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CHAPTER 8 – PARTICULATE MATTER
Introduction

Particulate matter (e.g., ultrafines, nanoparticles, radioactive fallout) is probably the type of environmental chemical hazard most on the minds of the public.

In the field of industrial hygiene, particulate matter (PM) is traditionally defined as small, discrete pieces of solid materials or liquid droplets.

Occupational exposure to particulate matter most frequently occurs when the PM is suspended in the air, forming an aerosol, which can be inhaled.

Background

Particles larger than about 100 μm simply fall to the ground quickly.

Particles smaller than about 0.001 μm start to act like gases, rather than like particles.

Thus, the range of PM sizes under consideration is five orders of magnitude (0.001 μm to 100 μm).

Note:
The adjective particulate is often used in the industrial hygiene field in lieu of the full term particulate matter (PM).

historical notes

Hippocrates (4th century BC – lead toxicity in miners).

Pliny the Elder (AD 23-79) zinc, sulfur, and lead inhalation hazards – developed mask for lead miners.

Galen (1st century AD) – pathology of lead poisoning, hazards of acid mists.
Agricola (1491-1555) – German scholar worked on miner issues – De Re Metallica.

Ramazzini (1633-1714) – father of occupational medicine – De Morbis Artificum Diatriba – described the hazards of aerosols in mining.

PM was a major topic of Alice Hamilton (1869–1970) – first woman appointed to faculty of Harvard, leading expert in occupational health as the industrial revolution flourished.

Note:
The concern with inhalation of PM is not limited to the occupational environment.

In air pollution crises, ultrafine PM (from internal combustion engine emissions) is responsible for the bulk of the excess morbidity and mortality that is measured.

route of exposure

The most important route of exposure for most particulate matter is inhalation.

Toxicity occurs after the particulate matter has been removed for the air by deposition in the respiratory tract.

Substantial exposure to PM can induce a wide variety of biological responses ranging from acute to chronic, local to systemic, mild to life threatening.

Insoluble PM either will be cleared from the respiratory tract by the various defenses of the lungs, or may remain in the lungs for an extended period of time.

PM that is cleared fro the respiratory tract is often swallowed, giving the material another shot at absorption into the body via the digestive tract.

Particles may also enter the lymphatic system, where they can dissolve or remain.

PM that persists in lung tissue for weeks or months may cause chronic lung disease including lung cancer.
It may also indirectly cause systemic toxicity by triggering inflammation in the lungs.

Classic chronic lung toxins include silica, coal dust, and asbestos.

Some types of PM may be hazardous by ingestion or skin contact.

Skin contact with dusts alone may result in burns (e.g., sodium hydroxide), sensitization (e.g., coal tar dust), systemic toxicity (e.g., diaminobenzenes), or cancer (e.g., carbon soot).
Note:
Skin contact with soot among chimney sweeps was noted for causing cancer as early as 1775.

Percival Pott – leader in passage of the Chimney-Sweepers Act of 1788
labeling
Particulate matter typically encountered in the workplace can be divided into a number of different types, based on how the PM was created, its shape, its size, and its composition (e.g., dusts, mists, fumes, biological, smokes).

Some of the least toxic airborne particles have been traditionally classified as nuisance dusts – a term that has fallen out of favor because of its imprecise definition.

ACGIH has defined Particles Not Otherwise Classified (PNOC).

OSHA uses the older term, Particulates Not Otherwise Regulated (PNOR).

By definition, PNOCs:


do not have a substance-specific Threshold Limit Value TLV; 


are insoluble or poorly soluble in lung fluid; 


typically have no well-documented, agent-specific health impact;


are not radioactive, sensitizing, cytotoxic, or genotoxic.

PNOCs cause non-specific types of effects (e.g., lung overload) at high lung doses.

Note:
The recommended limit, which is not officially called a TLV, is 3 mg/m3 of respirable dust and 10 mg/m3 inhalable dust.
nanoparticles
The recent revolution in nanotechnology has added a new class of potential PM hazards, the engineered nanoparticle.

At the nanoscale, the chemical and physical properties of a material may be strikingly different from the behavior of the chemically identical material of larger particle size.

To date, limited evidence suggests that some materials are uncharacteristically toxic at the nanoscale.

Note:
Recently, another route of clearance has been demonstrated for some metal oxide nanoparticles.

In rodents, some nanoparticles are transported directly from the nasal mucosa into the central nervous systems along olfactory neurons (where they have been shown to cause inflammation).

pneumoconiosis
Many of the classic chronic respiratory tract diseases that have been attributed to inhalation of insoluble PM result in a type of illness that is broadly called pneumoconiosis (dust in the lungs).

The term has been widely used to describe a number of lung diseases:


some are reversible upon cessation of exposure; 


some often remain stable if exposure is stopped; and 


a few may progress even without further exposure.

A more recent definition of pneumoconiosis is:  “the accumulation of insoluble dust in the lungs and the tissues reaction to its presence.”
This assumes the dust is solid and relatively insoluble when deposited in the alveolar region of the lungs.

It is applied almost exclusively to diseases caused by exposure to mineral and metallic dust (byssinosis – from primary cotton work is an exception).
Note:
Classically, the severe forms of pneumoconiosis are associated with lung scarring.

Basic Concepts and Examples
Particle Deposition Mechanisms

The removal of a particle from an aerosol state is called particle deposition.

Particle deposition happens in the respiratory tract, on industrial hygiene air sampling filters, and inside filter-bag houses in factories.

Deposition is driven by the same physical mechanisms in all cases.

Overall deposition is the sum of five primary mechanisms of particle deposition.

inertial impaction

As a particle moves within an aerosol, it gains momentum.
When an aerosol is forced to change direction abruptly, the gas phase does so easily; however, a suspended particle tends to resist the change in direction and deviates form the airstream.

This may cause the particle to impact on the surface (e.g., lung, filter) and stick there.

Impaction is most effective for large and dense particles in high-velocity air.

interception

The particle follows the airstream fairly well but still makes contact with the surface and sticks.

Interception is most effective for mid-sized particles.

sedimentation (settling)

All particles are acted upon by gravity.

If the particle settles onto a surface, it will be removed from the aerosol.

The effectiveness of sedimentation in a still aerosol is proportional to the particle’s mass, and large particles settle out much faster than small particles.

electrostatic attraction

Charged collection surfaces will attract and hold oppositely charged particles.

Most airborne particles carry some net charge.

Note:
While some air filters are designed to charge airborne contaminants and/or attract charged particles, such does not appear to be the case in the respiratory tract.
Note:
The application of paint/powder coats make use of electrostatic settling.

