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Fundamentals of Industrial Hygiene, 6th Ed. – Chapter 6

CHAPTER 6 – INDUSTRIAL TOXICOLOGY
Toxicology is the science that studies the harmful properties of substances.
Any substance contacting or entering the body is injurious at some excessive level of exposure and theoretically can be tolerated without harmful effects at some lower exposure.
Definition
A toxic effect is any reversible or irreversible harmful effect on the body as a result of contact with a substance via the respiratory tract, skin, eye, mouth, or other route.
Toxic effects are undesirable disturbances of physiological function caused by an overexposure to chemical or physical agents.

They also arise as side effects in response to medication and vaccines.

Toxicity is the capacity of a chemical to harm or injure a living organism.

Toxicity entails the dimension of quantity or dose; the toxicity of a chemical depends on the quantity necessary to impact health.

The responsibility of the industrial toxicologist is to define how much is too much, and to prescribe precautionary measures and limitation so that usual or recommended use or exposure does not result in the absorption of a harmful quantity of a particular substance.

Toxicity v. Hazard

Toxicity is the ability of a substance to produce an unwanted effect when the substance has reached a sufficient concentration at the certain site in the body.

Hazard is regarded as the probability that this concentration will occur at that site.

Many factors contribute to determining the degree of hazard:


route of entry;


quantity of exposure;


physiological state;


environmental variables; and 


other factors.

Assessing a hazard involves estimating the probability that a substance will cause harm.

Toxicity, along with the chemical and physical properties of a substance determines the level or degree of hazard.

Example:
Two liquids can possess the same degree of toxicity but present different degrees of hazard.

One may be odorless and not irritation, whereas the other may produce a pungent odor at a harmless concentration.

The material with the warning properties at harmless concentrations may present a lesser degree of hazard since its presence can be detected in time to avert injury.

Note:
Some chemicals are selective in their action (acting only on specific cells); others are not selective (acting on any cell).

Some agents are harmful only to certain species; other species have built-in protective mechanisms.

A chemical stimulus can be considered to have produced a toxic effect when it satisfies the following criteria:


an observable or measurable physiological deviation has been produced in any organ or organ system;

the observed change can be duplicated from animal to animal;


the stimulus has changed normal physiological processes in such a way that a protective mechanism is impaired in its defense against other adverse stimuli;


the effect is either reversible or at least attenuated when the stimulus is removed; however, permanent changes can occur;


the effect does not occur without a stimulus or occurs so infrequently that it indicates generalized or nonspecific response;


the observation must be noted and must be reproducible by other investigators;


the physiological change reduces the efficiency of an organ or function and impairs physiological reserved in such a way as to interfere with the ability to resist or adapt to other normal stimuli, either permanently or temporarily.

The toxic effects of many substances used in industry are well known, but the toxicity of others is not yet well defined.

In addition to establishing toxicity, evaluation of a chemical hazard involves establishing:


the amount and duration of exposure;

the physical characteristics of the substance;


the conditions under which exposure occurs; and 


the determination of the effects of other substances in a combined exposure.

Example:
The chemical properties of a compound are often one of the main factors in its hazard potential.

Vapor pressure partially determines whether a substance has the potential to pose a hazard from inhalation.

Hence, a solvent with a low boiling point would be a greater hazard than an equally toxic solvent with a high boiling point simply because it is more volatile and it evaporates faster.

Note:
Chemical injury can be local or systemic, and the toxicological reactions can be slight or severe.

Local injury results from direct contact of the substance with tissue.

Systemic toxicity usually involves passage of the agent through the blood, with resultant contact and injury to various internal organs.

Entry into the Body
For an adverse effect to occur, the toxic substance must firs reach the body site where it causes damage.

Common routes of entry are inhalation, skin absorption, ingestion, and injection.

Entry can occur by more than one route.
Inhalation

A major route of entry for industrial exposures is inhalation; any airborne substance can be inhaled.

The respiratory system is composed of two main areas:  the upper respiratory tract airways (nose throat, trachea, major bronchi); and the lower respiratory tract (smaller bronchi, alveoli). 

For particles, only those smaller than about ≤ 2 μm in effective diameter are likely to enter the alveolar sac.

The total amount of a toxic compound absorbed via the respiratory route depends on:


its concentration in the air;

the duration of exposure (how much is inhaled);

pulmonary ventilation volumes (increase with higher workloads); and

solubility of the material.

Skin Absorption

An important route of entry for many chemicals is absorption through the skin.

For the majority of organic chemicals, the contribution from skin absorption to the total amount absorbed is significant; toxic effects can occur because of cutaneous penetration.

Contact of a substance with skin results in four possible actions:


the skin acts as an effective barrier;


the substance reacts with the skin and causes local irritation or tissue destruction;


the substance produces skin sensitization; or


the substance penetrates the skin to reach the blood vessels under the skin and enters the bloodstream.

