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BYSSINOSIS
James A. Merchant

.. .those who hackle in the flax and hemp to prepare it for being spun and wove, afford
frequent instances of the unwholesomeness of their trade; for there flies out of this matter
a foul mischievous powder, that entering the lung by the mouth and throat, causes
continual coughs and gradually makes way for an asthma. . . but at the long tun if they
find their affliction grows upon them they must lock out for another trade; for ‘tis a
sordid profit that’s accompanied with the destruction of health.

INTRODUCTION

Exposure to textile vegetable dusts is a ma-
jor occupational hazard of global dimension. Of
the three natural fibers associated with respirable
dust exposure during processing, cotlon (Gos-
sypium species}) is the predominant textile fiber,
followed by flax (Linum usitatissinum) which is
woven into linen, and saft hemp (Cannabis sat-
iva), traditionally used for rope and net mak-
ing, but now largely replaced by synthetic fibers.

Both developed and underdeveloped coun-
tries are dependent upon cotton as the staple of
their textile economy. The U.S.S8.R. leads in
annual production of cotton with over 11 million
bales, followed closely by the People’s Republic
of China and the United States. China consumes
over 12 million bales annually followed by the
}.8.58.R., the United States and India {52). Sev-
eral underdeveloped countries are heavily de-
pendent upon the cotton industries with signifi-
cant proportions of their populations dependent
upon cotton for their livelihood—Syria (16.0%),
Guatemala (19.3%}, Nicaragua (35.4%)}, Chad
(71.4%) (51). With several million workers occu-
pationally exposed to vegetable dusts world-
wide, and with little evidence that cotton will be
replaced by synthetic fibers, respiratary disease
arising from exposure in these industries is clear-
Iy a world-wide public health problem.

DEFINITION

Byssinosis is the generic name applied to
acute and chronic airways disease among those

Bernardino Ramazzini, 1705 (142)

who process cotton, flax, and hemp fibers, The
acute response to dust exposure is characterized
by a sensation of chest tightness upon return to
exposure following a holiday or weekend break,
This symptom is often accompanied by a cough,
which may become productive with time, and
occasionally by shortness of breath. Measure-
ment of lung function upen return to exposure
often reveals modest decreases in expiratory flow
rates over the working shift. For most affected
individuals, these findings will diminish or disap-
pear on the second day of work. With prolonged
exposure, both the symptoms and functional
changes become more severe. Dyspnea becomes
the prominent complaint while decrements in ex-
piratory flow rates over a work shift are often
marked, and clear clinical and physiological evi-
dence of chronic obstructive lung disease emerges.

CAUSATIVE AGENTS

A great deal of interest and research has
been focused on identification of the etiological
agent(s) of byssinosis. The specific etiology and
mechanism of this disease, however, is still not
fully understood. It is generally accepted that
there are three definite exposures which cause
byssinosis: cotton dust (largely bract, leaf, and
stem), flax dust (stem), and soft hemp dust
(stem}. There is some evidence that dusl arising
from the processing of the hard fibers, sisal
(stem) and jute (stem), may occasionally result
in byssinosis.
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COTTON AND FLAX INDUSTRIES AND
POPULATION AT RISK

Based upon 1977 Bureau of Labor Statistics
figures, estimates of the total U.S. population
potentially at risk to cotton dust exposure have
been made {50). Taking into account all in-
dustrial processes where cotton dust exposure
may occur, including over 200,000 in knitting
mills where risk is considered very low, the
estimated total population at potential risk is
559,700 (see Table VI-1). Perhaps half this
number is significantly exposed.

It is more difficult to estimate the number
of workers exposed to flax dust. The weaving
of linen cloth is not a major industry in the
United States, vet flax is used in a number of
special textile applications. It is estimated, based
upon anecdotal information, that no more than
5,000 workers are exposed. The little informa-
tion available on exposure indicates that dust
concentration may be marked (138). There is
virtually no soft hemp, sisal, or jute processed
in the United States.

EPIDEMIOLOGY

Early Observations

Observations regarding respiratory disease
among those exposed to vegetable dust associ-
ated with the manufacturing of textiles began
with the writings of Ramazzini. ‘‘One may see
these men always covered with dust from the
hemp, pasty-faced, coughing, asthmatic, and
blear-eyed’’(143). Following their development
in Italy, textile industries flourished in France
and then in England and Ireland. Shortly after
the introduction of this indusiry to northern
England, the first observations of its influence
on the health of the workers were made by
Jackson in 1818 (84). He observed that **. . . few
attain their fiftieth year. . .there is something
preys on the man thus to induce premature old
age.”’ Patissier (1822) made similar observations
in France and commented that workers “must
often change their work in order to prevent
phthisis’’ (136). Thackrah, who studied the cot-
ton textile industry in Leeds, wrotc in 1831,
““Workers handling cotton, as well as people
working in dusty places of such plants, are not
healthy as a rule. Cough and difficulties of
breathing persist, and advance gradually some-
times over months, often over years” (166). J.D.
Kay, also writing in 1831, observed that workers
employed in the early processes were more af-
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fected and that coarse cotton caused greater fre-
quency of disease than cleaner material. He
noted *“. . .the cough is at length very frequent
during the day, and continues even after its
employments have ceased, disturbing the sleep,
and exhausting the strength of the patient. . . .
The patient is easily affected with acute bron-
chitis on exposure to its exciting causes, and this
disease often succeeds the previous complaint.”’
Kay further observed that symptoms are severe
after returning to employment. *‘I have found
it necessary to insist that the patient should ab-
stain from his ordinary employment, for some
time after his apparent convalescence. When this
injunction has been disregarded, immediate
relapse has generally followed; the most severe
symptoms have reappeared”’ (88).

The respiratory disease suffered by textile
workers was initially referred to as *‘tracheal
phythisis’” by Gerspach in 1836 (73). Credit for
coining the term “‘byssinosis’’ belongs to Adrien
Proust.* The term has not been used uniformly;
the disease has frequently been referred to as
“‘stripper’s asthma or stripper’s and grinder’s
asthma’ (48)49).

Mareska and Heyman studied 2,000 cotron
workers in Ghent, Belgium, in 1845 and first
described the periodicity of Monday chest discom-
fort (cited by Tuypens (168)). Greenhow (1861)
also noted that symptoms were more severe at
the beginning of the workweek and pravided a
lucid clinical picture of the discase (73).

In addition to the frequently mentioned
chronic bronchitis, many of the early descrip-
tions of workers severely affected are clinically
consistent with emphysema (48). Among the
signs in common with emphysema are weight
loss, cough productive of only scanty amounts
of sputum, wheezing respiration, and a quiet
chest 10 auscultation.

In 1932, the British Home Office established
a Departmental Committee on Dust in Card-
rooms in the Cotton Industry, [is report de-
scribed the diseasc as respiratory in nature with
three stages (145): (A) The stage of irritation:
(B) The stage of temporary disablement or in-
capacity; (C) The stage of total disablement or
incapacity.

*The word byssinosis is derived from the Greek Svoos or
Latin byssus, defined by The Sharter Oxford Dictionary,
1962, as “‘an exceedingly finc and valuable textile fiber and
flax, but used also of cotton, silk, etc.



Table VI-1

WORKERS EXPOSED TO COTTON DUST BY INDUSTRY SECTOKR

Industry Sector/Title

Sic. No.

Exposed Workers"

(G00)
Agricultural
Cotton ginning 0724 92.6"
Classing 9641 0.3
Cotton compresses and warehouse 4221 10.8¢
Cottonseed oil mills 2074 4.0
Yarn Manufacturing
Broad woven fabric mills, cotton 2211 86.6
~ Broad woven fabric mills, fiber, and silk® 2331 47.0
Circular knit fabric mills 2257 1.0
Yarn spinning mills 2281 34.4
Texturizing, throwing, twisting, and winding mills 2282 13.9
Thread Mills 2384 3.6
Tire cord and fabric 2296 1.6
Fabric Manufacturing
Broad woven fabric mills, cotton 2211 16.2
Broad woven fabric mills, man-made fiber, and silk 2221 8.8
Narrow fabrics 2241 4.5
Knitting mills 225 200.7
Textile Waste
Paddings and upholstery fillings 2293 4.9
Processed waste 2294 3.7
Mattresses and bedsprings 2515 _25.1
559.7

“Excepl as noted, the estimates of exposed workers were developed from 1977 data for production workers abtained

from the Bureau of Labor Statistics.

vDuring the 1974-75 growing season, 92,647 W-2 forms were issued (Docket exhibit No.88d—Cotton Dust Hearing,

Department of Labor, 1577).
<Source: U.S. Department of Agriculture, Raleigh, North Carolina.

4Dockel exhibit No. 95b (Cotton Dust Hearing, Department of Labor, 1977).

«Cotton-synthetic blend mills.
Sgurce: U.S. Department of Labor (50)
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Schilling, who rediscovered byssinosis when
he inguired into excess cardiovascular deaths
among Lancashire textile workers (152), devel-
oped a grading scheme for byssinosis based on
the typical stages. It is the standard definition
used in epidemiological surveys today. The
grading scheme is based entirely on symptom-
atology (147), and has been incorporated into
the British Medical Research Council Respir-
atory Questionnaire (109)(158):

Grade 0 — No symptoms of chest tightness or
breathlessness on Mondays.

Grade 2 — Occasional chest tightness on Mon-
days, or mild symptoms such as ir-
ritation of the respiratory tract on
Mondays,

— Chest tightness and/or breathless-
ness on Mondays only,

Grade 2 — Chest tightness and/or breathless-
ness on Mondays and other days.

Mortality Studies

A good deal of anecdotal information
regarding mortality is available from early
writings. In 1818, Jackson observed that few cot-
ton workers ‘‘attain their fiftieth year™ (84).
Thackrah (1831) commented on those employed
in flax rippling: ‘. .. most of the men doing this
work are young. Very few of them reach the age
of 30 if they stay on the job*’(166). Greenhow
studied workers exposed to flax and cotton dust
in 1861 and found evidence of increased mortal-
ity (75). Similarly, Pardon (1873) recorded ex-
cess mortality among flax workers as compared
to other classes in the community of Belfast
(135). Barbero studied 100 consecutive deaths
among hemp workers and compared the results
with 100 consecutive deaths among farm workers
from the same region in Spain for the years 1938
to 1943 (6). The mean age of death for hemp
workers was 39.6 years, that for farm workers
67.6 years. Barbero found cardiorespiratary dis-
ease listed as a cause of death twice as frequently
among hemp workers and noted that hemp
workers aged 30 appeared to be 40 to 50.

The most complete mortality data for those
exposed to cotton dust is found in the Decennial
Supplements to the Annual Report of the Regis-
trar General of Births, Deaths, and Marriages
in England and Wales between the years 1880
and 1932, Caminita reviewed these reports and
found (excluding pulmonary tuberculosis) an in-

Grade 1

creased mortality from respiratory disease, par-
ticularly bronchitis and pneumonia (40), Later
reports emphasized that the excess mortality
from respiratory disease occurred chiefly among
cardroom and blowing room operatives and
strippers and grinders, rather than other cotton
workers.,

Schilling reanalyzed the Registrar General
data between 1910 and 1932 (154X155). All showed
excess mortality from respiratory and cardio-
vascular causes among strippers and grinders
over age 55 compared with cotton operatives and
all males over that age. Schilling was able to ex-
plain the excess cardiovascular deaths by show-
ing that a substantial proportion of cardio-
vascular deaths should have been classified as res-
piratory deaths. They were not beeause, with
multiple certification, cardiovascular and renal
disease was given preference over respiratory
disease as cause of death prior to 1939. He con-
cluded that “mortality from byssinosis has been
underestimated in the past™(152).

Mortality data among textile workers in the
United States is limited. Clark and Gage reported
mortality by cause of death for communities in
Massachusetts for the years 1896 to 1910 (47).
They found 111% as many deaths from tuber-
culosis and 163% as many deaths from pneu-
monia and bronchitis in cotton mill communities
as compared to shoe manufacturing communities.