The paint is given a charge, and the article to be coated given the opposite charge.

diffusion (Brownian movement)

Very small particles do not experience the gas in which they are suspended as a continuum.

Instead, they react to individual atoms of the gas or uneven impact by groups of air molecules over time.

As a result, the particles wander around in a seemingly random path – an effect called Brownian motion.

As the particles flow with the air, they tend to wander from the airflow lines, and may bump into a collection surface and be removed from the aerosol.

Slow movement of small particles favors deposition by diffusion.

Particle Filtration Mechanisms

The net deposition of particles on an air-cleaning filter, on a sampling device, or in the lungs in usually the result of the action of two or more of these deposition mechanisms.


Impaction becomes increasingly important as both particle size and airflow rate go up.


Gravitation settling predominates for larger particles at low flow rates.


Diffusion is the only active mechanism for particles less than 0.1 μm, regardless of the flow rate.

Note:
As might be expected, there is a particle size range that is least efficiently collected because none of the deposition mechanisms are highly effective at that size.

For mechanical filters it generally lies between about 0.1 μm and 0.4 μm in aerodynamic equivalent diameter.
High-efficiency particulate air (HEPA) filters have been tested and certified at a presumed efficiency nadir point of 0.3 μm.

Better understanding of filtration principles and improvements in technology allow some filters, such as ultrahigh-efficiency air (ULPA) filters to achieve filtration of particles with an aerodynamic equivalent diameter of about 0.12 μm.

Nanoparticles might not be effectively captured by mechanical air filters because of a thermal rebound effect.

Rebound from the filter matrix occurs as a result of their propensity to diffuse and thus not be captured, much in the way that individual vapor or gas molecules pass unchecked though a filter.

Note:
Mechanical filters work as expected for particles as small as 2 nm  (0.002 μm).

At some size, filtration efficiency must drop off, as air and vapor molecules are not captured in a particulate filter.

Data suggests that thermal rebound does appear below 2 nm, just above the diameter of a buckyball (Buckminsterfullerene particle).
The size of an individual atom ranges from 0.1 nm to 0.5 nm.

Note:
Filters designed to work electrostatically, electret filters, do behave slightly differently, with particles smaller than 0.05 μm efficiently captured until thermal rebound appears below 0.002 μm (2 nm)
Particle Size Distributions
Employees are not exposed to single particles, but rather to large masses of particles suspended in air, commonly called a particle cloud.
Particle clouds have a variety of characteristics that often must be understood to fully evaluate and control the hazard they may present:

particle size


mondisperse (consisting of particles that fall within a very narrow size range)
Often created from vaporization and re-condensation, which has the tendency to produce uniformly sized particles (e.g., welding fumes – 0.01 μm).


polydisperse (containing a wide range of particle sizes)
The majority of occupational aerosol-generating activities make polydisperse particle clouds (e.g., construction/demolition activities).

particle concentration

When particle size is plotted against particle count, particle clouds can have either a single peak (uni-modal), or they can have multiple peaks (multi-modal).

This may occur with a single agent in a number of ways, or may result from the mixing of several different forms of aerosol clouds.

Multi-modal distributions of particle sizes may occur when several operations are occurring in the same area of a workplace (e.g., metal pouring, cutting, grinding, polishing operations).
particle count

At times, it is the count (the number of particles) that best correlates to the probability of developing a disease (e.g., asbestos).

It is unusual to find a normally distributed (normal bell-shaped curve) particle cloud.
When particle number versus particle size is plotted, the most common graph that emerges is highly skewed.

The largest number of particles will form a peak, followed by an elongated slope to the right indicating progressively decreasing numbers of larger particles.

This may occur for a variety of reasons, including the selective loss by sedimentation or impaction of the larger particles.

particle mass
At times, it is the mass (quantity of particles) that best correlates to the probability of developing a disease (e.g. soluble lead or arsenic compounds are toxic, no matter where they deposit in the respiratory tract).
When the mass of the particles deposited, rather than the number, determines toxicity, particle clouds are described in terms of the geometric mass equivalent diameter.
To calculate the geometric mass equivalent diameter, the volume of each particle is multiplied by its mass before plotting the data.
particle surface area

At times, it is the exposed surface area of particles that best correlates to the probability of developing a disease.

Whereas larger particles of intrinsically, low-toxicity, low-solubility substances appear to be more-or-less benign when inhaled, smaller particles of the same substance may produce pronounced toxic effects. 

This phenomenon examines the relationships between surface area and particle number as particles are made smaller and smaller.

Every time the particle size is cut in half, the particle number doubles and the particle surface area increases by a factor of four.

It appears that the tremendous surface area of these otherwise low-toxicity materials catalyzes the formation of reactive oxygen species, resulting in cell damage and toxicity.

Critical Factors in Determining Acceptable Exposure
The nature of health problems caused by inhalation of PM is influenced by a number of factors, including:


chemical and biological composition of the particles and stability of their nuclei (radioactivity);


crystalline, structural, isotopic, and allotropic forms of the particles;


the shape of the particles;


the size of the particles;


the dose received;


pre-existing health or genetic status; and


concurrent exposure to other toxic agents.

Chemical Composition
The elemental composition is sometimes the primary driver for the toxicity of a material.


intrinsic toxic nature of the particle

(e.g., beryllium metal v. metallic lead v. metallic iron)


solubility of the particle

(e.g., how rapidly is it removed from the body, where in the body is it transported)

Isotopic Composition

Inhaled radiological materials vary in toxicity for a number of reasons.

In most cases, a primary factor is the specific activity of the radioactive atom.

Species with high specific activities emit a lot of ionizing radiation per unit time and mass, and thus more rapidly affect tissue, causing genetic and somatic cell damage.

(e.g., plutonium – high specific activity and releases densely ionizing alpha particles v. natural uranium – lower specific activity v. tritium compound – very low specific activity and clears from body quickly)
Crystalline and Structural
The chemical composition of various particles may be virtually identical, but other qualities of the molecular structure may render them more or less toxic.

For example, the toxicity of silicon depends not on the intrinsic toxicity of the element, but on the types of compounds silicon makes with other elements and their crystalline structure.

Silicates (SiO2-containing minerals) make up the bulk of the earth’s crust, and vary in toxicity from very toxic (e.g., asbestos) to relatively inert.

Silica may be found or made in both a non-crystalline form (e.g., pumice, obsidian, glass), or a crystalline form (quartz).


Pure silicon is a metalloid of low toxicity when inhaled.


Quartz is very toxic to lung tissue.

Chronic inhalation of very fine, respirable particles of quartz may lead to silicosis.


Amorphous quartz

Chemically identical to quartz and other free crystalline silicas, but lacks a fully formed repetitive crystalline structure.

