Chapter 12

Controlling Workplace Chemical Exposures


12.1 INTRODUCTION

Controlling workplace chemical exposures is all about industrial hygiene – “that science and practice dedicated to the anticipation, recognition, evaluation, and control of environmental stressors…”.   Industrial hygiene (IH) is much more than just controls; however, for the purposes of this chapter’s discussion, we will use control to describe all four aspects of IH.  IH is also more than just controlling chemicals.  Other types of “environmental stressors” include physical (noise, radiation, vibration), biological (mold spore/fungi, bacteria, virus, insect, plant), and ergonomic (musculoskeletal disorders, strains, carpal tunnel syndrome).

To understand today’s IH, it is important to first review a brief history of IH.  Early IH had more to do with mining and medicine than the chemicals and monitoring of today.  Arguably the first foray into IH was by Hippocrates, the Father of Medicine, who studied the effects of lead on miners in the fourth century before the common era (bce).  In the first century A.D., Pliny the Elder recorded the use of “bladder masks” by workers refining sulfur compounds.  In the late 15th century, Ellenbog studied and recorded lead and mercury poisoning amongst workers.  About 75 years later, Agricola wrote his De Re Metallica about the effects of metal dusts and the mortality of the miners he studied.  Just prior to this, Paracelsus, a Swiss chemist and professor wrote about a variety of miner’s diseases.  The IH concept of “the dose makes the poison” is often attributed to him.  In 1700, the Italian physician Bernardo Ramazzini published his book De Morbis Artificum Diatriba about various diseases associated with mineral and metal dusts and fumes.  Perhaps his best known contribution is the question, “Of what trade are you?” asked by physicians even today.  A century later, Percival Pott determined that the higher than normal incidence of scrotal cancer in chimney sweeps was due to their soot exposure.  In the 1880s, Lehmann experimented with the effects of toxic gases on animals similar to today’s toxicology determinations of lethal doses.  From there we move on to modern IH.  

The modern industrial hygienist (IH) works with occupational physicians but is not a medical doctor.  Most IHs have at least a bachelor’s degree and many a master’s.  Not all degrees are in IH, but are typically in a cognate science such as chemistry or biology.  Additionally, the IH likely possesses other professional certifications – Certified Industrial Hygienist (CIH), Industrial Hygienist in Training (IHIT), Occupational Health and Safety Technologist (OHST), and Certified Hazardous Materials Manager (CHMM) are applicable credentials.  The CIH has the greatest direct experience in IH, the IHIT has less experience typically, the OHST would work for a CIH as a technician, and the CHMM, of course, has additional expertise in other areas.  

The importance of controlling workplace chemical exposure cannot be stressed enough.  

There are numerous potential negative outcomes from exposures including:

1. Adverse impact on human health and quality of life;

2. Regulatory citations and fines;

3. Increased worker compensation costs;

4. Decreased profits;

5. Adverse media coverage, attention,  or bad public relations (PR);

6. Decreased competitive abilities;

7. Increased lost time;

8. Decreased production; and 

9. Law suits.  

12.2 HUMAN ANATOMY & PHYSIOLOGY (A&P)

There are four possible routes of entry chemicals can take into the body – inhalation (breathing in a gas, vapor, dust, or fume), absorption (through the skin due to contact), ingestion (swallowing chemicals indirectly on food, drink, containers, or cigarettes), and injection (a primary route for bloodborne pathogens [BBPs] and in laboratory settings).  The lungs are an incredibly efficient and effective mechanism for introducing airborne substances into the body via the blood stream.  Whereas the skin acts as a barrier to prevent most substances from entering the blood stream via absorption, still some chemicals can enter the body this way and contact should be avoided or minimized.  Ingestion of chemicals usually occurs due to contamination of hands and/or foodstuffs and its consumption without proper personal decontamination and hygiene.  Although injection is usually thought of for BBPs, open cuts, etc. can increase the potential for infection.  