More contemporary studies of cotton textile
workers’ mortality have not revealed consistent
excesses in overall mortality. Assessment of res-
piratory mortality has been difficult because of
a lack of adequate work history data in one study
(62) and relatively small cohorts in two other
studies (53)(132). Enterline studied 6,281 white
male textile workers employed in Georgia mills
(62). He found their overall mortality experience
was similar to that of asbestos building product
workers and asbestos friction material workers,
while that for asbestos textile workers was clearly
increased. There was, however, no evidence of
excess respiratory disease deaths among all cot-
ton workers, when cause-specific-rates were
compared to U.S. white male mortality rates.
Daum investigated a cohort consisting of a South
Carolina local union membership employed bet-
ween 1943 and 1949 (53). Initially, these mills
processed cotton, but later a cotton synthetic
blend. In this small cohort, moderate increases
in respiratory deaths were found among male
carders with 10 to 20 years of exposure and



among female spinning room workers with
greater than 20 vears of exposure. Evidence of
self-selection out of mill work by those with
poorer health was noled. Similarly, a recent mor-
tality study of two mills in North Carolina found
a trend toward an increase in respiratory mor-
tality with increasing duration of exposure, but
no overall increase in respiratory mortality (132),
These authors also reported some significant in-
creases in cardiovascular mortality and suggested
methodological considerations which may in part
explain these findings.

Morbidity Studies

Probably the first epidemiological study of
morbidity among textile workers was conducted
by Jackson in 1818 (84). As indicators he used
sickness compensation and a control population
of nontextile members of “Sick-Societies” “From
the aggregate of len ¢xtensive cotton-factories,
the workmen [who are members of Sick-Soci-
cties] have received, upon an average . . . the relief
to the amount of 11 s 6 d each per annum; other
mechanics, &c. to the amount of 4 s cach, per
annum? Mareska and Heyman (1845} (as cited
by Caminila (40)) studied 1,000} male and 1,000
female cotton workers with respect to occupa-
tional, economic, and social factors and were
perhaps the first to measure dust levels. They
found hospital admissions for pulmonary afflic-
tions twice as [requent among cotton workers as
other workers. Malcomb (1856) studied 2,078 flax
workers in Belfast and found 12.1% of 262 pre-
parers, 4.1% of 1,281 spinners, 0.9% of 457
reelers and 0.8% of 78 weavers to have diseases
of the chest (104). Edgar Collis studied 126 strip-
pers and grinders exposed to three grades of cot-
ton by three stages of severity (48). Those exposed
to coarse cotton were maost frequently (91.3%)
and most severely (56%) affected; those exposed
to fine cotton were affected least often (61.9%)
and had the lowest prevalence of severely aftfected
workers (28.5%). Bradford Hill compared the in-
cidence of illness among strippers and grinders
with that of warehousemen and ringroom workers
from 1923-27 (79). For disease other than res-
piratory there was little difference in rates, but
after the age of 30, the rate for strippers and
erinders was two to three times that for ware-
housernen and ringroom workers, exposed to lcss
dusty arcas. In the United States in 1933, Brit-
ten and colleagues found cottan workers to he

underweight and to have reduced vital capacities
and chest expansion. Carders had over double
the sickness rate found in spinners (38).

Schilling’s studies of the Lancashire cotton
textile industry (reported in 1951 and 1952) heraided
a new era of inquiry into respiratory disease
among textile workers (154)(155). Although he
was primarily concerned with increased cardio-
vascular martality, his surveys of Lancashire mills
revealed that respiratory disease, specifically
byssinosis, was the major health hazard. He in-
itially studied 131 carding and blow room
workers and classified their complaints into three
grades of byssinosis: 66% were found to have
Monday chest tightness (Grade 1); 11% were
judged, in addition, 1o have some permanent dis-
ability with effort intolerance when not at work
(Grade 3) (155). In 1955, Schilling extended his
observations of cardroom operatives to ringroom
workers and male spinners which he found to
have byssinosis prevalence rates of 4% and (2%,
respectively (157). He and his colleagues tested
the reliability of his questionnaire and found that
(w0 observers agreed as to byssinasis grade in
14% of the subjects, but disagreed as to the
presence or absence of byssinosis in only 7%
(156). The grading scheme was then validated by
studying “indirect” maximum voluntary ventila-
tion (MVV). Progressively higher grades of
byssinosis were found to have progressively lower
MVV’s when compared to nonexposed conlrols
and exposed nonbyssinotics.

Since this study, ventifatory function has
been used widely in epidemiological surveys of
vegetable dust exposure, most notably by Mec-
Kerrow and colleagues who first demonstrated
that workers grouped by progressively higher
grades of byssinosis could be expecled 1o have
progressively greater decrements in expiraiory
flow rare on Mondays thereby providing an in-
dependent validation of Schilling’s grading scheme
(98). Following these studies by Schilling and
McKerrow, investigations have been made into
the respiratory effects of a variety of vegetable
dusts under many work conditions in countrics
around the world. Indices of health effects have
most commonly included the prevalence of bys-
sinosis, the prevalence of chronic cough and
phlegm or chronic bronchitis, the prevalence of
weekend dyspnea, and measures of ventilatory
capacity. Risk factors including level of dust ex-
posure, smoking, duration of dust exposure, air
pollution, age, and sex have been examined and
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will be reviewed in the following pages.

Indices of Health Effects

Byssinosis Prevalence, Cotton

The greatest number of morbidity surveys
have been carried out in the cotton textile in-
dustry, where byssinosis has been found to be
most prevalent. Recent epidemiological studies
of byssinosis prevalence began with Schilling's
Lancashire study of 1955 (see Table VI-2). A
strikingly high prevalence of Grade 1 and 2
byssinosis was found, especially among those in
dustier jobs. Subsequent British surveys have
established that byssinosis occurs among spin-
ners (68) (110) and winders and among those who
work with waste cotton (54). Similar observations
have been made in prevalence surveys in other
countries {see Table VI-2).

Studies of textile workers in the United
States did not begin until after 1960 when McKer-
row and Schilling visited cotton mills in Alabama
where they found some workers with histories
typical of byssinosis (101). In 19635, Heaphy and
Kilburn studied 10 hospitalized patients with
previous cotton cxposure and characteristic
histories of byssinosis {78). In 1967, Bouhuys and
associates studied 22 southern textile workers
with chronic respiratory disease and found 14 to
have historigs consistent with byssinosis (26).
Epidemiological studies of the U.S. textile in-
dustry began with two studies conducted in 1967
by Schrag and Gullet (159) and by Bouhuys and
associates (36) (see Table VI-3). Since then,
several other prevalence surveys have been com-
pleted, including two reporting the results of
company-wide surveillance programs. When
results are categorized by work area, similar
byssinosis prevalence patterns are observed
among these studies (sce Table VI-3).

Several inquiries have been made into cot-
ton dust exposure in processes other than those
directly dealing with the manufacturing of tex-
tiles. Batawi, in two surveys, found 28.4% and
330 of Egyptian cotton gin workers to have
symptoms typical of byssinosis (8)(11). Two
cotton seed pressing plants were also investigated
and 52.6% found to be affected, Gilson reported
decreased expiratory flow rates among workers
in Ugandan cotton gins (74). Khogali studied 323
cotton gin workers in the Sudan and found
20.0% with byssinosis; among 35 workers in the
farfara process, the prevalence was 48.6% (89).
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Kondakis studied 70 gin workers in Greece ex-
posed to low levels of cotton dust (91). He found
no-typical case of byssinosis but evidence of
“subclinical” effects of cotton dust on pulmo-
nary function. Palmer and colleagues studied 203
U.S. gin workers and 260 controls and found no
cases of byssinosis by questionnaire, but did find
evidence of greater functional impairment among
ginners as determined by spirometric testing
(134). Noweir studied 147 emplovees of two
Egyptian cottonseed oil extraction plants and
found 30% of the 110 exposed to cotton dust in
the delinting operation to have byssinosis, while
no such diagnosis could be made among the 37
working in the oil extraction (130). Similarly,
Simpson has reported significant biological ac-
tivity as judged by decrement in expiratory flow
among those in the Australian delinting and
garnetting industries {161)(162}. Jones and col-
leagues studied 172 workers in 4 U.S. cottonseed
mills (86). Just over 2% were found to have
byssinosis while a greater prevalence of func-
tional abnormalities was observed.

Byssinosis Prevalence, Flax

Several studies of flax workers have been
reported with results similar to those exposed to
cotton dust. Mair and colleagues studied the
Dundee textile industry where they found 15.7%
of 242 flax workers to have mild symptoms of
byssinosis (102). Bouhuys studied small popula-
tions of flax workers in the Netherlands and
reported byssinosis in 67% of those exposed to
biologically retted flax; thosc exposed to dust
from chemically retted flax had no byssinosis
(25)(35). Batawi and Hussein conducted a ran-
dom survey of family heads in an Egyptian vil-
lage where they found 92.5% of those who beat
flax in their home, 75% of those who worked
regularly in the plant, and 48.4% overall had
typical byssinosis: 2.6% were judged to be dis-
abled (10). Ferris and colleagues studied 161 flax
mill workers in New England and found no typi-
cal cases of byssinosis, but did find an increase
in nonspecific lung disease (65). .

A small cross-sectional study of flax dust
exposure at a paper manufacturing plant in
North Caralina, however, revealed 3 of 27 expos-
ed workers to have Monday chest rightness,
together with significant declines in expiratory
flow rates among those with high dust exposure
(138). The most cxtensive flax survey was con-
ducted in Northern Ireland (41)}60)(61). The



Table YI-2
BYSSINOSIS PREVALENCE

SELECTED STUDIES OF COTTON TEXTILE WORKERS

Year Investigator Industry Process Prevalence Notes
Great Britain
1955 Schilling (157) Carders/Setters/Fitters 42.5 Grade 1 & 2
Strippers/Grinders/Blowroom 65.3 "
1960 Roach & Schilling Coarse Mills
(147 Cardroom
Men 63.0 Grade V2 & 1 & 2
Women 48.0 y
Spinning Rooms
Men 11.0 "
Women 1.0 y
Fine Mills
Men 7.0 "
Women 6.0 #
1964 Lammers (94) Lancashire Mills
Cardroom 13.5 Fine Mills
Spinning 1.5 g
Duich Mills
Cardroom 17.0 .
Spinning 1.6 "
1966  Dingwall-Fordyce Waste Cotton 300 QCrade 2 &1 &2
{54) Raw Cotton 62.0 "
1967 Mekky (110} Winders
Men 13.8 Crade 2 & 1 & 2
Women 18.8 "
1970 Molyneux & Cotton
Tombileson {123) Men 78.3 Grade 2 & 1 & 2
Women 25.6 in 10 occupations
Man-Made Fiber
Men 4.1 All had previous
Women 4.6 cotton dust exposure
1973 Fox (68) Blow and Cardroom 83.8 Men-Grade 2 & 1 & 2
Ring Spinning 5.5 M&F *
Winding 13.4 M&F “
Belgium
Tuvpens (168) Cotton Workers 11.0
Severely affected 1.0
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Table VI-2

BYSSINOSIS PREVALENCE
SELECTED STUDIES OF COTTON TEXTILE WORKERS (Continued)

Year Investigator Industry Process Prevalence Notes
Egym '
1962  El Batawi (8) Carders 26.6
1964  El Batawi & Shash Strippers and Grinders 35.7
{an Waste Cotton 26.7
Washed Cotton
1964  El Batawi (11} Blow Room 18.0
Cardroom 43.0
Sweden
1965  Belin (13) Carders in Four Mills 25-60%
Australic
1965 Gandevia & Milne Cotran Operatives 14% Mild symptoms
(72)
India

1966  Siddhu (160)
1967 Viswanathan (177)

Yugoslavia
1971 Valich & Zuskin

1972 (171)(173) Operatives

Women Cotton

907
8.4%

21.0 Nansmaokers
88.3 Nonsmokers

study included 3,052 workers over the age of 35
and exposed primarily to flax, although other
fibers were considered as well. Pre-preparers
were found to be most frequently affected
(54.1%), followed by preparers (26.6%), fin-
ishers (1.8%), others (4.2%), and wet finishers
(0.5%). Valic and Zuskin studied 30 nonsmoking
women flax workers in Yugoslavia and found
30% to have typical histories of byssinosis (173).

Byssinosis Prevalence, Soft Hemp

Fewer studies have been conducted in mills
processing hemp, but results are similar to those
for cotton and flax. Barbero and Flores described
chronic respiratory disease among Spanish hemp
workers (6} who were further studied by Bouhuys
and colleagues (22). Seventy-seven percent of the
male workers in one plant and 33% of males in
a second plant were found to have histories
typical of byssinosis. Twenty retired hemp
workers were examined and 80% found to have
far advanced byssinosis. In a later study, 91% of
those workers over the age of 50 gave a history

540

of Monday dyspnea (23). Valic et al. studied
hemp workers in Yugoslavia and found 40.6%
to be affected by byssinosis {174). During that
study, three of the investigators developed
byssinosis symptoms associated with reductions
in expiratory flow rates. In a later study, Valic
and Zuskin reported a byssinosis prevalence of
39% among 102 nonsmoking women exposed to
soft hemp dust (173).

