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CHAPTER 18 – METHODS OF CONTROL
Introduction

The general principles and methods involved in controlling occupational health hazards will be discussed.
The objective of occupational health hazard control is to ensure that exposure to harmful chemical stresses and physical agents does not result in occupational illness.

The quantities of interest that must be measured are:

-
the concentration (intensity) of the particular hazard; and

-
the duration of exposure.

The types of industrial hygiene control measures to be instituted depend on:

-
the nature of the substance; and

-
its routes of entry.


traditional industrial settings

(e.g., factories, mills, repair/maintenance shops)


non-traditional workplaces

(e.g., laboratories, offices, hospitals, schools, construction sites)
Note:
Non-traditional workplaces requires an understanding of the toxicology of a broad range of potential hazards, including biological agents, chemicals, construction materials, and physical stressors, as well as an understanding of process technologies and work practices.

To lower exposures, the industrial hygienist must determine: 
-
the contaminant source;

-
the path it travels to the worker; and

-
the employees’ work pattern and use of protective equipment.

Methods of Control

The methods of control of health hazards in the work environment are divided into the following categories:


engineering controls

(remove or reduce the hazard)
Can be achieved either during the initial engineering design specifications or by applying methods of substitution isolation, or ventilation.

Engineering controls include:

-
ventilation (to minimize dispersion of airborne contaminants):

-
isolation of a hazardous operation or substance (by means of barriers); and 

-
substitution of a material, equipment, or process (to provide control of a hazard).

Note:
Engineering controls are to be used as the first line of defense . . . OSHA mandates the use of engineering controls to the extent feasible.


administrative controls

(minimized employees’ exposure)
scheduling reduced work times, good work practices, and employee training


personal protective equipment

(last line of defense)

Can be used in conjunction with engineering and administrative controls.

Note:
To prevent exposure to highly toxic materials, the OSHA standard for carcinogens (29 CFR 1910.1003) requires implementation of stringent controls that incorporate the use of engineering, administrative, and personal protective equipment exposure controls together.
Engineering Controls at Design Stage

The best time to introduce engineering controls is when a facility is in the design phase, because at this time control measures can be:

-
integrated more readily;
-
reconciled with regulations; and
(when more than one regulatory agency is involved, the more stringent standard can be assumed as controlling)

-
less costly than developing design changes or retrofitting.
Note:
It is important that the design specifications contemplate the control of moisture to minimize the likelihood of microbial growth.

All systems and components should be designed so airborne contaminants are kept below their acceptable TLVs.

Isolate process equipment and vent to a scrubber, absorber, incinerator, or particle collector.

If feasible, remotely control the process from a protected control room.

Two types of interrelationships exist:


accumulation

Occurs when additional operations (e.g., welding stations, hammer mills) are added after ventilation systems have been installed.


concurrent activities

Some work operations, if conducted separately, do not present a hazard, but when combined with other job operations can become hazardous (e.g., vapor degreasing operations with chlorinated solvents near work areas where ultraviolet radiation exists.

Decomposition of solvents can produce phosgene gas.

Note:
The problem of considering safety and health with activity and workstation relationships becomes difficult when more than three or four activities must be considered.

Design
In processes where toxic, reactive, flammable, or explosive chemicals are involved above specified TLVs, OSHA requires that a process hazard analysis be performed to prevent or minimize the consequences of catastrophic releases (29 CFR 1910.119).

Design factors that should be addressed include:


to what degree is it possible to remove hazardous residues from equipment before it is opened?


to what extent can a system be designed to be relatively maintenance-free?


can the system be designed so the entire operation can be conducted as a closed-system?

Note:
Ideally, hazardous operations should be conducted in entirely closed systems, but not all processes lend themselves to this approach.


can the process be conducted automatically without worker involvement?


can the system be cleaned automatically without worker involvement?


what precautions can be taken to prevent or detect unplanned releases?

Note:
Design engineers are usually more familiar with the safety hazards because the effects of their being overlooked (e.g., fire, explosion) are much more obvious than those occurring when health hazards (e.g., chronic health effects) are overlooked.

When air contaminants are created, generated, or released in concentrations that can injure, ventilation is usually the method of control.

Importance should be assigned to minimize contaminant dispersion in other workplace settings (e.g., mixed-use office buildings).

The design team should address:


has the building been designed to effectively control moisture and prevent microbial growth?


is the fresh air intake and pathway located away from any contaminant source?

has the HVAC system been designed to deliver an appropriate volume of air?


is local exhaust ventilation required in any special-use areas?


are any special filters required?


if smoking is permitted on the premises, is it located away from air intakes, doors, and windows?

Note:
Contaminant monitoring systems can be included as part of the engineering design.
These can include automatic leak detection monitors.

Maintenance

It is important to look not only at planned operations, but also at the fine details of what is not supposed to be happening.
Untoward events leading to the release of contaminants in the workplace may best be described in two general classes:


continuous leaks
Leaks (e.g., flanges, exhaust hoods, pump seals) that may have begun as a low-level background that wasn’t high enough to be a serious concern.