Once in the blood stream, chemicals can then travel effectively throughout the body.  The parts of the body that they act upon are called target organs or organ systems.  Examples of toxins affecting target organs or organ systems include: 

1. Central nervous system (CNS) – solvents, mercury, lead, manganese

2. Cardiovascular system (CVS) - aniline

3. Respiratory system – asbestos, silica, ammonia, chlorine, cotton fibers, coal dust, ozone, hydrogen sulfide (H2S)

4. Gastrointestinal (GI) system – asbestos, lead

5. Musculoskeletal system - lead

6. Hematopoietic (blood-forming) – carbon monoxide (CO), lead, cyanide, nitrites, aniline, methylene chloride, carbon disulfide, arsenic, benzene

7. Hepatic (liver) – chlorinated hydrocarbons, alcohols, carbon tetrachloride, nitrosamines

8. Nephrotic (kidneys) – heavy metals, halogenated hydrocarbons, uranium

9. Lymphatic system – sensitizers, isocyanates, mold spores/fungi, acrylates, nickel

10. Reproductive system – pesticides (DBCP), alcohols, lead, CO

11. Endocrine system – endocrine disrupters, pesticides

12. Skin – petroleum solvents, corrosives, acids, alkalis, nickel

13. Auditory system – solvents, medicines

12.3
BASIC TOXICOLOGY

Toxicology is the study of toxins or poisons on the body.  There are many types of toxic exposures including chemical, biological, radiological, and physical.  We will focus our attention on chemical exposures.  Chemicals can produce both short and long term effects.  Short-term effects are called acute and long-term effects are called chronic.  An example of an acute effect may include dizziness or nausea from breathing in solvent vapors.  A chronic effect may include dyspnea or shortness of breath from breathing in asbestos or silica dust over a working lifetime.  

To determine toxic effects, we often rely upon animal testing data.  A test group of animals are dosed or exposed to a substance in a given amount for a certain time period.  The amount of toxin that kills one-half of the test population is referred to as the lethal dose 50% or LD 50.  If the toxin were a gas, then it would be a lethal concentration 50% or LC 50.  The LC 50 for a chemical is usually the basis for setting the immediately dangerous to life or health (IDLH) level.  Toxic concentration level (TCL) and toxic dose level (TDL) are comparable terms.  An LD 50 is usually expressed in units of mass of the chemical per mass of test animal such as milligrams of x per kilograms of body weight (mg/kg) over a set time period (e.g., 1 week).

The body will respond to some chemicals.  If exposed to ammonia, the eyes tear and you may even cough and choke.  If exposed to a solvent, you may feel light-headed.  The body is also able to recognize many chemicals.  If you smell isopropyl alcohol, you would recognize its odor as that of rubbing alcohol.  If you smell hydrogen sulfide (H2S), you would recognize it as a rotten egg smell.  But there are a couple of problems with using a physical response or recognition of chemicals as an indicator of exposure.  First, the employee has already been exposed to the chemical, a situation we strive to avoid.  Second, many chemicals do not have good warning properties.  This means that either you cannot detect it (e.g., smell or taste it) at all (as with CO), or you cannot detect it at hazardous levels (e.g., as with vinyl chloride), or initially it’s easily detected, but after a period of time you cannot (as with H2S).  This effect is known as olfactory fatigue or a tired sense of smell.  

Biological monitoring is another way to evaluate worker’s actual dosage to a chemical. Samples of a worker’s blood or excretions (e.g., urine or exhaled breath) are collected and analyzed for the chemical, or more likely the metabolite that the chemical produces in the body.  This is analogous to submitting to a breathalyzer test to evaluate the amount of alcohol in one’s system.  The American Conference of Governmental Industrial Hygienists (ACGIH) have established Biological Exposure Indices (BEIs) for about 40 chemicals with several more under study or proposed.  A chemical’s BEI represents a total body exposure equivalent to that experienced by a worker exposed to the chemical at its Threshold Limit Value (TLV) (an airborne exposure limit also set by the ACGIH which is discussed later in this chapter).  A BEI may also be set for protective health reasons.  Although BEIs are after-the-fact indicators (i.e., by the time the BEI is detected, the worker has already been exposed), they are especially helpful for evaluating exposures to chemicals that can be absorbed through the skin and may otherwise go undetected.  

Whereas toxicology is the study of poisons on the body, epidemiology is the study of diseases causing mortality on human populations.  In a very loose and basic sense, toxicologists count dead and sick rats and epidemiologists count dead and sick humans.  Although this might seem somewhat basic, it illustrates a prime difference and problem.  Toxicology involves purposely dosing or exposing laboratory animals to chemicals for the purpose of evaluating morbidity and mortality, something that is patently immoral to do on humans.  However, we then attempt to extrapolate this data for assessing and controlling human exposures; a leap of faith to put it mildly.  Therefore, information on actual human exposures, typically collected long after exposures have occurred, can be very useful in validating or refuting toxicological data.  Epidemiological studies can be retrospective (i.e., looking back over the exposure and medical records from years prior) or prospective (i.e., following a group of workers and recording their typical exposures and testing for physiologic changes).  Due to the long-term nature of many chemical effects, most epidemiology is retrospective in nature, because it can literally take decades to see a chronic effect.  Also, decades ago, industry standards were more lax than they are today and we can observe ill health effects in workers that took years to manifest (e.g., asbestos insulators in shipyards).  