The rate of cutaneous absorption depends on a variety of factors:


skin thickness (palm of hand, soles of feet, abdomen, forehead, scalp, scrotum)


temperature (vasodilation, perspiration)


perspiration (dissolving action, mobility)

Ingestion

The problem of ingesting chemicals is not widespread in industry.

Absorption after ingestion is often less than with inhalation because of the action of stomach acid and intestinal enzymes, dissolution by intestinal contents, and greater thickness of the intestinal wall.

Workers can accidently ingest toxic materials as a result of:


eating in contaminated work areas (hand-to-mouth, forearms);


smoking/chewing (hand-to-mouth); or


ingestion of phlegm (from lung clearing);

Note:
Approximately 1quart of mucus is produced each day in an adult’s lungs.

Injection
Although infrequent in industrial settings, a substance can be injected into some part of the body.

This can occur directly any place a needle or high-pressure orifice can reach.

There is increasing attention to prevention of skin puncture and injection injuries associated with blood borne pathogens (e.g., hepatitis B, HIV, hepatitis C).

Risk of infection is significant following accidental skin puncture by a needle or instrument contaminated with infected blood or tissue.

Note:
After absorption via any route into the bloodstream, the substance may enter the liver, which metabolically alters, degrades, or detoxifies many substances.

This detoxification process is an important body defense mechanism.

Dose-Response Relationship

A fundamental consideration in toxicology is the dose-response relationship.
Dose

The dose is the concentration (quantity) of a substance that is introduced to an animal.
The dose given is expressed as the quantity administered per unit body weight, quantity per skin surface area, or quantity per unit volume of respired air.

A dose is administered to test animals and increased or decreased until a range is found where at the upper end all animals show a preselected health effect (e.g., death, injury) and, at the lower end, all animals are absent the health effect.

In addition, the time duration (length of time) during which the dose was administered may be indicated.

The dose-response relationship can also be expressed as the product of a concentration (C) multiplied by the time duration (T) of exposure.
This produce is proportional more or less to a constant (K) 
C    T  ≈  K
Note:
The dose involves two variables:  concentration and duration of exposure.

The CT value provides a rough approximation of other combinations of concentration of a chemical and time that would produce similar effects.

However, this concept must be used very cautiously and cannot be applied at extreme conditions of concentration or time.

Note:
To determine a dose-response relationship, the dose should be delivered over a specified length of time followed by observation of the test subjects for another specified period of time (e.g., hours, days, weeks, years).

Response

threshold concept

For most chemicals there is a threshold of effect, a level at which the rate of disease in the exposed population is no different than the rate in the unexposed population (background).

The most toxic chemical known, if present in small enough amounts, produces no measureable effect.

As the dose is increased, there is a point at which the first measureable effect is noted.

potency

The potency of a chemical is defined by the relationship between the dose (amount) of the chemical and the response produced in a biological system.

toxicity

The word toxic relates to the dose or amount of a substance necessary to cause injury, illness, or significant adverse health effect.

If that dose is low compared to the harmful dose for other substances, it is described as more toxic.

Note:
Although most exposures in industry occur by way of the respiratory tract or skin, most published dose-response data are found in studies of experimental animals . . . administered by mouth.

The harmfulness of a material depends on its:


chemical composition;


type and rate (level) of exposure; and 


fate of the material in the body.
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cumulative effects

For many substances, a single large dose of a toxic substance produces a greater response than the same total dose administered in small amounts over a long period of time.

Each of the small amounts can be detoxified quickly, but a large dose produces its detrimental action before appreciable detoxification occurs.
If a substance is detoxified or excreted at a rate slower than the rate of intake, it may cause continuing (cumulative) effects.

The level of the substance increases with the duration of exposure.

Accumulation is taking place when rising levels of the substance are seen in the urine, blood, or expired air.

exposure thresholds

Exposure thresholds are most easily determined for effects occurring soon after exposure.

Other effects (e.g., birth defects, cancer) occur months or years after exposure began.

For these and other reasons (compounding effects), thresholds for most carcinogens have not been identified and are considered to be zero.

Attempts are being made to identify exposure levels below which no evidence of injury or impairment can be found.

These are called the No Observable Adverse Effect Level (NOAEL).

Note:
There is also the Lowest Observable Adverse Effect Level (LOAEL).

Lethal Dose
If a number of animals are exposed to a toxic substance, when the concentration reaches a certain level, some, but not all, of those animals will die.

Results of such studies are used to calculate the lethal dose (LD) of toxic substances.

Note:
The LD usually pertains to acute effects and rapid death (e.g., minutes, hours).

LD determinations are typically not determined for health effects (e.g., cancer) due to chronic or repeated dosing.

If the only variable being studied is the number of deaths, it is possible to use the concept of the LD.

The LD50 is the calculated dose of a substance that is expected to kill 50% of a defined experimental animal population, as determined from the exposure to the substance by any route other than inhalation.

Several designations can be used (e.g., LD50, LD0, LD100).


the designation LD0 is rarely used, and is the concentration that produces no deaths.


an LD100 is the lowest concentration that kills 100 percent of the exposed animals.


although LD50 is the concentration that kills half of the exposed animals, it does not mean that the other half are in good health.

