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HISTORICAL ASPECTS '

In 1700 A.D., Bernardino Ramazzini” called attention to dis-
cases of workers in his classic text, De Morbis Artificium. This
work contained explicit descriptions of a variety of occupational
skin discascs which remain true even today. Examples included
fissuring dermatitis of the hands from lye, lég wlcerations among
salt miners, and grain mite dermatitis. As noted by Schwartz et
:ll.,lm this latter observation was remarkable, since Ramazzini was
able to deduce the probable cause as an “invisible parasite” on
the basis of his clinical observations alone, without the aid of a
microscope.

In 1775, Percival Pott published the first detailed description
of oceupationally induced cancer of the scrotum in chimney
sweeps, which he correctly attributed 1o soot penetrating through
clothing and being rubbed into scrotal skin as the sweep de-
scended within the chimney. The potent carcinogenic properties of
tars were later verified by numerous authorities, and have proved
fo be an important research tool in the experimental induction of
cutancous neoplasm.

However, it was not until the Industrial Revolution that sub-
stantial medical attention was given to diseases of oecupational
origin. Robert Willan and Thomas Bateman described occupational
contact dermatitis from shoe wax among cobblers and from sugar
and spice among bakers. Thackrah noted contact dermatitis in to-
bueco handlers. Potton described dermatitis in silk winders. In
1859, Hespian reported dermatitis induced by coal tar, Becourt
and Chevalier correctly identified chromate as an imporiant cause
of industrial dermatitis in 1859, and Halforto described mercury
dermatitis in craftsmen. Occupationally acquired skin infections
from fungus, vaccines, and anthrax were reported among animal
and hide handlers by the distinguished French physicians Alibent,
Rayer, and Ibresile.'®

The first major treatise devoted solely to occupational skin
disease, The Dermatergoses, initially published in 1915 and sub-
sequently revised, was written by Robery Prosser White, an ener-
getic English general practitioner.” The detailed clinical descrip-
tions of a wide variety of skin disorders contained in this text
remain remarkably accurate.

Following the dramatic growth and expansion of the chemical
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and petroleum industries in the United States after World War I,
interest in occupational skin disease hecame so great that the U.S.
Public Health Service organized the Office of Dermatoses Investi-
gations in 1928. This effort culminated in the publication of Oc-
cupational Diseases of the Skin by Schwartz, Tulipan, and Peck in
1939.'“7 The last revised edition of this excellent and comprehen-
sive text was published in 1957.' Although dramatic technologic
changes within industry since then have either made portions of
this text obsolete or have ereated new causutive agents, recent
smaller texts provide excellent but limited supplemental informa-
tion on these subjects.? 2 ™

EPIDEMIOLOGY
Clinical Types

Occupational skin disease accounts for only a small portion
(19%~2%) of all occupational injuries or illnesses. Exeluding inju-
ries, however, which account for 96%-97% of all cases, skin dis-
ease accounts for 40%—50% of all remaining occupational ill-
nesses (Table 10-1). :

Approximately 80%—90% of all types of occupational skin
discase may be classified as eontact dermatitis, while another 5%
is due to infection. California data {Table 10-2) illustrate that only
a small percentage of skin disease cases are due to disorders other
than contact dermatitis or skin infection (e.g., urticaria, acneiform

TABLE 10-1.
Occupational Injuries and llinesses, 1975*

TOTAL
CASES

PERCENT OF

TYPE OF CASE TOTAL

INCIDENCET

All 4,983,100 0.91
Injuries 4,819,000 0.88
linesses 163,000 0.03
Skin disease 74,400 0.014

*Adapted from Wang CL: The problem of skin disease in industry. Office of
Occupational Safety and Health Statistics, US Dept of Labor, 1978,
tRates per 1,000 full-time employees.




TARLE 10-2.

Types of Occupational Skin
Disease (California, 1977)"

TYPES

PERCENT

Contact Dermatitis g2.2
Skin Infections 5.4
Alf Others 24

*Modified from California Depart-
ment of Industrial Relations, Divi-
sion of Labor Statistics and Re-
search: Occupational Skin Disease
in California (With Special Roler-
ence to 1977). San Francisco, Cal-
ifornia Department of Industrial Re-
lations, 1982.

eruptions, or pigmentary disorders). Approximatcly 80% of all
cases of contact dermatitis are believed to result from skin irrita-
tion rather than contact allergy.

Causative Agents

Cauisal agents of occupational skin disease are ranked in Ta-
ble 10-3. The data probably reflect the large numbers of employ-

TABLE 10-3.

Causal Agents of Occupational Skin
Disease and Percent Distribution
(California, 1977)"

CAUSAL AGENT

PERCENT

Poison oak 23.7

Soaps, detergents, cleaning 6.1
agents

Solvents 59

Fiberglass and particulate 4.7
dusts

Food products 42

Plastics and resins 3.9

Petroleum products a3
(nonsolvent)

Plant and animal products
(inedible)

Agricultural chemicals

Infectious agents

Metals and their salts

Cutting oils and coolants

Environmental conditions

Textiles, fabrics, materials

Rubbish, dirt, sewage

Miscellaneous chemical agents

All others

Unspecified

Total

*From Califomia Department of Industrial Rela-
tions, Division of Labor Statistics and Research:
Occupational Skin Disease In California {With
Special Reference to 1977). San Francisco, Cali-
formia Department of industrial Relations, 1982,
Used by permission.

Occupational Dermatoses 133

ces in the workforce who are exposed to these agents, more than
any inherent risk from exposure to the individual cuusal agents
themselves. The large percentage of cases attributable to poison
oak is unique to California.

The most frequently identified solvents causing occupational
skin disease in California have been acetone, chlorinated hydro-
carbons (freon and methylene chloride), toluene, xylene, petroleum
distillate, and alcohols. Fiberglass accounted for 70% of all cases
attributable to dust, while rock wool (and other insulating materi-
als), dried cement and plastcr dust, paper dust, and sawdust ac-
counted for most of the remainder. Fruits and vegetables caused
alnost two thirds of all cases of dermatitis attributable to food
products. Epoxy resins accounted for the largest percentage of
cases to various plastics and resins. Causal agents will vary in
importance within various industry classifications. The most im-
portant causal agents within selected industries have been listed in
Table 104.

TABLE 10-4.

Important Causal Agents of Occupational Skin
Disease by Selected Industry Classifications®

INDUSTRY CLASSIFICATION PERCENT

Manufacturing

Electronic equipment, components
Solvents
Plastics and resins
Acids
Fiberglass
Metals and metallic saits

Machinery
Cutting oils
Solvents
Petroleum products {nonsolvent)
Fiberglass
Plastics and resins

Fabricated metal products
Petroleum products (nonsolvent)
Solvents
Metals and metallic salts
Acids
Cutting oils

Chemicals and allied products
Solvents
Plastics and resins

Rubber and plastic products
Plastics and resins
Fiberglass
Solvents

Stone, clay, glass products
Fiberglass
Cement, mortar, plaster (wet)
Plastics and resins
Dusts
Solvents

Food products
Fruits, vegetables, meats
Soaps, detergents, cleaning agents
Caustics

(continued)
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TABLE 10—4. Continued

INDUSTRY CLASSIFICATION

PERCENT

Lumber and wood producls
Poison oak 39.7
Fiberglass 13.3
Glues, pastes, adhesives 7.3
Plants (inedible) 5.0
Agriculture
Poison oak 35.5
Agricultural chemicals i6.2
Fruits, nuts, vegetables 11.8
Plant and animal products (inedible) 9.8
Construction
Poison oak
Cement, mortar, plaster (wet) 8.8
Fiberglass and other dust 6.1
Hospitalsihealth services
Soaps, detergents, cleaning agents
Infectious agents 16.7
Medicines, disinfectants 6.2
Restaurants
Soaps, detergents, cleaning agents 48.6
Food products (miscellaneous) 10.6
Fruits, nuts, vegetables 4.8

*Adapted from California Depariment of Industrial Relations,

Division of Labor Stalistics and Research: Occupational
Skin Disease in California (With Special Reference to
1977). San Francisco, California Depariment of Industrial
Relations, 1982.

Rates and Risks

Because large surface areas of skin are directly exposcd to
the environment, this organ is particularly vulnerable to occupa-
tionally induced disease. Excluding injuries and accidents, the
skin accounts for a disproportionately large percentage of all re-
maining occupational illnesses. Surveys conducted by the National
Bureau of Labor Statistics (BLS) from 1972 to 1976 consistently
demonstrated that the skin accounted for approximately 40% of
occupational illnesses, with an incidence of 1.7 per 1,000 full-
time employees in the private sector.'”® Although the proportion of
occupational illnesses attributed to skin disease has remained rel-
atively constant, the annual incidence figures have been steadily
declining. By 1982, the incidence had fallen to 0.7 per 1,000 full-
time private sector employees, a drop of over 50%.* With over
100 million people now employed in the private sector work-
force,”® one can conservatively estimate that there are at least
70,000 new cases of occupational skin disease annually.

The precise reason for this decline in annual incidence is
unclear. Automation and new technology have almost certainly re-
duced the total numbers of individuals within industry directly ex-
posed to potential cutaneous irritants and allergens, and they have
contributed to a larger percentage of the workforce being employed
in lower-risk, service-oriented occupations. However, there is rea-
son to suspect that part of this decline has resulted from exploita-

*C. Wang, U.S. Dept of Lubor, Division of Labor Statistics and Periodic Sur-
veys: Personal communication.

tion of a “loophole” in the Occupational Safety and Health Admin-
istration (OSHA) reporting system, from which the BLS statistics
are derived. “Injury” is defined by OSHA as a condition resulting
from a “one-time exposure,” an unfortunately vague term. Injuries
do not have 1o be recorded in the OSHA log unless they result in
time lost from work, but regulations mandate that all illnesses be
recorded, regardless of whether these cases result in lost work
time. By considering an illness to have resulted from a “one-time
injury,” employers may be able 10 classify these as injuries, e.g.,
chemical burns. This is particularly advantageous if no lost work
time has occurred, since the case would not have to be recorded
in the OSHA log. In California’s semiconductor industry, the an-
nual incidence for oecupational illness fell from 1.3 per 100 work-
ers to 0.3, possibly due to this loophole‘(’g Additionally, if an in-
jury or illness is treated only with “first aid,” the condition does
not have to be reported. The employment of occupational health
nurses and other safety personnel by large companies to administer

“first aid” may not only reduce the overall costs of occupational
disease, but also the incidence statistics.

The difficulty in accurately determining the true incidence of
occupational skin disease is compounded by the ultimate depen-
dency of all reporting systems on reliable recognition by treating
physicians, employers, or employees in the first place. Inadequate
training in 0(:cupulional dermatology and busy office work sched-

ules may leave physicians unprepared to make a proper diagnosis
or too busy to complete the proper reporting claims. Insufficient
monitoring of the work environment and inadequate training of
health and safety personnel may lead to underrecognition by man-
agement. If neither management nor physicians recognize occupa-
tional disease, the responsibility settles on the employee, who re-
quires adequate job health education to do so. If a survey by
Discher and associates® is correct, only 2% of occupational ill-
nesses had been correctly diagnosed and entered into the BLS sta-
tistics. This observation led these investigators to conclude that the
true incidence of occupational illness was probably 10-50 times
greater than its reported incidence.

The incidence of oecupational skin disease may vary from one
geographic location to another. In 1977 skin disease accounted for
40% of all occupational illnesses in California, with an incidence
rate of 2.7 per 1,000 full-time employees.* In South Carolina from
July 1978 to June 1979, however, skin disease accounted for 83%
of all the occupational illnesses, with an incidence rate of 1.1 per
1,000 workers.®?

Manufacturing and agricultural industries have fourfold higher
relative risks for development of occupational skin disease (Table
10-5). The incidence of occupational skin disease among agricul-
tural workers is 4.1 per 1,000 employees, compared to an approx-
itnate average incidence of 1.3. ’

Disability
Bureau of Labor statistics from 1972 through 1976 indicate
that approximately 23.7% of all occupational skin disease cases

lost an average of 11 days from work.'** Data from California and
South Carolina have been similar, with 25% and 21.6% of all skin

‘1Joseph LaDou, MD, Peninsula Medical Clinic, Palo Alto, California. Personal

communication,




TABLE 10-5.

Incidence Rates and Relative Risks for Occupational Skin
Diseases by Major industry Classification*}
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TABLE 10-6.

Causal Agents of Occupational Skin Disease and Lost Workday
Cases”

LOST
ALL WORKDAY
CASES CASES

LOST
WORKDAYS

INDUSTRY PER LWC}

Agriculture§ . 1.0 6.4
Manufacturing g 0.6
Construction R 0.3
Transportation
Services
Wholesale trade
Mining
Retail trade
Finance,

insurance,

real estate

*Adapted from Wang CL: The Problem of Skin Disease in Industry. Office of
Occupational Safety and Health Statistics, US Dept of Labor, 1978,

+Rates per 1,000 full-time private sector employees.

$lost workday cases.

§includes forestry and fishing.

CAUSAL AGENT wwet TOTAL PERCENI

Poison oak 761
Soaps, detergents, cleaning agents 261
Solvents 161
Fiberglass and particulate dusts 127 780
Food products 219 739
Plastics and resins 146 681
Petroleum products (nonsolvent) 99 577
Plant and animal products (inedible) 108 575
Agricultural chemicals 136 526
Infectious agents 445
Metals and their salts 294
Cutting oils and coolants 235
Environmental conditions 189
Textiles, fabrics, materials 164
Rubbish, dirt, sewage 45
Miscellaneous chemical agents 3,113
Ali others 163
Unspecified 2,828

4,147
1,071
880

18.4
24.4
18.3
16.3
29.6
21.4
17.2
18.8
25.9
243
16.6
10.2
19.0
18.9
24.4
20.7
16.0
16.5

*Adapted from California Department of Indusirial Relations, Division of Labor
Statistics and Research: Occupational Skin Disease in California (With Special
Refarence to 1977). San Francisco, California Department of Industrial Rela-

disease cases losing an average of 9 and 10.2 days per lost work-
day case, respectively.** * Lost workdays are not normally distrib-
uted among these lost workday cases. In California, 25% of all lost
workday cascs lost more than one week (California Department of
Industrial Relations). In South Carolina, 26% lost more than one
week but accounted for 82% of all lost workdays; the median num-
ber of lost workdays was only 2.3.* Lost workday eases aniong
female workers are not higher than among male counterparts, but
there is a trend toward a greater number of lost workdays among
women employed in manufacturing per lost workday case than
among men.”

Lost workday case incidence and lost workdays per lost work-
day case are depicted in Table 10-5. Lost workday cases have
heen listed by causal agent from California data in Table 10-6.

Demographics

Data from California® indicate that, although more than 40%
of the workers employed in 1977 were female, only 28% of oecu-
pational skin disease cases occurred among women. Exeluding all
cases among outdoor workers (primarily men), this figure rose to
only 34%. This lower overall rate may be atiributable to a larger
proportion of women having been employed in occupations at lower
risk for development of occupational skin disease. In manufactur-
ing, the incidence rate for women was actually higher (4.7 per
1,000 women) compared to men (3.8 per 1,000 men). Whether this
difference was due to an enhaneed susceptibility of female skin to
irritation or a relative inexperience among female workers has not
been established.

Inexperience contributes to the development of occupational
skin disease. California employers corroborate the opinion that re-
cently hired employees are more likely to develop dermatitis than

*Source: Ed Shmunes, Depurtment of Dermatology, University of South Carolina,

tions, 1982,
tLost workday cases.

those with a longer period of employment. Approximately 25% of
all disabling occupational skin diseases occurred within the first
three months of employment, and 45% occurred within the first
year. In contrast, only one out of six workers disabled for injuries
or illnesses other than dermatitis had been employed for three
months or less.**

The hands and wrists are the most frequent body sites on
which occupational skin disease develops, while covered areas are
involved in only a small percentage of cases. The hands were in-
volved in one third of California cases,”” while 80% of cases from
South Carolina affected the hands.'? Personal experience suggests
that the latter percentage is a better estimate.

Costs

Reliable determinations of annual eosts directly attributable
to occupational skin disease are difficult to achieve, but some rea-
sonable estimates may be obtained from published data. Assuming
a private sector work force population of 100 millien in 1984 and
minimum incidence of 0.7 per 1,000 employees, there are at least
70,000 new cases of occupational skin disease annually. Based on
South Carolina data, the average medical cost per case is $67.50
for an annual total of $4,725,000. The average compensation pay-
ments for lost wages are $1,590 per compensated case (i.e., only
those cases losing more than seven workdays). Assuming 22.5%
of all cases lose time from work and 25% of these lost-workday
cases receive disability payments, the annual indemnity costs for
compensated cases total $6,360,000.% Assuming 10.5 lost work-
days per lost-workday case, an average eight-hour workday, and
an average hourly wage of $8.28 in 1984, annual costs attributable
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to lost worker-productivity exceed $11 million. This brings the to-
tal annunl costs of medical treatment, disability payments, and lost
worker-productivity to $22 million. If the Discher report estimates
of underreporting are carreet (und there is good reason to believe
they are), this figure needs to be inflated 10- to 50-fold, bringing
annual cost estimates into the range of $220 million 1o $1 billion
dollars annually,

STRUCTURE AND FUNCTION OF SKIN*'#

The skin (Fig 10-1) is composed of two principal layers, the
epidermis end dermis. Euch layer contains structural elements
which are important not only in regard to their function but also in
regard to discase processes which may affect them,

"The epidermis is approximately 100-200 p. thick. The inner-
most layer is composed of a thin layer of germinative busal cells,
which reproduce every 14 days. The bulk of epidermal thickness
is comprised of metabolicully active squamous cells, which are
connected to each other by numerous desmasomal junctions. Squa-
mous cells synthesize keratinous filaments and keratohyaline gran-
ules, destined 1o become the principal structural proteins of the
outermost protective stratum corneum as well as membrane-coating
granules composed of complex lipids. As the squamous cells are
pushed upwards by dividing cells from below, they enter a zone of

EPIDERMIS

Squamous Celia

Baaai Colls —_—

DERMIS

trunsition (the granular layer) and undergo u process of maturation
called cornification, in which cytoplasniic contents are condensed,
nuclear contents disintegrate, and the membrane-conting granules
are extruded into the intercellular spaces, where they contribute 10
the intercellular harrier. Intereellular tight junctions increase in
number in the granular layer. The end result of this maturation
process is a densely packed layer of relatively impermeunble, cor-
nified “dead” cells, the stratum corneum, which constitutes the
principal protective barrier against  penetration by exogenous
chemical substances and microorganisms.

