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FOREWORD

This industcry-wide medical and industrial hygiene study of the United States
cotton gin industry is a part of zn overzll effort by NIOSH to describe the
hezlth and environmental conditions of the'non-textile" or "secondary” cotton
industry. The "non-textile' cottcm industry is that part of the cotton
‘industry in which the spinning of cotton yarm or the weaving of cotten cloth
does not occur. By using z sampling technique of sectors of the whole _
"non-textile" cotton industry we place a scientific foumdation under stzndards
that we recommend for this ilndustry. s

J. Donald Millar, M.D.
Director

National Institute for
Occupational Safety and Health



PREFACE

Workers in the '"non-textile" cotton industry breathe a dust which is similar
to the dust in the cotton spinning and weaving industry. This exposure
prompts the question of byssinosis prevalence and other respiratory disease in
the nen-textile cotton industry. However, since cotton dust is of biologic
origin and therefore of variable composition, one cannot assume that the
byssinosis prevalence per unit of respirzble cotton dust is the szme in the
non—textile cotton imdustry as it is in cotton mills, This observation
motivated & study of cotton dust exposure, the respiratory health status of
workers, and any relationship between exposure and resplratory health status

which occurs in the non-textile cotton industry.
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ABSTRACT

Five hundred fifty-one cotton gin workers and 1218 workers in non-dusty
comparison plants were studied in & cross sectional industrial hygienme and
respiratory disease prevalence survey of 37 gins throughout the cotton belt im
the United States. After deletion for previous dust expeosures, Lhe data oun
375 cotton gin workers znd 1023 comparison plant workers were amalyzed. The
industrizl hygiene study consisted of determination of ambient respirable
cotton dust levels with vertical elutriators and characterization of particle
size distribution. '

The geometric mean dust conceuntrations in each facility ranged from 0.03

mg/M- to 1.03 mg/M3, with 86% (30/35) of the gins having geometric means

of less than 0.5 mg/M3. Particle sizes (Mass Median Diameter) were also
variable but tended to be larger than that found in textile mills. Factors in
the ginning process that affected dust levels were condition of seed cottoen,
layout of the gin, znd management practices.

Mediczl tests included standardized questionnaire and pre— and post-shift
spirometry. ~Matched-pair analysis revealed no excess prevalence of byssinosis
in gin workers compared te controls. Aming persons who never smoked there
were significantly greater prevalences of bronchitis and "respiratory
disorders arising from exposure to textile vegetable dusts" (WHO definition)
in gin workers. Among ex-smokers and present smokers there were significzantly
lower mezn pre-shift FEV] vzlues. Among cotton workers Lhere was a
significant dose-response relationship between decline in FEFg5gy and pezak

flow over the shift zud dust exposure. Finally, probit analysis revezled zan
increzsing prevalence of bronchitis in never—smokers zs dust level increased,
and an increasing prevzlence of "respiratory disorders arising from exposure
to textile vegetable dusts" as dust level-years of exposure increzses. This
latter prevzlence more than doubles from a very smaller dust-yezr factor
(.302) to_z high ome (20.3), the latter of which can represent exposure at
.500 mg/M3 for &Q years of working life.

NIOSH concludes that this study demonstrates that exposure to cotten dust in
gins produces adverse health effects. That 86Z of the elutriated samples were
below .500 mg/M3 (geometric mean) indicates that this level of dust control

is technically feasible, and NIOSH recommends that this level be set as z dust
exposure standard.

NIOSH recommends specific dust control strategiss, as well as z mediczl
surveillance program, which would detect early adverse health effects. NIOSH
further recommends that the medical surveillance data should be actively
ccllected by OSHA and NIOSH for a prospective study of the effects of dust
exposure in this industry.
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4 22 year old man complained of chest tightness after working a shift 1n the
mote press area of a Tennessee cotton gin. He had not worked long enough to
develop any chronic problems from his exposure and had no acute changes in
nis pulmonary function that day. Does this young man have byssinosis? Does
he have significant respiratory disease? If he has either of these two
conditions, what is the association with his work in a cottonm gin? Let us
consider some ¢f the origins of these questions.

For 280 years those interested in occupational health have described, in
workers in the textile trades, a respiratory condition now known as
byssinosis. In a book published in 1713, Bernardino Ramazzini described the
respiratory discase of flax and hemp workers im the Po Valley of Italy.
Ramazzini described thess workers as: "always covered with dust from the
hemp, pasty-faced, coughing, asthmatic..:"(1)

In the nineteenth century, British factory physicians heard a similar _
complaint from cotton textile workers. Substantial numbers of these workers
started feeling chest tightness or oppresssion. At first the affectad
workars only felt this tightness on Mondays but as they spent more yesars in
the cotton textile mills they also felt tight in the chest on other days of
the week. Cough and phlegm many times accompanied Che other symptoms.

Jesse Lsach presentad evidence that the condition was due only to Surat
cotton. However, 100 years later, epidemiologic studies done on textile
workars in the United States showed that workers exposed to American cotton
z2lso experienced the '"Monday fzeling."

Two studies of cotton gin workers in the United States have appeared. The
rest of the studies are from foreignm countries. The results of those
studies appear in Table 1.

It is difficult to compare the U.S. experience with studies from other
countries. However, the two studies done in the United States provide some
indication of the status of byssinosis in the ginning industry. OCf note in
the Palmer -study is the absence of the symptoms of byssinosis in the lower
Southwest Region workers even though those workers had significant pulmonary
function abnomalities. In the Larson study 100 of 633 gin and control
workers were excluded from analysis becausz of poor performancs oo the.
pulmonary function test. With that many 2xclusions we cannotf assume as the
authors did that the 100 excluded workers had no sigpificant respiratory
disease or agree with the authors' conclusion of "negative results.” To
evaluate this problem a sample of gins and workers in the entire U.S. cotton
industry was studied.

Starting in 1977, NIOSH-DRDS medical officers and industrial hygienists
plazaned a cross—sectional medical and industrial hygiene study of the cotton
industry. They were interestad in the part of the cotton industry that is
peripherzl to the mills that spinm cotton yarn and weave that yarn into
cloth. Since the cotton spinning and weaving industry has been of prime
importance in the studies of byssinosis, the industry represented by cotton
ginning, warehousing, etc., has been termed "secondary"” or "non-textile."
The terms are not specifically descriptive but are used since no betrer term
has appeared. An assessment of the non-textile cotton industry and the
defined subsets of that industry (Table 2) was completed in 1981.



Table 1. Summary of results from published reports of epidemiologic
surveys for byssinosis or other respiratery disorders in
cotton gins. '

Author  Year  Country Dust Spirometry - Byssinosis Ref.
mg/M3 Acute Chronic Prevalence
Change Change
Gilson 1962 Uganda 3.0-11.0 none none not detd. (2)
yes none not detd.
El BatawilB62 Egypt not detd. not detd. not detd. 38 0 {3)
El Batawil96s - Egypt 15.0-34.0 yes probable 33 % (4)
follow—up yes probable 50 %
Kondakis 1965 Greace not detd. not detd. yes 0% (3)
Xhogali 1969 Sudan 0.5-3.0 yes yes 20 % (8)
yes yes 49 %
Khogali 1976 Sudan 1.0-2.0 . not detd. no | 18 % (7)
not detd. yes - 48 %
Pzlmer 1978  Texas 0.9 yes no 0% (8)
Rio Grande :
Larson 1981 - California gin 0.7 7yes no 13 % (9)
control 0 yes no 10 %

Note: Ginning processes, dust sampling methods, and epidemiologic methodology
used in the surveys listed varied significantly; therzfors, there is no
attempt to directly compare the results.
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Teble 2. Subsets of the non-textile cotton industry.

cotton glns
cotton compress warehouses
cotton shipping and receiving warehouses
cottonseed oil mills®
cotton classification offices™
cotton waste utilization plamts™
cotton gin mote recyclers
cotton garnetting plantsT

cottonseed delinting plants (crop preparation)

cotton farms
cotton merchants szmple rooms
cotton sample rooms (textile mills)
cotton research facilities
cotton map factories
cotton salvage operations
cotton cellulose users

*Segments off the industry studied by NIOSH in the
"secondary' or '"non-textile" cotton study.

'This segment was scheduled for study in the original

study design but was dropped because of budget and travel

restrictions.



MATERIALS AND METHODS
I. Background of Study Design

NIOSH determined the total number of workers in each of the subsets and
calculacaed the minimum sample size necessary to represent the total
population of those industries. Criteria were established for the
measurement of pulmonary functiom (10), respiratory symptoms, important
demographic co-variables and exposurs to cotton dust (11, 12, 13).

The sample size chosen was calculated to be necessary for us to be 90% sure
of clziming an association between delta FEVy and respirable dust if in
reality the difference in mean delta FEVy between the high and low dust
groups was 45 ml, while at the same time allowing us to be 95% sure that an
zssociarion was not clzimad when, in fact, no association existed. The
sstimatad sample size was 450 subjects.

The analysis employed a linear model and the 45 ml difference translatad
into a slope of -3.049 L/(mg/M3). Using only subjects with pulmonary
function and dust measurements, and adjusting for varilables associatad with
pulmonary function, resulted in the equivalent of 207 subjects. This
resultad in an estimated power of .89.

The supervising industrial hygienist defined these work arsas: gin stand,
bale press, suction/cotton unload, yard, storage, office, other, and
background and set up the protocol for placement of vertical elutriators.

Control or "compariscon plants" to determine the background symptom and
abnormal lung function prevaleuce wers alsc studisd. These comparison
plants were to include workers who were basically frem the samée racial, sex,
and sociceconomic status as the cotton gin workers but these workers were to
have no exposure to harmful respirable dust. The food and kindred products
industry provided most of the comparison workers for this study.

A contractor to NIOSH (SRI Internaticnal) carried out the statistical
sampling which set the stage for the field work. The contractor described
the cotton gins in terms of age, production and geographical area and
targeted the cotton gins and comparison plants for study. Both NIOSH-DRDS
researchers and the contractor did the field work according to the protocol
described below. The contractor studied the cotton gins in California and
Texas. NIOSH-DRDS studied, in-house, the cotton gins in North Carolina,
Georgia, Arkansas, and Tennessee (Figurs 1).

Walkthrough surveys of esach study facility were made by an industrial
hygienist and/or a medical officer prior to each prospective field sctudy.
These visits allowed a detailed explanation of tha study purpose as well as
coordination of proposed study dates with cotton gia and comparison plant
management .
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A

II. Description of the Cotton Ginming Industry

Background

Cotton is & naturzl fiber crop derived from a herbaceous plant of the
Malvaceae family. The fibers (lint) are attached to and grow from the
surfzce of the seeds which are located inside the capsule (boll). When
mzture, the capsules open exposing the fiber and seed. Seed cotton is
then harvested by machine from fields which may have been treated by
harvest-zids such as defoliants and desicczants. The first mechanical
pracess for the seed cotton following harvesting is ginning, the primary
2im of which is to separate the fiber from the seed.

Geographical Distributiom of Cotton Gins

Cotton gins are strategically located throughout the 18 cotteon producing
stztes, generally in the immediate production area.

The ginning industry iu the United States can be divided intc five
geographic regions. The regions include zll or portions of the following
stztes:

l. . West Regicn: California, New Mexico, Arizona, Nevadz, and che EL
Paso region of Texeas _
2. Upper Southwest Regioa: Texas High Plains area, Central Texes,
and Oklahoma '
3. Lower Southwest Region: Rico Grande Valley area of South Texzas
b, South Centrzl Region: Louisiana, Arkansas, Mississippi,
Missouri, Kentucky, and Tennessee
3. Southeast Regiom: Georgla, Alabama, Flerida, South zand North
Czrolinz, zud Virginia

Cotton ginning is seasonzl. It begins with the maturing of the cotton
crop, which varies with geographical distribution, and ends shortly after
the cotton harvest emnds. In the United States, the cotton growlng seasous
are such that each year cotton ginning starts in the Lower Southwest
Region in mid-summer, continues through the South Central and other
geographical regions in late summer zand early autumnm, and ends on the
Upper Southwest Region in late autumn and early winter.  Approximately
900-1000 hours of actusl ginning time would coustitute 2 normal ginning
season as defimed by the USDA. (14) Actually, the bulk of the crop in
each geographical regionm is ginned in 6-8 weeks. During the remainder of
the year, the gin is idle. ‘



Keglional virrerences

The selection and proper use of ginning machinery and equipment are
determined by the types of cotton processed, the harvesting method, and
the moisture content of the lint. Since these factors differ
gseographically throughout the Cotton Belt, they necessitate reglonal
practices in conditioning, ginning, and packaging the lint cotton.