Normally, LD50 units are the weight of the substance (usually in milligrams) per animal body weight (in kilograms).

The slope of the dose-response curve suggests an index of the margin of safety.

If the dose-response curve is very steep, this margin of safety is slight.
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Lethal Concentration
When considering inhalation exposures, the dose by inhalation is needed.

Lethal concentration (LC) is used for airborne materials.

May be expressed as mg/m3 (milligrams per cubic meter) or ppm (parts per million)

The duration of exposure is very important.

A half-hour exposure can produce an effect that is significantly different in severity or character from that of a 24-hour exposure.

Responses

After a substance has been administered, there are indicators the toxicologist uses to evaluate the response.


examining the organs removed from exposed animals reveals the site of action of the agent, mode of action, and cause of death.

The liver and kidney are particularly sensitive to the action of many agents.


the effect of the agent on the growth rate of the animal

Relatively low levels of substances that do not produce death or signs of serious illness can result in a diminished rate of growth.


changes in the ratio of organ weight to body weight 

Can be used as in indicator of adverse response.

Substances can then be rated according to their relative toxicity based on animal data (and human data if available).

Unfortunately, animal experimental data are difficult to interpret and may no apply to human exposure, response, or pathology.

Nevertheless, because human dose-response data are not available from a many substances, animal data are valuable in estimating the likely range of toxicity of a substance as well as in guiding further investigation.

Timing:  Exposure and Effect

The toxic action of a substance can be arbitrarily divided into acute and chronic effects.

In addition to acute and chronic toxicity, we can distinguish acute and chronic exposures.

Acute Effects and Acute Exposures

Acute exposures typically:


have a rapid onset; 

are of short duration; and


are characterized by rapid absorption of the offending material.

The health effect of a chemical exposure is considered acute when it appears within a short time following exposure, and the health effect is relatively short-lived.

Note:
Acute occupational exposures are often related to a brief accidental exposure.

Chronic Effects and Chronic Exposures

Chronic effect or illness is characterized by symptoms or disease:

usually develop slowly, often over years or decades.


of long duration or frequent recurrence; and 
Chronic exposure refers to continued or repeated exposure over a prolonged period (usually years).

Chronic exposure may cause a substance to be continuously present in the tissues.

Chronic health effects, illness, or injury can be produced by exposure to a harmful substance that produces irreversible damage so that the injury, rather than the substance, accumulates or progresses.

Note:
In chronic exposure settings, the level of exposure is often relatively low and the worker is often unaware of the exposures as they occur because the exposure levels are insufficient to cause acute effects (become accustomed to it).

Effects of Exposure to Airborne Contaminants
Air contaminants can be classified on the basis of their pathogenic or physiological action into irritants, allergens, systemic toxins, or site-specific or organ-specific toxins.
Irritants

Irritation is an inflammation or aggravation of the tissue the substance contacts.

Irritation results from direct mechanical or chemical (most frequently) reaction with constituents in the tissue having contact.

There are many industrial chemicals that at fairly low concentrations irritate tissues with which they come in contact.

Many irritants are liquids, and for many of these, the degree of local irritation is unrelated to their systemic toxicities.

Sometimes differences in viscosity are the determining factors (e.g., kerosene v. mineral oil).

To a large extent, the water solubility of an irritant gas or vapor influences the part of the respiratory tract that is affected (e.g., ammonia, highly soluble in water, irritates the nose and throat).

Respiratory irritants can be inhaled in gaseous or vapor form, as a mist, or as particles with a coating of absorbed liquid.
Irritants are often grouped according to their site of action.

primary irritant

A material that exerts little systemic toxic action, because: 

the products formed on the tissues are nontoxic; or


the irritant action at the contact site is far greater than any systemic toxic action.

secondary irritant

A material that produces irritant action on mucous membranes, but this effect is overshadowed by systemic effects resulting from absorption.

Note:
Irritation is generally reversible after short-term exposures.

Allergens
Allergens are agents that cause recurrent effects after the worker becomes sensitized to the substance.

The first few exposures usually cause no reaction, but after a person becomes sensitized, reactions can occur from later contact with very small quantities for very short periods of time.

Most allergic effects or symptoms begin within minutes or hours following exposure.

Symptoms will recur with re-exposure.

After exposure to airborne levels usually far below Permissible Exposure Limits (PELs).

Once a person develops an allergy to a substance, it will persist for years, if not for life.

Allergy to a substance almost always presents as eye, skin, or respiratory tract inflammation.


eyes

(itching, redness, or swollen eyelids)


skin

(itching, hives, or eczema)


respiratory tract

(nasal congestion, sneezing, discharge, or less commonly, asthma or pneumonia)

Note:
Allergy due to industrial exposures does not affect the nervous system, liver, kidney, heart, or most other organ systems.

hypersusceptibility

Hypersusceptibilty refers to the occurrence of the usual health effects caused by a substance following exposure to air levels below that associated with effects for most individuals.

