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introduction

This document, A Proposed National Strategy for the Prevention of Dermatological Conditions,
summarizes what actions need to be taken to prevent occupational dermatological conditions. It
was developed in 1985 at a conference sponsored by the National Institute for Occupational Safety
and Health (NIOSH) and The Association of Schools of Public Health (ASPH), which brought
together over 50 expert panelists and 450 other occupational safety and health professionals.

In addition to the strategy for dermatological conditions, NIOSH and ASPH have published strat-
egies for the other nine leading occupational diseases and injuries: occupational lung diseases,
musculoskeletal injuries, occupational cancers, severe occupational traumatic injuries, occupa-
tional cardiovascular diseases, disorders of reproduction, neurotoxic disorders, noise-induced hear-
ing loss, and psychological disorders.

The proposed strategies were originally published in a two volume set, Proposed National Strat-.
egies for the Prevention of Leading Work-Related Diseases and Inguries, Part 1 and Part 2. These
. proposed strategies are not to be considered as final statements of policy of NIOSH, The Association
of Schools of Public Health, or of any agency or individual who was involved. Hopefully, they will be
used in the quest to prevent disease and injury in the workplace.

To learn of the availability of the complete texts of Part 1 and Part 2, or to obtain additional copies
of this or other Strategies, contact NIOSH Publications, 4676 Columbia Parkway, Cincinnati,
Ohio 45226. Telephone (513) 533-8287.



A Proposed National Strategy
For the Prevention of
Dermatological Conditions

introduction

Occupational skin disorders are important causes of morbidity and disability in the
workplace. Recognizing this importance, the U.S. Department of Labor in 1978 com-
missioned a Standards Advisory Committee on Cutaneous Hazards, which issued
recommendations for improved surveillance, prevention, and research (). In 1982,
the National Institute for Occupational Safety and Health (NIOSH) included occupa-
tional skin disorders on its list of ten leading work-related diseases and injuries (2).

This document addresses occupational dermatological conditions resulting from work- -
place exposures that directly and adversely affect the structure and/or function of
the skin. These conditions include both acute injuries and chronic diseases. In addi-
tion to being a target organ, the skin may serve as a route for entry of tc.xic chemicals
through percutaneous absorption into the body. Researchers studying occupational
diseases that affect other organs or systems should consider the relative contribu-
tion of dermal exposures to environmental substances to the total chemical burden
of the body and the effect of skin injury and disease on the protective characteristics
of the skin. ~

Background

Because large surface areas of the skin are often directly exposed to the environment,
this organ is particularly vulnerable to occupational and environmental diseases and
injuries (Table 1). No standard operational definitions of injury and disease exist,
and any distinctions between them are occasionally arbitrary. By convention, “dis-
eases” usually refer to conditions that result from cumulative or repetitive exposures,
while “injuries” refer to cenditions that result from instantaneous trauma or a sin-
gle (usually brief) exposure. Some misclassification will inevitably continue to occur
(e.g., classification of allergic “poisonivy” dermatitis from a single exposure to the
plant as an “injury”’) until such time as operational criteria are more rigorously stan-
dardized.



Table 1. Structure, Function, and Occupational Disorders of the Skin

Structure

stratum corneum

squamous and basal
cells of epidermis

melanocytes and
melanin

Langerhans cells,
Iymphatics, dermal
macrophages

Merkel cells, nerve
tissue elements

blood Vessels, mast
cells

connective tissue

eccrine sweat
glands

sebaceous glands

hair, follicles

nails

Function

barrier against chemical
diffusion and
microorganisms

cell regeneration, synthesis
of stratum corneum,
wound repair

absorption of ultraviolet
radiation

immune regulation and
surveillance

perception of environment

thermoregulation, nutrition
of tissue

mechanical protection
against trauma,
wound repair

thermoregulation, buffering
of skin surface

synthesis of skin surface
lipids, chemical barrier
against microorganisms

insulation and protection,
secondary sensory organs,
social appearance

grasping and manipulation
of small objects

Occupational Disorder

chapping from low humidity,
chemical stains, systemic
toxicities following
percutaneous absorption

infection, burns,

contact dermatitis, basal
and squamous cell
carcinomas

toxic vitiligo, melanoma,
post-inflammatory hyper-
and hypopigmentation

delayed hypersensitivity
reactions, mycosis
fungoides

toxic neuropathies

heat stroke, urticaria,
flushing reactions,
vibration “white”” finger

infection, burns, trauma,
granulomatous reactions,
solar elastosis, scars,
scleroderma

miliaria (“prickly heat’’)

oil acne, chloracne

folliculitis, traumatic
or toxic alopecia

paronychia, dystrophy,
onycholysis

A. Skin Diseases

Dermatological diseases accounted for a disproportionately large percentage
(approximately 34%) of all cases of chronic occupational disease identified in the
Bureau of Labor Statistics (BLS) Annual Survey for 1984 (Figure 1).