1.

Types of Cotton

There are two types of cottom produced in the U.S.: Upland cotton
(Gossypium hirsutum), which accounts for 99% of the cotton harvestad;
and American Pima (Gossypium barbadense), which accounts for the
remaining 1%. (15) The major differsnce in the two species is the
staple length, American Pima having a longer staple. The differances
in staple length require different ginning processes—-most evident by
the type of gin-stand used. American Pima can only be ginned on a
roller-type or McCarthy gin, while Upland cotton can be ginned using
aither a roller-type or saw-type gin. There are approximately 20-30
roller-type gins in the U.S. (13) The majority of gins is the
szw~type, of which theres are grsater tham 2500,

Harvesting Methods

Ginning machinery and equipment vary throughout the Cotton Belt
primarily because of the regional differences in the crop itself,
harvest—aid practices, and methods of harvesting. The harvesting
method generally defermines the amount of trash in the cotton, hence
the type and amount of squipment required at a gin.

There are five methods of harvesting cotton: machine picking,
machine stripping, machine scrapping, hand picking and hand
snapping. Hand picking and snapping, formerly common practices,
produced the cleanest seed cotton. However, they have declined to
the point that their impact on processing is no loanger of importance
in determining gin specifications. Machine scrapping, a2 method of
harvest in which very large amounts of plant trash and scil are
incorporatad into harvested seed cotton, is also of minor importance
to the ginning industry.

The methods of harvest which are most prevalent in the American
ginning industry are machine stripping and machine picking. Machine .
picked cotton accounts normally for 60-70% of the total cotton '
hazrvested, while machine stripped cotton normally accounts for 30-40%
of the total acresge. Machine stripping, which 1s predominant in the
Upper Southwest Region, differs from machine picking mainly in the
method by which the seed cotton is removed from the plant.



The mechanical picker selectively separates the exposed seed cotton
from the open capsules while the mechanical stripper incorporates the
entire capsule with lint plus bract, lezaf, and stem components in the
harvested material. The higher ratio of trash to lint resulting from
machine stripped operations requires gzins to have additional
aquipment for cleaning and trash extractionm.

3. Moisture Content of Seed Cotton

The moisture content of the seed cotton is critical in the storage
and ginning of cotton. Ideally, cotton should he harvested when the
moisture content of the lint is less than 104. For ginning purposes,
the moisture content of the lint should be from 6.5 to 8%Z. The ’
moisture content of the cotton depends largely on the climatic
conditions during tcthe harvest and storage conditions prior to gin
processing, and these vary on a regional basis.

Procaess Description

Today's modern cotton gin must be equipped to perform many additional
functions than Eli Whitney's initial gin. At the time, Whitney's gin met
a great z2conomic need because it: (A) removed cotton fibers much faster
than hand methods and (B) removed cottom fibers at much less cost than
existing hand methods. However, it did not necessarily remove the fibers
more gently than hand methods. The elimination of hand picking has
required gins to install additiomnal extracting and cleaning machines im
order to maintzin guality and grade levels demanded by their mill
customers. The modern gin is equipped with many accessories employing
several different physical principles that: dry the szed cotton; remove
gr2zn bolls; separate soil, stick and capsule components (burs) from szad
cotton; remove lint from ssed; humidify if necessary; remove plant and
s0il trash from ginned lint; 2lign and smooth the fibers; and package the
fiter into a bale for transport and storage.

The modern cotton ginning system is fully automated. Seed cottom is
normally conveyed from the mechanical harvaester to storage trailers or
modules. Thesz are delivered to the gin by the producer and the cotton is
pneumatically removed and fed into most ginning systems. Some gins,
nowever, are equipped with a modular feeding system that feeds seed cettea
through seed conveyors into the plant. Once it entsrs the process flow,
the seed cottod is conveyed pneumatically through all subsequent procass
operations.

Initially, the seed cotton moves through a drying system consisting of a
series of fans and a source of heated air which serve the two-fold purposea
of adjusting the moisture content to 6.5 to 8% and conveying it through
the dryer. Dryers condition the seed cotton for smoother efficient
ginning; dried cotton gives up more of its foreign matter, and the ginned
lint i1s smoother. Subsequently, the cotton moves into a series of
clezners, including stick machines, air-lines cleaners and inclined
cleaners. These seed cotton cleaners serve the dual purpose of opening



the cotton or breaking up large wads, and removing torelgn matter such as
stems, leaf fragments, capsule components (burs), sand and dust from the
seed coctton. These foreizn materials have become incorporated in the
cotton primarily during mechanical harvesting operations. Ginning
facilities process{ng machine-stripped cotton usually utilize more

‘cleaning equipment since this cotton coatains mote non-lint materizl than

machlne picked cotton when it is received at the gin.

Wext, the seed cotton 1s conveyed to the gin stand feeder where it is
distributed at a steady uniform flow into gin stznds. In the gin stands,
seeds are separated from the lint. . The size and capacity of the gin plant
2re determined by the number of gin stands it houses. Ginning facilities
usuzlly contain from oune to five stands, with three or four being most
common. Seeds are conveyed mechanically and pneumzticzlly to z storzgs
house and subsequently to another industry sector (cottouseed oil mills)
for further processing. The lint is conveyed by air through lint cleaners
for 2 finzl clezning and combing action before baling.

Most gins use a2 double-press box for packaging the cottod ints bzles. The
lint drops intoc one press box and fills it while a bale is being pressed
and strapped in the other box. Approximately 480 pounds (217 kg) of
cotton is pressed into z bale before it is wrapped with a cover, and
strapped. One-half of 211 the U.S. gins operate at z rzte of § bales per
hour or less, and only abeout 8% are rated zt 19 bzles per hour or more.
Cotton bales produced in most gins are not compact encugh to meet shipping
requirementé;ithus, they must be sent to a compress-warshouse for further
compressing. Some modern gins are presently equipped with higher-tonnage
bale presses that produce the more compact “universal sized" cotton bales
and are also equipped with cotton sampling instruments therefore bypassing
the compress—warehouse route. The finished cotton bale 1s transported La
the textile mill for processing into yarm. :

The Ginning Work Force

The plant labor in the gianing OperathﬂS can be divided into three
specific crew functions: IECEIVlng; conditioning and ginning; an
packaging.

Ezch gin cr2w has somewhat different operational characteristics. The
size of the operation and cazapabilities of the individuzls all influence
the mzkeup of the gin crew., Typically, it was found during this study,
the crew of a three to four-stand gin having a capacity of 10 or more
bzles per hour had a plant manager (usuzlly the owner), a gin
superintendent, a gin stand operator, a lint cleazner operator, a press

‘operator znd two to four helpers, & sucker pipe operator, znd one or two

yard men who also alternate as sucker pipe operators. Machine-stripped
cotton requires additional crew members for the receiving and gimning,
conditioning functions because of the greater volume of materizl that is
handled and the additional machinery and equipment. The duties involved
with each job include the following descriptions:
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r: - employs perscanel and assigns duties
- periodically checks entire gin plant operation
- respousible for gin mzintenance and for generzl aund seasonzl
repzirs '

superintendent: assistanl manager _
- directly respousible for minor gin mzintenauce and repair
during shifts '
- has direct supervision of personnel
~ directly responsible for proper cperation of plant
- 2ssists gin stand operator as needed

gin stand operztor: head gioner
- keeps stands operating zt designed optimal capacity
- checks moisture content of seed cotton

lint clezner operator: assisfzant ginner
- maintains lint clezners 2t operating capacity
~ a2ssists gin stznd operztor

press crew:
z2) press operztor: — supervises and operates the press
- marks zud tags the bales

b) assistants: - keep press supplies avzilable
- zssist in "dressing press" znd "tying out”
bales

- perform generzal housekeeping

sicker pipe operztor: feeds ssed cotton at zs uniform rate as possitle

n

yzrd man: - keeps trazilers of se=sd cotton supplied to sucker pipe
- moves empty trallers zway from gin plant

cifice workers: . .

z) sczle mazn: weighs trzilers befcre and after cotton
unlicaded

b) gin clerk: performs clerical duties

The typiczl gin facility operzates continuously during the work shift
except for occasionzl machine repazirs, choke clearing, or other similar
problems unexpectedly encountered. Most facilities shut down process
operations at mid-shiftc for 2 mezl break and during the last 30 minutes
of ezch shift during which clezning and msintenszuce activities are
performed,
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IIT. Sampling Procadure

The primary objective of determining levels of dust concentraztiou inm the
ginning work enviromnment was to provide data for correlation with the results
of the mediczl surveillance tests. In early studies, one group of
investigators (16) was unable to adequately corrslate byssimosis symptoms with
levels of airborne cotton dust until they used z size-selective sampling
device to mezsure the dust levels.

Cotton dust hzs been cousidered z complex dust beczuse it contaims =z
respirzble portion and z non-respirable portiomn which includes fibrous
materizl. (17) The non-respirable dusts which are in the air of z cotton gin
are of some importance from the standpoint of fire and general housekeeping.
They have little known hezlth significznce. Not only is the cellulocse of the
~ fibers biologiczlly inert but also the fibers are generally toc large to be
“inspired, aud 211 are too large to penetrate any distance into the human
respirstory trzct. If the cotton fibers were in z conmstant ratic to the dust
cf biologic significance, then it would mezke little difference wilether they
wera included or excluded from the dust sample. If, however, the
concentration of cotton fibers czn vary by zn order of magnitude for z given
concentrzation of bilologiczlly significant dust, then the cotton £iber must be
excluded from the sample. (18)

Therefore, the industrizl hygienist must try to exclude both the fibrous
mzterizls zs well zs the medium size dust which could not reach the trachesz,
bronchi znd lower regions of the lung. The zerodynamic dizmeter (AED)} cut-oif
for dust entering the trachez znd bronchi is believed to be 15 microms. (19)
The cut-off size chosen for the imstrument to szmple for biologiczlly
significznt cotton dust, therefors, should zpproximzte 15 microns, to most
zccurately collect that fraction similar to that deposited im the trzchez znd
lower rzgions of the pulmonary tract,

Vertical elutriation utilizes gravity for particle separation. As previously
described (20), the basic equation is:

Q = VA
where,
Q = flow rate pulling dust in filter

V = velocity at which particles of the selected size or-largsr
f211 according to their zerodynamic diameter
& = cross sectionzl arez of the elutriztion chzmber

Using the zbove equaticn, & practical vertical elutriztor was described in
1970. (21) The use of the verticzl elutriator for measuring humzn exposurs to
cotton dust produced datz which correlated well with indicaticmns of biological
rzsponsa. (16) Therefore, for the purpose of determining the concentration of
biologiczlly significant cotton dust in the work enviroument as addressed in
this study, the Lumsden-Lynch vertical elutriator (VE) wzs used. This sampler
works on the principle of producing a2 slow, laminar, up-flow of zir that

12
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Tznge. ?articles with falling speed greater thaa this, such zs cotton fly and
lint fibers, and dust parcicles larger than 135 microns zerodynamic dizmeter,
will not be carried to the filter and thus will not be sampled. The sample
collected will include all fine dust except lint and will approximate the sum
of zlveolar and broncho-tracheal deposition.

The mzin components of the verticzal elutriator are the sepesration chamber, the
filter, the criciczl orifice znd the vacuum source.