Carcinogens, teratogens, and mutagens are three types of agents causing chronic effects that bear further discussion.  A carcinogen is a substance that is capable of causing cancer, as most people are aware.  There are many examples of carcinogens including environmental tobacco smoke (ETS), radon gas, asbestos, benzene, methylene chloride, and many others.  Many organizations evaluate and/or regulate carcinogens.  The U.S. Occupational Safety and Health Administration (OSHA) regulates 13 carcinogens in one standard 29 CFR 1910.1003 and many other carcinogens in their Subpart Z – Toxic and Hazardous Substances.  In their Hazard Communication Standard (HCS) 1910.1200, OSHA requires that the carcinogenicity of a chemical be indicated on the material safety data sheet (MSDS) s determined by any of three entities – the National Toxicology Program (NTP) of the U.S. Environmental Protection Agency (EPA), the International Agency for Research on Cancer (IARC), and OSHA.  Additionally, the U.S. National Institute for Occupational Safety and Health (NIOSH) and the ACGIH both evaluate chemicals for carcinogenicity.  Mutagens are substances that are capable of causing a genetic mutation.  Examples include ionizing radiation and lead.  Teratogens are substances that are capable of causing birth defects.  Examples include lead, alcohol, CO, mercury, benzene, and arsenic.  The courts have dealt with the issue of a pregnant woman working around teratogens and employers who have discriminated based on the woman’s pregnancy.  Instead, employers are directed to reduce exposures to safe levels using engineering and other controls.  It is prudent to have a pregnancy protection or fetal protection policy already in place.  

Sensitizers are chemicals that are capable of causing an allergic response to a sensitized individual.  In much the same way that you might develop an allergy to a certain food like strawberries or peanuts or a certain drug like penicillin, you could also develop sensitivity to certain chemicals.  Some examples include isocyanates, acrylates, nickel, latex, and mold spores/fungi.  Due to the progressive, worsening and often irreversible nature of sensitivities, contact with sensitizers must be minimized as much as possible.  Effects can range from a mild rash or itch to anaphylactic shock, a life threatening closure of the trachea or windpipe.  

Irritants are chemicals that produce an adverse reaction such as irritation, inflammation, or aggravation.  Irritants are divided between primary irritants that cause inflammation (e.g., most acids and alkalis) and secondary irritants that cause local inflammation and more serious damage elsewhere (e.g. H2S, ammonia, hydrofluoric acid).  Irritants can affect various parts of the body typically including the skin and the eyes, oral and nasal passages, and respiratory tracts (upper and lower) collectively referred to as mucous membranes.  

Multiple chemical sensitivity (MCS) is a fairly recently defined and controversial phenomenon.  MCS is a syndrome alleged to be associated with sensitivity to more than one and sometimes all chemicals rather than a specific chemical (e.g., nickel) or chemical family (e.g., isocyanates, acrylates, or fungi).  It also seems to produce rather vague symptoms in persons with it.  The controversy surrounding MCS is mostly that traditional medical practitioners do not agree that this condition is diagnosable and treatable due to the inherent vagueness of symptoms and lack of a specific sensitizer to identify.  

An asphyxiant is a substance that is capable of suffocation.  There are two types of asphyxiants – simple and chemical.  A simple asphyxiant is one that merely displaces oxygen in air but does not actually interfere with the breathing process.  Examples include carbon dioxide (CO2), nitrogen, and the inert gases (e.g., argon).  Chemical asphyxiants are those that interfere with the body’s ability to utilize oxygen molecules.  Typical examples include CO, H2S, and hydrogen cyanide (HCN).  For obvious reasons, chemical asphyxiants are much more insidious due to their inherent ability to cause death at lower thresholds.