The estimated number anc rate of occupational skin diseases are shown in Fig-
ure 2 and Table 2. The greatest number of cases (23,017) occurs in the
manufacturing division, while the highest rate occurs in the combined division
of agriculture/forestry/fishing (28.5 per 10,000 full-time workers).
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Figure 1. Occupational linesses by Type
BLS Annual Survey, 1984
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Figure 2. Numbers and Rates of Occupational Skin
Diseases and Disorders, BLS (1973-1984)



Table 2. Cases and Incidence Rate of Occupational Dermatological Diseases,
by Major Industrial Division — Private Sector, United States, 1984*

Industrial Division Number Incidence rate**
Agriculture/forestry/fishing 2,233 28.5
Manufacturing 23,017 12.3
Construction 2,456 6.6
Services 7,973 5.0
Transportation/utilities 2,114 4.3
Mining 393 4.0
Wholesale/retail trade 3,770 2.1
Finance/insurance/real estate 563 1.1
Total 42,519 6.3

* 'Bureau of Labor Statistics Annual Survey

** Per 10,000 full-time workers (2,000 employment hours/full-time worker/year)

The number of cases has been gradually decreasing over the last decade, reach-
ing a low of approximately 39,540 cases in 1983. Incidence rates for occupational
dermatological diseases have exhibited a similar downward trend, gradually
decreasing from 17 cases per 10,000 full-time workers in 1972, to a low of 6.2
cases per 10,000 worker years in 1983. It has not been clearly determined, how-
ever, whether this steady downward trend resulted from true progress in the
prevention of occupational skin disease. An increase in the estimated number
and rate of cases in 1984 coincided with an estimated increase of 11.7% in the
overall incidence of occupational injury and disease in the United States, as
reported by the BLS in its Annual Survey. Due to underrecognition, underreport-
ing, and misclassification, the true numbers and rates of occupational skin
diseases may be 10- to 50-fold higher than reflected in the Annual Survey (3).
Analysis of workers’ compensation claims from California suggests rates on the
order of 20 per 10,000 workers (4).

As many as 20%-25% of all persons with occupativusl skin disease lose an aver-
age of 11 days from work annually (4-6). Assuming a 10- to 50-fold underreporting
(3), the estimated annual costs of dermatological diseases due to lost productivity,
medical care, and disability payments may range between $222 million and
$1 billion (7).

. Skin Injuries

Injuries to the skin (cuts, lacerations, punctures, abrasions, burns) account for
a substantial percentage of all occupational injuries combined, i.e., about 35%
of occupational injuries treated in hospital emergency rooms and about 23% of
injuries for which workers’ compensation claims are filcd (Table 3).

NIOSH has estimated that 1.07-1.65 million occupational skin injuries occur
yearly, with an estimated annual rate of 1.4 to 2.2 cases per 100 workers (8).
Separate estimates for lost workdays or costs are not available for skin injuries.
However, given the large number of cases that occur annually, the costs attributa-
ble to lost productivity, medical payments, and disability payments are probably
considerable.



*

Table 3. Relative Distribution of Occupational Skin Injuries
Among All Injuries (eye injuries excluded)

NEISS* SDS**

(n=4,401,567) (n=1,365,097)
Skin Injuries 34.7% 22.5%
All Other Injuries 65.3% 71.5%
Total 100.0% 100.0%

National Electronic Injury Surveillance System, U.S. Consumer Product Safety Commission, 1985
data

**% {J.S. Bureau of Labor Statistics Supplementary Data System (SDS), 1983 data

C. Percutaneous Absorption

The number of cases of systemic toxic reactions (acute or chronic) attributable
annually to percutaneous absorption in the workplace is unknown; most such
cases probably go unrecognized. A NIOSH review of National Electronic Injury
Surveillance System (NEISS) data, covering emergency roqm visits in a selected
sample of hospitals from 1981 to 1985, found only three cases of acute systemic
reactions possibly attributable to percutaneous absorption from workplace
exposures (unpublished). These data are not sufficient to determine the role of
percutaneous absorption in the occurrence of occupational disease.

