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CAHPTER 15 –  HAZARD EVALUATION
Introduction

In industrial hygiene, evaluation is the decision-making process that assesses the hazards to workers from exposures to chemical, physical, and biological agents.

The actions taken to protect workers are based on a combination of observation, interviews, and measurement, followed by an assessment of the effectiveness of control measures.

General Principles

3.3 million occupational work-related injuries and illnesses in private industry occurred in 2009.

The actual number is much larger because:

-
many occupational illnesses are unrecognized;

-
many injuries and illnesses are not reported; and

-
the public sector is not included in the count.

The Bureau of Labor Statistics (BLS) in six states missed 340,000 job injuries, with 69,000 injuries never reported to either BLS or worker’s compensation.

Given the weaknesses of the data systems, a focus on evaluation of hazards is even more important.

The task of evaluating the nature and severity of hazards and prevention of disease, injury, and death relies on judgment based on many factors:


toxicity;

capacity of an agent to cause harm, target organs


exposure levels or dose;

amount workers absorb through all routes of entry


duration of exposure;

length of time worker is exposed to the agent


process or operation analysis;

awareness of operations from raw material through their transformation


maintenance activities, spills, and accidents;

knowledge of acute incidents such as spills, leaks, and releases


epidemiology and risk assessment;

literature review of population-based research and case-based surveillance


interview;

information obtained from workers regarding symptoms and activities


unequal distribution of risks; and

awareness of at-risk populations


variability of response

the way individuals vary in their susceptibility (age, size, general health)

The purpose of evaluation is the prevention of hazardous exposures and resulting adverse health effects.

Industrial hygienists can prevent illness through recognition and correction of hazards before they cause harm.

Basic Approach to Hazard Recognition
Almost any work environment has either potential or actual environmental hazards that the health and safety professional must recognize, measure, and monitor.

A basic, three-step, systematic procedure can be followed in the recognition of occupational health hazards whether a chemical, physical, or biological agent is involved.


consideration of the raw materials being used, and the potential of those materials to do harm;


how these raw materials are modified through intermediate steps;


evaluation of the finished product and by-products (including wastes).

Note:
It is important to perform this final evaluation under both normal operating conditions and under anticipated emergency conditions.

Any job can include physical hazards as well as chemical hazards.

Energy uses, electromagnetic fields, noise sources, fire hazards, physically demanding tasks, and material-handling jobs must all be noted.


acute traumatic injury hazards include:

-
vehicles (automobiles, forklifts, overhead cranes);

-
sources of energy (mechanical, electrical, thermal, chemical).

cumulative, long-term injury hazards include:

-
postures of work (e.g., sitting, standing, pushing, twisting, lifting);

-
vibration;

-
radiation;

-
barometric pressure;

-
temperature extremes;

-
lighting levels.


biological hazards include:
-
infectious agents (bacteria, viruses, parasites, fungi);
-
toxins/endotoxins;
-
invertebrates (spiders, ticks, mites);
-
large invertebrates (snakes, bats, birds, bear).

psychosocial hazards include:
-
high job demands coupled with low control;
-
machine pacing;

-
boring, repetitive tasks;

-
shift work;

-
harassment or bullying;

-
job insecurity.
Review of Literature

NIOSH and OSHA have:

-
pamphlets, criteria documents, reports, technical bulletins
-
industry sector characteristics and common violations

-
maintain mailing lists and e-newsletters

Inventory

A list should be prepared of all chemicals present in the facility.

The chemical inventory is required by OSHA’s Hazard Communication standard (29 CFR 1910.1200).
Note:
Must provide a Safety Data Sheet (SDS) for each product for every chemical, the relevant standards should be looked up


legal standards

OSHA’s permissible exposure limits (PELs)

set the maximum boundaries for allowable worker exposure


guidelines

NIOSH’s recommended exposure limits (RELs)

ACGIH’s threshold limit values (TLVs)
It has been estimated that over 1000 new chemical products are introduced into the workplace every year.