With hypersusceptibility, the substance causes its typical effects but at lower doses.

If exposure ends, there is no immunologic memory as there is with allergy.

Systemic Toxins
Asphyxiants

Asphyxiants are systemic toxins that interfere with oxygenation of the tissues, resulting in physiologic suffocation as the tissues become deprived of oxygen.

Total asphyxiation leads to complete absence of oxygen in the blood (anoxia).

Partial asphyxiation leads to low levels of oxygen in the blood (hypoxia).

If allowed to continue to long, hypoxia can result in brain damage or death.

simple asphyxiants

Most often, inert gases that dilute or displace atmospheric oxygen from the breathing zone or air supply.

Blood levels become insufficient for normal tissue respiration.

(e.g., carbon dioxide, ethane, helium, hydrogen, methane, nitrogen)

chemical asphyxiants
Prevent the uptake of oxygen by the blood, interfere with the transportation of oxygen from the lungs to the tissues, or prevent normal oxygenation of tissues even when the blood is well oxygenated.

(e.g., carbon monoxide – hemoglobin binding, hydrogen cyanide – cellular level, hydrogen sulfide – paralyzes the respiratory center of the brain and the olfactory nerve)

Organ-Specific Effects
Most substances do not damage all organs or systems, but affect a few or only one specific organ.
central nervous system depressants

Central nervous system depressants (CNSDs) exert their principal action by causing simple anesthesia without serious systemic effects, unless the dose is massive.

The depth of anesthesia ranges from mild symptoms (e.g., headache, dizziness, lack of coordination, confusion) to complete loss of consciousness and death.

cardiac sensitization

Inhalation of certain volatile hydrocarbons can make the heart abnormally susceptible to epinephrine (adrenaline).

The epinephrine then causes abnormal, dangerous cardiac rhythms.

(e.g., sniffing aerosols/glue, industrial solvents – chlorocarbons, chlorofluorocarbon (CFC) refrigerants)

neurotoxic effects
Neurotoxic agents damage the nervous system (metals such as manganese, lead, mercury).

The central nervous system seems particularly sensitive to organometallic compounds.

(e.g. tetraethyl lead – gasoline additive (ethyl)).

A different neurotoxic effect involves acetylcholine, a neurotransmitter involved in the transfer of electrical impulses form one part of the nerve to the next part.

When acetylcholinesterase is inhibited, the acetylcholine increases and may reach a level incompatible with the orderly transfer of electrical impulses.

Nerve conduction abnormalities occur that result in nervous system failure.
(e.g., organophosphate pesticides, carbamate pesticides)

pulmonary effects

In considering health effects from inhaled dust, primary concern is given to solid material that is small enough to enter the alveoli (≤ 2 μm).

particulates not otherwise specified (PNOs)

Formerly known as nuisance dusts.

The TLV for PNOs has been set at 10 mg/m3 (inhalable fraction) or 3 mg/m3 (respirable fraction).

These values pertain only to particulate matter that contains no asbestos and less than one percent crystalline silica.

pneumoconioses

Chronic exposure to some dusts (asbestos, silica, coal) is associated with various types of pneumoconiosis.

Fibrotic (formation of scar tissue) changes are produced by materials such as crystalline silica.

Asbestos also produces fibrotic damage to lung tissue (asbestosis) as well as various cancers (mesothelioma).

Note:
Asbestos and smoking illustrate the concept of synergy.

With synergy, the combined risk from two separate causes of health effect (e.g., lung cancer) far exceeds the sum of their individual risks.

heavy metals

Some inhaled particles gain entrance to the body through the lung.

Although they may not damage the lung tissues, they transit the lung, are absorbed into the blood, and are distributed throughout the body where they may damage the nervous system kidney, liver, or other organs.


inorganic lead (bone marrow, reproductive, kidney, brain)


organic lead (brain)


mercury (kidney, brain)


manganese (psychomotor instability similar to Parkinson’s disease)

Note:
The health effects resulting from heavy metal exposure may develop so slowly that the source or cause of the symptoms is often not initially recognized.
Carcinogenesis
Any new and abnormal tissue growth can be classed as a neoplasm.

If neoplastic cells reproduce at an uncontrolled rate, they are referred to as cancer cells.
If cancerous cells invade tissues or spread to new locations in the body (metastasize), the neoplastic cells have become cancerous or malignant.
Cancer cells seldom perform a useful function or one similar to that of the cells they destroy and replace.

carcinogen

Carcinogen refers to any agent that can produce or accelerate the development of malignant or potentially malignant tumors.

A number of factors have been related to the incidence of cancer:


genetic makeup of the host; 


viruses; 


ultraviolet and ionizing radiation; 


hormone imbalance; and 


exposure to certain substances.

Note:
It is well established that exposure to some chemicals can produce cancer.

carcinogenic potential

A carcinogen can be defined as a substance that will induce a malignant tumor in humans following a reasonable exposure.

