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SUMMARY

Thus study addresses manual dye weigh-oui operabons m a small dye house In these operations,
powder dye 15 quantitatively transferred from drums and boxes to small paper bags The weigh-
out operator can be exposed to dye dust when scooping, transferring, weighing, or bagang the
dye The objective of the study was to determine whether engineering controls can effectively
reduce worker dye dust exposures dunng weigh-out operations The engineering control selected
for evaluation during this study was a senu-down draft, recirculating ventilation booth
Addrtionally, the effect of drum height was to be evaluated as previous studies of powder
scooping operations had found substituting short drums for tall drums reduced worker exposures

A pre-control study was conducted to obtain data before installation of any engineering controls
Air samples showed that worker dust exposures were below the permissible exposure hnmt,
however, the levels were above outdoor ambient concentrations for total suspended particulate
Aerosol momtonng results indicated that the individual tasks duning the weigh-out operation
contnbuted about equally to the worker's overall dust expesure

During the post-control study 1t was apparent that 1t would be infeasible to perform the entire
weigh-out operation inside the booth Due to site logistics, manually moving the dye drums in
and cut of the booth could have posed an ergonomic problem to the worker Therefore the

drums remained stauonary and the worker continued to perform most scooping tasks without
controls  Since the worker could be exposed to dust dunng the resulting unconirolied transport
tasks, the room setup was modified so that several drums contaumng dusty dyes or frequently used
dyes were permanently placed mside the booth or were located near the booth

Air samples taken dunng the post-control study showed that dust exposures to the worker were
of the order of magnitude of ambient total particutate air pollutton  This does not 1mply that dye
dust exposure 15 negligible or zero  When adjusted for production rate, the post-control filter
concentration data was about three tumes lower than the pre-control filter concentration data
However, this difference was not found to be sigmificant The aerosol momtornng data mdicated
that the baoth controlled dust exposures to the worker when inside the booth Compared to the
pre-control study, the use of the booth in this facility dunng the post-control study resulted in
about a five-fald reduction in worker exposure  Withun the post-control study, worker dust
exposures were measured to be about three times lower when workung mside the booth than when
working outside the booth  Addinonal exposure reduction could be obtamed by performung all
scooping 1n the booth

A separate study was conducted to evaluate the effect of drum height upon worker exposure
while in the booth  Two dyes were used, one appeared wisibly dustier  For the dustier dye, use of
a shorter drum reduced exposure by a factor of seven for particles larger than 3 pm  For the less
dusty dve, an exposure reduction of about a factor of three was found for particles larger than

3 um when usmg a shorter drom  Thus implies that the height of the drum can affect worker dye
dust exposures and that the use of shorter drums can help to control these exposures



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) 1s the pnimary federal
orgamzation engaged 1n occupational safety and health research Located in the Department of
Health and Human Services, it was established by the Occupational Safety and Health Act of
1970 Ths legislation mandated NIOSH to conduct a number of research and education
programs separate from the standard setting and enforcement functions conducted by the
Occupational Safety and Health Admimstration (OGSHA) in the Department of Labor  An
important area of NIOSH research deals with methods for controling occupational exposure to
potential chemical and physical hazards The Engmmeenng Control Technology Branch (ECTB) of
the Division of Physical Sciences and Engineening has been given the lead within NIOSH to study
the engineerning aspects of health hazards prevention and control

Since 1976, ECTB has conducted several assessments of health hazard control technology based
on industry, common mndustrial process, or specific control techniques The objective of each of
these studies has been to document and evaluate effective techniques for the control of potential
health hazards i the industry or process of interest, and to create a more general awareness of the
need for, or avalability of, effective hazard control measures  As such, a study of manual dye
welgh-out operations was undertaken by the Engineenng Control Technology Branch to provide
contral technology information for the prevention of occupational disease mn thus industry

A partner to ECTB on this project was the U S Operating Commuttee of the Ecological and
Toxcological Assocation of Dyes and Orgamc Pigments Manufacturers (ETAD), an international
organization comprised of representatives from vanous dye manufacturing compames ETAD
recognizes the potential nisks associated wath using dyes and strives "to coordinate and umfy the
efloris of manufacturers of synthetic orgamc colorants to muumze possible impacts of these
products on health and the environment *

To achieve this goal, ETAD orgaruzed a steering comumitiee which included members from
ETAD, NIOSH, the U § Enwironmental Protection Agency (EPA), the Amencan Textile
Manufacturer's Institute (ATMI), and the Amalgamated Clothing and Textle Workers Umon
(ACTWLU} Ths steering commuttee identified dye weighing operations as requining research to
develop improved techmques to reduce worker exposure to dye dust  NIOSH researchers were
specifically asked to assist i projects to improve exasting work practices and identify/develop
local exhaust ventilation controls for the manual dye weigh-out process

PROIJECT HISTORY

The objective of the manual dye weigh-out study was to prowvide dye and textile shops with
information about practical, effective engineenng control methods that control worker exposure
to ar contamunants (dust) To develop thus information, the weigh-out operation was observed at
field sites 1o deternmne how individual tasks contributed to worker exposures  An evaluation was




then made of how these tasks, combined with parameters such as drum height, could be modified
to reduce worker dust exposures

Potential survey sites selected by NIOSH, ETAD, and ATMI were based upon the following
considerations plant size (preferably a smatl business), ugh frequency of perfornung the manual
dye weigh-out operation, ability to reproduce data collection conditions (1 & , amounts and types
of dyes wetghed being farrly constant), predommant use of powder dyes rather than hquid dyes,
lack of engineening controls for the task, and wilingness of plant management to participate and
allow wstallation of controls at thewr site  ECTB researchers also observed powder weigh out
operations at a pamt plant to gam an mitial understanding of the process Ths study found that
workers' dust exposures were elevated when they scooped from the bottom of drums A
summary of this study 15 documented elsewhere'

In 1993, a dyehouse was chosen as the study site and a pre-control study was conducted Inital
data confirmed a need for engineerning controls at this site, particularly for the scooping task
Unfortunately, no further research was performed at this location as the dyshouse fited for
bankruptey 1n early 1994 Details of thus study are documented in a report available through
NTIS?

In July 1994, a walk-through survey was scheduled at a new study site  After the dychouse was
found to meet the requirements, a pre-control study was conducted 1n August 1994, to observe
the weigh-out operation, determine its potential hazards, and collect air sampling data  Thus data
was used to obtain the worker's bas¢ling dust exposures and help dentify whether engineering
controls were needed  Although dust exposures were low durning the pre-control study, 1t was
decided to test whether a ventilated booth could further reduce the worker's dust exposure

Through literature searches® and conversations with people in the mdustry,** NIOSH researchers
located a commercially available ventilated booth used exienstvely in European dyehouses, and
manufactured in England NIOQSH researchers witnessed a demonstration of this booth at the
manufacturer's North American distnibution center in New York A siilar booth installed by the
manufacturer at a pharmaceutical company was also evaluated ¢ Based upon their observations,
NIOSH researchers recommended that a booth be purchased for additional evaluation at the study
site  ETAD funded and oversaw the implementation of the booth In October 1994, a past-
control study was conducted to test the effectiveness and ability of the booth to control worker
dust exposures

PLANT AND PROCESS DESCRIPTIONS

The survey site was a small dye house i business since 1975 A typical work day 15 12 hours,
from700am w0 700pm About 99 percent of the wark 1s with cotton textiles, using direct
dyes The dye house recerves fimshed clothes, usually m white or natural colors, from garment
manufacturers who want the clothes dyed specific colors Batches are placed in dye machines,



which basically operate as industrial-sized clothes washers In-house laboratory technicians
formulate a recipe histing the vanous dyes needed to obtam the exact color desired by the
customer These dyes are weighed out and added to the dye machine After dying a batch of
clothing, the dye operator spot dries an item and compares st to a test swatch  If the color 1s off,
the recipe 15 adjusted and the batch of clothing 1s redyed  If the color 15 satisfactory, the clothes
are transferred to the drying machines The dyed clothing is then shipped back to the customer

DESCRIPTION OF WORK AREA

The weigh-out operation was performed in an enclosed room consisting of two areas, each
approximately 28 feet 1n length (Figure 1)} The front room, where the weighing occurred and
drums were stored, was about 11 feet wide The door to this room was kept closed A four foot
wide wall opening separated the front room from the back room The floor inclined shightly from
the front room to this entrance  The back room was used exclusively for storage of drums,
usually stacked one or two high along the walls Ths area was about 7 feet wade and could be
accessed through a freight door when new dye drums were brought in  The front room's cerling
was about 16 feet hugh, about 2 feet lgher than the back room’s celling
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Figure 1 Dye weighout room at Mult: Color Industres

The dye drums ranged from 12 to 23 inches in diameter and 15 to 36 inches in height Most
drums were stored on wooden slats The floor was uneven and cracked i some places and
cardboard covered parts of the floor Small drums (and some boxes of dye) were stored on



angled wall shelves at about shoulder level Three scales were used dunng the wergh-out
procedure, a 100 pound scale (14" hugh, 14" wide, 14" long), a 100 gram scale (2" lugh, 19" long)
and & 10 gram scale Dunng the pre-control study, the scales were placed on 2 24" high stainless
steel table  Paper bags with small amounts of excess dye were kept on another table, 37" lugh
No ventilation controls were used at the site dunng the pre-contro! study

Durnng the post-control study, the ventilated booth was mnstalled in the front room where the
scales had previously been located (Figure 23  Drums were arranged sa that dyes used frequently
were closest to the booth, while those used infrequently were stored n the back room  Several
drums that were used very often, or which the worker thought contamed dusty dyes, were placed
directly inside the booth
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Figure 2 Dye weigh-out room at Mults Color Industries after installation of booth

DESCRIPTION OF VENTILATED BOOTH

The 2 0 meter D' Range Dyestuff Dust Control Booth was manufactured and installed by Extract
Technology, LTD The booth 1s constructed of single skin, white epoxy coated, mild steel and 1s
outfitted with lights and power sockets Figure 3 presents a front view of the booth and provides
the booth's dimensions In this booth, a fan draws air through the exhaust gnlles at the back of
the booth Fine dust filters are located directly behind the exhaust gnlles  The fan 1s designed to
discharge about one-tenth of this filkered air back into the plant area through bleed filters, which
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are hugh efficiency particulate (HEPA) filters The remaming air 1s recycled through HEPA filters
located in the ceihing of the booth The celing HEPA filters act as an air distnbution screen,
resulting n a clean, vertical air shower which pushes airborne dust dowr, out of the worker's
breathing zone, where 1t can be captured and pulled into the exhaust gnlles This push-pull
system 1s only claimed 1o be effective wathun the containment area wiuch 13 outlined on the booth
Turbulent air coming into the booth from the surrounding work area can be controlled by the ar
shower within the containment zone As such, eddy currents are not produced and dust 15 not
carmed into the worker's breathing zone

