safe and
healthy work environment.

A combination of all of these methods, coupled with
medical screening by an occupational physician, will
reduce the adverse effects associated with exposure
to not just asbestos, beryllium, chromium (VI) and
silica but to all contaminants that may be
encountered during site remediation.
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