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Airborne Contaminants in the Machine Tool Industry
Gary M. Hutter, Ph.D., P.E., C.S.P.*

. INTRODUCTION

The machine tool industry consists of a broad spectrum of industrial facilities
associated with the cutting, shaping, forming and related processing of primarily
metallic materials with stationary powered equipment. This industry makes a broad
assortment of products, including such diverse items as gears, cans, automobile
fenaers, fasteners and door hinges via such operations as cutting, slitting, milling,
grinding, drilling, press operations and cold forming. Many of these machine tools

are described in the ANSI B11 series of standards (See Table 1).

Throughout the years, significant attention has been focused on the traumatic
Injuries to workers in this industry. In comparison, it has been only recently that the
specific health effects have been investigated and evaluated of exposures to the
oils, metals and other airborne contaminants associated with this industry.

This paper addresses some basic aspects of occupational exposure to toxic and
hazardous substances in the machine tool industry. It covers definitions of
contaminants, measurement terminologies and strategies, routes of entry to the
human body, regulations for controlling exposure, some interpretation of these
regulations, and engineering and administrative controls.

"Gary M. Hutter is President, Triodyne Environmental Engineering, Inc., 5950 W. Touhy Avenue, Niles, IL 60648.
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II. AAIRBORNE CONTAMINANTS

On first view, airborne contaminants in
machine tool operations would appear
rather benign and limited when comparead
to those in the chemical, petroleum and
mining industries. In reality, the combined
operations of materials handling, materials
processing, assembling and cleaning pro-
duce a potential soup of airborne contami-
nants. {(See Table 2 for some common air
contaminants from machine tool opera-
tions). These gases, vapors, fumes and
dusts are generated by both primary
manufacturing operations and accompa-
nying processes.

In the manufacturing of automobile wheels,
for example, the primary operations might
include metal stamping, grinding, welding
and drilling. Accompanying operations in-
volve the use of forklift trucks for materials
hardling, vapor degreasing prior to weld-
ing or painting, and cutting tool sharpening
as part of production equipment mainte-
nance.

This collection of operations may release
oil mists, potentially hazardous airborne
particulates, products of combustion, sol-
vent vapors and aerosols. Their individual
sources and contributions vary consider-
ably, based on manufacturing operation,
building design, process rate, forced and
natural ventlaticn and the season of the
year,

Table 2
Air Contaminants
Commonly Associated with
Machine Tool Operations

From Machine Tools

« (il Mists

= Coolant Mists

s Metal Particies (e.g., Tungsten-
Carbide, Cobalt, Berylium; Lead,
Chromium, Cadmium, Tin,
Vanadium, Nickel)

» Fibers (e.q., fiberglass, asbestos)

» Bioaercosols

From Accompanying Operations

« Carbon monoxide

* Carbon dioxide

+ Hydrocarbons

» Nitrogen oxides

» V(Cs fi.e., volatile organic
chemicals such as trichloroethylene,
toluene, etc.)

« Welding fumes

» Nuisance dust {respirable}

Figure 1 Riveted steel hood with exhaust connection and shield.

Typical sources of mists are: exhaustedair-
containing lubricant on pneumaltic systems
of mechanical power presses; coolant and
lubricant spray patterns on grinding and
drilling equipment; high-speed rotaiing
machines such as lathes; and volatilization
and recondensed micro-droplets from
coolants coming into contact with heat-
producing operations.

Trese mists consist of very fine droplets of
oil or coolant which often remain suspended
in the air due to a combination of Brownian
maotion, air currents and electrostatic forces.
Their appearance in the manufacturing en-
vironment is characterized by a bluish haze
in the air.

The chemical andg physical character of oll
and coolant mists may change based on
their volatility, solubility, collisions with cther
suspended particles, and biological activ-
ity within the individual oil droplets. These
changes may make the mist more or less
hazardous to exposed workers. For ex-
ample, epidemic level outbreaks of influ-
enza-iike respiratory illnesses have been
reported in this industry due tc biologically
contaminated oil and coolant mists.

Sources of airborne particulate matter in-
cludethe cutting, grinding and other opera-
tions from the machining elements of the
machine teol itself, as well as from the
workpiece. (Fig. 1) Hardened and strength-
ened industrial cutting and grinding tools
often contain tungsten carbide and coball.
Both materials are associated with various
lung and respiratory system problems. The
processed workpiece may contain lead,
chromium or beryllium as a metallurgical
component, plating agent or as a base
matarial. These metals can become more
harmful when transformed into respirable
dust by certain machining operations.

Related equipment such as process fur-
naces, forkiift trucks, and welders or torches
may release combustion products and de-
compaosition products of high-temperature
nyrolysis. Parts-cleaning operations can
release solvent vapor and other chemically
activeingredients intothe work atmosphere.

To identify, monitor and contrel these var-
ied materials successfully, itis important tc
understard some of the basic units of mea-
surement and exposure level terminolo-
gies. These are discussed in the following
seciion.

lll. MEASUREMENT TERMINOLOGY

Airborne contaminants are generally mea-
sured In terms of:

1. parts per million {ppm)

2. parts per billion (ppb)

3. milligrams per cubic meter ([mg/m-)

4. fiber-like structures per cubic
centimeters {fibers/cc)

Parts per million and parts per billion are
terms often associated with gaseous air
contaminants and are based on a ratio of
volumes of contaminant gas to the total
combined volume of air and contaminant.
One ppmof carbon monoxide, forexample,
translates into one volume unit of carbon
monoxide gas mixed evenly intoenough air
to make a mixture of one million volume
units of ambient air. Therefore, one cubic
meter of carbon monoxide released into a
-oom with a volume of one million cubic
meters would result in an air concentration
of one ppm carbon monoxide. Similarly,
0.5 m? of carbon monoxide released into a
room with a volume of 500,000 m* would
gisg have an air concentration of 1 ppm
carbon monoxide. The term, parts per bil-
lion, follows similar logic but is a smaller



unit of concentration by a factor of one
thousand. Over the normal range of tem-
peratures and pressures encountered in
most workplaces, no adjustments are
needed for concentrations measuredin ppm
with variations in ambient temperatures or
pressures.

A ppm or ppb can be considered similar to
a percentage term. Ten thousand ppm is
cne percent based on volume.

Milligrams/cubic meter can be used to rep-
resent both a gas concentration (like ppm)
or an airborne particle or aerosol concen-
tration. When used in reference to a gas
concentration, measurements of the weight
of the contaminant gas in a known volume
of air are necassary for this reporting unit,
Conversion of ppm into mg/m* for gaseous
contaminants is possible by the simple
adjustment of a known volume of contami-
nant gas into its mags {(weight} equivalent.

Milligrams/cubic meter has no ppm
equivalient when it is used to indicate aero-
sols or a particulate air concentration, This
unit of measure should also be accompa-
rnfed by a temperature and pressure read-
ing or assumed to be at standard pressure
and temperature, as the numeric value
changes as a function of these twovanables.

