
Hazard Evaluation
and Control

5



5–2 Western Region Universities Consortium (WRUC), Labor Occupational Health Program, UC Berkeley



5–3Western Region Universities Consortium (WRUC), Labor Occupational Health Program, UC Berkeley

Outline

1. Exposure Guidelines
• Threshold Limit Values (TLV)
• Permissible Exposure Limit (PEL)
• Where Do They Come From?

2. Three Types of Exposure Limits
• Time Weighted Average (TWA)
• Short-Term Exposure Limit (STEL)
• Immediately Dangerous to Life and Health (IDLH)

3. Recognition, Evaluation, and Control

4. Monitoring

5. Access to Monitoring Results

6. Hazard Control

Objectives

Participants will be able to:

1. Define what is “Permissible Exposure Limit” or “PEL”.

2. Define what is a “Threshold Limit Value” or “TLV”.

3. Recognize and prioritize three approaches to controlling exposures:
a. Engineering Controls
b. Administrative Controls
c. Personal Protective Equipment (PPE)

4. Identify four types of monitoring equipment, and describe situations on which to
use each one:

a. Detector tubes
b. Continuous instruments
c. Direct reading instruments
d. Integrated air monitors

5. Evaluate a sample air monitoring report.
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Exposure Guidelines

TLV: Threshold Limit Values

• set by ACGIH (American Conference of Governmental Industrial Hygienist)

• used by industrial hygienist in recommending controls for workplace exposures

• not intended to define “safe” and “unsafe”

• not legally enforceable

• updated yearly

PEL: Permissible Exposure Limit

• set by OSHA (Occupational Safety and Health Administration)

• legally enforceable standards

• usually less stringent than current TLVs

• updated periodically, most less often then TLVs

Where Do They Come From?

ACGIH TLVs (recommended guidelines)

Beginning in the 1920s, industrial hygienists used-Maximum Allowable
Concentrations (MACs) as guidelines in evaluating worker exposures to hazardous
substances.  These guidelines were the first attempt at limiting workers’ exposures
to specific chemicals.  In 1938, the American Conference of Governmental
Industrial hygienists who were mostly affiliated with government agencies.  the
ACGIH eventually assembled the lists of MACs and used them as the basis for
developing what are now called Threshold Limit Values (TLVs).

The TLVs are air concentrations of chemicals used by industrial hygienists in
recommending controls for workplace exposures.  They are based primarily on
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animal research and on the limits of measuring and control technologies.  They
were not intended to define the boundary between “safe” and “unsafe” exposures,
and are not legally enforceable.  The TLV list is updated yearly.

OSHA PELs (legal standards)

The Occupational Safety and Health Administration (OSHA) has set “permissible
exposure limits” (PEL’s).  These are legally enforceable standards for worker
exposures to chemicals found in their workplace.  When the Occupational Safety
and Health Act (OSHAct) was passed in 1970, OSHA was charged with setting the
legally enforceable standards for workplace health and safety.  These standards
were to be set by a specific rulemaking process laid out in the Act.

However, in order to provide for early enforcement, Congress gave OSHA the
authority to establish an initial set of legal standards without going through the
rulemaking process.  OSHA used this authority to adopt as standards a number of
guidelines set forth by organizations such as the National Fire Protection
Association (NFPA), the American National Standards Institute (ANSI), and
ACGIH.

In 1971, OSHA used the 1968 list of TLVs for its PEL’s.  These have been updated
periodically, but this must be done through the rulemaking process, which can take
years to complete.  TLV’s are updated more easily than legal PEL’s, consequently,
PELs are generally outdated and less stringent than current TLVs.

The PEL is OSHAs version of the maximum permitted 8 Hour Time Weighted
Average (TWA) concentration of an airborne contaminant.  The TWA can be
determined by conducting integrated sampling of air monitoring during an 8 Hour
work day.

The NIOSH Pocket Guide to Chemical Hazards

The NIOSH Pocket Guide lists chemical-specific information for some 400
chemicals that have OSHA PELs.  It is, therefore, not a comprehensive guide to all
chemical hazards, but is a valuable source of information about some hazardous
materials.  It is a summary of work that NIOSH and OSHA completed as a joint
effort.
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The data in the Pocket Guide includes physical and chemical properties, exposure
limits, health effects, and information about measuring and controlling exposures.
The data comes form NIOSH criteria documents as well as other recognized
documents in the fields of industrial hygiene, occupational medicine, toxicology
and analytical chemistry.