The total air volume of the booth was comprised of the supply atr, measured from the ceiling of
the booth, and the bleed air, measured from the exhaust filters at the top of the booth The total
ceihng filter area was 29 76 % and the total bleed filter area was 4 18 i The booth was
designed to have a total air volume of 3370 cubic feet per munute (c¢fm), with a supply awr volume
of 3065 ¢fin and a bleed air volume of 305 c¢fm Durning mstallation, tests by the manufacturer
found the booth exceeded the design requirements, with a total air volume of 3864 cfm, a supply
volume of 3364 cfm, and a bleed volume of 500 cfm ’

A workbench, designed and installed by the booth manufacturer, was located at the back of the
booth and consisted of two slanted platforms on either side of a flat platform (Figure 3) The
angled platforms were designed so that when drums are placed on them, the opemng of the drum
would be towards the scale Thus particular set-up was designed so that, by tilting the drums, the
warker would be able to reach the bottom of the drums more easidy *



DESCRIPTION OF WEIGH-OUT PROCESS

One worker, directly tramed by the owner, was responsible for all the weigh~out tasks When this
worker was not performing s weigh duties, he provided assistance in the laboratory On a
typical day, the worker recerved numerous recipes from the lab techrucians  After reading a
formula, the weigh-out operator placed a paper bag (larger than lunch-size} on the 100 pound
scale, picked up a scoop, and walked to the drum contaimng the first dye in the formula He then
removed the hd from the drum, scooped out an appropnate amount of dye, and camed the full
scoap back to the scale If the formula called for five or more pounds of the dye, the weigh-out
operator dispensed the dye directly into the paper bag, reading the weight m pounds However, if
a formula required less than S pounds, the dye was dispensed directly onto the 100 gram scale's
plastic weigh boat or the 10 gram scale's pan If more dye was needed, the worker repeated these
steps until the correct weight was reached  If the gram scales had been used, the dye was
transferred to the paper bag before moving an to the next dye and the pan or weigh boat was
cleaned off in a contamer of Glauber salts The scoop was also cleaned off in the container of
Glauber salts after each dye

This process was followed until all the dyes 1n the formula were weighed and deposited into the
paper bag The bag was then neatly folded over and stapled shut with the formula attached The
~worker carred the filled bag to the corner of the room which was designated as the bag pick-up
area ifigure 2) Thos area consisted of five shelves placed S 1o 70 inches off the floor, and backed
by a gliding doer which was opened from the plant area Each of the ten dye machmes in the plant
was represented by a specific space on the shelves The worker placed the filled bag of dye at the
location corresponding to the machine specified by instructions on the forrnula  Throughout the
workday, plant aperatars would slide open the door to the pick-up area, grab a bag located wn the
space for hus specific machine, and re-close the shding door

POTENTIAL HAZARDS OF MANUAL POWDER WEIGH-OUT OPERATIONS

Previcus stucies™®'! have documented potential exposure levels and hazards of workers during
manuat powder weigh-out operations in varous industnes One study at a rubber plant evaluated
the dust exposure of workers who weighed and transferred powdered matenals from bags and
bimns to smaller contamers During the samphng penod, the majority of personal respirable dust
concentration measurements were below 2 mg/m* During weigh-out activities, however, dust
concentrations increased, peaking at 40 mg/m’, suggesting an average respirable dust exposure of
15-20 mg/m* ¥ A similar study of manual powder weigh-out operations 1n a plastie plant found
that most breathing zone samples exceeded 10 mg/m® ! A third study, performed i a textide drug
room, found that the perrussible exposure hmuts were not exceeded for total or respirable dust
during the weigh-out operations "> However, the author of itus study stressed that there could be
potential inhalation hazards from these dyes since thewr constituents may have estabhished
permussible exposure hmits which cannot be ignored



Exposure to powders or dyes can be through three pnmary routes inhalation, ingestion, and
dermal contact The mam route of entry for dye dusts 1s through inhalation The mhaled particles
can irritate the respiratory system producing symptoms such as coughing, runny nose, or an
uritated throat The particles can also be absorbed from the lungs, or cleared from the lungs,
swallowed, and absorbed from the gastromtestmal tract  This can Jead to potential systemic
effects arising from the metabolism of the dye into a more toxic substance than the onginal dye
In addition, benzidine-based dyes have been recognized by NIOSH as potential occupational
carcinogens which may cause bladder cancer ™ Dyes based on benzidine congeners o-toluidine
and o-diamsidine may also pose a cancer hazard * As such, the Environmental Protection Agency
1s currently proposing a voluntary phase-out of benzidine congener dyes '* However, 1t should be
noted that the ACGIH TLV comrmuttee has proposed changing o-toluidine from a suspected
human carcinpgen to an anumal carcinogen'® There 1s also evsdence that a worker m & Leicester,
England dyehouse died from a severe allergic reaction to reactve dyes "'

EXPOSURE EVALUATION CRITERIA

As a ginde when evaluating hazards posed by workplace exposures such as those fromn manual
weigh-out operations, NIOSH field staff employ environmental evaluation crtenia  These critenia
assess several cherucal and physical agents and are miended to suggest levels of exposare to
which most workers may be exposed up to 10 hours per day, 40 hours per week for a working
Iifetime without experiencing adverse health effects  H 15, however, important to note that not all
workers will be protected from adverse health effects even if their exposures are maintzined below
these levels A small percentage may experience adverse health effects due to individual
susceptibility, a preexysting medical condition, and/or a hypersensitivity (allergy)

In addition, some hazardous substances may act in combmation with other workplace exposures,
the general environment, or with medications or personal habits of the warker to produce health
effects even if the occupational exposures are controlled at the fevel set by evaluation critena
These combined effects are often not considered 1n the evaluation cnitenia  Also, some substances
are absorbed by direct contact wath the skin and mucous membranes, and thus potentially increase
the overall exposure Finally, evaluation criteria may change cver the years as new mformation on
the toxuc effects of an agent become available

The primary sources of environmental evaluation critena 1n the United States that can be used for
the workplace are (1) NIOSH Recommended Exposure Limits (RELs), {2) the Amernican
Conference of Governmental Industrial Hygiemsts's (ACGIH) Threshold Linut Values {TLVs),
and (3) the U § Department of Labor (OSHA} Pernussible Exposure Limuts (PELs) The OSHA
PELs are required to consider the feasibility of controlling exposures m vanous industries where
the agents are used, the NIOSH RELs, by contrast, are based prmanly on concerns relating to the
prevention of occupational disease  ACGIH Threshold Limit Values {TLVs) refer to airborne
concentrations of substances and represent conditions under which it 1s behieved that nearly all
workers may be repeatedly exposed day after day wathout adverse health effects  ACGIH states



that the TLVs are guwidelines The ACGIH 15 a private, professional society It should be noted
that mdustry 15 legally required to meet only those levels specified by OSHA PELs

A Time-Weighted Average (TWA) exposure refers to the average airborne concentration of a
substance during 2 normal 8- to 10-hour workday Some substances have recommended short-
term exposure hmits (STEL) or celling values that are intended to supplement the TWA where
there are recognized toxic effects from high short-term exposures

The overall objective of this study 1s to control worker exposure to dust generated by manual
powder weigh-out activities Therefore, the exposure evaluation critena 1s based pnmanly on
controlling total and respirable dust The PELs established by OSHA require industry to control
the 8-hour ttme-weighted average (TWA) of total dust to 15 mg/m’ and respirable dust to
5mg/m’ ¥ The PELSs for respirable and total dust were not changed by the 1989 amendment of
OSHA's existing Air Contammants Standard, 29 CFR 1910 1000, which has since been vacated
by the courts Therefore, the PELs hsted above continue to be enforceable by OSHA  The TLVs
suggested by ACGIH are set at a 10 mp/m® TWA for total dust and § mg/m® TWA for respirable
dust ¥ There are no RELs recommended by NIOSH for total or respirable dust, however,
NIOSH does st benzidine-, o-tolwdine-, and o-diamsidine-based dyes as potential occupational
carcmogens, and sets the RELs at the lowest feasible concentration * The goal of the study 1s to
contral both the total and respirable dust exposure from all powdered dves to as far below the
PEL and TLV gs possible for the textile dye weigh-out process

EVALUATION PROCEDURES

The objective of this study was to cbtamn an appreciation of the typical dye weagh-out operation
and to evaluate the effectiveness of engineering controls to reduce the associated worker
exposures to airborne contamunants at thus ste  To atd 1n evaluation, airr sampling and video
exposure monitonng technques were performed  In addmon, ventilatnon measurements were
taken during the post-control study to evaluate the booth's mtegnty and to deterrune air flow
patterns in the booth and weigh-out room  Assessments were also made on the type of scoop
used dunng werghing, the ergononuc factors mvolved in the tasks, changes to the room layout
between the two studies, and the dimensians of the drums used, including the depth to the dye
within the drum

DUIST SAMPLING
The worker's exposure to total dust was measured using NJOSH Method 0500 * In thus method,

a known volume of air 1s drawn through a preweighed PVC filter The weight gain of the filter 1s
then used to compute the rmthigrams of dust per cubic meter of air

Short-term and full-shift personal samples were collected during both surveys The full-shuft
samples were collected by continucusly monitoring the air m the worker's breathing zone A



filter, posttioned 1n the worker's personal breathing zone, was attached by Tygon® tubing to a
personal sampling pump (SKC Inc , Eighty Four, Pennsylvamz) The pump was hooked onto the
waorket's belt and operated at a constant flow rate of 5 L/mun  In contrast, the short-term samples
were collected only when the weigh-out operation was performed A filter was mounted ona
Hand-held Aerosol Momtor (HAM) positioned m the worker's breathing zone The HAM, an
mstrument whuch 1s described later in greater detail, was connected by a long length of Tygon®
tubing to a floor mounted carbon vane pump The tubing length allowed the worker to walk
throughout the weighout room wathout restniction dunng samphng The carbon vane pump was
used to draw air through the fiter and, subsequently, the HAM at a flow rate of 13 L/min  If the
HAM was not used dunng a sampling session, the filter for the short-term personal sample was
attached directly to the Tygon® tubing using a luer

Area samples were also collected to obtamn the background level of air contamunants  The filters
were connected by Tygon® tubing to sampling pumps (SKC Inc , Eixghty Four, Pennsylvama}
which ran full shift at a constant flow rate of 5 L/min  Area samples was collected inside the
wetgh-out room and directly outside the weigh-out room Dunng the post-control study, an
additional area sample was collected narde the ventilated booth

