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. SUMVARY

On March 16, 1992, the Division of Respiratory D sease Studies, National
Institute for CQccupational Safety and Health (NIOSH) received a request from
Morgan Shirt Conpany to assess the potential respiratory effects as a result
of handling and processing an inported fabric. The request was submtted by
the manager of the facility. NOSH was initially asked to determ ne the cause
of worker conplaints of upper respiratory problenms and the acetic acid odor
associated with a new fabric. NOSH was | ater asked to expand the ori ginal
request to address the manager's concerns of dust exposure in the cutting and
sew ng areas.

Nl CSH i nvestigators conducted initial and foll owup surveys at Mrgan Shirt
Conpany on March 16, April 2, and June 12. During the initial and subsequent
follow up industrial hygiene surveys, detector tube sanples were collected for
acetic acid and fabric sanples were anal yzed for latent volatile organics. On
June 18, 1992 environnental sanples were collected for dust, fibers,
tenperature, humdity, and noise in three areas of the facility. These areas
were the cutting room and the first and second | evels of the main building.

The detector tube sanples were |less than the detection limt of 5 ppmfor
acetic acid. The bulk fabric sanples indicated trace quantities of acetic
acid and high nol ecul ar wei ght al dehydes were present only when the materi al
was heated to 212°F.

Fromthe air sanpling for total nuisance dust, all of the concentrations

nmoni tored were well bel ow OSHA and ACA H standards. Fiber anal ysis indicated
that the materials found were consistent with operations in a clothing

manuf acturing facility.

Area noi se levels were obtained to deternmine the areas where workers had the
greatest potential for overexposure. Once these workers were identified,
personal dosineters were used to neasure their cunul ati ve noi se exposure. The
workers identified were not found to be overexposed to noise during this
survey.

Tenperature and rel ative hum dity maxi muns were 75+2°F and 68% in the norning
and 79+2°F and 63% in the afternoon.

Based on the sanpling results obtained during this HHE investigation at the
Morgan Shirt Company, no overexposures to acetic acid, nuisance particulate
or hazardous noise were determined. Al personal and area exposures
neasured were bel ow exi sting exposure criteria.

KEYWORDS: Sl C (2321), nuisance dust, acetic acid, noise, shirt manufacturing,
textile

1'1. 1 NTRODUCTI ON' BACKGROUND
On March 16, 1992, the Division of Respiratory D sease Studies, National

Institute for Cccupational Safety and Health (NIOSH) received a nmanagenent
request from Morgan Shirt Company, a nmanufacturer of shirts, to assess the


http://www.cdc.gov/niosh/hhe/reports
http://www.cdc.gov/niosh/hhe/reports
http://www.cdc.gov/niosh/hhe/reports

Page 2 - Health Hazard Eval uation Report No. HETA 92-208

potential respiratory effects fromhandling and processing an inported fabric
NIOSH was initially asked to determ ne the cause of worker conplaints of upper
respiratory irritation froman acetic acid odor which was thoroght to be
associated with a new fabric.

Bundl es of the new fabric had recently been received froma supplier in India
Each bundl e contained multiple rolls of fabric, with each roll wapped in a

| ayer of polypropylene and burlap for shipnent. Upon arrival at the Mrgan
Shirt Conpany, the bundles were briefly stored in an unheated warehouse
pendi ng usage. A few bundles of this material were brought into the workpl ace
for marking, coding, and patterning |ayout. Enployees experienced upper
respiratory irritation while working with this material. Synptons of throat
irritation, watering eyes, and chest tightness were reported in workers the
norning follow ng the day the naterial was brought to the worksite.

Interviews with enployees indicated that the material was brought to the
workpl ace late in the afternoon, just about quitting time. Prior to |eaving
that day, the burlap was renoved fromthe bundle, and a fewrolls were
unrol l ed on work tables. The next norning, enployees noticed a "vinegar" odor
in the building, followed by respiratory synptons when they started marking
and cutting the nateri al

Because of enpl oyee conplaints, the plant nanager i medi ately renoved all the
fabric fromthe building and placed it in a truck until the issue of the odor
was resolved. Calls were then placed to NNCSH and to the fabric distributer
to identify the cause of the vinegar odor. Representatives fromthe Ral ph
Loren Conpany and the fabric distributor suggested that the odors were off-
gassing fromthe fabric because the material was packaged in India under 105°F
conditions, placed on an aircraft at nuch col der conditions and delivered to
Mor gant own, W/ where conditions ranged from 50 to 60°F. According to both
textile representatives, once the material is opened and all owed to of f-gas,
the odors would dininish. It was also suggested, that all remaining bundles
of material in the warehouse should be opened and all owed to of f-gas.