It has also been defined as a substance that will induce any neoplastic growth in any tissue of any animal at any dose by any method of application when applied for as long as the lifetime of the animal.

Per NIOSH, a substance is “suspected carcinogen” to humans if it produces cancer in two or more animal species.

Carcinogenic potential is often difficult to estimate because of interactions with other agents and biological susceptibilities.

It is generally believed that the transformation of a cell from a normal to a carcinogenic state is multi-staged and influenced by both internal and external factors. 

Mutagenesis
A mutagen is an agent (physical or chemical) that affects the genetic material (DNA) of the exposed organism resulting in inheritable changes in the chromosomes.

It may cause cancer, birth defects, or undesirable effects in later generations.

People who work with a certain chemical may not be harmed, but their offspring can be.

Note:
Mutations in the genetic material of cells may make cell division ineffective or, alternatively, cause them to reproduce at an accelerated rate (cancer).

Reproductive Toxicity

Reproduction results from a complex series of events involving both parents.

Every step in the reproductive process is vulnerable to effects from external physical and chemical agents.
Reproductive abnormalities include changes in sperm count, sperm motility, libido, menstruation and cycle length, and fertility rate.

These and other changes can result in miscarriage, embryo toxicity, developmental defects, and stillbirth.

teratogenesis

Teratogenesis refers to congenital malformation of the fetus resulting from interference with normal embryonic development by a biological, chemical, or physical agent.

Exposure of a pregnant female may, under certain conditions, produce malformations of the fetus without inducing damage to the mother or killing the fetus.

Such malformations are not hereditary.

Note:
It is estimated that 10% of all birth defects are caused by prenatal exposure to a teratogenic agent.
These exposures include, but are not limited to: 


medication and drug exposures;


maternal infections and diseases; and 


environmental and occupational exposures.

Teratogen-caused birth defects are potentially preventable.

pregnant women in the workplace
A teratogen, by definition, is different from a mutagen in that it must affect a developing fetus.

It is thought that exposure to the teratogen usually occurs between conception and delivery.

This is extremely important today because of the very considerable pressure to address the topic of pregnant women in the workplace.

The fetus is protected from some toxic chemicals because the placenta prevents them from entering the fetal bloodstream.

However, many teratogens easily cross the placenta (e.g., lead, alcohol, ionizing radiation).

Note:
Damage to the fetus is most likely to occur in early pregnancy, particularly during the first 8–10 weeks; during much of this critical period, many women are not even aware they are pregnant.
It can be extremely difficult to establish specific cause-and-effect relationships between a teratogen and the birth defect it can produce.

The fact that there are pregnant women in the workplace and that they can be exposed to teratogens leads to a problem in setting occupational health standards.

Although one way to solve this problem is to restrict the activities of fertile women in the workplace, this practice is not longer legally acceptable (see Auto Workers v. Johnson Controls).

Also, the potential for adverse effects on the male reproductive system cannot be overlooked.

Basis for Workplace Standards
Chemical analogy, animal experimentation, in-vitro testing, and human epidemiologic data are the bases for establishing workplace standards for substances.
Chemical Analogy

When dealing with a new chemical, animal or human toxicity data are usually unavailable.

However, the nature of response to a chemical can be assumed to be analogous to that produced by contact with a substance with a similar chemical and biological structure.

Animal Experimentation

Because there is often little or no information available about new chemicals, an important method of developing such new information quickly is animal experimentation.

Experiments on animals are conducted before introducing chemical agents into the workplace to identify their toxic effects.

Once understood, preventive measures can be designed to protect workers and emergency procedures can be put in placed to minimize accidental exposure.

exposure standards

To determine the toxicological effects of vapors, gases, fumes, and dusts, animals can be exposed to known concentrations for controlled periods of time.

The animals must be observed daily to determine physiological responses during the exposure and post-exposure period.

All animals are sacrificed on the end of experiments and their internal organs examined and weighed.

screening procedures

Toxicological screening should ideally include both acute toxicity studies, studies of repeated exposure at short intervals, and long-term exposure studies.
It is difficult to duplicate in animal experiments the precise situation to which humans can be exposed.

Preliminary studies are necessary to select species that absorb and metabolize related classes of chemicals in ways similar to humans.

Chronic toxicity studies involve repeated administration of test substances.

However, chronic effects can be expected from a single exposure if the body stores the material.

Repeated administration of the test substance is useful in the investigation of such problems as cumulative toxicity and tolerance.

problem areas
Animal testing provides only an estimate of the toxicity of a chemical for humans.

Because the primary concern is the prevention of harm to humans, the limitations inherent in animal-derived data should be recognized.

Whether human response will resemble that of the most reactive or the least reactive species tested is often not known.

Whether the animal response is an exact parallel to human response cannot always be predicted.

In-vitro Testing

As a result of increasing costs and social pressures to eliminate use of animals for toxicological testing, laboratory methods are being developed.

Depending on the effect or property being studied, different test materials or biological media may be used.

Tests being developed or already in use involve human or animal tissue and cells, microbial agents, artificial human organs, human tissue and DNA.