INSTRUMENTAL MONITORING

Video exposure momtormg was used to study in greater detail how specific tasks affected the
worker's exposure to air contannants "2 An aerosol photometer, the Hand-held Aerosal
Monitor (HAM) (PPM Inc , Knoxville, Tennessee), was positioned on the worker's chest using a
belt and harness The carbon vane pump mentioned above was used to draw air through the
HAM's sensing chamber In the HAM, light from a light-emitting diode 15 scattered by the
aerosel, and forward-scattered light s detected The amount of scatiered hight 1s properticnal to
the analog output of the HAM  However, the calibration of the HAM vanes with aerosol
properties such as refractive index and particle size ** Therefore, HAM measurements are
expressed as "relative exposure” or "the HAM analog output" which has umts of volts The
HAM was set at a sensitrvity level of 2 mg/m® with a one second averaging time constant  Using
this sensitivity level, the analog cutput of one voit was equated to a dust concentration of

I mg/m’ for a calibration dust

The analog output of the HAM was recorded by a data logger also attached to the worker's belt
A Rustrak Ranger data logger {Gulton, Inc , East Greenwich, Rhode Island) was used duning the
pre-conirel study A Metrosonics data logger (Mode! dI-3200, Metrosomgcs, Inc , Rechester,
New York} was used for the post-control study When the data collection was completed, the
data logger was downloaded to a persanal computer (Compaq Pertable IH, Compaq Computer
Corp , Houston, Texas} for storage and analysis The worker's achwities were simultaneously
recorded on video (Video Camera Recorder Hi8 Handycam, CCD-V701, Sony Corp ) for use in a
detailed task analysis of the weigh-out operation



Optical particle counters (Model 227, Met One, Grants Pass, OR} were also used to obtamn
mformabion on aerosol concentrations on the worker and mn the weigh-out room When used as a
personal sampler, the instrument was chpped onto the worker's belt and the mlet was pesitioned
1n his breathing zone A 30-cm length of 5-mm inside diameter Tygon® tubing was used to
transport the aerosol from the sensor to the instrument To morutor dust concentrations 1n the
weigh-out room, the Met One was placed along the wall, across from the door to the room

The Met One instruments contimuously record the number of particles counted durmg a senes of
consecutive samplmg penods Dunng thus study a sampling rate of 2 83 hters per minute (ipm), a
sampling perod of one munute, and a time between sampling penods of one second were set
Two channels were used ta store the number of particle counts m a time interval One channel
stored the total number of particles counted greater than 0 34m The second channel was set to
count the number of particles larger than 3 Oum  These particles were assumed to be the dye
dust The particles were sized based upon the amount of scattered hight detected by the photo
detector In reality, the magnitude of the light pulse scattered by the particles vanes with particle
size, optical properties, and surface roughness The stored data was downloaded to a printer to
obtain the particle counts for each sampling penod According to the instrument manufacturer,
the time printed out was the end fime of the sampling segment This data was then correlated
with the video tape to determune relationships between events and exposures

VENTILATION MEASUREMENTS

The need for ventilation measurements was muumal dunng the pre-control study since no
engmeering controls were being used However, a hot wire anemometer (Model 1040 Digital Aar
Veloaty Meter, Kurz, Carme! Valley, Califorma) was used to measure the air flow in the room,
and smoke tubes were used to test for room pressure and any arrflow patterns  During the post-
control study, the hot wire anemometer again was used to measure air flow, both in the room and
within the ventilated baoth  In the ventilated booth, airflow volumes through the bleed fikiers
were calculared from the measured face velocities In addition, a Balometer™ (Alnor, Niles,
Ilinots) was used to measure the volumetne arflow rate through 23" by 23" sections of the
cethng filters These measurements were used to determune the total volume of air entering the
booth through the celling filters Smoke tubes and a smoking wire apparatus were used to
visualize the air flow patterns in and around the booth The smoking wire apparatus consisted of
a wire stretched between two rods and connected to a battery operated igrution source  Prior to
cach use, the ware 15 coated with paraffin, using a small pamnt brush When the battery 1s switched
on, the wire heats up and the paraffin burns Ths results in a sheet of smoke corung off the wire
which allows a larger work area to be evaluated for arr flow patterns than can be evaluated with
smoke tubes alone
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RESULTS AND DATA ANALYSIS
ERGONOMIC ANALYSIS
The worker's anthropometric measurements were taken, stature was 66 8 inches (169 7 cm) (34
percentde male),” weight was 165 Ib (74 8 kg) (52 percentile male),”® forward functional reach
was 30 tn (76 cm) (29 percentile male),* crotch height was 30 m (76 cm) (5 percentile male),”
and elbow to fingertip distance was 18 5 tn (47 © cm) (34 percentile male) 2

Table 1 summarizes the weigh-out operations performed dunmng the pre-control study

Table 1 Ergonomc Assessment Data - Pre-Control Study

Total Dye Total Dye Heaviest
Weigh-out Weight Recipe # of Recipes  Number of Times
Day Time (mn) Lb (kg) Lb (kg) Completed Scoop Dye
1 108 114 5 (51 9) 185(8 4) 29 83
2 119 222810t 0) 295(13 4) 29 75
3 147 27035(1226)  299(136) 36 97

The frequency of fimshing a recipe was approximately 0 26 recipes/minute  The frequency of
scooping a dye from a drum was approxsmately 1 45 scoops per minute  Using the revised
NIOSH Lifting equation,™ the recommended weight hnut for hfting from the scale to the upper
recipe storage shelf 1s 35 91b (16 3 kg) and to the lower recipe storage shelfis 44 2 b (20 0 kg)
Therefore, the weights of the dye hited are withun the NFOSH recommended limits

The scoop was made of plastic and weighed 0 24 1b (109 g) The handle was 2 5 1n (64 mm) long
with a 78 1n (22 mm) diameter The scooping portion was 7% 1 (19 7 cm) long and 4 n (10 2
cm) vade Since hand widths range from 79 mm (1 percentie female) to 99 mm (99 percentile
male), the recommended handle length is 100 mm ¥ Therefore, the scoop used at this site should
have had a longer handle Also, the recommended handle diameter for power lifts 1s 50 to 60 mm
so that the hand can reach around the handle without the finger and thumb touchung ™ Agam, the
scoop used 1n the study fell short of the ideal In addition, the handle should have no finger
indentations and be located near the tool's center of gravity

During the post-control study, although the worker and basic job tasks remained the same, the
mstaliation of the ventilated booth and other workstation moddications necessitated changes 1n
the worker's operating procedures For eéxample, dunng the pre-control study the worker would
occasionally dispense small quantities of dye mto paper bags kept on a hack table instead of
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carrymg the excess dye back to its drum  Duning the post-control study small plastic bins
attached to the inside wall of the booth were used for storage in heu of the paper bags

Another change to the operation was the placement of the weigh scales At the time of this
assessment the drums were not being brought into the booth, so the workbench was not being
used as designed However, the flat platform was bemng used as a work area on which the

100 gram scale was placed for dye weight measurements The height of the flat platform
appeared to be too low as an upside down bucket was placed on top of it to bring the scale up to
2 functional height for the worker The pound scale was placed on top of 2 small table adjacent to
the workbench (Figure 3}

VENTILATION MEASUREMENTS

During the pre-control study, the airflow in the weigh out room averaged about 10 feet per
munute (fpm), although the room air overall was farly stagnant Smoke tubes indicated that some
air was coming into the weigh out room via the area near the freight door, and some air was
leaving the room through the shiding door at the bag pick-up area

Dunng the post-control study, use of smoke tubes and the smoking wire apparatus allowed eddy
currents 1o be observed in the booth (Figure 4)  Although the back room was stagnant, the booth
was found to provide some dilution ventilation for the front room It appeared that the operation
of the booth caused the room air 1n front of the booth to be caprured and puiled mnto the booth
This generated an eddy current directly at the entrance of the booth, outside the containment area,
which caused nearby arr to be pulled upwards

Dutzics of containment zone, thi
addy may derect dusly s Inio
Zone
Aur showmnyr l l l l l -
mcves dudly 00 ?
mir gwpy from
workers  _ __| fwrge acdly
breatung
Tona
B wodmn
wxigt atound
scRles Bnd
diums inaude
bogth - eama
i W] 100 *|+—boath sntrance —+|

Figure 4 Observed awrflow patterns in the weighout booth In the contammment area, the
airflow appears to keep contamunated air out of the worker’s breathing zone
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Generally, the airflow withm the containment area was downwards However, when a filled bag
was closed 1t could cause a puff of air to be sent upwards 1nto the worker's breathing zone It
appeared that closmg the bag on top of the scales could cause exposures since the air was
expelled at the same height as the breathing 2one  Shipht eddies were also noted to oceur around
the gram weigh scale boat when the worker faced the back of the booth These eddies usnally
broke up and were pulled down into the exhaust gnlles

Measurements made dunng the post-control study, showed an average face velocity of 76 fpm
from the ceiling of the booth using the Balometer™ Ths resulted 1 a supply air volume of
approximately 2270 cfin, which was only 74 percent of the design volume Using the hot wire
anernometer, the velocity at ihe bleed filters was found to be 100 fpm  Thus resulted 1n a bleed
air volume of 418 cfim whuch was greater than destgn, but below the manufacturer's test volume
The overall atr volume of the booth was found to be about 80 percent of design with a total of
2688 cfim

The ventilated booth was also evaluated using the Met One when the weigh-out operation was

net being performed Upon holding the sensor up to the ceiling filters, the air shower was found

to be very clean with an average of 0 part:cles greater than 3 ( pm over a sample time of

12 minutes, or 0 particles/liter of air  The area sample taken near the scale also resulted 1n a very |
low particle count wath an average of 9 particles greater than 3 0 ym 1n a one minute, 2 8 liter
sample, or about 3 particles/hter of atr

DUST SAMPLING

The mass of each filter was calculated by subtracting the mean weight change of the blank filters
from the analyzed total weight of the sample filter Concentration data were then computed by
dividing the mass of each filter by the sample volume The sampling data for both the pre- e
control and post-control studies are presented i1 Appendix A The haghest short-term exposure
during the pre-control study was 0 31 mp/m? compared ta 0 26 mg/m® during the post-control
study The highest full shuft exposure durmg the pre-control study was 0 18 mg/m® compared to

0 31 mg/m’ dunng the post-control study None of the personal or area samples exceeded the
OSHA PEL of 15 mg/m’ for total qust