12.4 AIRBORNE CONTAMINANTS/GENERAL INDUSTRIAL HYGIENE

Chemicals can take many forms, solid, liquid, or gas.  Most exposure issues involve airborne contaminants.  Aerosols are materials that are suspended in air in a variety of forms.  Particulate is a generic term for solid matter suspended in air.  It includes dusts, fumes, smoke, and fibers.  Dusts are typically at the larger end of the particulate size spectrum and are typically produced by mechanical action (e.g., grinding, crushing, sanding, and polishing).  Examples include silica, coal, graphite, wood, talc, and nuisance dusts.  Fumes are a solid and not a gas, contrary to the media’s common and persistent use of the term “fume” for “toxic gas”.  Fumes are very small, suspended particles produced from the re-condensing of the burning of metals forming an oxide of the metal.  Examples include welding fume, lead fume, solder, etc.  Smoke is a byproduct of the burning of organic (carbon-containing) materials such as environmental tobacco smoke (ETS).  Fibers are particulates that are long thin strands such as asbestos, cotton, fibrous glass, man-made mineral fibers (MMMFs), and refractory ceramic fibers (RCF).  Mists are a liquid aerosol and as such are suspended fine droplets in air.  Examples include an acid mist over an etching tank and chemicals sprayed from a nozzle.  A more recent IH concern and airborne contaminant is mold spores.  Spores are an aerosol produced from fungi.  

The last phase of airborne matter to be discussed is gas.  Airborne contaminants can be gases or vapors.  The difference between the two is their natural state at normal temperature and pressure (NTP – 25 oC and 1 atmosphere).  A “gas” is a gas at NTP such as oxygen, nitrogen, argon, CO, and CO2.  A vapor on the other hand is the gaseous component of a liquid at NTP such as from acetone, alcohol, benzene, mineral spirits, etc.  

There are many different units of measure for the various forms that airborne contaminants take.  Most gases and vapors are measured in parts per million (ppm) or parts per billion (ppb).  Mineral and other dusts are typically measured in milligrams per cubic meter of air (mg/m3) or micrograms per cubic meter of air (ug/m3).  Silica, talc, and some other mineral dusts can also be measured in million particles per cubic foot of air (mppcf).  Airborne fibers such as asbestos and fibrous glass are measured in fibers per cubic centimeter of air (f/cc).  Mold spores from fungi and other bioaerosols are measured in colony forming units per cubic meter of air (CFU/m3).  These units represent either percent volume per unit volume (ppm and ppb), or percent weight per unit volume (mg/m3 and ug/m3), or as a count per unit volume (mppcf, f/cc, and CFU/m3).  It is important to understand that percent relates to ppm in a ratio of 10,000 to 1.  In other words, 1 % equals 10,000 ppm.  

Exposure to airborne contaminants (and their respective limits) typically vary or fluctuate throughout the course of the workday and are not often steady state or consistent.   Because of this airborne contaminants are measured as time-weighted averages (TWAs).  TWA simply means that longer exposures receive a proportionally greater emphasis (per unit of time) than shorter exposures receive (all other things being equal).  When several samples are collected over a workday, the final calculation is calculated using the formula C = (C1T1 + C2T2 + … + CNTN)/CTTT where C is concentration and T is time.  

12.5 EXPOSURE LIMITS

OSHA Permissible Exposure Limits (PELs)

OSHA’s limits to airborne contaminants are called permissible exposure limits (PELs) and as such are legal standards that carry the weight of law and are enforced by OSHA.  They may be legal standards, but all are not necessarily good IH limits.  The reason for this is their age – most are based on the 1968 ACGIH TLVs.  These were the best available consensus limits available in 1970 when OSHA was created.  Unfortunately the PELs have not been updated since then, though not without attempts by OSHA.  In 1989, OSHA tried to create transitional limits that mimicked the more recent ACGIH TLVs.  In 1993 OSHA was sued in federal court and the 1993 PELs were vacated back to the original 1971 standards.   Exposure above the PEL is not allowed and an employer has to reduce the exposure using suitable engineering controls (e.g., ventilation), administrative controls (e.g., area exclusion policy and signage), or temporarily using personal protective equipment (PPE) (e.g., respiratory protection).  

Additionally OSHA has established action levels (ALs) that are generally one-half the value of the respective PEL.  Exposure above the AL triggers training, exposure monitoring, and medical surveillance requirements.  

OSHA regulates their PELs in 29 CFR 1910.1000 – Air Contaminants.  The majority of the regulation consists of the PELs in Tables Z-1, Z-2, and Z-3.  Table Z-1 presents most of the chemicals and their PELs, Table Z-2 presents chemicals for which there are additional types of limits (e.g., ceiling and peak limits), and Table Z-3 presents the PELs for mineral dusts (e.g., silica, coal, graphite, and nuisance dusts).  