Human Epidemiological Data
Records of human experience for exposures to many substances are available that pertain to health effects that are measured in groups of exposed humans.

This is particularly true for older chemicals (e.g., carbon monoxide, lead).

Epidemiological data can be descriptive, retrospective, or prospective.

Note:
Ethical and legal considerations preclude the intentional infliction of harm on humans.

For this reason, we must rely on incidences of unplanned exposures.

descriptive studies
Descriptive studies identify a change or difference in prevalence of disease in a subgroup of the population.

A statistical study to identify patterns or trends between groups of people
Cannot ascertain the causal linkages but can be used to form a working hypothesis for further investigation.

(e.g., cancer risk mapping)

retrospective studies

Retrospective studies reveal a relationship between a substance and a certain effect caused by exposure that occurred months or years before the initiation of the data collection.

Compare medical records for exposed group and non-exposed group.

All events – exposure, latent period, subsequent outcome – have already occurred.

(e.g., double-decker buses in London:  drivers v. conductors

prospective studies

Prospective studies can define more precisely the temporal relationship and the magnitude of the risk by measuring present and future health effects as, or after, the exposure occurred.

Note:
Epidemiological analysis may reveal the relationship between time of occurrence of an adverse effect and age at the time of first exposure.

Attempt to identify or clarify the influence of other variables/exposures in combination with the agent under study (e.g., cigarette smoking among asbestos workers).

Federal Regulations
The federal regulations with implications for industrial toxicology include the Occupational Safety and Health Act of 1970, the Toxic Substances Control Act of 1976, and various NIOSH, OSHA, and EPA standards.

Occupational Safety and Health Act of 1970 (OSHAct)
The OSHAct is administered by the Occupational Safety and Health Administration (OSHA), which has the authority to regulate occupational exposure to physical hazards and hazardous substances in the work environment.

OSHA monitors health and safety in the workplace, setting standards for:


worker exposure to specific chemicals; 


for permissible exposure levels (PELs); and 

for monitoring procedures.

It also provides research, information, education, and training.

By establishing the National Institute for Occupational Safety and Health (NIOSH), the act provided for studies to be conducted so the at regulatory initiatives can be based on the best available information.

Right-to-Know Regulation

In 1983, OSHA enacted the Hazard Communication Standard (29 CFR 1910.1200).

Sets the standard for worker notification and training for chemicals in the workplace.

This is known as the HazCom or right-to-know regulation.

PELs

OSHA has adopted Permissible Exposure Limits (PELs) for more than 400 substances.

Although OSHA initially adopted Occupational Exposure Levels (OELs) recommended by the American Conference of Governmental Industrial Hygienists (ACGIH), it has subsequently relied on NIOSH research, evaluations, and recommendations.

The ACGH is a private organization that began publishing OELs in 1946 that are called Threshold Limit Values (TLVs®).

The original TLVs were not established on the basis of carcinogenic, mutagenic, or teratogenic properties, and synergistic effects of chemical mixtures were not included in tests used to determine the TLVs.

The American Industrial Hygiene Association is a professional organization that has also developed OELs that are called Workplace Environmental Exposure Limits (WEELs)

Toxic Substances List

The OSHAct requires the annual publication of a list of all known toxic substances by generic, family, or other useful grouping, and the concentrations at which such toxicity is known to occur.

OSHA also requires employers to monitor employee exposure to toxic materials and to keep records of such exposure.

The Registry of Toxic Effects of Chemical Substances (RTECS) is a compendium of toxicity data and is intended to serve as the required toxic substances list.

The purpose of the Toxic Substances List is to identify all known toxic substances in accordance with standardized definitions that can be used to describe toxicity.

Note:
Being on the list does not automatically mean that a substance is to be avoided, but that it has been found to be hazardous at the doses or exposure levels listed.

The absence of a substance from the list does not necessarily indicate that a substance is not toxic, but rather that the does that causes the toxic effect is not known.

hazard evaluation

Hazard evaluation involves a measurement of the quantity available for absorption by the user: 


the amount of time available for absorption; 


the frequency with which the exposure occurs; 


the physical properties of the substances; 


toxicological properties and potency; and 


the presence of other substances (toxic or non-toxic), additives, or contaminants.

Toxic Substances Control Act of 1976 (TSCA)

TSCA is administered by the Environmental Protection Agency (EPA) and covers almost all chemicals manufactured in the United States.

This list excludes certain compounds covered under other regulations such as the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).

TSCA requires chemical manufacturers and processors to develop adequate data on the health and environmental effects for the chemicals they produce.

Companies are required to notify the EPA 90 days before manufacturing any new chemical and to provide test data and other information about the safety of the product.

The EPA has the authority to ban or regulate such chemicals

Note:
The EPA is required to ban or restrict the use of any chemical presenting an unreasonable risk of injury to health or the environment.

NIOSH/OSHA Standards
Ventilation, appropriate hygienic practices, housekeeping, protective clothing, and pertinent training for safe handling may eliminate or reduce hazards that might exist.