There are tens of thousands of chemicals in widespread commercial use.

Of these, only 5000 have ever been tested for toxicity.

Only 500 chemicals have specific limits set by OSHA.

Therefore, unfortunately, there are no standards or guidelines for most chemicals that reflect current experience or research.

Note:
The inventory can be extended to include physical, ergonomic, biological, and psychosocial hazards.

Any inventory should be maintained, updated, and used to develop, manage, and evaluate the appropriate health and safety programs.

Description of Process or Operation

The inventory process provides information about the identity of the hazards present, but it cannot indicate the degree of risk from actual exposure to those materials.
-
does not quantify the amounts employed in the process;

-
does not indicate how or where they are used or produced;

-
does not detail at what point, via what route, or for how long employees are exposed.

The severity of the hazards present depends on the:


potential for worker contact;


duration of exposure; and 


concentration of exposure.

Information about the industrial processes and operations is needed to link the hazardous materials to their use in production and to personnel contact.

There are numerous industrial operations that should immediately alert the health and safety professional to a potential health hazard (see Table 15-B in text).

-
abrasive blasting;

-
acid/alkali treatments;

-
blending and mixing;

-
crushing and sizing;

-
degreasing;

-
electroplating;

-
furnace operations and forging;

-
grinding, polishing, and buffing;

-
radiography; and

-
machining;
-
materials handling and storage;

-
mining;

-
painting and spraying; and

-
soldering, welding, and metal cutting.

Note:
After a list of process operations that possibly produce harmful air contaminants has been prepared, certain operations should be selected for closer scrutiny.
Process Flow Sheet
A process flow sheet may be less useful in workplaces where tasks vary from day to day, depending on the products being made, work assignments, and other factors.

Chemical process companies involved with the manufacture of large volumes of chemicals used closed systems.

Although chemicals are not routinely released to the atmosphere, exposure to air contaminants in work areas arises from:

-
leaks (joints, fittings, closures);

-
charging the system (loading raw materials);
-
intentional releases of contaminants (sampling points, QC checkpoints);

-
stack gases;

-
accidental or unintentional releases (equipment malfunction or failure); and

-
maintenance or repair activities.

Checklists
A checklist for evaluating environmental hazards that can arise from industrial operations can be created (standard templates are often available).

Such a checklist should be modified to fit each organization’s particular situation.


overall process or operation
List all hazardous chemical, biological, or physical agents used or formed during the process.

-
list the conditions necessary for the agent to be released into the workroom atmosphere;

-
review storage of raw materials, finished product, and hazardous waste;

-
consider transport and disposal (including spills);

-
list the background airborne concentration levels in the workroom;

-
review fire safety; and

-
list the levels of those physical agents that are normally present.


equipment

Conduct all of the following procedures, listing those pieces of equipment that contain sufficient hazardous materials or energy that a hazard would be produced if their contents were suddenly released.

-
list the equipment that could release hazardous physical agents during normal or abnormal operations;
-
list the equipment that can produce hazardous concentrations of airborne contaminants

(identify the control measures installed to minimize the hazard)

-
list equipment with components that are likely to fail or to leak hazardous materials

-
label all chemical containers, transport vessels, and piping systems

(in accordance with OSHA hazard communication standard)

-
ensure that all equipment can be correctly locked out and tagged out during necessary procedures.


cleaning methods

Cleaning operations should be noted to identify hazardous materials and processes.

The common feature of all the primary cleaning/disinfecting operations used in industry is that by some physical and/or chemical action, a contaminant is dislodged from the surface to which it was adhering and could be released into the work environment.

-
manual wiping;

-
chemical stripping and degreasing;

-
use of hand-held or mechanical brushes;

-
scraping and sanding;

-
dry sweeping or wet mopping;

-
wet sponging;

-
spraying cleaning products;

-
abrasive blasting;

-
steam cleaning;

-
using compressed air; and

-
using vacuum-cleaners.