Since most industnal hygiene data can be assumed 1o follow a log normal distnbution curve, the
concentration data for the shert-term personal samples were transformed by taking the
loganthms before statistical analysis ** Details of the statistical analysis are presented 1n
Appendix E Table 2 presents the geometric mean and geometric standard deviation for each
study
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Table 2 Total Dust Concentration Data for Personal Short-Term Samples

Geometnic Mean Geometric Standard
Study N {mg/m’) Dewiation
Pre-control 6 0160 1970
Post-control & 0094 2522

Air quality data for the Brooklyn/Manhattan area were obtained to compare the total particulate
concentration measured n the plant to total suspended particulate concentrations measured by the
local air pollution control agency * The geometric mean of the 1993 annual average total
suspended particles (TSP's) measured was computed to be 0 059 mg/m® (Appendix F) Based
upon a one-sided t test, the total parficulate concentrations measured dunng the pre-control study
were larger than this geometric mean of average TSP concentration (p =0 007} Dunng the post-
control study, this difference was not significant (p = 0 13)  Apparently, ambient air pollution can
explam most of the total particulate concentrations measured during the post-control study and
some of the total particulate concentration measured on the worker dunng the pre-control study

To account for differences in total mass of dye wesghed duning each sampling period the
concentrahions were adjusted using the following equation

Adusted Conceniration = Cancenfruhon
(dye usuge ratc)

The adjusted concentrations durning the post-contrel study were about three times lower than the
pre-control study data (Table 3)

Table 3 Total Dust Concentration Data for Personal Short-Term Samptes Adjusted for
Production Rate

Geemetrnic Mean Geomeinc Standard
Study N {mg/m") Deviation
Pre-control 3] 0114 3591
Past-caontrol 3] 0 039 2664

Based upon pooled t-tests, chance could explain observed differences in concentration (p = ¢ 35)
and 1n adjusted concentration (p =0 3) Inspection of the adjusted concentrations revealed that
many of the adjusted concentrations from the post-control study were smaller that those for the
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pre-control study A non-parametnc rank-sum test (the Mann-Whitney U-statistic™) found that
the difference 1n adjusted concentration 15 approachmg statistical sigruficance (p = 0 066)

EFFECT OF WORKER ACTIVITY UPON DUST EXPOSURE AS MEASURED BY THE
HAM

Dunng the pre-control study, three sets of personal sampling data were collected with the HAM
However, half this data was obtamed with a faulty NiCad battery powenng the mstrument wiuich
caused a shift in the baseline (Graphs Bl to B2, Appendix B} Therefore, only the HAM data
collected using a 9 volt battery was usable for quantitative data analyses (Graphs B3 to B4) Two
area samples were also collected, pnmanly to measure background levels These samples had
average relative exposures of 0 08 and 0 11 volts (Graphs B5-B6) Durmg the post-contro]
study, 8 sets of personal sampling data were collected using the HAM (Graphs B7 to B14) Four
of these sessions were used to analyze the effect of drum height on worker exposure levels, four
sessions were used to determune the effectiveness of the ventilated booth  The drum data will be
discussed 1n a later section In addition, an area sample collected dunng the pest-controf study
the laboratory/office area had an average relative exposure of 0 06 volts (Graph B15)

The personal sampling data of the twe good pre-control weigh-out sessions were separated into -+
s1x tasks

1 ) weighing or performung duties around the weigh scale (w)

2 ) scooping, including openmg and closing drums (s)

3 ) transporting the dye with the scoop or 1 an open bag (t)

4} closing the bag (b)

5 } transporting the stapled bag to the bag pick-up area and returning to the weigh scale (tb)
6 } other events not associated with weigh-out task (o)

Each session ran about 43 mmutes, with the weighing task (w) accounting for 35 to 40 percent of
the times and the scooping task (s) accounting for about 22 percent of the times  The results of
the task analysis are shown in Figure 5 The "other" task 1s not included as this data 1s wrrelevant
Average task exposures were very close i magnitude and are summanzed in Table C1 of
Appendix C  The overall average relative exposure for each sampling session was about

G 15 volts

For the booth analysis durning the post-control study, the weigh-out operation was coded using the
same task 1dentifiers from the pre-control study, except that the scooping task was broken down
nto scooping ontstde the booth (s), and scooping snside the booth (sb), both including opening
and closing drums These changes were made to clarify where the drum was located dunng
scooping The data sets were also coded to indicate whether the worker was mside or outside the
booth dunng each task The sampling sessions ranged from 24 to 64 minutes in length, with the
weighung task (w) accounting for 35 to 45 percent of the total tmes The transport task (t) was
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HAM mnalog output {volts)

Figure 5 The response of the HAM does not appear to vary much with the activity
HAM analog outputs shown are the anthmetic averages for each activity

the second longest task at about 21 to 23 percent of the sampling times  Scooping outsile the
booth (s} was third longest, accounting for 12 to 15 percent of the total sampling times

Exposures during the post-control study were sigmficantly affected (p = 0 0001) by the worker's
activities (Figure 6) The highest average relative exposures occurred when the worker was
scoopimng {s) or transporting the closed bag (tb) Scooping mside the booth (sb) resulted in almost

a three-fold reduction 1n exposures when compared to scooping outside the booth (s)
(p = 0 0001)

HAM ansiog output wad1s]

Figure 6 The response of the HAM vanes with the activity HAM analog outputs shown
are the anthmetsc averages for each activity

However, the HAM response shown for scooping mside the booth does not represent the entire
data set from the post-control study A very short segment of time from one sampling session,
mvolving the handling of an extremely dusty dye, was elinunated from the analysis as it was
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determuned to be atypical of exposures mnside the booth  Elirmunation of this data resulted in about
a five fold reduction in the average exposure when scooping in the booth for that session, from

0 14 to 0 03 volts If the data on this dye had been mcluded in the analysis, no difference would
have been observed between the overall average relative exposure when scooping mside and
outside the booth The considerable effect the dye had on worker exposure dunng that one
sampling session would alse have obscured the results from the remammg three sessions  Actual
exposure data, mcluding that of the dusty dye, are reported 1n Table C2 of Appendrx C  The
overall average relative exposure for the four samphng sessions was about © 02 volts

These same four sampling sessions were then analyzed for the average exposure to the worker
when he was mside and outside the beoth  Figure 7 shows that overall there 1s over a three-fold
reduction when mside the booth versus outside the booth  In this graph, the exposure data for the
dusty dye mentioned previously was mcluded If the data for thus dye was again elmmated, the
overall average exposure while inside the booth would decrease to 0 01 volts  Thes would result
th almost a five-fold reduction in exposure when working inside the booth  The individual
sampling session data are reported mn Table C3 of Appendix C

R_B _§

HAM s log culdput Cvolts)

Figure 7 Effect of the booth on worker exposure  Ham analog cutputs shown are the
anthmetic averages for each location

All the sampling sessions which had supporting video were then qualitatively analyzed to confirm
whuch tasks caused exposure peaks (Graphs B to B4 and B7 to B10) During the pre-control
study about half of the peaks were cansed by the weighing task  Two peaks marked (o) occurred
when the worker put on his respirator and donned latex glaves During the post-conirel study,
peaks resulted when the worker was at the bag pick up arez (1b), retneving a contamner near the
scale mto which he weighed a small dye sample (w), and scoopng (s) Dunng one session,
elevated exposures exasted over a penod of time while the worker was handiing the extremely
dusty dye mentioned earlier The dye was located 1 a tall drum placed inside the booth The
tughest peak occurred when scooping from the bottom of this drum (sb) Three false peaks
occurred when the HAM was readjusted durning a weigh and a transport task (Graph B9) and
durtng a mscellaneous task (Graph Bg)
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EFFECT OF WORKER ACTIVITY UPON DUST EXPOSURE AS MEASURED BY THE
MET ONE

Only one Met One mstrument was available during the pre-control study so sumultaneous personal
and area data could not be taken Dunng the post-control study, two Met One insttuments were
avatlable so personal and area particle counts could be collected simultaneously

Results of sampling with the Met One during the pre-control study are shown m Figure 8 To
compare the average personal data to the average area data, the particulate counts were divided
by the associated air volumes to obtain concentration data  During the weigh-out task the particle
concentrations ncreased regardless of whether the Met One was momtoring an area or personal
exposure Indmdual sampling session data 18 reported m Table C4 of Appendix C
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Figure 8 The concentration of particles > 3 pm on the worker and in the
raom during the pre-control study

The area and personal Met One data collected simultancously during the wesgh-out task of the
post-control study were also analyzed Figure 9 shows the results of the companson for
particulate greater than 3 um  Actual samphng data 1s reported in Table C5 of Appendix C
Based upon a pawed-test upon the log-transformed data, there was 2 significant difference
between area and personal Met One concentrations (p = 0 01)

A task analysis was performed for the Met One data sets which were video taped and
simultaneously monstored with the HAM  Since several tasks could occur duning each Met One
sampling penod, those segments wiuch had a major exposure peak for particulate greater than

3 pum were correlated with the corresponding HAM data for that penod The results are shown in
Tables D1 to D12 of Appendix D The Met One peaks duning the pre-control study appeared to
be caused by the weighing, scooping, and bagging tasks Duting the post-control study, the peaks
were caused pnmanly by the scooping tasks, with some exposures ansing dunng transport tasks
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Figure 9 The concentration of particles > 3 ym on the worker and in the room

Further analysis determined that most of the exposure to particles greater than 3 O pm was spread
out over the entire samphng session, and was not based on a few major peaks Tables D1 to D12
show the exposure percentages calculated for the major peaks of each session  During most
sessions, the largest exposure peak was only 2 to 3 times greater than what would be expected if
the exposure was consistent throughout the sampling sesston  However, the sampling session in
whuch the extremely dusty dye was handled had an exposure peak that was eleven umes greater
than what was expected (Table D3)

EFFECT OF DRUM HEIGHT ON WORKER DUST EXPOSURE

The drum analysis consisted of four sampling sessions from the post-control study The data was
coded the same as the pre-control study, except that task (tb) was elrmunated since the firushed
bags were not moved from the booth To better evaluate the effect of drum height on worker
exposure, a number of vanables were contrelled dunng these sessions  First, only two dyes were
used, one orange and onered The worker indicated the orange dye was dustier than the red dye
Second, each dye was placed in a tall and a short drum  The worker scooped out of each drum,
one at a time, until all the dve had been retneved The worker had to tilt the taller drums to reach
the dye at the bottom Finally, &ll work was conducted mside the ventilated booth Additional
data, mecluding the overall average relative exposure for each session, are shown in Table 4
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Table 4 Drum Study Data