A complete substance-specific standard includes: 


the regulatory exposure limit of the substance; 


the methods for collecting, sampling, and analyzing the substance; 


the engineering controls necessary for maintaining a safe environment; 


appropriate equipment and clothing for safe handling of the substance; 


emergency procedures in the event of an accident;


medical surveillance procedures necessary for the detection of illness or injury from inadvertent overexposure; and  


the use of signs and labels to identify hazardous substances.

NIOSH

criteria documents
Except in the case of emergency standards, the normal first step in the standard-setting process is the creation of a criteria document for the substance by NIOSH.

These documents are then forwarded to OSHA for consideration as permanent OSHA standards.

RELs

NIOSH also develops recommended exposure limits (RELs) for hazardous substances in the workplace.

Unless noted otherwise, RELS are time-weighted average (TWA) concentrations for up to a 10-hour workday during a 40-hour workweek.

current intelligence bulletins

Current Intelligence Bulletins (CIBs) are issued by NIOSH for more rapid dissemination of new scientific information about occupational hazards.

OSHA Standards

The U.S. Secretary of Labor is responsible for promulgating standards.
In some cases, a recommended standard is referred to an advisory committee for study and review.

OSHA standards are adopted after extensive review, including public hearings.

Although the standard-setting process is extremely thorough it is also lengthy and very costly, and has resulted in the promulgation of relatively few regulations (permanent standards).

Note:
OSHA PELs do not necessarily represent exposure limits below which no adverse health impact will occur.

The adoption of a PEL includes consideration of economic and feasibility factors.

Note the difference between public (OSHA) standards and private (ACGIH) standards.

ACGIH Threshold Limit Values (TLVs)
In addition to regulated PELs established and enforced by OSHA, many voluntary guides for exposure to airborne contaminants have been proposed.

The most widely followed are those issued annually by the American Conference of Governmental Industrial Hygienists (ACGIH) and are termed Threshold Limit Values (TLVs).

ACGIH TLVs are not recommendations of a government agency but are the product of a committee whose members are associated with government or academia.

Note:
TLVs (like many OHSA PELs), are not derived from cancer or reproductive risk data and, therefore, are not necessarily protective for those serious effects.

For carcinogens and some systemic toxins whose “no effect levels” have not been determined, PELS and TLVs often represent levels of exposure that will cause such occupational effects in a small proportion of workers (e.g., 1:1000) of those exposed.

Limitations of TLVs (OELs)

One of the fundamental tasks is assessing the possible degrees of exposure to a variety of substances in the work environment.

Because the most common route of entry for a chemical in the workplace is inhalation, the practice for many years has been to sample the air being breathed by the workers.

PELs are often the product of toxicologic and economic compromises and not exposure boundaries that protect all exposed workers.

Voluntary TLVs, are recommended as guidelines rather than a fine line between safe and unsafe.

There are certain shortcomings inherent in any air standard.


difficulty in acquiring a truly representative breathing zone sample


uncertainties about the extent of absorption of the amount inhaled


non-routine or non-repetitive work (air samples characterize work operations only on the day of the sample)


variations in particle size, absorption, and particle solubility


accidental or deliberate contamination of samples

Time-Weighted Average (TWA)
It is implicit in all TLVs (OELs) that measurements are made in the breathing zone of a worker and are obtained in such a way that a time-weighted average (TWA) can be calculated.
In general for an eight-hour workday:
TWA  =  CaTa  +  CbTb  + . . . CnTn
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where
T  =  the time of exposure period (assuming hourly samples)



C  =  the concentration of contaminant during that period

The TWA does not necessarily predict the amount of a substance that will be absorbed, but it does measure the amount that can be inhaled during a workday.

Example:
Air sampling may be conducted in the breathing zone, but it does not take into account that when concentrations are highest, the worker is breathing more rapidly and deeper.

Note:
It is inherent in the definition of a TWA that concentrations higher than the recommended value can be permitted for some periods of time as long as these levels are offset by periods of lesser concentration.

TWA for a substance is 7.0 ppm
Worker goes on shift at 0700.
0700-0800
  6 ppm

0800-0900
12 ppm

0900-1000
  9 ppm

1000-1100
10 ppm

1100-1200
  0 ppm (lunch break)

1200-1300
  5 ppm

1300-1400
  5 ppm

1400-1500
  7 ppm

1500-1600
  4 ppm

(6 ppm  1) + (12 ppm  1) + (9 ppm  1) + (10 ppm  1) +  (5 ppm  1) + (5 ppm  1) + (7 ppm  1) + (4 ppm  1)












8

=
58 ppm
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=
7.25 ppm
ceiling values
For some substances (primarily irritants), it is not advisable to permit concentrations substantially above the recommended TWA.

For these substances, the TWA (or PEL) will be designated with a C, which stands for ceiling.

Exposures should never exceed the ceiling limit.

STELs

The TLV (OEL) list also contains another listing of values for many substances that are called short-term exposure limits (STELS).