Byssinosis Prevalence, Rope, Sisal, and Jute

It is now recognized that exposure to dust
during the manufacturing of rope and other prod-
ucts from the hard fibers of sisal and jute is rarely
associated with typical byssinosis but can result
in decreases in ventilatory function and symp-
toms of nonspecific respiratory disease. McKer-
row et al. studied 44 workers exposed to vegetable
dusts of Manila and St. Helena hemps and sisal
used to make rope; no byssinosis was found but
moderate and significant falls in FEV,, and
FVC were found (99). Munt et al. studied 82
workers who were manufacturing rope from the



Table VI-3
BYSSINQOSIS PREYALENCE

UNITED STATES STUDIES OF BYSSINOSIS PREVALENCE

Year Investigator Industry N Prevalence Notes
1968 Bouhuys (36) Cotton Mill
Carders 214 26 Many exposed less
Spinners 29 than one year
1968 Schrag & Gullet Cotton Mill
(159) All Studied 509 12
Carding 29
Spinning 10
Winding 13
Weaving 10
1969 Zuskin (182) Cotton Mill
Carders 59 25
Spinners 99 12
1970 Merchant {114) Cotton/Synthetic 441 Grade 1 & 2
Carders 20 "
Other Jobs 2 "
1973 Merchant (118) Cotton Mills
Preparation
Men 208 38.4 Grade 4 & 1 & 2
Yarn Processing
Men 231 12.9 "
Women 208 15.9 "
Slash/Weave
Men 224 15.4 "
Women 140 11.1 "
Cotton/Synthetic
Preparation
Men 142 219 "
Women 21 16.8 4
Yarn Processing
Men 103 2.1 "
Women 246 6.5 "
Slash/Weave
Men 87 6.7 "
Women 65 4.5 "
Synthetic/ Wool
Men 433 1.1 "
Women 0.0
1973 Braun (37) 18 Cotton Mills
Carders 611 21.7 “Any Tightness®’
Noncarders 284 5.4 ”
1973 Imbus (82) Company Wide 10,133 4.6 Grade /2 & 1 & 2
Surveillance Program
Cotton Preparation 26.2 "
Cotton/Synthetic
Spinning 2.0 i
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Table VI-3

BYSSINOSIS PREVALENCE
UNITED STATES STUDIES OF BYSSINOSIS PREVALENCE (Continued)

Year Investigator Industry N Prevalence Notes
Winding 2.0 "
Twisting 2.0 ”
1974 Martin & Higgins Company Wide 6,631 3.0 Grade 42 & 1
(105) Surveillance Program
Preparation 661 15.9 g
Yarn Processing 1,284 1.4 ”
Weave/Other 3,443 1.1 g

same fibers (127). Although no byssinosis was
found, rope workers had significantly more
nonspecific chest tightness than controls and
small drops in expiratory flow. In another study
in which rope workers were exposed to flax
(35%) and soft hemp {65%} dusts, symptoms of
byssinosis were found in 10% of all studied and

37.5% of thosc in high dust areas (163).
Mair et al. reported no evidence of byssi-

nosis, increased bronchitis prevalence or de-
creased ventilatory capacity in jute workers com-
pared with controls (102). Gilson et al. studied
workers in a Kenya sisal factory and an English
jute mill and found little evidence of biological
activity based on measurement of expiratory flow
over a work shift {74), In this study, in which cot-
ton was also considered, the authors suggested
the order of biological dust activity, from greatest
to least, was cotton > flax > sisal > jute. Valic and
Zuskin studicd five groups of nonsmoking
women (173). Each group was expased to a sepa-
rate vegetable dust. Duration of exposure to dust
was controlied; total dust levels were less well con-
trolled and ranged between 16.23 (hemp) and 1.92
(sisal) mg/m’ for the five groups (respirable levels
were not available for all groups). Based on this
study—in which significant decrements i ex-
piratory flow but no cases of byssinosis were
found among sisal and jutc workers—Valic and
Zuskin concluded the proper order of biological
activity was soft hemp > flax > cotton > sisal >
jute. Further studies of sisal workers confirmed
these observations for this dust exposure (164)
(180). Similarly, Gandevia and Milne, who
studied 46 men exposed to sisal dust in the
Australian felt and wadding industry, found no
typical byssinosis but did find a producrive cough
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to be common, particularly among smokers (72),

Chronic Cough and Phlegm, Chronic
Bronchitis Prevalence

Increased rates of chronic cough, phlegm,
and chronic bronchitis have been repeatedly ob-
served among workers exposed to high dust levels
and those with symptoms typical of byssinosis.
Most surveys have uscd the British Medical
Research Council respiratory disease question-
naire (109} to identify workers with cough and
phlegm and those with bronchitis, (usually de-
fined as the production of phiegm on most days
for at least three months out of a year). Because
nearly all surveys in the textile industry have been
cross-sectional, conditions defined via a time fac-
tor are necessarily more affected by outward mi-
gration than conditions such as byssinosis which
are strongly associated with current dust levels
(60)(114). Other risk factors, such as age and
smoking (known to be important in chronic bron-
chitis), must also be considered and have fre-
quently made interpretation of data difficult,
particularly in small populations.

Because initial surveys were conducted in the
Lancashire area where chronic bronchitis is com-
mon, possible associations between cotton dust
exposure, cigarette smoking, air pollution,
byssinosis, and chronic bronchitis were of par-
ticular interest. To assess the role of climate and
air pollution in contributing to respiratory dis-
ease among cotton workers, Lammers and col-
leagues studied Lancashire and Dutch cotton
workers with similar cotton dust and tobacco
smoke exposure (94). The prevalence of byssi-
nosis between the two areas was similar, but a



clear excess of chronic bronchitis was observed
among English workers and was attributed to at-
mospheric pollution. This study also suggested
that chronic bronchitis per se does not influence
the prevalence of byssinosis. Gilson studied tex-
tile workers in Africa where chronic bronchitis
is uncommon. He found evidence suggestive of
byssinosis, and concluded that chronic bronchitis
is not necessarily associated with carly stages of
byssinosis (74). Batawi studied cotton gin work-
ers in Egypt and found no more chronic bron-
chitis among those exposed to cotton than among
controls despite a byssinosis prevalence of 38.4%
among the gin workers (8). He concluded that
there was no necessary link between byssinosis
and chronic bronchitis, but differences in smok-
ing habits between the two populations could not
be ruled out. Similarly, Mair and colleagues
found no increase in bronchitis prevalence among
flax workers when compared (0 controls, but
found that flax workers smoked less and sug-
gested that flax exposure may discourage smok-
ing {99){(102). Gandevia and Milne found 8% of
their 30 cotton workers to have bronchitis—
considered low for Australia (71). However, based
on the pattern of expiratory flow over a
workweek, they concluded it was likely that there
was a closer association between byssinosis and
chronic bronchitis than generally appreciated.

Review of other surveys lend to support this
concept. Several surveys of cotton processes have
reported elevated rates of chronic cough and
phlegm or chronic bronchitis among those with
heavy cotton dust exposure compared to those
with lesser exposure or control subjects (89)X159)
{173){182). Others have examined the prevalence
of bronchitis among cotton workers with symp-
toms of byssinosis and have found a uniformly
strong association in addition to an increased
bronchitis prevalence among those at risk (36)
(68)(82)(114X119)(123). Similar observations have
been made in the well-controlled studies of flax
workers in Northern Ircland (4160} 61). Studics
of those exposed to hemp provide further evi-
dence of the frequency of bronchitis in these
populations. Bouhuys found chronic bronchitis
o be particularly common amaong retired hemp
workers (22)(23). Valic found a significant asso-
ciation between chronic bronchitis and byssi-
nosis, but not between the severity of the two
conditions {174). Studies of workers exposed to
Manita and St. Helena hemp, sisal, and jute have

revealed no convincing evidence that chronic
cough and phlegm is more common than would
be expected in inert dust exposure. Mair found
no increase in bronchilis in jute workers com-
pared with controls (102). Similar conclusions
have been reached in other studies of hard fibers
A27)(171)(173%180). Gandevia and Milne con-
cluded that productive cough among jute workers
was most closely associated with smeking (72).

Dyspnea Prevalence

Indices of dyspnea have been less frequently
considered in cross-sectional surveys, perhaps
because as a late manifestation of respiratory
disease, it is more likely to be intfluenced by selec-
jon and outward migration. Like bronchitis,
assessment of dyspnea has most often depend-
ed upon the MRC guestionnaire of respiratory
symptoms (which provides increasing grades of
severity for shortness of breath on the weekend
when away from exposure}. Using this approach,
Elwood reported a marked association between
dustier occupational groups and increased dys-
nea grade, as well as a significant increase in
shortness of breath, among those with Grade two
and three byssinosis (61). Bouhuys et al. found
significantly more dyspnea among hemp workers
than control farm workers and also found dys-
nea to be a common finding in retired hemp
workers (22}(23). Valic and Zuskin have found
increased dyspnea prevalence consistently in their
studics of nonsmoking Yugoslavian women
{7D72)A73)(179).

United States surveys of cotton mills have
also found increased dyspnea prevalence among
byssinotics (36)(114){(159) and among carders
compared with spinners (182). An indirect indi-
cation of dyspnea among Amecrican textile
workers is the Social Security proportional mor-
bidity ratio for emphysema, chronic bronchitis,
and other respiratory diseases, exclusive of tuber-
culosis and cancer. Ratios of 1.40 to 2.22 have
been quoted for male and female textile workers
under age 65 relative to all workers for the period
1959 to 1962 (H.E. Ayer, as cited by Zuskin
(182)). Similar ratios, particularly for U.S. tex-
tiles workers in preparation areas, have been
observed upon recent review of this data (131).

Ventiiatory Function Tests

Like other indices, studies of ventilatory
[unction have been done primarily among survivor
populations as represented in cross-sectional
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studies. Retirement due to disability among
female cotton rtextile workers in Finland has
shown a slight increasc in disability due to res-
piratory diseascs with evidence of selection out
of employment prior to pensionable disability
(92). A variety of pulmonary function parameters
have been used and will be considersd more com-
pletely in the section dealing with physiological
aspects of vegetable dust exposure. The tests most
commeonly used in epidemiological studies have
been measures of expiratory obstruction—
initially the FEV,s and its derivarive, the in-
direct maximal breathing capacity (IMBC), and
later the FEV, stogether with FVC. Two major
effects of vegetable dusts on ventilation have
been consistent. The first is a chronic effect char-
acterized by airways obstruction with reduction
in FEV 4, FYC, and the FEV,,/FVC ratio. The
second ane is an acute effect characterized by
significant airways obstruction developing over
a few hours of dust exposure, particularly follow-
ing an absence from exposure of two or more
days.

The chronic effect of vegetable dust ex-
posure has most often been judged by measur-
ing pulmonary function prior to work on Mon-
day, at which time any persisting acute effects
have been dissipated. Decreased rates of ex-
piratory fiow and FVC have been consistent find-
ings in those with byssinosis compared to those
without byssinosis; in those with heavy vegetable
dust exposure compared to those with na dust
exposure; and in those who smoke compared to
those who do not. Cross-sectional studies have,
however, resulted in some paradoxical observa-
tions. Bouhuys and colleagues reported
significantly higher FEV, levels among active
50 1o 60-year-old hemp workers who were
moderate to heavy smokers compared with those
who were nonsmokers or light smokers of the
same age and exposure (32). Twenty-six percent
of the hemp workers were former smokers; self
selection was probably responsible for this unex-
pected observation.