Some protection agninst exposure to alkaline substances is
also afforded by virtue of the bulfering action of lactic acid, am-
photerie amines, and weak bases deposited on the stratum cor-
neum surface by eecrine sweat, outward diffusion of carbon dioxide
through the skin, or decomposition of the most superficial layer of
cells. Free futty acids, on the skin surface, derived from enzymatic
degradation of sebaceous gland lipid, possess some antifungal and
antibacterial aetivity, and offer further chemical protection against
invasion by eutaneous microorganisms. Odd-numbered C5 through
C13 fouty acids have more potent antifungul activity than even-
numbered chains, while long-chain unsaturated fatty acids have
limited bacteriostatic activity.

Melanoeytes are located along the basal cell layer and synthe-
size u protective pigment, melanin. This pigment is packaged
within melanocytes into granules (melanosomes). Under suituble

\
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Anatomical structures and components of skin. (lllustration courtesy of Dr. Marc Goldyne.)




stimulntion from ubtraviolet sadintion, these gramiles are dispernsed
into neighboring keratinoeytes through dendrilie extensions of cy-
toplaste, resulting in the durkening of skin complesion and en-
haneed protection from ullrviolet radintion, The: sinrting poine of
mebunin synthesin i the amino acid tyrosine, which is converted
hy the copper-dependent enzyme tyrosinmse info dihydroxyphenylafa-
nine (dopn), Melanin symthenin subsequently proceeds through o
wumber of intermediney steps hefore the finnl melanin: polymer is
formerd. Melonocyten may be selectively inhibited or destroyed by
the toxie effects of phenolie substances structurally rescmbling ty-
vowine, resnlting in eutancoun depigmentition,

Langerhanw' el ave present in the basal and soprabusal Iny-
erw of the epidermin, These dendritie cells posness immunocheni-
end wurfuce markern similae 10 mnerophages and histiocyles, Ac-
cnmlated evidence wirongly supgests that these cells actively
participle ineatineons immune regulation wnd surveillance und
are vesponsible for antigen prcessing and prescatation to cireulat-
ing T lymphoeyten, Selective uptuke of simple contuet untigens by

(VY
Langerhmng’ cells has been demonstrated, ™ T lymphocyies sub-

sequently cireutute through dermal lymphatic channels to the par-
aeorticad nreas of regional lympls nodes, where further antigen pro-
‘N:HHi“H NeCHrK,

Dennely intentwined nerve tssue Gbers, the dermml neeve net-
work, transverse the wuperficial dermin and dennal papillae and
function us the principal sensory reeeptors, Merkel cells, most nu-
mierosss i the suprabasalar epidennis of fingers, oral mueoss, and
outer shenthn of hair follicles, are closely associnted with werminnl
nearangoms derived from these myelimmted cutaneous nerves, These
celly coutnin dennely cored eytoplusmic granules similar 1o nono-
amins-containing granules in other nenroreceptor cells and probie
bly function an mechunoreeeptors. Vater-Pacing corpuscles, which
ure found deep in the dermin of hair-hearing skin, are encaprn-
Jnteed, wpecinlized nerve tissue orgnnm responsible for the sennation
of prossure, Other apecinlized nerve tissue clements found in the
wkin inclide mucocaneous end organs, found most sbunduntly in
superficial dermal tinsue of mucous membranes, and Meinsner's
corpusclen, found only in the volar dermal tissue of the hands and
foet. No specinlized cutuncoun sensation haw been aseribed to
thene Intter nerve endings,

Blaod in distributed within dermal tissue through a highly de-
veloped, interconnected network of superficinl il deep dormal
veuscls, Capillary loops extend from dermal anterioles to interfuce
with the overlying epidermis within the dermal pupillae, Cutaneous
blomd flow s regalated by constriction of metarterioles nnd precap-
Mary wsphincters, nnd a large volume of cireulating blood may he
bronght close to the skin surface, The musses of imerlacing small
vensels function primarily for thermoregulation and tissue nutri-
tion. Mast cells nre often arranged around the walls of small ves-
weln, These colls contain granules within which phuarmucologically
active substunces (histamine, heparin, serotonin, and leukotriene
precursors) are found. Upon approprinte physical, chemical, or an-
tigen stimulation, mast cells releane their granules, the contents of
which participute in a number of diverse puthologic renctions re-
sulting in vasodilation,

The bulk of perceptible skin thicknens is due to u Ioose matrix
of dermal connective tinsue, composed of fibrous proteing (colla-
gen, elamting nnd reticulin) embedded in an amorphous ground
substance. The tensile strength and clanticity of the dermis help
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protect the body from mechanical injury, while the permeability
charncterintios of ground substance allow  diffusion of nutrients
from dermal Blood vessels (o fibroblusts and other eellular elements
of the dermis, as well an o the epidermin, Dermal connective
tiswue mny participate in oo number of pathologic renctions, in-
cluding excensive near tissue forntion in rexponke 1o cutaneous
travma,

ecring et glands are found onall eutanecous surfacen, but
are mont numerous on the palios and soles, The ducts of these
coiled appendugen tranwverse the epidennis and deposit their con-
tentn on the skin sufuee. Swent glands are innervated by choline
ergie nerve terminale and vespond prinipally 10 thermal stimuln-
vion and emotional stress, Loenl Dheating of wkin lowers the
threshold response of swent gluds 10 cholinergic stimalation, Ac-
climatization of wweat glunds (0 thernil mimulation also oceurn,
and repented duily exposnres to heal eventually produce o ronrked
inerease in the rate of swenting, Although the primary funetion of
secrine swent glands i 10 provide evaporntive cooling when the
ody i strewscd by hent, secondury buffering of the wkin surfuce
aguinst afkaling substances mny be provided by lnetie acid, -
photeric amines, and wenk bises contained in wweat,

Sehueeous glands wre intimately associnted with hair follicles
and whure o common duetal opening, lined with stentificd squanious
epitheliom, 1o the skin surface, The oily content of the sebneeous
gland (nebumy in componed chicfly of triglye rides, wax esters, and
wquaberse, Sebum production and seeretion s principally due to
wndrogenie stimulwtion, The glands are Targest on the forchend,
fuce, serotm, and anogenital skin. I some locations, nebnceoun
glaneds mny open divectly onto the skin surface, for cxample, onto
the meibominn glands of the eyelid marging and the glands of the
arcolne, In mammals, the general function of webum i thn of n
wexual nttractant (pheromone), but its function in man is enclenr.
The fatty ncids derived from webum have nome bagteriostatic und
fungistatic propertics and may have o limited function in this re-
gurd onee deposited on the skin wrfice. Apoerine glunde, found
in the axillue and anogenitul wkin, porsers no known useful func-
lion in wan, but their seerctions may he reaponsible for sexual
attracliveness in lower primates,

Hair follicles nre found on all cutancous surfaces except the
pulms, soles, and mucous membranes, The roots (bulbs) extend
below the level of the sebuceons glands, with which they share a
common duet. Hair grows eyclienlly, with alernating periods of
growth (unngen phase) and quicscence (telogen phuse); the transi-
tional phuse betwesn growth and quickcence in termed catngen,
The hair follicles of man grow and rest independemly of one an-
ather, and some shedding of hair occurs continuously, Although
the duration of the growth phase may be extremely variable, de-
pending on the body regions in which the hnirs are located, the
quicscent phase gencrally Justs only one to three mouths. During
this period, the hair bulbs shorten und retruet, the outer root
wheath in the bulb becomes detached, and “club™ hairs are shed
hefore new growth begine. Although huir hus some protective and
insulating functions in other snimals, this function is relatively
unimportant in man. Instead, the principal function of hair, with
ita richly innervated bulbs, appesrs to be that of a secondary nen-
wory organ, Alterations in the huir growth cyele may Jead 10 sudden
and increased Joas of hair,

The nail plates on the tips of the digits overlying the thick-
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ened, stratified epidermis of the nail beds are composed of tightly
packed, keratinized cells, The germinal cells from which the plate
is derived are found in the nail matrix, an oblique wedge of tissue
located heneath the proximal nail fold. The euticle, a comified
epidermal extension from the proximal nail fold vver the nail plate,
proteets the nail matrix and underlying tissue of the proximal nail
fold from exogenous chemical substances and microorganisms. Al-
though man has adapted his nails for a number of uses, the pri-
mary function is to assist in the grasping and manipulution of small
objects. The nail folds, matrices, and beds are susceptible to &
number of environmental insults, resulting in dystrophic growth,
infection, or separation of the plate from the nail bed.

The structure and function of the various cutancous compo-
nents, as well as their susceptibility to oecupational disease, have
been summarized in Table 107,

CLINICAL ASPECTS
Contact Dermatitis

General Considerations

Contnet dérmatitis is by far the most common occupational
dermatosis. "The term refers to the induction of cutancous changes,
usually sccompanied by inflammation, from direet skin exposure
to exogenous chemical or physical substances. Inflammation is

TABLE 10-7.

provoked by cither (or both) of two mechanisms, irvitation or al-
lergy. The end result of either renction pathway is & progression of
clinical changes inevitably accompanied by transudation of serum

through the epidermis. These changes range from slight dryness,
chapping, and redness of the skin surface to frank vesicles or blis-
ters. At least 80%~90% of contact dermatitis enses are secondary

to irritation rather than allergy, and the majority (unother 80%—
90%) are cnused by chemical substances.

The inflammatory culancous changes that occur from skin ir-
ritation result from a direet, local, toxie effect on eellular elements
in the skin, leading to cell death, release of lysosomal enzymes
and soluble inflammatory medistors, recruitment of inflammatory
cells, and further tissue destruction. Although substantial tissue
destruction may quickly oceur following relatively brief skin ex-
posure 1o strong caustics or corrosives (i.e., chemieal burns), the
majority of cases of irritant contact dermatitis result from cumula-
tive and repetitive exposures to “weak™ irritants, substances which
are not likely 10 produce visible cutaneous injury following only
brief or limited exposure. Two points deserve repeated emphasis
here: (1) virtually any substance, under the right set of circum-
stances, is potentially capuble of causing irritant contact dermati-
tis,™ and (2) clinical irritant contact dermatitis ofien results from
multiple, cumulative exposures 1o several potential skin irritants,
rather than from just a single substance. Irritamt dermaitis gener-
ally remains confined to the primary arcas of skin exposure and

Structure, Function, and Occupational Disorders of the Skin

STRUCTURE FUNCTION

OCCUPATIONAL DISORDER

Stratum corneum

Squamous and basal cells of
epldermis

Melanocytes and melanin

Langerhans’ cells,
lymphatics, dermal
macrophages

Merkal cells, nerve tissue

elements
Blood vessels, mast cells

Connective tissue

Eccrine sweat gla:.ds

Sebaceous glands

Hair, foliicles

Nails

Barrier against chemical
diffusion & microorganisms
Cell regeneration, synthesis of
stratum corneum, wound

repair

Absorption of ultraviolet
radiation

Immune reguiation &
survelllance

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,
soclal appearance '

Grasping & manipulation of
small objects

Chapping from low humidity,
chemical stains

Infection, contact dermatitis,
neoplasms

Toxic vitiligo, melanoma,
hyperpigmentation

Delayed hypersensitivity
reactions

Toxic neuropathies

Heat stroke, contact and
systemic urticaria, flushing
reactions, vibration “white”
finger

tnfection, granulomatous
reactions, scleroderma,
solar elastosis, scar

Miliaria, "rusting”

QOill acne, chloracne
Folliculitis, traumatic or toxic
alopecia

Paronychia, dystrophy,
oncholysis
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dloc‘.d noll ‘sprcllul ) ()ll)(r:l'i!)xll'l:; of the hody where the affected in- TABLE 10-8.
vidual is not aware of direct exposure.
drvidual i N ! ! Factors Predisposing to the Development of

The factors whi edispose s dev nent of cutancous .
Ihe factors which predispose to the de clopment of cutuncous Cutaneous lrritation

irritation are summarized in Table 10-8."" While the inherent
caustic or corrosive chemical propertics of a substance obviously Potential irritant(s)
influence whether cutancous irritation will develop, other consid- Chemical properties
Physical properties
Quantitative aspects of exposure
Concentration
Duration of exposure

E . Frequency and number of exposures
molecules are poor penelrants in general, und thus are less likely Qualitative aspects of exposure

lo cause irritation. In the cuse of solid substances, the physical Occlusion of substance against skin
propertics that determine the coefficient of [riction agninst the skin Temperature of substance or skin surface
are important determinants of frictional dermatitis. Quantitative as- Preexisting skin damage to protective skin
peets of cxposure are modulated by the concentration of the poten- barrier

tinl irritant and the duration, frequency, or number of cutaneous Anatomical skin site

exposures; the lower the concentration and the shorter or less fre- Host sqscgprlblllty
Alopic disease
Race(?)

Sex(?)
compromised by other qualitative aspects of exposure. Occlusion Age(?)

erntions are important, Physical properties such as molecular size,
weight, ionization, and polurity affect the ability of a chemiceal sub-
stance 1o penetrate the protective barrier and provoke inflamma-
tion. Large (molceular weight grenter than 1,000), polar, ionized

quent the exposure, the less likely cutaneous irritation will de-
velop. The permeability of the protective barrier may be further

or entrapment of chemical substances against the skin surface by
water-impermenble membranes such as clothing increases the hy-
dration and skin surface temnperature of the stratum corneum, thus

inereasing its permeability; quantitative aspects of exposure may chapped, or there are traumatie scratches or laceralions or preex-
also be enhanced by preventing evaporation or wash-ofl of a poten- isting inflammatory skin disease, clinical irritation is more likely
tial irritant from the skin surface (Fig 10-2). When the tempera- 1o develop. The anatomical skin site contacicd by a potential irri-
ture of the protective barrier is increased, it becomes wore per- wnt also influences the outcome; the cyelids, face, and genital
meable; warn or hot potential irritants (such as dishwashing skin (where the protective bharrier is thinnest) are most susceptible
detergents) will transfer heat to the stratum corneum, enhance their to clinical irritation. Atopy is the single greatest risk factor deter-
own permenbility, and increase their irritant potentials. 1f the po- mining host susceptibility to the development of clinical irritation,
tential irritant contacts the skin surface where the protective bar- and the relative risk of developing oceupational atopic dermatitis
rier is decfective, as, for example, when the skin is dried or has been estimated to be 13.5%.1'2 It is often stated that black

FIG 10-2.
Irritant contact dermatitis on the thigh of a machinist. The lesion developed from inadver-
tently placing a rag still moist with solvent in the pocket of work trousers.
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skin is more resistant to irritation than white skin. Although this
statement is supported by limited experimental data, there is no
convineing evidence which indicates that these subtle differences

are clinically important. Similarly, no strong body of experimental
data supports the frequently alleged claim that women are more
suseeptiblc to cutlaneous irritation than men. Increasing age may
be an important determinant of susceptibility to cutancous irrita-
tion, but this issue has not heen thoroughly studied to date.

The development of allergic contact dermatitis requires that
the affected individual first become immunologically sensitized to
the offending substanee. The sensitization process involves delayed
hypersensitivity mechanisms, which require a period of one to
three weeks following first exposure hefore sensitization can occur.
Gencrally, the allergenic substance must first complex with skin
tissue prolein, following which this hapten protein conjugate i
processed by cutancous Langerhans’ cells and subsequently trans-
ported by circulating T lymphocyles 1o regional lymph nodes,
where {urther antigen processing and cell proliferation oceur. Once
sensitized, an affected individual will react within several hours 1o
one or two days following cutancous rcexposure to extremely low
coneentrations of the offending substance. Unlike irritant contact
dermatitis, allergic eontact dermatitis frequently extends to other
body surfaces remote from the primary site of direct skin contact
with the allergen.

With the exception of poison oak, most potentially allergenic
substances are relatively “wcak” antigens and require either a
damaged skin barrier (e.g., preceding irritant contact dermatitis)
or repetitive skin contact to facilitate immmunologic exposure. For
these reasons, sensitization frequently occurs from long-standing
exposure rather than exposure to a substance recently introduced
into a worker's environment. Allergens that are also irritating are
more likely to produce clinical sensitization. When the exposure
to a potential allergen occurs only at low concentrations, there is
often a history of preceding dermatitis suggestive of irritation. Un-
like irritant contact dermatitis, however, where atopy is a clear
predisposing risk factor, there do not appear to be any unique risk
factors determining host susceptibility to allergic contact dermati-
tis.

As stated earlicr, contact dermatitis accounts for most cases
of occupational skin disease, and at least 80%-90% of all cases
of contact dermatitis result from irritation rather than allergy. Ex-
cluding poison oak (where virtually all cases result from allergy)
and skin infections, the list of causal agents in Table 10-3 be-
comes a reasonable rank order approximation of the most common
cutaneous irritants. Possible exceptions to this rank order are plas-
tic resins and metallic compounds, where many of these cases are
probably allergic.

Common causes of occupational allergic contaet dermatitis are
listed in Table 10-9. Since exposure to many of these common
sensitizers may occur from the domestic as well as occupational
environments, the source of exposure should be clearly identified.
Not uncomnionly, a contact allergy in the workplace results from
inadvertent sensitization from rubber gloves, first-aid cabinet prep-
arations, or skin-cleaning preparations usually considered as pre-
ventive measures rather than causes of dermatitis.

Follow-up studies (lasting three to ten years) of occupational
contact dermatitis indicate that only approximately 25% experi-
ence complete resolution of dermatitis and are symptom-free, while

TABLE 10-9.

Common Causes of Occupational
Allergic Contact Dermatitis

Poison oaklivy*

Metallic Compounds
Nickel*

Chromate*
Gold
Mercury

Rubber products
Accelerators®
Antioxidants”

Piastic resins
Epoxy resi:,* hardeners,

reactive diluents
Phenolic resins
Formaldehyde resins
Acrylic resins
Rosin (colophony)*

Organic dyes
Paraphenylenediamine*
Numerous others

Topical first-aid medications
Neomycin*®
Thimerosal*
Benzocaine*

Biocides and germicides
Formaldehyde*
Parabens®
Quaternium-15*
Formaldehyde releasers
Isothiazolin-3-one derivatives

Miscellaneous product ingredients
Fragrances®
Ethylenediamine*
Antioxidants

*These substances commonly produce
sensitization from exposure in the do-
mestic environment as well as the oc-
cupational environment.