In addition to the PELs in the Z tables, OSHA also regulates the PELs for various substance-specific standards (e.g., 1910.1001 - Asbestos through 1910.1052 – Methylene chloride).  These expanded health standards typically have additional requirements beyond their PELs and ALs including specific training, medical surveillance, regulated areas, signage, engineering controls, respiratory and other protection, work practices, and prohibitions.

The OSHA PELs are 8-hour TWAs.  OSHA also has other limits including excursion limits (ELs), ceiling limits, and peak limits.  In general terms, these other limits are for shorter duration, but allow for a greater exposure.  Some of the substance-specific standards have an EL such as 1.0 f/cc for asbestos as a 30-minute TWA compared to its PEL of 0.1 f/cc as an 8-hour TWA.  Table Z-2 presents PELs, ceiling limits, and in some cases, peak limits for about 21 chemicals.  Ceiling limits are limits that must not be exceeded at any time during the work shift with the exception of the allowable peak concentration and time.  If instantaneous measurement is not feasible, then the ceiling limit is a 15-minute sample.  

If a worker is exposed to an airborne mixture of chemicals, then the mixture calculation must be calculated and compared to unity (100% or 1) for compliance with the PELs.  The formula is Em = (C1/L1) + (C2/L2) +…+ (Cn/Ln) where Em is the exposure concentration for the mixture, C is the concentration measured, and L is the respective OSHA limit for the chemical.  For instance, if a worker were exposed to three chemicals each at 50% of its PEL as a mixture in air, then the worker would have an exposure equivalent to 150% of the combined PELs.  

Table Z-1 contains not only the PELs, but also indicates a “Skin” designation whether or not the chemical can be readily absorbed through the skin, adding to the total body burden.  It goes without saying that contact with chemicals so designated should be avoided.  

Non-traditional work shifts (10-hour or 12-hour) require close scrutiny for excessive exposure.  One method of doing so, and required in the lead standard is to lower the PEL proportionally.  The 8-hour PEL for lead is 50 ug/m3.  If the work shift is 10 hours, then the revised lead PEL = (50 ug/m3)(8 hours)/(10 hours) = 40 ug/m3.  Another method for other chemicals is to sample the worst 8 hours of exposure (i.e., the greatest concentration).  

OSHA has been predominantly reactive in setting PELs and regulating substances.  The updated PELs were vacated in federal court and OSHA was told to individually justify each chemical PEL revision.  Most recently, OSHA has issued an entire expanded health standard for methylene chloride rather than just a revised PEL.  Future changes to PELs may similarly create additional substance-specific standards.  

ACGIH TLVs

The ACGIH has been setting their TLVs for several decades.  The TLVs were the basis for the OSHA PELs and represent scientific, health-based standards.  However, whereas OSHA is a regulator and their PELs carry the force of law, the ACGIH is not a regulator (despite their name they are not a governmental agency) and the TLVs provide guidance to IHs but are not enforceable.  Similarly to the OSHA PELs, the ACGIH TLVs are 8-hour TWAs.  

The ACGIH has also established 15-minute short-term exposure limits (STELs) for many chemicals that exhibit acute effects.  Exposures above the TLV but below the STEL should not occur more than four times during a workday with at least 60 minutes between exposure periods.    

Similarly to OSHA, the ACGIH has established ceiling limits for chemicals that exhibit acute effects typically of an irritating nature.  These ceiling limits should not be exceeded at any time and if feasible should be measured instantaneously.  When a chemical is detected at its ceiling limit, workers must be removed from the area until engineering controls or PPE use can be implemented.

The ACGIH Booklet of TLVs and BEIs contains Appendix A: Carcinogenicity.  The carcinogenicity ratings range from A1 – Confirmed Human Carcinogen to A5 – Not Suspected as a Human Carcinogen.  These five-level ratings can be useful in fully evaluating exposure to chemicals suspected or rated by other organizations as carcinogens.  

The ACGIH has a standing Chemical Substances TLV Committee made up of CIHs, Doctors, and other experts that sets the chemical TLVs.  The chemicals are under constant review as new data becomes available and are appropriately revised based on the best available, recent scientific and health based information.  As such, the TLVs can change every year, although typically revisions for each chemical happen less frequently.  