Assessing the Problem

Preliminary assessment and characterization of the various dermatological conditions
that may afflict workers (Table 1) is essential before rational strategies can be for-
mulated to prevent and control these disorders. The discussion below highlights the
important causal agents, risk factors, and clinical outcomes towards which effec-
tive strategies can be directed.

A. Skin Diseases

The occurrence of a cutaneous disorder is relatively easy to recognize, because
changes induced by the disease process are visible. However, accurate clinical
determination of the specific diagnosis of skin disease and its relationship to occu-
pation usually require a high level of clinical skill and expertise even among
dermatologists. Definitive attribution to a particular causal agent may be limited
by either a lack of specific diagnostic tests or the relative difficulty of perform-
ing them on a routine clinical basis. Thus, determination of a causal agent is
often based on nothing more than a temporal association of disease with exposure
and the intuitive judgment of the examining health care provider. Furthermore,
the relative contributions of exposures encountered outside the usual work environ-
ment (home, secondary jobs, social and recreational activities) must be sorted
out. This is frequently a difficult and complex task. For most workplace chemi-
cals, little or no data on cutaneous toxicity are presently available to assist the
- health care provider in making an evaluation.



- 1. Contact Dermatitis

Although precise figures are not available, clinical experience from field inves-
tigations in the 1950s suggests that 80% of all cases of contact dermatitis
are due to skin irritation, while 20% may be due to allergy (9). The influx
of new and potentially allergenic chemical substances into the workplace since
the 1950s may have had some new, as yet unmeasurable, impact on the propor-
tional mix of irritation vs. allergic contact dermatoses. Indeed, claims for
contact dermatitis may constitute up to 90% of workers’ compensation claims
for skin diseases (). Contact dermatitis has been included in the list of occupa-
tional sentinel health events (SHE[0]), defined as preventable diseases the
occurrence of which serves as a warning signal that the quality of preventive
or therapeutic care may need to be improved (10).

a. Irritant Contact Dermatitis

Irritant contact dermatitis most often results from prolonged, cumula-
tive, or repetitive exposures of the skin to chemical or physical substances
that directly injure the tissue and cause inflammation. This condition is
arbitrarily distinguishable from chemical burns only by the rapidity with
which inflammation develops following exposure. Most cases of contact
dermatitis are due to irritation caused by chemical agents. Such irrita-
tion commonly occurs on the hands, forearms, and other skin surfaces
that come into direct contact with the causal agent and rarely spreads
to skin surfaces that do not have obvious or frequent contact. Indirect
exposure through skin contact with grossly contaminated objects, sur-
faces, or clothing may be important. In many instances, chemical
irritation may develop through the interaction of multiple, cumulative
exposures to several agents or through the combined effects of physical
trauma rather than from isolated exposure to a single agent.

There are no specific diagnostic tests for cutaneous irritation, including
patch testing (11), and diagnosis is usually made through the intuitive
judgment of the evaluating health cdre provider based on temporal associ-
ations with exposures, cutaneous toxicities of the exposures,
and the manner in which exposures occurred.

An examination of workers’ compensation data from California (4) sug-
gests that the 5 categories of agents causing the largest number of reported
cases of irritant contact dermatitis are:

® soaps, detergents, miscellaneous cleaning agents

e solvents

hard, particulate dusts (e.g., fibrous glass)

food products

miscellaneous plastics or other resins.

Animal models have been developed to measure the irritant potential of
chemical substances, but most existing data pertain only to single appli-
cations at full strength.