50% are improved but continue to have periodic flares; the re-
maining 25% develop ehronic, persistent eczema which is as se-
vere (or worse) as the initial dermatitis.?® ** %% Almost 309%—40%
of persons with occupational contact dermatitis have their jobs
changed or modified, but surprisingly only 25% experience com-
plete clearing despite a job change. The prognosis is slightly, but
not strikingly, better for allergic than for irritant contact dermatitis.
The factors influencing prognosis are not well understood.

Contact dermatitis must be differentiated from endogenous in-
flammatory dermatoses, particularly atopic dermatitis, dyshidrotic
eczema, and psoriasis, with which it may be confused by the un-
wary. Regardless of type (irritant or allergic), the principles of
management include minimization or elimination of the causative
exposures and liberal use of topical corticosteroid preparations.
Allergie contact dermatitis usually requires complete elimination
of exposure to the allergen. For extensive contact dermatitis (more
than 20% of the body surface) or limited but severe involvement
of the face, genitalia, or palms, systemic corticosteroid therapy is
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preferred. A usually successful regimen is an initial dose of 70 mg
of prednisone, tapering 5 mg per day over a two-week period, I 5
my tablets are dispensed {total number of 105), the patient may be
conveniently instructed 1o take 14 tablets on day 1, then to take
one less tablet per day for the next 13 days.

Chemical Burns

Chemical burns may be considered as a special form of irri-
tant contact dermatitis in which substantial skin necrosis and in-
flanmation result from a one-time, usually brief, exposure lo a
chemical substance. Chemical burns may be divided into first-,
second- or third-degree chemical burns, depending on the degree
of tissue destruction, and are analogous to thermal burns. Some of
these are of special interest cither beeause of unique challeuges of
management or the potential threat of systemic loxicity from per-
cutancous ahsorption.

Chemical burns most frequently result from accidental expo-
sure to a diverse numher of organic and inorganic acids and atka-
lics. Acids generally damage tissuc by coagulating protein through
oxidation, reduction, desiceation, or salt formation mechanisms.
Alkalics not only congulate tissue protein by desiccation or salt
formation, but they also saponify fots and cause liquefaction necro-
sis. In all cases, management includes copious lavage of the af-
fected skin surface with water, debridement of necrotie skin, and
application of a topical antibiotic preparation {usually silver sulfa-
diazine) followed by a nonadherent surgical dressing. Although
neutralization of acids (dilute solutions of sodium bicarbonate, alu-
minum hydroxide gel, or milk of magnesia) or alkalics (dilute so-
lutions of vinegar) have been recommended by some authcrities

irnmedintely following water lavage, most consider this unneces-
o

srary.”

Burns from hydrofluoric aeid (HF) (used as a rust remover,
melal surface cleaner, etching agent in ihe semiconductor indus-
try, und a reagent in numerous finorination processes) typically
cause intense pain and erythema which may not become clinically
apparent for several hours following eutancous exposure. Clinical
symptoms tend to correlate with the concentration of the acid;
signs and symptoms are likely to be immediate if the strength of
the acid is greater than 20%, but are often delayed in onset when
the exposure is less than 20%. Extensive tissuc destruction occurs
in pant from the high affinity of the fluoride ion for calcium, and
extensive destruction of underlying bone may oecur from burns on
the fingers. Following copious water luvage, treatment is directed
at inactivation of the fluoride ion. The affected skin may be soaked
with iced 25% magnesium sulfute (Epsom salts), 1%-2% benzal-
konium chloride (Zephiran) or 19-2% henzethonium chloride
(Hyamine) solutions. Alternatively, 10% calcium gluconate gel
may be applied repealedly over hurned skin. If pain persists, local
injection of 10% calcium gluconate into the burned tissue is rec-
ommended.® ' For HF burns of the fingertips, the nail may have
10 be avulsed to facilitate injection of caleium gluconate. If skin
burr  re extensive, potentially fatal decreases in serum caleium
and magnesium concentrations may occur and require supplemen-
1al intravenous administration.

Alkyl mercury compounds, used as disinfectants, wood pre-
servatives, and fungicides, are strong skin irritants and may eause
second- or third-degree chemical bumns. They are extremely toxic
to the central nervous system, and fatal neurotoxicity may develop
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from continued absorption of the alkyl mercury compound still
present in blister fluid or necrotic tissue. Blisters and necrotic tis-
sue should therefore be debrided as soon us possible.!! Despite the
puucity of information on chemical hurns from other substances
which have importamt systemic toxic cffects, immedinte debride-
ment of blisters and necrotic tissue should be considered in all
similar situations (¢.g., chemical burns from methyl bromide).

Phenol (carbolic ueid) is highly corrosive to skin and is ab-
sorbed rapidly into the body. Systemic toxicily nssociated with
phenolic burns has included cardiue arthythmias, cardiopulmanary
arrest, convulsions, and coma. Lavage with waler is not particu-
larly effective in removing residual phenol from the gkin surface,
and polyethylene glyeol (PEG) 300 or 400 in 2:1 mixtures of PEG
and alcoho! have been recommended for skin decontamination.’”

Among all chemieal burns, white phosphorus is unique in that
it ignites upon contact with air and may cuuse thermal burns if it
is in cotitact with the skin, Used in the manufacture of munitions,
explosives, and fireworks, white phosphorus is usually stored un-
der water in underground holding tanks. In order 1o minimize the
risk of continuing thermal burns, the skin surface should bhe kept
wet while mechanical debridement of residual white phosphorus
particles is performed. Trrigation of the skin surfuce with 1%-2%
aqueous solutions of copper sulfate has been recommended, since
copper sulfate combines with white phosphorus and formns a col-
ored complex which facilitates the visual location of residual par-
licles 1o be debrided.*

Chromic acid is widely used for surfuce treatment of metals,
clectroplating, etching, glass cleaning, photoengraving, and a va-
riety of other industrial processes. It is a strong tissue-oxidizing
agemt and may produce small, usually painless ulcers (“chrome
holes”) of the fingers and hands. Inhalation of its vapors has pro-
duced ulceration and perforation of the nasal septum. Management
includes frequent rinsing with a fresh aqueous solution of 10%
ascorbic acid, which reduces the hexavalent chromate.'™

Solvents

Dermatitis from solvents almost always results from contact
irritation rather than allergy. Exceptions to this general rule are
the naturally derived solvents, such as turpentine. Although most
solvent vapors are irritating to the mucous membranes and respi-
ratory tract, frank dermatitis from exposure to solvent vapors alone
is extremely rare, Dermatitis most commonly results from repeated,
direct skin contact with solvent rather than just an occasional bricf
exposure. Based on chemical and physical properties alone, the
ten most potentially irritating solvents have been listed in Table
10-10. The imitant action of solvents is based on the dissolution
of skin surface, stratum corncum, and cell membrane lipids. In
general, an inverse correlation between the boiling point of a sol-
vent and its imritant potential has been observed, with lower boiling
point solvents generally being more irritating,® The ability of any
solvent to produce clinical irritation may be modified by other eir-
cumstances or conditions of exposure, as diseussed above. A more
detuiled description of dermatitis from specific solvents may be
found elsewhere.”

Soaps and Detergents
Excluding poison oak, the second most common cause of oc-
cupationally acquired dermatitis in California, ranking only behind
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TABLE 10-10.

The Ten Most Potentially irritating
Solvents, in Decreasing Order

of Severity*

Carbon disulfide

Petroleum distillates (diesel, gasoline,
kerosene)

Coal tar solvents (xylol, toluol)

Turpentine

Chiorinated hydrocarbons (methylene
chloride, trichloroethylene, Freon)

Alcohols (methyl, ethyl)

Glycols (propylene glycol)

Esters (methyl acetate, butyl acetate)

Ketones (acetone, methylethyl
ketone)

Dimethy! sulfoxide

*Adapted from Pirila V, et al: Legislation on

occupational dermatoses of the Interna-
tional Contact Dermatitis Research Group.
Acta Derm Venereol 1971; 51:141-150.

solvents, is soups, detergents, and other industrial cleaning agents.
Contact dermatitis may result not only from excessive or inappro-
priate exposure associated with the correct use of such products
but also from incorrect or inappropriate use of these agents 1o clean
skin.”

Soups and detergents are usually dispersed in water for the
purposc of removing dirt and stnins from a variety of surfaces. The
first step in the cleansing process is the wetting of the surface to
be cleaned. All detergents contain surface active agents which
lower the surface tension of water and faeilitate its spread. Second,
a layer of detergent must be absorbed at the interface of the clean-
ing solution und the soiled surface. Detergent molecules generally
have hydrophobic ends which solubilize into the soiled surface.
Third, the stain or soil must be removed from the surface to be
cleaned and dispersed into the water. This is facilitated by me-
chanical agitation, heating the wash solution, and the addition of
foaming agents to the cleaner. For special cleaning purposes, such
as removal of proteinaccous stains or bumed organic material,
other additives such as enzymces or sodium hydroxide are required
to facilitate surface cleaning. Finally, the removed soil or dirt must
be prevented from redepositing on the cleaned surface. This is
usually accomplished by addition of emulsifiers or antiredeposition
agents. Most industrial detergents also contain builders (usually
salts of phosphate or silicate) to prevent scum buildup. Liquid soap
solutions containing organic compounds will have a biocidal pre-
servative added. Formaldehyde is still sometimes used as a pre-
servative in industrial liquid soaps marketed for skin eleaning.

Depending upon the cleaning task, a variety of special ad-
ditives may be contained. Detergents which also disinfect inert
surfaces usually contain phenolic substances (e.g., p-ten-
amylphenol) which may occasionally sensitize. “Waterless” hand
cleaners, marketed for cleaning the skin of mechanics, contain
15%-20% petroleum distillates. These are not truly waterless,
since the solvent is formulated into a water washable eream base
with a mild detergent action. They remove oil and grease stains
reasonably well from most skin surfaces except the palms and pal-

mar fingers, where the deep skin creases make the stains less ac-
cessible to the cleaning uction of these agents. Since they contain
a substantial amount of petroleum distillate, waterless hand clean-
ers may eause irvitant contact dermatitis if used excessively,

Abrasive sonps contain inorganie minerals (borax, sand, pum-
ice) or hani plant material (sawdust, ground vegetable matter)
which produce mechanieal friction and agitation on the surface to
be cleaned, assisting in the removal of difficult dirt or grease
stains. Abrasives may be found in scouring powders, but are also
popular in powdered soaps marketed to clean mechanics’ skin.
Mechanics often prefer abrasive soups o waterless hand cleaners,
particularly for cleaning palmar skin. Excessive use of abrasive
sonps may cause {rictional dermalitis of the forearms or dorsal
hands, but the palms (where the stratum corneum is thickest) tend
to be resistant.

Contuct dermatitis from soups and detergents usually results
from the irritating cffects of alkalinity and delipidization of the skin
surface, rather than sensitization. On those infrequent occasions
when dermatitis results from sensitization, the biocidal preserva-
tive (e.g., formaldehyde) or germicidal disinfectam (e.g., p-tert-
amylphenol), or lanolin (ercam soaps) is usually responsible.
Rarely, some other additive (optical whitener, dye, perfume) may
sensitize.

Some general guidelines apply for prevention of dermatitis
from soaps and detergents. Cleaning agents designed for inent sur-
faces, which are generally much harsher than toilet sonps and
workplaee solvents, should never be used 10 clean skin. Protective
gloves should be worn whenever cleaning with industrial deter-
gents; gloves should be removed and the skin imiediately rinsed
if detergent aceidentally enters the gloves. The temperature of any
wash solution should be kept at the lowest possible level that will
get the job done. Waterless hand cleaners should be rinsed off the
skin surface with mild soap and water following each use and
should never be used on inflamed skin. The use of abrasive soaps
should generally be restricted to palmar skin cleansing.

Cement

Cement is a mixture of mineral-like oxide compounds, similar
in composition and structure to the naturally occurring silicates. It
is made by burning together limestone (calcium carbonate) and a
natural carrier of silicates and aluminum oxides (clay or shale) in
a fired kiln, to which iron is usually added. The resulting kiln
product (“clinkers”) is subsequently cooled and ground into fine
particles. Gypsum (calciun sulfate) is added at this stage 10 retard
the setting time. The resultant mixture (cement) derives its indus-
trial propenties from the ability of its anhydrous compounds to react
with added water to form hydrates, which increase in strength as
the amount of free water decreases by progressive hydration and
evaporation. The strength of cement can be further increased by
the presence of inert fillers such as sand and rock (e.g., concrete).

Severe burns and ulcerations can result from prolonged skin
contact with wet cement, and onset of symptoms is typically de-
layed several hours after exposure. Burns usually occur on the
knees from kneeling on wet cement or on the ankles from cement
splashing inside workboots. They probably result from the extreme
alkalinity of calcium hydroxide in cement formed when water
reacts with caleium oxide, combined with the effects of pressure
and occlusion against the skin.'%




Contact dermatitis from cement usually results from skin ir-
vitation sccondary o the alkaline, hygroscopic, and abrasive prop-
erties of cement, and typically presents as a dry but only slightly
inflamed dermatitis of the hands and arms, Occasionally, derma-
litis results from allergic sensitization 1o water-soluble chromate
present in cement. Chromate is not normally presen( in the raw
materials used in cement, but it is inadvertently added when these
materials are processed and fired in the kiln, The primary source
of contamination is felt to be the bricks lining the kiln.?® In such
cases, the dermatitis usually has a more pronounced inflammatory
component than is scen with irritant cement dermatitis. Cements
manufuctured in the United States have generally been found to
contain only very small amounts of water soluble chromate (less
than 5 ppm) cumpared to European cements, and true contact al-
lergy from chromate in cement is correspondingly rare.” Nickel
and cobalt, implicated in some European cases of cement derma-
lilis, are not present in American cements.

Water-soluble hexavalent chromate may be reduced to trival-
ent chromate by the addition of ferrous sulfate 10 cement™ and is
felt 10 reduce the risk of having contaet allergy develop from chro-
mate. Although this practice is now being followed in some Euro-
pean countries, it hus not been adopted in the United States.

Fiberglass

Fiberglass has extensive application in thermal and acoustic
insulating material, industrial textiles, and reinforcement fillers for
plasties. The popularity of fiberglass is due 1o its virtually total
resistance 1o thermal, chemical, or microbial degradation.

Spicules of fiberglass may produce a mechanical irritation
which results in severe skin itching. The intensity of symptoms is
inveisely proportional to fiber length and directly proportional to
fiber diameter; short fibers, less than 3.5 . in diameter, are least

likely to produce any symptoms.>® Pinpoint excoriutions are the

principal clinical findings, although occasional inflamed papules
may be present. Frank eczematous dermatitis is unlikely to be due
to fberglass. Individuals with underlying dermographism (i.c.,
skin that urticates following scratching, pressure, or friction to the
skin surface) are most likely to be severely affected. Although
strands of fiberglass may be coated with various plastic resins
which may theoretically sensitize, allergic contact dermatitis from
fiberglass does not appear to be a serious concern.” Dermatitis
from fiberglass must be differentiated from scabies, which it may
resemble.

Plants and Vegetation

The olcorcsins found in poison oak (Toxicodendron diversi-
lobum) and poison ivy (Toxicodendron radicans) are powerful skin
sensitizers. The active sensitizing principle is a substituted cate-
chol with a 15-carbon (pentadecacatechol in poison ivy) or
17-carbon (heptadecacatechol in poison onk) unsaturated side
chain. The resin dries quickly on skin, clothing, shoes, or tools,
and will maintuin its allergenic potency for long periods of time
unless oxidized. Partially oxidized resin appears black, and black
stains may occasionally be detected on the skin or clothing of af-
fected patients (Fig 10~3). Clinical dermatitis is usually character-
ized by areas of linear or streaked eczematous patches, where por-
tions of the crushed or broken plant were dragged or pulled across
the skin surface. Dermatilis may be spread or exaeerbated follow-
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FIG 10-3.

Poison oak dermatitis, showing typical linear eczematous streaking
where plant contacted the legs. A small black stain, representing
dried oleoresin, is present near the knee.

ing repeated exposures to fomites contaminated with resin, as work
clothes or tools. Blisters of poison onk/ivy dermatitis do not contain
any allergenic oleoresin, however, and skin contact with blister
fluid from an affected individual will not precipitate dermatitis in
another sensitized person.%

Poison oak and ivy are members of the Anacardiaceae plant
family, many of which contain identical or similar cross-reacting
antigenic oleoresins. Individuals allergic to poison oak/ivy may in-
advertently develop contaet dermatitis when exposed to these other
plant species or their produets. Important members of this family
include the mango tree, cashew nut tree, Japanese lacquer tree,
and the Indian marking nut tree. A resinous oil derived from
cashew nutshells has had extensive utilization in plastic resins and
coatings, brake linings, and miscellaneous lubricants and oeca-
sionally precipitates denmatitis in exposéd individuals previously
sensitized 1o poison onk. Vamishes or lacquers derived from the
Japanese lacquer tree, or objects coated with them, can cause sim-
ilar occurrences of dermatitis.

Skin cleaning with soap and water following contact with poi-
son oak/ivy is generally unsatisfactory in terms of removing oleo-
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resin from the skin, unless it is performed within the first few
minutes. Recent interest has centered on the possible prophylactic
use of protective creams contuining polyoxypropylencamine salts of
a linoleie acid dimer, which seem 1o bind to the resin and inacti-
vate it.”* Hyposensitization through oral administration of oleoresin
extracts is effective experimentally in animals and under rigidly
controlled conditions in man.* The efficacy of hyposensitization at
a practical clinical level, unfortunately, is far from convineing.
Variations in antigenic polency of extracts by different manufac-
turers (or between lots from the same manufacturer), problems of
patient compliance, accidental reexposure to the plant hefore the
recommended course of immunotherapy is complete, and side cf-
fects (e.g., perianal itching) all limit the likelihood of successful
induction of tolerance. Hyposensitization treatment must begin
three to four months prior to anticipated exposure, and mainte-
nance dosages may have to be conlinued indefinitely.