As equipment becomes worn, the general level of ambient emissions may eventually result in significant worker exposures.

momentary openings

Opening of a closed system for adjustments, samplings, filter replacements, etc.

The system needs to be designed so it is possible to clean and purge sections so workers can perform needed maintenance without hazard.

Under these circumstances, exposures tend to be brief, but exposure levels can be quite high.

Hazardous Materials

Some materials must be handled carefully because of their toxicity, flammability, corrosiveness, or reactivity.

The processes and practices to be used must be consistent with the standards applicable to materials with these characteristics.

Federal codes (OSHA and others) impose stringent controls regulating:

-
mutual process proximities;

-
ventilation;

-
sources of ignition; and

-
design.

Industrial Hygiene Control Measures

Industrial hygiene exposure control methods used today include:


engineering controls

-
substitution

-
change the material or alteration of process;

-
isolation or enclosure of process or operation;

-
ventilation

-
local exhaust ventilation;

-
general (dilution) ventilation;


administrative controls;

-
good housekeeping and maintenance;

-
special control methods for specific hazards;

(shielding, monitoring devices, continuous monitoring with pre-set alarms)

-
wet work methods;

-
employee training and education specific to the hazards;

-
emergency response training and education;

-
waste treatment and disposal.


personal protective devices;

Note:
(see Figure 18 in text).
Principles of Engineering Controls

Substitution (changing the material)

Substitution of a non-toxic or less toxic material for a highly toxic material.
Need to ensure some previously unforeseen hazard does not occur along with the substitution (e.g., fire hazard, synergistic interaction).

Example:
As technology advanced and more toxicity information became available, the substitution of degreasing solvents progressed from carbon tetrachloride (known carcinogen) to chlorinated hydrocarbons.

As information became available related to the carcinogenicity of chlorinated hydrocarbon solvents, they were replaced with chlorofluorocarbon (CFC) and hydrochlorofluorocarbons (HCFC) solvents.

These new solvents were later identified as ozone-depleting substances and had to be phased out.

Newer cleaning systems are using detergent-and-water solutions or steam-cleaning processes.

A change in the physical condition of raw materials may eliminate health hazards.

Example:
Pelletized forms of some materials are less dusty and their use can dramatically reduce airborne concentrations.

Note:
Substitution is becoming more important from an environmental health and community air pollution perspective as well.

Substitution (changing the process)

A change in process offers an ideal chance to concomitantly improve working conditions.
Most changes are made to improve quality or reduce the cost of production.

In some cases, a process can be modified to reduce the dispersion of dust or fume, thus markedly reducing the hazard.

Example:
Brush painting, dipping, or powder coating instead of spray painting.

Welding to replace riveting.

Steam degreasing to replace hand-washing.

Isolation

Potentially hazardous operations should be isolated to minimize exposure to employees.
-
physical barrier (acoustic panels to minimize noise transmission)

-
time (providing remote control equipment to reduce time spent near noisy equipment)

-
separation (isolating hazardous operations from other work operations);

-
containment (isolating hazardous materials in airtight enclosures);

-
scheduling (minimize the number of workers exposed (e.g., blasting in mines)).

Equipment isolation can be the easiest method of preventing hazardous physical contact (e.g., insulating hot water lines).

The degree of isolation required depends on the:

-
toxicity of the contaminant;

-
amount released; and

-
work patterns around the process.

Segregating a hazardous operation in a separate enclosure or building not only sharply reduces the number of workers exposed, but greatly simplifies the necessary control procedures.

Note:
All equipment, whether enclosed or automated, requires maintenance and repair, during which control measures may have to be removed.

In such circumstances, safety procedures must be specified, including confined space entry and lockout/tagout procedures.

Non-routine maintenance, repair, and cleaning operations can pose the greatest risk of exposure to those performing these tasks, as well as other workers in the area.

Ventilation

Ventilation is a method of controlling airborne contaminants in the work area by supplying (adding) or exhausting (removing) air.

Ventilation is used to:

-
dilute the concentration of contaminants to acceptable levels;

-
remove contaminants at their source; and

-
heat and cool the work environment (HVAC systems).
Note:
HVAC ventilation can also serve to control humidity, odor, and other environmental conditions for worker comfort.


dilution ventilation

General ventilation systems supply and exhaust large volumes of air from workspaces.
Uses natural convection through open doors or windows, roof ventilators, and chimneys, or air movement supplied by mechanical fans or blowers.

With the exception of comfort control, dilution ventilation should only be used in situations:

-
when small quantities of contaminants are released at fairly uniform rates;

-
when there is sufficient distance between the worker and contaminant source to allow for dilution to safe levels;

-
when only contaminants of low toxicity are involved;

-
when there is no need to collect or filter the contaminants prior to exhaust discharge; and

-
when there is no possibility of corrosion or other damage to equipment in the workplace from the diluted contaminants

Note:
The major disadvantage of general (dilution) ventilation is that employee exposures can be very difficult to control near the source of the contaminant.