Note:
In addition, the cleaning agent used to remove a hazardous material might introduce another, equally hazardous, chemical into the workplace.
Process Safety Management
Inherent in the use or storage of large quantities of highly hazardous or flammable chemicals is the risk of catastrophic releases that would prove injurious or fatal to employees and those living in the immediate vicinity of the facility.

Process safety management is a systematic approach to evaluating an entire process for the purpose of preventing such unwanted releases of hazardous chemicals.

In 1992, OSHA promulgated 29 CFR 1910.119 (Process Safety Management for Highly Hazardous Chemicals) for the proactive identification, evaluation, and mitigation or prevention of chemical releases.

This standard mandates process safety management for companies that use or store large quantities of highly hazardous or flammable chemicals in one location.

Directed toward evaluating potential causes and consequences of fires, explosions, releases of toxic or flammable chemicals, and major spills of hazardous chemicals.

This standard requires these companies to implement a program that incorporates analyses, written operating procedures, training, inspection and testing, and safety reviews for their own employees and for contractors.

Note:
For the health and safety professional, a process-hazard analysis can provide the starting point in an overall hazard evaluation.

Field Survey
Thus far in the evaluation process, most of the research has probably been conducted outside of the workplace.
Process diagrams, literature searches, and inventories can all be reviewed in the office, but evaluation requires on-site and direct observation, measurement, and interviews, and interpretation of the collected information.

It is at this point that the anticipated hazards must be integrated with actual conditions, whether it be for the evaluation of compliance, insurance purposes, expert testimony, investigation of a complaint, or development of a comprehensive health and safety plant.

This usually begins with a walk-through of the workplace.


walk-through

The walk-through, or initial field survey:

-
follows the flow of materials in to a facility

-
through all the various process involved in the operation

-
to shipping of finished products

-
to tracking of unwanted wastes.

The focus of the initial walk-through should be:

-
on the individual operations within a building.

-
include non-production areas

-
conducted with someone familiar with both the process design and usual operations

Note:
This activity can be used to meet operators of key processes, areas supervisors, and other health and safety personnel.


sensory perception

This activity involves the use of sensory perceptions to note potential hazards.

-
visual

Dusty operations, patterns of shavings or powder on the floor, overspray on walls, puddles underneath valves, unusual wetness in unused areas.
-
auditory
Whenever the tour guide must move closer to the industrial hygienist to be understood, it is likely that noise levels are excessive.

-
olfactory
The presence of many vapors and gases is detectable by smell.

The sense of smell fatigues with time and is variable from person to person.

It is important to note that absence of an odor or irritation does not necessarily mean the absence of a chemical exposure.

Note:
These sensory impressions do not necessarily reveal an overexposure, but they can provide important clues to a potentially hazardous source.


control measures in use
The types, locations, and effectiveness of control measures should be appraised.

Existing hazards should be controlled by means of:

-
engineering controls

Ventilation design (local exhaust, general dilution ventilation) should be appropriate for the hazard and the process.

Homemade ventilation may be inadequate.

Shielding (from noise, radiation) should be appropriate.

-
administrative controls

Job rotation, scheduling, enforcement of lock-out/tag-out, are not always obvious.

-
personal protective equipment

The availability of appropriate PPE, and its proper use, cleaning and storage should be noted.


observation and interview

Observation and interviews with workers can reveal the best information regarding hazard evaluation and adequacy of controls.

-
observation

The activities of workers performing their jobs and noting all opportunities for exposure by inhalation, ingestion, and dermal absorption.
Must be done without altering the behavior of the workers being observed.

-
interview

Without jeopardizing worker confidentiality, employees should be interviewed regarding: 

-
the content of their jobs;

-
how they spend their time

-
exposures of concern; and 

-
any health-related symptoms or concerns.