All of this information is abbreviated in an effort to reduce the size of the book, but
abbreviations are defined in Tables at the beginning of the Guide.  Chemicals are
listed alphabetically in the Guide, but are also cross-referenced by synonyms and
Chemical Abstract Service Numbers (CAS#s) in the back of the book.  The
recommendations for respiratory and personal protection are NIOSH
recommendations and are not legally enforceable, but they may be the most
appropriate.

Most specific descriptions of each column of information used in the Guide are
given in section III of the Pocket Guide entitled “How to Use This Pocket Guide.”
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Three Types of Exposure Limits

Time Weighted Average (TWA)

Most exposure guidelines are 8-hour TWAs, which are an average exposure over an
eight-hour work day.  These exposure guidelines are intended to minimize the effects
of repeated regular exposure to a substance over a working lifetime.  It is permissible
to be exposed to concentrations above the limit, provided any periods of higher
exposure are equaled by periods below the limit during the same work day.  This
means that it would be legally permissible for a worker to be exposed to a
concentration of twice the PEL (TWA) for four hours as long as there was no exposure
during the other four hours of the work day.

Consider the following graph of a worker’s exposure to benzene while working on a
hazardous waste site.  Benzene’s PEL is 1 ppm.  You can see that during certain periods
of the day the worker’s exposure is as high as 3 ppm.  But is this an exposure above the
PEL for benzene?  The calculations follow on the next page.

suiting up
opening

decon & rest suiting up
moving

decon
 drums   drums

Source: The next three pages are from Basic Health and Safety Course for Hazardous Waste
Personnel, the New England Consortium, 1997.
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The benzene levels are: 3 ppm for one hour in the morning and 3 ppm for one hour in
the afternoon and essentially zero at all other times. The 8-hour time weighted average
exposure for someone working on the waste site would be calculated in the following
way.

TWA = (3ppm x 1hr) + (3ppm x 1hr) + (0ppm x 6hrs) =
8 hours

3 + 3 + 0 = 6 = 0.75 ppm
      8     8

So, although the worker was exposed to 3 ppm for part of the day, the time weighted
average (TWA) falls below the permissible exposure limit of 1 ppm.  Therefore, the
worker has not been exposed above the 8-hour TWA PEL.

Short-Term Exposure Limit (STEL)

As we have noted, the 8-hour TWA can be exceeded for part of the day provided the
average daily dose does not go over the TWA.  Some chemicals have limits for shorter
exposures.  These short-term exposure limits (STELs) are usually for an average of 15
minutes.  They are meant to prevent acute effects that could occur as a result of high
exposures over a short duration.

For example, the OSHA STEL for benzene is 5 ppm.  Thus, in the above example, if a
worker were exposed to a brief “spike” of exposure while opening a drum-say 10 ppm
for 15 minutes-s/he would be exposed above the OSHA limit because of the STEL,
even though the worker’s 8-hour TWA remained below the PEL.

Ceiling Limits (C)

Some substances, usually those with fast-acting toxic effects, have been assigned
Ceiling Limits in addition to, or instead of, 8-hour TWAs and/or STELs.  This is a
concentration that should never be exceeded.  Therefore, if one of the workers on the
waste site described above had to stand behind a forklift where the carbon monoxide
concentration was 300 ppm for just a couple of seconds, his exposure would have
exceeded NIOSH’s ceiling limit of 200 ppm.
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What Is Immediately Dangerous to Life and
Health (IDLH)?

IDLH values are the maximum concentration of a chemical from which one could
escape within 30 minutes without irreversible health effects. This includes any
severe eye or respiratory irritation which could prevent escape without permanent
injury. The IDLH guideline is used in the decision-making process for respirator
selection developed by NIOSH/OSHA, but is not a legally enforceable standard
(see Chapter 6).

The IDLH is important for site workers to know, particularly when responding to a
spill in a confined space or low-lying area where vapors may accumulate.  A site
that has exposures above the IDLH requires maximum protective measures.

What Is the Weakness of This System?