Risk factors that affect personal susceptibility may influence the develop-
ment of contact irritation. Atopy (a personal or family history of atopic
dermatitis, rhinitis/conjunctivitis, or asthma) is the single most impor-
tant risk factor; the prevalence of this trait in the general population is
approximately 25% (12). Studies suggest that for atopic individuals the
relative odds of developing occupational dermatitis are increased 13-fold
compared with non-atopic individuals (5). The risk of developing work-
related hand dermatitis is greatest in persons with a personal history of
childhood atopic dermatitis (13). As yet, no prospective studies have meas-
ured the degree of risk for developing skin irritation of an atopic individual
who enters the workforce without active skin disease. Percutaneous
absorption of potential irritants through the skin contributes to the risk
of skin irritation and may be enhanced if protective clothing entraps or
occludes the irritant against the skin. It may also be enhanced by increased
hydration of the stratum corneum (the outermost protective layer),
elevated temperature of the potential irritant (11), and contact with ana-
tomical sites where skin permeability is greater (e.g., eyelid, face, and
genital skin are more permeable and more easily irritated). Additional risk
factors include virtually any pre-existing skin disease or injury (e.g., abra-
sions) that may be aggravated by exposure to workplace irritants, although
certain dermatoses (e.g., psoriasis, atopic dermatitis) pose greater risks
(14).

. Allergic Contact Dermatitis

Allergic contact dermatitis, which requires sensitization and participa-
tion of the immune system (cell-mediated immunity, delayed
hypersensitivity reaction), also occurs most often on those body sites where
primary contact with the responsible causal agent is most frequent, usually
the hands and forearms. Unlike irritant contact dermatitis, however, con-
tact allergy can be triggered in sensitized individuals by exposures to
relatively small amounts of antigenic substance. It is not unusual, there-
fore, for allergic contact dermatitis to develop on areas of the body remote
from the primary contact. Indirect contact with objects, surfaces, or cloth-
ing contaminated with only a trace of the substance may be sufficient to
trigger widespread, severe dermatitis. Diagnosis of the responsible causal
agents for contact allergy may be established reliably by cutaneous patch
testing. Details of this procedure have been described extensively in text-
books (15, 16). Definitive diagnosis of contact allergy or the specific causal
agent is generally impossible in the absence of a positive patch test, with
the possible exception of poison oak/ivy dermatitis, for which the clini-
cal characteristics and history are usually sufficiently diagnostic. Because
even ‘“‘classic”’ poison 1vy dermatitis can be mimicked by contact allergy

to other plants (e.g., primrose, Algerian ivy), however, patch testing may
" be necessary to prevent misdiagnosis.

The frequency with which specific chemical substances cause allergic con-
tact dermatitis is unknown because existing databases on occupational
skin disease do not contain confirmatory data from patch tests. A review
of published case reports and textbooks (15,16) gives some general idea
of common contact allergens in the work environment. These include:

¢ metallic salts (nickel, chromate, cobalt, gold, mercury)



¢ rubber accelerators and antioxidants (thiurams, dithiocarbamates, mer-
capto compounds, paraphenylenediamine derivatives)

» plastics and resins (epoxies, epoxy hardeners, phenolics, acrylics, rosin)

¢ organic dyes (paraphenylenediamine, photographic color developers,
azo dyes, numerous others)

¢ industrial biocides and germicides (formaldehyde, formaldehyde
releasers, quaternium-15, isothiazolin-3-one derivatives)

¢ occasional first-aid-cabinet preparations (neomycin, thimerosal, ben-
zocaine, mercurochrome, bacitracin).

Human and animal models have been developed to measure the sensitiz-
ing potential of various chemical substances, but dose-response data are
generally unavailable (17).

Potential risk factors are similar to those for irritant dermatitis except
for atopy, which does not predispose individuals to the development of
contact allergy (16). In addition, pre-existing contact allergy acquired in
the home (or another work) environment increases a worker’s risk at the
time of initial job placement if job duties involve exposure to the same
allergen. Clinical observations also suggest that, in some cases, irritant
contact dermatitis or other cutaneous trauma has preceded the develop-
ment of contact allergy and may be a risk factor.

In general, the prognosis for contact dermatitis is surprisingly poor. Pub-
lished series of cases suggest that only 25% of patients recover completely
and fully, 50% improve but require intermittent treatment to maintain
control, and the remaining 25% remain unchanged or worsen (18-20).
Among workers who have their jobs changed or modified because of skin
disease, 25% may continue to have chronic dermatitis despite these
actions. The prognosis does not appear strlkmgly different for irritant
or allergic contact dermatitis.