Dye Drum Drum Dhameter  Depth to # Bags Sampling Relative
Height (1n) {n) Dye(m) WeghtedOut  Tmme {(tun)  Exposure (volts)
Orange 35 23 25 17 17 005
Orange 25 22 16 17 16 001
Red EX 22 28 9 7 001
Red 25 22 19 10 7 001

Results of the drum study broken down by task are shown in Figure 10 As discussed in
Appendix E, the effect of drum vaned with the dye For the orange dye, the drum size had a
sigruficant effect upon the HAM's analog output (p = 0 0001) For the red dye, the effect was not

significant (p =0 2) Indmvidual task data for each samphing session 18 reported m Table C6 of
Appendix C
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Figure 10 The effect of drum height upon the anithmetic average of each
activity's HAM analog cutput vanes with the test dye

Qualitative analysis of the drum session peaks, shown in Graphs B11-B14, confirmed that most
exposures were due to scooping Two peaks marked "other” occurred during a HAM adjustment
and when the worker momentanly stepped out of the booth to retrieve lus safety glasses
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Actual particle counts obtained on the worker duning the drum sessions are reported i Table C7

of Appendix C Figures 11 and 12 present the impact of drum height upon particie concentrahons
as measured with the Met One
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Figure 11 Effect of drum height upon concentration of particles > 3 0 pm
appears to vary with the dye tested
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Figure 12 Effect of dnam height upon the concentration of particles
> 03 pm for two dyes

The Met One data also was used to interpret the awr samples collected during the drum study
Since one filter was used per dye it was unclear how much each drum contributed to the total
conceniration To estunate the contnbutions from the short and tall drums of each dye, particle
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ctpz( thr+ Tscs) f( Tt+T.rj

‘Where
C,, = Concentration for total particulate (tall and short drums)
C, = Concentration for tall drum
C, = Concentranon for short drum
T, = Sampling time for tall drum
T, = Sampling time for short drum

The resulting exposures caleulated for the short and tall drums of each dye are shown in Table 5
The tall drums contnbuted more to the total exposure from particles greater than 0 3 pm and

3 0 um than did the short drums The data shown for the red dye 10 the short drum are typical air
poiluizon levels for total suspended particulate (TSP)

Table 5 Exposure (in mg/m®) Annbuted to Drum Height - Drum Study

Particle S1ze Orange Dye Orange Dyemn  Red Dye n Tall Red Dye in

Tall Drum Short Drum Drum Short Drum
x> 03 um 0372 0136 0155 0052
x> 30 um 0 440 0 062 0151 0057
DISCUSSION

ERGONOMICS

The manual dye weigh-out operation did not appear to be stressful to the worker's
musculoskeletal system  This assessment may have changed 1f the worker had been required to
move the drums in and out of the booth  The difficulty 1n transporting the drums could be
attnbuted to an uneven floor, the placement and onentation of drums that did not allow for easy
access and handling, the design (weight, size, shape, etc) of drums which may not allow for
fairly easy handling, and the lack of matenal handling devices Moving drums from the narrow
back storage room would have presented a special problem for the worker due to the mcline at
the entrance to the room Not only would the drums have been difficult to handle, but the
potential for shps or tnps mught have mcreased 1f the worker attempted to move these drums
Since the worker continued to use the scoop to carry the dye back and forth from the drums to
the booth for weighing, the addition of the booth did not appear to sigmficantly change any nisk
of musculoskeletal stress associated with the scooping and transporting tasks

22



If the drums could have heen safely brought into the hooth and placed on the slanted bench
platforms, the amount of musculoskeletal stress to the worker may have decreased by allowing
the worker to more easily reach the dye in the drum  Ideally, the work bench platforms would be
adjustable since a taller worker may still need to bend and reach when working with smaller
drums Additional modifications to the booth and surrounding room which should be considered
include providing adjustable platforms in the booth to mampulate drum and scale height
{particularly since the workbench was not being used), and rearranging drum placement and
oneniation m the room to allow for easier access

Also, the scoop used at this site should be improved to mnclude a longer handle of a larger
diameter to give the worker a better gnp  Attempts were made to procure such a scoop for
gvaluation dunng the post-control study, however one could not be obtamed ¥ An additional
benefit of having a long handled scoop 1s that it may help to keep the worker's head above the
level of the drum when scooping from the bottom ’

VENTILATION

Dafficulties using the Balometer™ may have caused an under reporting of the supply arr volumes
since the Balometer™ hood did not seal well against the ceiling filters The resulting aur loss .
may have lowered the supply air volume measurement Taking this inte consideration, the booth
was operating close to design The Met One measurements indtcated that the booth's filtration

and ventilation systems were funchoning properly Most eddy cumrents were controlled as long

as the worker was withm the containment area of the booth  Dust exposures from eddies

generated during bag closing could be reduced by removing the bag from the scale and placing 1t
on the table prior to closing 1t The worker should operate within the containment area as much

as possible during all tasks to eliminate dust exposures

DUST SAMPLING

Dust levels for short-term personal samples were lower when working with a ventilated boeth
versus working without a booth, but they were not sigmificantly lower The filter data showed
that the booth was able to control the worker's dust exposure to a level comparable to ambient
total suspended particulate (TSP) concentrations It 1s possible that 1f the entire weigh-out
operation was performed inside the booth, the worker's overall dust expesure would be even less
than ambient TSP concentratons However, duning thus study, several tasks were still performed
outside the vent:lated booth so such results could not be achueved  Also, during the drum study,
the exposures were due 1n large part to working wath the taller drums, versus the shorter drums
Therefore, drum height has an impact on worker exposure even i1f the drum 1s located inside the
ventilated booth

Concentrations for the pre-control full-shaft personal samples averaged shghtly more than that of
the post-control samples Arca concentrations outside the weigh-out room averaged shghtly

higher than those inside the room durng both studies  During the post-control study, the average
area concentrations inside the booth was lagher than the average concentraticn outside the booth
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Ths finding was atinbuted to the unfortunate placement of the sampling pump and filter on top
of the small plastic dye bins attached to the mside wall of the booth  Although the filters were
inside the booth, they were outside the containment area and exposed to dust stured up by eddy
currents (Frgure 4) Therefore, the “inside booth” filter did not give a true value for the total
dust concentration in the cottainment area

INSTRUMENTAL MONITORING

The real ume data found the booth to be effective at reducing the worker's overall exposure to
dye dust Contrasting the HAM data of the pre-control sampling sessions with that of the post-
control study showed there to be a five-fold reduction 1n the overall average relative exposure
with the controls m place  Since this companson was made for data taken during two separate
surveys, 1t was possible that any differences in study conditions may have affected the results

To ensure that thns was not the case, comparisons were also made between data sets taken dunng
the post-control study This included companng the overall average relative exposure to the
worket when he worked inside the booth versus ouistde the booth, and companng the scooping
task when 1t was performed mnside and outside the booth

The HAM data taken duning the post-control study showed there to be a three-fold reduction 1n
exposure when the worker was inside the booth versus outside the booth  However, the inside
the booth data also included those tumes when the worker was just outside the containment area
In thus area the booth ventilation does not control dust and eddy currents may have elevated the
worker's exposure  Videos of the sampling sessions, overlaid with exposure data, showed that
when the worker was located 1nside the booth, his dust exposure was higher when he was outs:de
the containment area  If the data was adjusted to include only those ttmes when the worker was
actually wathin the contmnment area, the average relative exposure could be even lower than
what was reported for mside the booth Overall, the HAM data indicated that exposures mside
the booth were very low, almost to the point of being nondetectable (see the weipghing and
bagging tasks 1n Figure 6)

wt

The Met One data collected during the pre-control study showed that performung the wergh-out
operation 1ncreased the average number of particles 1n the worker's breathuing zone and
throughout the weigh-out room (Figure 8) Also, the average number of particles greater than 3 0
um for the personal and area samples during weigh-out was roughly the same during the pre-
control study This may indicate that the worker's exposure was dependent upon the particulate
concentration mside the weigh-out room, even when his task did not generate a lot of dust, he
was sttll exposed to residual dust suspended mn the room from previous tasks Data collected
with the Met One during the post-control study showed a significant difference between the
personal and area concentrations for particles greater than 3 0 pm (Figure 9) Therefore,
although dust was being generated wmside the weigh-out room, the worker's overall exposure was
being reduced by lus frequent time mside the ventilated booth

Task analyses performed on the instrumental data provided information on how activities
affected the overall exposure to the worker Individual activities dunng the pre-control study did
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not appear to greatly affect the HAM response, althouph a qualitative review of the data showed
that most exposure peaks were a result of the weighing and bagging tasks In contrast, individual
activities did affect the HAM response during the post-control study, particularly the scooping
and occastonally the transporting tasks  Since these tasks were usnally performed outside the
booth, the dust was not controlled except through dilution ventilation augmented by the booth
Conducting weighing and bagging tasks inside the ventilated booth resulted 1o very low
exposures dunng the post-control study These findings were confirmed by the Met One data

Transport of the closed bag duning the post-control study resulted in exposure peaks, pnmarnly
when the worker was 1n the bag pick-up area It 15 unclear what caused these exposure peaks It
15 possible that dust or acrosols from the plant may have entered the weigh-out reom through the
shiding door, resulting 1n an increase 1n the HAM response  Or perhaps dirt and dust particles on
the floor were stured up by the actions of the worker in the bag pick-up area, causing the
exposures to be ugher For example, the worker must occasionally chimb up to the top shelves
or squat down to the lowest shelves when posittoning a bag, and he often must stretch or crawl
forward to push the bag to the end of the shelf where 1t can ¢astly be reached by the plant
workers 1t1s also possible that dye dust may have settled on the shelwving throughout the day,
which may then be stirred up when the worker attempts to position the dye bags Plant
management however, 1s very careful to keep the bag pick-up arca clean and the shelving 1s
thoroughly washed every week to prevent dye accumulation This 1s a quality control measure,
1f dve collected on the shelves, 1t might adhere to the bags, and later contaminate the final color
of the dye solution when the bag was thrown into the dye machines Thus, even though cartying
dve 1n a closed bag would appear to be mnnocuous, there are several possible ways the worker's
overall dust exposure may increase while 1n the bag pick-up area

Scooping stood out dunng the post-control study as a task still needing contrels to further reduce
the worker's dye dust exposure A companson of the scooping data taken with the HAM showed
that working inside the booth resulted in a three-fold reduction 1n worker exposure  However,
even with the instatlation of the ventilated booth, several faciors caused the worker's exposure
during the scooping task These included having to scoop from tall drums and being unable to
move the drums 1nto the ventilated booth's containment area prior to scooping  With a tall drum,
the worker must reach deeply 1nto the drum to scoop out dye from the bottom  Thus can place
the worker's breathing zone withun the confines of the drum where dust cannot be controlled by
booth ventilation A shorter dram limuts the need for the worker to place lns head inside the
drum when scooping from the bottom Thus allows a gap to exist between the worker's face and
the top of the drum  Dust nising out of the drum can then be captured by the booth venulation
before 1t can reach the worker's breathing zone