As a result of this difference, glass, natural or manmade, is of low toxicity and is generally managed as a PNOC.

Shape of Particles
Shape is often the defining characteristic that makes a particle toxic.

By commercial convention, there are six varieties of asbestos:


chrysotile; 

amosite;


crocidolite; 

tremolite;


anthophyllite; and 


actinolite.

While these minerals vary in chemical composition, all of them share a general shape – they are fibrous.

More specifically, they are asbestiform, a type of fibrous habit that is much more specific than the general term fibrous.
These minerals exist in bundles of long, skinny fibers that are much longer than they are wide.
The unit piece of an asbestos fiber, the fibril, retains the same general shape, long and narrow.

Especially in the case of chrysotile asbestos, the fibril is a naturally-occurring nanoparticle.

Asbestos fibers are said to have a high aspect ratio (length divided by width).

Asbestos always has an aspect ratio of at least 10:1.

Example:
Think of string cheese.

Because asbestos fibers can travel on air currents through the lung lengthwise, like an arrow, they can penetrate much deeper into the lung than a non-fibrous particle (low aspect ratio - diameter equal to length of fiber).

As a result, asbestos fibers can make it to the alveolar region of the lungs.

Once deposited in this region of the lungs, it is believed that the fibers trigger an ineffective immune response by resident macrophages, which not only fails to remove the relatively insoluble fiber, but kills the macrophages in the process.

This sets off a chain of immunological events, which results in scarring of the lungs and development of lung cancer.

In the 1970s, M. F. Stanton proposed that a fiber’s dimensional characteristics (<0.25 μm diameter, length > 8 μm) and solubility (low) were the strongest predictive factors for the induction of mesothelioma; chemistry, he argued, was secondary.

This theory has held up well over the years.

By extension of this hypothesis, other High Aspect Ratio Nanoparticle (HARN) (e.g., carbon nanotubes – composed entirely of carbon atoms arranged in nanoscale hollow needles)) may pose a risk of causing mesothelioma.

An allotrope, Buckminsterfullerne, consists of particles composed entirely of carbon atoms arranged in a geodesic sphere (buckyball).
The toxicity varies greatly based on the crystalline form.

Size of Particle

The toxicity of some agent depends very directly on the size of the individual particles to which people are exposed.
To be of inhalation concern, a particle must not be too big, as it would not stay suspended in the air long enough to be inhaled, nor too small, as it then takes on the characteristics of a gas rather than a particle.

aerodynamic equivalent diameter (AED) 

With exception of the high-aspect ratio particles like asbestos, the reference to size is not to the actual physical size of airborne particles.

Instead, these values are in terms of the aerodynamic equivalent diameter (AED) [i.e., equivalent aerodynamic diameter (EAD)] of the particle.

This value predicts how a particle will behave when inhaled or passing through a respirator or sampling filter much more reliably than the actual size of the particle.

Assessing a particle’s size in this way removes all of the aerodynamic variability induced by the shape and density of the particle and relates it to a standardized, theoretical spherical particle of unit density.

Note:
One way to look at the AED is that it is the spherical particle of unit density that achieves the same terminal settling velocity as the actual particle.


spherical particles

For moderately sized spherical particles (1–10 μm physical diameter), the AED can be pretty well estimated by the simple equation:





AED  =  particle diameter   √particle density

non-spherical particles

With the exception of mists, some mold spores, and very fresh fume and smoke, most PM is not spherical.

For a non-spherical particle in the middle size range (1–10 μm), the AED can be estimated by adding the dynamic shape factor:





AED  =  particle diameter    ÷  



particle density



  












(particle density    dynamic shape factor)

Example:
A talc particle, which tends to be in the shape of a flake, has a high dynamic shape factor, resulting in increased drag as it moves through the air, making it appear aerodynamically smaller than it is physically.

A fiber which travels lengthwise at it moves in an aerosol and thus resembles an arrow, has a low dynamic shape factor, and moves in a manner more of a function of its diameter rather than its length.

The usefulness of these simple methods for determining AED starts to degrade progressively with very small and relatively large particles.


large particles 

Tend to flow through the air with the creation of a lot of turbulence rather than laminarly, in effect making the particle’s AED smaller than would be calculated.


very small particles 
Enter another flow regime, where thy start to se the air as individual molecules rather than a continuum, and are subject to slippage between the molecules with reduced drag.

Thus they  have an AED that is larger than these simple calculations would suggest.

Note:
In practice, aerodynamic equivalent diameter is usually determined empirically.
When it is important to know the full size distribution of the dust, it can be sampled through a multistage separator, each section can be sampled, and particle diameters determined through measurement under a microscope.

The AED of the particle is important because it determines where in the respiratory tract the particle is most likely to be deposited.

The lung has different clearance mechanisms and particle residence times in different sections.


head airways region (nose, turbinates, throat)

particles larger than 20 μm AED subject to removal by impaction


thoracic region of lungs (bronchi, larger bronchioles)

particles ranging from 1-20 μm AED subject to removal by impaction and settling


deep lung (terminal bronchioles, alveolar sacs)

particles <10 μm AED subject to removal by diffusion (Brownian motion)

Particles that dissolve are transported directly into the bloodstream by diffusion across the very thin capillaries that line the alveolar sacs.

lung macrophages attempt to transport insoluble particles to a nearby lymph node.

particles that are effectively moved from the alveoli by macrophages without dissolution pass into the lymphatic drainage where they may accumulate to cause illness or gain access to the systemic circulation.


particles that do not dissolve and are harmful to macrophages are often the serious pneumoconiosis-inducing particles, and they simply accumulate in the alveoli or in lung tissue.


real health consequences may arise when the deposited particle is toxic and the macrophages are ineffective at removing it.

Dose (concentration  duration)
“All substances are poisons; there is none which is not a poison. The right dose differentiates a poison and a remedy.”  (Paracelsus, 1493–1541).
At some dose, everything becomes toxic.

The development of pneumoconiosis typically requires years of exposure.
A few hours of overexposure to some metal fumes from welding can result in transient illness.
Timeframes are affected by the concentration of the contaminant in the air.

exposure limits

source references

There are a number of references an industrial hygienist can use to find an appropriate occupational exposure limit (OEL).


Occupational Safety and Health Administration (OSHA)

Frequently, the industrial hygienist can rely on published exposure limits from the federal or state governments (e.g., federal or state OSHA programs).

Unfortunately, for political reasons, federal OSHA rarely updates its PELS, which continue to be based primarily on the 1968 ACGIH TLVs.

Some states have a better program for updating exposure standards, and their exposure limits are often fairly current with toxicological literature.


American Conference of Governmental Industrial Hygienists (ACGIH)

Many employers also consider the guidelines established by the ACGIH via the TLVs.