Dermatitis from most other plants and woods is usually sec-
ondary 1o imitation from essential oils or juices in the stems,
leaves, flowers, fruit, or wood. Important plants and woods which
may occasionally sensitize the skins of forestry workers, gardeners,
nursery workers, or wood workers are listed in Table 10-11. Next
to poison cak/ivy, chrysanthemums and other Compositae species
probably cause the greatest number of cases of contact allergy,
particularly in nursery workers. In many instances of dermalitis
from woods among forestry workers, contact allergy results from
liverwort or lichens on the bark rather than from the wood itself.
Exposure 1o potentially allergenic substances in the heartwood oc-
curs when the wood is cut or sawed. Clinical dermatitis frequently
occurs on exposed surfaces of the body indirectly exposed to aller-
gens in pollen or sawdust (e.g., the face and neck) and may mimic
photodermatitis. A characteristic dry, fissured dermatitis of the fin-
gerlips may occur among nursery workers or gardeners as a result
of handling tulip or hyacinth bulbs.

Metals and Metallic Salts

Nickel is the most frequent metal which induces allergic con-
tact sensitization and accounts for approximately 10% of all posi-
tive patch tests in North America. Occupational exposures occur
mainly from melallic alloys or clectroplating solutions containing
nickel. In the case of solid metals, prolonged skin contact is gen-
crally required; heat, meisture, sweating, and friction probably fa-
cilitate the leaching of nickel from the metal and its subsequent
absorption by the skin. Occasionally, sensitization occurs from
contamination of industrial fluids (e.g., cutting fuids) with nickel
leached from metal surfaces contacting the fluids. Scasitization is
much more frequent in women, who tend to wear costume jewelry
and to have pierced ears, than in men, who are more likely to be
sensitized through occupational exposure.

Wuter-soluble hexavalent chromate may be both an irritant
and a sensitizer. Alkaline solutions are more caustic 1o skin than
acid solutions and typically eause “chrome ulcers” (see Chemical
Bums). Occupational exposures occur from metals alloyed with

chrome, electroplating solutions, tanning agents, paint and print-
ing ink pigmenis, and indusirial solutions or products to which
chromate has been added as a corresion inhibitor. Trivalent chro-

mate has extremely low waler-solubility,

is poorly absorbed
through the skin, and docs not usually contribute to the develop-

TABLE 10-11.

Important Plants and Woods That May Cause
Allergic Contact Dermatitis, Excluding Poison
Oak/lvy*

PLANTS

wOoQ0DSs

Compositae
(sesquiterpene
lactones)

Chrysanthemums

Ragweed

Sagebrush

Feverfew

Liverwort

Lichens (usnic acid)

Cedar (thymoguinone)

Cocobolo
(dalbergiones)
Algerian/English Ivy Ebony (naphthoquinine)
(helenin)
Primrose (primin)
Tulips (tulipaline A)

Mahogany (anthothecol)

Pine and Fir (A-pinene,
3-carene)

Rosewood (? quinone)

Satinwood (7)

Teak (deoxylapichol)

Hyacinths
Garlic (diallyldisulfide)
Onions

*Sensitizing agent, where known, is included in parenthe-
ses.

ment of clinical contact dermatitis. Trace amounts of chromate in
~zment probably do not contribute to cement dermatitis in the
United States (see Cement).

Cobalt hypersensitivity frequently accompanies nickel or
chromate allergy. Presumably, this occurs because coball is
closely associated with these other metallic clements in the peri-
odic table, and one metal is almost always contaminated with the
other. Independent sensitization may oceur from occupitional ex-
posures to cobalt in clectroplating solutions, paint driers or cobal-
tous pigments, catalytic reagents, or hard metal grindings (contain-
ing approximately 90% tungsten and 10% cobalt). '

Gold and its salis are strong potential experimental sensitiz-
ers, but clinical allergy is relatively rare. Metallic gold resists at-
tack by waier and oxygen and is virtually insoluble excepl in aqua
regia: hypersensitivity from metallic gold objects is correspond-
ingly and exceedingly rarc. Soluble gold salts may occasionally
produce allergic sensitization, but many are extremely irritating to
the skin as well, such as gold potassium cyanide salts used in
electroplating solutions.*

Beryllium salts are irritating and may cause painless skin ul-
cerations similar 1o chrome ulcers. Allergic contact dennatitis has
also been reported. Both beryllium and zirconium salts, when in-
oculated into the skin, have produced allergic, deliyed hypersen-
sitivity granulomas. Awareness of severe respiratory disease from
beryllium has led to the implementation of preventive measures to
climinate cxposure, and clinical skin disense from beryllium is
now exeeedingly rare.

Inorganic arsenicals and platinum salts may occasionally
cause allergic contact dermatitis, but sensitization from other met-
als is extraordinarily rare.




Rubber Products

Rubber products are manufactured from natural rubber latex
or synthetic polymers of styrene-butadiene (SBR rubber), acrylon-
itrite-butadiene (ABR rubber), ncoprene, isobutylene-butadiene
(butyl rubber), polysulfides, polyurethanes, or silicone. With the
exception of silicone and polysulfide rubbers, the other types all
require addition of accelerntors to speed the rate of cure and an-
tioxidants 1o preserve the clasticity and flexibility of the rubber
product. Other additives may include pigments, reinforcers, fllers,
softeners, plasticizers, and phenolie resins (used as tackifiers).

In the manufacture of rubber, irritant contact dermatitis may
oceur from a variety of acids, alkalies, detergems, and solvents
used in the process. Allergic contact dermalitis occurs not infre-
quently and is almost always due to an organie accelerator or an-
tioxidant. While the list of potential sensitizing accelerators and
antioxidants is enonmous, common allergens include tetramethyl-
\hiuram disulfide, mercaptobenzothiazole, zine dimethyldithiocar-
bamate, n-isopropyl-n-phenyl-p-phenylenediamine (IPPD) ana-
logues, phenyl-B-naphthylamine, diethylthiorurea, and other
related thiurams, mercapte compounds, p-phenylenediamine ana-

: 2
Yojgues, carbamates, naphthyl compounds, and thioureas.

Clinical dermatitis from finished rubber products generally re-
sults only when the rubber item contacts the skin for long periods
of time. Wearing apparel, especially protective gloves, rubber
workbnots, and facemnasks, accounts for most of the ~cennational
cases. Heat, sweat, and moisture are important cofactors, since the
sensitizing accelerators or antioxidants must first be leached out of

TABLE 10-12.
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the solid rubber item. Preceding irritant dermatitis is common in
cases of contact allergy to rubber gloves or hoots. Often, the
worker has ignored the wearing of appropriate protective gloves or
boots until clinical irritant dermatitis has developed. The subse-
quent wenring of gloves or boots over inflamed, dermatitic skin
may predispose lo contact sensitization.

Germicides and Biocides

Industrial solutions or produets that contain water and organie
compounds generally require the addition of a biocidal agent to
prevent decomposition of the product and prolong its shelf life.
Examples include cutting fluids and emulsions, latex paints, liquid
industrial hand soups, first-aid creams, and water-based adhesives.
When encountered in sufficient concentrations, virtually all bio-
cides may be irritating or caustic, and most may sensitize. The
likelihood of sensitization increases as the concentration of the bio-
cide increases, and individuals who handle undiluted biocides
(e.g., formulation of industrial products) are at greatest risk. Im-
portant  biocidul agents are listed in Table 10-12. For-
maldehyde and organic mercurials were formerly the most impor-
tant causes of contact allergy in this group, bul they have largely
been replaced by other less-toxie agents; many of these may still
release small amounts of formaldehyde or cross-react, causing der-
matitis in formaldehyde-sensitive individuals, Formaldehyde may
still be found, somewhat paradoxically, in industrial liquid hand
soaps at up to 0.1% concentrations, although its usc as a biocide
in other industrial products hus substantially deereased. Isothia-

Important Biocides Which May lrritate or Sensitize

TRADE NAME

CHEMICAL NAME

Formalin, Formol
Grotan BK*

Grotan HD-2
Grotan K
Proxe! CRL
Bioban p-1487

Kathon CE, Kathor 886 MW

Skane M-8
Quaternium-15,* Dowicil 75,

Tris Nitro

Dowicide 1, Dowicide A

Sodium or Zinc Omadine

Preventol D-2

Preventol D-3

Benzytol, Dettol, Ottasept Extra

Ottafact

Merthiolate

Phermernite

Captax, Dermacid, Mertax,
Thiotax

Formaidehyde solution

Hexahydro-1, 3, 5-tris (2-hydroxyethyl) -sym-
triazine

2-chloro-N-hydroxymethylacetamide

Chloro-2-methyi-4-isothiazolin-3-one

1, 2-benzisothiazolin-3-one

4-(2-nitrobuty!) morpholine and 4, 4-(2-ethyl-2-
nitrotrimethyiene) dimorpholine

5-chloro-2-methyl-4-isolthiazolin-3-one and 2-
methyl-4-isothiazolin-3-one

2-N-octyl-4-isothiazolin-3-one

1-(3-chloroallyl)-3,5,7-triaza-1-1-azoniaadamantine
chioride

2-(hydroxymethyl)-2-nitro-1,3-propanedio!

O-phenylphenol

Sodium or zinc 2-pyridylthio-N oxide

Benzyl hemiformal

Chloromethylacylaminomethanol

Chloroxylenol, p-chloro-m-xylenol

Chlorocresol

Thimerosal

Phenylmercuric nitrate

Mercaptobenzothiazole

*Formaldehyde-releasing biocidss.
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20lin-3-one derivatives are emerging as an important new class of
sensitizers.

Pesticides

The tenn pesticide designates any toxie chemical used against
rodents, insects, fungi, weeds, or other pests. Skin disease among
agricultural workers is relatively common and frequently attributed

1o pesticide exposure, although a direct causal relationship may be
difficult to establish. Pestieides commonly implicated as causes of
occupational skin discase are listed in Table 10-13. Dermatitis is
most often observed, although several other adverse reactions have
been reported (porphyria, urticaria, chloracne, erythema multi-
forme). Chemicals used as pesticides may have industrial appli-
cations outside agriculture (c.g., thiurams are used as rubber ac-
celerators) or are used as biocides in industrial products. Irritant
dermatitis is the rule and may be due to the vehicle in which the
pesticide has been formulated, while true allergic contact derma-
titis is relatively rare. The following classes of pesticides have con-
sistently been among the most common contact allergens, in those
few instances where pesticide-associated dermatitis has been eval-
uated by appropriate pmch testing: carbamates, thiurams, captans,
organomercurials, trinzines, and pyrethrums. Formerly, contact al-
lergy from pyrethrums was common and was caused by sensitizing
sesquiterpene lactones contained in the crude extract (derived from
a chrysanthemum species). Today, the extraction and purification
process is such that the active insecticidal principle (pyrethroids)
present in modern pyrethrum-containing insecticides should not
contain any sensitizing sesquiterpene lactone. Contact allergy from
pyrethroids or synthetic pyrethrins (derived from petrochemical
sources) has not been observed. Skin disease attributable to pes-
licides sprayed on vegetation must be distinguished from skin dis-
case causcd by the vegetation itself, with which it is frequently
confused. Pesticide-associated skin diseasc has been extensively
reviewed by Adams.®

Plastics, Resins, and Coatings

A plastic is any substance, solid in its finished state, which
has the capacity to be molded into various shapes. Plastic resins
may be derived from either natural or synthetic sources. Contact
dermatitis may oceur when the plastic is in its liquid or unpoly-
merized state, but generally does not result from solid plastic prod-
ucts or coatings unless substantial, free, unpolymerized resin is
still present.

Rosin (colophony) is the most important natural resin which
may cause allergic contact dermatitis. Wood rosin is obtained by
distillation of a crude extract from the wood of the pine tree (pinus
palustris), while distillation of turpentine yields a more highly pu-
rified gum rosin. Rosin is a brittle material which becomes sticky
when heated, thus lending it to a number of adhesive applications,
e.g., hot melt glues and adhesive tapes. Rosin is also hydrophobic,
nonconductive, and noncorrosive, properties which make it ex-
tremely useful for electrical soldering operations. It is frequently
combined with other synthetic resins or natural drying oils to form
new plastic substances with a variety of physical properties. Rosin
contains many potential skin allergens, the two principal ones
being abietic acid and alcohol. With the exception of rosin and
resinous products derived from plant species related to poison oak/

TABLE 10-183.

The Most Common Causes of Pesticide-Associated
Skin Disease (California, 1977-1981)*

Sulfur
Propargite
Creosote
Benomy!
Glyphosphate
Weed oil
Methyi bromide
Captan
Difolatan
Dyrene

*Courtesy of Dr. Michael O'Malley, National Institute for Oc-
cupational Safety and Health.

ivy (sce Plants and Vegetation), contact dermatitis from other nat-
urally occurring resins is extraordinarily rave.

Epoxy resins are synthetic resins which all share in common
a highly reactive cpoxide group contained within the molecular
structure. Over 90% of commercial epoxy resins are based on the
reaction of epichlorohydrin and Bisphenol A, producing monomcrs
or polymers of the diglycidyl ether of Bisphenol A. Other types of
epoxy resins are formed by reacting epichlorohydrin with hydantoin
or other phenolic compounds. Epoxy resins uniquely combine the
physical properties of strength, adhesiveness, and electrical and
chemical resistance. Thus, they are extensively used in industrial
paints, coatings, adhesives, and laminates, and may also be used
to modify other resins. Reactive diluents (usually monoglycidyl
ethers of alkanes or phenolic compounds) are frequently added to
decrease the viscosity of the resin and to increase its flexibility.
Polymerization requires addition of a curing agent (hardener), usu-

acid anhydride. The aliphatic amines will produce curing at room
temperature, but the aromatic amines and anhydrides require ad-
dition of heat before curing can occur. Although the diglycidyl
ether of Bisphenol A is a potent skin sensitizer, the epoxy reactive
diluents or hardeners are responsible for approximately 10% of
allergic contact dermatitis caused by epoxy resins. Dennatitis may
be particularly severe when the epoxy resin is either sprayed or
heat cured, since extensive skin contact from aerosolized particles
or volatilized vapors can occur. Although the extremely alkaline
aliphatic amine hardeners are potential skin irritants, clinical der-
matitis from irritation is not very common, possibly because skin
contact with the hardener is seldom prolonged. In this author’s
experience, careful investigation of contact dermatitis due to epoxy
resin almost always demonstrates sensitization to the epoxy resin,
reactive diluent, or hardener.

Phenolic resins are manufactured by reacting phenol
(or some other phenolic) with an aldehyde (usually formaldehyde).
The most important commercial phenolic resins are phenolformal
dehyde, melamine formaldehyde, resorciniol formaldehyde, parater
tiarybutylphenol formaldehyde, furfuryl formaldehyde, and cardo-
lite (the condensation product of formaldehyde and a phenolic
extract of cashew nutshell oil). Phenolic resins find extensive
applications in plywood laminations, binders for foundry sand,




impregnation of wood or plastic to increase insulation, and com-
bination with other adhesives (¢.g., ncoprene glue) lo increase
moisture resistance. Although phenalic resins release formalde-
hyde, morcthan 90% of cases of allergic contact dermnatitis to pheno-
lic resins oceur from the resin itself rather than released for-
maldehyde.?® Since industrial processes employing phenolic resins
are usually heal cured, exposure to the vapors may cause severe
dermatitis in sensitized individuals.

Acrylic and methaerylic acid are strong solvents and potential
skin irritants. A number of useful thermoplastic acrylic resins can
be derived by esterification, modification, or copolymerization of
these acids. These include Plexiglas (polymerized methyl methac-
rylate), latex paints, coatings, inks, dental or bone cement, anaer-
obic sealants, and floor polishes. Reeently, polyfunctional acry-
lates that rapidly cure upon exposure io ultraviolent light have
been employed in printing inks, dental adhesives, and miscella-
neous contings; these resins require addition of an ultraviolet light
absorber such as benzophenone to effect cure. Irritant contaet der-
matitis may occur from prolonged skin contact with any aerylic
resin; cyanoacrylate vapors are particularly irritating to the mucous
membranes. An unusual form of delayed skin irritation caused by
polyfunctional acrylates has been observed, the onset of which was
delayed 12-24 hours but which was frequently bullous or pain-
ful.”* Esters of methacrylic acid, particularly methyl methacrylate,
are the most imporant skin sensitizers, but allergic contact der-
matitis has been reported from polycthylencglycol dimethacrylate
in anaerobic sealants,® and polyfunctional acrylates and methac-
rylulcs.“"‘ o

Polyurethane resins are formed from the reaction of a polyal-
cohol with a diisocyanate (c.g., toluene diisocyanate). Although
the volatile diisocyanates are extremely irritating to the skin or
membranes, allergic contact dermatitis occasionally oceurs from
the diisocyanate or a polyamine euring agent.

Organic Dyes

Most organic azo dyes are potential skin sensitizers, the most
inportant of which are paraphenylenediamine and its analogues.
Water-soluble azo dyes are more likely to cause clinical sensitiza-
tion than insoluble dyes. Beauticians exposed to paraphenylene-
diamine derivatives in hair dyes, workers dyeing textile resins, and
photographic film developers exposed to color developing solutions
not infrequently become sensitized to azo dyes. In addition to al-
lergic eczematous contact dermatitis, color developing solutions
have caused lichen planus-like eruptions.*®

Cutting Fluids
Cutting fluids are used in virtually all industries that cut,

grind, or machine metals. These preparations are formulated with

vegetable or mineral oils, water, and high-pressure additives (sul-
fur andfor chlorine). Cutting fluids are used to cool and lubricate
the cutting tool and pants, to flush away metal chips during the
cutting or grinding operation, and to prolong the work life of the
cutting tool. Neat oils are most commonly employed for low-speed
grinding or honing operations, while oil-water emulsions are em-
ployed for high-speed cutting or grinding, where higher tempera-
tures are encountered. Irritant contact dermatitis is most eommonly
produced by the cutting fluid emulsions, which contain water, de-
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tergents, and cmulsifiers as well as potentially irritating sulfurated
or ehlorinated oils; it is more likely to occur in machinists who
must continually immerse their hands in eutting fluids throughout
the work shift. Machinists frequently complain that “used” cutting
fluid is harsher o their skin than “fresh” fluid, pointing to the
possible role of contaminants or breakdown products in the devel-
opment of irritation. Allergic contaet dermatitis occasionally de-
velops, and it is usually due to the biocide contained in the water-
based emulsion, although metallic salts from the machined metal
(e.g., nickel) or other additives (dyes, perfumcs) are rare
causes.'® Some industries have recently adopted the practice of
purchasing full-strength biccides and requiring employces period-
ically to add small amounts of fresh bioeide to recirculating cutting
fluid, in order to preserve its work life. The potential for becoming
sensitized is markedly enhanced when skin contact to an undiluted
biocide occurs, as opposed to the dilutions of biocide normally
encountered in commercially formulated cutting fluid concentra-
tions; this author has alrcady observed several such cases.