Tne separztion chamber, made of aluminum, has @ length of 14 inches znd an
inside diameter of 6 inches, The coniczl entry section is 10 inches and has
an opening of 1-1/16 inch diameter which purposaly undersamples the lzrge lint
particles. (22) The length of the central chamber results in adeguace
seperation of particles at the designed 15 microm ARD cutoff. (21)

37 mm dizmeter polyvinyl chloride filter with z pore size of 5 micromsters
was usad with z standzrd 37 mm, 3-piece polystyrene szmpling cassette.
The actuazl flow rate through eaeh filter was controlled by a2 critiezl arifice
locataed between the filter and the vacuum pump. & critical orifice made of
delrin plastic end czlibrated at 7.40 + 0.20 liters per minute flow at 406 mm
(186") of Hg was used. A wet test meter was used for the czlibration of
crifices zs described in the NIOSE Criteriz Document: Recommendations for an
Qccupztionzl Exposure Stzndard for Cotton Dust. Orifices were cleaned
ultrzsoniczlly after every 6-8 field surveys znd reczlibratad.

etz]l lure adzpter was used between the czssette znd orifice-tubing assembly
ttached to the vacuum scurce to insure 2 positive connection.

m:»

The vacuum source used with the verticzl elutriator was an oil-less vacuum
pump czpzable of 7.40 liters per minute continuous operation at 406 mm (l6") of

2l classifiers such &s cascade lmpactors czn theoreticzlly give an
z2te measurement of the size distribution of particles over the range of
st for occupational exposures. Size characteristics of gin generatad
dusts were mezsursd by mass chzaracterization using zn eight-stage Andersan
cascade impactor, operzting with four VE's connected in pzrzllel. The
Andersen sampler was designed to sample at 28.%& liters per minute, which is
roughly four times greater than the sampling rate of z verticzl elutriztor
(7.4 + 0.2 liters per minute). Therefore, four vertical elutriators were
¢rrcngea to be used as preseparators to the cascade impactor. Thecretically;
if the sampling flow in the four verticzl elutriztors was equzlly distributed,
dust entering the Apdersen sampler would have the szme size characteristics zs
that collected by a vertical elutriztor. This sampling azrrzngement operates
&s & two—-stage sempler and serves to characterize the size distribution of the .
dust fraction penetrating the four VE's. (23) The VE section zerodynamicaly
wcludes large (greater than or equal to 15 Um zerodynamic dizmeter)
particles, and the impactor section collects and characterizes the smzller,
"respirable' frzction of the elutrizted dust.

Reproduced from
best available copy
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A short-term sample for cotton Zust can be mads with & pocrtadle inmertial dus:
monitar  using 2 properly designed vertical elutziztor to separate lint and
medium size dust from the dust fraction with less than 13 micron zerodymzmic
dismeter. The instrument used in our surveys was the GCA Respirable Dust
Monitor, Model RDM 101, which has been described by its developers. (24) The
cperation of the RDM-101 is based on the primciple of beta-zbsorption which
vields = measurement of mass concentration independent of the particle
chzracteristics. Consaquently, its performance 1s uot significantly affected
by variztions im particle composition, optical charactaristics, particle size
or other physical and chemical variables of the collectad sample. The
Respirable Dust Monitar was usad to complement the daZz to be generzted from

rticzl elutriztor samples znd to help evaluate instzntaneous ambient dust
ccncentLatlons which would be used to determine filter loading rates and
changing requirements. (25)

IV. Survey Procedure

The primery objective of determining levels of dust concentrztion im the work
environment was to provide dztz for correlation with the results of the
mediczl survey tests. The secondary objective was to assess the impact of
variables in operations, facilities, equipment, and processes on dust levels.

In order to provide correlation with the dzta from the mediczl evalustions,

the exposure mesgsurements must provide & representative assessmént of the dust
levels encountered by the employees exzmined. Becsuse the medical :
exzminations were given prior to exposure to cotton dust following at least 3&
hours without exposure, and repezted during (or 1mmea1=tely afcer) the end cs
the work shift, dust szmples were collected during ezch "“mediczal trizl
expasure' period on that first dzy of the mediczl-envirommentzl survey. Fir
day sazmpling commenced when pre—-shift pulmonary function testing was initiz
gnd wzs stopped after post-shift mediczl tests were completed.

.

Stationary vertical elutriztors were the primary szmpler used in collecting
respirable dust szmples to be corrslated with employee exposuress. Becauss gin
workers only intermittently work a2t the equipment znd move zbout within their
respective work areas {(primarily arcund the gin stands or the bzle press),
severzl stratagiczlly located sezmplers were usad to collect adequates samples
to reflect worker exposure during the work shift. The plzcement of the -
verticzl elutriztors would cbviously have an effect on the amount of dust
collected; therefore, they were placed in 2 position that would yield -
consistent results representative of actuzl employee exposure.

& minimum of two verticzl elutriztors were positiomed in each distinct
operationzl zrez of the plant where workers, included in the medical survey,
normally work. 4additiomzlly, it was necessary to use a2t least ome verticzl
elutriztor for each distinct z2rez that the subject warkers enter for
significant periods (providing that the concentraztion profiles indicate
different concentration levels). Designated zreas from which employees would
be medically tested included the following:

13



1. gin stand

2. bale press _

3. suction/seed unload
b storage

5. vard

6. affice

ienist relied on professionzl judgment and comments made by
positioning samplers as close to the normal work statloas
possible. Cptimum sampling leocations included the following

The industrial hy
plant perspnnel i
zs was reasonably
considerztions:

=
&
0

- zrzas where workers spend significant amounts of time

way from interfering disturbznces such zs zisles, windows,
tCe.

(L]

- aress where the lzminar flow characteristics of the vertical
elutriator would not be influenced. 1In cases where cross-—drafts or
updrzfts were suspected znd the site could not be reslocated, the inlet
of the sepzatztfion chamber was protected with z funnel, previously
described (17), to minimize laminuar flow disturbances.

- arezs where the instruments could be mounted without interfering with
process opsraztions and without disturbance from esquipment or workers.

Depending on the locztion where it was used, the wverticzl elutriator wes
supported on 2 tripod bzse or humg on 2z wzll, structure bezam ar z piecs ¢of
equipment to insure the chamber opening located zt z proper breathing zane
height of 60 + 1 inches (1.5 meters) above floor surface.

Dust szmpling was initiated only if the gin wss operazting. If there was z
brezkdown or temporary shutdown resulting in no cotton being ginned, yet the
work craw remzined at the gin, sampling wzs continued. Normally, the workers
would engzge im repzir znd clezn-up activities; comsequently, activities
performed during shutdown perigds may have tesultad in higher dust
concentraticns than did zctivities performed during normal aperatioms. I the
gin was shut down and the gin crew left the facility, samplers were Cturned
off, filters removed, znd sazmplers were restarted with new filters only when
the gin resumed operatious. ' '

In order to collect an idezl sample respresentative of airborme dust which is
likely tc enter the worker's resplratory system, the sampling procedure was
designed so thzat samples of the zctuzl dust concentrations were collected
zccurately and consistently and reflected the concentrations of dust zt the
time and place of sampling. To associzte the dust levels in the workplace zand
the employee's expesurd to cotton dust during the respective medical trial
period, it wzs necessary to determine where in the fzecility they had worked
znd what portion of time was spent in each of these areas. The work patteras
and movements of all medical test participaats were, therefore, observed and

et
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industrizl hyziene personnel for varying iacezvals (usuzlly
nutes) of the survey period. Each employee wa

rage dust concentation as measured by the vertical elutriators
at arez of the plant where the employee had spent each interval.
exposures were then cumulated for the entire survey period znd =z
¢ average (TWA) exposurs of each worker determined by usiag the

s subsequently

o
m
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e
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summation of time spent in each location times the zverzge dust
Tda = concentrztion in that location
totzl time exposed

The time-welghted—averzge exposure evolved as z method of
czlculating daily average councentrations by exposure time. It is
the equivalent of incegratiang the concentration values over the
totzl time base of the TWA. The TWA exposure was the most
zccurate descripticn of each employee’s actuzl exposurs to cotton
dust during the medical trizl period.

In addition to the first day work shifts, samples were collected
minimum six-hour period on the day following the medical trizl i
proved fezsible.

during =
sampling

-
=

-

Information collectad during ezch szmpling period alse included comments on
operztional znd environmental variables. Specific datz collected 2zt ezch gin
fzcility included:

1. Production rate (bzles per hour, bales per shift).

2. Type of caotton processed (machine-picked or machine-stripped).

3. Enviroumentzl conditious {temperzture, relative humidiry,
pracipitatian, winds, fog).

L. Atypiczl conditions encountered during sampling (choke-up

firs, mechzniczl -brezkdown).

Background/zmbient dust levels were collected zt selected facilities which
were not fully enclosed and/or which were subject to poteuntielly high zmbient
dust leveis inm the judgment of the industrizl hygiemist. Th2 purposs of
determining background dust levels was to evaluate the potentizl for zmbient
dust to significantly affect dust levels as mezsured inm the employees’®-work
grezs. In general, no asttempt was made to use the background dust

messurements & priori as a correction fazctor in determining workplace dust
coucentracions. '

Gravimetric Determinztions
The vertical elutriztors were used to determine dust levels on & weight basis;

therefore, accurate methods and procedures were developed to weigh the filters
before znd efter obtaining dust szmples.

b



crobzlance (model 4700 electrobalance, seusitivity = 0.01 mg) wich
readour was selected for weighing. Tests have shown that the moisture
ility of polyvinyl chleride filcsxrs is negligible (less than
z by welght when exposed to a relative humidity of 90 percent).
rthis reason, the PVC filters were used to collect samples ia the
facilicies. ’
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The zccurzcy of the balance manipulzation was evzluated periodically-by
checking z known weight that was about equal to thzt of the filter. Control
filters {cue cut of each lot of ten "or 2z minimum of ten co1trol filters per
facility") were handled in the same manner as the sample filters, except for
exposure ta dust, to insure that differences in weight due to factors other
than dust collection are properly corrected.

Before weigching the filters, the balance was zeroed and calibrated in the
proper range. AsS a calibratioun check, & 20-mg calibrating weight was weighad
znd, if the balance did not read 20 mg, the zercing eund celibrating procedures
were repeated. During filter weighing, the bzlance was checksd periodically
zgzinst the 20-mg calibrating weight.

The filter packages were opened and zllowed to stznd in the conditioned
ztmosphers of the lzboratory for at least one hour prior to weighing. A&
filter was then removed from its package by carefully grasping the edge of the
filter with unserrated metzl forceps ané then placing the filter over an
ionizing unit to eliminzte static electricity. The filter was then centered
on the bzlance pzn znd weighed to the nearest (.01 mg. The filter was removed
from the bzlzance pan aud placed ou the numbered cellulose support pad of =
filter holder cassette. A filter-retaining ring was applied with sufficient
pressure. to insure z tight seal and covered with a filter cassette top. &
plug wes inserted in the orifice of both the top and bottom parts of the
filter czssette. To insure that an adequate sezl existad between the bottcm
znd middle sections of the cassette, an opaque cellulose shrink bznd was
placed over this joint.

The filters were then stored in the equipment ven and tramsported to the
r==pecti;e gin fzcility. 1Immediately prior to exposure, the top seaction of
the cassette znd the plug in the bottom part wers removed. The cassette was
then placed with the exposed filter face down in the ferrule of the szpzrztion
chamber ¢f the vertical elutriztor. The cassette-ferrule joint wzs sezled by
placing 2 one-inch wide rubber bznd over the joint,

gl

The lure adapter of the rubber hosing containing the criticzl orifice (and
ttached te the inlet of the vacuum pump) was zttached to the ocutlet orifice
of the cassette bottcom section.

The verticel elutriztor pump was started and vacuum pressure maintained at 16
inches of Hg during the period of sampling. Filter loading and proper
operation of the samplers were monitored during szmpling. 4t the end of the
sampling period, the pump was stopped, rubber hosing detached from cassette,
ceéssette removed from ferrule and top part of cassette and plugs replaced.



osed filters and controls were then hand-carried to the weighing
lazboratory. The small plug in the cassscte top was removed from all

2 including controls, znd the filters were allowed to stand in the
zrmosphere for at lezst one hour prior to welghing. The dust
rs, including controls, were cartefully removed (mzking sure not to
disturb dust on the filter) with forceps from the cassettes zad reweighed
using the szme procedure &s in pre-weighing.

-

-
no

Verticzl elutriated dust concentrations were czlculated from the total weil
of dust collected znd the measurasd volume of air sampled.

[ g
(=3

Impactor szmples were collected ou 8l-mm dizmeter Gelman glass fiber filters
placed over ezch impaction stage. The mass of material collected on each
stage was determined by welghing the filter before and zfter sampling. The
ilmpacter-collected cumulative masses provided zerodynamic sizs
characterizztion and mass concentration date for the sampled dusts. The
particle size-distribution, zssumed to be lognommzl was determimed by plotting
the cumulative mass assoclated with particles smaller than the ECD for
successive stages on log-probebility paper. The mass median asrodyunamic
dizmeter (MMAD) was then determined from the 50% mass intercept zaud the
gecmetric standard deviation from the slope. (23} Mass concentration was
determined by summing the masses collected on each impactiou stage and
czlculating the szmple volume.

(R ol |

. V. Mediczl Survey Methods

Stzndard pulmonary function testing and respiratory questionnazires were used
to assess lung functicm, work history, smoking history and respiratory
symptoms. Spiromecry was performed utilizimg standerd NIOSH equipment and
procedures (See Tzble 3 znd Appendices A znd B for deczils) before shift work
tegan and &fter six hours of exposure. An attempt was made ta conduct
spirometry ou 2 Mounday following & weekend or at least 36 hours of exposure
out of dust, but this was not zlways possible.