The term, fibers/cubic centimeter, i1s used
when the air contaminant is in a fiber form
such as asbestos or fiberglass. This unit is
an actual count of fibers or fiber-like struc-
tures removed from a known volume of
ambient air which has passed through a
filter media and observed by optical or
electron microscope. The ratio of the ob-
served number of fibers divided by the
volume of filtered gas provides the mea-
surement of fibers/cubic centimeter.

Due to the increased concern about bio-
aerosols in the indoor environment, terms
such as spores/cubic meter or colonies/
square centimeter have appeared in the
literature. Spores/cubic meter is a mea-
surement similar to fibers/cubic centimeter
and colonies/square meter 15 based on
culture samples of a known ¢ross-sec-
tional area.

Liguid contaminants are often reported in
pPPmM or ppb by mass units {(gs opposed to
gas pom measurements in volume units).
For example, one gram of alcehel mixed
with water to form a million gram solution
would have a final concentration level of
one ppm. Similarly, one milligram of alco-
hol mixed into one liter of water would yield
a concentration of 1 mg/liter.

V. EXPOSURE LEVEL TERMINOLOGY

YWhen discussing exposure levels and con-
ditions, several acronyms and abbrevia-
tions are commonly encountered. Many
are based on the concept of a threshold
level below which exposures are generally
considered safe forthe healthy adult worker.
The varicus numerical houndaries which
distinguish a safe exposure frem a poten-
tially hazardous expasure include safety
factors and often represent some time-
averagmg element. Table 3 defines six of
the most common exposure level and timea-
averaging terms inusein the United States.

Permissible Exposure Limits (OSHA termi-
nelegy), Threshold Limit Values (ACGIH
terminology) and Recommended Exposure
Limits (NIQOSH terminclogy) are all specific
levels of exposure ordinarily accompanied
by a time period as defined by Time-
Weighted-Averages (TWAs), Short-Term
Exposure Limits {STELs) or Ceiling Limits.
TWAs are usually for eight hours of expo-
sure for forty hours a week; Short-Termn
Exposure Limits are usually elevated ex-
cursion levels of fifteen-minute durations
for as many as four times a day; and Ceiling
Limits are, in effect, maximum exposures of
nearly infinitesimal duration, not to be re-
peated during any part of a work shift. Most
chemicals listed by OSHA are reported in
terms of Time-Weighted-Averages and a
much smaller number also have Short-
Term Exposure Limits and Ceiling Limit

Two basic andimportant concepts embod-
lied within trese definitions are dosage and
dosage rate. The use of the term “dosage”
15 most familiar within the context of dis-
pensing pharmaceuticais and is usually
related to the body weight of the individual
receiving the medicine. Children’s dosages
are usually smaller in gquantity of active
ingredient when compared to adult dos-
ages. Anexampleisthe dosage of children’s
versus adults’ aspirin. The dosage rate for
pharmaceuticals has to do with the distri-
bution in time of a particular amount of
medication. Taking six aspirinonce aday or
two aspirin every eight hours would be the
same daily dosage, but significantly differ-
ent dosage rates.

Chemical exposures defined in terms of
short exposure time (STELs and Ceiling
Limits} after indicate that the dosagerate is
an important factor. Chemical exposures
defined interms of longer time periods {i.e.,
PEL-8-hour TWAS) indicate that, based on
existing knowledge, the overall dosage is
more critical than is a particular short-term
dosage rate. When a PEL for an 8-hour
TWA is 100 ppm without a STEL or ceiling
limit, this means in theory that it is equaliy
acceptable to be exposed to a concentra-
tion of 100 ppm for eight hours, or the
combination of 200 ppm for four hours and
0 ppm for four hours. {Note: NIOSH and
ACGIH do give guidance on these peak
exposures in terms of multipliers of a FEL
TWA when a STEL ora Ceiling Limit are not

values, .
provided).
Table 3
Generalized Definitions of Exposures
PEL Permissible Exposure Limits are the maximum average concentration levels of

chemicals and dusts to which emplovees can be exposed in the workplace, (usually for
an gight-hour duy, [orty-hour week. based on the requirerments of OSHA.)

REL Recommended Exposure Limits, as proposed by NIOSH. are very similar to the PELs
as defined by OSHA. RELs are often more conservative values than OSHA PELs.

TLYV

Threshold Limit Values are the recommended maximum average concentra-

tion levels of chemicals and dusts te which employees can be exposed in the
workplace for a specified time period. based on the requirements used by ACGIH.

STEL

Short-term exposure limits, when used with a PEL, REL or TLV, are the

concentration {evels 1o which workers can be exposed, usually for a fifteen-minute
time pertod without suffering from (1) irritation: {2) chronic or irreversible tissue

damage; or {3) narcosis.

TWA

A Time-Weighted Average when used with a PEL, REL. or TLV. is the

employee’s average airborne exposure concentrations during a normal eight-hour
work shift of a forty-hour work week, 1o which nearly i)l workers may be repeatedly
cxposed, day after day, without adverse cffeots.

Ceiling The maximum concentration levels never 1o be exceeded and are established by

Limits  OSHA, NIOSH. AND ACGIH.



This concludes an introductory discussion
of exposure ‘erminclegy used oy the pro-
fession and regulatory bodies, as well as
the hazards of airborne contaminants. The
following section discusses the role of se-
lectad regulatory bodies and professional
associations in controlling exposures to
contaminants.

V. GOVERNMENT REGULATIONS

Two federal agencies establish workplace
exposure limits and environmental controls
for chemicals normally encountered in the
machine tocl industry: the Qccupational
Safety and Health Administration (OSHA)
and the Environmental Protection Agency
(EPA). These administrative agencies es-
tablish exposure levels and controls con-
sidered to be safe; monitor and/or regulate
workplaces for compliance; and as neces-
sary, enforce these regulations. O5SHA pri-
marily uses a series of Permissible Expo-
sure Limits to define exposure limits,
whereas the EPA regulates the use of envi-
ranmentally sensitive substances in this
indusiry.

Other federal agencies which establish
chemical exposure and use criteriaare
the Food and Drug Administration and
the Consumer Product Safety Gom-
mission. These agencies, however,
are not normally involved in the activi-
ties of the machine tool industry.

V.[{A). Occupational Safety
and Health Administration

OSHA regulates exposure to toxic and haz-
ardous substances which become airborne
by publishing exposure limits in Title 29 of
the Code of Federal Regulations {29 CFR
1310.1000} (2). Other parts of the OSHA
Code address respirators, workplace ven-
tilation, communication of environmental
hazards, training, the handling of specific
chemicals thought to be carcinggens, and
the application of engineering controls 10
recduce occupational exposurgs. OSHA
does not presently have regulations for
occupational exposure to biological con-
tarminants.