2. Skin Cancer

Relatively few epidemiologic studies have been performed on the relationship
of skin cancer to various occupational exposures. Non-melanoma skin cancers
(squamous and basal cell) occur more frequently among outdoor workers and
occupations with skin exposure to coal tar derivatives (21,22). As yet unex-
plained clusters of malignant melanoma have occasionally been detected in
occupational settings (23,24). Cutaneous T-cell lymphoma (CTCL, mycosis
fungoides) was reported by one group to be associated with certain industrial
occupations (25), while others report no association between CTCL and employ-
ment (26). Detailed study is needed to determine whether CTCL :an be linked
epidemiologically to occupation or industry of employment.

Considerable clinical, epidemiologic, and experimental evidence has estab-
lished that ultraviolet (UV) solar radiation is the most potent and important
cutaneous carcinogen causing non-melanoma (basal and squamous cell) skin
cancer (27-29) and premalignant actinic keratoses. Other implicated causal
agents include ionizing radiation, polynuclear aromatic (PNA) hydrocarbons



from petroleum refining and coal tar distillation, arsenic, and anti-neoplastic
chemotherapeutic agents (21,22,30). The risk of non-melanoma skin and lip
cancer following exposure to these agents (with the possible exception of arse-
nic) is increased when the effects of UV radiation are also present. The role
of environmental or occupational exposures in malignant melanoma is less
clear. Epidemiologic observations also suggest that UV radiation increases
the risk for developing malignant melanoma, but this is not a simple dose-
response relationship (31,32). No causal agents have yet been clearly identi-
fied in epidemiologic clusters of malignant melanoma. Cutaneous T-cell
lymphoma, which has been associated with exposures to pesticides and other
miscellaneous chemicals, must be studied in more detail (33). Virologic studies
suggest that CTCL may be due in many cases to retrovirus infection (HTLV-I).
Clinical evidence also suggests that, in some cases, malignant transforma-
tion could result from chronic bouts of allergic contact dermatitis and antigen
stimulation (34,35). Although the possible role of antigenic stimulation in
CTCL is intriguing, either as a primary cause or as a secondary promoter
through interaction with HTLV-I infection, it remains an unproven hypothesis.

Personal susceptibility and pigmentary skin differences appear to play a sig-
nificant role in the development of both non-melanoma and melanoma skin
cancers induced by exposure to UV radiation. Relative risks are greater in
fair-skinned Caucasians of Celtic descent who sunburn easily (28,29), while
heavily pigmented skin is protective. Cutaneous trauma, particularly burns,
may predispose to malignant transformation on rare occasions, and skin
cancers have been reported arising directly within areas of cutaneous trauma

{(36,37).
Infections

Workers’ compensation data suggest that up to 5% of all claims for skin dis-
eases are due to primary skin infections (4). Accurate data to characterize
the risk of skin infection by causal agent and occupation or industry of employ-
ment are not available.

Occupational skin infections may be caused by a variety of infecting microor-
ganisms, including bacteria, fungi, viruses, and parasites (38). Examples
of infections that may pose unique risks for specific occupations include
erysipeloid (fishermen, meat handlers), anthrax (wool handlers), atypical
mycobacteria (fishermen, aquarium workers), herpes simplex (dentists,
nurses, physicians), orf (sheep and goat ranchers), milker's nodule (dairy-
men), sporotrichosis (gardeners, nursery workers), and grain-mite itch (grain
farmers).

Excessive heat and humidity may predispose workers to acquire bacterial fol-
liculitis or superficial dermatophyte infections, particularly when work clothing
is constrictive. Cuts, burns, and abrasions, especially when combined with
poor skin hygiene, may become infected secondarily. The skin of atopic wor-
kers is more susceptible to bacterial infection with Staphylococcus aureus (38).

Miscellaneous Skin Diseases
Less than 5% of workers’ compensation claims for skin diseases arise from
disorders other than contact dermatitis or skin infections (4). These disorders

include systemic or contact urticaria (39,40), cutaneous flushing (41),
vasospastic disorders (42), scleroderma (43), toxic vitiligo (leukoderma) (44)

9
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or other pigmentary disturbances, acne and chloracne (including oil acne or
boils) (45,46), photosensitivity (38), and sweat retention syndromes (e.g.,
prickly heat). Epidemiologic studies have not been performed to compare the
prevalence of these or other dermatological diseases (e.g., rosacea, psoria-
sis) by occupation or industry of employment with prevalence in the general
population, although the National Health and Nutrition Examination Sur-
vey (NHANES I) contains prevalence data for the general population on which
such comparisons could be made (¢7). Animal models have been developed
to screen chemical substances for their potential to cause contact urticaria,
vitiligo, acne, and photosensitivity, but these models have not been widely
used for premarket screening of industrial chemicals (17).