For this reason, local exhaust ventilation is most often the proper method to control exposures.


local exhaust ventilation

Local exhaust ventilation is considered the classic method of control.
Local exhaust systems capture or contain contaminants at their source before they escape into the work area.

A typical system consists of hoods, ducts, and air cleaner/filter (if needed), and a fan.

Local exhaust systems remove air contaminants rather than just diluting them
A major advantage of local exhaust ventilation systems is that they require less airflow than dilution ventilation systems.

Two main principles govern the proper use of local exhaust ventilation to control airborne hazards:

-
the process or equipment is enclosed as much as possible; and

-
air is withdrawn at a rate sufficient to ensure the direction of airflow is into the hood and will entrain the contaminant into the airstream.
Administrative Controls

When adequate control is not achieved through the use of engineering controls, some circumstances require administrative controls.
Administrative controls of occupational hazards include:

-
work period reduction;

-
job rotation;

-
appropriate work practices;

-
proper maintenance; and

-
personal hygiene.

Note:
The effectiveness of these activities depends on constant employee implementation. 

Reduction of Work Periods

Method of control in limited areas where engineering control methods at the source are not practical (e.g., heat stress, compressed-air environments).
When used as a way to reduce employee exposure must be used with care since it results in more workers being exposed to the hazard.

Note:
Job rotation is not permitted by certain OSHA standards for highly toxic materials (e.g., asbestos).

Wet Work Methods

Airborne dust hazards can often be minimized by applying water or other suitable liquid.
Wetting is one of the simplest methods of dust control.

Its effectiveness depends on proper wetting of the dust, which may require the addition of a wetting agent (surfactant) and proper collection and disposal of the wetted dust before it dries and is re-dispersed.

Housekeeping

Good housekeeping plays a key role in the control of occupational health hazards, but where toxic materials are present, it is of paramount importance, and is often mandated by OSHA regulation.

-
remove dust on overhead ledges and on floor before it becomes re-suspended;

-
immediately cleanup of any spills;

-
deposit all absorbents in airtight receptacles and remove daily to a safe location for proper disposal

Personal Hygiene

The provision of washing facilities, emergency showers, and eyewash stations is required in areas where hazardous or extremely toxic materials are handled.

Workers must have easy access to hand-washing facilities; should be located in an area convenient to employee workstations.

The worker should be able to wash exposed skin promptly to remove accidental splashes or incidental accumulations of contaminants.
The practice of removing particulates from clothing using compressed air should be forbidden:
-
causes the contaminant to become airborne;
-
can cause hearing damage;

-
can result in physical injury; and
-
may result in injection (transdermal) of contaminants.

When designated or suspected carcinogens are involved, OSHA requires stringent regulation of work areas and activities be undertaken.

-
regulated area

-
only authorized and specially trained employees allowed

-
employees must have proper PPE

Note:
The eating, storage, or drinking of foods in areas where toxic materials are used should be forbidden.

Maintenance Provisions

Abnormal operating conditions can be detected by continuously monitoring airborne contaminants.
Large-scale, periodic equipment and process shutdowns typically result in employees from many crafts working to clean and repair equipment.

-
exposures of all workers to contaminants should be anticipated;
-
provisions should be made for cleaning equipment and piping systems to render them non-hazardous before dismantling;
-
before any equipment is disassembled, a plan for suitable short-term exposure controls should be developed;
-
contaminated equipment, tools, and protective clothing must be decontaminated before they are removed from the worksite; and
-
air monitoring should be conducted.

Special Control Methods

Shielding

One of the better control methods to reduce or eliminate exposures to physical hazards:
-
heat (reflective panels);

-
ionizing radiation (lead and concrete walls);
-
non-ionizing radiation (Faraday cages, grounding);
-
noise (acoustical barriers).
Waste Disposal

Industrial hygiene controls include the proper disposal of wastes, most of which are regulated by complex requirements of federal, state, and local agencies.
To develop an appropriate waste-management plan, employers must make the following determinations:

-
are potentially regulated wastes generated on-site?

-
have the wastes been tested to determine their characteristics?

-
what types of waste(s) are generated (e.g., hazardous, toxic, special, infectious, radioactive)?

-
can wastes be treated and rendered safe prior to disposal?

-
can wastes be recycled as part of the process?

-
what quantities of wastes are generated (i.e., small-quantity generator v. large-quantity generator)?

-
is the facility a waste generator, transporter, or treatment-storage-disposal facility?

Note:
These decisions are particularly onerous, as generators of hazardous wastes are perpetually responsible for on-site and off-site damages to workers, community health, and environmental health.
This is known as ‘cradle-to-grave’ responsibility.
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