NI OSH was | ater asked to expand the original request to address the manager's
concerns of dust exposure in the cutting and sewing areas. The nanager was
concerned that concentrations during cutting and sewi ng operations may be
sufficient to warrant respiratory protection. The plant manager reported that
other facilities, simlar to the Morgan Shirt Conpany, require enployees to
wear respiratory protection. Once at the plant, NI OSH investigators decided
to sanple for a potential noise health hazard
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I11. PROCESS DESCRI PTI ON

The Mdrgan Shirt Conpany receives pre-cured, finished fabric fromtextile-
finishing plants. The shirt fabric is treated at the textile-finishing plant
wi th formal dehyde-based resins, which gives the fabric crease-resistant
characteristics (pernmanent press). The resin treated fabric is then cured
before it is received by Mdrgan Shirt Conpany.

The shirt manufacturing process consists of several steps. Initially, various
shirt conponents are cut fromthe fabric. This requires many |ayers of fabric
to be spread out and stacked one on top of another on a |long table. These

| ayers are then simultaneously cut with hand-held saws ("cutters") or with
dies. Wen a hand-held cutter is used in this step, a patternis first laid
over the top layer and the operator cuts according to this pattern

After cutting, the shirts are assenbled. Initially the cuffs, collars, and
fronts are assenbled into conplete pieces. The nmmjor pieces, such as yokes,

sl eeves, collars, cuffs, and fronts, are assenbled into conplete shirts. Most
of the various assenbly operations require sewing with sew ng machi nes
appropriately nodified for each type of operation. Sone assenbly operations
(collar and cuff maki ng) nake use of heat to formor fuse together (in
conjunction with a heat-sensitive adhesive) various parts.

The finished shirts are noved to the apparel press operation where
conventional hand irons are used to press the shirts. Finally, the shirts are
packaged in bags and boxes for shipping

The facility consists of three buildings: 1) a warehouse (storage); 2) a
bui I di ng whi ch houses pattern making and fabric cutting; and 3) a nain
bui | di ng whi ch has assenbly and pressing/finishing on the first Ievel and
front, collar and cuff, sleeve and back nmaking on the second | evel. Except
for offices, there are no enclosed areas in the buil dings.

The facility is not air conditioned nor is there any |ocal exhaust
ventilation. General nechanical and dilution ventilation are used for confort
and exposure control.

I'V. EVALUATI ON METHCDS
Fi rst Survey

On March 16 and April 2, 1992 an initial and follow up survey was conducted at
Morgan Shirt Conpany. Detector tube sanples for acetic acid were collected
during both surveys.

Drager direct reading short-termcolorinetric detector tubes (Catal og #67
22101) were used to neasure acetic acid concentrations in the cutting-room and
storage truck. Sanpling conducted in the cutting roomwas acconplished near
the suspected fabric, near the cutting operations, and frominside seal ed
fabric

bundl es. Sanples collected in the storage truck were taken directly inside

randomy sel ected bundles. Detector tube results, although not as sensitive
as other anal ytical techniques, do provide good screening results to direct

future fol l owup sanpling needs. Accuracy range for detector tubes are
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general ly between 15-25% of the actual concentration with a linmt of detection
(LCD) of 5 parts per mlliom (ppm. On April 2, 1992, bul k sanpl es of
unpacked fabric and burlap were collected and submtted for analysis of |atent
vol atil e organi ¢ conpounds.

Second Survey

On June 18, 1992, a followup survey was perforned in three areas of Mrgan
Shirt Conpany. At the time of the survey, nost of the w ndows were opened
and wall and large floor fans were operating during the early norning and
afternoon due to the warmweather. This survey consisted of air sanpling for
total nuisance dust (area and personal breathing zone), and fiber
characterization (area open-face sanpling). In addition, noise |levels (area
and personal ), tenperature, and relative humdity were nonitored in the
facility.

Total Nui sance Dust

Fi ve personal breathing zone air sanples were collected on enpl oyees
engaged in fabric cutting operations. Eight area air sanples were
collected in the main building on | evels one and two. Also, two area
sanpl es for fiber characterization were collected in these areas.