B. Skin Injuries

Of all occupational skin injuries recorded among hospital emergency room cases
(Figure 3) and in workers’ compensation claims (Figure 4), mechanical trauma
(cuts, lacerations, punctures, abrasions) accounts for 80%-90%; burns from phys-
ical agents (electrical, thermal, UV radiation, or other) make up approximately
8%-12%; and chemical burns involve less than 2.5%. Eye injuries have been
excluded from this analysis, but should remain an important part of overall hazard-
prevention and safety programs because the risk factors are similar.

Radiation injuries®
(0.1%)

Burns, other
(8.3%)

Foreign bodies
(3.5%)

st Burns, chemical

(1.9%)

Lacerations,
punctures

(86.2%)

Figure 3. Occupational Skin Injuries™*
by Type, NEISS 1985

* Radiation injuries primarily sunburn
** Eye injuries excluded



Other
(0.2%)

Burns, other
(11.9%)

Abrasions
. (3.4%)

s Burns. chemical

(2.2%)

Radiation injuries®
Lacerations, (<0.1%)
punctures

(82.3%)

Figure 4. Occupational Skin Injuries™*
by Type, BLS-SDS 1983

* Radiation injuries primarily sunburn
** Fye injuries excluded

Although cutaneous occupational injuries due to repetitive trauma (e.g., pain-
ful, fissured calluses) also occur, their numbers are not known (48). Disorders
resulting from repetitive trauma are classified in the BLS Annual Survey (Fig-
ure 1) as diseases rather than injuries (the latter resulting from ‘‘one time”
occurrences), but the proportion that affects the skin cannot be ascertained.

Specific causal agents for skin injury and the occupations and industries in which
they are most likely to occur have not been adequately documented in the litera-
ture. Relevant information is, however, contained in files of the Bureau of Labor
Statistics’ Supplementary Data System (SDS). For example, Table 4 lists the
occupational groups from which the most compensation claims for injury to the
skin were filed in 1983 in the 30 states participating in the SDS system. Neither
incidence rates nor prevalence rates are known, however, since accurate denomi-
nator information is presently lacking.

Skin injuries may be complicated by infections, disfiguring scar formation, or
even persistent pain or itching, but no data are available on the degree or fre-
quency with which such complications occur. Assuming a complication rate as
low as 0.5%, the annual number of complications in skin injury may approach
the yearly number of skin diseases. The prognosis for short-term recovery from
the acute effects of injury is generally excellent, but long-term prognosis may
be substantially affected by complications.

The relative importance of risk factors that contribute to traumatic skin injury

is unknown. Investigations of individual cases of occupational traumatic inju-
ries and fatalities implicate a number of contributing causes. Cited most often

11



Table 4. Skin Injuries by Occupational Group, Bureau of Labor
Statistics’ Supplementary Data System, 1983*

Occupation Number % Total
Cooks 14,657 5.5
Food Service Workers 10,620 4.0
Miscellaneous Laborers 9,203 3.5
Miscellaneous Operatives 8,417 3.2
Machine Operatives 7,751 2.9
Carpenters 7,624 2.9
Construction Laborers 7,550 2.8
Automobile Mechanics 5,506 2.1

* Based on workers’ compensation data from 30 states.
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are the failure of management to recognize hazards and provide appropriate con-
trols, faulty equipment or process design, faulty task design, improper work
techniques, inadequate maintenance, lack of hazard recognition, inappropriate
response in nonroutine or emergency situations, economic pressures, and a variety
of human factors (e.g., fatigue, substance abuse, risk-taking behavior). Personal
susceptibility may be increased by hyperhidrosis (increased sweating) of the palms
when this is severe enough to interfere with the grasping and manipulation of
tools (49).

. Percutaneous Absorption

The skin may be an important route of absorption for chemical substances that
can cause acute or chronic systemic toxicity. Skin exposure may occur directly
from raw materials, from contaminated work surfaces, or from toxins uninten-
tionally generated during the manufacturing process. For some substances (e.g.,
pesticides), the skin may be the principal or only route of exposure (50). Federal
and state standards for occupational health, however, only set permissible levels
for airborne exposures to these industrial chemicals and, therefore, are not applica-
ble here. As new regulatory requirements go into effect to reduce permissible
airborne exposure levels of potential carcinogens and toxins, percutaneous absorp-
tion will likely become a relatively more important route of exposure in terms
of total body chemical burden.