All exposure limits are best used as guidelines.  Thinking of them as the maximum
exposure that is safe can get you into trouble.  Instead, use them as a way of
deciding the types of controls to use.  If a control mechanism puts you close to the
exposure limit, then a better control may be needed.  That may be difficult to do on
some waste sites, but protecting the health and safety of the people working to clean
the site is the most important thing.

The workers in the TWA example, on page 17, were never exposed to benzene
above the legal limit.  If they have that same exposure regularly for many months or
years, will they stay healthy?  Benzene can cause cancer and some experts say there
is no safe dose for a carcinogen (see appendix A in your NIOSH Pocket Guide).

What about the worker behind the forklift?  What is the likelihood that an industrial
hygienist or a government inspector would be there taking a sample to find out the
exposure limit was exceeded?  Carbon monoxide can poison and even kill you.
How would that worker know that there is too much carbon monoxide in the air s/
he is breathing?  A big problem with chemical exposure limits is that you rarely
know if they are being exceeded.
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Measuring Volume

Here are some explanations for the numbers used (note that for most substances,
mg/m3 can be converted into ppm).

mg/m3  — This is milligrams of substance per cubic meter of air. The term is most
commonly used for measuring concentrations of dusts, metal fumes or other particles
in the air.

1 yard      3 inches

=     +

1 meter (m) 39 inches

equals  volume of air
inside a small car

        1 cubic meter (m3)

the volume of a
     single bed

equals

     1 Liter (1) 1 quart plus just under 1/4 cup
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Measuring Weight

mg/kg — This is milligrams of substance per kilogram of body weight. It is used
generally to measure toxic chemicals we swallow. A kilogram is a metric unit weighing
about 2.2 U.S. pounds.

1 gram (g)      = or

weight of 1 packet of
Sweet ‘N Low

     weight of a
     dollar bill

1 thousand milligrams (mg)  =  1 gram

1 million micrograms (µg)  =  1 gram

454 grams     =

    1 pound
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Solving Exposure Problems
It’s as easy as 1, 2, 3 . . .

1. Recognition
Focus on it . . .

2. Evaluation
Check it out . . .

3. Control
. . . And fix it!
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General Principles:
Recognition, Evaluation, and Control
It’s as easy as 1,2,3...
Occupational health problems can be solved by a three step approach:

1) Recognition of the problem
2) Evaluation of the environment factors
3) Application of control measures

1.  RECOGNITION

The first step in recognizing potential problem areas is to become familiar with the
particular operations in the plant.  Study the process and the equipment used.  Review
process flow sheets and previous industrial hygiene surveys.

2.  EVALUATION

Conduct a walkthrough survey to note all aspects of the work operation.  Then perform
air monitoring to measure the levels of exposure to each toxic substance.  Finally,
compare the air monitoring results to the existing standards (PELs and TLVs), and
interpret the results to take into account the specific workers and work process
involved.

3.  CONTROL

Now the problem must be fixed.  For each hazardous material, the amount of exposure
to each worker must be reduced to below the acceptable health standard.  The 3 types
of controls are:

a) Engineering controls—specific changes in the work process and physical work
environment.  These include: substitute a safer chemical, redesign the process,
enclose the process, mechanize the process, erect barriers or dikes, local exhaust
ventilation, general ventilation, and housekeeping.

b) Administrative controls—reduce the amount of time that each worker is
exposed to a chemical by changing his or her work assignments.

c) Personal protection—require each worker to wear a respirator, protective
clothing, goggles, earplugs, or other protective device.  Note: Personal
Protective Equipment should always be used only as a LAST RESORT!
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Air Monitoring

Purposes

• Identify and quantify airborne contaminants

• Identify potentially life-threatening situations

• Determine whether protective equipment and controls are needed

• Revise health and safety controls as needed based on monitoring results

• Monitor compliance with health and safety standards

Conditions Monitored on Hazardous Waste Sites

• O
2
 Deficiency

• IDLH concentrations of airborne contaminants

• potential radiation hazards

• confined spaces, excavations, trenches

• drums, other containers

• new work locations

• new work operations before initial entry
into exclusion zone (start of each day)

• drilling

• liquid sampling

• drum opening
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Important Aspects of Industrial Hygiene Monitoring
Include

• All forms of chemicals (gas, vapors, liquids, solids, fumes) can be monitored

• Each chemical has its own method for monitoring that requires specific
equipment-not all chemical monitoring is done the same way

• The equipment used to monitor chemical exposures must be regularly calibrated
and maintained in good working order