Results of the drum study showed that both drum height and apparent dye dustiness had an effect
on the worker's exposure. The largest HAM response duning the drum study was for the
scooping task, using the orange dye in the tall drum  When the shorter drum was substituted for
the tall drum, a five fold reduction in HAM response occurred The Met One data showed that
use of the short drum also resulted in decreased particulate exposures for the entire weigh-out
operation when using the orange dye A seven-fold reduction was found for the overall exposure
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to particulate > 3 0 pm, and a three-fold reduction was measured for particulate > 0 3 um When
working with the red dye, very little difference was found between the HAM responses for the
two drum sizes However, the Met One data showed a three-fold reduction 1n particulate

>3 0 pmand > 0 3 um when using the shorter drums In terms of dye s1ze distnbution, 6 to

14 percent of the dust generated from the orange dye (by number) was from particulate > 3 0 pm
as compared te 0 5 percent for the red dye However, use of the red dye drums generated more
particulate > 0 3 pm than their corresponding sized drums of orange dye

ADDITIONAL CONTROL OPTIONS

Other control methods are available which could eliminate some of the problems encountered
during this study A mobile dust conirol booth, implemented in some dyehouses in the United
Kingdom, 1s also available from the manufacturer of the booth used 1n this study *** This

control option consists of a smaller s1zed, semi~down draft booth which runs on raihng between
fixed storage shelves The shelving 15 also angled to allow the weigh-out operator to more eastly
reach the bottom of the drums when necessary The sides of the booth are et out so that the
worker can directly scoop dye from the tilted drums onto the weigh scale located on a fixed

bench in the weigh-out booth  Use of such a system would ehminate the need to move drams
around, except duning stocking  All of the tasks would also be conducted under the protectionof |
the veniilated booth

Another posstble control option 1s the use of a serm-automatic storage and retneval system for
dyes Such a system had been manufactured by a Britigsh company a few years ago, and used m
conjunction with a booth simular to the one evaluated during this study ** Unfortunately this
company 15 no longer 1n business The robot was a three-axis structure whaich enabled it to
collect dye drums from a storage area and deposit them onto the back portion of a two station
carousel built 1nto the ventilated booth The carousel was then rotated 180° so that the drums
were brought mto the booth where the dye could be weighed out  After weighing, the carousel
was rotated again and the robot collected and returned the drums to their storage location Like
the mobile dust control booth, this system ehiminated the need for manually moving the drums
and ensured all tasks were performed inside the ventilated booth A rabotic system would
probably be more suitable for larger dyehouses wath plenty of storage room, whereas a mobile
dust control boath would work well at smaller dyehouses winch are tight on space, such as the
studly site

CONCLUSIONS

Use of the ventilated booth dunng thus study resulted 1n low dust exposures which were of the
order of magmtude of ambient air polluhion  Due to site constraints, 1deal use of the ventilated
booth was not posstble As such, the results obtained may not completely reflect how well the
ventilated booth can control dust exposures to the worker Tasks performed inside the booth's
contamnment area were mostly controlled, however tasks 1n other areas of the weigh-out room
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wete not always well controlled  Working just outside the containment area was also
uncontrolled due to the eddy currents bringing dust back into the worker's breathing zone

In spite of the very small instrument response, certain tasks appeared to elevate worker dust
£xposures, even when 1nside the booth In particular, exposures were elevated when using
drums which did not allow a space to be sustammed between the worker's face and the top of the
drum when scooping Limiting the drum height seems especially important for dusty dyes
Future studies of manual powder weigh-out operations should take dye dustiness into account
when evaluating worker exposures i addition o drum height

If powder handling 13 performed completely 1nside the booth under 1deal situations such as using
dedusted dyes 1n short drums, the worker's dust exposure will be mummal Non-ideal use of the
booth can result in greater dust exposures Improvements at this site could further reduce worker
exposure to dust dunng the manual weigh-out operatior, such as room designs which would
allow drurmns to ¢asily be moved into the booth, and the use of shorter drums and dedusted dyes
The use of other control methods such as a mobile dust control booth or a semi-automatic
storage and retneval system could alse eliminate some of the problems encountered dunng this
study
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APPENDIX A - DUST SAMPLING

Table A1 Personal Short-Term Sampling Results

Total Total Dye  Number Dyes Total Dust
Time Volume Weighed Weighed Concentrahion
Date Study (oun) QL) {Ibs) (mpim’)
8/23/94 Pre-control 38 454 95 % 1t 014
823/94 Pre-control 70 910 187 23 031
8724/94 Pre-control 63 B9 1271 22 04
824/94 Pre-control 56 728 957 17 g1s
$r25/94 Pre-control 74 962 1441 1t 04q7
8/25/94 Pre-control 73 949 126 3 20 009
10/17/94 Post-control 40 520 362 17 021
11894 Paost-control G5 B4s 107 & 23 006
10/19/94 Post-control 43 55% 843 15 009
10/19/94° Post-control 3 42G 238 1 026
10/19/84*  Post-control 14 182 95 1 011
10/20/94 Post-cantrol 36 468 462 14 002
! Drum Study - Orange Dye
2 Drum Study- Red Dye
Table A2 Personal Full-Shift Samplhng Resulis
Date Smdy Total Time Valume (L) Toml Dust
{mm) Contentrabon {mg/m')

8§/23/94 Pre-control 422 2,110 G 18

§/24/94 Pre-control 463 2318 013

8/25/94 Pre-control 468 2,340 016

10417194 Post-contral 362 1,810 013

10/18/94 Post-control 253 1,265 012

10/19/%4 Post-comirol 420 2,100 031

1042094 Post-control 138 £ a07
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APPENDIX A (rontmued)

DUST SAMPLING
Table A3 Area Sampling Results
Total Time Volume Total Dust
Date Study Location (mun) {L) Concentration (mg/m")
823794 Pre-control Outside weigh room 468 2340 0a7
8/24/94 Pre-control Ontside weigh room 478 2,390 006
825194 Pre-control Outside weigh room 48] 2,405 008
10/17/94 Post-contral Cutside weigh room 368 1,840 ¢ 03
10/18/94 Post-control Outside weigh toom 273 1,365 014
10/15/94 Post-control Outside weigh room 431 2,155 009
10/20/94 Post-control Qutside weigh room 162 810 004
8723/94 Pre-control Inside wergh room 470 2,350 oS
8/24/95 Pre-control Inswde weirgh reom 474 2,370 007
B25/94 Pre-control Inside weigh room 47% 2,395 006
10/17/94 Post-control Inside weigh room, 368 1,845 009
not in booth
10/18/94 Post-control Instde weigh room, 270 1,350 010
not m booth
10/19/94 Posi-cantrol Inside weigh room, 430 2,150 006
not m boath
10/20/%4 Prost-control Inside weigh room, 159 795 003
not m booth
10/17:94 Post-control Inside booth 367 1,835 029
10/18/94 Post-control Inside booth 269 1,345 009
10/19/94 Post-control Inside booth 430 2,150 013
10/20/94 Postcontrol Inside booth 151 755 004
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APPENDIX B
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APPENTIIT B (continued)
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APPERDIX B ({continumed}
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APPENDIX B (conrinued)
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APPENDIX B (continued)
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APPENDIX B {continued)
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APPERDIX B (continued)]
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APPENDIX B (continued)
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APPENDIX C - INSTRUMENTAL MONITORING

KEY

w=weighing or pear scals tb=transporting closed bag

S=ECOOPINE, b=closing bag

sb=scoopmg n booth o=other

ttrapsportng scoop or open bag

Table Cl HAM Dalz - Pre-Control Study
Averape Relative Exposure {volts) Total Tume (5econds)
Task
825 AM 825 PM 825 AM B35 PM

W 0153 ¢ 166 925 1042
s 0.151 038 567 557
t 0131 0139 404 187
b 0153 199 277 184
th 0141 137 174 161
) 0120 0142 239 189

Highest exposure for each samphng sessign 1s ighlighted

Tahle C2 HAM Data - Post-Centrol Study

Average Relative Exposure {volts) Total Time {seconds)

Task 1017 10518 10/19 10/20 10/17 10/18 119 10420
w 0003 0006 0 Q07 0009 623 1347 767 744
5 0.048 V076 0.045 0023 171 437 280 221
t 0031 Q050 0Q35 0ole 338 816 429 353
b 0004 Q002 -0 001 0003 a2 281 123 107
b {061 0.065 03435 0021 152 285 140 137
sh o022 (R 0.142 2008 47 239 183 55
0 @39 0 060 N/A 0.025 36 390 0 35

Top two tughest exposure for each sampling session are hughlhighted
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APPENDIX C {continned)
INSTRUMENTAL MONITORING

Table C3 HAM Data - Booth Analysis

Samplng Average Relative Exposure (volts) Total Time {seconds)
Sess10n In Boolh Out of Boath In Booth Ot of Booth
10/17/94 0009 a.047 R33 596
10/18/94 0010 0,077 2440 1355
1071944 0028 0.043 1254 668
10/20/94 000% 49621 1060 592

tHhghest exposure for each sampling session 18 nghhighted

Table C4 Met Cme Data - Pre-Conirol Study

Sampling Session Weigh-UOut Task Average # Average # Parhicles Sampling Time
Ocournng? Particles > 03 zm »>03 um {mun}

8/24 Area - Weigh-out Y 206 108,773 2%
reom (front)

8724 Personal ¥ 490 138,301 50
£/24 Area - Lab/Offive N 25 84,767 7
824 Area - Weigh-oul N 17 68,109 2
rootn (back)

#/25 Persomal N 40 123,632 17
2/25 Personal Y 241 234,045 79
825 Area - Weigh-out Y 443 221,135 99
room (front)

Note Samplng Volumne 1s 2 83 hiers
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APPENDIX C (continued)
INSTRUMENTAL MONITORING

Tabie C5 Met One Data - Post-Control Study ~ Comparison of Pantigles >3 0 m by Session and Major Peaks

Average # Particles
Sampling Trme Average # Particles # of Magor >3 0 um for Major
Sampling Session (mun) =3 Q pm for Session Exposie Peaks Peaks
10/18 Personal 51 B0 6 2060
E0/18 Area 60 2590 6 4660
16/15 Personal 20 690 3 3410
10/19 Area 31 1630 8 3200
10/20 Personal 26 240 6 480
10/20 Area 26 1010 4 2080
10/19 Orange Tall 16 3580 6 6290
10/19 Orange Short 15 500 5 200
10/19 Red Tall 7 200 3 260
10/19 Red Short 5 70 2 100