Monitoring and Sampling
There are a number of reasons why environmental measurements should be taken in the workplace:

-
evaluating the degree of employee exposure to hazardous agents (primary concern)

-
identification of the tasks or processes that could be sources of peak exposures;

-
evaluation of the impact of process changes and control-measure effectiveness; 

-
compliance with occupational and environmental regulations;
-
deciding if an area is clear for re-occupancy;

-
deciding if a confined space is clear for entry;

-
establishing background or usual concentrations; and

-
warning of a peak release of a hazardous agent.

Monitoring


Monitoring is a continuous program of observation, measurement, and judgment.

It is more than just sampling or examining the medical status of employees.
It is a combination of observation, interview, and measurement that permits a judgment to be made relative to the potential hazards and the adequacy of protection afforded employees.

Most often, it includes:

-
personal monitoring;

-
environmental monitoring, and follow-up 

-
biological monitoring; and 

-
medical monitoring.


personal monitoring

Personal monitoring is the measurement of a particular employees exposure to airborne contaminants and, in theory, reflects actual exposure to the employee.
It is usually done during a specific time period (often an 8-hour shift, or a 15-minute period to ensure compliance with PELs or STELs).

The measurement device (dosimeter) is placed as close as possible to the hazardous agent’s route of entry into the body (e.g., in the breathing zone for airborne contaminants, near the ear canal for noise).

Note:
Even with proper placement of the dosimeter, there is no guarantee that results of personal sampling will reflect actual exposure levels, since some materials can be absorbed through the skin or mucous membranes in addition to being inhaled.

-
active sampling

Relies on portable, battery-powered sampling pumps.

-
passive sampling

Relies on contaminant-specific badges.


area monitoring
With area monitoring, exposure is measured in terms of the ambient air concentration of a particular substance in a given area over a given period of time.
Areas sampling is an important technique to determine the need to develop, implement, or improve control measures.

Equipment can be larger and more rugged, centralized analytical devices can be attached to remote probes can be run to a centralized analytical device, and an alarm can be sounded if a preset limit is exceeded.

In most processes, airborne concentrations of materials usually vary over time.

Only extensive, continuous sampling can provide information about such fluctuations at any given location.

Disadvantages of area sampling include:

-
the need to inspect the equipment regularly to ensure no data is lost due to equipment malfunction; and

-
underestimation of exposure if probes are not properly located (i.e., not in the locations where workers are).


biological monitoring

Biological monitoring can be used to assess workers’ total exposure to chemicals or provide information about the impact of workplace hazards on health.

Biological monitoring provides information about absorption of hazardous substances by all routes of exposure.

There are three categories of biological monitoring:

-
measurement of the contaminant itself
A worker’s exhaled air, blood, or urine is tested to evaluate the concentrations of a hazardous chemical actually absorbed by a worker.
-
measurement of a metabolite of a chemical

Sometimes, a hazardous chemical cannot be measured directly, but a metabolite can be.

-
measurement of enzymes or functions that reflect harm caused by a hazardous exposure

Sometimes the adverse effect of a workplace exposure is only revealed when medical evaluation reveals an unusual laboratory result or abnormal function test.

Note:
Biological monitoring may be an important component for evaluating illness and linking symptoms to exposures, but caution should be exercised in its use and interpretation.
The significance of results from biological monitoring is open to interpretation (e.g., interpretation of medical x rays is known to be inconsistent).


medical surveillance monitoring
Medical surveillance can extend beyond biological monitoring of individual workers:

-
incorporate screening of exposed populations (e.g., audiometric testing, liver function testing, lung x rays).

Positive changes from the baseline should lead to further evaluation or medical treatment.

-
early detection of disease or conditions
The affected worker should be removed from the hazardous exposure and receive needed medical treatment.

Incorporated in OSHA standards for cadmium and lead exposure.

-
preventative hazard control
Regular or routine testing (e.g., urinalysis) can provide early detection that might reflect a breakdown in controls.

Note:
OSHA has proposed that medical screening and evaluation be used to measure the effectiveness of its PELs.