These represent exposure limits that should not be exceeded during a fifteen-minute period and are usually higher than the 8-hour TWA for the same substance.

mixtures

When two or more hazardous substances that act on the same organ system are present, their combined effect, not the individual effect of either component, should be given primary consideration.

In the absence of information to the contrary, the effects of the different hazards should be considered additive.

The formula for additive effects is as follows:

C1  +  C2  +  C3  +  . . . =  1


















T1       T2      T3
where
C  =  the observed atmospheric concentration








T  =  the corresponding TLV

If the sum of the factions is greater than one, then the TLV has been exceeded.

Note:
Antagonistic action or potentiation may occur with some combinations of contaminants.
Such cases must be determined individually.

carcinogens
Because causal mechanisms and dose-response relationships are not well understood for man carcinogens, OSHA and other regulatory agencies have typically performed complex and comprehensive risk assessments prior to recommending exposure limits.

The ACGIH has taken a different approach and rates substances according to a substance’s carcinogenic potential.

physical factors

It is recognized that such physical factors as heat, ultraviolet and ionizing radiation, and work under high atmospheric pressure or at a high altitude cause adverse health effects following sufficient exposure.

Certain physical stresses may also alter the response to a toxic substance.

The safety factors of most substances are not large enough to account for gross deviations.

Judgment must be exercised in the proper downward adjustments of the TLVs (OELs).

unlisted substances
Many substances used or created in industrial processes do not appear on any OEL list.

For many, there is insufficient information from which to derive an OEL.

Some substances of considerable toxicity have not been studies because only a limited number of workers have potential exposure (e.g., space shuttle tile replacers).

Selection of OELs

If possible, OEL values are based on human experience.
Epidemiological studies, which include environmental data and morbidity and mortality data, are the best possible basis for an OEL; however in most cases, such studies do not exist.

The preferred studies for determining acceptable exposure limits are those based on long-term inhalation tests involving several animal species at concentrations both above and below the lowest effect level.

The least useful toxicological data are those based on short-term oral intake, intended to measure the acute toxicity.

Note:
It is not surprising that the publication of new information often results in dramatic changes in some OELs.

Note:
The industrial hygienist must select the OEL to be used as the allowable limit for the exposure being measured.

In all cases the OSHA PEL must be complied with.

For most substances regulated by OSHA and many other s not addressed by OSHA, voluntary standards such as TLVs are often more current.

Biological Testing
A useful means of assessing occupational exposure to a harmful material is the analysis of biological samples obtained rom exposed workers.

Biological sampling; however, should not be considered a substitute for air sampling.

Ethical considerations also come into play (using workers as guinea pigs).

Biological analysis may provide:


an indication of the body burden of the substance; 


the amount circulating in the blood; or 

the amount being excreted

Note:
Most bioassays are confined to specimens of urine or blood.


Occasionally, analysis of samples of hair, nails, feces, or other tissues may be useful.

Whereas air monitoring measures the composition of the external environment surrounding the worker, biological monitoring/assays:


measures the amount of chemical absorbed via any route (lungs, skin, mucosa, etc.).

the effects of added stress (e.g., increased work load leading to higher respiration rates) are reflected in the results; and


for some chemicals, can be much more reliable indicators of health risks than measurements of air contaminants alone.

Analysis that can be performed on biological samples include:


analysis for unchanged substances in body fluids and tissues; 

People with virtually identical exposure histories can show a wide variation in response due to subtle differences in their rates of absorption tissue storage, or metabolism

Greater significance should be given to the variations in an individual’s level from period to period than to the variations between different individuals within a group.


analysis for a metabolite of the substance in body fluids or tissues; 

Many materials undergo detoxification in the body.

The body converts the material to something else that may reduce its ability to cause injury and/or be more easily excreted.

Occasionally, the conversion enhances the agent’s toxicity.

The conversion products may appear in the urine or blood as metabolites


analysis to determine the variations in levels of naturally occurring substances in body fluids or tissues

Note:
Some harmful substances can be stored for long periods of time in various parts of the body.

The substances are unlikely to be evenly distributed throughout the body.

In many cases, the organ with the highest concentration of the material is the liver or kidney.
Urine, Blood, and Breath Analyses

For a few regulated substances (e.g., lead), OSHA has set biological limits.
For many others, ACGIH has adopted a set of advisory biological limit values called the Biological Exposure Indices (BEIs).

These indices use urine, blood, or expired air.

Because the collection of urine, blood, or breath samples requires the use of medical personnel, most programs of biological monitoring become a cooperative effort between the safety, industrial hygiene, and medical departments.
Tests for the level of metabolites of toxic agents in the urine, blood, and breath have found wide use in industrial toxicology as a means of evaluating exposure of workers.

The concentration of the metabolic product is related to he exposure level of the toxic agent.

An increase above normal levels indicates that an overexposure has occurred, thus providing a valuable screening mechanism.

Note:
For many other substances, the correlation between bioassay tests and symptoms is so poor as to render a biological analysis of little value.
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