Schilling et al. first observed that workers
with typical symptoms of byssinosis had lower
expiratory flow rates than those without Monday
symptoms (157). This obscrvation has been con-
firmed by several investigators (11)(22)(23)(43)
(159). Zuskin and Valic reported chronic changes
in ventilatory capacity occurred primarily in
workers with a history of byssinosis with pro-
longed dust exposure, as opposed to those with
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byssinosis but short exposure to vegetable dust
(179). Others have also found expiratory flow
rates to be reduced among byssinotics and, in ad-
dition, have reported that chronic cough and
phlegm, together with Monday chest tightness,
can be expected to result in a further lowering
of pulmonary function (82){94)(174). Although
the size of study populations has precluded con-
trolling for smoking habit in some of these stud-
ies, Imbus and Sub studied a population large
enough to categorize by smoking habit and sex
(82). Among nonsmoking men and women and
smoking women, those with byssinosis and bron-
chitis had lower mean FEV, ,levels than byssi-
notics alone. Those with byssinosis had lower
FEV,, levels than those with bronchitis alone,
and the latter had lower levels than those with
neither condition. Among male smokers, the
order was the same with the exception of those
with byssinosis alone and those with bronchitis
alone who had the same mean FEV,,. Those
exposed to high concentrations of respirable
dusts, particularly those working in preparation
work areas, have been found to have lower levels
of ventilatory capacity. Carey and colleagues
found that byssinotic preparers had lower mean
FEV,, and FVC levels than nonbyssinotic
preparers and nonpreparers independent of age,
height, and smoking (43). They also found that
nonbyssinotic preparers had a lower FEV, than
nonbyssinotic nonpreparers. Bouhuys found
significantly reduced flow rates among popula-
tions exposed to cotton (21), flax (35), and hemp
(22)23) than nonexposed control groups. Batawi
and colleagues, studying workers exposed to cot-
ton dust in Egypt, found those with heavy dust
exposure had the lowest flow rates; unexposed
controls had the highest (11). Merchant and col-
leagues found reduced FEV,, and FVC occur-
red particularly among current smokers expos-
ed to higher dust levels (114)(117).

McKerrow et al. first observed the acute
reduction in expiratory flow. It was most mark-
ed after an absence from exposure, among those
with higher grades of byssinosis, and among
those exposed to higher dust levels (98). Based
on these observations, they suggested that symp-
toms of Monday chest tightness and dyspnea
might be explained by the rate of reduction in
flow—a hypathesis that has been questioned by
others because the degree of reduction, although
significant in grouped data, is often not marked
{12). Others have confirmed the finding that



Table VI-4

RECOMMENDATIONS FOR CLASSIFICATION AND MANAGEMENT
OF WORKERS EXPOSED TO COTTON DUST

Functional FEV 1* FEV 1** Interpretation Recommendations
Severity (% of predicted) (%) of FEV 1 for Employment
FO >80 (a) -4 to 0; or (a) Minimal or no  No change;
(No evidence of more acute effect of annual FEV 1,
chronic ventilation dust on ventila- and questionnaire
impairment) tory capacity

(b) -9 to -5 or (b) Moderate acute No change; 6 mo.

more effect of dust FEV 1, and
on ventilalory  guestionnaire
capacity
{c) -10 or (c) Definite and Move to lower
mare marked acute risk area; 6 mo.

effect of dust FEV 1, and
on ventilatory  questionnaire

capacity
Fl 60-79 (a) -4 to 0; or As (a) above No change; 6 mo.
(Evidence of slight more FEV 1, and
to moderate ir- questionnaire
reversible impair-
ment of ventilatary
capacity}
(b) -5 or more As {b) above Move to lower
risk area; 6 mo.
FEV 1, and
questionnaire
F2 <60 — — Work requiring
(Evidence of no cotton dust ex-
moderate to severe posure, detailed
irreversible impair- pulmonary ex-
ment of ventilatory amination, and
capacity) questionnaire

*FEV 1 in absence of dust exposure (2 days or longer).
**Difference between FEV 1 before and afier 6+ hours of cotton dust exposure on a first working day.

Derived from Organizing Committee of National Conference on Cotton Dust and Health, (133).
Source: National Institute for Occupational Safety and Health (128).
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those with higher grades of byssinosis, when
categorized, have the greatest reduction in ex-
piratory flow (35)(41)(42)}71)(113). Bronchitics
and byssinotics tend to have greater decrements
in expiratory flow than those with byssinosis or
bronchitis alone (82)(174). Rased upon the as-
sociation between byssinosis grade and decrease
in expiratory flow, Bouhuys first proposed a
functional grading scheme for byssinosis (later
modified—see Table VI-4) {133) which employed
both pre-exposed FEV, , and decreased FEV,;;
exposure was defined as significant if greater
than 200 cc {24). Subsequent reports have shown
that in individual cases the relationship between
Monday fall, when so defined, and byssinosis is
not strong: an appreciable proportion of non-
byssinotics have a large Monday decrement while
many byssinotics do not show a significant de-
cline (12){82)(123).

Because expiratory flow can be easily mea-
sured in untrained subjects and provides an ab-
jective indicator of biological effect, it has been
widely used to assess the degree of biological ef-
fect in populations exposed to vegetable dusts
(MER2)23)(36)(82)(114)(117). Those exposed to
cotten, soft hemp dust, and flax usually have
greater decrements in expiratory flow than those
exposed to similar dust levels from hard fibers
(74)(172). Those exposed to higher dust levels
consistently been found to have more marked
decrements in expiratory flow; a linear dose
response relationship has alse been described
(11)(115)(118). Based on decrements in expiratory
flow among those who smoked heavily and were
exposed to moderately high concentrations of
cotton dust, McKerrow and Schilling suggested
that heavy smoking may potentiate the flow rate
response (101). Imbus and Suh reparted no greater
decrement in FEV,, among smokers than
nonsmokers, but Merchant et al. found signifi-
cant reductions in FEV,, and FVC occurred
only in smokers with no significant reduction in
flow among nonsmokers (117).

Three prospective studies have considered
reduction in FEV, 4 over time (14)(116){172). In
each of these studies, conclusions were based
upon a survivor population with attrition of the
original population exceeding 25%, In addition,
variance of annual decline measurements has
been found to exceed the decline itself (16). A
study of 28 workers exposed 1o fine cotton in
Yugoslavian mills over a nine-year period revealed
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no greater decline than would be expected for
aging alone (172). Berry et al. reported roughly
twice the annual decline among cotton workers
than occurred among those working with syn-
thetic fibers (14). The decline attributable to cot-
ton dust exposure was slightly greater but similar
to that attributable to smoking. The authors
found no evidence of a greater decline among
survivors with a history of byssinosis, but they
did find some evidence of greater annual declines
among those in dustier work areas and among
those exposed for 0-4 years, compared to those
exposed over a longer period. Merchant and col-
leagues similarly found workers, many of whom
were new employees, exposed to high levels of
cotton dust had annual declines greater (>200
cc/yr) than those exposed to lower dust levels
(>60 ce/yr), but whao also had a longer duration
of dust exposure (116). Zorach studied workers
before employment and following several weeks
of exposure in a dusty cotton mill and found pre-
shift FEV,, declines in excess of 10% were not
uncommeon (personal communication).

Estimation of Risk

Estimation of respiratory disease risk
among those exposed to vegetabie dust and iden-
tification of factors which predictably influence
tisk has been limited by the type of data avail-
able. No prospective study has been completed
that was not greatly affected by high rates of out-
ward migration—leaving a survivor population
from which to estimate risk. Available data is
largely cross-sectional which necessarily affects
risk estimations and may differentially affect
risk, depending upon the indicator utilized.
Indicators of biological effect expected to be
least affected are byssinosis prevalence and
change in expiratory flow rate over a work shift,
both of which are strongly associated with cur-
rent dust levels. Indices such as cough, sputum,
and ventilatory capacity before exposure (which
are more affected by duration of dust exposure)
are expected to be less accurate indicators of risk
since more outward migration from high risk
areas often occurs (32)(60)(114)X147). Indices
such as dyspnea, although most relevant to im-
pairment and disability, represent tate manifesta-
tions of respiratory disease. Hence, they are
poorer indicators of biological effect because of
their long developmental period, over which out-
ward migration may occur. Consequently, risk



estimations have depended on parameters-which
provide the best correlation with current work-
ing conditions, byssinosis prevalences, and
changes in expiratory flow rates over a work
shift.

Dust Concentration

There are strong g priori reasons for suspect-
ing a predictable dose-response relationship of
byssinosis to dust ¢xposurce. Roach and Schilling
were the first to relate byssinosis prevalence (o
dust quantity {147). They studied cardrooms and
spinning rooms in mills processing coarse and
fine cotton and measured three fractions of dust:
a fine fraction below 7 yx in aecrodynamic
diameter, 2 medium fraction measuring 7 u 1o
2 mm in size, and total lint and dust. They fur-
ther determined levels of the three main constit-
uents of dust (cellulose, protein, and ash) and
computed correlation coefficients by dust levels
and constituents of cotton dust. A stong linear
association between byssinosis prevalence and
total dust {r =.93) was found,; they suggested a
reasonably safe level of dust expasure was 1.0
mg/m® total lint and dust. Batawi studied four
groups of cardroom workers in Egyptian cotton
mills and found a strong linear association be-
tween total dust and decrement in expiratory
flow over a working shift (r =.95) which sup-
ported the suggested safe total dust level of 1
mg/m?* (11). Elwood and colleagues in their
study of flax operatives, considered the relation-
ship between dust level and byssinosis and bron-
chitis prevalence among preparers over a rela-
tively narrow range of dust exposure. These
authors combined men and women exposed to
flax alane or exposed to flax with synthetic fibers
and found significant association between dust
level and byssinosis prevalence, which was more
marked with the respirable fraction of dust (60).
The absence of a significant association between
dust level and bronchitis prevalence was at-
tributed to the confined range of dust exposure,
factors related to the definition of bronghitis,
its multifactorial etiology, and the opportunity
for outward migration in the study population.
Because a marked and significant association
had been found between bronchitis prevalence
and occupational group, the investigators con-
cluded the relationship between dust exposure
and byssinosis and chronic bronchitis differ in
degree but probably not in nature {60).

Molyneux and Berry developed dose-re-

sponse relationships between dust exposure and
byssinosis prevalence, simple bronchitis among
nonsmokers, and Monday cough among non-
byssinatic, nonsmokers (122). All showed strong
linear associations with cotton dust, but only
Monday cough appeared to have a true threshold
(0.2-0.4 mg/m’ respirable dust—modificd Hex-
hlet). Their data further suggested that respir-
able and medium fractions of dust had greater
biological significance than previously appreci-
ated. Others also observed that total dust levels,
particularly in areas such as spinning and wind-
ing where higher concentrations of lint were
found, did not correlate with the decrease in bys-
sinosis prevalence (114). As a result, the vertical
elutriator cotton dust sampler was developed and
has been found to be a reasonable method to
sample a biologically active fraction of cotton
dust 15 p and less in aerodynamic diameter (93).
Studies of American cotton textile workers, in
which this sampling method was uscd, resulted
in strong linear associations between lint-free
cotton dust and prevalence of byssinosis and
decrement in FEV, , over six hours of dust ex-
posure {118). Separate dose-response relation-
ships have been developed by byssinosis grade,
smoking status, and work area (sce Figure VI-1).
Strong linear associations were consistent find-
ings; regressions for smokers and nonsmokers
suggested smokers had a significantly greater
prevalence at all dust levels. Similarly, the dose-
response relationship between all grades of bys-
sinosis and lint-free dust among those working
in slashing and weaving compared with those
cmploved in preparation and varn processing
(spinning, winding, twisting) found consistently
lower prevalence rates at all dust levels among
the former, presumably because biclogically in-
ert sizing contributed to the dust concenrtration.
No threshold effect was evident among the prep-
aration and yarn workers where a dust level of
0.2 mg/m* was associated with an expected bys-
sinosis prevalence of 12.7% by probit analysis.
Among those exposed to slashing and weaving
dust, a prevalence of 0.6% was expected at 0.2
mg/m* exposure and a prevalence exceeding
12.7% was not found unril dust levels approached
1 mg/m?,

Fox and colleaguecs reported correlations
between cotton dust (medium and fine fractions
less fly) on 1,140 subjects employed in 11 Lan-
cashire mills (69). Again a linear doss-response
relationship was observed and found to be im-
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Figure VI-1. Dose-response relationships: Byssinosis prevalence by median dust level
among cotton preparation and yard area workers and cotton stashing and weaving
workers: linear regressions and filted probit dose-response curves and their 95% con-

fidence limits. North Carolina, 1970-71.

Source: Merchant, et al. (118)

proved by taking duration of exposure into ac-
count. Correlations between bronchitis preva-
lence and time-weighted dust measurement was
not greater among cotton operatives than a sep-
arately studied population of control subjects.
Regressions for smokers as opposed to non-
smokers for byssinosis prevalence and FEV,,
(percent of predicted) suggested that smokers
developed abnormalities more rapidly with in-
creasing dust exposurc than did thosc who did
not smoke (69).