Note Sampling Volume 1s 2 83 hters

Tahle C6 HAM Data - Drum Analysis

Task Average Relative Exposure (volts) Total Time (seconds)
Orange  Orange Red Red Orange  Crange Red Red
Tall Short Tall Short Tall Short Talt Short
w 0014 0 001 0 006 0007 283 188 115 10
5 {1097 0018 o010 LR n 523 2 210
1 0041 0007 0 007 0 009 124 36 24 3
b 0008 -0 401 0 008 0 004 168 127 70 18
D 0087 00063 0 007 N/A 63 18 50 0

Highest exposure for each samphng session 1s highbighted

Table C7 Met One Data - Drum Analysis —~ Average Number of Particles Counted/Minute

Orange Dye in Orange Dye n Red Dye in Red Dye mn

Particle Size Tall Drum Short Drum Tall Drum Short Dt
x>03 pm 24,665 2011 41,805 14,100
x>30um 3582 505 196 74

Note Sampling Volume 15 1 hiter
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AFPENDIX Db - MET ONE DATA WITH HAM TASK ANALYSIS

KEY
wweighuig of near scale FROoping
ttrandporting scoop O Open hag b=cleting bag
o trarsporting olossd bag o=other

Table D1 Perponal Sampling Data - 825794

% of MET Agtiviy - Averape HAM Expasure and (Totx] Seconds)
End exposuTe

Tme whera x >3 (p w ] t b h o

104508 11% 02796 a b {+ 4428 a 1}
(52) {m (0} (&} i )]

10 34 58 6% o) 0 4097 \] 4] 1} 0
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Appendx D
MET ONE DATA WITH HAM TASK ANALYSIS (continued)

Tahte 13 Ferumal Senpling Tiats - O] R794
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End % of MET Exg=rsure and (Tota| Seest
Time whae=>30p
n o of - |3 + T ib b o
Hooth Boalh
Q3242 5% ") 1079 3] 1Y L] 0 D OF9s 1] L1} [+]
(%) {60) o {31) ) (293 W4 (o} {0)
05944 54 00226 1554 00122 0 1544 [t} 01178 0 0 Q127
(13) (as) {10 0 o ¢ i L] (24)
103615 4% 00154 00758 10059 00665 k] GHT 1] o 1]
{n 49} {3 {17} [0} (35) @) {m (@
1008 58 e o opag 0 ORET UOMS 01057 0 G05a1 o 0 0
21} {39 {19 23 {0 (1%) o (m m
16 42 51 A% 0 0rd 00585 00033 B 0597 0 Q0518 ] 1] a
@n {30 {16) 17 o =t @ AL ]
1003 53 3% oAz B 1013 eEEINE] O O3 1] 0O a2 L 0 G121
L] (22) (17 (23] oy (X ) )] {15}
Founalenl exposurstsession 0oy O 60 001 0 0eg 4] oav?l |+ 0 019
=14 (BEY (274) {7} (123) {0 {129) ()] (o {39
Table T4 Ares Sernpling 10:12/94
Lowzation Ay Ham
End % of MET Exposurs Exp end (Tolal Secy) Actoypor Avergoe HAM Exposure and [Tolal §ceopds)
Tine where x > 30
In Out of w 3 sb 1 th b o
Bonth Bonth
101 15 25 5% Q005i 0 D& Q0057 i} a 00371 00397 00002 ]
(35) [25) (15} (o} [ &) {a6) {13) o
95470 kT 0oz b 1335 O DGR 01542 o 1R J: v [H ] 0217
253 (35) (22) [£]] 0 (5 ] oy (2
2553 % 0072 0 L4334 Q24 01545 0 ixg9 OOETE a 0 a
(443 (15} (5] 4 [LY)] (2L} 0] LE)) {m
05632 % 00030 DR Y] 00H7T 61302 0 ops3 onTe 0 0005 G002 n
{47} {13) (25) %) G (13 ) (£ o
05238 A Q002 00853 a 010k 0 Q0822 a i} o
3) 47 {12} {23) ] {25} 44 o o
9573 3% 00042 G145 60034 0 1209 1] 01120 0 0 0
[EL:)] 22} an L)) ()] i 15 14 R
Equevalent expasure/session = | Tho 00053 o100 00031 0120 Q0B DGoeT2 nosaz 0008 01217
{201) (13E) [142) (48} (1) {35) {29) (21} (24)

45



MET ONE DATA WITH HAM TASK ANALYSIS {continued)

Appendix D

KEY
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Appendix D
MET ONE DATA WITH HAM TASK ANALYSIS (continued)

KEY
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ECoop or open bag
—Tebje DT Personal Supplice Dws - 102004
Lo Avg Ham Exp Actmaty  fororage HARM Exposure and (Total Second)
End % of MET Exposurs — g (Tla] Secs)
Tume whee x> 304
Ot of w E =h ] th b o
In Booth Hooth
101043 1% D06k 07 ¢ 43 00384 0 D258 0 Q a
(25 (33 g} [eh1) {0} 30 {a) L] (e
1009 42 # 115200 b @y 0o21? 003t6 1] 0257 a 0 01117
23) (33 (&} {14 ) (28} {0 w (24}
1013 44 et no3z L] rt ey GoL g Golg Pl 1] f Q250
(33 21 g () (mn (3] {m 0 22}
HH 49 i 00132 0GB ooLTs 0033z 0 D0sF pozay i} q 0
{43 on Qn {3 {E) (20 (@) (@ (ay
1012 45 6% L o G240 oois a 0 0 o026t G004l H
(35) £21) (15} {0} (i} @ (23 {19 )
10 2a 57 By LB b oEsl o OgR? 0 0 ] 00242 00027 0
35 22 24 A4 0] (0] {26) E) (
Equiralent exposiredssession =3 §%% 0013z 0 G280 G DAT D a5 G on9s 0246 00251 00037 Q50
{202 {130y (124} {31) {26) (20} {49 {2E} (22}
Table DS Afed Soppolme Dara 10720004
Locaten Avg Ham Arintty  Aversar Ha Bxposure and (Tow] Seconds)
End % of MET Exposre Exp smad (Tolm] Sppeth
Tine where x>3 0a
In Cnge el w ] xh t th b o
Hooth Bocth
11011 11*%% o211 rdie.s ) 0OLE 00ass ¢ [odurly} a 1] n
{21 3 (13} an ) {28) « {0 {6)
101112 10% o208 00300 00206 00340 0 0 0348 0 il 0
{z3) (38} )] {1z b (a5 @ (m )
19810 6% 34149 0 Ao 00143 [ Loy i il irg, 3 ] o o
) {z8) &N {11} @ (22} (0 ] {0
IDiliad %4 00oI9s D Er om7E ¢} o 4] Qo207 1] D030
Qo) {40} (1) L] © 0] 2u )] (22
Equnvelent exponme/sesion = 3 B4 0186 09l Q070 LEec ] o) 1260 257 1} 00250
(253 1453 (Hy £ () (B4) {20 ) (22}

47



Appendix D
MET ONE DATA WITH HAM TASK ANALYSIS {(continued)
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Appendix D
MET ONE DATA WITH HAM TASK ANALYSIS {continued)

Table 11 Fersomal Sampling Pate - Tall Red Dyve Drum Study
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APPENDIX E - STATISTICA]. ANALYSIS

Generally, emvironmental momtonng data 1s log-normally distnbuted As a result, all the total
particulate and Met One optical particle counter concentrations were log-transformed before
performmng statistical analysis The data analys:s for these measurements involved straight-
forward pooled or pawed-t tests which are described 1n elementary statistical text books ! The
analysis of the data from the Handheld Aerosol Momtor (HAM) was more complicated and the
details of these analyses are discussed below

HAM DATA FOR THE BOOTH EVALUATION DURING THE FOLLOW-UP STUDY

The HAM data was statishcally analyzed to deternune whether activity significantly affected the
response of the HAM For each recipe, the natural loganthm of the average value of the HAM
response was computed for the t, th, 1, s, sb, b, and ¢ activities  Thus vanable 15 termed 'LC' in the
following discussion It was computed to attenuate some of the extreme, momentary
concentration peaks observed in the data Some results of the analysis are hsted in Table E1

Table E] Data Analysis Sumemnary for the Effect of Activity Upen Average FHLAM Response

Nermality Autocorrelation
Task Geometnie
Code n Mean GSD Prob < W Comenent on Degrees of Prub =t
stern leaf plot freedom for §
b 40 GQoz 246 0 0009 28 0 Q081
0 i3 0048 120 099 3 _
5 22 0042 163 077 7 02
sh 22 0014 215 013l 5 08
{ 41 0025 180 038 i3 078
b 41 0020 389 O 000 bumodal 35 024
w 41 D 005 2 80 0 044 skewed 35 004

The SAS General Linear Models Procedure was used to perform an analysis of vanance
(ANOVA) 1o evaluate whether activity or day of data collection had an effect upon LC * The
analysis revealed that activity affected LC (Prob > F = 0 0001} and that the day of data collection
did not affect concentranion (Prob > F=02) As part of this analysis, the program computes the
residual whuch, for this analys:s, 1s the difference between the observed and mean of the dependent
vanable The studentized residuals (restdual/standard error of the residual) were computed and
stored 1n a second data file along with all of the data used in the ANOVA  Ths file was analyzed
to check assumptions for the ANOVA®
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ATPENDIX E (contuasd)
STATISTICAL ANALYSIS

1 A normal distnbution of residuals,

2 independence of restduals, especially the absence of autocorrelation (e g a dependence
of the present reading upon past residuals), and

3 equality of vanances

To test the assumption of normality, the SAS Unrvanate procedure was used to generate stem-
leaf plots and to compute the Shapwo-Wilk (W) statistic for the studentized residuals The
probability of a smaller value of W 1s presented in the colunn labeled "Prob < W' in Table E1
Low probabilities indicate sigmficant deviations from a normal distnbution  There are significant
deviations from a normal distnbution for activities b, w and tb  Inspection of the stem-leaf plot
showed that the studentized residuals for the activity tb are apparently bimodal (see Figure 1)

To evaluate whether autocorrelation was present, the second data file was sorted by activity  For
each activity, a regression analysis was done to evaluate whether the studentized restdual 1s a
function of the studentized ressdual for the prior recipe, this is termed the studentized residual at a
lag of one, 5, The value of 8, was considered mussing when