Photodermatitis

Photodermatitis requires activation of a chemical substance
on the skin surface by ultraviolet radiation (290-400 nm wave-
length) for its clinical expression. Chemical substances capable of
causing photodermatitis generally contain aromatic rings in their
molecular structure and absorb ultraviolet radiation emitted by the
sun. Most compounds that can absorb sufficient ultraviolet energy
can cause phototoxic reactions if exposure occurs at sufficiently
high concentrations, and some of these may also produce allergic
photosensitization. Substances that do not have an absorption
spectrum in the ultraviolet wavelength range are not likely to cause
clinical disease. In all cases, inflammation develops on body sur-
faces nommally exposed to sunlight (dorsal hands, arms, neck,
face), provided that the responsible photosensitizer also contacts
those anatomical areas. Covered skin, the eyelids, submental chin,
and upper ears covered by hair are characteristically spared.

Phototoxic reactions, analogous to irritant contact dermatitis,
are typically accompunied by immediate burning, stinging, or
“smarting” of the skin shortly following sun exposure, and clinical
inflammation appears more like an acute sunburn than an ecze-
matous dermatitis. Inflammation is the result of a toxic photedy-
namic effect and is not mediated by immunologic mechanisms.
Coal tar, pitch, creosote, and other products derived from coal tar
may cause severe stinging and buming (“tar smarts”), the wave-
length of activation being 340-430 nin.? Once this reaction has
been initiated, much smaller amounts of ultraviolet light exposure
can reproduce the stinging and burning sensations for several
hours, even though a larger exposure was required to initiate i
Phototoxic reactions are common in outdoor workers exposed to
coal tar or its crude extracts, such as railroad workers who must
handle creosote-impregnated ties. Coal tar epoxies contain up to
25% crude coal tar, and phototoxic reactions in outdoor workers
exposed to this coating must be distinguished from epoxy resin
allergy.

Furocoumarins are phototoxic substances found in various
members of the Rutaceae and Umbelliferac- plant families which
may cause severe, painful, bullous reactions in any worker who




148 Administrative and Clinical Aspects

must handle or harvest these plants or their essential oils. Impor-
tant species include limes, lemons, figs, celery, carrots, parsley,
parsnip, dill, rue, hergamot, and the gus plant. Indoor workers
who handle furocoumarin-comaining fruits or vegetnbles are sus-
ceptible as soon as they leave their employment and are exposed
to sunlight (e.g., bartenders who squecze limes), but the cause
may go undetected without careful questioning. Celery harvesters
are particularly susceptible to severe reactions, sinee a common
fungal parasite (“pink rot”) dramatically increnses the furocou-
marin content in infested plants.'? Postinflammatory hyperpigmen-
tation characteristically follows furocoumarin-induced phototoxie
reactions and may be the only clinical manifestation in mild cases.

True occupational photoallergic dermatitis is relatively rare
and clinically presents as an eczematous dermatitis in sun exposed
areas. Formerly, halogenated salicylanilides produced large num-
bers of cases as a resull of their use as antibacterial agents in toilet
soaps. Their use has been banned in toilet soaps for years, but
they may be occasionally encountered in janitoril cleaning agents
or first-aid creams. ’harmacists, nurses, physicians, veterinarians,
or individuals employed in pharmaceutical manufacturing may de-
velop phototoxic or photeallergic reactions from photosensitizing
drugs. Photoallergie reactions may sometimes be followed by a
persistent state of light reactivity (persistent light reactor) where
clinical dermatitis recurs following exposure o sunlight alone, in
the absence of exposure to the original photosensitizing chemical.
This has typically oceurred following topieal reactions to halogen-
ated salicylanilides or systemic reactions to chlorothiazides, but it
has recently been observed following photosensitization 1o epoxy
resin.’

Occupationally acquired photodermatitis must be differen-
tinted from endogenous photosensitivity disorders, including por-
phyria cutanea tarda, polymorphous light eruption, solar urticaria,
and systemic lupas erythematosus. Outdoor employment, however,
may substantially aggravate an underlying endogenous photosensi-
tivity disorder or precipitate a reaction in individuals tuking poten-
tinlly photosensitizing medication for some other medical problem.
Rarely, porphyria cutanca turda may be precipitated by exposure
to chlorinated aromatic hydrocarbons (e.g., hexachlorobenzene).

Topical and systemic therapy is the same as for contact der-
matitis. Preventive measures must include avoidance of the pro-
vocative agent or sunlight (or both), or the usc of broad-spectrum
sunsereens that effectively shield throughout the entire ultraviolet
spectrum (e.g., sunscreens containing p-aminobenzoic acid esters
or cinnamates combincd with benzophenones, usually having a
protection factor rating of 15 or greater).

Important causal agents of phototoxic or photoallergic reae-
tions are listed in Tablc 10-14.

Pigmentary Disorders

Toxic Vitiligo

Depigmentation resembling idiopathic vitiligo (Fig 10—4) can
be caused by culancous exposure to a variety of phenolic or cat-
echolic derivatives which structurally resemble tyrosine, an amino
acid precursor of inelanin synthesis.”™ 7 At low doses, these sub-
stances simply inhibit melanin synthesis, but at higher doses they
may be cytotoxic lo inelanoeytes, resulting in irreversible pigment
laes. Phenolic or catecholic derivatives are frequently employed as

TABLE 10-14.

Some Important Causes of Occupational Phototoxic or
Photoallergic Reactions

Coal tar products Drugs
Crude coal tar P-aminobenzoic acid and esters
Pitch Chlorothiazides
Creosote Diphenhydramine
Dyes Phenothiazines
Acridine Griseofulvin
Eosin Nonsteroida! anti-inflammatories
Fluoroscein Benzophenones
Rhodamine Nalidixic acid
Rose bengal Quinine
Plants Tetracyclines
Carrots Sulfonamides
Celery Antimicrobials
Bergamot Halogenated salicylanilides
Dill Bithional
Figs Hexachlorophene
Lemons Miscellaneous
Limes Saccharin
Parsley Cyclamates
Parsnip Optical whiteners
Rue Epoxy resin
Gas plant
Angelica
Buttercup
Mustard
Goose foot
Scurly pea
St. John's wort
Essential oils and
fragrances
Angelica root oil
Bergamot oil
Lemon oil
Lime oil
Qrange oil (bitter)
Rue oil
Cedarwood oil
Sandalwood oil
Lavender oil
Musk ambrette
6-methyl coumarin

antioxidants or germieidal disinfectants and may be encountered
in rubber products or manufacture, photographie developing solu-
tions, lubrieating oils, plastics or adhesive manufacture, and insti-
tutional or industrial disinfeetant cleaning solutions. Depigmenta-
tion may be preceded by inflammation of the affected skin and is
frequently associated with allergic contact sensitization to the same
chemical responsible for the loss of pigment. Iinportant causes of
toxie vitiligo are listed in Table 10~15. The essential chemical
requirement of melanocyte toxicity appears to be a nonpolar side
Chtlil::r‘lw the para position on the phenolic or catecholic ring struc-
ture. ™

Postinflammatory Changes
Hypemigmentation may follow any episode of cutaneous in-
flammation, but it is more likely to occur in darkly complexioned




FIG 10-4.
Toxic vitiligo in a hospital custodial worker secondary to p-tert-amyl-
phenol in a disinfectant cleaning solution.

individuals. Cutancous darkening is due to aecumulation of mela-
nin from injured melanocytes or hemosiderin from extravasated red
blood cells in dermal tissue. Pigment deposition may persist for
years, particularly in black persons, although there is some ten-
dency toward spontaneous improvement. Postinflammatory pigmen-
tation mnay also follow reactions to photosensitizers (see Photoder-
matitis), but in these instances the increased pigment results from
melanocyte stimulation (i.e., “tanning”) rather than injury.

Loss of culancous pigment may occur when tissue injury is
severe enough to destroy melanocytes, such as chemical or thermal
burns.'® This must be distinguished from toxic vitiligo.

TABLE 10-15.

Important Chemical Causes
of Toxic Vitiligo

Hydroquinone
Monobenzy| ether of hydroquinone
Monomethyl ether of hydroquinone
(4-hydroxyanisole, 4-methoxyphenol)
Paracresol
Para-tertiary butylcatechol
Para-tertiary butyiphenol
Para-tertiary amylphenol
Ortho-phenyiphenol
Ortho-benzyl-para-chlorophenol
4-isopropylcatechol
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Discolorations and Stains

Chronic intoxication from hcavy metals, particularly silver,
mercury, or arsenic, may produce diffuse slate-gray, blue-gray, or
melanotic discoloration of skin. The nail beds may be similarly
affected. Discoloration results either from metallie deposition
within the skin or stimulation of melanin synthesis and is often
accentuated in sun-exposed areas.

Numerous industrial substances may stain the skin. These
stains serve as useful markers of cutancous exposure and may be
partieularly helpful when symptoms of systemie toxicity are present
without an obvious history of expusure. Nitrosylated compounds,
ineluding nitric acid, trinitrotoluene, dinitrophenol, and meta-
phenylenediamine, produce yellow to orange cutaneous stains.
Many of these nitrosylated substanees are initially colorless, and
the characteristic stains appear only after oxidation occurs on the
skin surface, or after nitration of the nuclei of various aromatie

. . . . .45 .
amino aeids incorporated inlo cutancous protein.” Explosive or

abrasive forces may adventitially tatoo the skin with pigmented
foreign particles.” “Coal miner’s tatoo,” produced by inoculation of
coul dust into the skin, is such an example.

Aceneiform Disorders

Environmental Acne

Preexisting nene vulgaris may be substantially aggravated by
various occupational stresses. Heat and high humidity favor swell-
ing of the keratinous ductal epithelium, with subsequent poral oc-
clusion (“tropical acne”), which may precipitate substantial flares
in acne-prone individuals employed in tropical climatcs or exces-
sively hot work environments, such as foundries. Rubbing, pres-
sure, or friction against the skin may provoke new acne lesions in
susceptible anatomical areas (“acne mechanica™). Occupational
causes of acne mechanica include face masks, belts, straps, tight-
fitting work clothing, and pressure from seat baeks.™

Oil Acne

Heavy, lubricating petroleum greases, oils, and pitch fumes
may cause follicular plugging and pustular folliculitis (oil acne)
and is seen not infrequently in machinists and automotive mechan-
ics.™® Lesions oecur most frequently on body surfaces maximally
exposed to the causative petroleum products, such as the dorsal
fingers, hands, and extensor surfaces of the forearms, and may be
particularly severe on parts of the body covered by oil-soaked
clothing, such as the thighs. The mechanism of induction involves
stimulation of follicular keratinization followed by ductal occlu-
sion. Comedones (blackheads) are invariably present, but inflamed
follicular papules and pustules are often numerous. The pustules
of oil acne are usually sterile, but occasionally secondary bacterial
infection may be present.

Chloracne

Chloraene (Fig 10-5) describes an acneiform disorder caused
by either polychlorinated or polybrominated aromatic hydrocar-
bons, and the term “halogen acne” has been suggested as a more
appropriate name.’®® Chemical substances which may cause
chloracne are listed in Table 10-16. Toxicity and acneigenic po-
tential depend more on the stereoisomeric positioning of the halo-
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FIG 10-5.

Chioracne. Note preponderance of noninflammatory comedones
and cysts. Sites of predilection are the malar crescents and poste-
rlor auricular folds. (Photo cnurlesy of Dr. James S. Taylor. Cleve-
land Clinic Foundation, Cleveland, Ohio.)

gen atoms than on the degree of halogenation itself.? The mecha-
nism by which all chloracneigens produce disease involves
induction of squamous metaplasia of the sebuccous gland duets,
followed hy atrophy of the underlying sebaceous glands and sub-

sequent formation of keratin-filled cysts, T

he chemical respon-

sible for inducing chloraene, however, cannot he detected in the
. PX . . .

eystic contents.™ There is a rough correlation existing hetween

nencigenic potential and ability to stimulate the aryl hydrocarbon

TABLE 10-16.
Chemical Causes of Chloracne

Polyhalogenated biphenyls
Polyhalogenated dibenzofurans
Polyhalogenated naphthalenes
Polyhalogenated contaminants
Dloxin {trichlorophenol, pentachlorophenol)
Tetrachlorazobenzene and tetrachloroazoxybenzene
(dichloroanitine and related chemicals)

K

liydroxylase microsomal enzyme system, with 2,3,7,8-tetrachloro-
dibenzodiogin being the most potent,

The basie dominant clinieal lesion is a small eystic swelling
resulting from plugging of the pilosebuceous duet, ranging in size
from u pinhend to a small pea. The folliculur openings of many
lesions become obscured, and the swellings begin to awsume o
churacieristic pnle yellow color (“struw colored cyst”). The loca-
tions in which lesions firat begin to appear are the malar ereacents
(that is, the skin just laters] to the eyes) and the retroasricular
folds, and in mild cases these may be the only areas involved, The
nose is frequently spared. As the severity of the discuse increases,
cystic lesions become more mumerous on the fuce, influnmatory
lesions appenr, and involvement spreads to the posterior neck,
trunk, buttocks, and scrotum. The nost severe cases may resemble
eyntic acne, although the number of inflanmatory lesions is con-
niderably less. Extensive searring may ocear as inflummatory le-
sions involute, Some degree of spontnncons improvement i the
rule within o few months after cessation of exposure, and approxi-
mately 80% resolve completely within two to three years. In the
most severe cases, residunl lesions may persist for many years, but
usually only in the malar regions and hehind the cars.!

Dusky hyperpigmentation of the face mny develop in chlor-
nene cases as the severity of facial fnvolvement increases, Mei-
bomian gland swelling and a peculine pigmentation of mucous
membranes and nail beds oceurred in the Yusho and Taiwan PCB
(polychlorinated biphenyl) poisonings, where the route of exposure

. o, 126 . .
was Dy ingestion,”™ ¥ hut it hes not been observed in cases
caused entirely by cutancons exposure, Erythema and dermatitis

may develop following expusure to the sodium salis of chlorophe-
y ! B exy It

al . .
nols,” but is not likely to oceur from exposure to trace amounts of

chloraencigens.

Chloracne must be distinguished from nene vulparis, which
may appear virtually identical in mild cases, solar elastosis with
comedones (Favre-Racouchot syndrome), and other forms of envi-
ronmental acne. The malar crescents and posterior aurieular folds
are almost always involved in chloruene cases. The occurrence of
munerous, noninflamed, cysts outside the typical arcas of distri-
bution for acne vulgaris, documented substantial exposure to
known chloraeneigens, and absence of other external causes all
favor a diagnosis of chloracne. Although histologic examination of
chloracne eysts usually demonstrates squumous cell metaplusia
and plugging of the infundibular ducts with atrophy of the under-
lying schaceoun glands,* its uscfulness in establishing o disgnosis
of chloraene has been questioned.™ Treatment is generally unsat-
isfuctory, but there is uneedotal evidence that topical or oral treat-
ment with cis-13 retinoie acid has heen helpful in selected enses.

Vascular Reactions

Urticaria

In comparison to occupational asthma, true occupationally in-
duced unticaria is rare. The overwhelming majority of cases of gen-
eralized urticaria are cither idiopathic in origin (almost 1wo thirds)
or are provoked by exposures outside the work environment (e.g.,
food or drug allergies). When caused by eccupational factors, the
route of exposure is almost always inhalation, and episodes of ur-
ticaria are invariably accompanied by other symptoms of inhalant
allergy (usthma, rhinitis, or conjunctivitis), Some chemical sub-
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FIG 10-6.
Contact urticaria from carbon paper. The patient complained of
swelling and itching of the fingers. A moistened piece of carbon

stances arc also capable of producing localized erythema or wheal
and flare responscs following skin contact, provided that sufficient
penctration through the skin has occurred. This latter phenomenon
has been dubbed “contact urticaria”®® (Fig 10-6).

Unticaria may be provoked by either immunologic or nonim-
munologic mechanisms, and its occurrence is not always synony-
mous with allergy. Unticaria from nonimmunologic mechanisms is
caused by direct stimulation (chemical irritation) of the vascula-
ture, indirect provocation of maust cell degranulation, or neural re-
flex vasodilation. Immunologic mechanisms generally involve [gE-
mediated immediate hypersensitivity; more rarely, urticaria may be
causcd by immune complex-mediated vasculitis, due to activation
of the complement cascade and generation of C3a and C3a ana-
phylotoxins.

Localized contact urticaria requires that the provocative agent
first penetrate into the skin. In the case of small molecules, pen-
etration may occur through intact skin. Vasoactive chemical sub-
stances capable of inducing localized erythema (rubefacients) have

been employed medicinally for centuries as promoters of healing.

Contact urticaria from immediate allergy to large proteinaceous
molecules generally requires that the normally intact skin barrier
be first compromised, since these large molecules would not nor-
mally be expected to penetrate intact skin. Atopic persons are
more prone to develop immunologic contact urticaria, and they
generally give histories of reacting to the provocative substance by
inhalation or ingestion as well. Atopic persons who are employed
in wet work occupations where skin irritation commonly occurs and
who are simultaneously exposed to potentially allergenic protein-
aceous molecules, are particularly susceptible, since the skin bar-
rer is compromised by preceding contact dermatitis.® Occupa-
tions in which allergic contacl urticaria is most likely to occur

paper produced this intense urticarial reaction after 20 minutes of
occlusion against the skin.

include gardening, food handling, and velerinary medicine, where
the occurrence of clinical disease gencrally reflects a previously
documented inhalant or food allergies.

The clinical eruption of urticaria consists of evanescent, pi-
ritic, erythcmatous macules or wheals (*hives”), usually erupting
within 15-60 minutes following exposurc. Individual lesions usu-
ally subside within 24—48 hours after cessation of exposure, Con-
tact urticaria, by definition, always occurs at the site of primary
skin contact with the provocative substance; subjective stinging
and buming suggest nonimmunologic mechanisms, while pruritus
and swelling characterize immunologic contact urticaria. General-
ized urticaria following a localized rcaction is rare, but should also
suggest IgE-mediated hypersensitivity. A peculiar clinical variant
of contact urticaria, termed “protein contact dermatitis,” may oc-
cur in food handlers or other workers with dyshidrotic or irritant
hand eczema.”® Immediate symptoms of itching, swelling, and red-
ness are rapidly followed by increased vesiculation of the skin,
which is more characteristic of delayed hypersensitivity reactions.
Whether this biphasic response represents an interaction of hu-
moral and eell-mediated immune mechanisms, or results from non-
specific accumulation of serum released by the urticarial reaction
within preexistent microvesicles, has not been resolved.'”