• Samples can be taken for different lengths of time: short-term (15 minute)
samples and full-shift (8 hours or more) samples

• Different types of samples can be taken:

—“area” samples of the exposures in a given area or work
station, and

—“personal breathing-zone” samples
for specific workers wearing the
monitoring equipment

• Different “strategies” for sampling can be done:

—“random” samples of all job tasks or
 operations, or

—“worst-case” samples of the worst job
 tasks or operation in the department
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Measurements and Personal Monitoring

Factory inspectors (government, insurance company, “monitors” of company “codes of
conduct”) may or may not conduct industrial hygiene monitoring during their
inspections of the plant.  However, the employer should have conducted this kind of
monitoring to determine the level of hazards faced by the workers, and to control the
hazards that are found.  It is important to understand how monitoring can be done and
what the results of the monitoring means.

There are two types of monitoring that can be done:

(1) immediate measurements of the worker exposure at the moment the test is
done; and

(2) full-shift measurements of the work exposure over the entire length of the
shift (8 hours, 10 hours, 12 hours or whatever length the shift is).
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Immediate monitoring is done using “direct-reading” instruments. Full shift
monitoring is done using various types of air-sampling pumps and other equipment.
Examples of hazards and monitoring equipment are:

  Hazard Immediate “direct-reading” “Full-shift”
equipment monitoring equipment

  Chemicals Detector tubes; gas meters, Air pumps, tubes and
vapor meters filters of many different

types

  Noise Sound Level Meters Personal dosimeters

  Heat stress “WBGT” meters

  Ventilation Smoke tubes, flow rate meters
of different types

The evaluation of airborne chemical hazards is complicated and it requires trained
personnel to do the monitoring correctly so the results actually represent the chemical
exposures of the workers.  However, this kind of monitoring can be done and it is the
responsibility of the employer to do enough monitoring to know what hazards the
workers are exposed to on the job.  the employer needs to hire trained and experienced
personnel to perform the monitoring according to government regulations and the “best
practices” of the industrial hygiene profession.
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Types of Instruments Used To Monitor Airborne
Contaminants

   Personal Integrated      Area Instantaneous
         Monitoring   Monitoring

  Purpose To measure 8-hour TWA air To measure actual air
concentrations, representing concentrations at specific
actual worker exposures locations and exact times

  Limitations •  Time consuming to plan •  Some methods are imprecise
  and    and do the monitoring •  Does not measure personal
  Disadvantages •  For some methods,     exposures over entire workshift

   equipment and laboratory     or entire period of exposure
   analysis are costly
•  Must wait weeks for results

  Examples Personal Air Colorimetric Detector Tubes
Sampling Pumps

Diffusion Badges Direct Reading Instruments
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Monitoring

Colorimetric Detector Tubes
(Drager, MSA)

Use:

• To samples gas or vapor concentration in any
workspace.

Read-out:

• Percent concentration is indicated by color change or
length of color stain.

Precautions:

• Not very accurate—within 25% of the real value at
best.

• Pump must be checked for leaks and calibrated.

• Tubes have a limited lifetime, so the expiration date on
the container should be checked before use.

• Results are affected by temperature and humidity.

• User must be trained in reading the scales on the tubes
used.

• User must follow specific pump stroke requirements.

A colorimetric detector tube is a glass tube filled with a solid material gel that has been
impregnated with an indicator chemical.  When the detector tube is used the ends are
broken off and the tube is inserted into a bellows or piston pump.  An arrow on the tube
indicates which end of the tube to insert into the pump orifice.  A predetermined
volume of air is pulled through the pump.  The contaminant of interest reacts with the
chemical in the tube.  This reaction produces a stain in the tube with a length
proportional to the concentration of the contaminant.
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Personal Air Monitoring with Sampling Pumps

PERSONAL monitoring, as opposed to area monitoring:
The collection device is placed in the worker’s breathing zone (a hemisphere in
front of the shoulders with a radius of 6-9 inches), so that the data collected closely
approximates the concentration inhaled.

COLLECTION of samples, as opposed to direct reading:
Sample collection does not provide an immediate measurement.  Instead, sample
collection devices collect a sample of air that is later analyzed or weighed at a
laboratory.