Both English zud Spanish translation of English respiratory questionnaires
wers usad. Thess questionmnaires utilized by both the SRI contractor and NIOSH
were based on the Schilling modification to the Mediczl Resezrch Couacil
questionnzire for byssinosis. Questiocnnaires wers administered by treined
interviewers fluent in the languzge of the questionnazire. <Copies of the
guestionnzires utilized together with questionnzaire Iimstructions may be found
in Appendices C znd D. Key definitions zre found in Tables &, 5, and 7.
Co-varizables mezsured from questionnzire data zre found in Table 8.

Results of individuzl pulmounary function results wers provided to ezach
empleyee by mail. Copiles were also provided to the employse's physiciazm, if =
physiclan was identified. BSee Appendix F for a copy of the notificztion form.
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The sar-us of equipment required duriag each field survey was arrangsd zud
comale:edAbv jndustrial hygiene and medical personnel on the day priocr to the
schéduled médlcal—enVLronmenccl survey. Following is =a brief outline of the
daily activities performed by the field team during 2 typiczal survey:

A. Pre-Shifc:
1. Calibrates spirometry iastrumentation.
2. Obtzins listing of employees’ names from plant
management.
3. Informs workers of purpose of study and risks
involved with cooperztiocn. :
. Acqulres informed consent from each employee
participzating in mediczl tests.
5. Registers and identifies all medical test
participants.
6. Performs pre-shift medical survey:

2. wmezsurement of employee's height zand
weight.

b. £five forced expiratory maneuvers
performed by each employee into
spirometer,

¢. employee interview using standardized
questionnaire (demograpny, respiratary
symptoms, work hiscory, smoking history).

B. During Shifet: ,
1. Interviewers check completeness and accuracy
of responses on respiratory symptoms and co-
variables reported.

C. Post-shifrt: _ -
' ‘1. Interviews employee to ascertzin activities and
physiczl condition during shifr.
2. Repeats five forced expiratory maneuvers of
employees.

hy

VI. Dztz Processing
Collected dust szmples and control filters were hand-carried to the NIQSH-DRDS
lzboratory for gravimetric analysis. Sampling informztion aznd filter dzta
were computer coded, processed and cross-linked with the information tazpes
defining individuzl employee work arezs znd frequency of exposure. The

employes exposurz informztion had been key—punched from field datz recorded by
industrial hygienists.

Completed questionnairzs znd spircometry data tapes were hand carried to either
the contractor's or NIOSH-DRDS datz analysis centers. NTIOSH and countractor
technicians digitized zcceptable PFT curves from the analog spirometry tapes



were computer coded and key-punched into a caomput

and questionnaiTss e
systam. & princtout of all compucer entered information was checked for codim
errgrs and 1 used for

acoagruous data liscings were corrected. The criteris

evaluating spirometry, questiomnzire and industrial hygiene datz are shown 1n
Tzbles L-3. The project officer subsequently used reduced informatioa from
the questionnaire and 5p1r0metry tzpes to analyze for znd to zssess the
nresence znd severity of byssinmosis or other respiratory dissases (using the
WHO classification of respiratory disorders due to exposure to textile
vegetable dusts). Dosa-response curves were calculated Erom merged computer
tapes of respirazory effect information and dust exposurs datsz

These curves are the result of meszsuring the quantity of cotton dust that is
present (dose) zlong. with the observed percentzge change in lung function
(responsa).

VII. Statistical Methods
Data wers anzl ou an IMB 370/168 computer via a copyrighted sofzware
pzckzge, the § ticzl Anzlysis System (SAS). (27) Dose-responsa curves
werz developad acute exposurss to elutriated cotton dust versus shift
changes in FEVy, FEFggy, FEFyg5y and pezk flow by employing the Gen
Linear Models Procedure (GLM) of SAS. Predicted values for comparison of gin
workers' pulmonary function results were derived from the datz from the
compériscn plant workers whe were examined in this study. The matched pzir

enzlyses that wera used throughout the study were based upon MciNemzr's test
(28) and the Chi-square distributiom. (29)
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Table 3. Definitions of techniczlly acceptable pulmonary
function measurements,

The criteria for technical acceptability of pulmonary function data are
according to American Thoracic Society:

1. The workers blew into the spirometer until the pulmonarty
function technician, in the field, observed five visuzlly
acceptable forced expiratory maneuvers per session (pre-shift
or post-shift) We deemed the data from the session.
acceptable if the computer technician back at the laboratory
determined that at least two maneuvers met the ATS criterie
of acceptabilicy.

2. The znalog tzapes of these maneuvers were digitized by

sampling zt ezch 10 millisecond intervals and the curve wzs
saved, if and only 1if the duration of the curve was greater
than 1.1 seconds. )

3. The computer techmician excluded from the znalysis any
curve which demonstrated any coughing, early termination, or
extra breaths. ‘

b, We acéépted for analysis ounly the highest FVC if and only
if the second highest FVC was 95% of the highest FVC recorded
during & pulmomary function fésting session.

5. In additiom to the ATS criteria, we added zanother
criterion, which is that we accepted for amalysis the highest
FEVy if and only if the second FEV] was 92,5% of the

highest FEV] recorded during a pulmonary function testing
session.

Source: Standardization of Spirometry, Am Rev Resp Dis 118(5):2-11, May 1979
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Table 4. Definitions of respiratory symptom dzata.’

bronehitis: phlegm production on most days for at least 3
months in at least one year

cough: cough on most mornings for as much as 3 months
in one year

dyspnea: shortness of breath on rsturn to work after
some days off when walking with other people of
the same age at aun ordinary pace oa the level

Tprotocol for translating questiomnaire into these definitioms is
found in Appendix E. '

Table 5. Definitions of technically acceptable personal dust
exposure levels.

The worker must have been under observation for at least 6 hours.
Required that the worker have no exposure to the dusty processes in
the work enviromment for 7 hours before the pre-shift spirometry.

Calculated the dose-response only on those workers who did not wear a
respirator or who wore a respirator improperly.

In the comparison plants we excluded, from analysis of acute
pulmonary function change, zny worker who had exposure to known
pulmonary irritants, or, who left the plant for more than an hour
during the working shift. .
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Table ., Study registrants and sxclusion c¢riteria for data analysis.

Total number of cotton gin workers registered: 551
Total number of comparison plant workers registered: 1218

Cotton gin workers were excluded from any type of analysis if they had
pravious exposure to cotton dust outside the cotten gin industry or worked
in any type of a mine or foundry or had exposure to flax, hemp, jute, or
asbestos.

Comparison plant workers were excluded from any ana1y31s if they met any of
rhe conditions above or worked in a cotton gin.

The pulmonary function results from any worker were not analyzed if the-
forced expirogram did not meet standards as stated in Table 3.

All missing questionnaire data were classified as such.

If the gin worker did not work more than 5.5 hours or wore a respirator
properly, the dose-response for shift change spirometry excluded that worker.
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Table
Category
0
1/2 A
1/2 370
1
2
3

7. Definitions for respiratpry disorders arising from exposure to
textile vegetable dusts.'

Symptoms

None

Non-classic byssinotic
chest tightness or cougzh

Monday* cough or cccasional
Monday chest tightness

Chest tightness on every Monday¥®

Chest tightness on every Mondav* and
consecutive days thereafter

Bronchitis

' Protocol for translating questionmnairs into thess
definitions is found in Appendix E.

u_l.

Grades 1/2 B, 1, and 2 constitute Schilling's definition of

Byssinosis.

% or first day back to work

Source:

WHO Report OQCH/81.1
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11.

Tzb5le 8. Co-vari

Black, not of Hispanic origin

Hispanic
HWhite
Qther

sex
mzle
smale

il

smokling
never smoker
. ex=-smoker
present smoxer

. residence

West Region

Lower Southwest Regiomn
South Centrzl Regiomn
Southezst Regicn

Upper Southwest Regiomn

height in centimeters

ponderzl index in kilograms of body weight per meter

expressed as kilograms/meter:
less than 0.5 kilograms/met:
0.5 kilograms/meter or more

er

2bles measured.

asthmz beginning before the age of 26

pack years: (Cigzrectes smoked per day currently times years smoked

chznge in spirometer temperzture over the shift

plant

in staturse:



Table 9. Description of cells used in matched pair analysis.

zge in years: expressaed in intervals of 5 years each from ages 15
years to 0% years and then an iaterval of 70 yesars old and greater

‘race

American Indian

Asian ‘

Black, not of Hispanic origin
Hispanic

White

Other

sex
male
~female

smoking
never smoker
ex—-smoker
present smoker

residence
West Region
Lower Southwast Regioun
South Central Region
Southeast Region
Upper Southwest Region

language
Spanish-
English

questionnairs

Original
Revised
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RESULTS and DISCUSSIOY
Eovironmental

Tnroughout the cotton gin process, dust particles escape into the envireoumsnt
from lezks znd openings in the pneumatic conveying systems from the clezner
and dryers, from the open fromts of the gin stands, zad from the overflow binm,
the lint chute znd the bale press. Trash materizl accumulated arcund the
plant ar on procass equipment may also be 2 scurce of zirborne dust. All
these dust sources zffect the dust concentrations measured.

-

There zre 2 few things that should be kept in mind when reading the results
from these surveys. Concentraztions mezsured by the verticzl elutriator were
influenced by variable operzticnzl parzmeters such zs zir flow patterns,
conditiocn of pneumatic couveyznce and local exhaust systems, and typiczal and
atypical ginning work practicss. Additionally, placement of the samplers can
affect concentrations mezsurad, =z decision bzsed on the judgment of the
industrizl hygienists. These fzctors should be comsidered as limitatioms when
observing differences betwesn regions, gins, and arezs which were sampled.
Nevertheless, it is our professionzl opinioa that these results do accurataly
Teprecent the rznge of exposure levels which can be expected to exist in
cotton gins. To ilnsure a respresentative sampling, we sought tO measure
conditions within & range of varizbles. We observed z number of low znd high
capacity gins, gins processing machine-stripped or machine-picked seed cottom,
facilities using old and new equipment and gins operating under differing
climatic coundicions. ]

Hypothesis testing ou enviroumentzl mezsurements using Statistical aAnalysis
Systems €SAS) generzal linear model (G1M) procedures wzs used to study
relztionships among variables. For this anzalysis, a2 lognormzl model is
assumed znd for samples below the limit of detection, thzt limit was taken to
be the observed concentraztion (for manipulations requiring- logarithmic
vzlues). (NOTE: The limit of detection was established to be 30 micrograms
per cubic meter as determined by the propagation of errors inherent ia the
sempling and analyticazl procedures.) The impact of this necessary
mznipulation 1Is twofold: Firsc, the inferred mezn cotton dustc exposure level
moved slightly upward; zud sscondly, the frequency distribution of the dzat
slightly skewed beczuse the distribution of exposure levels below 30
micrograms is censcred. -

In the tzbles presented, SAMPLES refer to the total number of szmples
comprising am individual datz set. MEAN or "erithmetic mean" is the average
of the vzlues in the respective dzta set. STD or "standard deviation” is =
mezasure of the variability of the data. GM or "geometric mezn" is z mezsurs
of centrzl tendency for az lognormal distributiom. GSD or “geometric standard
deviation® is z measure of relative varizbility of 2 lognormal distribution
using 21l vzlues in ezch dztz set., MIN or "minimum" zod MAX or "maximum”
represent the range of values comprising each dzta set. Because dust data
tended to follow & lognormzl distribution, the geometric mezn was chosen as
the measure of centrzl tendency. ;

I
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ztious ina the surveyed ginning facilities were laow.

Generzlly, dust concentT

The geomeszric mezn dust coucentratioas in each facility (as calculated using

21l verziczl elutriated dust samples collected at that facility) ranged from
3 mg/M3. Eighty-six percent (30 of 35) of the gins had &

0.03 co 1.8
geometric mean dust level measuring less than 0.5 mg/M3.