Total dust sanples were collected using NIOSH Method 0500.1 In this
nethod, air is drawn into a tared pol yvinyl chloride (PVC) filter [37-
mllimeter (mm) dianeter, 5 micron (un) pore size] at a flow rate of
2.0 liters per minute (lpn) using a calibrated battery powered sanpling
punp. Determ nation of the weight of the dust deposited on each sanple
was made by weighing the sanples on an el ectrobal ance and subtracting
the initial tare weight (before sanpling). The instrumental precision
is 0.01 nilligrams (ng) per weighing. The follow ng equation was used
to determ ne the concentration (Conc) of total nuisance dust, in
mlligrams per cubic meter, ng/nv:

(WK +3

Conc=
v

*»10%, oxy/m?

wher e: W = tare weight of filter before sanpling (ng)
W = wei ght of filter after sanpling (ng)
B = nmean change in field blank filter weights, nmg (+/ -)
V = total volume sanpled, liters

Fi bers

Area air sanples for fibers were collected on open-face cellul ose ester
filters housed in a 25 mm conductive cowl filter cassette. Air was
drawn through the filters using personal sanpling punps at a calibrated
flowrate of 2.0 Ipm Sanples were anal yzed according to Nl OSH Met hod
7400, using a stereoscope at 45X nagnification, polarized |ight

m croscope at 200X, and a phase contrast nicroscope.? Fiber sanpling
was collected at different tine intervals. These intervals were
approxi mately 60 and 720 mi nutes.
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Noi se

Noi se | evel s associated with cutting and sew ng operati ons were measured
in three areas (cutting room and first and second floor of the nain
building) in the morning and afternoon. Area noise |levels were

noni tored, followed by personal noi se dosinmeters on sewi ng machi ne
operators having the greatest potential for exceeding OSHA s noise

st andar d.

Area sound | evel neasurenents were made using a GenRad 1982 Preci sion
Sound- Level Meter and Analyzer. Al measurenents were nade on the A-
scale, with slow response. Personal noise sanples were nmade with GenRad
Type 1954-9710 Personal Noi se Dosineter. The calibration of both
instrunents was checked just prior to use according to the

manuf acturer's procedure

Tenperature and Rel ative Humdity

Tenperature and relative humdity (RH were nmeasured in the norning and
af t ernoon usi ng Vai sal a Senior Systems HM 34 Relative Hum dity and
Tenperature Meter. The instrunent accuracy is between +2% RH (0-90%
and +0.5 °F

V. EVALUATI ON CRI TERI A AND TOXI COLOGY

Environmental evaluation criteria are used to assess a nunber of chenical and
physi cal agents that may pose workpl ace hazards. These criteria are intended
to suggest |evels of exposure that nmost workers may be exposed up to 10 hours
per day, 40 hours per week for a working lifetime w thout experiencing adverse
health effects. However, workers may experience adverse health effects due to
pre-exi sting nedical conditions, individual susceptibilities, and/or
hypersensitivities.

There may al so be hazards that produce adverse health effects although
occupati onal exposures are controlled at the level set by the criterion
These

hazar dous substances can additively react with other workplace exposures, the
general environment, or with medications or personal habits of the worker to
produce health effects. Al so, sone substances are absorbed by direct contact
with the skin and nucous nenbranes; thereby, potentially increasing the
overal | exposure. Finally, evaluation criteria may be updated as new
information on the toxic effects of an agent becone avail abl e

The primary sources of environnmental evaluation criteria used by N OSH
investigators to assess occupati onal exposures are: 1) N OSH Reconmended
Exposure Limts (RELs), 2) the American Conference of Governnental Industria
Hygi enists (ACG@ H) Threshold Linit Values (TLVs), and 3) the U S. Departnent
of Labor (OSHA) Permissible Exposure Limts (PELs). Oten, N OSH
recommendati ons and ACAH TLVs are |ower than the correspondi ng OSHA
standards. The OSHA standards nay be required to take into account the
economic feasibility of controlling exposures in various industries where the
agents are used; the N OSH Recommrended Exposure Limts (RELs), by contrast,
are based primarily on concerns relating to the prevention of occupati onal

di sease

The exposure criteria are reported as: tine-weighted average (TWA) exposure
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recommendat i ons averaged over the full work shift; short-termexposure linit

recomrendations for a short-term exposure (10-15 mnute), and ceiling

levels (C) not to be exceeded at any tine.