INTEGRATED sampling, as opposed to grab sampling:
Integrated sampling is used to measure a worker’s 8-hour or 15-minute exposure.  It
integrates all of the various concentrations to which the worker has been exposed
during the sampling period.  The time-weighted-average concentration is equal to
the mass of the contaminant collected divided by the volume of air that passed
through the collection device:

TWA Concentration=(Mass of Contaminant Collected)/(Volume of Air
Sampled)

SAMPLING SYSTEM consists of:

• Collection device

• Air inlet orifice

• Flow rate control valve

• Airflow meter

• Suction pump
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Personal Air Monitoring with Sampling Pumps

Low Flow Sampling

  Chemical       Flow Rate (liters/min.) Collection Device

  Acetone 0.01 - 0.2 Coconut shell charcoal tube

  Acids, inorganic 0.2 - 0.5 Silica gel tube

  Benzene 0.01 - 0.2 Coconut shell charcoal tube

High Flow Sampling

  Chemical         Flow Rate (liters/min.) Collection Device

  Asbestos 0.5 - 16 Mixed cellulose ester filter
cassette with cowl

  Carbon black 1 - 2 Polyvinyl chloride filter

  Isocyanates 1.0 Impinger (containing a
solution of 1-(2-
methoxyphenyl)-piperazine in
toluene)

  Nuisance dust 1 - 2 Polyvinyl chloride filter

  Silica, crystalline, 1.7 or 2.2 Cyclone and polyvinyl
  respirable chloride filter
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Evaluating Monitoring Reports

In evaluating any industrial hygiene monitoring report by the employer, industrial
hygiene consultants or monitors of codes of conduct, the following questions should be
asked:

• What was the hazard being monitored?

• Was the right equipment used and was that equipment calibrated?

• Was the sample time long enough to cover all possible worker exposures?

• Were all exposed workers (all job classifications, shifts) included in the
sampling?

• Was a competent laboratory used to analyze the results?

• Were the monitoring results above or below the occupational exposure limit?
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Monitoring Checklist

Yes No
Were the people doing the monitoring trained and competent?

Did they monitor for the right chemicals?
—Chemicals used in all work processes?
—Chemicals used in special tasks and cleanup jobs?
—All the ingredients of chemical mixtures?

Did they monitor in the right places?
—In all work areas where there might be chemicals?
—Near each worker’s breathing zone (nose and mouth)?

Did they monitor at the right times?
—During typical working conditions?
—Over a full eight-hour shift?
—Also during “worst case” conditions when levels might peak?
—AT different times, on different days, when different jobs

were being done?
—During overtime periods?

Did they use the right monitoring method?
—Where possible, did they use the most accurate method—a

sampling train to collect air samples or laboratory analysis?
—If they used detector tubes, did they use the right tube for the

chemical?
Were direct reading instruments properly checked and

calibrated?
Does the employer keep records on the maintenance and

calibration of instruments?
If detector tubes used, were they new and in good condition?
Were workers and the union given the results of the monitoring

upon request, as required by OSHA?
Were workers and the union allowed to observe the monitoring

when it was done?
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“Right To Know” Laws

Access to Results of Monitoring in the Workplace

This regulation (GISO 3204) gives workers the right to see the results of any
monitoring that has been done in the in the workplace.

For example, if an industrial hygienist has measured the quantity of chemicals in the
air or the level of noise, workers and/or their union representative have the right to see
the results of these tests.

By law, the employer must keep the results for 30 years. If workers are interested in the
results of any test, they must request them in writing from the employer. The employer
must respond to the request within 15 days.

SAMPLE LETTER
Requesting Environmental Monitoring Information

Employer Name Date
Address of Employer
City, State, Zip

Dear:

I am formally requesting a copy of all the environmental monitoring reports
you have on file regarding:

Name of chemical:______________________________________________

Work area(s) monitored: _________________________________________

I use this chemical and/or work in this area during the routine course of my
work I am making this request pursuant to Section 3204, Title 8 of the
California Administrative Code.  Your prompt attention to this matter is
greatly appreciated.

Sincerely,

Name
Title (optional)
Address
City, State, Zip
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What Is a Control?
A control is any device, procedure, piece of equipment, etc., that is used to keep
vapors, fumes, dusts, etc., being generated by a work process, from getting into the air
or onto the ground.  The following is a list of the major controls used in the chemical
industry in order of priority-beginning with the best controls.  (We should always insist
on the best controls, rather than settling for less adequate ones.)