ACGIH is a private, not-for-profit organization composed of industrial hygienists, physicians, and allied health professionals.

Legally, the TLVs are not considered consensus standards, but they are used similarly, and in many cases are the most thoroughly considered exposure recommendations available.


National Institute of Occupational Safety and Health (NIOSH)
NIOSH is a center among the Centers for Disease Control that periodically proposes Recommended Exposure Limits (RELs), which are intended primarily to guide OSHA in future rulemaking.

However, since federal OSHA rarely completes any new rule making for chemicals, the REL may become a default exposure guideline or limit adopted by employers.


American Industrial Hygiene Association (AIHA)

AIHA published voluntary guidelines called Workplace Exposure Evaluation Levels (WEELs).


International

It is also possible to look at exposure standards established by other nations, particularly Germany and England.


Voluntary

Lacking a PEL, REL, WEEL, or TLV, some manufacturers or employers will develop their own recommended exposure limits, based on toxicity testing or their working experiences.

time bases

OELs for particulate matter are defined against several different time bases.

Most TLVs and PELs are defined as eight-hour time-weighted average (TWA) exposures.

Many RELs are based on a 10-hour averaging period.

Some TLVs and PELs sometimes include short-term exposure limits (STELs), which are 15-minute average of exposure.

Another form of limit is the ceiling limit, abbreviated simply as “C”, which is a concentration of the chemical agent that is usually intended as an absolute limit—a value never to be exceeded even for a short time.

Note:
OSHA retains the legacy concept of Peak Above Ceiling, which is a limit that allows short periods of exposure above a ceiling value.

For radioactive particles, the airborne limits are termed Derived Air Concentrations (DACs).

DACs are year-long averages.

Exposure slightly above a DAC on one or several days is not important if exposure is well below the DAC on the majority of workdays.

It is important to be aware that the exposure limits for materials that are carcinogenic or genotoxic may not be fully protective.

Any exposure carries some risk of adverse effect.

Note:
The environmental limits for exposure of the general population to PM are generally much lower than the occupational limits.

This arises from a variety of considerations, including:


the potential of exposure to the sick, young, and elderly;


24-hour per day exposure; and 


general attitude that residual risk rates for the public should be much lower than residual risk rates acceptable in the occupational setting.

Pre-Existing Health or Genetic Status
Occupational exposure limits for particulate matter (or other classes of stressors) are generally set for “healthy” workers.

They do not, in most cases, take into account the variable susceptibility of individual employees because of prior exposures, pre-existing health problems, or genetic endowment.

The Expanded OSHA Standards (29 CFR 1910.1001-1052) are an exception to this rule.

The expanded OSHA standards for PM do generally require some medical evaluation of workers before significant exposure to a specific PM (e.g., lead, asbestos, cadmium, arsenic).

Additional medical monitoring requirements may apply in states with their won OSHA programs.

Note:
For the vast majority of PM hazards, there is not requirement to perform pre-exposure medical assessment of workers to determine if they have conditions that might make it imprudent to be exposed to the PM in question.

Some people will have genetic variants that predispose them to certain occupational diseases.


beryllium

Chronic beryllium disease is mediated by an immune system hypersensitivity reaction—essentially an allergy.

Approximately one-third of the population possesses the allele making them strongly susceptible to beryllium dust; the remaining two-thirds are relatively resistant.

This susceptibility is not taken into account in the exposure limit.


wood dust

Immune system hypersensitivity also drives the toxicity of many types of wood dust (e.g., redwood, walnut, western red cedar).

Typical of allergy-mediated toxicity, it is not readily possible to predict who will be resistant to the development of sensitization and who will rapidly become very sensitive to the dust.


pregnancy
Pregnancy is a temporary medical condition that may predispose either the pregnant woman or her fetus to occupational disease.

In a comprehensive industrial hygiene program, all women should have their workplace evaluated for potential exposure to teratogenic or fetotoxic exposures, including radiation exposure when applicable.

Note:
A court decision has made it clear that a woman cannot be forcibly discharged or even shifted from one job to another to protect her fetus, as long as her exposure and biological monitoring results fall below the minimum OSHA standards.


nanoparticles

In recent years, there has been discussion of the role of pre-placement medical exams and ongoing medical monitoring for people exposed to novel engineered nanoscale PM.

As of mid-2011, NIOSH does not recommend any specific pre-placement or medical monitoring.

Concurrent Exposure to other Toxic Agents

Often, exposure to particulate matter or other types of airborne hazardous materials does not occur in isolation.

Rather, exposure occurs to more than one type of PM, or PM plus gases, vapors or infectious agents.

While in many cases these multiple exposures do not interact, in some cases they may interact additively or synergistically.


non-interactive

An example of a non-interactive concurrent exposure would be lead and asbestos.

While they are both primary occupational hazards, their target organs, health effects, and mode of action are very different.

When both exposures are measured simultaneously, the results are treated independently, and if both exposures are below the appropriate limits, the operation is in compliance.


additive

Co-exposure to any of the pneumoconiosis-producing dusts, as they produce variably related conditions.

The more closely the PM-related health effects are, the more appropriate it is to judge them to be additive.

When both exposures are measured simultaneously, the TWA fractions of the respective exposure limits found for each agent are added together, and if the value exceeds 1.0, then an over-exposure situation is assumed to exist.


synergistic

Some PM exposures are synergistic.

The health consequences of concurrent inhalation of cigarette smoke and asbestos exposure are much greater than the sum of the parts—on the order of 50–100x.

Lung infection and exposure to pneumoconiosis-producing dust often seem to act synergistically.

Biological Reactions
There is a wide range of biological responses to inhaled PM:

acute sensory irritation of the upper and middle air passages

burning sensation, coughing


rapid, shallow breathing

irritants stimulate sensory receptors in the lungs


lung edema

can occur without sensory irritation


acute or chronic bronchitis

overproduction of mucus, can lead to cough and dyspnea


allergic sensitization


fibrosis

scarring of the lung tissue


emphysema

obstructive lung function


systemic toxicity

resulting from dissolution of inhaled particles (in lung or digestive tract)


systemic toxicity

resulting from insoluble PM remaining in the lungs


lymphatic toxicity

from particles physically moved to the lymphatic system by macrophages


oncogenesis
initiation or promotion of cancer


infection

from inhaling pathogens such as tuberculosis, legionella, and hanta virus


metal fume fever

from inhalation of fresh metal particles (zinc, magnesium, copper)

Engineered Nano-Particles

Nanotechnology is generally defined as the intentional manipulation of matter for forming novel structures with one or more dimensions or features measuring less than 10 nm.