1 The activity was not done during the prior recipe, or
2 1t was collected dunng the first recipe of a sampling session

To evaluate whether the vaniables histed above invelved some autocorrelation, the data was fit to
the following model

g =E0+Blsl+€ (1)

where

= studentized residual,
5,= studentized residual from preceding recipe,
= regression coefficients, and
e = the error, which 1s assumed to be normally distnbuted with 2 mean of 0 and a vanance
whuch 1s estimated as the mean square error of the regression analysis
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AFPENDIX E (contimed)
STATISTICAL ANALYSIS
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Figure 1 Studentized residuals plotted as a function of
activity

Table E1 lists the degrees of freedom for the regression coefficients and the probability of a larger
T statistic for evaluating whether the regression coefficient differs from zero  Activities coded w
and b 1nvolved autocorrelation

The autocorrelation for activities b, w and s (with a regression coefficient for 8, larger than 1,
albert non-significant) was removed by selectively excluding data from the analysis  An iterative
approach was used for each vanable The approach 1s to remove the data for every second, third,
and so on, observation After removing the observations, the ANOVA 15 repeated and resulting
studentized reswduals are exanuned for autocorrelaton as described in the preceding paragraph *
The process 1s repeated until the regression ceefficient for S, does not differ sigmficantly from ¢
For activity b, every second and thurd observation was removed For activity w, every other
observation was removed Because activity 5 did not occur for every recipe, the data was
censored by removing every other record only when this activity occurred 1n consecutive recipes

After purging the data of autocorrelation, the assumption of equal vanances was addressed  After
computing the vanance of the natural loganthm of the average HAM response for each actvity m
the purged data, Bartlett's tests indicated that these vanances were not homogeneous (P <
00001} * As a result, the reciprocal of these vantances were used as weighting factors in the
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APPENDIX E (contumed)
STATISTICAL ANALYSIS

ANQVA for the censored data and are presented in the top half of Figure 2 Because the residuals
for some of the activiies are not log-normally distributed, the SAS NPARIWAY procedure was
used to perform a non-parametnc Kruskal-Walls test (see bottom half of Figure 2) Thus test
uses rank sums to evaluate whether the activity significantly affects the HAM response  As
shown in Figure 2, both statistical tests found that activity affects exposure (P =0 0001)

Table E2 presents the results of Tukey's HSD test which 1s used to examine the sigmficance of

differences 1n geometnc means at an overall confidence level of 95% An'S'in Table E2 mdicates
that the difference 1s sigmificant

Table EZ Tukey's HSIY test conducted st an overall level of

sonfidence of 5%
ACTIVITY CODES

Q 5 T TH 5B W B
O 3 5 8
s 5 5 5
T 5 3
TB 5 5
SB & L 8

L |

W 5 5 5 5
B 5 e 5 ) 3 i

Note In this tuble, the letter 'S’ mdicates a significant duference

Because there are some deviations from the assumption underlying the analysss of variance, there
1s some concern as te whether analysis of vanance can be used to examine the differences in HAM
response among the different actvittes  The study objective was to evaluate whether the booth
reduces worker dust exposure during powder handling Because scooping was done both inside
and outside of the booth, the difference m the HAM analog output between scooping n the booth
(actnvity sb) and scooping outside of the booth (activity s) 1s a measure of the exposure reduction
obtamed by using the booth  The sigmficance of this difference was evaluated with a Smuth-
Satterthwaite pooled t-test © The difference was significant (P < ¢ 0001)
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APPENDIX E (contuued)
STATISTICAL ANALYSIS

General Lwnear Models Procedurs

heperdent Variable LE

hie1ght: WGT
Sum of Hean

Source DF Squares Square F Value Pr = F
Hacde | & 155 &761227 25 FE0205 23 97 ¢ oomM
Errar 15¢% 158, B445825 0 99390252
Corrected Total 145 394 .5208052

R-Square (Y Root MSE LC Mean

0 494953 ~26 32738 0 9951% -3 Tose7el
Source oF Type III 55 Mean Sqguare  F Value Pr = F
3 |} 155 &761227 25 F4&0205 25 97 0 Dao1

[dut hor 's annotat oo The wartable "WGET' 15 the reciprocal of the vwariance of LT Far each
value aof A

NPARTWAY PROCERURE

Wileoxon Sceres (Rank Sums) far Variable €
Class1fied by Variable A

Sum of Expected std Dev Mean
) H BCores uUnder HO tnder KO frore
14 178 50000 1190 0 175 332145 14 178571
] 13 1644 00O00 1105 0 149 498420 126 615365
g 17 2113 50000 1445 § 191 327734 124 323529
5B 22 1518 50000 1870 0 214 (43324 &9 022727
T 41 3966 50000 3485 D 87E GEGLTS 96 743902
1B 41 3982 50000 3485 D 272 LbAGTE 97 134146
W 21 939 50000 1785 0 209 B32224 46 TRRO9YS

Bverage Scores were used for Ties

Kruskal-Waliys Test (Chi-Square Approximation)

Figure 2 Selected SAS output from the analysis of the censored data

DRUM STUDY - ORANGE DYE

For each recipe, the average value of the HAM response was computed dunng the activites t, s,
w, and b Statistical analysis was performed on the natural loganithm's averages These vanables
were termed respectively

It - the natural logarithm of the average HAM response during activity t,
Is - the natural loganthm of the average HAM response during activity s,
{w - the natural logarithm of the average HAM response during activity w, and,
b~ the natural iogarithm of the average HAM responss dunng activity b
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APPENDIX E (continued)
STATISTICAL ANALYSIS

For each of these vanables, a one-way analysis of vanance was conducted using the SAS GLM
procedure to test whether the vanable was affected by the dum used  As part of this analysis the
studentized residuals (residual/root mean square error) were computed and stored in a second
data file Each record of this file contamed the dependent vanable and the qualitative vanable
drum, which had a value of "s" for short or "t" for tall This data set also contained studentized
residuals at g lag of 1 and 2 The studentized residual at a lag of 1 15 the studentized residual in
the immediately preceding record Where there was a break in the data collection, the lagged
value was set to mussing  This second data file was analyzed to evaluate the validity of underlying
statistical assumphions mentioned earher for the ANOVA

The SAS Unvanate procedure was used to evaluate whether there were significant deviations
from normality The Shapiro-Wilk (W) statistic was computed and the probability of a smaller
value of W 15 presented in Table E3 under the column labeled 'Prob < W' Low probabilities
indicate significant deviations from a normal distnbution, there does not appear to be sigmficant
deviations from a normal distribution

Table E3 Analysis of the HAM data {or the orange dye during the dnum study

Mormality Tests Regression analysis using model described by equation 2

Regressum Prob >t for Drum
Degrees of coelMicient for regression effectProb
Vanahle Prab « W freedom studentized residual coefficient ES

it 19 24 0ig 028 00001

Lw 013 31 017 023 {000

Is 0G3 27 c1e 014 0 0001

b 033 26 062 0 GO0 0 Q001

Bartlett's test was used to evaluate the assumption of equal vanances For each of the dependent
vaniables, the vanance was computed for each value of drum Bartlett's test showed that the
differences 1n this group of vanances could be due to chance (p =0 1)

To evaluate whether the vanables listed above for the orange dye involved some autocorrelation,
the data was fit to the following model

y =8, + B8 +p e (2)
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APPENDIX E (contmued)
STATISTICAL ANALYSIS

where

y = dependent vanables ls, It, lw, or Ib,

S,= studentized residual of the iImmediately preceding record,

D = 1 if a short dram was used, otherwise D=0,

B = regression coefficients, and

€ = the residual, which 1s assumed to be normally distributed with a mean of 0 and a
variance which 15 estimated as the mean square error of the regression analysis

Some results for this analysis are presented 1n Table E3  Inspection of the columns under the
label Regression coefficient for studentized residual' reveals that the regression coefficient S, 1s
not sigmficantly different from zero for the vanables lw, Is, and lt Thaus, these vanables do not
mvolve autocorrelation  However, the vanable Ib does mvolve autocorrelation

Then, analysis for the varable Ib was repeated by modeling 1b ag function of the two preceding
values of the studentized residual The regression coefficient for the studentized residuzl at a lag
of 2 was -0 08 (Prob > t = 0 67), indicating that the model in equation 2 15 adequate for
addressing the effects of autocorrelanon  The column labeted 'Drum effect (Prob > F)' ts the
probability that the observed difference in the HAM's response could be explaned by chance
Apparently, the vanable drum had a very significant affect upon all the vanables

In order to evaluate whether the vanable drum had an overall effect upon HAM response, a
muitivanate analysis of variance was conducted mvolving the vanables It, Iw, and Is  As shown by
Item | m Figure 3, the values of It, w, and Is are largely independent of each other Item 2
presents some F-tests for evaluating whether the drum had an effect upon the values of It tw and
is The variable Ib was excluded from these analyses to avoid complications caused by
autocorrelation
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APPENDIX E {conlinued)
STATISTICAL ANALYSIS

Ttem 1
Partial Correlation Coefficients from the Error SSECP Matrix f Prob » |r|

DF a 30 LW LS LT
%) 1 000000 O 213581 D 285167
L 0.2605 0. 1136
LS 0 243581 1.000000 D S71769
0 2405 oo & DOO1
LT 0.285167 0.&67176%  1.000000
0 1136 G COD1 (L]
Trem 2
Manova Test Criteria and Exact F Statistics for
the Hypothesis of no Overell DRUM Effect
H = Type 11! SS&CP Matrix for DRUM E = Error SSECP Matrix
g=1 B=D & N=13.5
Stati1stic Value F Num DF Den OF Fr > F
Wilks' Lambda 0 32298621 1% 7165 3 29 0 oot
Pillavis Trace 0 7301375 19 7165 3 7¢ 0 0001
Hotelling-Lawley Trace 2 03964113 19 7165 3 29 0,00

Figure 3 SAS output from multivanate analysis of vartance conducted to evaluate
whether drum had an overall effect upon the HAM's analog output during tests
conducted wath the orange dye

DRUM STUDY - RED DYE

For the red dve, the multivanate analysis of vanance described in the preceding section was
conducted and the vanable drum did not have an overall effect upon the dependent vanables lw, Is
and It {Prob>F =90 2) The vanable Ib was not included in the analysis as the task was not
performed that often using the red dye
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APPENDIX F
TOTAL SUSPENDED PARTICULATE DATA

Average TSP Concentrations m Brooklyn and Manhattan for 1953

Looation Avcrage TSP for 1993 (perm”)
Bowery Savings T2
Midtown Mashattan o
Green Pt 59
Susan Wagner 40
PE26 43
peometric mesn i
avirape £2
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