NIOSH Recommended Exposure Limits (RELs)

NIOSH is a sister agency to OSHA that was created from the OSH Act of 1970.  Whereas OSHA is a regulator within the Department of Labor (DOL), NIOSH conducts research and testing and makes recommendations on chemical exposures.  It is located within the Centers for Disease Control and Prevention (CDC) of the U.S. Department of Health and Human Services (DHHS).  NIOSH has set recommended exposure limits (RELs) as 10-hour TWAs for 677 chemicals or substance groupings.  This is almost twice the number of chemicals with OSHA PELs.  The RELs are found in the NIOSH Pocket Guide to Chemical Hazards along with other helpful information on the chemical (e.g., ID numbers, synonyms, descriptions, chemical and physical properties, incompatibilities, measurement methods, PPE, respirators, and health hazard information).  

In addition to their 10-hour RELs, NIOSH sets 30-minute immediately dangerous to life or health (IDLH) limits.  These IDLHs are considered to be levels at which an exposed worker could die or suffer irreversible adverse health effects if not removed from the exposure within 30 minutes.  Recall from earlier discussion that one basis for an IDLH is the LD 50 for the chemical.  Whereas most other limits are considered somewhat to be “safe” levels, IDLHs are just the opposite – they are very unsafe or fatal levels.  OSHA requires that workers exposed to IDLH levels wear self-contained breathing apparatus (SCBA) respirators in the pressure-demand mode and adequate skin protection to prevent direct absorption of a chemical into the body.  

NIOSH has historically taken a hard view when it comes to potential occupational carcinogens.  Their policy has been “no detectable exposure levels” or “reduce to the lowest feasible concentration (LFC)”.  NIOSH is working to project quantitative RELs for carcinogens whenever possible basing them on human and animal data and technological feasibility for controlling exposures.  

American Industrial Hygiene Association (AIHA)

The American Industrial Hygiene Association (AIHA) is one of the largest and most influential health and safety organizations in the world.  The AIHA publishes a Guide to Workplace Environmental Exposure Levels (WEELs) and Emergency Response Planning Guidelines (ERPGs).  WEELs are exposure limits to be used as guidance for controlling exposures to about 85 chemicals for which there usually is not another occupational exposure limit (OEL) such as a PEL, REL, or TLV.  WEELs are 8-hour TWAs with 15-minute STELs and also ceiling limits similar to the ACGIH TLVs.  

ERPGs are three-level limits for emergency response planning purposes to chemical releases.  There are 73 chemicals with ERPG-1, ERPG-2, and ERPG-3.  ERPG-1 is the most protective (and recommends a higher level of PPE) and ERPG-3 is the least protective (and recommends a lower level of PPE).  As with the ACGIH TLVs, there is a body of evidence or documentation to accompany the numeric values.  

Other Occupational Exposure Limits (OELs)

Many other countries have established their own OELs.  One in particular, the Democratic Federation of Germany (DFG’s) has its own maximum airborne concentrations (MAKs).  They too have set shorter-term peak values although rather than our 15-minute STELs, MAKs are either 5 minutes or 10 minutes.  

Even with all of these various OELs, there sometimes is no independently established limit for a chemical.  Many times there are specific industry standards or limits set by manufacturers that can provide some guidance or help.

12.6 EXPOSURE ASSESSMENT

General Area Sampling/Industrial Hygiene Survey

In order to control chemical exposures we must first assess the exposures and of course anticipate potential exposures.  Therefore being able to recognize potential chemical hazards is critical.  A good place to start is to review chemicals used in the process - evaluate the raw materials and possible by-products.  With certain engineering knowledge, we can review a process description and perhaps study the process flow charts to help identify potential chemical hazards.  

A field survey is usually conducted next.  This should include a walk through of the area, interviewing employees, inspecting current control measures in use, and determining a sampling strategy for area sampling and/or personal monitoring.  Factors to consider for a sampling event include location, time, required accuracy and precision, and interpretation of results.  

Types of area samples that might be collected include grab, continuous, and consecutive.  

Sampling equipment could include indicator tubes, badges, real-time or direct-reading devices, pumps, bags, bottles, canisters, etc.

Personal Breathing Zone (BZ) Sampling

After conducting area sampling and a field survey, personal monitoring is usually done next.  Equipment needed could include portable battery-powered vacuum pumps, dosimeter badges, media holders or splitters for collecting multiple samples, cyclones for size-selective dust sampling (respirable fraction), and direct-reading instruments capable of immediate results.  

There are many considerations for how to go about collecting the actual samples.  These include sampling rates – minimums and maximums, sampling volumes – minimums and maximums, representative work or exposure, worst case exposure or conditions, and possible tampering with samples by the workers.