Elutrizted dust datz indicated that dust levels in and between gins were
vzrizble. The mezn elutrizted dust concentrations measured with vertical
gelutriators iaside the cotton gins zre summarized in Tables 10 and 11 znd
Figures &4-56. A variation in dust concentrations was found in gins withino each
geographic zrsz. These differences in dust concentrations in the differeant
geographical zreas can be attributed to several factors:

&. Different varieties of cottcou are plantéd in these arezs, necessitating
diffezrent harvesting methods. For exzmple, the varietiss of cotton grown
in the West, Lower Southwest, South Centrzl, and Southezst Regions have z
tell plant which metures long before the first killing frost and are,
therefore, most efficiently harvested with z spindle harvester, which is
designed to pull the seed cotton from the capsule. A shorter plant
variety of cotton grows in the Upper Southwest Regiou and is harvested
with & stripper harvester. A stripper harvester 1s designed to pull the
entire capsule off the plant and this process zlso picks up leaves, stems,
and weed materizls as well. The amcunt of trash collected with the
stripper-picked cotton is thus greazter than with the spindle-picked cottom
(e.g., &£09 kg trash for stripper; 98 kg trash for picker-harvested cotton)
per bale (13) and, subsequently, may result in higher dust levels during
the ginning of the harvested seed cotton. It has been previcusly shown
that rzw cottons from locations where the crop is machine-strippad
generzte 2 much greaster quantity of vertical elutriated particulate during
carding than does cotton from locztions where harvestc is by
machine-picking. {(30Q)

B. Environmentzl phenomenz such as freezing and precipitatiosm,
encountersd during or immediately prior to harvesting may af
part frizbility and therefore dust levels measured at the gi
raw cotton originating from the humid eastern U.S. produces less dust
during carding for z given grzde division than cottous from the arid west.
(32)

C. Most of the ginning facilities surveyed in the Upper Southwest Region were
older than those in other areas, znd geunerally, poor housskesping
practices were followed. The accumulated trash inside the plant was
inevitzbly z secondary source of zirbornme dust. édditionally, ventilation
systems in these older facilities were in poor condition (often )
inoperzble) and less efficient thzu those methods used in more modern gins.

D. Finally, the survey pericds, which coincided with the pezk ginuning season,
were July-August in the Lower Southwest Region, October-November the South
Centrzl, Southeast and West Regions, and December-January in the Upper

¥
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Soutnwest Ragilon. eezing and suh;ree:1ng temperzturas encounterad
during December and aruary forced gin workers to keep deoors and windaows
closed as much 3s possib thus limicing the amount of zir entering the
plant. Oun the other h¢nd, gins in the Southeast, South Ceuntral, and Lower
Southwest Regzions operated during warm, sunny days and generally kept
windows znd doors open allowing a steady flow of relatively clezner
ourside air to circulate through the gin building, thersfore, diluting
ambient dust levels. The West Regloun gins operzted between thess two
extremes and most had partizlly closed work areas. (25) :

4
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etric mean dust levels wers broken down inte gin stand (0.37 mg/M3),
le press (0.27 mc/H3) suction/unload (0.13 mg/M3), yard (0.13 mg/M3),
ad “other” (0.32 mg/M3) arezs (Tzble 11). The "other” listings included

U'ﬂ
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szmples collectzd in che lint clezning, bale storage cotton drying, and
shipping zrezs. The dust concsntrations measursd in these respective arezs
rzflect the zmount of dust relezsed during the process operation and activity
level inherent to ezch defined zrez. Air movement and machinery layout seemed
tc have z significant effect on the dust levels measured in various areas of
the gin facilities. For example, in most ginning facilities surveyed, gin
stznds were typilcally placed zlongside of the building, often leaving a narrow
zisle between the stands and the wall. The bale press wzs located at oune ead
of the building, usuzlly near & door. This type of arrangement tended to
create localized air pockets, which results in different copcentrztious in
different arezs. Also, exhzust fumes from diesel or gzsoline tractors, lef:
te idle in the unlozd (suction) zrez of some gins, may have contributed to the
zirborne dust measured in this zrea, (This situztion wzs indicated by the
b:%'n1sh—er¢y color cf szmples sometimes collected in this zrsz.) However,

since the samples wers not analyzed c1em1cally, the amount of collected
particulate resultlng from engine exhaust 1s unknown, but 1s thought to be
negligible,

Particle Size Determinzations

andersen samplers were used to col lect at least one set of dLat samples or
particle size anzlysis from wmost ginning facilities surveyed. For some
szmples, low dust concsntrzations zad insufficient sampling time resulted im
inadequate dust collections for zccurzte weight znalysis. 1In these instances,
oo size distributious could be determined,

Additionzlly, £for some of those szmples suitable for weight analysis it was
found that fibrous material caused the orifices for the collection stzages to
become plugged. Any bridging over the smzll orifices on the impzaction plates
could yield 2 high deposition on the early stages with corro _5pond7ng low
deposition on the lower stages of the sampler. The result would be z biased
particle distribution due to ccllectionm of 211 but very fime a;rtlcles. These
szmples were discarded and the ¥MD and GSD were not determined

Da presented below summarize the mass median diameter of those samples

tz
cllected by the cascade impactor which were suitable for weigzht analysis and
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tican of particle size dis

for the decermln tions. Each set of values (MMD
z2nd GSD) listed for the follawing facilit:i re calculzated from samples
callecrsd duriag 2 minimum 6-hour sampling pericd in the bale-press are=s.

Mzss Medizn Dizmeter  Geometric Standard Deviation

Facilicy (MMD in microns) (GSD)
401 5.6 2.6
4012 8.5 2.4
&03 &0 4.0
4G5 8.5 3.4
&06 2.7 4.1
&12 6.8 3.3
413 L,7 3.2
&1L - 3.5 5.1
&19 ' 3.7 3.4

¥MD Range = 2.7-8.5
MMD Meazn

|
w
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In comparison, the median size of elutriated particles collected in textile
mills has been reported to range from 1.82-3.40 microns. (33) Similar studies
performed by other investigators (23) ou cotten gin dust indicate an average
MMD of 4.7 microns with 2 standard deviation of 1.8 for the dust fractiaon
penetrating the vertical elutriator. The large ranmge of values reported in
this study of gimning facilities iundicates variations from gin to gim. In &ll
cases, only a single szmple was collected from each gin and, therefore, strong
inferences should net be zttempted. That the average MMD of elutrizced dus:
collectsd in gins is somewhat greater than that collected in textile mills is
not surprising cousidering the different techniczl processes in each

industry. Mechanical processing operztions in other non-textile cotton
industries are thought to be mild in compariscn to opening, picking, and
cerding in z-textile mill. (34) 1In gins, a larger MMD particle size might
2lso be anticipatsad beczuse of the mild processing operzstions. Alsc, cotton
dust in gins might be expected to have z larger zmount of sznd and silt
particulate versus thzt in z textile mill, :

The general conclusion based on these field results is that the Andersen
multi-stage céscade ilmpactor is of limited value in cotton dust sampling
beczuse of problems with samrle loss znd fiber bridging over the stage
orifices in high dust are=z-. ; idequate- sampling periods may, therafore, vary
from a few hours to severa! chifts, depending upoun the dust concentrations and
the sensitivity of the anal tical procedure.

Direct Reading Mezsurements

The use of the GCA RDM-101 proved te be of limited value. 0f the mezsurements
tzken alongside a vertical elutriator, the Dust Monitor could only produce an
occasional correlation when the elutriated dust concentrations were lower than



3.7 me /¥ azs was found previouslr (17) 1In most instancss,
_ rom the Dust Monitor wer lower than those councentrztlons measured
with a vercical elutriator, but no clear pattern was observed,
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In summary, environmentzl studies were conducted in a cross-sectionzl szmpling
of the U.S. cotton ginning induszzry. The purpose of these studies was ro
accurately zssess employees’ occupational exposure to airborne cotton dust in
the ginning environment. Dust szmples were collected by NIOSE sampling
methods, with vertical elutriators znd time-weighted-zverzge concentrations of
emplovee exposure determined. Generally, dust concentrzticus in the surveyed
ginning facilitles were low. The geometric mean dust concentraticns in each
fac11i:y as czlculzated using 211 verticzl elutriated dust samples collected at
thzc fz Cilluy raaged from 0.03 to 1.83 me /M3, 'Eighty-six per cent, 30 of

35, of the gins had 2z geometric mezn dust level measuring less than

0.5 mg/M3, Datz indiczated that dust levels in and between gins were

arisble. 2Aerodynamic particls size was also varizble between gins, but
tendad to be larger than that found in textile mills. Dzatz zlso indicated

T

that the dust levels im the gins wers dependent on ginming processes, Ginning
varizbles that affect vertical elutrizted dusr concentrztions were: 1) input
mzterizl, including condition znd contamination of seed cotton; 2) layout of
gin, including type and quantity of machinery used; znd 3) management
practices, including machinery maintenznce, housexeeping practices znd
gir-treztment.

Epidemiclogical

Demographic, smoking, and gecgraphic characteristics of the cotton gin and
comparison plant workers are given in Tebles 12, 13, 14, and 15. 4 slightly

higher proportion of male gin workers, & higher proportion of Hispznic gin
workers, but lower proportion of black gin workers relative to comparison
plant uorxe.,, were studied. Smoking proportions zlso varied somewhzt, A
higher proportion of gin workers is curreat smokers (53% to £6Z) zand more
comparison plant workers had never smoked (427 to 34Z). Ages, height zud

g=ographic distribution of gin zud comparison plant workers were si ﬂﬂlcr.

Beczuse of differsnces in smoking, sex, and ethnic proportion of study
subjects znd to eliminate the possible effect of these znd other CO—chiebleS,
znd comparison plant workars were matched for sex, rzece, zge, height,

, smoking status and region. Therefore, differences in respirztory
ptoms or lumng function between groups are likely to be attributable ta
differances in envirommentzl exnasure, Tables 16, 17, znd 18 summsrizs
respirztory symptoms, while Table 19 summarizes differences in lung function
betwsen exposed and non-exposed matched groups. Cotton gin workers tended to
have more dyspnea and bronchitis than controls, but this was significant
{p*.01) only for bronchitis among gin workers who had never smoked (Table
i6), Although non-smoking. gin workers reported bronchitis over five times zs
frequently as controls, thevre was only z modest and mou-significznr incresase
in bronchitis zmong current smokers. Similar trends were seen using the WHO
criteria to 2ssess resplratory symptoms from exposure to textile vegetable
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dusrcs (Table 175. Althouzh gin workers had morz symptoms in 211 smcking
catezaries, Only neon-smoker e significantly differen:, wirch giln workers
reporting ovaer revalence of symptoms by these criteriz. Using

nosis (Table 18), no over-zll difference in

., Matched znalysis of lung function (Table 19}
ravealed sllght but 1ns;gifican; increases in the proporticn of gin workers
who had & greater than 10Z fall in FEVy over a work shiftc. Although this
criterion is more strict than others used in the past, it is consistent with
current WHO guidelines. However, when gin and comparison matched pzirs were
compared for the proporticns having a pre-shift FEV; less thau 807 pradicted
(using predicted values based upon the comparison workers) cottonm gin workars
had z cansistently higher prevalence of azbnormality ian &ll smoking
cztegories, Only among current smokers was this differsnce significant
{2<.01). Similar‘y, gin workers consistently had greater mean shifc
decrements in TEVy] for zll smoking cztegories znd comsistently smzller mean
pre—-shift FEVy]. These were significantly smaller for &x-smokers and present
smokers (Table 19). )

s wer
four times the p
vssin
ound

Dose response relationships in gin workers were calculated by plotting
exposure to elutrizted cotton dust in mo/V3 against percent cheages 1ln
FEVy, FEFsgy, FEFysz and pezk flow over z work shift while adjusting for
co-varizbles of a2ge, height, weight, race, plant, pack-yesars, smcking status
znid sex (Figures 7 and §). In zll gin workers, trends toward decrease in lung
function were observed znd were significant in some instances (pezk flow and
FEF5g7). When similar regressions wers done on compariscn plant workers, no
relationships were found. This 1s not surprising because the workers were
exposed to low concentrations of biologicelly inmert dust.

czuse of the clear trand towzard lower pre-shift lung function zmong cotton
n workers, 2 model wzs created bzsed oun regression znzlysis uvtilizing =
number of measures of lung functien by elutriated dust level (mg/M3) aad
wonths of cotton dust exposure while adjusting for other important
co-variables (zge, height, weight, race, plant, pezk yezrs, smokingz status,
znd sex--see Tzble 20). 1Little effect was seen in the FVC. However, the
indices of flow (FEVy, FEFsgy, FEFy5y) showed trends toward dscrezses in
pulmonary function with incr2asing dust level znd months in cotton gin work.
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The prevzlence of bronchitis znd cough (based on Probit Anzalysis) by four
elutrizted dust levels zmong never smokers (previously found to have
significantly more bronchitis than comparison plant workers) is shown in Tzble
21. A slight trend with increasing dust level is noted., The prevalence of
byssinosis, as defined by Schilling, was too low to perform an anzlysis on
that indicator. However, utilizing the WHO index of respiratory disorder
zgzinst cumulative cotton dust exposure expressed as years-mg/M3, both never
smokers and current smokars were znalyzed (Table 22). A clearer trend of
increasing prevalence, with over doubling in symptom prevalence with 20
dust-yezars, is observed zmong those who never smoked. A less clear trend is
seen among current smokers, with the lowest prevalence seen 2t the lowest



dust-year lavel and higher (but not highest) at the nighest dust-year level.
Taerafora, beth cthese analyses of resplratory symptoms amoug [ever smokears
ugzest some LncTease in respiratory symptoms with increasing dust and years,