If workers exhibit adverse health effects, while at the same time monitoring results show compliance with OSHA’s standards, the OSHA will use the results to re-examine the adequacy of the PEL and/or the adequacy of the measurement technique.
Over 30 OSHA standards currently have requirements for medical examinations focusing on either medical screening of individuals or surveillance of exposed groups (see Table 15-E in text).


biological exposure indices

The concept of biological monitoring has led ACGIH to develop a list of Biological Exposure Indices (BEIs).

Similarly, OSHA has incorporated requiring biological monitoring into several standards (see Table 15-E in text).

NIOSH has promoted the use of medical screening and biological sampling results to investigate occupational exposure and illnesses.


combined effects

At present, very little is known about how the body integrates two or more different types of stress and the resultant strain even when the multiple stressors are of the same type (e.g., chemicals).
The usual assumption is that chemicals affecting different organs or tissues should be considered independently, whereas those that affect the same organ or tissue should be considered jointly because they may produce additive or synergistic effects.

Synergism is known to occur with certain exposures (e.g., smoking and asbestos exposure).

One study looked at the effects of different chemicals on hearing:

-
direct effects

trichloroethylene, arsenic, heavy metals, and manganese caused hearing loss

-
synergistic effects

carbon disulfide and toluene acted synergistically with noise to increase hearing loss

Note:
The OSHA airborne exposure limits, as well as the RELs and TLVs have been developed under the assumption that workers are exposed to chemicals one at a time.

In fact, exposure to just a single chemical rarely occurs.

One method to calculate the alteration in guidelines necessary to evaluate combined exposure is to add concentrations as a fraction of their respective TKSs.

If the total equals or exceeds one, then an overexposure has been detected.

This is not a conservative approach, because it assumes additive effects and allows excessive exposures if the effects are synergistic.

Sampling


strategy

The preliminary research and initial field survey help identify potential hazards to which workers may be exposed.

The next task is to devise a sampling strategy to determine:

-
the intensity of exposure;

-
the source of the hazard(s); and

-
the adequacy of controls in place.

Included in the plan must be:

-
a consideration of the sources of error;

-
the desired degree of precision and accuracy of measurements; and

-
the degree of confidence needed for interpretation of results.


worst-case approach

If the industrial hygiene sampling is conducted to evaluate a problem, the sampling strategy can be design to measure the “worst-case.”

This approach involves the process of evaluating the greatest exposure during the longest exposure time to the highest expected concentration

Evaluating the worst case first offers three advantages:

-
designed to solve a problem

Measuring the concentration of the chemical believed to have caused health symptoms and concerns helps identify the source, improve the controls, and correct the problem.

-
training/educational aide
Results teach employees valuable lessons about indicators of equipment malfunction, the warning signs of over exposure, and the impact of work practices on hazard exposures

-
assurance
If lower than the referenced OELs, it allows assumptions and assurances to be made regarding shorter-term, lower-level exposures.


typical-condition approach
This is not always as easy as it sounds.

Day-to-day variations may make a typical exposure difficult to determine and measure.

-
hazardous agent concentrations typically vary

-
worker schedules and activities typically vary

-
worker behavior may vary (typically take more precautions when they know they are being monitored).

Note:
A good sampling strategy makes use of both ‘worst-case’ and ‘typical-condition’ sampling methods.

what to sample
Samples should represent workers’ exposures.

Decisions about which chemicals to evaluate should be based on such factors as:

-
quantities and methods of use

-
worker reports of adverse experiences

-
concerns regarding highly toxic, volatile, carcinogenic, or teratogenic; and

-
percent representation in mixtures.


how to sample
-
time-weighted averages

The NIOSH Manual of Analytical Methods can be referred to for the correct sampling methods that have proved to be reproducible.

-
grab sampling

In these methods, a specific release point is monitored at a specific time in the process by “grabbing” a volume of air, which is then analyzed.

-
direct-read instruments

Available for a number of different chemical, physical, and radiation hazards.