Important chemicals that may produce serious systemic toxicity have been
reviewed extensively (51-53). These include aniline (methemoglobinemia, blad-
der cancer), benzene (aplastic anemia, leukemia), cyanide salts (acute cellular
asphyxia and death), and mercury (central nervous system intoxication, kidney
failure). Of the more than 85,000 chemical substances currently listed in the Regis-
try of Toxic Eifects of Chemical Substances (RTECS) (November 1986), less than
1600 have dermal L.D 50 data reported, and only 1300 have any cutaneous irri-
tant effects reported; specific quantitative dose-response data are virtually
non-existent. Numerous human, animal, and in vitro models have been devel-
oped to study both the quantitative and qualitative aspects of percutaneous
absorption (17), but these have been used chiefly for pharmaceutical rather than
industrial chemicals.



The primary determinants of percutaneous absorption reside in the specific mol-
ecule under consideration: molecular weight, size, stereochemical configuration,
partition coefficients, etc. Knowledge of these factors permits a fairly accurate
prediction of the potential for transdermal absorption. Factors that may promote
percutaneous absorption of systemic toxins include trauma (cuts, burns, abra-
sions), prolonged skin contact, excessive hydration of the stratum corneum,
elevated skin-surface temperature, contact with highly permeable facial or geni-
tal skin, and contact with areas of pre-existing dermatitis (11).

IV. Prevention Pianning

Effective planning to prevent and control occupational dermatological conditions
requires preliminary assessment of the following basic elements: working popula-
tions at greatest risk, available prevention/control methodologies, health care delivery
practices, resources of professional health and safety manpower, and economic and
material resources.

A. Targeting High-Risk Populations

Based on statistics currently available, manufacturing workers have the most
cases of skin disease, while agricultural workers have the highest rate of skin
disease, more than twice that of manufacturing workers (Table 2). Despite the
high rate among agricultural workers, relatively little effort has been made to
characterize this risk in more detail. Cooks and food service workers, laborers,
and machine operators also appear to incur large numbers of traumatic injuries
to the skin, although the incidence rates have not been ascertained. Outdoor wor-
kers are exposed to potentially harmful ultraviolet radiation from the sun and
have an increased risk for developing skin cancer. Although precise data are not
available, as many as 10% to 20% of the workforce may be exposed to solar radi-
ation for at least part of the workday. In targeting strategies, consideration must
be given to reaching small employers in industries where occupational dermato-
logical conditions are more likely to occur.

Current risk patterns may be altered by demographic changes within the work-
force. Trends projected to the year 2000 show declining work populations in
agriculture, population shifts within manufacturing from heavy to light indus-
tries, increased populations in service industries, an increase in the proportion
of female workers up to almost 50% of the workforce, and, as the baby-boom
generation matures, an increasing proportion of middle-aged workers (age 35 to
55) with a corresponding decrease in young and old workers (NIOSH, unpublished).

B. Prevention and Control Methods
1. Engineering

The most effective control measures totally eliminave any possible skin con-
tact with potentially harmful environmental exposures. Process engineering
involves isolation, enclosure, or containment of equipment or machinery.
Chemical engineering involves either elimination of harmful chemical exposure
altogether, or substitution of less noxious substances. Although replacement
of contact allergens with non-allergenic substances has been used successfully
(54,55), elimination and substitution are not always viable options when a
causal agent is an integral part of the production process and no substitute
is available.

13
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2. Personal Protection

Protective equipment and clothing are widely used in industry to control
exposures. The chemical and physical resistance of personal protective equip-
ment to specific causal agents for skin disease is an important consideration.
Prudent selection of protective equipment depends on data generated by stan-
dard test methods about chemical and physical resistance. To date, the F23
Protective Clothing Committee of the American Society for Testing and
Materials (ASTM) has developed several consensus procedures for testing
chemical and physical resistance; several others are in draft. Although some
data have already accumulated on the resistance of specific protective materials
to pure (neat) forms of many chemical agents (56), these pure chemicals are
typically compounded, formulated, or mixed in the workplace with other
materials. Breakthrough values for pure liquids do not correlate with break-
through times for binary mixtures (57), and variations in the composition,
thickness, and quality of protective materials translate into variations in their
chemical resistance. Therefore, in selecting chemical protective clothing (CPC)
specific CPC materials should be tested against the actual chemicals or chem-
ical mixtures used in the workplace. The effectiveness of procedures to
decontaminate CPC is largely unknown, and toxic substances that have per-
meated CPC may remain there and pose a theoretical risk of accidental
exposure during reuse. Thus, contaminated CPC should not be reused unless
evidence specifically indicates that the decontamination method is efficient
and does not degrade the CPC.