Results af this industry-wide study of cottom gimning are in many ways
consistent with previous studies of cotton gins (reviewed in Table 1). There
are, however, some differences which should be noted. The relatively high
byssinosis prevelence noted by El Batawi and Khogali was generally associated
with much dustisr conditions thzn we observed in U.S. gins. There may zlso
have been slight differences in disease definition and study methods which
could zccounc for some of these differences. Palmer in an ezrlier NIQSH study
of cotton gins found no byssinosis. Although & low perceantzge of subjects in
both the exposure and comparison groups had questiomnaire responses consistent
with byssinosis, byssincsis per sé does not appear Lo be significantly
increased emong cotton gin workers. This is probzbly largeiy attributable to
the relavively low dose and larger particle size observed im U.S. ginms, but is
zlso probzbly relzcted to the short ginniag season and the highly variable work
week.,

Although byssinosis (2s defined by Schilling) does not appear to be increszsed,
there is =z good dezl of evidence that cotton dust expcsure is having an
adverse effect om respiratory hezlth zmong U.S. cotton gin workers,
Respiratory symptoms, especlally broanchitis among non-smokers, were clearly
increzsed. The dzta suggests that there wzs 2z dust aznd duration influence on
this increszse in bronchitis and respirztory disorders (zs defined by WHO).
Similarly, evidence of z decresse in lung function over the work shif:t with
inereasing respirable dust level was observed. This i1s consiscent with

Pzlmer’s previous findings and tends to provide vazlidation to the incrszse in
symptoms cbserved by questionnaires. Finally, the level of lung function
priar to acute dust exposure was decreased among gin workers, and
significenzly amo smokers. This finding is similar to the findings of
Merchant et al. (16) and Beck et zl. (35) zmong cotrtom textile workers in that
smokers were found to have the lowest lung function suggesting both a smoking
and cotton dusc eZfect. Whether these changes in lung function among cctton
gin workers zre istent beyond the end of the gilaning sezson 1s unknown.

It does, however, pear that lung function is depressed among U.S. cotten gin
wo*”ers, especially among smokers. ALl of these cobservations were consistent
with findiangs mads previously on cotton dust exposure azmong cotton textile
workers,
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In summary, & large cross-sectiomal study designed to survey & representative
szmple of the U. cotton ginning industry has been completed. Enviroomental
zssessment re’ied principzlly om the vertical elutriator and z cascade
impactor to zssess zirborme concentration and particle size, respectively.
Direct reading instruments proved to be of limited vzlue. Geunerally dust
levels in U.S. gins were relatlvely low with most gins having geometric mean
dust levels belew C0.500 mg/M3. The gin stand was the work area with the
highest dust level, but dust level was found to vary greatly from work arez to

work arez znd gin to gin. Epidemiological assessment revezled no mors
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omzarison plant workers, but showad an
iratory disease arising £rom exposurs Lo
vegetable dusts" among non-smoking gin workers. Evidence of 2
-response relationship was found between dust exposure znd decline in peak
flow “nd‘FLFSOé lung function over the work shift. Finally, z higher
proportion of smoking gin workers was found to have depressed pre-shifec lung
function.

osis zmonz gin workers
ca in braachitis a1d "
a

iy
-

=
IS

RECOMMENDATIONS FOR AN ENVIRONMENTAL STANDARD

Iz z2n earlier study in the U.S. ginning industry, Pzlmer, et zl, (8) found
evidence of pulmonary function abuormzlities. Certzin results of this present
study corroborated their fiadings znd in addition found- evwaence of excessive
symptoms as well &s the increased prevclence of bronchitis and "respiratary
disorders zrising from exposure to textile vegetable dusts"” im cotton gin
workers who have mever smoked; increased prevzlence of below-normal pre-snifc
FZVy in smokers; and lower mean pre-shifc FEVy in ex-smokers and prasent
mokers.  When combined with dust level data, the mediczl dztz show trends
toward smeller pre-shifc pulmonzry flow indices (FEVy, FEFsgy. FEF75%)
stztisticzl model based on dust levels and durztion of sxposure and
ficant dose-response curves for cotton workers' pezk flow and FEFsqy.
t enzlysis shows an increzsing prevalence of bronchitis in never-smokers
h increasing dust level, zad increasing prevalence of 'respiratory
disorders” with increasing dust-years. The latter azmalysis shows that
bronchitis prevalence mere than doubles when the facter of dust-years is
20.3. ZThe environmental datz indiczte that 86% of the geometric mean dust
levels for the gins in this cross-sactionzl survey werzs below .500 mo/?*I3
Therefore, given these effects of dust on health, znd the t=c1n1cal
feasibilicy of attzining a geometric mezn level of .300 mc/ﬂ , NIOosH
recommends that z level of .300 mg/"i3 geometric mean be set as z standard
for the cotton ginning industry.

RECOMMENDATIONS FOR CONMTROLLING EMPLOYEE EXPOSURE TC COTTON DUST
A. Control Technology for the Non-Textile Industry

The most effective means of controlling empleyee exposuras Co cotton dust is
to reduce emissions at their source through the use of mechzniczl methods
combined with work practices. NIOSH contends that the zachievement of the
recoﬂreqded environmental limits in the non-textile industry is

echnologically feasible by utilizatioun of appropriszte control technology.
Whlle it is racognized that development and application of control technology
have not advanced to the stzge demonstrated for the textile industry,
modification and adaptation of existing dust control systems should bring most
cf the non-textile cottod workplaces within the proposed standards. As
demonstrated by the datz, compliance has and can be achieved without the need
for advanced engineering controls. .
In preventing adverse health effects from exposure to raw cotton dust, the
primary engineering objective is to prevent the zir frow becoming



coataminzcted. This is accomplisﬁed as far as possible by improved process

design znd feasible engineering control methods. Control of cotteon dust
levels relies primarily upon general principles of dust control. There are
three generzl methads of control that should zllow most non-textile workplzc
to maintain exposure levels below the recommended limits.,

(2) Ventilation. The primary method for reducing exposure to cotton
dust is instzllation of either generzl or location ventilation
systems. In facilities utilizing centrzl zir conditioning, proper
adjustment of the system could constitute an effective dust control
system. With the installation of efficient supplementary filtration
and zir-washing builf into the system, zir conditioning can beccme
an integral part of the cotton dust control strategy.

The capture and remcval of dust from the zir zt its point of
generation represant the most widesprezd znd efficilent method of
dust contrel at present. Mzny times, installing a hood over z piece
of machinery discharging dust throughout the workplace, or
strategiczlly collecting trash being dischazrged from operzting
mechinery may be sufficlent to reduce lavels to the same extent
provided by elzborzte generzl ventilztion schemes,

loczl exhaust ventilation (LEV) is z control technique employing the
following principles: capture of the contaminant as closely as

possible to the point of goneratlon' application of sufficient zir
volumes for capture and transport &f the contaminent; and collection
of the cantaminant with efficientifiltraztion devices;. Quantities of

air required for ventilaztion weould not be expected to depend ou the
concentration of dust in the zir being removed, but rather on tﬁe
dynamic properties of these particles inm the zir. After the dust is
collected by the approprizte capture devices, it is :rans;crted to
the filter media. It is recommended that fime dust filters which
zre most efficient for capture of particulzate sizes of 15 microms or
less must be used.

Representatives of Research Triazngle Institute and Pneumafil
Cerporation have testified (36) that by employing adequate dust
capture devices, sufficient zir volumes, znd eFf1c1enc single-stz
filtrztion, dust levels in the range of 100 HQ/W czn generzlly
be achieved; with two-stage filtration (znd zir washing), levels not
exceeding 500 Uc/M3 czn be expected; if efficient third-stage
Eiltration is z2dded, workroom dust levels will generzlly not exceed
2090 ug/M3 for zn eight-hour time-weighted zverzge. The success
2chisved by the textile industry in reducing dust concentrztions
through the approprizte use of ventilation systems suggescs similzar
reductions are fezsible in the non-textile industries im which
similzr dust generztion mechanisms are recognizad.

=
=
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Modification or isolztion of 2 process. Isolaticn zonsists of
providing enclosurss for equipment or comDTete separation of ane
work area from another. Totzl isclation of dusty operations such zs
bale press zreas and even isolation or separztion o© iltration

£
systems are recommended &s 2 practical approach to reducing dust
exposure levels in the workplace.

-
i

Recommended modification of production equipment consists of
designing automated feed systems, automation of bzle strapping
systems, and coanverting from manual to mechanical handling of cotton
in all practiczal situations. In facilities where zutomation has
been utilized to.a great extent, reduced dust levels have resulted.

(37) )

ignificant reductions of cotton dust levels could
be zchieved by simply maximizing the effectiveness of the sxistiag
control devices. Mzintenance of local exhzaust hoods, ductwork, dust
collection equipment, and fzns in optimum working condltlon-
programs of totzl mzintenznce; and good work practices should be
instituted to be efficient zund effective in reducing exposure levels,

Work practices. Sig
1

A written program of work practices to imclude procedures which will
minimize cotton dust exposure for each specific job is recommended.
The protocol utilized by the American Textile Manufacturers
Institute, Inc. in developlag work practices for specific jobs
cousists of mzking 2z detziled znalysis of the sequence of actions
przcticed by an individual worker or work tezm at z work statioen and
developing a specific work practice program from this information.

(38)

Ofzen by simply altering a ritual or unnecessary routine or
correcting sloppy practices, significznt reductions can be zchieved
in dust levels to which employees zre exposed. For exzmple, the .
rituzl use of compressed zir cleaning in "blow down” opsrztions
results in elevated dust concentrations znd should, therefore, be
limited strictly to maintenance uses such as rEmOV“l of dust and
lint from machinery. Thus, common practiczs such zs c¢leaning of
clothes or floors with compressed z2ir should be zvoided. (When blow
down operatious are unecessary, NIOSH recommends that workers
performing these operztions wezr respiratory protection znd those
nat involved in the process leave the arez.)

o
L3

Other specific work habits should include the followin

- 211 employees should be instructed to keep cotton as fzr away from
the face azs possible when feeding hoppers, clezning equipment, or
gzthering waste cotton. Wzste piles should not be gathered up in
the employee’s arms. ’

s
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- shifr cleaning should be performed with only that equipment
designed for clezning cperzations. Dry sweeping should be
“avoided and efficisnt vacuum cleaning with appropriate filter
devices substituted wherever possible.

- when removing chokes from machinery, approved raspiratory
protaction should be worn.

Housekseping and maintenancsz activities cannot be totally 2ffactive
unless they are systematically and regularly done. Therefore, a2
written plan should be adopted for implementing such operatioms. It
is important to continue good work practices once significant
reductions in dust levals have bzen achievad so that lower a2xposurss
to cotton dust are maintained.

2. Specific Control Technolegy for the Ginning Procass

Following are examples of specific control technology which should result in
major reductions in cotton dust levels in a wide range of processes.
Emplovment of this technology and continued experience in applying general
control principlaes to specific problems will bring most of the facilities in
this non-textile segment within the limit of the recommended standard.

In 2 control tachnology assessment of raw cotton processing opsrations
conducted by Enviro Control, Inc. and sponsorad by NIOSH (39), it was raportad
that observed gins did not utilize cotton dust controls fo a large degree.
The major controls observed included local exhaust ventilatiom, process
modification, liguid overspray and gin design. For the most part, the
application of these control techniques did indicate significant reductiomns..
For exampls, the use of a local exhaust hood over a lint slide reducad the
cotton dust lavel by 68 percent (1295 ug/M3 to 413 ug/M3). The most

dramatic observation was the reduction of cotton dust levels through gin
esign. The design approach included isolation of process, orientation of
building, exhaust air discharge so &s to prevent re—entrzinment of dust laden
ir, and automation of processes.

"L

m

Although much of the handling of cotton in many gins, especially the modern
onas, is accomplished by automatic or anclosed systems, ther2 ar2 some gins
where the operations are performed manually; for example, whers seed cotton is
icked cut of a trailer. It is recommendsd that the wor tilize approved
iratory protection in such situations.