Subpart Z Tables Z.1-A, 2.2 and Z.3 list
allowable human exposure levels in terms
of Parmissible Exposure Limitsfor (1) eight-
hour TWA; (2) STEL and Ceiling Limits as
applicable. Other voluntary guidelines of-
ten cite lower exposure levels. Examples of
QSHA PEL 8-hour TWA for contaminants
associated with the machine tool industry
are:

GOVERNMENT
STANDARDS

Qil mists, mineral 5 mg/m’
Cobalt metal, dust, fume 0.05 mg/m-
Nickel metal and insoluble 1 mg/m?®
Tin. inorganic compounds 2 mag/m?
Toluene 100 mg/me
Muisance dust {respirable) 5 mg/m?

The regulation states in paragraph (g): “To
achieve compliance with ...this secton,
administrative or engineering controls must
first be determined and implemented
whenever feasible.” Engineering controls
would include control by means such as
ventilation or substitation of aless hazard-
ous material. Admirtistrative control would
be measures such as scheduling a person
to be in a particular area only four hours
during a work shift.

Trenewest OSHAregulationwhichincludes
workplace protection in the machine tool
industry is “Hazard Communication,” 29

QCCUPATIONAL
EXPOSURE

CFR 1910, 1200 (3). Often referred to as the
Right-to-Know regulation, it ensures that
all chemicals produced in, and impaorted
into the United States, are evaluated fo
identify their possible health and physical
hazards. It also requires that this informa-
tion be provided to employers and empioy-
ees through labeling, employee training,
distribution of Material Safety Data Sheets
(MSDS), and other warning methods. Ma-
terials covered by these regulations and
commeonly foundin the machine tool indus-
try include metalworking fluids, cleaners,
solvents, all oils and any other specialty
chemical or substance used or processed.

YOLUNTARY
CODES &
PRACTICES

V. {B). Environmental Protection Agency

The EPA was originally authorized to as-
sure that tne quality of the outdoor environ-
ment was accepiable. The emphasis was
on “out-of-doors” conditions. The legisla-
tive acts which are the foundation of the
EPA’s activities are the Clean Water Act,
the Clean Air Act, and various hazardous
waste and conservation acts {.e., Federal
Environmental Pesticide Control Act, Toxic
Substance Conirol Act, Resource Conser-
vation and Recovery Act, and the Compre-
hensive Environmental Response, Com-
pensation and Liability Act).

In the past decads, due to concerns for
indoor air pollution and worker exposures
to environmental contaminants, the EPA
promulgated regulations which affect oc-
cupational exposure to certain materials.
For example, 40 CFR 747 Subpart B ad-
dresses the addition of nitrosating agents
to metalwarking fluids (4). These materals
had been added to increase the usetul life
of some metalworking fluids but are sus-
nected carcinogens. This rule cites the
occupational exposure problem through
the Toxic Substance Control Act. Al-
though this regulation does not estab-
lish ailowable exposure limits to
nitrosating agents in metalworking
fluids for workers, it does affect the
chemical composition and labeling

of such fluids.

Risk assessments have been used by
hath OSHA and the EFA in the last ten
years to promulgate new environmental
and occupational exposure regulations.
This concept establishes a rigsk of one ex-
cess death in 1,000 warking iifetimeas as a
threshold. Its basis is in the U.5. Supreme
Court’'s {UD v AP! decisicn on the regula-
tion of benzene (53).

V. {C). National Institute for
Occupation Safety and Health

NIOSH, an agency administratively sepa-
rate from QSHA, was originally formed un-
der the U.S. Department of Health, Educa-
tion and Welfare. It is now under the U.5.
Departrment of Health and Human Services
and acts as a research arm for OSHA's
efforis to assure workplace safety. Estab-
lished in 1974, NIOSH has made recom-
mendations on approximately 400 work-
place chemicals and, until adopted by
QSHA, these levels are referred to as Rec-
ommended Exposure Limits {(RELs) If
adopted by OSHA, these exposure levels
become known as Permissible Exposure
Limits and are enforceablz. While in the



REL status, they are non-enforceable. Nu-
merous BELs have been rejected by OSHA
due to a lack of sufficient supportive infor-
mation.

NIOSH often publishes its research find-
Ings in: Critenia Documents, Current Intelli-
gence Bulletins, Special Hazard Reviews,
Qccupational Hazard Assessments, the
Pocket Guide to Chemical Hazards, and
HTECS Registry of Toxic Effects of Chemi-
cal Substances. These publications pro-
vide detailed information on currert litera-
ture and research into cccupational expo-
sure to workplace and chemical hazaras.
For example, the Pocket Guide lists symp-
toms of exposure, target organs, appropri-
ate personal protective equipment, expo-
sure measurement methods, and chemical
and physical praoperties of gver four hun-
dred chemicals. Recommended Exposure
Levels (REls) are often lower and may
represent more conservative exposure ley-
els. For comparison purposes, in 1989
NIOSH's REL for toluene was 100 ppm
(eight-hour TWA), whereas OSHA’s PEL-
TWA for toluene was 200 ppm.

VI. INDUSTRIAL CONSENSUS
STANDARDS AND GUIDELINES

Any exhaustive coverage cof voluntary or
consensus standards is beyond the scope
of this paper; however, a brief summary is
needed for several organizations which
develop and publish voluntary standards
and studies on occupational exposure. This
summary is only intended to provide guid-
arnce and structure forthose unfarmiliar with
the voluntary codes and standards which
concern exposure 1o toxic and hazardous
substances in the machine tool industry.

Vi. (A). American Conference of
Governmental Industrial
Hygienists

Founded in 1938 as a professional society
of persons employed by official govern-
mental units responsible for full-time pro-
grams of industrial hygieng, the ACGIH has
promoted a forum for research on industrial
health problems. It regularly publishes
Threshold Limit Values and Biological Ex-
posure indices, commoniy known as the
TLV List (19-20).

Many of the new PEL values used by OSHA,
in its recently revised regulations (2) were
based on the ACGIH 1987-1888 TLV List,
some were not adopted by OSHA. For
comparison of the differences that may
exist between the ACGIH and OSHA stan-

dards, the 1986-87 ACGIH TWA for cad-
mium fume exposure was 0.05 mg/m?,
whereas the corresponding OSHA PEL-
TYWA was 0.1mg/m?.

It should be noted that ACGIH also pub-
hshes biological exposure indices. These
indices are used to measure and monitor
workers’ exposure, usirg body fluids as
well as hair and nalil clippings.

VI. (B}. American National
Standards Institute

ANSI and its predecessor crganizations
have beeninexistence for overeighty years.
ANSI nas published selected standards
concerning toxic and hazardous materials
in the workplace. Many of these standards
deal with test methods, characteristics and
labeling. A few older standards directly
address recommended exposure levels.