One class of product from nanotechnology is engineered nanoparticles (ENPs).

Common examples of nanoparticles include carbon nanotubes, metal or metal oxide nanoparticles, nanoclays, and quantum dots.

ENP materials typically include four specific characteristics:


they are very small, generally less than 100 nm in at least two dimensions;


they are either free independent particles with no strong bonds to a larger substrate, or, if they are attached to a substrate, they are readily displaced;


they are novel (i.e., only recently used or studied); and


they are made intentionally as a product.

Note:
Incidentally produced nanoparticles, such as diesel smoke or welding fume, are not considered ENPs.

Intentionally produced but longstanding nanoparticles such as carbon black are likewise excluded.

The first generation of passive nanoscale materials is now appearing in industrial and consumer products.

Second-generation nanomaterials are being developed, and a few are on the verge of commercialization.

Third- and fourth-generation materials, which include the holy grail of nanotechnology, molecular manufacturing, are still largely beyond the horizon at this time.

Note:
The challenge to occupational health professionals is to prevent the development of disease in employees handling these novel nanomaterials despite the lack of toxicological information, consensus exposure standards, air sampling methodologies, and medical monitoring protocols.

chemical and physical behavior

ENP chemical and physical behavior is often strikingly different from the behavior of the chemically identical or similar larger particle.

The toxicity of new ENP may also vary qualitatively or quantitatively from that of identical or similar materials at the micro or macro scale.

To date, limited evidence suggests that some materials are uncharacteristically toxic at the nanoscale.

In any nanoparticle, a surprisingly large fraction of the atoms are on the surface of the particle, available for interaction with biological molecules.

This makes the particle surface more available for interactions with biological tissues than in larger particles with the same mass.

In numerous studies, poorly-soluble, low-toxicity nanoscale particles (PLST) have been shown to be more toxic than microscale materials of the same composition and mass.

These materials are uncharacteristically toxic due in part to catalytically driven generation of free radicals, hydrogen peroxide, and hydroxyl atoms.
Ultimately, all result in damaged DNA, proteins, lipids, and other biomolecules, inflammation, and even cell death.

In fact, for PSLT particles, the better metric of exposure is surface area rather than mass.

Note:
This unique toxicity is not without precedent.

There is mounting evidence that exposure to environmental ultrafine particles, particular combustion-derived nanoparticles (CDNP), contributes to community respiratory and cardiovascular morbidity and mortality.

Exposure predisposes compromised people to illness from one to a few days post-exposure.

distribution across anatomical barriers and systemic toxicity
Exposure to nanoscale particles can occur via any of the usual routes of exposure (inhalation ingestion, absorption).

Each of these routes of exposure must be evaluated.

Insoluble nanoparticles may be more mobile across anatomical barriers than microscale or larger insoluble particles of the same chemistry.

Surprisingly insoluble nanoparticles may exert systemic toxicity away from their point of retention in the body.


digestive tract

Some intact nanoparticles cross the digestive tract and respiratory tracts and appear elsewhere in the body.

The extent of this process and its significance remains in question.


skin

Many sunscreens contain microscale or nanoscale zinc or titanium oxide particles. Studies suggest that intact skin is a good barrier to these particles.

It is not clear that these particles travel as far as the systemic circulation.


brain

It has been demonstrated that carbon ENP and manganese oxide ENP deposited in the olfactory mucosa in rodents translocated up the olfactory neuron axon into the brain.

There is also limited evidence that some nanoparticles can penetrate the blood-brain barrier and gain access to the brain via the bloodstream.


placenta

Several studies purport to show that nanoparticles do cross the placental barrier and may have an effect on the fetus.

Sampling and Analysis of Particulate Matter
Most samples taken to assess exposure to PM are air samples.

air samples

Most often, the particles are removed from the aerosol by filtration, impaction, electrostatic attraction, or wetting, with subsequent analysis of the collected particles in a laboratory by chemical or microscopic direct-reading.

Real-time instruments are also used to measure airborne PM, typically by detecting their scattering of light.

surface sampling

PM from clothing or skin surfaces (collected as an indication of dermal exposure)

Commonly used in research on particles that pose substantial transcutaneous hazards (e.g., pesticides).

biological sampling

Bioassays (e.g., blood, urine analysis) exist for many particulates that provide an indication of actual absorbed dose or biological changes resulting from absorbed dose.

Note:
It is common to use two or three of these sampling methods to monitor or evaluate the exposure of a particular individual or group.
Personal air samplers serve as an indicator of PM exposure on a particular work shift.

Biological monitoring may provide a measure of exposure across many shifts.

Surface sampling provides information on the effectiveness of engineering and administrative controls over the longer term.

Sampling for Particulate Matter

Air sampling for particulate matter is a fundamental occupational hygiene activity.

The vast majority of occupational exposure limits are tied to air sampling.

For occupational exposure purposes, the eight-hour time-weighted average is the most commonly measured value.

breathing zone sample

Personal integrated industrial hygiene air samples are most typically collected onto filters placed in the breathing zone of the worker (within ~9 inches of the nose and mouth) with air drawn through the filter at the rate of 0.5 to 4 liters per minute.
Personal sampling assures that the filter goes wherever the worker goes, and collects particles representative of the airborne concentration of PM wherever that employee works.

general area sample
General area sampling is accomplished by using high volume pumps to move large quantities of air (fraction of a CFM—hundreds of CFM) through a filter medium.
Filters are often stacked to remove progressively finer particles for the sampled air.

General area sampling is used extensively in specific settings, asbestos abatement in particular.

Typically, samplers are set up around the perimeter of an isolate asbestos dust containment area as a means of verifying the adequacy of the controls.

Following an asbestos abatement action in a full containment, it is typical to take on e or more clearance samples as a means of verifying the complete decontamination of the air and surfaces in the contained area.

These samples are typically taken using aggressive techniques, traditionally using a leaf blower and fans to stir up any settled or residual dust and make it accessible to air filter.
Size-Selective Particle Sampling and Analysis
There is growing emphasis in industrial hygiene to use particle-size-selective sampling rather than total dust sampling to better characterize the level of exposure and better relate to risk.

microscopic counting

The oldest size-selective analysis observes each particle microscopically and counts only those that meet the pre-established size criterion in an effort to limit the measurement to the size fraction that was thought to be toxicologically significant.
Asbestos remains one of the few PM that is routinely analyzed by size-selective microscope counting.

Most of the optical asbestos (and other fiber) methods used historically specify 5 μm in length as the minimum length fiber to be counted.

The U.S. Public Health Service formally adopted this limit in 1969, in part to limit the time burden on the microscopist.

Recent toxicological evidence does suggest that fibers shorter than 5 μm do have reduced toxicity.