A number of recent studies have been re-
ported on botanical analysis of ¢catton trash in
various nontextile segments of the cotton in-
dustry. These studies have confirmed that cot-
ton bract is the major trash component, but that
cotton leaf and noncotton weed material were
also major components in most raw cottons
(125). Using these analytical techniques, Morey
and colleagues have provided an indicator to
assess the effectiveness of cleaning processes (124)
and to register differences in dust composition
in various sectors of the industry such as cot-
tonseed il mills and the cotton garnetting in-
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dustry (126). The limited epidemiological data
available suggest that dose-response relationships
may well be different than those observed in the
primary textile industry (86){(169).

Smoking

Evaluation of the contribution of smoking
to respiratory disease among textile workers has
been hampered by several methodological prob-
lems. Among these are failure to account for a
possible smoking effect; inadequate numbers to
categorize by smoking status and consumption;
lack of ¢ontral populations unexposed to dust;
and outward migration from dust and/or tobacco
smoke exposure. Therefore, precise evaluation of
the relationship belween smoking, vegetable dust,
and other factors associated with respiratory
disease is difficulr.

Additionally, there is evidence that selection
cut of smoking populations also occurs among
workers exposed to vegetable dusts. Mair noted
the proportion of smokers among flax workers
was lower than among controls and suggested
thar flax work may discourage smoking (102).



This phenomenon has appeared in other studies
(22)(35): higher proportions of former smokers
have been observed in dusty areas (36)(114)117).
Results of two studies suggested that smoking
was clearly a more important factor than dust
exposure in relation to indices of respiratory
diseasc, bul environmental exposure was not well
defined, nor was a control population unexposcd
to vegetable dust considered in either of these
studies. Bouhuys and colleagues, utilizing a non-
exposed control population and considering
retired as well as active hemp workers, concluded
that hemp dust exposure was more deleterious,
as judged by symptoms of chronic respiratory
disease and ventilatory capacity, than was to-
bacco smoking (23). Similar conclusions have
been reached by Bouhuys in his more recent
study of a cotton textile community in South
Carolina (33).

Merchant et al. studied a large population
of cotton workers as well as synthetic and wool
exposed controls, and found both cotton dust
exposure and smoking to be important factors
with cotton dust having a more consistent and
significant effect on all pre-shift and shift mea-
sures of ventilatory capacity than cigarette smok-
ing (117)(119). Although some smaller studics
have not found that smoking contributed to the
prevalence of byssinosis (13), studies of larger
populations have found byssinosis prevalence to
be significantly grearer among smokers than
rnonsmokers (36)(82)(114)(117). When grade of
byssinosis was used as an index of severity, statis-
tical analyses have revealed a positive dust ex-
posure and cigarette smoking intcraction (111)
(114)(117)119). Smoking is well known to be
associated with increased rates of bronchiris, a
finding which has also been a feature in most
studies of textile workers.

Age and Duration Of Dust Exposure

Factors of age and duration of exposure arc
considered together since they are usually well
correlated in homogeneous populations of tex-
tile workers who frequently spend their work-
ing years in this trade. Inconsistencies between
study populations may be imposed by selection
factors such as contraction of the industry, labor
competition, wages, and job availablilty, as well
as adverse working conditions. These factors arc
not detectable in prevalence studies.

No consistent association between age and
byssinosis prevalence was found in the study of

Northern Ireland flax workers after accounting
for the effects of smoking and duration of flax
exposure in sex specific analyscs (59). Molyneux
and Tombleson, after accounting for duration
of cotton dust exposure, mill type and sex, found
that byssinosis prevalence increased until age 25
and then remained stablc until age 50, after
which it slowly declined (123). Other large
studies, in which the association between age
unadjusted for other factors and byssinosis
prevalence has been considered, suggest a weak
positive association. Although no evidence of an
age association with byssinosis was found in an
initial study (114), with a better defined and
larger population Merchant found a marginally
significant association with age (117). Similarly,
the data of Imbus and Suh suggest a higher
byssinosis prevalence over age 40 among both
smokers and nonsmokers (82). Fox et al. found
crude byssinosis prevalence increased with age
from 15 to 30 and then stabilized (68).

Although Ferris and coileagues found no
association between age and an index of non-
specific lung discase among flax workers (65),
others have found evidence of an aging cffect on
persistent cough and phlegm among populations
of cotton workers (94)(114). Bouhuys et al. found
that hemp workers showed progressively lower
FEV,, levels than nonexposed controls with in-
creasing age (23). Others who have considered
measures of expiratory flow by age have observed
increased flow rates among those in the highest
age categories (82)(157), a finding generally at-
tributed to outward migration of those with low
ventilatory capacitics in these age categories.
There is no evidence to suggest that aging affects
the acute decrease in expiratory {low that occurs
with dust exposure, or that the rate of annual
decline in FEV,, increases with age category
per se among workers exposed to vegetable dust
(14).

Most sludies have found a positive associa-
tion between duration of vegetable dust exposure
and prevalence of byssinosis, although this has
not been uniformly observed. Schilling found a
progressive increase in byssinosis prevalence over
30 years of dust exposure in his 1953 study of
Lancashire cotton operatives (157). Elwood
found little evidence of an association with dura-
tion of flax exposure among male operatives, but
did find a significant association among women
independent of smoking and age (59). No evi-
dencc of progression from Grade ¥ to 2 byssin-
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osis was found in this study. Molyneux and
Tombkleson found byssinosis prevalence increased
aver the {irst 24 years of exposure following ad-
justment for age, mill type, and sex (123). Im-
bus and Suh (82) and Fox et al. (68) both report-
ing crude byssinosis prevalence, presented data
that suggested an increase in byssinosis preva-
lence over a 20 to 24 year duration of cotton dust
exposure. Bouhuys and colleagues, in a study of
a mill with a rapid labor turnover, found that
workers exposed to cotton dust for less than a
year had a byssinosis prevalence simiiar to those
exposed for langer periods: nearly a quarter of
each group had some grade of byssinosis (36).
There is some evidence that those relatively new
to vegetahle dust exposure may have larger shift
decrements in FEV,  (71), and that their annual
decline in FEV,, may be greater than survivors
working in vegetable dust for longer periods
(14)(116).

Ajr Poliution

Atmospheric pollution is well known to be
associated with increased incidenee of chronic
cough and phlegm and was thought to be a con-
tributing factor in producing pulmonary disease
in Lancashire, where air pollution was signifi-
cant. Therefore, a study was designed to com-
pare prevalence of respiratory disease in Lan-
cashire and Dutch cottan textile workers exposed
to similar concentrations of cotton dust but liv-
ing in areas where air pollution differed {94). No
difference in byssinosis prevalence between the
two populations was detected, but the prevalence
of chronic cough and phlegm among Lancashire
workers was greater than that among Dutch
workers. Dutch workers in the town of Almela
had more cough and phlegm than workers who
lived in the country. These differences could not
be accounted for by differences in smoking habit
or other characteristics and were attributed to
differences in atmospheric pollution. It was also
found that Lancashire workers had lower ex-
piratory flow rales, and il was suggested that
byssinosis was more disabling when combined
with air pollution effects.

Elwood and colleagues considered flax mill
locations but found no significant difference in
byssinosis prevalence between mills located in ur-
ban and rural arcas (59). Batawi studied flax
workers in an Egyptian town where byssinosis
was common yet found little disabling disease
{10). He cencluded that lack of atmospheric
pellution may have been a factor in the low
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prevalence of severe disease (10) {153). Bouhuys
et al., however, studied Spanish hemp workers
in a rural community with negligible air pollu-
tion and found disabling pulmonary disease to
be comman (24)(27). Berry et al., in a study of
Lancashire workers between 1963 and 1966,
found an “‘air pollution index™ had no relation
to annual decline in FEV, , in this population
(14). Air pollution has not been considered a risk
factor in American textile mills, The vast major-
ity are located in rural areas of the southeastern
United States where air pollution is negligible
(111),

Sex, Race, Ethnic Group

Available data suggest no difference in
byssinosis prevalence between men and women
alter other risk factors such as dust level and
smoking habit are considered (14)(114)(147). No
data is available concerning race in relation ta
byssinosis prevalence or change in expiratory
flow ralc with dust exposure. The comparative
study of English and Dutch textile workers sug-
gests no difference between these two popula-
tions exposed to similar dust levels {94). Simi-
larly, comparison of byssinosis prevalence in
large studies of British (68)(123} and American
(82)(117) cotton workers suggests that byssinosis
prevalence is similar at given dust concentrations
in the two populations.

PATHOLOGY

Although a limited amount of anatomic
pathological data is available on bvssingsis, a
good deal of experimental research has been
done. This has largely involved clinical patho-
physiology, investigations scarching for etio-
logical agents, and experimental pathological
studies,

Pathophysiology

Clinical observations on the pathophysi-
ology of respiratory dysfunction associated with
vegetable dust exposure may be summarized un-
der four headings: pattern of flow rate response,
other effects on ventilatory function, radiograph-
ic observations, and cellular responses. Studies
have utilized small panels of textile workers or
volunteers, yet have produced important obser-
vations.

Pattern of the Expiratory Flow Response

Previous subject exposure to vegetable dust
1s not necessary for subsequent significant decre-



ments in expiratory flow rate over a work shifi
of exposurc. McKerrow studied 15 subjects with
litzle or no previous exposure to cotton dust and
found 9 developed chest tightness and a marked
drop in expiratory flow rate, with a single ex-
posure of 334 hours (100). Hamilton, who has
a childhood history of asthma, studicd his own
response to cotton dust after minimal previous
exposure and observed a dramatic symptomatic
and flow rate responsc {76). (His response, how-
ever, was more typical of the immediatc response
found in asthma in that a significant decrement
was observed within 15 minutes and the entire
decrement of FEV, occurred in 30 to 45 min-
utes.) The response typical of byssinosis occurs
morc slowly over two 1o eight hours of exposure
and tends to be linear over this duration (98)
(115). The pattern of response varies with the
grade of byssinosis both over a day and a week
of exposure. Two basic patterns have been
described (71). The first pattern is that observed
in those with histories typical of Grade 2 bys-
sinosis by Schilling’s criteria (157). These workers’
expiratory flow decreased each day of exposure,
with the greatest reduction on Monday follow-

ing a two-day weekend. These workers tended to
recover their Monday morning flow rate between
days of exposure. This tendency toward full
recovery after a significant Monday decrement
has also been observed among workers without
chest tightness (71)(113) (Figure VI-2). A sccond
pattern has been observed in workers with in-
termediate grades of byssinosis and is characreriz-
ed by a lack of the Monday morning, flow rate
recovery after a significant Monday decrement.
This is typically greater than that of asvmp-
tomatic workers but less than that of the Grade
2 byssinotics (35)(42X71)(113). Despite small
numbers of subjects, these observations have
been made by several independent investigators
and suggested an interesting paradox to Gandevia
(70)(71). Why, in a disease thought to progress
through grades, would a pattern of physiological
response emerge that suggests workers begin with
one type of response, then develop the second
type of response, and then revert to the first?
Epidemiological studies, (14)(59) as well as the
observations of McKerrow {99) and Bouhuys
(34), suggest the pattern of response does not
necessarily progress through grades. McKerrow
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has further obscrved that workers with heavier
dust exposure tend to have a greater Monday fall
in expiratory flow following a two week holiday
than after a weekend break, and that byssinotics
tend to have a significantly higher FEV, ; afler
the two week holiday than do nonbyssinotics,
who have a significantly lower FEV, ¢ after the
post-holiday Monday exposure compared to
other Mondays following a weekend break
(99)(100).

Other Parameters of Ventilatory Function

A variety of more sophisticated techniques
have been used to study the acute physiclogical
response to vegetable dust. FEV 55, frequently
reported as indirect maximal breathing capacity
(IMBC or MVYV) in earlier studies, has been
replaced by FEV, , as the most commonly used
test to detect this response. Bouhuys has studied
respiratory mechanics with vegetable dust cx-
posure and has advocated the use of flow volume
measurements as more sensitive methods of
detecting airways narrowing (27}30)(34)(36).
This has been found (o be true particularly of
partial flow volume curves and maximal flow
volume curves at a constant volume (e.g., 60%
of the control total lung capacity). Others have
also studied a variety of tests in order to deter-
mine the most sensitive. McKerrow studied the
acute responsc among rope workers using
FEV,,, FVC, PEFR, FEF,: .5, FEF5;,, and
FEV ..., and concluded that flow measurements
provided a slight increase in sensitivity, but that
Lthe coefficients of variation for flow measure-
ments were two to three times higher than those
for FEV,, and FYC (97). Merchant and col-
leagues observed similar differences in variation
when comparing FEV,, and several other
parameiers including MEFV curves and closing
volume (CV) and closing capacity (CC) (112).
In this study, FEV,, provided the most con-
sistent and statistically significant differences
aver six hours of exposure, largely due to its
relatively small variance. CV¥ and CC did not in-
crease significantly, a finding consistent with the
view that these tests depend primarily upon
elastic propertics ol the lung which have been
found not to change over a few hours of cotton
dust exposure (57)(63).