The “American National Standard for Haz-
ardous Industrial Chemicals - Precaution-
ary Labeling,” ANS! Z1298.1-1888 (26),
presents guidance in the design of labels
for chemicals (which couid include sol-
vents, coolants and other metalworking
materials). This standard incorporates the
legal terminology of “reasonably foresee-
able use and misuse,” but never defines
these concepts in specific technical terms.

ANSI also has issued standards on ventila-
tion configuration for grinding (ANSIBT11.9-
1975){25), working inconfined spaces (ANS!
Z117.1-1989) (23) and respiratory protec-
tion equipment (ANS] Z88.2-1980) (22). All
of these standards could affect worker ex-
posure to arborne contaminants in ma-
chine tool operations.

V1. (C). American Society for
Testing and Materials

The world’s largest scource of voluntary
standards is the American Society for Test-
Ing and Materials (ASTM), foundedin 1898.
ASTM’s concentration is on the testing of
characteristics and performance of materi-
als, products, systems and services. Nu-
merous ASTM standards have been
adopted by ANSIL A few such standards
pertinent to the machine tool industry are:
“Standard Test Method for the Misting
Properties of Lubricating Qils,” ASTM
D3705-1986 (34); “Standard Test Method
for Active Sulfurin Cutting,” ASTM D1662-
1986 (33); and “Standard Test Method for
Evaluating the Bicresistance of Water-
Soluble Metai-Waorking Fluids,” ASTM
£3946-80 (R1986) (35).

V1. (D). National Fire
Protection Association

The NFPA, a voluntary standards-setting
organization founded in 18986, is primarily
concernad with fire prevention and fire
fighting and has published the National Fire
Codessince 1938, NFPA 325M-1984, “Fire
Hazard Properties of Flammabls Liguids,
Gases, Volatile Solids,” (27) recommends a
diamond-shaped hazard identification
system which numerically rates the heaith,
flammability and hazardous nature of ma-
tenals. Aithough control of airborne con-
taminants does not appear to be the goal of
the NFPA standards, compliance with these
codes may indirectly affect occupational
exposures to many substances found in
the machine tool industry.

VL. {E). General Literature

Peer-reviewed jourmnals and monographs
often publish the most recent findings in
health hazard research. Their importance
must be weighed in the light of the type of
researchrepresented. The publications may
be anecdotal {simply an observation), a
case-control epidemiclogical study (a re-
view of events which looks for relationships
between exposures and outcomes), or
clinical trials and cohort studies that iden-
tify significant patterns of outcomes as
being statistically significant. These last
two types of studies usually require large
numbers of participants. in an attempt to
bring research results to public attenticr
quickly, not all necessary contrals have
always been implemented nor all causal
associations evaluated. The results, there-
fore, must be carefully examined.

Such literature dees play an important role
in detaermining the direction of additional
research. Anexample inthis area are recent
works on bacterial-related health problems
asscciated with contaminated metalwork-
ing fluids (46). Although these problems
have been acknowledged, regulatory
agencies have not as yet provided regula-
tions. The implications of this reszarch are
the need for continued evaluation of metal-
working fiuid formulations, the accumula-
tion of more information on the aging char-
acteristics of these fluids, and the mea-
surement of occupational exposures te air-
borne biological contaminarts.

Although many of the governmental regula-
tions and industrial standards, codes and
guidelines discussed up to this point are
directy orindirectly concerned with chemi-
cals and hazardous materials that may be-



come airborne, they alsc often include in-
formation about the multiple pathways for
absorption into the body. The following
section discusses these various routes of
entry for toxic substances into the human
body.

Vil. ROUTES OF ENTRY

There are three primary routes by which
chemical substances can gain entry into a
worker's bedy. Inorder ofimportance, they
areinhalation, skin centact and ingestion. It
is obvious that some substances may have
multiple routes of entry. Stokinger notes in
the NIOSH publication, Occupational Dis-
eases (13). the following concepis con-
cerning entry routes of contaminants.

VIl. {A). Inhalation

The lungs of an adult have an enormous
gas-tissue interface {ninety square meters
total surface, seventy square meters alvec-
lar surface). These large surfaces, together
with the capillary blood network surface of
140 sguare meters, enables an extremely
guick rate of absorption of many substances
from the air in the alveolar portion of the
lungs into the blood stream.

Highly water-soluble substances and
soluble chromates may pass through the
lungs and quickly dissipate after cessation
of their inhalation. In contrast, there are
many industrial chemicals thatremainin the
lungs for extended pericds of time.

Many of the highly reactive industrial gases
and vapors of low solubility can produce an
immediata irritation and inflammation of the
respiratory tract and may produce pulmo-
nary edema. Proionged or continued ex-
posure to these gases and vapors may lead
to chronic inflammatory or neoplastic
changes or to fibrosis of the .ung (13).

VIl. (A1). Gases, Fumes and Yapors

Basic oxide fume pariculaies and acid
gases are examples of substances which
are direct and fast-acting in the upper air-
way passages. limitation of these passages
occurs from concentrations of acid gases
and particulates only slightly above the in-
dustrial air standards. Many of the submi-
cron-size particles (metal oxide fumes) pro-
duce both immediate and long-term ef-
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fects. Forexample, inhaled cadmium oxide
fumes may cause acute or immediate pul-
monary edema that can be fatal, while
chronic inhalation over many years can
result in eventual renal injury and pulmo-
nary emphysema.

Some gases and vapors pass through the
lungs into the blood to be distributed to
liver, kidney and bone for which they have
affinity. industrial solvents are typical of
those materials that exert their principal
effects after absorption into the lung. The
vapors of certain halogenated hydrocar-
bon solvents produce quick narcosis after
brief exposures above the threshold limit
value. Long, repeated exposures, wellabove
the TLV, may injure the liver or the kidneys.
Single, massive exposurestosome of these
substances can produce puimonary edema.

It should be recognized and accepted as a
general rule that exposure to chemicals can
affect avariety of bodily functions, depend-
ing uponthe nature and degree of exposure
{13).

VI, (A2). Particulates

The parameter controlling the sites of
cdeposition, retention, distribution, and re-
sulting health effects of particulates obvi-
ously differ from those for gases and va-
pors. The aerodynamic diameter of the
particulate determines if a particulate will
deeply invade the respiratory system and
may give some indication of the degree of
injury on the various compartments of the
respiratory system.

Respirable dustis often consideredtobein
the 5 to 0.5 micren diameter range. For
fibers, the size and shape is also important
in their ahility to initiate certain toxicologic
responses: for example, in the induction of
mesotheliornas. The shape of a fiber ap-
pears ta increase its ability to move and its
potential for inflicting harm. Materials with
an aspect ratio of 3:1 are usually classified
as fibers.