Causes of occupational urticaria are listed in Table 10-17.
Outdoor workers are susceptible to ordinary inhalant allergies to
grass, trees, or pollen, for example, which may be accompanied
by generalized urticaria. With the exception of proteinaceous dust
and molds, inhalant allergies with urticoria among indoor workers
are extremely uncommon, and ease reports attributing urticaria to
chemical fume allergy are mostly anecdotal® and difficult to prove.
One exception is “platinosis,” a syndrome among workers exposed
to fumes of platinum salts, consisting of conjunctivitis, rhinitis,
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TABLE 10-17.
Some Common Causes of Occupational Urticarla

INHALANTS SKIN CONTACTANTS

Dust Dairy products
Molds Fish
Grasses, trees, pollen Citrus fruits
Castor bean pomace Grains
Coffee bean dust Meats
Platinum salts Nuts
Penicillin Spices
Formaldehyde(?) Vegetables
Pesticides(?) Medicinal rubefacients
Ammonia(?) Animal hair and tissues
Sulfur dioxide(?) Plants and grasses
Aliphatic polyamines(?) Dimethylsulfoxide
Alcohols
Numerous other chemicals

. A . 15 my .
asthmatic symptoms, urlicaria, and angioedema, This syndrome

has been clearly demonstrated to involve IgE-mediated hypersen-
sitivity to platinum compounds.

Dingnostic evaluation requires prick, intradermal, or epieu-
laneous provoculi\'c tests, with npproprinlely prcpnrcd extracts and
sufficient numbers of controls; clinical challenge tests may be nec-
essary in some cases, Confirmation of immunologic mechanisms
involves RAST or passive transfer tests. Management consists of
avoiding exposure to the provocative substances, and adequate
doses of antihistamines. Care should be taken when the patient
operates heavy equipment or machinery, since oversedation rep-
resents a safety hazard; antihistamines with the least sedating
properties (e.g., tersenadine) should be selected in such circum-
stances. Nonsteroidal anti-inflammatory agents have benefited
some cases of nonimmunologic contact urticaria.

Flushing Reactions

Fluzhing is a transient redness of the skin that occurs primar-
ily on the face but occasionally on the neck and upper chest. It
results from a temporary shunting of blood flow to the face into the
superficial dermal hlood vessels. In the oecupational setting, ex-
posure to sevein! different chemical substances may trigger un-
pleasant flushing reactions.

Rubber industry workers exposed to tetramethyl- or tetraeth-
ylthiuram disulfide (disulfiram; Antabuse), which is used to accel-
erate rubber curing, may experience severe flushing reactions and
headaches, along with nausea and vomiting, if alcohol is ingested
shortly after work. In pan, it was the observation of these unpleas-
ant reactions in rubber workers in the 1920s and 1930s that led to
the introduction of disulfiram as a treatment for chronic alcohol
addiction.” Disulfiram inhibits the enzymic alcohol dehydroge-
nasc, blocking the normal catabolism of alcohol, leading to an ac-
cumulation of acetaldehyde in the body, which is thought to be
responsible for the reaction.

“Degreasers’ flush” has been described in workers who sub-
sequently ingested alcohol following exposure to trichloroethylene
vapors.'® '** Trichloroethylene also inhibits the normal catabolism

of alcohol.”” Disulfiram-like reactions in industry workers have
also been reported following exposure to N,N-dimethylformamide™
and N-butyraldoxime. ™

Rosacea is an acneiform disorder of the face characterized by
crytheina, telangicctasia, and a tendency toward papule and pus-
tule formation. Connective tissue hypertrophy, particularly of the
nose, may also occur. Flushing reactions arc common in rosaceu,
may be accompanied by burning and stinging sensations in the
skin, and are usually the earliest component of the condition to be
identified. Although rosacea is generally considered to be an cn-
dogenous condition, transient flushing renetions may be Iriggered
by a host of nenspecific environmental stimuli. These include sun-
light, heat, aleohol, organic solvent vapors, and emotional stress.
When these nonspecific stimuli are eneountered in the workplace,
considerable diagnostic confusion may result.

Connective Tissue Disorders

Vibration White Finger

Physiologic changes induced by vibration are reviewed in de-
til in Chapter 21. Operators of vibratory tools, such as chain
saws, rock drills, chipping hammers, grinders, and many other
power tools, may experience episclic numbness, tingling, and
blanching of one or more fingers, identical to the cold-induced
vasospastic changes of Raynaud’s phenomenon. This disorder has
been variably called “vibration-induced white finger discase,”
“traumatic vasospastic disease,” or the hand-arm vibration syn-
drome. The latent interval hetween exposure to vibration and onset
of symploms is inversely related to the acceleration of the vibrating
tool and the cumulative hours of daily cxposure to vibration.'® Fre-
quencies above 60 Hz are capable of inducing vasospusms at
threshold acceleration values in the range of 75 m/sec®.'® Since
the Pacinian corpuscles respond most sensitively to frequencies in
the 125 Hz range, reflex linkage of Pacinian corpuscles to the
sympathetic innervation of the cutancous vasculature has been
suggested as a possible mechanism for induction of the vasospastic
phenomena.®™ Other ctiologic factors believed to be important are
biodynamic forces involved in the holding or operation of the tool
and individual host susceptibility (for example, smoking or preex-
isting vascular discase may increase susceptibility). !¢

The first symptoms consist of persistent numbness and tin-
gling, developing within several minutes of commencing operation
of a vibratory tool, followed by variable degrees of swelling of the
fingers. With further exposure, blanching of the fingertips begins
to occur and is generally most severe in the fingers exposed to the
most intense vibration, At first, these symptoms may totally sub-
side on weekends or vacations, but later they may be precipitated
upon exposure to cold. The ischemia is followed by reactive hy-
peremia and cyanosis, and in advanced cases persistent cyanosis
of the fingers is present. Ischemic ulcerations of the fingertips may
develop, but the latter complication is fortunately rare. Paresthe-
sias and neurosensory deficits are also the rule. The disease may
be particularly severe in forestry workers operating chain saws who
are simultaneously exposed to damp cold.”

Vibratinn-induced white finger discase must be differentiated
from Raynaud’s phenomenon that is associated with underlying
connective tissue disease, occlusive vascular disease, brachial ar-




lery compression syndromes, dysglobulinemia, snd neurogenic dis-
orders. Spontancous remission is not likely, cxcept in mild cascs,
and moderately to severely nffected workers must usually change
occupations. Warm, protective clothing is necessary in" cold cli-
mates. Pharmacologic therapy formerly consisted of vasodilatory
agents such os reserpine, but recent interest has focused on cal-
cium channel blockers. Although reportedly effective in the man-
agement of Raynaud’s phenomenon associated with underlying col-
lagen vascular discase, their cffectiveness in vibration-induced
white finger disease remains to be established.

Collagen Vascular Disease

Cutancous changes similar to those observed in scleroderma
or progressive systemic sclerosis have heen reported in association
with various occupational exposures,™ which arc listed in Table
10-18. Workers exposed to unreacted vinyl chloride monomer,
used 10 manufacture polyvinyl chloride, have developed Raynaud’s
phenomenon, papular cutancous sclerosis, sclerodactyly and fibro-
sis of the lungs, liver, and spleen, accompanied by lytic lesions of
the middle distal phalanges (acroostcolysis).™ These changes
mostly revert to normal following cessation of exposurcs, but an
inercased incidence of angiosarcoma of the liver has been ob-
served. Other than vinyl chloride disease, the vast majority of
other reported cases of occupational scleroderma have occurred
from exposure to silica dust (silicosis), but unlike vinyl chloride
disease, the cutaneous sclerosis has been diffuse rather than pap-

ular.’® A ncw sclerodermatous disorder has been rceently de-

seribed in Jupanese workers exposed to epoxy resin, consisting of
severe, diffuse cutancous sclerosis and muscle weakness.'?” This
Jatter disorder was attributed to a cyclohexylamine hardener (bis(4-
amine-3-cyclohexyl)methane), whieh produced sclerodermatous
skin changes, with increases in type 1 collagen, following intra-
peritoneal injections into mice. Reports attributing scleroderma to
various solvent exposures are largely anecdotal and require further
observation and eonfirmation.’® 1* 128

Peripheral Neuropathy

This subject is discussed in detail in Chapter 50. Although
most cases are due to ingestion or inhalation exposures, the skin
is an important potential route of exposure. Following absorption
through the skin, peripheral conversion by the liver to a toxic me-
tabolite may be necessary hefore neurotoxieity ean develop (e.g..
in exposures to n-hexane, methyl-n-isobutyl ketone). Occasionally,

TABLE 10-18.

Occupational Causes of Scleroderma-
Like Disorders

Vinyl chloride

Silica

Epoxy resin hardener
(bis(4-amino-3-cyclohexyl)methane)

Perchloroethylene(?)

Trichloroethylene(?)

Miscellaneous organic solvents(?}
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a fow chemical substances which are directly neurotoxic may have
a selective effect at the primary site of skin contact, such as ac-
rylamide. Recently, synthetic pyrcthroids have been shown to
clicit cutaneous parcsthesias in workers handling this insccti-
cide.

Neoplasms

Radiation

Considerable clinical, cpidemiologic, and experimental evi-
denee has cstablished ultraviolet (UV) solar radiation to be one of
our most potent and important environmental carcinogens. Despite
the large number of individuals occupationally exposed to sunlight,
and the relatively frequent occurrence of skin cancers in outdoor
workers,®! little effort has been cxpended to protect workers’ skins
udequately from carcinogenic UV radiation.

Squamous cell carcinoma (Fig 10-7), a neoplasm of cpider-
mal squamous cells, occurs most frequently on areas of the body
that are chronically exposed 1o sunlight, namely the head, neck,
and dorsal hands and forearms, Within areas of chronic exposure,
there is a further clustering on tegions that receive the maximum
amounts of UV exposure: the cheeks, nose, forchead, lower lip,
and tops of the ears. Squamous eell carcinoma seldom arises spon-
tancously on normal appearing skin, and involved sites generally
show other signs of exiensive nctinic damage. These latter chunges
inelude: thickened, yellowish, furrowed skin (solar elastosis);
abundant cutaneous wrinkles; multiple, dilated, superficial cuta-
neous blood vessels (telangiectasiae); solar-induced lentigines
(freckles); and flat, erythematous, scaling, premalignant actinic
keratoses.

Basal cell carcinoma, a tumor of epidermal basal eells, dem-
onstrates a similar, strong clinical predilection for anatomical areas
chronically exposed to sunlight. Unlike squamous eell carcinoma,
however, up to one third of basal cell carcinomas may develop
within skin which is not ehronically exposed, and there is a further
tendency to cluster in periorbital skin and the nasolabial folds,
which receive considerably less UV radiation than other facial
sites, suggesting that additional factors other than sunlight contrib-
ute to its development.'® Except for lentigo maligna melanoma, a
clinical variant occurring in chronically sun-exposed skin of el-
derly individuals, the evidence linking malignunt melanoma to
chronic UV exposure suggests a complicated inter-relationship.™

Epidemiologic surveys have clearly demonstrated an in-
creased risk for the development of squamous cell, basal cell, or
melanoma skin cancers among white populations as one moves
closer to the equator.®™ 19 When geographic locations at similar
latitudes are corrected for the cumulative yearly amount ‘of UV
radiation actually reaching the earth’s-surface, the association be-
comes even stronger. Within any geographic location, a similar
correlation between skin cancer incidence and cumulative individ-
ual exposure to UV radiation may be demonstrated. Host suscep-
tibility and pigmentary skin differences also influence the devel-
opment of skin cancer; while persons with Irish, English, or
Scottish origins who sunbum easily have the greatest relative
risks.'®

Squamous eell carcinoma may be easily produced in hairless
rodents by repeated exposures to artificial UV radiation, with the
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FIG 10-7.
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Squamous cell carinoma arising within sun-damaged skin on the dorsal hand of a farmer.

primary carcinogenic wavelength being in the 290-320 nm range.
Concomitant exposure to longer wavelength UV radiation, or envi-
ronmental climatic changes induced by heat, wind, or excessive
humidity, may augment carcinogenesis in the luboratory. Cuta-
neous chemical carcinogens, such as polycyclie aromatic hydro-
carbons and nitrosourea compounds, have additive cffect when
combined with UV radiation. Furthennore, chemical irritants
which are not primarily carcinogenic (e.g., croton oil) may promote
the development of UV-induced squamous cell carcinomas. To
date, neither basal cell nor melanoma skin cancer has been exper-
imentally reprodueed in laboratory unimals following UV irradia-
tion alone, but malignant melanoma has been reproduced following
UV exposure only after benign melanocytic tumors have beer urst
induced by topieal application of dimethylbenzanthracene.*

Prevention of solar-induced skin cancers should be generally
aimed at reduction or elimination of UV exposure. Hats and tightly
knit clothing may substantinlly reduce sunlight exposure, but
workers often cannot tolerate such protective clothing in hot eli-
mates. The most practical and cfficient method of reducing UV
exposure in outdoor workers should be the rcgular use of broad-
spectrum sunscreens, preferably with a solar protection factor of
15 or greater. The selected sunscreens should also resist wash-off
by sweating and should probably be rcapplied several times during
the work shifts.”®

Cutaneous neoplasms may arise in areas of chronic radioder-
matitis resulting from excessive exposure to ionizing radiation. Nu-
merous cases have been obscrved in physicians, dentists, and
other medical personnel who were inadvertently exposed while op-
erating x-ray machines. The histologic types include squamous cell
and basal cell skin cancers, with sarcomas or melanomas devel-
oping more rarely. Squamous cell carcinomas indueed by ionizing

radiation tend to be aggressive and metastasize early, compared to
.. (PR 25
those of actinic origin.*®

Polycyclic Aromatic Hydrocarbons

The role of polycyclic aromatic hydrocarbons in cutaneous
carcinogenesis is well established. Squamous cell carcinoma of the
scrotum of chimney sweeps was the first recognized occupational
neoplasm and was later observed in mule spinners. Dimethylben-
zanthracene and 3,4-benzyprine, found in coal tar and its deriva-
tives (especially pitch, asphalt, creosote, and heavy mineral oil),
are the most potent experimental carcinogens. After latent intervals
of 6-20 years, keratotic papillomas (“tar warts”) begin to appear
on exposed surfaees. Sites of predilection include the face, fore-
arms, hands, ankles, dorsal feet, and scrotum.® Other clinieal
signs of tar toxicity (oil acne, hyperpigmentation, phototoxicity) are
usually present. Malignant degeneration into frank squamous eell
carcinoma, however, probably occurs in only very few of the pre-
malignant papillomas. Concomitant trauma and UV radiation ex-
posure are generally eonsidered important cofactors in tar carci-
riogenesis. ‘%

Preventive mcasures are directed primarily at employec hy-
giene and education. Substitution of oils, free of carcinogenic poly-
cyclic aromatic hydrocarbons, is desirable wherever possible and
can substantially reduce the incidence of skin cancer.”

Arsenic

Decspite the inability to induce experimental cutanecous tumor
formation with arsenic, the circumstantial evidence implicating it
as a cutaneous carcinogen is considerable. Numerous case reports
have documented the devclopment of arsenical keratoses and skin
cancers in individuals who received Fowler’s solution (sodium ar-




senite) for treatment of psoriasis. Taiwanese populations drinking
water from artesian wells contaminated with arsenic have demon-
strated a marked incidence of skin cancers compared to control

popululions.”7 One study of a group of factory workers exposed to

inorganic arsenic demonstrated increased numbers of skin cancers
in workers exposed to the highest levels of arsenic within the
plant.®®

Characteristic punctate, keratotic papules (“arsenical kera-
toses”) develop on the palms and soles of individuals with chronic
arsenic exposure. They generally range in size from 1 to 5 mm.
Histologic cxamination usually shows varying degrees of nuclear
atypia of the squamous cells, and degeneration into squanious cell
earcinoma is sometimes observed. Arsenical keratoses must be
distinguished from the punctate keratoses frequently scen on the
palms or soles of black persons; these benign lesions remain con-
fined to the palmar or plantar creases. Other signs of chronic ar-
senic exposure include n diffuse dusky pigmentation of the skin
punctuated with white, slightly atrophic muocules, giving the skin
the appearance of “rain drops on a dusty road.” Squamous cell
carcinomas induced by arsenic exposure often occur on nonex-
posed skin surfuces; intraepidermal squamous cell earcinoma
(Bowen's disense) is the most frequent clinical type and is associ-
ated with visceral malignancies. Basal cell earcinomas on nonex-
posed skin surfaces are also common.

Trauma

The role of trauma in culancous ncoplasia remains controver-
sial. Skin cancer arising directly within an area of cutaneous
trauma has been documented on numerous occasions,® *° but it
should be considered a rare occurrence. Thermal burns with sub-
sequent sear formation have been the most frequently observed
form of associatcd trauma. In most cases, the skin fails to heal
completely after the initial trauma, and malignancy develops after
a variable latent period. If complete healing does occur, a causal
relationship between the initial trauma and subsequent develop-
ment of skin cancer should be suspected. Squamous cell carcino-
mas arising within burn scars on the legs from heating coals have
been reported from India (Kangri ulcer) and Japan (Kairo ulcer),
but they may be due primarily to polycyclic aromatic hydroearbons
in the coals rather than the actual trauma.? From a scientific view-
point, evidence suggests that trauma is a co-carcinogen rather than
a true careinogen. '

Miscellaneous Neoplasms

A cutancous T-cell lymphama (mycosis fungoides) has been
associated epidemiologieally with work in construction and manu-
facturing industries and with pesticide and other miscellaneous
chemical exposures.'® Clinical observation suggests that in some
cases, cutancous T-cell lymphoma could develop from chronie
bouts of allergic contact dermatitis and antigen stimulation, with
subsequent malignant transformation of the stimulated clone of T
cells. '2 These intriguing observations will require confirmation be-
fore definitive conelusions may be drawn.