Acetic Acid

Acetic acid is widely used in dyes, rubber, pharnaceuticals, food
preserving, textile, and laundry industries. Acetic acid vapor nay
produce irritation of the eyes, nose, throat, and lungs. |nhalation of
concentrated vapors may cause serious damage to the |ining nmenbranes of
the nose, throat, and lungs. Contact with concentrated acetic acid nmay
cause severe damage to the skin and severe eye damage, which may result
inloss of sight. Repeated or prolonged exposure to acetic acid nmay
cause darkening, irritation of the skin, erosion of the exposed front
teeth, and chronic inflamati on of the nose, throat, and bronchi
Bronchopneunoni a and pul nonary ederma nay devel op foll owi ng acute

over exposure. 3

The OSHA PEL, ACAH TLV, and NIOSH REL for occupational exposure to
acetic acid is 10 ppmfor an 8-hour TWA. It is interesting to note that
the odor threshold for acetic acid is in the range of 1 ppm or 1/10th
of the exposure criteria

Tot al Nui sance Dust

Nui sance dusts have a long history of producing slight adverse effect on
the lungs and do not produce significant organi c di sease or toxic effect
when exposures are kept under reasonable control.# Nuisance dusts are
chem cal s/ or substances present in inhaled air in a solid or liquid
particle form thus constituting an aerosol. Nuisance particles can be
anirritant to the eyes, nose, throat, and lungs. Prinary health concern
is

given to solid naterials that are snmall enough to enter the alveoli.
OSHA's PEL for total dust is 15 ng/n? TWA. The ACA H TLV for tota

nui sance dust is 10 ng/n¥(TWA).® These standards are for dust which
contains no asbestos and less than 1% free silica. NI CSH does not have a
REL for exposure to nuisance dust.

Noi se

Over exposure to noi se may cause tenporary or pernmanent hearing | oss.

The degree of damage depends primarily upon the intensity of the noise
and the duration of the exposure. Chronic noise exposure above 90 dB(A)
causes hearing loss in a portion of the exposed popul ati on according to
epi deni ol ogi ¢ and | aboratory evi dence

The OSHA standard for occupati onal exposure to noise [29 Code of Federa
Regul ation (CFR) Part 1910.95] specifies a maxi num PEL of 90 dB(A)-sl ow
response for a duration of 8 hours per day.® Both NNOSH, inits
Criteria for a Recommended Standard, and the ACGE H propose an exposure
limt of 85 dB(A) for 8 hours, 5 dB less than the OSHA standard. Both of
these criteria also use a 5 db time/intensity trading relationship in
cal cul ati ng exposure linits.

Ti me-wei ght ed average noise linits as a function of exposure duration
are |listed bel ow
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Durati on of Exposure Sound Level dB(A)
(hr s/ day)
NICsSH / ACG H OSHA
16 80
8 85 90
4 90 95
2 95 100
1 100 105
0.5 105 110
0.25 110 115

*No exposure to continuous or internmittent in excess of 115 dB(A).
**Exposure to inpulsive or inpact noise should not exceed 140 dB peak sound pressure |evel.

The OSHA regul ati on has an additional action |evel (AL) of 85 dB(A)
above which an enpl oyer shall adm nister a continuing, effective hearing
conservation program The program nust include monitoring, enployee
notification, observation, audionetric testing, use of hearing
protectors, training, and record keeping. Al of these stipulations are
included in 29 CFR 1910. 95, paragraphs (c) through (o).

Wien workers are exposed to noise |evels in excess of OSHA PEL; feasible
engi neering or admnistrative controls nmust be inplenented to reduce the
wor ker's exposure |levels. A so, a continuing, effective hearing
conservation program nust al so be inpl ement ed

VI. RESULTS AND DI SCUSSI ON
Acetic Acid

Acetic acid concentrations were belowthe limt of detection of 5 ppm on
all detector tube sanples. As previously noted, acetic acid has an odor
threshold of 1 ppm or 1/10th the exposure criteria. Qdors may be

conpl etely harnl ess, but they have some significance as an index of air
contami nation. Disagreeable, though harm ess, odors nmay cause so much
di sconfort that enployees will refuse to work in their presence

Bul k sanples of fabric submtted for analysis of latent volatile organic
conmpounds showed that trace quantities of acetic acid and hi gh nol ecul ar
wei ght al dehydes were present only when the material was heated to

212°F

Total Nui sance Dust

The data fromthe area and personal breathing zone air sanpling are
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shown in Tables 1, 2, and 3. Table 1 gives the concentration of tota
nui sance dust in the main building on the second floor. These val ues
ranged from 0.07 to 0.35 ng/nf, TWA, over the period sanpled. Table 2
gi ves the concentration of the dust collected in the main building on
the first floor. These values ranged from0.09 to 0.19 ng/n¥, TWA, over
the period sanpled. Table 3 gives the personal breathing zone sanpling
concentrations of the cutting room These values ranged fromO0.16 to
0.24 ng/n¥, TWA, over the period sanpl ed.