VIl (B). Skin Contact

When a substance comes into contact with
the skin, at least four outcomes are possible:

1. the skin and its associated film or lipid
can act as an effective barrier against pen-
etration or adsorption;

2. delayed or immediate primary irritation
([dermatitis) may occur whenthe substance
reacts with the skin;

3. the substance can pass through the skin
and interact with tissue protein, resulting in
skin sensitization; and

4. the substance can pass through pen-
etrate the skin and enter into the blood-
stream and act as a potential systemic
POISON.

Although the skin functions as a protective
barrier against entry of foreign substances,
serious and even fatal poisonings have
occurred from brief dermal exposures 10
highly toxic substances such as parathion
and related organic phosphates, the orga-
nometallics, the alkyl leacds and tins, aniline,
phenol, and hydrocyanic acid.

In addition, abrasions, lacerations and cuts
may greatly enhance the penetration of
these compaounds through the skin. Of the
approximately 600 items presently on the
PEL and TLV Lists, almost one-third are
noted as being absorbed via the skin. Tem-
perature elevation may be expeacted 10 in-
crease skin absorption botn by increasing
the rate of diffusions and by increasing
vasodilation and thus increasing the rate of
transport away from the skin.

Human skin shows great differences in
absorption at different anatomic regions. If
the skin of the forearm is used as a frame of
reference, the palm of the hand shows
approximately the same penetration as the
forearm, whereas the back of the hand and
the skin of the abdomen have twice the
penetration potential.

VIl. (C). Ingestion

Accidental ingestion of hazardous sub-
stances presents less of a hazard to work-
ers in comparison with those from the inha-
lation and skin contact routes. Some of the
reasons for this are: (1) there are fewer
chemicals that can be ingested as it i1s
virtually impossible teingesta vapor orgas;
{2y the frequency and degree of contact are
very limited; mouth contact with substances
on hands, in food, in drink, and on ciga-
rettes is far less frequent, of shorter dura-
tion ana lesser in amount during the wark
shift than other routes of entry; and {3} most
impartantly, toxicity by mouth is generally



Table 4
Exemplar Equipment For Sample Collection in NKOSH Test Procedures

Equipment Contaminant
Detector Tubes/Badges {ases
Adsorption Tubes Crases
Gas Collection Bags Crases
Direci Reading Devices Gases
Midget Impingers Crases
[osimeter Badges Gases
Fiiter Cassetites solid

Anbome
Agtosols

of a lower order than that by inhalation,
because of poor absorption, acidity of the
stomach, and the alkaline conditions of the
small intestine.

Evenwith these considerationsinmind, itis
important that workers be aware of the oral
ingestion hazards associated with sub-
stances in the workplace. The ingestion
route contributes secondarily to the intake
of particulates or scluble gases by inhala-
tion, That portion of the inhaled material
lodges inthe upper respiratory tract, thenis
swept up the tract by chillier action and is
subsequently swallowed {(13).

It the machine tool industry, a variety of
airbome contaminants are candidates for
entry int¢ the human body via inhalation,
skin absorption, and ingestion. Forexample,
ail mists can cause adverse health effects
through the respiratory tract and skin
contact, cemented carbides, cobalt and
other metals may enter the body by inha-
lation and oral ingestion.

Regardless of the exposure mechanism or
absorption route, proper methods must be
followed to measure and monitor the ex-
posure [evels. These mathods may require
simple ¢or sophisticated equipment de-
pending on the material to be measured,
the contaminant concentration and form,

Results

Colorimetric change with concencentration

levels, exposure doration and sample volume

Muterial passes through an adsorption column
Vapors ai known flow rate; the material is
deadsorbed and evaluated by laboratory analysis

Sealed and nop-reactive bags are frlled with gaxs
for removal o instrumentation Tor evatuation

(Gas passes through a cell or across a specific
electrode for combined sample collection and

analysis

Uses cabibraied pump to draw gas through «
solution where it i then colleced for unalysis

Matenial diffuses through badge marenal and
15 collected; subsequent analysis allows
calculation for concentration. Exposure limes

are critical values; results are averaged aver fine

Material is drawn across filter media with
calibrated pumps and filter is evaluated by
optical or chemical analysis

and interferring matenals. Section VI dis-
cusgses some of the considerations involved
in methods of measuring airborne contami-
nants.

Vill. METHCQDS OF MEASUREMENT

Quantification of exposure levels requires
sample collection and analysis. The most
elementary methods of detection are based
on sight and smell. The smell of an airborne
contaminant, however, may not be sufficiant
to determine the presence of acontaminant
at unacceptable levels {although it may be
sufficient to indicate the presence of an
elevated amount of a contaminant). With
oll mists, a heavy, visual haze may prompt,
for example, the question of whether the
permissible exposure limit has been ex-
ceeded. Oil mists often produce a visually
perceptible haze near to the O5HA PEL 8-
hour TLV of 5 mg/m?®,

For a quantifiable measure of exposure,
personnel sampling may sometimes be
parformed by simply pinning a dosimeter
(See Table 4) onto a worker for a known
exposure time. A more difficult and more
accurate procedure requires the worker to
wear a calibrated sampling pump and cor-
responding collection device.

Sample collection devices include adsorp-
tion tubes, filter cassettes and cyclone
separators. itisimportart when using these
devices that a proper combination of flow
and sampling t:mes are used to provide an
adequate mass guantity sample “or analy-
sis. Too small a collected mass will pro-
duce below-detaction-limit results and tco
large a flow rate and sampling time can
cause oversaturated coilection media and
passthrough.

Variabons 1n the monitoring equipment,
procedures, valume sampted, and anaiyti-
calmethods must be considered to provide
the necessary information about the area
concentration, actual exposure levels for
giventime periods, and the collective effect
of the exposurs, Each site s unique in its
contamination sources and therefore in its
specific testing and information require-
ments.

In adcition to the measurement of airborne
contaminants, the worker may be moni-
tored at specific times by the coltection and
analysis of biclogical specimens. The
American Corference of Governmental
Industrial Hygienisis describes the speci-
mens {often urine, blood or exhaled airy and
the corresponcing Biological Exposure In-
dices. (19} One exarmple of this measure-
ment is the testing of exhaled air of a worker
at the end of a shift for exposure to trichlo-
roethylene. Another is the analysis of blood
for lead or cadmium expasure (H).

There are numerous reterences in the lit-
erature to analytical methods for the mea-
surement of arrborne contaminants. Per-
haps the most comprehensive and ac-
cepted methods are those avatlable from
the National Institute for Occupational
Safety and Health (NIOSH)(10). NIOSH pro-
vides a short discussion of the principle
underlying the methods, their apparatus
and proceduras and their imitations, accu-
racy, advantages and disadvantages.