1. Chemical Substitution:
Whenever possible, the best solution to a hazardous chemical exposure is to remove
it entirely form the workplace to prevent all exposure.  this is often possible as is
demonstrated by the use of water-based paint instead of oil-based paints; and the
use of insulation fluids other than those containing PCBs.  Care must be taken to
ensure that the substitute chemical is significantly safer than the original and that
you are not just replacing one hazard with another.

2. Redesign (Change) the Process:
In many cases the danger or exposure hazards associated with a job are inherent in
the set-up of the job or the organization of the work process itself.  The process
design can often be changed, resulting in potentially dramatic improvements in
health and safety, without using PPE or even installing ventilation (refer to attached
example).  In fact, management will often redesign accommodate new
technologies.  So they should also be expected to review and change process design
to minimize worker exposure.

3. Enclose the Process:
If the removal of the hazard is not possible, then the process should be enclosed.
This should be investigated prior to a management decision to use respirators to
control exposure. (In fat, this “idea” is contained in the OSHA regulations.)
process enclosure keeps the contaminant out of the room air and effectively away
from the worker.  Plant areas, which require only occasional attention, can be very
effectively controlled without interfering with operations.  the following are some
examples of enclosures:
• at sampling ports
• at spill or screening points
• sealing of ground-sewer connections
• sight boxed to see levels of materials inside vessels
• pneumatic conveying of dusty materials
• splash guards and hoods

These pages taken form OCAW-Labor Institute Hazardous Waste Workbook, July 1988.
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4. Mechanize the Process:
Automating an operation, or phases of an operation, may be the best answer to a
dangerous job.  Of course management often wants to automate production
processes to get rid of jobs.  that is something the union must ensure does not
happen if it pushes for process mechanization.  Examples of where this type of
control is and can be used abound in the chemical and nuclear industries.  An
example is pumps to handle solvents rather than manual measuring and dumping.

5. Barriers and Diking of Hazardous Processes:
This control is used where there are process or storage units which contain
significant amounts of highly toxic materials and where a spill or leak could be
potentially catastrophic in nature. Plant areas and processes, including storage
tanks, should be evaluated for the potential to release chemicals into the
environment (which also may be your own neighborhood or water supply).
Containment barriers and collection systems should be designed and installed
around these to prevent major exposure. However, these will not reduce worker
exposures.

6. Local Exhaust Ventilation:

Toxic substances librated into a work area from a process often can be effectively
controlled by means of local exhaust ventilation applied at a point as close to the
source of emission as possible and enclosing as much of the source of emission as
possible.  Ventilation design is of utmost importance in ensuring that the system
functions effectively and removes contaminants.  Major points to remember when
looking at the local exhaust ventilation system:

• Is the opening of the ventilation system located right at the source of emission?
• Is there a hood or other component that encloses most or all of the emission

source?
• Is the ventilation system opening large enough, and is the air flow fast enough,

to actually “capture” the chemical?

7. General Ventilation:
This is the type of ventilation that comes form having doors or windows opened or
having large ceiling or wall mounted exhaust fans, or having a ventilation system
that circulates the air.  This type of ventilation 9also called dilution ventilation) is
not applicable to the control of toxic materials because it does not stop them from
being generated nor from getting into the room air.  All it does is cause chemicals to
be distributed throughout the work environment causing wider exposure problems.
the main use for general ventilation is for office environments or in areas where



5–28 Western Region Universities Consortium (WRUC), Labor Occupational Health Program, UC Berkeley

toxic materials are not used.  In these areas it is used to circulate fresh air and
control temperature for comfort.

8. Housekeeping:
Good housekeeping assists in keeping the work environment cleaner and prevents
materials left on walking and working surfaces from getting into the air.
Housekeeping depends on two basic things; (1) Having adequate work time to
allow for work area clean-up; and (2) being provided with the proper equipment to
conduct work area clean-up.  For instance, for powdered materials, vacuum
cleaners instead of brooms should be used to control dusting and the use of air
hoses to blow dust off of surfaces should not be allowed.  Other examples include:

• curbed cement pads under pumps
• water and steam connections provided for area wash-down
• provisions made for adequate flushing of lines and equipment when brought

down for repair or turn-around
• prompt clean-up of spills
• laying down of drop cloths
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