L17]
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The need for and importance of housekeeping znd maintenance in reducing dust
lzvals in gins are emphasized since effsctive engineering control measurss ars
generally not as practical or feasible in this industry as in others.
Thersforzs, basic housekeeping provisions to maintain surfaces as fres as
practicable of accumuleted dust are strongly recommended. All gin engineering
equipment and ventilation systems including power sources, duct works, joints
and filtration units should be regularly inspected, cleaned, and/or repaired
25 necassary.

<
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C. Respiratory Protection

NIOSH reccmmends that feasible engineering and work practice comtrols should
be used as the primary means of reducing employee exposure to cotton dust. In
situations where feasible control measures and work practices are insufficient
£o reduce exposure to the recommended limits, the controls should be
implemented to reduce exposures to the lowest achievable lavel and then be
supplementaed by the use of respiratory protection. While respirators are not
the preferred means of controlling employee exposure, respiratory protection
must be utilized to redufe exposure during the time required for installation
or implementation of feasible engineering controls and work practices, where
such measures have been implementsd and the recommended environmental limit
has not been achieved, and where engineering controls are inappropriate, such
as during some repair and maintenance activities or non-routine work
practices. Respiratory protection should also be provided whenever an
employee requests a respirator to provide protazction for those employezes who
arg sensitive when exposed to concentrations below the recommended
environmental limit. 1In requiring respiratory protection as a supplementary
means of reducing sxposure levels in only limited situations, the burden of
reducing employese sxposure levels remains upon the smployer rather than
through reliance on the variability of human behavior so critical to the
successful use of respirators.

In those circumstances which necessitate the use of respiratory protection,
the employee should be provided with an appropriate respirator and adesquate
training in its proper use. Respirators should be selected from those tested
and approved by NIOSH/MSHA for penumcconiosis and fibrosis-producing dusts
under 30 CFR Part II which will afford the employee the proper degree of
protection. A number of different types of respirators are available for use
in protecting against cotton dusts. These range from a single-use type
respirator approved for use at low dust levels to the full facepiece,
air-powered breathing apparatus for protection against very high
concentrations. An investigation of the performance of single-use dust masks
in a textile plant envirooment has demonstrated that these respirators, when
properly used, can be effective in reducing cotton dust inhalation. (40)
Approved single-use respirators had fitting efficiencies ranging from 93-99%
and wera reportad te be generally convenient from the standpoint of being
lightweight, sanitary, economical, offering low resistance to breathing,
requiring little maintenance, and receiving wide acceptance among workers.
Appropriate respirators for use in varylnc dust comcentrations are descrlbed
below: )

Exposure not greater than :
Requirad Respirator:

(a) 5 times the applicable limit 1. Any dust respirator,
' ipcluding single use.
(b) 10 times the applicable limit 1. Amy dust respirator, except
single use or quartermask;
of
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2. Anv supplied alr raspirator;
arT .
3. Any self-contained breathing
: zpparatus.
{¢) 50 times the zpplicable limit 1. High efficiency particulate
. ' : filcer respirator with a
: full facepiece; or

2. Any supplied air respirator
' with full-fzcepiece, helmet
or hood; or
3. Any self-contained breathiag
zpparztus with
full-facepiece
{d) greater than 530 times the l. A powered air-purifying
applicable limic
respirztor with high effi-
ciency particulate filter;
or
2. A self-contained brszthing
apparztus with a2 full~
fzceplece operated in pres-
sure demand or ather
positive pressure mode; or
3. A type "C" supplied zir
respirztor operated in pres-
sure mode; OT
4, A combination respirztor
type wnich includes z type
C supplied-zir
respirator with a full-
facepiece operated in pres-
sure or continuous-£flow mode
and azn auxillary self-~
contzined breathing
apparatus operated in
pressure demand
or other positive pressure
mode.
Tne employer should institute and enforce a respiraztory protection program in
zccordance with QOSHA Standards, Part 190.34. In zddition to selection,
clezning aud maintenance of respirators, an effective respirator program
should include appropriate operating procedures and employee traiming in
respirator use. Tae empioyee must be properly traimed to wear the respirator,
to know why znd where the respirator is neceded, zud to understzand the
limitarions of the respirator. An understanding of thz hazard involved is
necessary to ensble employees to take appropriate sieps necessary for their
own protection.



it should be emphasized that respiratory pro;ab:'an is no bettar then the
sroper £it aznd use of the respirartor. ~Frequent randem inspections should be
conducted by either the plant nc1acer,‘sa:etv e“glnabb, industcrial hygieni
or mecdiczl persoanel. Siogle-use rasplrators should be replaced dzily by
employer. If zny employee feels that his respirator does not fit or should
exchanged, he should be instructed to contact the proper authority. A

resplrator maintenance program should be established to ensure that respirzator
filters azre clezned, repaired, znd replaced according to practices outlipmed im

American Nationzl Standard Practices for Respilrztory Protecticn, z83-2, (&41)

M rr uu

he
be

Appropriate sectioas from the NIOSH Technical Report: A Guide to Imdustrizl

Respiratory Protections are included inm the Appendix to provide mors complete

informztion conceraing the proper selection and use of respirators, training

nd fittinag culaellnes, respirator clezning and maintenance aand program
ministration

D. Employee Educzation and Training

& training program for all employees exposed to cotton dust is viewsd &s
essentzzl for the protection of employees zud is strongly recommendad.
Employees.czn do much to protect themselves if they are made aware of the
hzzards in the workplace. The training should include informztion on
implemented dust control messures, work practices, resplrators, medical
surveillance, znd the medical symptoms of respirztory disezse, especizlly
those most directly related to byssinosis such as chest tightness, frzquency
of symptoms and progress, -

The posting of warning signs in readily visible locations i1s recommended in

- eany work-area where there is potential exposure to cotton dust. An emploves
whose workfaorce cousists of = significaﬁt percentage of Spanish-spezking
employeess who cannot communicate in English should prOVlde bilingual versions
of the trzining program and posted warning signs.

E. Summary of Recommendztions for Controlling Exposurs

Reduction of worker exposure to dust which results from the procsssing of
cotton can best be achieved by the eliminaticn of this dust through improved
enginesring controls 'znd work methods. With minor exception, achievement of
effective control of cotton dust exposurs should be based on 2 system zpproach
rzther thzan z single process control.

Control to within the recommended environmentzl limits should be achievable
with application and use of existing contrel techniques; Efforts should be
made to enclose processaes and to use the process air to create a negative
pressure within the equipment wherever possible. Open conveyors and materizl
transfer poincts should be enclosed and exhaust ventilsted. ALl exhzust system
and zir clezner discharge pocints should be loczted downwind and well—distznced
from building mekeup zir inlets to prevent re-entrzimment of dust laden zir
Open processes such &s shakers and specific dust generztion points should be
hocded or isolzated to prevent contaminzticn of other areas.



izl “or successful dust control im the non-texiiis
o + suczgested by the success achieved by the textile ladu
re are some basic differences im the OpE?aCions the overs
£ tion and dust generstion mechanisms are sufficiently
er of the control techuology.

TOCESS
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Ia those limited situations where the implementation of engineering controls
is not fezsible aor adequate in reducing dust levels to below the recommended
enviroomental limit, work practice stzandards and respiratory protection
me2Sures &re necessary.

Voluntary compliance by the employer to reduce worker exposure to cotton dust-
is strongly encouraged. It is suggested that z written safety and health
policy be developed by ezch organizatiocn and that thers is a managerizl
responsibility and zccountability of the policy.

RECOMMENDATIONS FOR MEDICAL SURVEILLANCE

In conjunction with the envircnmentzl standard and controls, NIOSHE reccumends
a2 comprehansive medical surveillance program to detect as ezrly zs possible
the development of symptoms znd/or respirztory impairment. The program should
provide the following elements:

(L
(2}
(3)
(&)
(3)

o

equate datz base

quate follow-up

andard procedures znd instrumentatioun
andard interpretatioc of results
npropriate use of results

e
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An adequate data base can be provided ouly if cottoun gin workers ars examinesd
prior to exposure to gin dusts. This examination should cccur oo . the first
day of employment during 2 gin season, aad should include pre- znd post-shif
spitometry and standardized questiomnaires. The specifications for the
questionnzire znd spirometry devices zad the trzining of technicizas in the
use of the questionnzires znd spirometry devices are detailed in the OSHA
cotton dust regulatioms (CFR, June 23, 1978) and are not repezted here,

Tne present study indicates that symptoms (bronchitis) znd signs of pulmonazy
impzirment (decreased flow) desvelop after loug-term exposure to cotton-gin
dust. It would be in the intersst of workers' hezlth to detect a&s early as
possible when these long-term effects are first noticable. It would also bs
in the best interest of both workers znd industry to know whether effects of
exposure over 2 gimning sezson linger on into the next season, or whether
there is rscovery of symptoms znd pulmonary function between sezsomns. Thus,
NIOSH recommends that medical testing be repeated twice during a gin season:

(D) One repeat test should be given zbout &4 weeks into the gin season,
consisting of pre- aud post-shift spirometry znd questionnzire. The
questionnzire could be limited to questions dezling with cough,
phlegm, chest tightness and dyspnea, and changes (if zay) in smoking
habits.

e~
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{2y Another respeat tast should be ziven at the end af
with the same spirometry and questionnzire.

NI0SH recommends that such a2 program will not only protect individuazl gin
workers' nealth, but provide on-golng prospective infeormation on hezlth
effects of exposure to cotton gin dust. This program should be viewed zs an
zctive surveillzance mechanism. Therefore, 2ll data should be actively and
routinely submitted to OSHA and NIOSH, who should engage in prospective
studies of these data. Through this mechanism, exposurs standards can be-
pericdiczlly re-assessed.

0]

Although final interpretatica of mediczl data lies with the cliniezl judgmeat
of the examining physician, judgment is zided by use of zppropriate
raferences. For pulmenary function tests, the best reference to date 1s the
population study of Knudsonm, et al. (42), whose prediction values for FEV]

are widely used and have been incorporzted into the OSHA cotton dust

standzrd, There are problems with the applicability of these prediction
vzlues to the cotton industry since they are derived from a2 white population
in Tucson, whersas there are many blacks and Hispanics in the cotton ginning
industry. Their population also includes persoms who zre not working, wherzes
by definition, cotton gin workers are "healthy" enough to be employed., This
present ¥IOSH study used as & comparisan group & '"blue collar” working
population, consisting of a mixture of whites, blacks and Hispanics from
zcross the cotton belt. NIOSH intends to submit the analysis of these data
for scientific review. 1If the data are generally deemed appropriate, in the
future thess mey.be usad as the shsndcfd reference population to which cotton
gin workars are camua*ec.
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Table 12. Demographic characteristics of workers.

Cotton gin " Comparison Plant
workers . workers
n percent n percent
Sex
Femzle 28 7 : 106 10
Mzle 348 g3 © 917 20
Unknown - 1 0 ¢ 0
Total - 375 100 1023 100
Race
American
Indiam 1 0 11 1
Asian® 0 0 11 1
Black 08 29 455 45
Hispanic 164 &é 221 22
White 101 27 320 31
Other 0 -0 2 ¢
Unknown 1 0 3 G
Total 375 100 1023 100

_*includes Pacific Islanders
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Table 13, Smoking characteristics of workers.

Never smokers Ex-smokers Present Smokers Total
Cotton gin
workers :
Number 128 43 199 375
Percentcage 34 13 53 100
Pack years a 18 17 ‘ -
(mezn)
Comparison plant
WOTKETrSs
Number 426 122 479 1023
Percentage 42 12 46 100
Pack years 0 18 14 -
(mean)
Table l4. Age and height characteristics of workers,
Cotton Gin Comparison plant
Workers Workers
Age
(years)
mean 34 33
median 28 30 .
range 16 to 79 1& to 77
S.D. 15 12
Helght
(em)
mean 171 173
median 170 173
range ‘ 151 to 203 135 to 201
S.D. 8 9
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Table 15, Geographic characteristics of workers.

Cotton Gin Comparison Plant
workers workers
n percent oon percent
West 49 13 101 10
Lower
Southwast 42 11 96 9
Scouth Central 122 33 374 36
Southeast 7% 21 . 270 26
Upper )
Socuthwest 33 22 182 . 18

Total U.S. 373 100 1023 160
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Tzable 16. Ha:ched—péir analysis of dyspnea, bronchitis and cough.