Detailed plethysmaographic studies of work-
crs exposcd 1o vegetable dust showed marked in-
creases in FRC and RV and, in some subjects,
small but significant in¢reases in TLC together
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with decreased FEV,, and FVC (34)}57)(1735).
The same authors have reported significant in-
creases in airways resistance. Bouhuys found a
decrease in conductance or '‘conductance re-
sponse’’ in the absence of the ‘‘flow rate re-
sponse’ (34). Both responses were abolished by
bronchodilating drugs, and it was suggested the
individual differences may reflect sympathetic
innervation patterns of the lung (18). These in-
vestigators also found propranalol potentiates
the ““flow rate response,” while atropine inhibits
the response. McDermott studied the acute ef-
fects of cotton dust, washed cotton dust, coal
dust, cigarctte smoke, and histamine aerosol on
dirways resistance as measured by volume ple-
thysmography (96). Airways resistance increased
with raw cotton but not with washed cotton.
Ceal dust concentrations reached 20 times that
of cotton dust before resistance increased signifi-
cantly. Recovery time was delayed following cot-
ton dust exposure while recovery was as rapid
as after coal dust following cigarette smoke,
histamine, and 50O..

Evidence that small airways are significantly
affected by vegetable dust exposure is supported
by studies which have shown nitrogen washout
to be reduced (28) and dynamic lung compliance
ta become more frequency dependent (30)(57).
Changes in ventilation/perfusion ratios, with
small airways closure, has been the mechanism
suggested as the most likely explanation of hy-
poxernia, which may be marked following a few
hours of dust exposure (76)(112)(120}. Changes
in FEV,, and increased frequency dependent
dynamic campliance were found to last for sev-
eral days following cotton dust exposure (57).
Neither the [ung’s elastic properties nor diffus-
ing capacity have been {ound to be affected by
acute exposure (57).

Workers exposed to vegetable dust for
several years—particularly those with histories
of byssinosis—often have pre-exposure ven-
tilatory function indicating airways obstruction,
hyperinflation or relative hyperinflation, and
hypoxemia (22)35)(77).

Cellular Responses

Bouhuys first abserved that workers ex-
posed to biologically retted flax developed a
peripheral leukocytosis over four to six hours of
dust exposure and concluded that this may be
produced by products of metabolism to bacteria
and fungi used in the retting process (35).



Bomsky and co-workers alse observed a leuko-
cvtic response and a decrease in thrombocytes
among some workers exposed to cotton dust
(18). Merchant et al, found segmented neutro-
phils increased significantly in the blood during
cotton dust exposure and corresponded tem-
porally with symptoms of chest tightness and
decreases in expiratory flow in the panel as a
whole, but not in individuals (112), These find-
ings are consistent with leukocytosis abserved in
experimental animals following tracheal instilla-
rion of a cotton dust extract (90)(137). However,
the relevance of the lcukocyle response in bys-
51n0sis per se remains to be shown,

Radiographic Observations

Roentgenographic studies of textile workers
are notable for their lack of specific (indings.
Schilling studied 45 age-matched workers, 15
with byssinosis, 15 nonbvssinotic textile work-
ers, and 15 normal controls {156). No signifi-
cant difference in chest x-ray findings between
the groups was observed, except that the bys-
sinotic group had a significantly smaller dia-
phragmaric excursion. The only other radio-
graphic findings werg those found in chronic
bronchitis and emphyserna. Others have reached
similar conclusions in radiographic surveys of
cottan workers (58), flax workers (41}, and jute
workers (102). Although an early American
study reported 52 of 88 cotton textile workers
to have x-rays suggesting ‘“‘more fibrosis than
usual,”” pulmonary fibrosis must be considered
a rare manifestation of vegetable dust expasure
(38). Bolen reported 1wo cases of cotton workers
with byssinosis who had radiographic evidence
of marked fibrosis together with signs of emphy-
sema (15). Effat reported pulmonary opacities
only among workers exposed to cotton with a
significant mincral content. The author has seen
four workers with long exposures 1o cotton dust
and typical histories of byssinosis, who had fine
nodular densities, predominantly in the lower
lung zones. All four workers had physiclogical
evidence of airwavs obstruction with relarive
hyperinflation. One was found to have sarcoid
at open lung biopsy; another was found to have
lymphocytic leukemia, which was probably
responsible for his opacities.

Apical fibrosis, without evidence of pul-
monary tuberculosis, was found in four of 37
workers with long exposure to sisal dust (164).
Patchy fibrosis was confined to apical and

posterior segments of the upper lobes and tend-
ed to also involve subpleural zones,

Vaskov studied 67 textile workers with ob-
structive airways disease and/or signs of right-
sided heart failure compared to 35 healthy con-
trols (176). Radioisotapes were used to measure
circulation times to the pulmonary artery and to
the pulmonary vein. Pulmonary function tests
showed those with occupational exposure to have
evidence of moderate (o marked airways obstruc-
tion, with a relative increase in residual volume.
The venous part of the central pulmonary cir-
culation tim¢ was nol increased, cven among
those with right-sided failure, but the earlier part
of the circulation time was significantly increased
among workers with marked airways obstruction
with or without right-sided failure. Pulmonary
scintigrams suggested either a generalized or
localized koss in pulmaonary vasculature, consist-
ent with emphysema, in many of the disabled
workers.

Pathogenesis

Critical to experiments dealing with the
etiology of byssinosis is agreement on the bio-
logical end-point for such studies. Because
byssinosis has been defined by a pattern of symp-
toms, objective criteria such as increased airways
resistance or decreased expiratory flow rate have
been used to indicate response to cotton dust.
A mechanism for chest tightness has been in-
ferred from such findings. However, a hypoth-
esis for respiratory disease arising from vegetable
dust exposure must explain Monday chest tight-
ness, associated bronchoconstriction, and ulti-
mately chronic airways obstruction. Although
it was once thought that this hypothesis should
account for a latent period of several years be-
tween first exposure and the onset of typical
byssinosis, recent evidence suggest that there may
be a short or no latent period at all {(23X36).
There is strong evidence, however, that a greater
proportion of workers become affected with time
(59)123). Becausc byssinosis has been defined
by acute respiratory svmptoms which reflect air-
ways narrowing, attention had been focused on
modeling the acute events, with little emphasis
on developing experimental models of the chronic
process, Although many hypotheses have been
advanced, they fall into three mechanisms: a
pharmacological mechanism, a microorganism
etiology, and an immunclogical mechanism. All
offer an explanation for the Monday phenom-
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enon, all overlap in many respects, but not all
account for the chronic phase of the disease.

Pharmacoiogic Mechanism

Similarities between asthma and byssinosis
suggested to early investigators that bvssinosis
may be secondary to histamine and/or his-
tamine-like substances, which were subsequent-
ly found in small quantities in vegetable dust
(103)(133). It was suggested that dust might
release histamine from the lung following ac-
cumulation of histamine storcs over the weekend
(away from dust exposure). With release of
histamine, Monday chest tightness would occur
but disappear following consumption of the
stored histaming (19%29). To examine this hy-
pothesis, several investigations have assessed his-
tamine release from animal and human chopped
lungs in vizro and isolated smooth muscle
preparations, as well as change in flow rates
among affected textile workers or volunteers ex-
posed to various aguecous dust extracts, Using
these techniques as assays, extracts have been
found to contain contractor substances which are
water soluble, dialysable, resistant to boiling,
steam volatile, unstable in strong acids and alk-
ali, not destroyed by proteolytic enzymes, and
exhibit some pyrogenic activity {77){80). In ad-
dition to small amounts of histamine, serotonin
and a kinin-like substance have been identified
in cotton dust extracts (3). Paper chromatog-
raphy of extracts has lead some to conclude that
polypeptides are the causal agents for histamine
relcase (2). Methyl piperonylate has been iden-
tified as one component of cotton bract which
is capable of histaminc rclease (80). Although
there is now a great deal of evidence that a non-
immunological pharmacological mechanism is
involved with bronchoconstriction resulting from
vegetable dust exposure, it does not necessarily
cxplain the chest tightness which often oceurs in-
dependent of measurable changes in flow rates,
nor does it provide a good explanation of the
disease’s chronic stage, Therefore, pharmacolog-
ical events are probably only part of the mecha-
nism of byssinosis.

immunological Mechanism

The known relationship between skin reac-
tivity and asthma led several early investigators
to suggest allergy to some component of cofton
dust might be involved in the etiology of bys-
sinosis. Skin testing, often with crude extracts,
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has yiclded highly variable results which have not
contributed to our understanding of byssinaosis
{45)(139)(140). A classical immunological mech-
anism unrelated to skin reactivity was proposed
by Massoud and Taylor (106)(108). Finding pre-
cipitating antibodies to a condensed polyphenal
in the serum of textile workers, especially carders
and byssinotics, led them to suggest byssinosis
might represent an atypical Type III pulmonary
disease similar to farmers’ lung. Although it was
appreciated that granuloma formation, typical
of farmers’ lung was not a feature of byssinosis,
it was suggested this may be attributable to al-
tered “handling” of the inhaled dust (165).
Examination of condensed polyphenols by Ed-
wards later showed the precipitin observed by
Taylor, et al. was likely explained as a non-
specific precipitation of IgG mediated by the
polyphenolic polymer (55). Antweiler found lit-
tle liberation of histamine with the polyphenolic
materials (4).

Although the serum precipitins to Taylor’s
condensed polyphenol may well be nonspecific,
double blind trials with byssinotic cardroom
workers and nonexposed controls remain to be
explained. In these clinical trials, Taylor and
colleagues found that aerosol exposure to con-
densed tannin produced typical Monday chest
tightness in those with byssinosis, but not among
textile workers without these symptoms, nor in
unexposed conirols. Although concomitant
changes in spirometry were not observed, it is
of particular interest that these experimental ex-
posures blocked or markedly diminished bys-
sinosis symptoms upon return to mill work the
following day (165).

Microorganism Etiology

Both bacterial and fungal microorganisms
have been extensively studied as possible etio-
logical agents. They are found in substantial
quantities in textile mill air (45). The occurrence
of mill fever and the description of mattress
maker’s fever, thought to be caused by endo-
toxins, suggested to early investigators that micro-
organisms and/or their products may play an im-
portant role in byssinosis pathogenesis. Early
studies of bacterial and fungal species however,
have shown that only rarely are textile workers
infected. Attention then turned to endotoxin pro-
duced by gram-negative bacteria in mill dust as
a possible etiological candidate (137)14). Among
the biological features commeon to endotoxin and



byssinosis are: tachyphylaxis; pyrogenic proper-
ties; leukocytosis; anaphylaxis in lab animals;
liberation of histamine; decrease in circulating
platelets; fever and tachypnea in rabbits “sensitiz-
ed”” with both cotton dust extract and endotox-
in; and cross-reactivity between the two (137)
(148). Pernis concluded that byssinosis may there-
fore be due to the protracted inhalation of small
amounts of endotoxin which he interpreted as
a condition of “immunological hypersensitivity”
(137). Antweiler, however, pointed out that the
small amount of endotoxin found in vegetable
dust was incapable of releasing histamine; that
the smooth muscle constricting substance(s) were
stable with boiling; that the endotoxin hypothesis
could not explain quantitative differences with
different plant parts; and finally, that the clinical
picture of byssinosis was not consistent with
“hypersensitivity”’ or an endotoxin effect, fever
being conspicuously absent (1).

Nevertheless, recent attention has again
focused on endotoxin or enzymes contained in
gram-negative organisms as possible etivlogical
agents. Braun, Rylander, and Cinkotai and col-
leagues have recently shown that the prevalence
of byssinosis is roughly correlated with the num-
ber of airborne gram-negative bacteria or their
products in mill air (37)(46){149). These relation-
ships have, however, not been as strong as those
for nonspecific respirable dust. Because of the
stronger association between fine cotton dust and
byssinosis prevalence, it is probable that dose-
response relationships observed with gram-nega-
tive organisms are secondary associations, be-
cause these organisms are highly associated with
the vegetable dust from which they arise. Al-
though often consistent both epidemiologically
and experimentally with certain characteristics
of respiratory disease resulting from cottan dust
exposure, endotoxin causality has not been es-
tablished.