Al of the nuisance dust concentrations neasured in the three different
areas were bel ow the ACA H and OSHA standards of 10 and 15 ny/n?#,
respectively.

Noi se

The use of the sound-level neter helped to identify those areas where
workers had the greatest potential for overexposure to noise. The
maxi mum noi se levels in these areas varied from90 to 96 dB(A).

The noi se dosinetry results fromthe workers who were suspected to have
hi gh noi se | evel s were bel ow exposure criteria. These workers were: 1)

t he three sewi ng nachi ne operators on the second floor, of the nain
bui | di ng, who made button holes (located in the fronts section); 2) one of
t he sl eeves and back sew ng machi ne operators |ocated on the second floor of
the main building; and 3) a sewing machi ne operator in Assenbly | on the
first floor of the main building. Their noise exposure |evels were
76. 0, 78.6 and 78.8 dB(A) TWA, respectively. These levels are bel ow the
NI GSH and ACA H exposure linmits, 85 dB(A), TWA. They are al so bel ow
CSHA' s 85 dB(A) action |level and PEL of 90 dB(A).
Fi ber
The fiber analysis fromthe cutting roomand first and second floor of
the main building disclosed that there were no fibers found that were
consi dered inconsistent with operations at Mrgan Shirt Conpany. Also
no count was attenpted because there was no fiber present that was
regul ated by count.
VI | CONCLUSI ONS

Since April 28, 1992, the time in which the bulk sanple analysis results
were verbally reported to the nmanager, nost all of the fabric had been
cut, assenbl ed and shipped with no additional enployee conplaints. It
is possible that fromthe time the fabric was first received fromlndia
to the tinme the HHE request was nade and all subsequent sanples were
coll ected, sufficient tine may have el apsed for the fabric to of f-gas
while sitting in the warehouse

Based on the sanpling results obtained during this HHE i nvestigation at
the Morgan Shirt Company, no overexposure to acetic acid, nuisance
particul ate or excess noise were determned. Al exposure |evels
neasured were bel ow exi sting exposure criteria. Based upon the
information obtained during this evaluation, no health hazard was found
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to exist at the Mdrgan Shirt Conpany.
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Tabl e 1.
Area Nui sance Dust Sanpling Results
Morgan Shirt Conpany-Mai n Buil di ng Second Fl oor
Mor gant own, West Virginia
June 18, 1992
HETA 92- 208

Locati on Total Vol une (n¥) Concentration (ng/ n¥)
Fronts 0. 83 0.18
Fronts 0. 83 0.14
Sl eeves/ Backs 0.83 0.09
Sl eeves/ Backs 0.83 0. 09
Sl eeves/ Backs 0. 82 0. 07
Cuffs 0. 82 0.12
Col l ars 0.82 0.35
CQuffs/ Near O fice 0. 82 0. 09




Tabl e 2.

Area Nui sance Dust Sanpling Results
Morgan Shirt Conpany- Mai n Buil di ng First Fl oor
Mor gant own, West Virginia
June 18, 1992

HETA 92- 208
Locati on Total Vol une (n¥) Concentration (ng/ n¥)
Assenbly | 0.83 0.11
Assenbly | 0. 83 0.09
Assenbly | 0.83 0.19
Assenbly | 0. 80 0.09
Assenbly Il & 111 0.78 0.17
Shi ppi ng 0.78 0.14
Pressi ng 0.77 0.15




Tabl e 3.

Personal Nui sance Dust Sanmpling Results
Morgan Shirt Company-CQutting Room
Mor gant own, West Virginia
June 18, 1992

HETA 92- 208
Job Description Total Vol ume (n¥) Concentration (ng/n¥)
Hand Held Cutter 0. 86 0.22
Band Saw Cutter 0. 85 0.24
Li ni ng Sanple Cutter 0.85 0. 20
Cutter/Not Stationary 0.84 0.18
Pi nner 0.84 0.16