Increased incidences of malignant melanoma have been ob-
served in a number of occupations with diverse chemical expo-
sures. At this time, no definite conclusions regarding causative
exposures can be drawn on the basis of existing epidemiologic
data.

Occupational Dermatoses

Infections and Infestations

Individual workers employed in a diverse number of occupa-
tions may be cxposed to a wide range of potentially infectious mi-
croorganisms. While virtually any kind of infection can occur as a
result of some employment if conditions are favorable, some are
considered to be specific risks for certain occupations and may
have skin manifestations. Since a comprchensive review of infec-
tious disease is well beyond the scope of this review, ouly those
infeetions or infestations with primary or diagnostic cutancous le-
sions will be considered here. Systemic infections with secondary
skin manifestations will not be covered, although some (e.g., bru-
cellosis) may be specific for certain oceupations.

Bacteria

Abrasions, burns, and lacerations, particularly when com-
hined with poor skin hygiene, may nonspecifically predispose a
worker to a number of bacterial skin infections. Alopic workers are
most susceptible to bacterial skin infections, particularly Staply-
lococcus. Excessive heat and humidity may predispose to bacterial
folliculitis or furunculosis (“boils™), especially when work clothing
is constrictive.

The primary lesion of anthrax, caused by Bacillus anthracis,
is a small papule which rapidly enlarges to form a boggy, gelati-
nous, painless mass topped with a hemorrhagie or necrotic vesicle
or pustule; satellite lesions may surround the primary lesion. In-
fection almost always occurs on exposed surfaces of the body (face,
neck, arms, hands) from direct, accidental inoculation of spores
from contaminated animal hair or hides, particularly sheep and
goats. Later, regional lymph nodes enlarge and signs of systemic
illness {fever, malaise, leukocytosis, tachycardia) appear. In the
United States, strict animal controls and vaceination programs
have virtually eliminated this disease among ranchers and fanners,
and workers at risk are now primarily dock workers or freight han-
dlers who unload animal hides imported from foreign countries,
where strict controls do not exist. Anthrax may be fatal unless
adequately treated with intravenous penicillin (46 million units
daily) or tetracycline (2 gm per day) for two weeks. This diagnosis
is established on gram stain and culture of exudate from the pri-
mary lesion. ’

Erysipeloid occurs in fishermen, butchers, or other handlers
of raw meat or poultry products. It is an acute infection of trau-
matized skin, and usually occurs on the hands or fingers following
puncture or laceration of the skin on bones or cutting utensils. The
initial lesion usually occurs within one week following cutaneous
trauma and consists of a painful, sharply marginated, raised edem-
atous plaque which expands peripherally without ulceration or des-
quamation. Low-grade fever and malaise may develop, but serious
systemic illness or complications are rare. The untreated lesion
usually resolves spontaneously within three weeks but may occa-
sionally relapse. The causative organism, Erysiplothriz insidiosa,
is difficult to demonstrate on either gram stain or culture of in-
fected tissue, and the diagnosis is established primarily on clinical
grounds. Erysipeloid must be distinguished from streptococcal cel-
lulitis. The disease responds to oral penicillin (equivalent to 2-4
million units per day) or erythromycin (1 gm per day) for seven to
ten days.
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Mycobacteria

Primary tuberculosis of the skin may be caused by accidental
inoculation of material from infected human or animal tissues into
\raumatized skin. In individuals with no preexisting immunity o
Mycobacterium tuberculosis, the initial lesion is a gencrally pain-
less papule arising within two to four weeks at the site of initial
trauma, which slowly enlarges and ulcerates (tuberculous chancre).
Regional lymphadenopathy develops within one to two months fol-
lowing the appearance of the primary lesion. The clinical lesion of
primary inoculation tuberculosis occurring in individuals with
some degree of previous immunily is a slowly expanding, hyper-
keratotic, verrucous appearing plaque with a purplish inflammatory
halo (tuberculosis verrucosa cutis); the regional lymph glands are
usually not enlarged. In the past, primary inoculation tuberculosis
was considered an occupational risk of physicians, pathologists,
and morgue attendants, and was sometimes called “prosector’s
warl.” It is a relatively rare disease today. The diagnosis is estab-
lished by biopsy and appropriate culture of infected tissue. Treat-
ment consists of isoniazid in combination with rifampin or other
antituberculous drugs.

Atypical microbacterial infections of the skin occur through
primary cutaneous inoculation. The most common occupational in-
fection is caused by Mycobacterium marinum and occurs in per-
sons who fish or other workers who clean fish tanks. The clinical
lesion is a firm, granulomatous nodule of the dorsal hand or finger
with a tendency toward central ulceration. Multiple lesions of the
hand and arm, oriented along lincs of lymphatic drainage, may
occur and resemble those of sporotrichosis. Diagnosis is estab-
lished by tissue biopsy and appropriate culture. Spontaneous heal-
ing of untreated lesions normally occurs within two to three years,
usually with residual scar formation, Small lesions may be surgi-
cally excised. Treatment with conventional antituberculous therapy
may be limited by drug resistance. Minocycline, 100-200 mg per
day, has been reporied as an effective altemative therapy.

Viruses

Primary or recurrent herpes simplex infections of the hand or
fingers (herpetic whitlow) has generally been considered an occu-
pational hazard of dentists, nurses, physicians, or other health per-
sonnel exposed to oral secretions. The clinical lesions are often
excruciatingly painful, and extensive edema of surrounding tissues
may oceur, resembling cellulitis. Lymphangitie streaking and ten-
der enlargement of epitrochlear or axillary lymph nodes may de-
velop. Virologic examination of blister fluid from the lesions of a
recent series of patients with herpetic whitlow have challenged an
automatic presumptive relationship to oral secretions, since 11 of
13 patients grew type 2 rather than type 1 virus.*® The usefulness
of acyclovir in primary inoculation herpes simplex infections re-
mains to be established. Conservative management consists of limb
elevation, analgesics, and any one of a myriad of topical drying
agents.

Orf (echthyma contagiosum) is transmitted to human skin fol-
lowing contact with infected sheep or goats, in whom the disease
is usually present as a weeping, crusted eruption around the
mouth. It is caused by the orf virus, a member of the poxvirus
group, and occurs primarily on the hands of farmers, ranchers, or
veterinarians tending to sheep. The clinical lesion is most often

solitary and generally evolves through six stages, each lasting
about six days: the papular stage (erythematous, firm papule), the
target stage (a central nodule surrounded by a halo of normal skin
and an outer periphery of erythema), the acute stage (red, weeping

surface on the nodule), the regenerative stage (thin, dry crust over
surface of nodule), the papillomatous stage (tiny papillomatous
growths over surface of nodule), and the regressive stage (regres-
sion of papillomas and reduction in overall size of lesion). Diag-
nosis is confirmed by electron microscopic examinations of infected
tissues or specific viral antibody titers in serum. Complete resolu-
tion of the lesion without therapy is the rule.

Milker's nodule is a viral skin infection caused by paravac-
cinia virus, acquired by direct skin contact with infected cows,
where lesions occur on the teats. Thus, it occurs most commonly
in farmers or other dairy workers responsible for milking cows. The
clinical lesion bears a striking resemblance to orf, with the nodule
passing through similar stages of evolution. The diagnosis is con-
firmed by electron microscopy or viral culture of infected tissue.
Spontaneous resolution without treatment occurs.

Fungi

The majority of superficial fungal (dermatophyte) skin infec-
tions are not work-related. Work environments which are hot and
humid, such as foundries, may predispose certain populations of
workers 10 development of superficial dermatophyte infections in a
nonspecific fashion, panicularly the groin and feet, since the pres-
ence of moisture, sweat, and heat promotes fungal growth. Der-
matophytes may infect the fingernails and hands of those employed
in wet work occupations. Trichophyton rubrum typically causes a
dry, scaling, sometimes painful eruption of the palms, which for
unknown reason is characteristically present on only one hand of
the affected individual, but spares the other (Fig 10-8); evidence
of T. rubrum infection can usually be found elsewhere on the body,
particularly the toenails and soles. Wet work dries the skin of the
affected palm even further, exaggerating the symptoms, and the
worker often notices improvement when not working. A scaling
eruption confined to the palm of ene hand should immediately
prompt an examination of the feet and seareh for fungus.

Zoophilic fungi (i.e., those with animal reservoirs) may spe-
cifically infect farm workers, veterinarians, or other animal han-
dlers. Zoophilic Trichophyton mentagrophytes may be carried by a
wide range of animals and frequently produces an intense inflam-
matory cutaneous reaction with pustule formation. Lesions caused
by Microsporum canis (dogs and cats) more typically have a “ring-
worm” appearance. T'. verrucosum is acquired from infected cattle
and may produce a deep inflammatory reaction of the neck, beard,
or scalp. Diagnosis is established by demonstration of fungal hy-
phae on potassium hydroxide examination of scales or hair from
infected skin. Superficial dermatophyte infections on the general
body surface may be treated with topical imidazole antifungal
preparations. Infections of the palms, soles, and nails, or deep
inflammatory reactions on hair-bearing surfaces, do not generally
respond well to topical agents, and oral therapy (250~500 mg of
micronized griseofulvin or its equivalent, two times per day) is
preferred. Oral ketoconazole also has been used for treatment of
dermatophyte infections.

Sporotrichosis is acquired from accidental inoculation of the
fungus Sporothrix schenkii from contaminated vegetation. Rosebush




rese

FiG 10-8.

Occupational Dermatoses

Superficial dermatophyte intection of one paim, sparing the other, in a dishwasher.

thorns and sphagnum moss are favorite habitats of the organism,
and the disease most frequently occurs in gardeners, florists, or
nursery workers. The usual clinical presentation is an ulcerated
nodule on the dorsal hand, followed by the appearance of similar
cutancous nodules spreading in a linear fashion along lines of lym-
phatic drainage. Definitive diagnosis by demonstration of the char-
acteristic cigar-shaped organism in infected tissue is difficult, and
culture is often required. Sporotrichosis must be distinguished
from atypieal mycobacterial infections caused by M. marinum,
which it may mimic closely. The treatment of choiece is 10-15

-drops of a saturated solution of potassium iodide three times daily.

Warm, moist work environments may nonspecifically predis-
pose to several clinical types of infection with Candida albicans.
As with dermatophyte infections, Candida infections may develop
in intertriginous body surfaces (the groin, axillae, and inframam-
mary skin). Infection of the fingernail folds (paronychia) is perhaps
the most frequent occupational infection caused by Candida and
occurs in bartenders, beauticians, custodial workers, machinists,
or virtually anyone else whose hands are constantly exposed to
moisture while working. The elinical appearance is a red, swollen,
mildly to moderately painful nail fold which does not suppurate,
with local destruction of the cuticle. Erosive dermatitis from Can-
dida infection occasionally occurs in the web spaces between the
fingers. Treatment with topical mycostatin or antifungals is usually
effective, but chronic paronychia may need to be treated for
months.

Parasites
Outdoor workers are susceptible to a host of biting insects or
other infestations which may present with cutaneous lesions.

Hookworm (cutaneous larva migrans) and schistosome (swimmers'
or clam diggers’ iteh) infections may develop in workers maintain-
ing beaches, lakes, or streams. Scabies, caused by the mite Sar-

coptes scabiei, may infect employees of hospitals, nursing homes,
or chronic care facilities who attend infested patients. The in-
tensely pruritic eruption of scabies may occur anywhere on the
body surface below the neck, but typically includes the axillae,
buttocks, genital and periumbilical skin, wrists, ankles, and web
spaces between the fingers, where pathognomonic burrows are
classieally seen. Diagnosis is established by microscopic demon-
stration of the mite, eggs, or feces from skin serapings of a burrow.
The treatment of choice is lindane or malathion lotion, applied to
the entire body and left on for 812 hours; treatment may be reap-
plied in one week. Alternatively, preparations containing 5%—10%
precipitated sulfur or crotamiton may be used. Other mite infesta-
tions generally considered to be specific risks for certain occupa-
tions inelude the poultry mite (Dermanyssus gallinac) and the grain
mite (Pheomotes ventricosus), which may cause pruritic papular
eruptions in poultry workers or handlers of raw grain. The diag-
nosis must be established by demonstrating mites in the infected
host, since they do not burrow or reside in human skin.

Disorders of Hair and Nails

Like the skin, the hair and nails are subject to a number of
occupational afflictions, particularly infections, chemical discolor-
ations, and abnormalities of growth.

Bacterial or fungal infection of hair follicles (folliculitis) has
been previously discussed. Hair discoloration may result from ac-
cidental contact with industrial dyes and stains, but the cause is
usually obvious. Workers with long hair who are employed around
machinery with rapidly rotating parts are subject to traumatic hair
loss (alopecia), if the hair accidentally becomes entangled in the
machinery; the hair is literally pulled out by the roots, but com-
plete regrowth in six to nine months is the rule and no treatment
is indicated. When chemical or thermal bumns severe enough to
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cause scarring and destruction of the hair bulbs oceur on hair-
bearing surfaces, permanent hair loss results.
Diffuse hair loss has been associanted with toxic cxposures

{toxic alopccia) to thallium-containing rodenticides, boric acid, ar-

senic, and chloroprcnc'ﬂ(' and is virtually always seen in associa-
lion with other signs and symptoms of systemie loxicity specifically
related to the causative exposure. Hair loss usually begins within
two to four weeks of an acute toxic exposure, but onsct may be
more insidious in the case of chronic intoxications. Microscopic
examination of hair shafts in toxic alopecia usually reveals a char-
acteristic narrowing or tapering of the shaft near the hair root, due
to arrest or inhibition of mitotic activity, and hair loss is caused
by breakage of the structurally weakened shaft at this point. When
toxic alopecia is due to thallium exposure, the hair shafts will also
show some pigment darkening near the root. Circumseribed
patches of hair loss suggest a diagnosis of alopecia areata, an au-
toimmune disorder of hair, and should not be confused with toxic
alopecia. Toxic alopecia is a reversible disorder, and hair regrowth
commences within a few months, provided that exposure to the
provocative toxic agent has ceased.

The nails are similarily susceptible to a number of environ-
mental and occupational afftictions,” listed in Table 10-19. Indi-
viduals employed in wet work oceupations are commonly subject
to subungual or parenychial infection of the nails from ycast, bac-
teria, or fungi. Pseudomonas infections characteristically causc a
greenish pigmentation beneath the nail plates. Topical therapy can
be extremely difficult if the affected individual continues to im-
merse the hands in agueous solutions. Topical liquid antibiotic
preparations marketed for eye or car infections are suitable for
treatment of subungual or paronychial infections, provided the or-
ganisins are susccptible 10 the selected antimicrobial agent(s).
Pseudamonas is not sensitive 10 most of the available topical anti-
biotics, but preparations containing tobramyein (one of the few top-
icals to which Pseudomonus is sensitive) may be effective.

‘The nail matrix, located beneath the cuticle and proximal nail

TABLE 10-19.
Common Causes of Occupational Nail Disorders

Paronychial inflammation
Infection
Staphylococcus
Pseudomonas
Candida
Dermatophytes
Contact dermatitis
Dystrophic Growth
Trauma
Radiation
Vibration
Infection
Dermatophytes
Candida
Contact dermatitis
Chemical toxicity

Onycholysis
Trauma
Contact dermatitis
Infection
Discoloration
Infection
Pseudomonas (green)
Dermatophytes (white, yellow,
brown/black)
Chemical stains
Nitrosylated compounds
(yellow)
Coal tar derivatives (brown/
biack)
Organic dyes (brown/black)
Chemical toxicity
Silver (blue lunulae)
PCB (brown)
Arsenic (white bands)
Trauma (white bands)

fold, contuins the germinative cells which form the nail plate. The
matrix is vuluerable to a number of occupational insults, all of
which can result in dystrophic, abnormal growth of the nail plate.
Physical trauma, ionizing or microwave radiation, and mechanical
vibration, may all damage the matrix and induce longitudinal ridg-
ings (Beau’s lines), brittleness, or thickening of the nail plates.
Inflammation of the overlying proximal nail fold, whether bacterial
or chemical in origin, produces ridging, stippling, or pitting of the
nail plate. Dircct absorption of potentially toxic chemicals into the
nail folds may occasionally affect the matrix, without causing par-
onychial inflammation, and alter the growth of the nail plates.”
Frequent exposure of the nails to solvents may partially dissolve
and wenken the formed nail plate, and workers handling solvents
frequently complain of thinness and brittleness of the nails.

Onycholysis (separation of the nail plate from the nail bed)
most often results from aceidental trauma and can be excruciat-
ingly painful. If severe, the entire nail plate may be lost or shed
within a few weeks, but complete regrowth ensues. Despite its ap-
parent hardness, the nail plate is not a totally impenetrable barrier
and chemical substances may penetrate through or beneath the nail
plate, provoking inflammation (contact dennatitis) of the underly-
ing nail bed, with onycholysis, without necessarily provoking in-
flammation of the paronychial tissue. Similarly, infection beneath
the nail plate causes separation of the overlying nail plate.

Discolorations of the nails generally accompany dermatophyte
infections of the nail plate, and range from varying shadcs of yel-
low and white to brown and black. Pseudomonas infections pro-
duce greenish subungual pigmentation. Organic dyes, such as hair
dycs and photographic solutions, and coal tar derivatives can pro-
duce virtually any shade of discoloration, but yellow-brown to
black is the most common. Nitrosylated compounds characteristi-
cally cause a yellowish discoloration of the nail plates, as well as
the skin. Silver intoxication is associated with a charaeteristic blue
discoloration of the lunulae, while PCB intoxication has been as-
sociated with brownish pigmentation of the nail bed, but this has
oceurred only in oriental populations. Horizontal white bands in
the nail plate may be caused by repetitive occupational trauma to
the nails; distinctive, transverse white bands (Mees’ lines) have
been classically attributed to arsenic intoxication.

Climatie Disorders

Heat and Humidity

Hot, humid environments, or dry environments whieh are hot
enough to proveke copious sweating, may promote blockage of the
ccerine sweat glands and a subsequent inflammatory papulovesic-
ular eruption, termed miliaria rubra or “prickly heat,” The precise
factors which precipitate clinical disease are not completely un-
derstood, but the sweat ducts become plugged in the mid to lower
epidermis. Lesions begin to appear within a few months of hegin-
ning work in a hot environment. The affected individual notes a
prickling or stinging sensation, particularly on arcas covered by
clothing, which may become more pruritic and is often provoked
immediately when activities that promote sweating are performed;
symptomns subside when the worker moves to a cooler shelter. Mil-
iaria rubra must be distinguished from folliculitis and other cuta-
neous pyodermas that are also promoted by hot work environments.
Although miliaria rubra subsides spontancously within one week,




its disappearance may be aided by topical drying agents such as
calamine lotion.