Recently, experimental animal studies focused
an acute airways changes have been stimulated
by the observations of Kilburn who found poly-
morphonuclear (PMN) cell recruitment to air-
ways surfaces with exposure to raw cotton dust
(90). Studies of chemotaxis in Boyden chambers
suggest that complement is not necessary for the
leukocyte response to occur (William S. Lynn,
personal communication). Anecdotal studies of
affected workers during dust exposure have shown
no change in complement levels.

Studies of complement activation in vizro

are of particular interest in regard to PMN re-
cruitment and other pharmacological events,
Kutz and colleagues have shown that human
complement is consumed by the alternate path-
way in vitro by both cardroom dust and, to a
lesser degree, by treated (washed and extracted)
cardroom dust (93). Theyv further showed that
nanogram quantities of endotoxin found in card-
room dust could not explain the complement
consumption, which would have required micro-
gram quantities of endotoxin. They concluded
that other unidentified active substances are in-
volved and speculated that antibody-independent
complement activation could explain the ac-
cumulation of PMN’s in the airways— second-
ary to complement cascade releasing chemotac-
tic factors, which may induce airway changes via
the release of histamine and other pharmacolog-
ically active mediators. Similarly, Kilburn noted
PMN’s are rich in lysosomal enzymes, among
which are collagenases and elastases (90); both
may play an important role in producing airways
narrowing and the chronic airways changes
found among severely affected workers.

Experimental Pathology

In earlier studies of experimental pathology,
Jotten placed nine rabbits in cages behind card-
ing engines with dust levels from 7.6 to 13.90
mg/m’ (cited by Caminita (40)). Subsequent
autopsies revealed diffuse levels of dust and cot-
ton fiber deposits and reactive inflammatory
manifestations throughout the rabbit’s lungs.

Prausnitz exposed 40 guinea pigs to cotton
dust 3 to 4 hours per week for 36 weeks (140).
Tachypnea was commonly observed after ex-
posure. Three guinea pigs died of intercurrent
pneumonia at 14,16, and 30 weeks; 3 died but
had no pulmonary pathology, and the remainder
were sacrificed at 3 to 36 weeks, Those sacrificed
after two months had pitted, mottled, and grey-
ish-black pleural surfaces, particularly along the
anterior borders of the middle and inferior lobes.
The lungs were fixed in inflation and sectioned.
Animals that had been dusted for one month had
scattered peribronchial nodules, patent alveoli
but thickening of alveolar walls with infiltration
by polymorphonuclear leukocytes, and edema.
Animals dusted for six months showed similar
changes with involvement of the entire lung and
evidence of a chronic pneumonia. High mag-
nification revealed thickened alveolar walls con-
taining large numbers of polymorphonuclear
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leukocytes, large numbers of dust particles in
alveolar walls, a small te moderate number of
“‘dust cells,’” and slight traces af fibrosis, It was
concluded that *‘cotion dust has a great power
of penetrating into the deepest parts of the lungs
and of producing in them very extensive irritative
changes.’’

Prausnitz also reported histological findings
from intradermal injection in his arm of cotton
dust protein (prepared by precipitation with am-
monium sulfate) (140). After onc hour, slight
dilatation of capillaries was observed in the
papillary region of the dermis with a polymor-
phonuclear leukocytic infiltration confined tg the
sweat glands, ducts, and hair follicles. After 16
hours, capillaries were more dilated and there
was leukocytic infiltration throughout the dermis
and some edema of collagen bundles, There were
no plasma cells and only an occasional mast cell.
This inflammatory reaction was not observed
with intradermal injection of histamine. Prausnitz
concluded that the pathology caused by cotton
dust inhalation was most likely caused by soluble
proteins in dust; that hypersensitivity (based on
skin test results} was acquired; and that the
pathological changes observed were consistent
with chronic bronchitis and emphysema. Alveo-
lar septal thickening was thought to explain
dyspnea and to ultimately produce emphysema.

Cavagna and collcagues reported histo-
pathology in rabbits which had inhaled extracts
of cotton dust combined with purified E. coli
endotoxin over a 20 week period (44). All rab-
bits had bronchitis and bronchiolitis, ‘“bronchial
cell exfoliation, endobronchial secretion and
parabronchial lymphocyte infiltrates.”> Alveolar
septa were thickened in most animals. Since
bronchitis did not appear until after the ap-
pearance of endotoxin reacting antibodies, it was
concluded it was due to *‘hypersensitivity”’ to
endotoxin rather than to primary toxicity.

Kilburn et al. studicd the effects of cotton
dust inhalation (90); condensed complex poly-
phenols as prepared by Taylor ct al. (165); the
polyphenolic monomer quercetin; silica flour;
barium sulfate; ferric chloride aerosol; and car-
bon dust. Both guinea pigs and hamsters were
exposed and their lungs fixed with intratracheal
osmium tetroxide suspended in fluorocarbon.
This prevented recruited cells from washing in-
to alveoli from the trachea and from bronchial
surfaces. Polymorphonuclear leukocyte recruit-
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ment of airways surfaces was observed, par-
ticularly with crudie extract and Taylor’s material
within four hours of exposure. It became most
prominent at 6 hours of exposure and gradually
resolved over 24 hours, at which time there was
still an increased polymorphonuclear to epithclial
cell ratio. At two hours, polymorphonuclear
leukocytes lined the basal lamina of small air-
ways and a few such cells were found between
airway epithelial cells. By four hours leukocytes
were observed between many airway epithelial
cells, beneath the basal lamina, and upon luminal
surfaces. Careful study of airway epithelial cells
showed no signs of injury such as vacuolation,
swelling, crenation, or mitochondrial or nuclear
swelling. Alveolar cells and spaces also showed
no morphological changes. There was a greater
response with one-tenth the concentration of the
Taylor material than with the crude extract. Fx-
posure to cotton trash and quercetin dust also
resulted in leukocyte recruitment, but not to the
degree observed with extracts. Despite massive
exposire to carbon dust, there was no evidence
of leukocyte recruitment with control dusts.

Rylander has conducted similar aerosol ex-
posure studies in guinea pigs and confirmed
Kilburn’s ohservations by counting the number
and type of cells lavaged from the lungs follow-
ing exposure (148). Similarly, Hudson and Hal-
prin have observed marked increases in numbers
of leukaocytes lavaged from several species of ex-
pecrimental animals after instillation of cotton
dust extracts (81). They have also observed a
peripheral leukocytosis following an initial rela-
tive leukopenia as previously reported by Pernis
{137). The time course of these experimentally
induced leukocyte responses in animals and
leukocytosis abserved in exposed human subjects
has been consistent with the characteristic delay
of one to four hours in onset of symptoms of
chest tightness and decreased expiratory flow in
textile workers (35)(112).

Anatomic Pathology

Schilling reviewed the pathological obser-
vations on lungs of workers with long cotton
dust exposure madc by several investigators and
concluded the pathology was that of nonspecific
chronic bronchitis and emphysema (151). The
report of Dunn and Sheehan is notable in that
good occupational (although not smoking) his-



torics were available, and in that the lungs were
fixed in inflation (151). Of the 10 autopsies
performed, evidence of pulmonary discase was
found in 9, all of whom had worked in dusty
arcas of cotton mills for over 20 years. All nine
showed evidence of chronic bronchitis and/or
emphysema which was most marked among the
five with histories of stripping and grinding card-
ing machines. These five and two others also had
evidence of right ventricular hypertrophy; tour
of these seven were judged to have died from cor
pulmonale. Schilling also described pathological
observations made by Gough and Woodeock on
lungs of workers with histories of byssinasis (151).
Bolh described emphysema as a prominent le-
sion. Gough described inflammation of the bron-
chi with squamous metaplasia and emphyscma
which was peneralized, but somewhat more pro-
nounced in relation to dust deposits. The lungs
were further described as having same increase
in dust content which appeared to be mainly car-
bonaceous and only slightly fibrogenic. Gough
also described “byssinosis bodies” which con-
sisted of a core of black dust surrounded by a
yellowish material which stained positively for
iron. These “bodies” were characteristically
round or oval and varied in size up to 10 micron.
There is at least one pathology case report that
suggests pulmonary fibrosis may occur with cot-
ton dust inhalation (144).

The most extensive pathological study of
byssinosis has been recently published by Ed-
wards, et al. (56). Lungs from 43 patients who
had long exposure 1o cotton dust, and had been
receiving industrial benefits for byssinosis, were
distended with formalin at necropsy. (iross exam-
ination revealed 27 (63%) with no significant
emphysema, 10 {23%) with varying degrees of
centrilobular emphysema, and 6 (14%) with
panacinar emphysema. Most cases showed heavy
black dust pigmentation, often associated with
centrilobular dilation of distal air spaces. Micro-
scopic examination showed no evidence of tibro-
sis, granuloma formation, or vascular abnormal-
ity. There was, however, significantly more
mucous gland hypcrplasia and hypertrophy of
smooth muscle in the upper and lewer lobar
bronchi and significantly less connective tissue
and cartilage than in controls. “Byssinosis
bodies” were observed in seven cases but thought
to be of little significance. Ventricular weights
revealed no significant evidence of left or right

ventricular hypertrophy. Although 17 of the 43
were known to be cigarette smokers and all sub-
jects were from the Lancashire arca, this study
did not assess the possible influence of smok-
ing and/or air pollution.

CLINICAL DESCRIPTION

Clinical Signs, Symptoms and Natural History

The hallmark of byssinosis is the character-
istic symptom of chest tightness which typically
occurs following a weekend away from work.
Although the onsct of chest tightness after dust
exposure is variable, it is most often obscrved two
ta three hours after exposure. This time interval
is one imporiant feature distinguishing hyssinosis
from asthma which usually has an immediate
onset with exposure or a later onset {six to cight
hours or longer) (17)(20). Affected individuals
often compare the feeling of chest tightness to
that of a “chest cold”. Frequenrtly, chest tightness
wil! be accompanied by a nonproductive cough,
especially prominent on Monday. A history of
chronic, often productive cough is frequently ob-
tained. In older workers who have been exposed
to cotton dust for many years, a history of exer-
tional dyspnea is a common finding. Among
those severely affected, chest tighiness and
dvspena occur on all work days with relief only
on weekends and holidays, if then.

All symptoms become more severe if the
period away from cotron dust exposure is pro-
longed; ic., the aftected individual appears to
lose exposure tolerance. Conversely, Vionday
symptoms do not occur if exposure occurs seven
days per week. Symptoms are often more severe
and more frequent among smokers. Occasionally
a worker will report that his symptoms of Mon-
day chest tightness disappeared when he stopped
smoking, even though his dust exposure did not
change.

There are no tvpical or characteristic signs
to be found upon physical cxamination of bys-
sinotic subjects who are not severely affected.
While the subject will frequently exhibit a pro-
ductive cough, on auscultation of the chest it is
usually relatively quiet cxcept for occasional
rhonchi. Wheezing is not commonly found early
in the course of the disease. Among those severely
affected, all of the physical findings of advanc-
ed chronic breonchitis or emphysema may be
ohserved.
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A number of nonspecific symptoms are ex-
perienced by those exposed to cotton dust, with
or without byssinosis. Cotton dust is an irritating
material which dries and inflames mucous mem-
branes resulting in mild conjunctival irritation,
sneezing, and hoarseness. Chronic cough and
phlegm and exertional dyspnea are also observed
among cotton workers who have not smoked and
recall no typical history of byssinosis. Whether
these individuals merely forgot they once had
symptoms on Monday or developed these non-
specific symptoms without the typical periodicity
is not well understood. Available data suggest the
latter,

New workers and those who first go into
dusty cotton processing areas for a period of a
few hours may experience “mill fever” (5) which
has been also called “weaver’s fever, cardroom
fever, dust chills, dust fever, cotion cold, cotton
fever” and among flax workers "“heckling fever™
(35). Symptoms, which occur within 12 hours of
exposure, consist of chills, headache, thirst,
malaise, sweating, nausea, and vomiting accom-
panied by a transient fever. Without further ex-
posure these symptoms subside spontaneously
within a day or two, With repeated exposure,
such as that experienced by a new worker, these
symptoms may occur for several days until the
worker is “seasoned” (5) or develops tolerance.
Another common complaint of new workers ar
visitors to mills is tobacco intolerance following
exposure to higher concentrations of cotton dust.
These symptoms are not often observed at lower
dust exposures and are, therefore, becoming less
comimion as dust cantrol improves within the cot-
ton processing industries.