The correct sampling media will need to be chosen.  Options include types of filters for dusts (e.g., mixed cellulose ester (MCE), polyvinyl chloride (PVC), or polycarbonate (PC)).  Chemical vapors usually require some type of sorbent tubes such as charcoal, coconut shell, or XAD tubes.  Some chemicals (e.g., formaldehyde) might require that an impinger filled with a reactant fluid be used.  Also, an increasingly popular option due to ease of use and recent validation is a dosimeter badge.  This is a treated, clip-on item that will react with the chemical when exposed.  

Calibrations

Any result, measurement, analysis, or number is meaningless unless the measuring device has been properly calibrated.  Ideally we prefer to calibrate our instrument to a primary standard such as a bubble burret, dry gas meter, or wet test meter. A primary standard is one where the volume of air and corresponding flow rate can be directly measured.  Otherwise we must use a secondary standard such as a rotameter for field calibration which is periodically calibrated against the primary standard. Additionally, if we are using calibration equipment or a calibration gas, then it should be traceable to National Institute for Standards and Testing (NIST) equipment and/or calibration gases.  Typically an outside company in accordance with manufacturer’s recommendations does the NIST certifications.  

Analysis

Once sampling is completed the samples will have to be analyzed.  Prior to sampling we need to select the best method for both sampling and analysis.  It is important to select a validated method that has been properly evaluated by a respected independent organization.  Several groups of validated methods include the NIOSH Manual of Analytical Methods, the OSHA Technical Manual of Sampling and Analysis, the AIHA Analytical Guide Series, and the American Public Health Association (APHA) Methods of Air Sampling and Analysis.  

In selecting a laboratory for IH analysis, it is important to ascertain its laboratory accreditation.  Arguably the best known accreditation is that of the AIHA.  It means that the IH lab has gone through a rigorous audit of its facilities, particpates in a round robin QA program (proficiency analytical testing [PAT] program), and maintains its certification through on-going blind sample analysis from a NIOSH program.  

Similar to calibration of sampling equipment, quality assurance/quality control (QA/QC) at the lab and data validation issues are important selection and evaluation factors.  Blank samples – field, trip, and method – are usually collected and/or analyzed to evaluate the potential for contamination.  The analytical method’s accuracy and precision are also important criteria.  Accuracy is how close to the actual or true result the analysis is whereas precision is how repeatable the results are – their consistency.  

There are many and varied types of analytical methods including the following.

1. Gravimetric;

2. Gas chromatography/mass spectrophotometry (GC/MS);

3. Fiber or particle counting;

4. Atomic absorption (AA);

5. Infrared or ultraviolet absorption or spectroscopy;

6. Wet chemistry; 

7. X-ray fluorescence (XRF);

8. Microbiological; and 

9. Radiological.

Biological Monitoring

An important after-the-fact type of sampling is biological monitoring as mentioned under toxicology.  We analyze some bodily fluid, excretion, or other body product (e.g., urine, blood, or exhaled breath) for the chemical or its metabolite much like in a Breathalyzer test.  The units of measure are typically weight of the chemical per unit weight or volume of the bodily excretion.  We then need to evaluate the results.  Excess levels could indicate a variety of things including skin absorption, improper PPE use, malfunctioning engineering controls, greater exposure duration, or less recuperation time between exposures.  It will require further investigation of the work site.  

12.7 METHODS OF HAZARD CONTROL

Engineering Controls

Engineering controls are preferred over administrative controls or PPE and elimination is the preferred engineering control.  However, elimination of the chemical is rarely practical, but should not be overlooked.  Substitution is the next best thing to elimination.  Substituting less toxic chemicals has become increasingly popular and usually helps with environmental compliance issues as well.  

If use of a toxic substance is necessary then ventilation may be needed.  There are many and varied types of ventilation.  General dilution (such as wall fans) is usually reserved for relatively low or non-toxic chemicals such as nuisance dusts.  Local exhaust ventilation (LEV) is much more effective and efficient at removing the toxic material close to the source.  There are three primary types of LEV hoods – enclosing (as used for grinding wheels), capture (as used for car exhaust), and receiving (as used for hot rising vapors).  Also, in-line duct filtration and effluent collection systems or devices can help to remove contaminants.  