The quantified level of airborne contami-
nants in the workplace is obviously an im-
portant measurement when compliance
with permissible occupational exposure
levels is determined. Other unexpected
airborne materials or processes must be
considered, manitored and theirinfluences
understood. Forexample, heating and ven-
tilation changes from season to season
may change air dilution characteristics
throughout the year; increased hours of
production may alter exposure levels by
causing multiple simultaneous sources to
be in operation. Therefore, selection of the
correct equipment, design of sampling



methodology and analysis of data can truly
become a multifaceted process which iends
meaning to gquantified resulis. Specially
trained individuals are often needed 1o
measure and interpret the results of work-
place sampling.

The work environments of the machine tool
industry are not necessarily amenable 10,
nor are their problems automatically re-
solved by, simple ventilation control tech-
niques and universally standardized sample
collection methods. Each workplace is site
specific incontaminant, dispersion mecha-
nisms and testing requirements; this means
+ is essental fo evaluate exposures 1o
assist in controlling them. (Fig. 2}

IX. METHODS TO EVALUATE AND
CONTROL WORKPLACE EXPOSURES

Before methods to control exposure car. be
estahlished, certain steps must be taken to
identify and evaluate the hazardous mate-
rials in use, the exposure levels and forms,
the duration of exposure and effects on the
work force. Many of these issues have
been introduced earlier in this paper.

Methods to identify and evaluate expo-
sures can follow many formats. Using Co-
halt, which is contained in many machining
tools, as an example, one finds from the
Material Safety Data Sheet that its respi-
rable dust can cause asthma, cardiac ef-
fects, eye irritation and allergic skin rash. [t

is also apparent that the PEL and TLY foran
sight-hour TWA IS 0.05mg/m?. Neither of
these two guidelines and accompanying
documents, however, provide sufficient
detail to implemert a specific control
method. The selection of the approprate
contral technology requires additional
aralysis. This analysis often follows the
hierarchy shown in Table 3.

1X. (A). Material Selection,
Removal or Substitutution

One of the rudimentary methods to reduce
occupational exposure is to remove the
offending material. The material of choice
for many cutting tools, for example, IS
tungsten carbide. No other material has its
unique combination of physical character-
stics. rendering its replacement by another
material almost an impossibility.

Substitution, the method of second choice
for control, is thus not available and other
exposure control means are necessary {see
Table 5). Aliernatively, the selection or Lsé
of an alternative cutting fluid may be quite
possible. In the selection Process, the
chemical composition of the cutting fluid
may be adjusted or substituted with less
nhazardous materials. Such a selection,
however, may also require input and evalu-
ation concerning the form and generation
method by which the material becomes
airborne.

Table 5
Exposure Control Techniques

{. Eliminate the harmiul material gygociated
with the exposure.

2. Reduce the Form contributing Lo the con-
centration by changing toadiffercnrphysical
form {i.e., from gas to liquid. from fumes o
larger particulales, etc.).

3. Reduce the exposure by (a) reducing the
cxposure concentration by ventilaion: or
(b} reducing the exposure duration.

4. Separate workers from the exposure by
(3} use of personal proteciiveequipment; (b)
worker rotation; (¢} enclosure of equipment.

5. Provide worker-related activities such as
(1) training on exposure clfects: (b) traning
on personal hygilene/care; and (¢} worker
screening and survelllance.

Several categories of liquids and soluble
materials are used in the machine tool in-
dustry. These include lubricans, greases,
coolants. drawing compounds, wWaxes,
degreasers, anti-oxidant and anti-fouling
agents, and protective coatings. If, for ex-
ample, the cutting fluid or coolant has been
identified as the most important compo-
nent of an airborne mist, several formula-
tions may be available as a selection tech-
nique for exposure control.
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1X. (B). Form and Formation
of Contaminant

Other considerations including the form or
formation of the contaminant should also
be evaluated (see Table o). If the exposure
results in a dermabitis problem, it may be
that a certain machining operation is caus-
ing liguids to splash onto the exposed
worker. Alternative speed conditions, re-
direction of the flow or the use of splash
shields may be adequate remedies. If
misting is the problem, source control may
be achieved by lowering operating tem-
peratures, equipment speeds or flow rates
to reduce the formation of condensing
gases, the formation of mist size droplets or
the excess availability of the coolant, re-
spectively.

in 1986, Foxall-Van Aken reported that the
individual componeants of industria. meatal-
working fluids have a substantial influence
onthe amount and form ofcarbon available
to support biological contamination of some
metalworking fluids. Such conditions can
increase the concentration of opportunistic
bacteria in the fluids which then can cause
skin infections. Under conditions of elevated
biclogical contamination, the formation of
biclogically active constituents might be
reduced by the addition of antibacterial
agents (46).

In the case of vapor degreasing operations,
the use of enclosures appropriate to the
material process flow rates and ambient
conditions may reduce the release of these
vapors by providing a balance between
vapor generation and surface area con-
densation. Again, control through process
changes may influence the formation of the
offending materials.

Genera ly, the above thrae examples relate
to the specifics of the machine operation,
lccalconditions, and to theequipment itself,
That is: {1} the selection of an alternative
lubricant or lubrication methoed may de-
crease exposure but may profoundly influ-
ence the performance of the eguipment
and the quality of the end products; {2)
biclogical inoculation and contamination is
heavily influenced by locel conditions and
additives may therefore be needed: (3) am-
bient air patterns may cause escape of
solventvapors from degreasing operations
requiring additional barriers. Control and
formation of these emissions are often be-
yond simple machine-based design con-
figurations and often require more in-depth
analysis.

Table 6
Definition of Forms of Airborne Contaminants

Particulates

Solid particles often produced by material handling, crushing and abrasion impacts, grinding. and
chipping. Toremain airhome particulates range it size from (1w 25 microns o micron = 1723 000 inch).
Larser size particles will quickly setthe under the influence of gravity. As o general rale, particulares do
o Foceulate except moelectrostabie fields and they will not diffuse m e but rather wod 10 setele.
Parmculare matter between 0.5 and 5 microns are often ¢lassified s respirable.

Fumes

Solid parricles formed by condensation from the gaseous state. The onigirtating gasesare ofien velatilized
from the malren state as would opcowr from a surface of molten metal. The condensed panicle size 15 most
Fikely very small m diameter amd includes the 1o (L05 micron siee. Hthe fumes origimate from a metal,
they olwen chenucally react 10 Torm metal oxides,

Smoke
Carben or soot-like panticle matter resulting from incomplete combustion usually in the micron range.
Although mostly sohd matenial. it mav also contain some liquid or semi-liguid components.