Small amounts of chemical substances that permeate CPC may be an impor-
tant factor in allergic contact dermatitis (58), skin cancer, or systemic toxicity
through percutaneous absorption. Currently, no evidence is available to sug-
gest that permeation can occur in amounts sufficient to cause skin irritation
without also causing gross, visible damage to CPC (58).

The need for CPC is often apparent, but whether it is always used when needed
isnot clear. Although data relating dermatological conditions to the non-use
or improper use of CPC are not currently available, BLS has conducted in-
depth analyses of selected types of injuries and the corresponding use of per-
sonal protective equipment (PPE). For example, data indicate that only 1%
of workers suffering facial injuries and 17% of workers sustaining head inju-
ries were wearing appropriate PPE at the time of injury (59,60). A survey
on the use of CPC might reveal a similar pattern.

CPC may cause or aggravate dermatitis as a result of: 1) non-specific irrita-
tion from secondary sweat entrapment and friction of the clothing against
the skin; 2) accidental entrapment and occlusion of chemical substances against
the skin; or 3) the development of contact allergy to CPC (e.g., chemical addi-
tives in rubber gloves). Protective equipment can also contribute to the risk
of traumatic injury or heat stress if it retards movement or prevents dissipa-
tion of body heat.

The effectiveness of chemical ‘“barrier creams” remains controversial and
unproven (61). Claims of their clinical efficacy come largely from the manufac-
turers of such creams based on in vitro data, but these are usually
unsubstantiated by controlled clinical trials. Anecdotal benefits may in fact
derive from a simple lubricating effect on the skin, improved personal hygiene,
or a reduced need for skin washing (e.g., dirt, oil, or grease stains are easier
to wash off), rather than from actual formation of a ‘‘chemical barrier.” Bar-



rier creams that provide some protection against specific chemical substances
are still possible, at least in theory, and Orchard et al have demonstrated
that a barrier cream containing a polyamine salt of a linoleic acid dimer sup-
presses positive patch tests to poison ivy resin in sensitive individuals (62).

Barrier creams may, however, aggravate existing dermatitis and should only
be used on normal noninflamed skin. On the other hand, sunscreens with
high solar-protection factors (SPF 15 or greater) are extremely effective bar-
riers against ultraviolet radiation. They not only protect against sunburn (63),

but have prevented the formation of skin cancer in animal models (64).

Hygiene

Hygiene controls may be directed at either the skin or the work environment.
Nonspecific measures include good housekeeping, dust suppression, and waste
elimination. Several highly specific protocols exist for environmental decon-
tamination of various chemical substances and may have limited application
where trace contamination of the work environment can provoke skin disease
(e.g., allergic contact dermatitis, chloracne). Although copious flushing with
water alone is usually sufficient following skin contact with acids and alkalis,
specific protocols for decontaminating the skin have been recommended to
prevent chemical burns from hydrofluoric acid (65), phenol (66), alkyl mer-
cury compounds (67), white phosphorus (68), and chromic acid (69).

The use of nonspecific skin cleaning measures should be tempered with the
knowledge that overuse or incorrect use of soaps, abrasives, or waterless
cleansers may be more irritating to the skin than the substances they are
intended to remove, particularly when they are used to clean areas with preex-
isting dermatitis (70).

. Health Care Delivery

Adequate treatment for most dermatological conditions of occupational ori-
gin depends in large measure on the diagnostic and therapeutic competence
of the health care provider. Although dermatologists should intuitively pos-
sess the highest levels of skill in this regard, their relative contribution to
current health care delivery for occupational dermatological conditions is
unknown because existing patterns of health care delivery (e.g., private der-
matologists, family practitioners, company physicians and nurses,
occupational medicine specialists and clinics) have n