There are other options as well.  Process change is one but can be prohibitively expensive.  Systems can be open or closed with the latter being the preferred of the two.  Work enclosures can help to reduce exposures to the general work populace but usually require greater levels of PPE for the directly involved worker.  Conversely, isolation and operator booths can help the directly involved worker, but do little for the workers who must travel through the area.  Work practice controls can be very effective in reducing levels.  Wetting of dusts is an excellent example of this.  Wet cutting concrete might not require even a minimal respirator, whereas dry cutting is likely to create high levels of silica thus requiring a good respirator. Airless sprayers are a tool that can help reduce re-entraining material into the air.  Sometimes it is important to specify prohibited activities such as the use of compressed air on dusts for cleaning.  

Administrative Controls

Administrative controls are those that can be written down or read.  There are many examples including rules and regulations, company policies and standard operating procedures (SOPs), training and education, signs and barriers, and employee rotation (though employee rotation is increasingly frowned upon in industry, by IHs, and by OSHA).

Personal Protective Equipment (PPE)


The last and least effective form of control is PPE.  This is due to two factors.  First, by the time PPE is used, the chemical has already reached the worker, the space, and potentially others in the environment.  Second, PPE is not always properly used and can easily fail – it introduces the human factor.  Third, the administrative burden required maintaining an effective PPE program is costly and cumbersome (due to training, medical evaluations, fit testing, and related documentation).  Respiratory protection is arguably the most likely form of PPE for controlling workplace chemical exposures.  


OSHA has recently revised its respiratory protection standard 29 CFR 1910.134.  Medical clearance to wear a respirator must be first accomplished.  This usually involves a pulmonary function test (PFT) to measure the lungs’ forced expiratory volume at 1 second (FEV1) and forced vital capacity (FVC) over the full exhalation duration.  NIOSH Decision Logic for respirator use or information in the NIOSH Pocket Guide to Chemical Hazards can be helpful in determining proper respiratory protection.  Hazard recognition including odor thresholds can be vitally important in selecting between the two major respirator classes.  


Air-purifying respirators (APRs) are the first class of respirators and more commonly used in industry.  APRs use cartridges and filters to physically remove the contaminant from the air you breathe through your respirator.  They can be negative or positive pressure, half-face, full-face, and Powered APR (PAPR).  Protection factors and maximum use limitations must be reviewed for proper respirator selection.  


Supplied-air respirators (SARs) are the second class and include airline respirators and SCBAs.  Obviously SARs are advantageous in that they provide you with a clean air supply.  Therefore breathing air quality is regulated and must be at least Grade D air as specified by the Compressed Gas Association (CGA).  Grade D air must not exceed 10 ppm CO, 1000 ppm CO2, 5 mg/m3 of hydrocarbons, and have no noticeable odor.  Airline respirators can operate in three flow modes – continuous, demand, and pressure-demand.  The end-piece can be a hood or a mask.  All SCBAs must be pressure-demand under the revised standard.  


All tight-fitting respirators must be fit-tested.  This is imperative for APRs since if it does not adequately fit it will leak contaminants that will be breathed in by the worker.  Fit Testing can be done two ways - qualitatively (QLFT) or quantitatively (QNFT).  QLFTs use a challenge agent to assess fit.  If the challenge agent is detected while wearing the respirator and performing certain exercises, then it does not adequately fit.  Current challenge agents include oxystannic chloride (irritant smoke), iso-amyl acetate (banana oil), saccharin, or Bitrex (a bittering compound).  Each has its pros and cons.  Banana oil is the only one that can be used with non-filtering chemical cartridges, but is wholly subjective relying upon the worker’s honesty.  A QNFT is performed using a piece of equipment that generates a fit factor for that respirator on your face.  Obviously it is more accurate and desirable, albeit also more expensive.  User seal checks (positive and negative fit checks must be done each time an APR is donned or put on.  


Dermal protection and chemical protective clothing (CPC) is as important in preventing contact as a respirator is in preventing inhalation of a chemical.  Any type of CPC must be evaluated for chemical compatibility.  Gloves are probably the most commonly used forms of CPC.  They come in a plethora of types.  Barrier creams, similar to sun block used for ultraviolet (UV) radiation protection, can be used in certain cases but are generally not considered to be effective protection for chemical exposures.  Boots, aprons, coveralls or suits are all other forms of CPC.  

Eye, face, and mucosal membranes protection must be considered not only for safety, but also for health based reasons.  The eyes might require glasses or goggles due to chemical splashing.  Face shields are used for protecting the entire face but do not necessarily replace eye protection if needed.  A full-face respirator can be useful for protecting the mucous membranes from irritating gases such as ammonia.  The mucosal membranes (eyes, nasal/oral cavity, and respiratory tracts) require protection from a wide variety of irritants including acids and alkalis.  
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