Note:
Other size-selective sampling and analytical methods use some sort of mechanical separator in front of the collection medium to limit the size of the collected particles to a specified equivalent aerodynamic diameter.
Typically, large particles are rejected and only small particles of a specified size fraction are collected for analysis.

respirable mass fraction

First defined in 1952, the respirable mass fraction was intended for use with pneumoconiosis-producing dusts, which are toxic only when they land in the alveolar portions of the lungs.

The respirable mass fraction is intended to reflect the relative probability of differently sized particles being deposited in the alveolar regions of the lung.

Large particles, bigger than 10 μm in equivalent aerodynamic diameter, are completely discounted as they get deposited higher up in the respiratory tract.

Extremely small particles, less than 1 μm, are all counted.

In between, there is a sliding scale where increasingly large particles are increasingly discounted.

The result is the respirable dust curve.
Note:
By 1968, the ACGIH had developed its own respirable dust curve.

When the OSHAct was passed in 1970, they adopted, verbatim, the ACGIH TLVs, including the respirable dust curve, as it applied to free crystalline silica-containing dust.

In 1992, the International Standards Organization (ISO) adopted a slightly modified respirable dust curve, which was adopted by both NIOSH and the ACGIH in 1993.

Note:
The ACGIH has also established a PM sub-fraction called thoracic particulate mass (TPM).
TPM includes particles smaller than about 25 μm in AED, and represents those particles that make it past the head airways region and are available for deposition in either the thoracic or deep-lung regions.

At this time, raw, untreated cotton dust is the only TLV assigned to the TPM fraction.

The ACGIH has also established in inhalable particle mass (IPM) criterion for particles that are hazardous no matter where they deposit in the respiratory tract (e.g., lead).

This is an improved version of total dust sampling.

Dual-Phase Monitoring
On occasion it is necessary to sample for both the PM and vapor phases of a material to get a full understanding of their exposures (e.g., PCBs, pesticides, diesel fuel, oil mist).

Depending on the vapor pressure of the compound being captured on a filter, some can be lost after collection by evaporation.

A method that allows the evaporating oil to be adsorbed onto a collection tube after the filter is necessary for high vapor-pressure substances.

Microbial Sampling
General area samples are still commonly used for sampling airborne bacteria and fungal spores.

Traditionally, samples were collected by impingement in a liquid.

In the 1970s and 1980s, it became more common to collect viable bacteria and fungal spores on a petri plate filled with a growth medium.

This method became popular, and standard collection agars have become available.

In time, it became apparent that live culture/total colony count method had several limitations, including its relative difficulty of use and the inability to detect the presence of potentially large numbers of airborne nonviable micro-organisms or spores that would not grow once collected, but retained their potential allergenic or toxigenic properties.

Methods of collecting all cells and spores whether viable or not were developed.

Note:
It is unusual for an industrial hygienist to be asked to sample for infectious airborne bacteria, fungal spores, or viruses, primarily because it is difficult to culture some organisms and the sensitivity of the methods is too low to detect meaningful levels of infectious agents.

Radon and Radon Progeny
Radon is one of the noble gases, which generally refuse to react with other compounds and, therefore, are almost always found as gases.

Radon is a naturally occurring gas that is usually formed by the radioactive decay of uranium.

Even though the gas is radioactive, it is not usually an occupational hazard, as it is not significantly absorbed as a gas when in contact with the surface of the lungs.

However, as radon radioactively decays by the release of an alpha particle, it turns first into radioactive polonium, then through several other radioactive isotopes including two forms of radioactive lead, and finally to lead-206.

These intermediate radioactive materials are charged particulate matter and rapidly attach themselves to oppositely charged particles in the air.

Very quickly, a radioactive particle is formed, and when inhaled, is subject to lung deposition with subsequent radioactive decay.

These particulate matter decay products have traditionally been called radon daughters or radon progeny.

Deposition of radioactive particles in the lungs presents the risk of inducing respiratory tract cancer.

Airborne radon tends to accumulate where uranium is stored or inside poorly ventilated basements in certain geographical locations (e.g., granite substrate).

Most radon or radon daughter sampling is done using area methods.

The classic workforce subject to radon daughter exposure is miners.

Elevated incidences of lung cancer has been demonstrated in miners working where radon daughters are present at elevated levels, although oddly enough, to date increased cancer rates have not been firmly associated with living in houses with high levels of radon daughters.

It is likely that some additive or synergistic effect is occurring among miners.

Note:
If the radon level is controlled (e.g., via ventilation), the radon daughters are also controlled.
Diesel Particulate Matter
Diesel particulate matter (DPM) is a specific form of smoke from the diesel cycle internal combustion of diesel fuels.

It has been shown to be carcinogenic and cause a range of respiratory tract and cardiovascular problems.

DPMs carcinogenicity has traditionally been ascribed to its high content of polynuclear hydrocarbons, which are known carcinogens.

However, diesel smoke can also contain other carcinogenic PM such as arsenic and cadmium.

Like other smoke, much of the freshly formed DPM is composed of nanoparticles.

Exposure to DPM is a known occupational hazard to truckers, railroad workers, and underground miners.

It is also a significant contributor to community cardiovascular morbidity and mortality in communities subject to high DPM.
As many workplaces that make intensive use of diesel engines are located in economically disadvantaged neighborhoods, DPM is also an issue for the environmental justice movement.

Sampling and analysis for DPM poses a range of difficulties.

When using standard filter methods, many other dusts can be collected as well, resulting in positive interference.

NIOSH has developed an analytical method meant to sample for total elemental carbon as a simple surrogate for DPM.
This is difficult to use in environments where coal dust or organic dust is also present, as these substances lead to positive interference.

The history of the development of exposure limits for DPM has also been convoluted. 


Federal OSHA has no specific PEL for DPM.


ACGIH proposed a standard in 1996 that it was forced to withdraw in 2004.


NIOSH has not issued a REL.


The EPA has issued a “reference concentration” of 5 μg/m3, but this is not applicable to occupational settings.


The Mine Safety and Health Administration proposed a standard in 2001, but was forced to withdraw it.

Engineered Nanoparticles

NIOSH has championed the use of portable direct-reading particle counters to screen for PM exposure.
A condensation nucleus counter/laser scattering photometer is sued that is sensitive to particles from 10 nm to > 1000 nm (1 μm), alongside an instrument that detects only particles >300 nm.

The concentration measured with the nanoparticle-sensitive meter is corrected by subtracting the particle count provided by the larger particle photometer, presumably yielding a nanoparticle-only concentration.

More sophisticated direct-reading instruments called “differential mobility particle sizes” are available that automatically bin measured particles in to different size ranges.