Provide information immediately about current conditions.

Can be used to detect hazardous agent sources and leaks, and can be used to make rapid changes in operating conditions.

Note:
Materials that are not listed in the NIOSH manual are more difficult to evaluate, and an accredited laboratory should be consulted.

where to sample

-
personal monitoring

Used to evaluate actual exposures to an individual by sampling for specific agents in the worker’s immediate vicinity.

-
area monitoring

Provides information about the amount and type of contaminant exposures found in a fixed area of interest (typically a work area that is generally occupied by employees).


whom to sample
If the initial determination indicates the possibility of excessive exposure, measurements of the most highly exposed employee should be made.

-
proximity

This can be accomplished by observing the point-of-release and selecting the employee who is closest to it.

However, due to air movement patterns, the maximum-risk employee might be located some distance from the source.

-
work habit

Differences in work habits of individual workers can significantly affect levels of exposure.

Individual methods of performing work could affect the contaminant concentration each is exposed to (e.g., one worker ‘sets’ bags down, while another ‘tosses’ bags down).


when to sample

-
season-to-season variations

When ventilation levels change with seasons (e.g., windows open during summer, but shut during winter), samples should be taken during both periods.

-
air-conditioning
If air-conditioning is used, levels of contaminant may be fairly consistent throughout the year and only one sampling period may be necessary.

Be cautious of variations in make-up air.

-
work-shift

If more than one work-shift occupies the same area throughout the day, samples should be collected during each shift.


how long to sample

The volume of air sampled and the duration of sampling is based on:

-
the sensitivity of the analytical procedure or instrument;

-
the estimated air concentration;

-
the OSHA standard or TLV for the particular agent.

Note:
The appropriate time period is specified in the regulatory upper limits (8-hour shift for TWAs, 15-minute period for STELs).

Longer work-shifts require recalculation of the relevant standard.


what to note while sampling
Accurate record-keeping is essential for the correct interpretation of sampling results.

-
fundamental records (e.g., for air sampling):

-
total time sampled;

-
pump flow rate (beginning and end);

-
location of sampled area or identification of monitored personnel; and

-
description of process being evaluated

-
supplemental notes

-
engineering controls present

-
location of any local or general exhaust ventilation

-
any system deficiencies at time of sampling

-
any process(es) close enough to affect the sampling results;

-
used of personal protective equipment; and

-
observations of work practices.


how many samples to take
There is no pre-determined number of samples that must be taken to adequately evaluate a worker’s exposure.

The number of samples taken will depend on:

-
the purpose of the sampling;

-
the number of different tasks a worker performs in a given day; and
-
the variability inherent in the contaminant-generation process.


when to stop monitoring

For the chemicals it regulates, OSHA requires that monitoring be conducted on a routine basis.

The frequency of sampling depends on the substance and the results form the initial or most recent monitoring.

Any change in process or engineering controls requires additional sampling to assess the effects of the change.


who should conduct sampling
It is crucial that those conducting sampling be adequately trained and supervised by a professional industrial hygienist.

They must be:

-
cognizant of the potential for error; 

-
ensure proper calibration, maintenance and use of sampling equipment;

-
familiar with potential problems and how to resolve them;

-
aware of the limitations of sampling

-
know how to integrate observation and interviews with quantitative measurements; and

-
know when it is not necessary to sample.


required accuracy and precision
Although the word ‘sampling’ is commonly used, its full implications are not always realized.

To sample means to measure only part of the environment, and, from the measurements taken, infer conclusions about the whole.

In all sampling methods, there are both systematic and random errors to consider that can affect the interpretation of results and, therefore, final judgment about the work environment as a whole.

Any exposure average calculated from measurements is only an estimate of the true exposure.

It is important to recognize, preferably in advance, where possible sources of error lie (to eliminate or control them) and to account for them in the interpretation of results.

accuracy
Accuracy refers to the relationship between a measured value and the true value, therefore, for a measurement to be accurate, it must be close to the true value.