The combination of low humidity and low temperature pro-
motes dryness and chapping of the skin, which quickly becomes
pruritic (“winter itch”). When severe, frank eczematous changes
develop, the extremities are the most frequently affected sites.
Similur climatic conditions can be mimicked by refrigerated air
conditioning systems and affect indoor workers during the summer
time.2 The condition responds to liberal usc of topical moisturiz-
ers.

The combination of warm temperatures and low relative hu-
midity (usually less than 35%) may produce subtle dryness of the
skin and symptoms ranging from intense pruritic to Jow-grade
cczema. Termed “low-humidity dermatosis,”'™ it may affeet office
workers exposed to warm, dry air from heating duets, or cmployees
engaged in manufacturing processes where low humidity is a nce-
essary quality control measure, as in semiconductor manufactur-
ing. The more vigorously the warm, dry air pusses over the work-
ers’ skins, the more intense the symptoms, Urticaria has also been
reported as an effect of low humidity, but it is unclear whether the
phenomenon was simply redness secondary to the normal axon
flare in response 1o scratching, or from underlying dermographism
in a few affected individuals. Symptoms dramatically improve once
the humidity is raised to 40% or greater and can also be amelio-
rated by topical moisturizers.

Rusters

A peculiar corrosive reaction of ferrous metals occasionally
results from palmar sweat. Individuals capable of producing cor-
rosion of metallic objects simply by touching their surfaces are
known as “rusters.”

The phenomenon occurs more frequently during the summer
when sweating is greater, but it can also occur during winter
months, since palmar sweating is also under emotional control. In
addition to the unsightly cosmetic appearance of rusty fingerprints
and blemishes, metallic products corroded by rusters may mal-
function.

Once detected, such employees may lose their jobs. Most rus-
ters give histories of excessive palmar sweating. Corrosion is gen-
crally thought 1o result from excessive concentrations of chloride
jons in the palmar sweat of rusters,’®?' although this has been
disputcd;® ® neither pH nor lactate concentrations in sweat ap-
pear to be of practical importance. Corrosion may be prevented by
degreasing metallic objects in an appropriate solvent immediately
after handling by rusters. Inhibition of palmar sweating with topi-
cal applications of aluminum chloride hexahydrate solutions has
also been effective.™ 9!

Percutaneous Absorption

Besides the lungs and the gastrointestinal tract, the skin may
be an impertant route of entry for chemical substances that may
produce systemic toxicity. For some exposures, such as chlorac-
nigens and pesticides, the skin may be the principal or only route
of exposure.'?® Chemical substances that are dctoxified after first
passing through the liver following intestinal absorption may be
even more toxic when absorbed through the skin, since liver de-
toxification is bypassed.®

Occupationul Dermatoses

The development of signs and symptoms of systemice toxicily
is determined not only by the inherent toxicologic properties of the
chemical toxin, but also on its ability 10 penetrate through skin.
Visible inflammation of skin is not a necessary prerequisite for
significant percutancous absorption, and many substances may
produce serious systemic illness if enough is absorbed, without
provoking clinical dermatitis. Obviously, a substance that may
burn the skin or cause dermaltitis, damaging the protective stratum
corneum barrier, may enhanee its own absorption and systemic
\oxicity. Factors that may promote pereutancous absorption in-
clude: prolonged skin contact with the potentially toxic substance;
hydration of the stratum cormneum beneath water-impermeable pro-
tective clothing, particularly when the potentially toxic substance
is entrapped on the skin surface beneath the protective clothing;
damag: to the stratum corneum barrier from previous trauma (cuts
or abrasions) or dermatitis; elevation of skin surface temperature,
particularly from transfer of hcat from warm or hot industrial liq-
uids; and accidental contact with anatomical areas such as facial
or genital skin, which are generally more permeable than the rest
of the skin surface.”

Important occupational exposures that may produce serious

. . . . 75 . .
systemic toxicity have been reviewed by Malkinson®™ and Birming-
12 o et . :
ham.'® Table 10-20 lists important exposures for which systemic

toxic reactions have occurred as a result of skin absorption. Con-
cerns regarding toxic exposures and percutaneous absorption have
usually focused on relatively acute symptoms associated with ex-
posure; long-term toxicities, particularly carcinogenicity, should
also be considered.

ESTABLISHING THE DIAGNOSIS
History

In the course of taking the history from a patient who may
have work-related skin discase, the following should be obtained:
(1) an accurate chronologic sequence of events surrounding the
onset of the skin disease, its subscquent clinical course, and as-
sociated work activities; (2) a description of the skin lesions and
their initial anatomical locations and spread to other body sites;
(3) disability caused by the skin disease; (4) identification of all
relevant work cxposures; (5) presence of similar skin diseasc in
co-workers; and (G) response to previous medical treatment.

Work activities at the onset of skin disease often provide the
most important clue for establishing the correct etiologic diagnosis
since exposure to the responsible causal agent has likely occurred
at that time. Note should be made as to whether the skin discase
began while the patient was performing usual and customary work
duties or while on modified assignment. Did the skin disease clear
or improve while the patient was performing modified work duties
or while not working, for example, during weekends, vacations, or
lost work time due to illness? Did any specific activity or exposure
exacerbate the skin disease? Care must be taken to distinguish
clinical improvement that may be due to concomitant medical ther-
apy from spontancous improvement, whick may occur when the
worker is removed from the suspected causative work exposures.

While a clinical description of the skin lesions, obtained di-
rectly from the patient, is sometimes useful if no active lesions are
present at the time of evaluation, this can be very unreliable, and
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TABLE 10-20.

Some Chemical Substances That May Cause Systemic Toxicity Through

Percutaneous Absorption

CHEMICAL

SYSTEMIC TOXICITY

Aniline, related azo dyes
and derivatives

Methemoglobinemia, liver disease, bladder cancer

Arsenic Malaise, weight loss, gastrointestinal disturbances,
peripheral neuritis

Benzene

Aplastic anemia, myelofibrosis, acute

myelogenous leukemia

Polyhalogenated aromatics
(chloracneigens)
Cyanide salts

Gastrointestinal disturbances, liver disease,
porphyria, cancer (?)
Diffuse cellular asphyxia, death

Mercury Gastrointestinal disturbances, central nervous
system intoxication, nephrosis

Organic solvents
Organophosphates

Central nervous system depression
Headache, diarrhea, increased urination, miosis

and blurred vision, brachycardia, bronchorrhea
and bronchospasm, muscle excitation and
fasciculation, lacrimation, salivation, respiratory
depression

Chlorinated hydrocarbons

Convulsion, delirium, central nervous system

depression

a review of medical records (when available) is a preferable man-
ner of obtaining a description of the initial clinical appearance.
The initial skin site(s) to be involved are gencrally the areas of
most direct skin contact with the causative agent; close attention
should be paid to all potential exposures at the initial sites of cu-
taneous involvement. Dermatitis of the face and neck in a factory
worker, for example, should suggest the possibility of an airborne
exposure, such as a cutting fluid mist or overspray. The severity of
the skin disease may be reflected in whether it has resulted in lost
work time or job modification.

An accurate description of work duties and potential expo-
sures is important, but it is not always possible to obtain reliable
information directly from the patient; phone calls to supervisors or
responsible health and safety personnel, as well as an occasional
visit to the worksite, may be required. The evaluating physician
should establish not only the identity of potential exposures, but
also the quantitative and qualitative aspects of exposure. Have
there been any new exposures introduced into the work environ-
ment prior to the onset of skin disease, or has there been an in-
crease in amount or duration of skin contact with long-standing
exposures, or a change in their cireumstances? Protective clothing,
such as gloves and work boots, and skin-cleansing produets or
techniques should be considered as potential causes of occupa-
tional dermatitis rather than solely as preventive measures. For
example, did a potential irritant spill or splash inside work gloves,
or were gloves put on before a potential irritant was properly
cleansed from the skin? Environmental conditions, such as tem-
perature and humidity in the workplace, should be established. All
first-aid cabinet preparations used to treat the skin condition at the
worksite should be identified as potential causes of, or contribu-
tions to, the skin disease.

The presence of similar skin disease in co-workers may pro-
vide another important clue to its occupational origin or etiology.
Unfortunately, a history of similar skin disease based only upon

.

the patient’s account is notoriously unreliable. The physician is ill-
adviscd to draw definilive conclusions regarding similar discase in
co-workers unless he or she has personally evaluated them or re-
viewed appropriate medical records.

A thorough history should properly determine the presence of
important risk factors, such as personal or family history of atopic
allergies; antecedent skin disease or reactions, such as dermatitis
from jewelry, cosmetic preparations, or hair dyes; and potential
causative exposures in the domeslic environment.

Physical Examination

Particular attention should be paid not only to the morpholog-
ical appearance of individual skin lesions, but also to their distri-
bution on the body surface. The search for a causative agent
should be directed at chemical, physical, or biologic exposures
actually occurring at the prineipal site(s) of involvement. Derma-
titis that is confined only to palmar surfaces usually indicates that
endogenous faetors are probably operative.

The physical examination must help to differentiate occupa-
tional from endogenous dermatoses, principally psoriasis, atopic
dermatitis, and dyshidrotic and various other forms of eezema. The
entire skin surface should be examined for the presence of other
characteristic skin lesions, particularly the feet. It is not unusual
for an affected worker to deny the presence of skin lesions on
covered parts of the body, especially if these other lesions are not
asymptomatic. If the entire skin surface is not properly examined,
the correct diagnosis may be overlooked.

Patch Testing

Although virtually any diagnostic procedure (blood tests,
KOH examinations, skin biopsies) may be utilized in an evaluation
of a suspected occupational dermatosis, the patch test is the most




frequently employed. A great deal of confusion and misunder-
standing surrounds this remarkably simple but useful test. The
fundamental purpose of the patch test is to establish a diagnosis of
allergic (not irritant) contact dermatitis. Interpretation of the patch
lest rests on the assumption that a suspected allergen will cause a
localized eczematous reaction, resembling the clinical eruption un-
der evaluation, when occluded against the skin of a sensitized in-
dividual; no reaction should oceur on the skin of a nonsensitized
person.

Details of the methodology may he found in appropriate text-
books on the subject.” All materials to be tested must first be
standardized so that no false positive inflammatory irritant reac-
tions (chemical burns) occur when occluded on the skin of nonsen-
sitized, nonexposed individuals (cuntrols). In most cases, this re-
quires dilution of the test material in a suitable vehicle (usually
white petrolalum) to a coneentration below its irritant threshold.
Test substances (already standardized) may be purchased commer-
cially or prepared by the investigator according to published guide-
lines. Where no reliable guidelines exist (which is often the case
for many industrial substances), the investigator must be prepared
1o establish the proper test coneentration by running a sufficient
number of controls (usually about 20). Table 10-21 lists the sub-
stances contained in the “routine” battery screening series of the
American Academy of Dermatology. Evaluating physicians should
not forget that at best the patch test procedure only indicates

TABLE 10-21.
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whether or not the tested individual is allergic to any of the tested
substances. No conclusions can be drawn regarding allergics to
substances which were never tested in the first place. “Routine”
screcning serics are aimed primarily at detecting allergies in the
domestic environment and do not contain other allergens more

commonly encountered in the workplace.

The test procedure itself is as carefully standardized as to the
test concentrations, and it should be strcssed that any deviations
from the procedure may lead to false negative or positive results.
A small amount of test substance (at proper concentration) is
placed on a metallic disc or filter paper disc backed with alumi-
num foil. The disc is attached to adhesive tape and placed on the
upper back or upper outer arms. Both the metallie disc and alu-
minum foil are totaily impermeable to water, thus providing total
occlusion of the test substanee against the skin surface and maxi-
munm skin penetration. Test strips are removed two days following
application, and the test sites evaluated. An uncquivocal positive
reaction should demonstrate the presence of numerous papules or
vesicles. Weaker reactions (erythema and edema without papules
or vesicles) cannot be relinbly distinguished from false positive
marginal irritant reactions on the basis of morphology alone. Test
sites must be reevaluated 72-96 hours following initial applica-
tion, since 30%—-40% of all positive reactions will be negative or
equivocal at the 48-hour reading.” Incorrectly testing with only
pertially occlusive test materials, such as Band-Aids, or on the

Routine Patch Test Screening Series, American Academy of Dermatology,

1984-1985.

Medicaments
Benzocaine 5%
Neomycin 20%

Rubber Additives
Thiuram mix 1%
tetramethylthiuram monosulfide,

Metals
Potassium
dichromate
Nicke! sulfate
Resins
Epoxy (diglycidyl ether
of bisphenol A} 1%
Rosin {colophony) 20%
P-tert butylphenol
formaldehyde 1%
Preservatives, germicidals
Formaldehyde® 2%
Quaternium-15 2%
Thimerosal 0.1%
Amidozolidinyl urea 2%
Vehicles, stabilizers
Wool lanofin
alcohols 30%
Ethylenediamine
HC! 1%
Flavorings and fragrances
Balsam of Peru  25%
Organic dyes
P-phenylenediamine 1%
Antioxidants
P-tert-butyiphenot 1%

0.5%
2.5%

tetramethyithiuram disulfide,
tetraethylthiuram disulfide,
dipentamethylenethiuram disulfide
Carba mix 3%
1,3-diphenylguanidine,
zinc dimethyldithiocarbamate,
zinc dibutyldithiocarbamate,
paraphenylenediamine
PPD mix 0.6%
n-phenyl-n-1-cyclohexyl-p-
phenylenediamine
n-isopropyl-n-phenyi-p-phenylenediamine
n, n-diphenyl-p-phenylenediamine
Mercapto mix 1%
n-cyclohexyl-2-benzothiazole-sulfonamide
2,2-benzothiazyl disulfide
4-morpholinyl-2-benzothiazy! disulfide
Mercaptobenzothiazole 1%

*Aqueous vehicle. All other substances tested in white petrolatum vehicle.
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wrong skin surfuce, such as the ventral forearm, or failure to per-
form a delayed reading, may invalidate the results.

If & valid positive patch test is obtained, the evaluating phy-
sicinn must then decide whether the result adequately explains the
dermatitis under consideration. Positive reactions may simply rep-
resent past exposure and sensitization to the allergen or reflect
exposure from the domestic environment, and do not nccessurily
mean that exposure to the allergen is actually occurring at the
workplace.

The patch test should not be used to dingnose irritant contact
dermatitis, since the conditions of the test (total occlusion against
the skin for 48 hours) seldom approximate the actual conditions
under which exposure is occurring. For exumple, induction of a
third-degree chemical bumn by patch tesling a mechanic to undi-
luted diesel fuel to which he is only intermittently and briefly ex-
posed does not definitely indicate that diesel oil is responsible for
clinical dermatitis; a better explanation may be cumulative and
repetitive exposures to some other solvent 1o which the mechanic
is exposed for several hours a day. In the ultimate analysis, the
diagnosis of irritant dermalitis is a elinical judgment resting on a
knowledge of the physical or chemical properties of the exposures,
fumiliarity with the actual conditions or circumstances under which
exposure is occurring, and some personal experience with similar
exposures,

The complications of patch testing include scarring, pigmen-
tary alterations, infections, and accidental induction of sensitiza-
tion which did not exist prior 1o the test procedure.

Conclusions

In most cases, a causal relationship hetween an observed skin
discase and a work exposure will be accepted by a workers’ com-

pensation board if the condition has been primarily caused or sub-
stantially aggravated by employment. Virtually any skin disease
may be aggravated by unfavorable work conditions or exposures;
the term “substantial nggravation” leaves considerable latitude for
interpretation on the part of the evaluating physician. If, in the
opinion of the physician, the skin disease would not exist in its
presenl state, or lo its present extent, were it not for a specific
oceupational exposure or activity, then it may be properly eonsid-
cred a work-related disorder. When no signs or symptoms of a
primarily endogenous skin discase, sueh as psoriasis or dyshidrotic
eczema, were present prior to an occupational exposure or activity,
it may be considered an entirely occupational disorder if the phy-
sician believes that the endogamous condition would not likely
have spontaneously arisen at that point in time were it not for the
occupational exposure or activity which appeared to precipitate it.

PREVENTION

Awareness of the various types of occupational dermatoscs
and the agents that may cause them is essential to any successful
preventive program. Exposures which may causc occupational skin
disease within various occupational settings are listed in the Ap-
pendix.

Prompt recognition and precise etiologic diagnosis are neces-
sary not only for management of individual cases, but also for pre-

vention of further outhreaks of dermatitis. Contact dermatitis may
occasionally be prevented simply by replacing the offending aller-
gen or irritant with a suitable alternative equal to the task of the
removed substance." *

Protective measures that contain the industrial process and
reduce workers’ exposures have heen the traditional preventive
measures for reducing the incidence of occupational skin disease.
Protective clothing, such as gloves, boots, and aprons, are avail-
able in a number of fabrics or materials; these should be carcfully
selected with regard 1o chemical and physical resistance to work-
place exposures, and workers should be cautioned concerning en-
trapment and occlusion of potentiaily noxious substances against
the skin bencath protective clothing. Good skin hygiene and cleans-
ing are other important measures, but workers must be instructed
not 1o clean or wash excessively with harsh substances.™

Barrier creams have been highly touted as effective deter-
rents, but from a scientifie viewpoint, hard evidence of efficacy is
lacking.*” ** Commercially available barrier creams may be di-
vided into four gencral categories: (1) vanishing ereams that simply
facilitate skin cleansing; (2) water-repellent barrier creams that
contain film-forming, hydrophobic substances (silicone, stearates,
waxes, oils); (3) oil- and solvent-repellent barricr creams, which
contain beeswax or lanolin te repel oil, or tragacanth and acacia to
repel solvent; and (4) ionic exchangers that contain acidic or al-
kalinc hases to buffer the cffects of acids and alkalies. In most
situations, white petrolatum (Vascline) is as effective as any other
type of barrier cream. In situations where barrier creams have
seemed anecdotally effective, their suceess is more likely due to
the lubrieating or moisturizing cffect of the cream formulation and
their ability 1o facilitate skin cleansing, thus minimizing the need
for excessive or vigorous washing, which may cause secondary ir-
ritation.
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