This equipment is very expensive and challenging to use.
Note:
Direct-reading instruments are useful as a screening tool to identify exposed employees and to find nanoparticle leak paths from processing equipment and ventilation systems.

Isokinetic Sampling
Sometimes, it is necessary to sample PM in a moving airstream (e.g., after a HEPA filter bank, in an exhaust stack).

This introduces new aerodynamic problems into the sampling procedure that must be accounted for to obtain a valid sample of the PM in the airstream.

The effect of non-isokinetic sampling in a duct or stack can be quite severe.

When sampling in a moving airstream, the sampling head or filter cassette must draw air at the same flow rate as the air is moving in the duct.

If the air is drawn through the head or cassette:


too slowly, large particles that have high inertia will be oversampled;

faster than it is flowing in the duct, large particles will not be sampled properly.

Surface Sampling for Particulate Matter
Surface sampling in some workplaces is useful as an adjunct to air sampling.

This may include taking wipes of surfaces or sampling from an employee’s skin or clothing.
Surface sampling is not needed where the contaminant is of low toxicity, since a visual observation will suffice.

Typically, surface sampling is conducted for several reasons.


to determine adequacy and effectiveness of housekeeping controls;


to determine adequacy and effectiveness of engineered controls;


when working on laboratory fume hoods;

prior to releasing excess equipment for reuse, utilization, sale, or donation


when necessary to determine what metals are/were used in an area in the past;


where the contaminant has a high percutaneous toxicity;


where the surface dust is a major component of the source for airborne exposure;

following certain types of hazard abatement actions (e.g., lead); and 


whenever working with radioactive PM.

A variety of surface sampling techniques are available to the industrial hygienist.
dry swipe sample

The surface is rubbed in a known are with a filter or special swipe tab (aka, smear tab)

Common to combine samples from several related areas onto one swipe.

This is the least reliable, most technique-sensitive surface sampling technique.

wet swipe

The filter or swipe tab is pre-wetted with water or another liquid prior to use.

This procedure is a little more precise than the dry swipe method, but still subject to a lot of variability.

vacuum collection

If dust is visible on the surface, samples can be collected by using a micro-vacuum.

The filter cassette is then sent to a laboratory for analysis.

lift tape

Utilizes pressure-sensitive tape to determine the presence of particulate contamination.

direct-read instruments
Lack the sensitivity and specificity of more traditional methods, but have the advantage of instant results.

Note:
All surface samples of PM should be regarded as qualitative or semi-qualitative, and be used as an adjunct to air sampling.

Analysis of Air Samples
Once the particles are removed from the airstream and collected onto a filter or in liquid, they then must be analyzed.

Historically, the most common methods of analysis were optical microscopy, gravimetric (weighting), and sometimes wet-chemical analysis.

More sophisticated analytical procedures have ben developed for all metals, free-crystalline silica, many organic materials, isocyanates, and certain other materials.

Metals (Spectroscopic Analysis)

Wet-chemical analysis of most metals ended with the advent of the flame emission photometer, a device that siphons dissolved metal ions into a flame and measures the characteristic optical emission lines of the metal.

The intensity of the lines is proportional to the concentration of the metal.

The flame photometer was improved by the introduction of the flame atomic absorption photometer.

A further improvement is the graphite furnace atomic absorption spectrometer, where a graphite furnace replaces the flame.

The next major improvement is the inductively coupled plasma atomic emission spectrometer.

The most recent big step in analytical instruments for metals is the inductively coupled plasma-mass spectrometer (ICP/MS).
Comment:
Abby Sciuto (NCIS) – Major Mass Spec
Free-Crystalline Silica
Free-crystalline silica (quartz, cristobalite, tridymite) can be analyzed by a couple of methods.

One involves infrared spectrophotometry (see NIOSH 7602).

The most common and reliable analytical method is powder x-ray diffraction.

This approach is more sensitive and precise and can measure all three free-crystalline silica species at the same time.

It can be used for personal air samples, settled dust samples, bulk samples, or high-volume air samples.

Note:
Unfortunately, all of the analytical methods available for free-crystalline silica are quite imprecise by industrial hygiene standards, with an inter-laboratory standard deviation up to 40 percent for the infrared method and 20 percent for the x-ray diffraction method.

Asbestos
Asbestos is still measured mostly by optical techniques.
The analytical methods for asbestos assessment were developed primarily with work settings such as asbestos mines, mills, and asbestos manufacturing facilities as the target.

In these settings, most of the airborne fibers are asbestos.

In modern times, at least in the U.S., these are not major industries.

Asbestos exposure and asbestos monitoring are now mostly associated with building maintenance and renovation, and asbestos abatement.

In these settings, asbestos exposure usually occurs along with other fibrous materials (e.g., fiberglass insulation), often making the measured “asbestos” exposure a severe overestimate.

non-specific

There is an inherent non-specificity of optical fiber counting, and the analysis of asbestos by optical methods is usually quite imprecise and often inaccurate.
It is subject to the experience of the microscopist, and is more of an art than a science.
There is a tendency of less skilled analysts to over count fibers at very low loading relative to higher loadings.

At excessive fiber loading, systematic undercounting of fibers starts to occur.

resolution

The limited resolution of optical microscopes (~0.25 μm for most) means that the narrowest and potentially most toxicologically significant fibers are systematically undercounted.

Thus, while a significant portion of the fibers of amosite (20-60%) will be visible, only a tiny fraction of chrysotile and crocidolite asbestos fibers will be visible.
fiber counting

The analyst counts all fibers that meet the method specifications, not just asbestos fibers.

Within the rules for NIOSH 7400 and for the OSHA Reference Method, there are no provisions for discriminating among different types of fibers, even though a skilled microscopist can readily tell a glass fiber from an asbestos fiber.
The method authors are well aware of this limitation, and the NIOSH 7400 method is actually termed the analysis of “fibers”, not asbestos.

fiber size
The NIOSH counting rules and the OSHA method require counting all fibers meeting the length and aspect rating rule, regardless of their diameter.

Research has suggested that fibers, regardless of length, tend to demonstrate AEDs that are about three times their physical width.

This means that wide particles are essentially non-respirable and toxicologically of lower significance.

Note:
Several methods can be used to get around the inherent non-specificity of optical fiber counting.
The most common method for differential fiber counting is transmission electron microscopy (TEM).

Combined with morphological observations and qualitative elemental analysis, TEM can provide nearly definitive asbestos differentiation.
TEM analysis also solves the problem of undercounting narrow, toxicologically important fibers.

While historically, the biggest drawback to TEM analysis has been high cost and slow turn-around, the time and money costs of TEM analysis have plummeted.