A second group of febrile syndromes asso-
ciated with cotton processing includes “Marttress-
Makers’ Fever” and “Weavers' Cough”. These
conditions occur among expericnced workers and
are characterized by a high attack rate, a clear-
cut febrile episode, severe cough, and dyspnea.
Most of these epidemics have been attributed to
mildweed yarn. An endoloxin containing gram-
negative bacillus, Aerobacter cloacae, has been
isolated and was thought to be the likely
etiological agent in one of these outbreaks (129).

Clinical Laboratory investigations

Clinical laboratory evaluation of workers af-
fected by textile vegetablce dust usually does not

occur until function has become impaired. At
that point, a thorough pulmonary evaluation, in-
cluding chest x-ray and spirometry, are indicated.
Although the chest radiograph can produce no
specific information (o associate impairment
with occupational exposure, it is important to
eliminate other pulmonary pathology such as
tuberculosis, lung cancer, and pulmonary
fibrosis. If a worker is significantly impaired, this
will usually be clear from spirometry assessment.
In cases where symptomatology and functional
changes do not coincide, a tuller assessment of
lung function, including diffusing capacity and
lung volumes, may be useful. The most direct
route to determining impairment is assessment
of arterial blood gases at rest and, if necessary,
with exercise. This invasive procedure is not in-
dicated except in borderline cases where the level
of impairment or other abnormality is not clear
(see section on “Criteria for Assessing
Impairment™).

Treatment

Research on byssinosis therapy has been
confined to acute events, Clinical trials have
relied almost exclusively on changes in flow rates
among active workers as indicators of effect.
While propranolol has been shown to increase
bronchoconstriction with hemp dust exposure,
antihistamines and ascorbic acid have been found
to protect against this effect (172)(174). Similar-
ly, it has been found that inhaled bronchodilators
{salbutamol, insoprenaline, and orciprenaline)
will prevent or reverse flow rate changes
(64)(87)(173){181). Finally, it has been found that
pre-exposurc treatment with disodium
chromoclycate tends to block broncho-
constriction (64)(178). Inhaled beclamethazone
also appears to decrease the flow rate response
{(64). It must be emphasized that the beneficial
cffects observed were functional, without similar
documentation in regard to symptematology.
Although the bronchoconstriction effects of
these dusts (which is usually not severe) may be
blocked or reversed, there is no evidence that use
of these drugs will necessarily suppress byssinosis
symptoms or retard the progression of cotton
dust-induced obstructive airways disease: they
cannot be considered preventive measures. Among
thos¢ who are severely affected, therapy is that:
for chronic bronchitis and emphysema (see sec-
tion on “Chronic Airways Obstructive”).



Prognosis

The prognosis of the worker affectcd by tex-
tile vegetable dusts is highly dependent upon the
stage at which the effcet is identified and upon
subsequent exposures. Workers often select them-
selves out of dusty areas which they perceive to
affect their respiration. This is particularly true
of asthmatics and others with “Lwitchy airways”
who will often transfer out of dusty areas within
days or weeks of first exposure. As a result, the
likelihood they will develop chronic impairment
is slight. Similarly, those without symptoms but
with functional changes observed over a work
shift may be identificd through medical surveil-
lance. If their baseline function is normal and
they transfer out of dust exposure, their prog-
nosis should be excellent. If they continue to be
exposed, available evidence suggests that their
lung function may be expected to decline at an
accelerated rate (14)(116). This is particularly true
for those who are exposed at higher dust con-
centrations and for those who smoke (67) (116).
Smokers who stop smoking have been found to
revert to a normal rate of annual decline in func-
tion, but will not recover the function loss already
sustained (67).

Whether this is also the case among those
affected by vegetable dusts is not known. It is
known that lung function will continue to im-
prove over a period of at least ten days away
from dust exposure, but that function is largely
recovered following only 4 weekend away (111).
These observations have been made among ac-
tive workers with rcasonably normal baseline lung
function. It is probable workers with significant
airways obstruction may recover some functional
loss over a longer period of time. In the one study
which assessed former flax workers, a number
of interesting observations werc made (unfor-
tupately, lung function measurements were not
available); Older men, with a history of bys-
sinosis or high flax dust exposure, were more
likely to give exertional dyspnea as the reason
for leaving the mill. Several with symptoms of
byssinosis stated their symptoms improved after
leaving exposure, but two with severe byssinosis
reported they continued to become progressively
worse (59). These observations are consistent
wilh the clinical experience of the author.

As has been observed in other studies of
chronic airways obstruction, prognosis is closely
tied to level of impairment as measured by spiro-
melry. When this level of impairment is marked

and cannot be improved by avoiding dust and
cigarette smoking exposure or by bronchodila-
tion or steroids, spirometry has proven to be the
best single prognostic sign (39}(85)(146)(167).
There is no rcason to believe this is not also true
for chronic airways obstruction produced by the
textile vegetabie dusts.

DIAGNOSTIC CRITERIA

The criteria used in assessing the health ef-
fects of textile vegetable dusts are dictated by
their application. For epidemiological studies,
Schilling’s criteria (see page 536) has proven to
be reliable and valid. These criteria are, how-
ever, entirely subjective, making them less useful
for surveillance programs which may involve a
recommendation to retire or transfer a warker
to another job. Criteria based on functional
changes have been introduced (sce Table VI-4).
These criteria offer the advantages of abjectiv-
ity and replication, which is important because
of inherent variahility in individual spirometric
measurements. Using this scheme, corporation-
wide surveillance programs may be carried out
which may both describe the prevalence of funec-
tional changes and provide a mechanism for man-
agement of currently employed workers (105).

Neither of these classifications (which have
been used extensively among currently employed
workers) are by themselves suitable for disability
evaluation. Schilling’s classification is subjective
and defines only part of the biological effect.
Bouhuy’s functional classification is dependent
upon in-mill exposures and measurements, and
defines only part of the biological effect. Both
classifications, however, provide useful informa-
tion to physicians assessing impairment and dis-
ability.

Probably no area in chest medicine suffers
as much confusion as do¢s the terminology of
chronic obstructive diseases (66). Included in this
group are chronic bronchitis, emphysema, asthma,
and byssinosis. Physicians frequently disagree
in diagnosing these diseases which are multi-
factorial in etiology and overlap functionally,
pathologically, and by available definitions (66).
A good deal of effort has been given to deriving
acceptable definitions for these entities. Except
for emphysema, which has been defined patho-
logically but not well clinically, we still have no
uniform, acceptable international definitions.
Because of the Schilling and Bouhuys classifica-
tions, there are probably more uniformly applied
definitions for byssinosis than these other en-
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tities. Yet, they do not provide adequate diag-
NOStic criteria ta assess impairment and disability
among textile workers. At the same (ime it has
been estimated there are scveral thousand tex-
tile workers who are severely impaired, at least
in part because of their exposure to cotton dust
(33).

)To deal with this, based upon epidemio-
logical data, allocation of risk may be applied
to individuals for whom risk factors have been
measured. No physician can mcasure the effect
of cotton dust, cigarciie smoke, infection, am-
bient air pollution, or genetic constitution in an
individual. With detailed knowledge of these fac-
tors he may be able to draw a reasonable opin-
ion, but it is doubt{ul that another physician with
the same information would come (o the same
conclusion.

Among those exposed to the textile vege-
table dusts, there are two overwhelming risk fac-
tors associated with respiratory symptoms and
impaired function—dust exposure and cigarette
smoking. Large cross-sectional studies, as well
as some prospective studies, have shown both
to be important. Further, it is known that
although those with byssinosis symptoms and
acute functional changes may progress more
rapidly, others also progress at accelerated rates,
depending on dose of dust and smoking. There-
fore, all individuals with a significant dust ex-
posure could justifiably be allocated at increased
risk and presumed to have acquired at least some
of their impairment from their occupational
exposure,

The first important determination is to de-
fine “*significant exposure’ in order to dis-
tinguish those eligible for such allocation. The
British require five years employment in an area
of cotton textile preparation and yarn exposure
(121). Based on cross-sectional and prospective
data, it is unlikcly that significant irreversible im-
pairment would occur over a shorter period.
There is American dara which would support in-
clusion of cotton textile workers in the areas of
preparation, varn processing and weaving.

The second important determination is ob-
Jective assessment of airways obstruction (see
“*Criteria for Assessing Impairment’’). Spirom-
etry will usually provide an excellent indication
of impairment. If necessary, arterial blood gases
at rest or with exercise will better define cases
with borderline spirometry. Medical history,
physical examination, and other laboratory tests
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should provide a clinical picture compatible with
chronic obstructive lung disease and also serve
to eliminate other medical conditions or diseases
such as tuberculosis, lung cancer, hyperscnsi-
tivity pneumonitis, etc, These entities do not
arise from employment in cotton mills but may
result in pulmonary impairment.

PREVENTION

Given our current state of knowledge about
the ctiology of byssinosis and lack of an en-
vironmental biological assay, risk assessment is
dependent upon assessment of dust concentra-
tions (31). Similarly, prevention is dependent
largely upon dust control in the workplace.
Significant improvements in exhaust ventilation
control technology and application have recently
resulted in reduced risk in many areas of textile
mills in the United States. A second control
technology, which appears promising experi-
mentally, is washing cotton (9)(115). Although
this procedure has been found to reduce symp-
toms and functional changes, largely through
removal of fine dust, it is not yet clear whether
cotton washing is technically feasible on a large
scale. Cotton stearning studies have shown equiv-
ocal results (83)(116).

While dust cantrol is the foundation of a
respiratory disease prevention program in the
cotton processing industries, medical surveillance
and employee education also play important
roles. Smoking and the interaction between
smoking and cotton dust exposure are clearly im-
portant risk factors in respiratory disease among
textile workers. Therefore, it is essential that
information about the adverse effects of smok-
ing, particularly in combination with cotton dust
exposure, be provided to those exposed. Similar-
ly, it is essential that work practices which affect
individwoal dust exposure be stressed. Periodic
medical examinations designed to detect those
acutely affected and those with chronic lung
disease are important and can be effective.
Through the use of a standard questionnaire, it
is possible to ascertain a sound occupational and
smoking history, and screen for byssinosis, bron-
chitis, dyspnea, and other medical complaints.
Simple spirometry, routinely applied, will iden-
1ify many of those acutely affected and nearly
all with significant impairment.

All of these prevention provisions—allow-
able dust concentrations, work practices, and
medical surveillance—arc detailed in the Depart-



ment of Labor Cotton Dust Standard promul-
gated in 1978 (170). Compliance with the provi-
sions of that standard would largely eliminate
byssinosis and prevent signilicant occupationally
related pulmonary impairment among Uniled
States cotlon textile workers.

RESEARCH NEEDS

Research is needed to fill gaps in vegetable
dust exposure epidemiolagy, lung injury mech-
anisms, and control technology. Other organic
dusts, such as grain dust, pose problems similar
to the textile vegetable dusts; therefore, appro-
priate research will have far-reaching conse-
guences.

Epidemiological Research

1. Cross-sectional studies of the nontextile
cotton industries to establish dose-re-
sponse relationships.

2. Prospective and community studies to ac-
count for outward migration, and to bet-
ter quantitate risk factors and their in-
teractions on prognosis.

3. Studies targeted at former workers to
better establish their impairment and
reversibility levels after leaving employ-
ment.

4. Dose-response studies of flax dust ex-
posure.

Mechanism Research

1. Development of a reliable animal model
of chronic airways effects to facilitate
research on etiological agents and to
more fully assess toxicological properties
of dust from various sectors of the cot-
ton industry.

2. In vivo and in vitro studics of mediators,
complement and their interactions as re-
lated to lung injury arising from exposure
to textile vegetable dusts.

3. In vivo and in vitro studies targeied at the
interaction of vegetable dusts and
cigarette smoke (o interpret the mech-
anisms by which smoking increases sus-
ceptibility.

4, To relate in vitro and in vivo studies 1o
clinical byssinosis, controlled trials in-
volving human subjects are essential.

Control Technology Research

1. Textile machinery rcscarch to develop
desirable alternatives to processcs such as

10.

. Antwetler,

spinning frames (i.e., opcn end spinning)
to achieve more efficient processing
logether with good dust control.

2. Research into the feasibility and effec-
tiveness of cotton washing ar other treat-
mert to eliminate respirable dust and/or
“detoxity” dust which may remain. Pro-
spective epidemiological studies would
establish the medical effectiveness of such
a process.

3. Development of closed-boll growing, har-
vesting, and processing of cotton to
preclude contamination of the cotton
fiber with cotton trash.

4. Development of basic ventilation exhaust
systems for certain nontextile cotton pro-
cesses found to be associated with hazard-
ous dust levels,
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