Fibers

sold matenals of orgumie and Inorgamce nature from bolh mom-made and nataral sonrges. They are
choracterized by @ length o widih ranio greater thaa 321 Part ol their resporatory hieard s due o their
geometry. Fibers may tlocculate and witract otherairborne muterials. Fibers do notdiffuse inair and tend
to settle under the forces of aravity, Fibers are often found grouped together or imbedded in other

madierals and are then refermed w oy “Ober-like struciures™,

Aerosols

Licwid droplets or solid matertals generated by condensing vapors or from ligoid streams that have been
ructienated mto droplets by physical means. Acrosols may prow o decrease insive doe 1o continued
conde nsanon ar evaporization . Acrosols may beameans for Mological contanunasis w become wrborme

andd mirive,

Mists

Large accurnulation of aithome Hquid droplets formed by condensing vapors or from liquid streams that
are [ractionated o droplels. Mists often ovcupy high moisture operanons and processes where liguids
arg used 1o quench and cond, or are atomized. These processes include dip tank operations, hreh speed

ratating cquipment, and sprayv applicatinns,

Caases

L B

The gas phase of any marerial 1 characiernized by conforming o the shape of the conkuner or space they
full. Gases generally follow the laws of diffusion and may be posinvely or negatively bowyvant,

Vapors

The gaseous state of matenals that normally are liguid or solhd at room temperatures. Materials become
vapors by such processes as evaporization. Materials with high vapor pressures are mare likely tobecone
vapors, Yapors eencraily follow the laws of diffeston, bol may also recondense and acl as aerasols or

myi=ts,

[X. {C). Control By Reduced

Concentration and Exposure DBuration

Ventilation is one of the most common
methods of reducing the contaminant
concentration level and the worker's ex-
posure duration to airborme comtaminants.
Ventilation systems are broadly categorized
into general dilution ventilation and dedi-
cated capture and exhaust systems. These
systems are covered broadly in the htera-
ture, including specific requirements in the
American National Standard, “Fundamen-
tals Govemning the Design and Operation of
Local Exhaust Systems,” ANS/ Z70.2-7979

(21}

The apphcation of ventilation or exhaust
systems 1o machine tool processes is not
an elementary task. A large number of air
changes per hour {one form of control
through general ventilation) is costly from
an air conditioning, heating, and air han-

dling perspedctive; but generally provides a
good uniform reduction in concentration
levels if sufficient air mixing is achieved.

Dedicated exhaust systems remove smaller
quantities of air from the specific area of
generation of the airbome contaminant, As
such, they are more energy efficient, but
rely on “capturing” the higher-concentra-
tion contaminants. The effectiveness of
these devices can be influenced by local air
movement conditions, rates of release of
the contaminant and competing air han-
dling equipment. It becomes obvious that
collecting and exhausting a buoyant gas
may he easierforadedicated vertical cancpy
exhaustthanio collectand exhaust aheavier
dust or fume particulate.

In addition, machining fluid aerosols in a
metalworking environment have been re-
ported as polydispersed and are generally
bimodally distributed by size (42). Since
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capiureand collection efficiencies vary with
droplet size, specific knowledge about the
aerosol size is necessary if exhaust collec-
tion methods are to be used. Hence, air
measurements may be necessary to define
particle or droplet size distribution before a
high capture efficiency can be achieved.

Due to the diversity of machine tool use, it
is difficult to provide an all-encompassing
dedicated exhaust systerm on most ma-
chines. Recentdesign advances have seen
theincorporation of some ducting orenclo-
suresio assistinthe collection and exhaust
on some machine types; howsaver, total
systems to collect and exhaust water and
cil-based mists, fumes and particulaies
may not all be interchangable. Simitarly,
high versus low liguid coolant or lubrication
use rates may cause the excessive genera-
tion of emissions beyond the capacity of
the exhaust systems. The positioning of a
dedicated exhaust and the resulting cap-
ture velocity distribution may not collect
materials under high speed equipment op-
erations, whereas its performance may be
adequate under lower speed operation. In
addition, the effects of multiple exhaust
locations must be considered as they
compete 10 move common sources of
ambient air.

Where multiple exhausts are necessary,
generally, the physical layout of the pro-
duction area will be designed with a single
exhaust air handler servicing multiple col-
lection points. Such configurations may be
repeated for each production iine or plant
area. Availability and balancing of these
multiple exhausts influence their applica-
tion to various installations. This approach
necessitates coordination betweaen the fa-
cility engineers and equipment providers.
Similarly, exposures are not constant in
time throughout the workday or from sea-
son 1o season. Background concentra-
tions throughout a workplace may start out
near zerg after a weekend shutdown and
may increase toward the end of a shift or
after prolonged work periods. An under-
standing of these issues again reguires
inforration particular to a specific work-
place.
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1X. (D). Separation of Workers
From Exposure Sources

The means of separating workers from ax-
posures traverse the spectrum and include
isolated containment rooms, physical bar-
riers, splash shields, worker rotation and
the use of personal protective equipment
fi.e., gloves, respirators, barrier creams,
etc.).

Rarely inthe past has it been the practice in
the machine tool industryto isolate worers
from the process, except in the processing
of highly toxic materials. Many cperations
require human involverment at or near the
point of operation. Increasingly, the appli-
cation of remote equipment, robotics and
computer-gperated equipment have placed
equipmentoperators at safer distances from
the points of operation. This approach has
been used mostly onnew or high-production
operations. Theretrofit application ofthese
technigues becomes increasingly difficult
due to the geometry of equipment and
placement of adjacent components.

The use of various barriers to assist In
minirmizing cross drafts and in enhancing
dedicated capture and exhaust systems is
& more common approach by equipment
users. The spacing, location and utility of
such barriers requires the talents and
avaluation by those familiar with air han-
diing and environmental control.

Onthe other end of tire spectrum of methods
to isolate workers from exposure is the
application of: (1) dedicated air suppiy
systems which engulf the workerwith clean
air; (2) the use of respirators 10 separate
airborne contaminants from breathing air;
and (3) the use of barrier creams {or gloves)
on exposed hands and skin fo prevent
contaminant contact. Several manufaciur-
ers provide both water and oill-compatible
barrier creams as alternativas to the use of
gloves, for some operations. These options
rely on various farms of personal protective
equipment which are considered inferior to
engineering control measures and are
sometimes used in conjunction with other
control measures to provide a redundancy
in mitigation control.

IX. {E). Worker-Related Activities

Simply informing potentially exposed
warkers about symptoms and health effects
of contaminant exposures is a means of
reducing them and their adverse effects.
Of course, this method relies on the human
elements of skill and vigilance, but it plays
an important role in exposure control.
similarly, fraining on the function, use and
care of perscnal protective equipment and
on personal hygiene methods 1S also an
important means of reducing exposure.

Finally, the use of pre-employment orwork-
related screening technigques and medical
surveillance can be used in many cases to
identify those predisposed to adverse re-
sponses or those at rnisk from previous
exposures. The ACGIH lists several mea-
sures of biclogical exposure determinants.

SUMMARY

The machine tool industry presents anum-
ber of opportunities for adverse occupa-
tional exposure conditions. The availability
of materials used and processed in the
industry and curincreasing knowledge has
resulted in newear and more stringent envi-
ronmental requirements. Compliance with
these criteria often is not an easy task.