Radioactive Particles
Radioactive particles are collected on filters (with the exception of activated charcoal sampling of radon).

Filters can be submitted for analysis by several means, almost all of which take advantage of the readily available alpha, beta, or gamma emissions.

In many jobs, people handling radioactive materials are handling only one element at a time.

Thus, simple counting of total emissions gives a picture of the total amount of that radioactive material on the filter.

This is often termed gross alpha, beta, gamma analysis.

Only if the radioisotope analyzed is in question or completely unknown is more sophisticated analysis necessary to differentiate radioactive materials base on the energy and type of their emission (radiospectroscopy)

scintillators

Solid-state scintillators emit a burst of photons when hit by a radioactive emission within their range of sensitivity, and a sensitive photomultiplier tube typically detects this.

Because only one surface of the filter is exposed to the detector crystal, compensation must be made for the geometry, and the results are typically increased by a factor of two or more to determine the complete emission rate.

Geiger-Mueller tube

In place of the solid-state scintillator is often a Geiger-Mueller tube, which is used for gamma and higher energy beta emissions.

Geiger-Mueller tubes do not typically perform well for alpha particle emitters.

liquid scintillation

An alternative type of analysis, which does destroy the filter is liquid scintillation counting.

One of the big advantages of this method is it can detect very low-energy emissions, such as the weak beta particles.

However, it has fallen out of favor due to the unavoidable generation of large quantities of hazardous waste, and is not frequently used.

Note:
Many of these types of instruments come in simple versions, some of which are field-portable, and more sophisticated laboratory versions sometimes with radiospectroscopic capability.

Gravimetric Analysis

A shrinking list of particles are still analyzed gravimetrically by simply weighing the PM collected.
Gravimetric analysis is used most often when sampling for nuisance dusts or PNOC.

Note:
Many agents that can be analyzed gravimetrically could also be measured by much more specific means.

In a mixed-dust environment, it is often much better to use the specific analysis rather than the gravimetric analysis.

Several compensations must be made to properly weigh dust on a filter:


must know the weight of the filter; 
Without knowing something about the tare (original) weight of the filter, it is impossible to weight it and know how much of the mass is filter and how much is collected PM.


must know the potential for water absorption (on filter or on collected dust).

If the original weight of the filter is known prior to sampling it may change if it or the collected PM is hydroscopic and gains weight form atmospheric water vapor.

methods

1)
desiccate filter (vacuum)

2)
weigh filter (record in log)

3)
place filter in cassette

4)
sample for dust

5)
dry filter and dust (vacuum)

6)
weigh filter and dust






final weight  – tare weight  =  weight of collected dust

Another way to avoid these issues to through the use of matched-weight filters.

1)
matched-weight filter sets are loaded into a single filter cassette;

2)
air is passed through one filter, the other is the control
3)
cassette is sent to laboratory and both filters are weighed







weight of used filter  –  weight of control filter  =  weight of collected dust

Microorganisms

Microorganisms most often of interest to the typical industrial hygienist are bacteria, fungi (and their spores), and viruses.

These materials may cause allergic reactions, infections, or toxic effects.

In 1986, the ACGIH established an occupational exposure standard for fungal spores.

Samples were taken inside a workplace and outside to determine if there were more viable spores in the building than in the ambient air (an occurrence known as amplification).

Inherent in this standard is the assumption that a colony is a colony, and thus a spore is a spore, and the general and species do not matter.

While this standard was useful in many circumstances, it soon became apparent that the fungal spore occupational exposure limits in office environments was too simplistic for many settings.

Traditional sampling methods for fungal spores pick up only viable spores by collection via inertial impaction onto a growth medium.

The spores are grown on the collection medium.

The total number of colony-forming units (CFUs) is counted with either the naked eye or a low-power microscope.

viability

The first problem surrounds the issue of viability.


Many airborne spores are dead.

These dead spores remain toxic, but will never grow on any growth media, and thus their number will be greatly underestimated by viable sampling.


Different genera and even different species require different growth media to prosper.

Commonly used media are poor substrates for some toxigenic fungi, and the growth of other fungi will far outpace their growth, resulting in an underestimation of their actual concentration.

lack of specificity

The second problem is the lack of specificity.


Generally, industrial hygienists just counted all of the colonies appearing on the petri dish, and compared the net count per cubic meter to the ACGIH standard.

When comparing outside to inside samples using gross colony counts, the colony count might be the same, but the general might differ radically

Usually, outside spores are being removed from the incoming air by filtration, and the different set of organisms seen inside the building are caused by internal growth sources, often with much more hazardous fungi


Gross colony counting also ignores the obvious problems that different fungal spores have different health consequences.

While it is possible to become allergic to almost any type of fungus, some general and species are more likely to cause problems than others.

Even more important fungal spores vary radically in terms of acute and chronic toxicity, even within the same genus.

The practicing industrial hygienist is left without hard guidelines or occupational exposure limits on a species-by-species basis.
If amplification of a mold is found inside a building, work to track down the source and remediate it.

If amplification of a potentially toxigenic species is found consider more aggressive action, such as hiring experts in the area of detecting these organisms and specialized remediation firms.

In extreme cases, many buildings, public and private, all across the U.S. have been evacuated until serious mold problems could be mitigated.

Note:
Any given species, indeed any given colony of potentially toxigenic and may or may not produce and release toxins under the conditions of growth.

Most toxins are released into the environment when the mold sporulates, which it does when conditions for vegetative growth start to deteriorate.
Depending on factors that are not well understood, these spores might contain high levels of toxins or very low levels of toxins.

Organic Particles
A wide range of analytical tools, including gas chromatography and high-performance liquid chromatography, are used to analyze organic particles collected on filters.

Gas chromatography-mass spectrometry is sometimes used where very high sensitivity is needed or the composition of the dust is diverse or unknown.

Direct-Read Particle Detectors
Direct-reading particulate matter samplers are available and commonly used.

Direct-reading instruments are the sample collection device and the sample analysis device, all in a field-portable format.

The results are provided immediately, as there is no delay for laboratory analysis.

Commonly, electro-optical particle enumeration devices are used.

The earliest generation was forward-light-scattering photometric dust monitors.

The amount of forward-scattered light is detected and used as an index of particle concentrations.
More recent devices use lasers, which are able to detect a wider range of particles sizes than the non-laser models.
To see really small particles, some instruments include a condensation system.

As the vapor condenses on the particles their size increases and they become detectable by light scattering (condensation nuclei counter).

Note:
In general, direct-read particle detectors should not be considered as a substitute for traditional sampling, but are especially useful 


when sampling well-characterized dust or 


when monitoring for time-varying levels of dusts to detect peaks or point sources.

they can be particularly useful in detecting leaks.
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