Accuracy is affected by controllable sources of error known as systematic errors.

Such errors include:

-
method error (incorrect calculations);

-
personal error (carelessness); and

-
instrument error (poor calibration).

Systematic errors contributed a consistent bias to the results that render those results inaccurate.

Where possible, these errors must be identified before sampling is performed, and eliminated or controlled.


precision

Precision is the degree of agreement among results obtained by repeated measurements under the same conditions and under a given set of parameters.

Precision is affected by random errors, which cannot be controlled.

Such errors include:

-
intra- or inter-day concentration fluctuations; 
-
sampling equipment variations (e.g. pump flow variations); and

-
analytical method fluctuations (variation in instrument response).

Random errors cause variability among the sample results.

Statistical techniques are used to account for random error.
Note:
It is possible for a measurement to be precise but not accurate, and vice versa.

To ensure accuracy and precision, the following guidelines should be used:
-
manufacturers’ data for direct-read instruments should be obtained stating the accuracy and precision of their method;

-
a calibration schedule should be established and documented for all sampling equipment;

-
the NIOSH manual of Analytical Methods should be consulted for accuracy and precision methods chosen; and

-
only laboratories that participate in industrial hygiene quality control programs should be used.

Interpretation of Results
Interpretation of the results obtained from sampling is the next step in evaluating the workplace environment.

There are times when the interpretation of results is not a completely straightforward process, and it is always important to keep in mind why the sampling was done.
-
compliance

OSHA standards

-
good practices and worker protection

ACGIH TLVs and NIOSH RELs

Note:
It is important to know whether the referenced standard is mandatory or recommended, and whether there is evidence for harm at lower concentrations.

The first step in evaluating sampling results is to compare them with the relevant standards and guidelines.
The legally enforceable maximum allowed exposures in general industry are the OSHA permissible exposure limits (PELs).

Sampling results greater than the PEL can result in citations and fines.

-
time-weighted averages (TWAs) – (most PELs are TWAs)

-
short term exposure limits (STELS) – (usually assed over 15-minutes)

-
ceiling limits (C) – (should never be exceeded)


excursions
Time-weighted averages (TWAs) concentrations imply fluctuations in the level of air-borne contaminants.

Excursions above the TLV are permissible if equivalent excursions below the TLV occur.

The TLV booklet stipulates that:

-
short-term exposures may exceed three times the TLV for no more than a total of 30 minutes during the workday

-
under no circumstances should exposures exceed five times the TLV (if the TLV-TWA is not exceeded);

-
in some cases, a specific short-term exposure limit (STEL) has been established.

Limitations of Standards
Any sampling result that is less than the PEL is considered to be in compliance with the law.

This evaluation is often misinterpreted as meaning a ‘clean bill of health.’

There have been many criticisms of the OSHA standards:

-
they only evaluate inhalation exposures;

(do not account of ingestion or dermal co-exposures)

-
they are out of date

(most based on 1968 ACGIH TLVs);
-
they are based on inadequate research that fails to consider chronic toxicity;

(do not address sensitization, reproductive toxicity, neurological changes, etc.)

-
they were based data on workers who were mainly white and male;

(exclude analysis of non-white and female workers)

-
they allow a level of risk not tolerated for general environmental exposure;

(1:1000 cancer risk for workers v. 1:1,000,000 for environmental exposures)

-
they fail to account for multiple exposures 

(additive or synergistic effects)

-
they fail to offer comprehensive protections;

(offer limits for less than 10% of chemicals in widespread use)

-
represent a political compromise regarding economic feasibility

(rather than representing a health-based guideline)

Note:
Industrial hygienists sometimes analyze sampling results and conclude that compliance with PELs is not sufficient to guarantee health in the workplace.

Where NIOSH RELs and ACGIH TLVs differ from PELs, these guidelines provide additional benchmarks that represent conclusions from research designed to further control exposures.
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