It is important that the equipment manufac-
turer, chemical supplier, and owners of
industnal facilities composing the machine
tool industry remain aware of our new un-
derstanding of these problems and solu-
tions that are available 1o them.
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What is a Defect?

The definition of a defeclive product in a
state may be found in the case faw of that
state. In each issue we explore leading
product liability case law for ong or more
states. Triodyne Inc. refies on the trial bar
for sefection of the cases cited.

MISSISSIPPI LAW

Mississippi has adopted the doctrine of
strict liability as contained in Restaternent
of Torts, 2nd Edition, Section 402-A (1985),
which states:

(1) One who sells any product in a defec-
tive condition unreasonably danger-
ous to the user or consumer or 1o his
property is subject to liability for physi-
cal harm thereby caused to the ulti-
mate user or consumer orhis property.
State Stove Mfg. Co. v. Hodges, 189
So.2d 113 (Miss. 1966).

The Mississippi Supreme Court went on to
define defective condition as follows:

Ordinarily the phrase “defective condi-
tion” means that the article has some-
thing wrong with i, that it did not
functionas expected. However, where
the article was made as intended and
yei proves to be not reasonably safe,
the phrase “defective condition” has
no independent meaning. The issueis
whether the product is “unreasonably
dangerous™ or not reascnably safe.
State Stove v. Hodges, 189 S0.2d at
121.

Nearly twenty years after State Stove, the
Mississippl Supreme Court made a sub-
stantial change in Mississippi products li-
ability law when it overruled Walton v.
Chrysfer Motor Corporation, 229 5.2d 568
(Miss. 1968}, and eliminated the previous
bar to liability in “second impact” type
cases. In Toliver v. General Motors Corp.,
482 S0.2d 213 (Miss. 1985), the Mississipp
Supreme Court reversed and remanded
thetrial court’s dismissal of Edward Toliver’s
claim for injuries suffered when his 1873
Vega was struck from the rear by another
vehicle; and upon impact Toliver's gas tank
erupted, leaking gasoline into the passen-
ger compartment. The gasoline ignited,
causing extensive and severe burn injuries
to Toliver. In addition to eliminating the
“second impact” defense, the Court exten-

sively discussed the scope of strict liability
in Mississippi.

An essential component of a successful
products liability claim is proof that the
injury resulted from a defect in the product
which rendered it unreasonably dangerous
and defective as stated in State Stove, 189
So.2d at 12¢:

Ordinarily the phrase “defective condi-
tion™ means that the article has some-
thing wrong with it and that it did not
function as expected.

The Court in Tofiver cited comment (i} to
Section 402-A which states:

The rule stated in this section applies only
where the defective condition of the prod-
uct makes it unreasonably dangerous 10
the user or consumer.

The Mississippi Court held that:

Thus the terms “defective condition”
and “unreascnably dangerous” must
be usedin conjunction with each ather.
There must be a defect causing the
product to malfunction and that defect
must create the unreasonably dan-
gerous condition. Tofiver v. General
Motors, 482 So.2d at 216.

Even though the manufacturer may have
constructed the product as intended and
even though the product may function as
designed by the manufacturer, the issue s
whether the product is “unreasonably dan-
gerous” or not reasonably safe.

in Toffver, the Court reaffirmed its adher-
ence to the doctrire of strict liability. It
noted that problems may arise as aresult of
an application of strict liability. The Court
has noted that the terms “defective condi-
tion™ and “unreasonably dangercus”™ can-
not be separated from each other. “The
plaintiff must show that the product was
defective and that its defective condition
made the preduct unreasconably danger-
oustohim.” Toffver, 482 So.2dat218. The
Court weni on to comment (g) 1o Section
402-Ain the Restaternent of Torts and state
that a defective condition is defined as "A
condition not contemplated by the ultimate
consumer, which will be unreasonably
dangerous to him.” As applied to the fac-
tual situation in Toliver where the plaintiff

was injured by a gas tank which allowed
gasoline to spray into the passenger com-
partment and ignite. The plaintiff to make
out a prima facie case must “show that the
placement of the tank on the car that in-
jured him was defective: that it fell below
the standard of automotive design contem-
plated by the user, and thus became unrea-
sonably dangerous to him.”

The Mississippi Court recertly addressed
the question of “defective condition” in Half
v. Mississippi Chemical Express, Inc., 528
So0.2d 796 (Miss. 1988). The Court cited
with approval both State Stove, supra, and
Toliver v. General Motors, supra, In a case
filed against Mack Trucks based ugpon a
claim made by James Hall, an oil refinery
worker, who suffered severeinjuries inafire
at an oil refinery. Plaintiff claimed that the
fire was ignited by a Mack diesel truck that
was idling shorily before the fire started.
Plaintiff claimed that the truck was defec-
tive because it was not equipped with an
emergency device which would automati-
cally shut down the engine before igniting
hydrocarbons. The Supreme CGourt af-
firmed the trial judge's dismissal of the
Plaintiff’'s case against Mack, noting that
plaintiff “has utterly failed to prove that the
Mack truck was defective in the sense that
it was not reasonably fit for its intended
uses.” Hall, 528 S0.2d at 799. Itis an
essential element of plaintiff's strict hiability
claim to show that the product was “de-
fective and thus not reasonably safe.”
Performance with industry standards is a
relevant consideration in determining
whether or not a productis reasonably fit or
unreasonably dangerous; however, indus-
try standards are never conclusive on their
point. However, Mississippi l[aw does not
require a manufacturer io incorporate gv-
ery innovation which hindsight would sug-
gest might render the product more safe.
The standard is products that are reason-
ably fit, not perfectly fit.

Case sefected and text written by Vincent .
Castigtiola of Bryan, Nelson, Allen, and
Schroeder, 1103 Jackson Aveune, P.O. Box
1529, Pasacagoula, Misssissippi 38567,

14



6086 "ON liW4Y3d
1 '0DYOIHD
divd
IDY150d ‘SN
31¥H Hn4g

dnouny SUoILESILNWUIWGY

aydesy sudpou] o} sauinbul e 10eQ "0esr-£79 (804) 0199-8F908 I 'S8IIN
‘Bruaay AUNC| 1S3 0SES Fou| audpon] Jo uaissiuutad uelus Inayps sssacad
Aue Ag peonpotdal ag Aewl uonednand siy) jo uoiHod ON “pealasey sty |y ou|
sUAPDL | LEBL 3 WBuAdon dnoug) soudeln sUARO | AQ Pa2npoId puE pajensny|

QEty 2.9 (B0Z)

UOJILEY ¥ Y18 HJo)p3T

gP309 SI0UlI] 'SOIIN  enuBAY AYNOD| IS8p 0569
S15yUSS pUe sieaubug Buynsuon)

*OU] SUApOU]

&

.

Al3dvs