Cotton Gin Comparison Plant Sig.
worker worker
prevalence prevalence
(per 100} (pezr 100)
dyspnea
never -
Smokers 8 0 N.S.
present
smokers 4 4 N.S.
bronchitis
never
smokers 16 3 p < 0.01
present
smokers 21 17 N.S.
cough
Lever
smokers “10 4 N.S. -
@resent
smokers i0 &5 N.S.
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le 17. Matched-pair analysis of zany catezory of ''re
- c-

SDL
bla dus

Cotton Gin Comparison Plant Sig.
workers workers
prevzlence prevalence
{(per 100) (per 100)
Ex-smokers 27 20 N.S.
Never
smokars 22 5 p <.01
Prasent
smokers 25 22 N.S.

Source: WHO Report OCH/81.1

Ex-smckars

Never
smokars

Present
smokers

Totzl

Table 18. Matched-pzir anzlysis of byssinosis prevalence
{Schilling definition).

193

Cotton Gin
worker
prevalence
{per 100)

0

15

67

111

193

Compari
wor
preva
(per

7

son Plant Sig.
ker
lence
100)

N.S.

¥.S,

N.S.

N.S.



Table 19. Matched-pair analysis of over-shif:z FEV
pre-shifc FEV] status. '

Over-shift FEV; Chzanges

Prevzlence of Mean
clinically significant over-shift decrement
FEV; decrements¥®
{per 100)
n gin comparison gin comparison
(pairs) workers workers Sig. workers workers Sig.
Ex-smokers 17 6 6 - N.S. -.087 -.061 N.S.
Nevar - )
Smokers 71 3 0 N.S. -.058 -.030 N.S.
Present : :
Smokers 93 7 b] N.S. -.019 0.07& N.S.
Prea-shift FEV] Status
Prevalence of Mean FEV]
abnormzl FEV(**
(per 100)
n gin comparison gin comparison
(pairs) workers warkers Sig. workers workers Sig.
Ex-smokers 17 26 0 N.S. 3.63 & 17 p<.0L
Never
smokets 71 11 7 N.S. 3.85 3.97 N.S.
Pressnt . . ~ :
smokers 28 " 18 5 p<.01 3.7% 3.94 p<.05

*Post-shift FEV] less thaun 90% of pre-shift FEV;
#%Preshift FEVy less than 80Z of predicted value
Note: See Table 9 for matched-pair znalysis descriptions
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Elutriated cotton dust time-weighted average in mg/M3

Pulmonary Function _ Significance of Slope
c=FVC n.s.
v=FEV; . n.s.
f=FLFgqe, .03
e=FEF7596 n.s.
p=Peak flow .04

*Percent shift change expressed as:
: (post-shift value--pre-shift value) (100)
pre-shift value

, . . . . . . C
Each value is adjusted for age, height, weight, race, plant, pecak-yecars,
smoking status, and secx.
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Elutriated cotton dust time-weighted average in mg/M°

Pulmonary Function _ Significance of Slope
c=FVC n. s,
v=FEV, ' TS,
f=FEF50% n.s,
e=FEF 55 n.s.
"p=peak flow n,s,

*Percent shift change expressed as:
(post-shift value--pre-shift value) (100Y
pre-shift value :

Each value is adjusted for age, height, weight, Tace, plant, pack-vears
smoking status and sex.
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Table 20. wMcdel of predicted pre-shift pulmenary functions (in lizers)
related to elutriared cotton dust levels and months in cot:tan

gin work.
Pulmonary Months in Elutriator Dust Levels (mg/MB}
Function Cotton Work .Qds .527 1.391
0 ' 3.60 3.62 3.66
FEV*® 21l.5 3 60 3 60 3.81
63.3 . 3.58 -3.33 3.31
0 2,48 4,49 4 52
FVC* 21.5 4,44 4,47 4,53
£63.3 4.37 4,44 4 S8
€] 4,80 4.83 4,88 -
FEFg5gs 21.5 4 88 4,83 4 78
€2.3 4.98 4.83 4 59
- Q 1.77 1.81 1.86
FEF73g 21.5 1.81 178 1.73
€3.3 1.8¢9 1.73 1.48
*Pulmonz Zunction values were cbtained by using the zppropriate

v
vzlues <f months in cotton work and elutriator dust levels in the
ng model-for cotton gin workers:

Predictsd Pre-shift Pulmonary Function = a + b months in L]t e dust
cotton work evel

nonths in dust
cotton work/ Ucvel
(terms for age, height, weight

race, plant packycars,
smoking status and sex)
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dust exposure--probif znalysis.

Never Smokers Current Smokers
Elucristor Elutrator

Dust® % Broanchitis Number : Dust¥® %Z Broochitis Number

.10 15.0 20 .06 20.0 20

<22 15.0 20 .12 30.0 20

&0 1.0 21 .17 55.0 20

.82 21.1 12 .21 25.0 20

- .33 2G6.0 20

.53 5.0 20

1.48 23.8 21

Never Smckers Current Smokers
Elutriztor Elutriator

Dust¥ %Z Cough Number Dust* %Z Cougn Number

.10 21.1 20 .06 25.0 20

.22 15.0 20 .12 25.0 20

.40 4.8 21 .17 £35.0 20

.82 10.5 19 .21 25.0 - 2G

.38 33.9 20

.53 20.0 20

1.40 33.3 21

LS

s in mg/M2

L)



Tesle 22. Prevalence of: ‘"respiratory disorder erising from exposurs
to textile vegetzble duscs’ against cumuliative cotton dust
exposure indices--probit analysis.

Never Smokers Present Smokers
Dustc-Years %o Number Dust-Years z Number

302 15.4 26 <143 .1 22
1.583 19.2 26 ' 492 45.3 22
20.304 34,6 26 ~ 1.220 22.7 22

‘ 2.408 22.7 22

L. 644 27.3 22

15.778 26.9 26

Note : Cumulative lifetime cottgnm dust exposure is

expressed as: years-mg/M° and equals years in zay
cotton gin job times (the TWA on the day of medical
study. -

N
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smerican Uplend

Anzalog

Andersen sampler

Bzle press

Broachitis

Byssinosis

Chronic bronchicis

Cottoen

GLOSSARY

(Gossypium hirsutum) ons of two common types
of cotrton grown in the United States; 1t has
a staple length of 7/8 toe 1 1/4& inches.
American Pime (Gossypium barbadeuse) with =z
staple length of 1 3/8 to 1 9/16 inches is
the other type, a2s 1s grown primarily in the
EL Paso zarza of Texas, New Mexlico and Arizona

the recording a2 coutinucus values of a
parameter, opposad to digital the recording
of descrete values of z parazmetar

an ambient cascade ilmpactor used to collect
and zerodynamiczally size airborme particulzate
matter

the machine usad to compress ginned raw lint
into bales at the gin, linters =zt the
cottonseed oil mill znd processed cotton
waste &t the waste utilization pleaac

in this particuler study, bromchitis refers
£to the production of phlegm on most days of
the wesk for at least 3 months in one yezr -

from the Greek 'byssus" mezning fine cloth,
the characteristic respiratory disease of
cperatives im cotton, flax, soft hemp aud
possibly sisal, coir znd kapok industries;
periodic chest tightness, dyspnez and cough,
progressing to z chrounic conditian, related
te exposure to dust in these industries zre
the symptoms of the disezse

a2 disezse characterized by the production of
phlegm on most deys for zt lezst 3 mounths in~
a2 year and for zt least two years

the common name of the plant species
belonging to the botanical genus Gossypium
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Digital

Dinky prass

Elatrizted dust
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FVC

cotton dust is a hetarogene
consisting primarily of veg
microbial and soil materials Bract
particles and gram unegative accceria are
major compouents of respirablie cotton
dusts. For compllance purposss OSHA has
defined cotton dust a@s "dus: present inm the
2ir during the handling or processing of
cotton, which may contain z mixture of many
substances including grouud up plant
matter, fiber, bacteria, fungi, soil,
pesticides, non-cotton plsnt matter, and
other contaminants which may have
accumulated with the cotton duriag the
growlng, harvestiang aud subsequent
processing or storage pericds. Any dust
present during the handling znd processing
of cotton through the wezving or knitting
of fzbrics, and dust present im other
operations or manufacturing processes using
new or waste cotton fibers or cotteon fiber
by-products from textile mills are
considerad cotton dust.”™ (CFR 43, 27399,
June 23, 19738)

recording descrete values of z parameter

2 small press used 2t 2 cotbion compress
facility for squeezing the bzale togsther to
permit removal of strapping ties -

dust mezsured by the mac11ne knewn as a
vertical elutriator

the forced expiratory flow 2t 50% of the
forced vital capacity

the forced expiratory flow zt 75% of the
forced vital capacity -

the forced expiratory volume; 1.e., the
amount of zir exhzléd from the lung during

the first second of z forced expiratory
maneuver

forced vital capacity the totzl zmount of
2ir which can be exhzled  from the lungs in
a forced expiratory mzneuver
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Flecw-volume loop

Forced explratory maneuver

f

GCA Model 101

Gin

Gin motes

Gin stand-roller type

Lint

low versus volume
ng a forced expiratory

a graphical plot of
which is measursd du
maneuver

K

that which hzappens when a person takes the
fullest znd deepest breath of room air that
he can possibly take and blows that air as
rzpidly and completely as he possibly can
into a recording device called & spirometer
a portable, direct readout dust mouiter,
manufzctured by GCA Corporation, used with
a small vertical elutriatar to provide mass
concentration measuraments of cotton dust

refers historiczlly to the Yengine"
invented by Eli Whitney for removzl of liac
from cottoasesd. A moden .ginning operztion
dries and clezns seed cotton prior to
separation of lint from the sesd zt the gin
stand (see gim stand) )

the lint wastes thet are salveaged during
gin lint cleaning

2 machine which is viczl to che coperztion
of 2 gin and which s tes cotton liat
from seed cottoun and s cotrtonsesd into
2 conveyor

C
epara
drop

& machine used in ginning facilities, which
utilizes a rotating motiom of a roller to
draw zud separzte lint from seed. This
type of gin stand is pradeominantly used to
gin extra long stzple cotton

&2 ginning machine which uses szws
projecting through circular plates to
"tear" the lint from the cottonseed

the long (gemerzlly 2 to 3 cm) cotton fiber
removed from the cottoanseed in the gin
stand -and delivered to the press box for
baling. This is the fiber used ia cotton
yarn aud fabric menuifzcture
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Raw cotton

Seed cotton

Seed mezt

Stripper harvaster

the verv shorz (less thanm 15 mm) cc
fibers remaining on Che seed when giaoning
is completed, These fibers are removed
from the seed in delinting machlines at the
cottonseed o1l mills. They are naot used to
zny great extent im yaru aud fabric
processing but have uses in the garnetting,
cnemical and cellulose industries

a composite curve crezted from the
flow-volume loops of severzl of one
person's forced expiratory mansuvers which
zre collected in one session, the curve is
derived from the maximal flow at ezch 5 %
of the forced viczl czpacity

refers to "milligrams (of collected
zirborne particulate matter) per cubic
meter of air”

the greatest value of zir flow in & forced
explratory maneuver

the materizl received in bzles from the gin
by the textile mill

cotton materizl harvested usuzlly by
machine-picking or machine-stripping
methods znd delivered to the gin ia =z

trailer or module. I cousists of seed
with zttached liant and linters

synonymous with seed embrya., Ve
is extracted from the seed mezt
cottonseed oil mills

cetzble oil
a2t

tne

2 mechaniczal harvesting machine that
removes cotton Erom the open dolls with
rotzating spindles, leaving unopened bolls
on the plant -

¢ mechaniczl harvester utilizing closely
spaced fingers which project into the
cotton plaant and strip the cotton liant (as
well as considerzble lezf znd branch
materials) from the field



Wzste racycler
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sampling instrument desi
filter zll fine dust (pa
serodynamically sized less
15 microns) and exclude cotton lint. This
sample thus approximates & resplratory
criteria which includes tracheszl deposition

refers to industry in which mill wastes,
linters and gin motes are clezned and bzled
prior to utilization by the garnetting trade
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APPENDICES

Spirometry protocol

Pulmonary functicn testinmg equipment

Questionnaires
Revised English
Originzl English
Revised Spanish
Original Spani<h___.

Questionnai- -7 "igos 3
SRI I
NIQSH

Questionnai-~—*--.4=finition protocol
Classificeviun uf disease entities

Medicel notification farms

Industrial hygieune data sheets

Types of comparison plants surveyed

Gin description form for statistical sampling

Code numbers and geographic regioms for all of the
plants in the NIOSH secondary cotton study

Abridged s=-+~ 7 MA Guide to Industrial

Respiratory ?roteétion”
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