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Abstract

Paet studlies bhave shown that ventiletion provides incomplete dust control
during weigh-out and transfer of powders. A fileld study was conducted in a
plastics manufacturing plant to evaluate sources of worker dust exposure at a
ventilated booth which was used for the weigh—out and transfer of powdered
materialg from a large drum to small bags. Real-time alr sampling, short—term
air sampling, and an ergonomlc evaluation was performed to determine
activities agdoclated with dust exposure. The sourcer of dust exposure
evaluated were:! depth of scooplng, clothing, worker anthropometry, work
practices, blomechanics, and specific itema in the worker's job cycle. An
evaluation of air flow patterns at thie booth revealed the presence of eddies
in fromt of the worker and in the drum which forced dusty air into the
worker* s breathing zone, Real-time air sampling and work cycle evaluation
showe] that dust concentrations were highest when the worker was scocping
material out of the drum, and thede levels Increased dramatfically when the
worker placed his breathing zone inside the drum to scoop the powder,
Short-term dust sampling showed that worker and level of material in the drum
slgnifirantly affected dust concentrations. Solled clothing had no affect
upon worker dust exposure. Anthropemetry and work practices significantly
affected the woxrker's dust exposure, Bilomechanical analysis showed that
manual lifting and transporting 50 pound bags of powdered marerial may
iocreagse the risk of back injury and should be controlled by administrative
and/otr engineering measures,
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INTRODUCTION

The National Inatitute for Decupational Safety and Health (NIOSH) is the
primary Fedetral agency engaged 1o occupational safety and health research.
Located in the Pepartment of Health and Human Services (formerly DHEW), it was
established by the Occupational Safety and Health Act of 1970, This
legislation mandated NIOSH to conduct a number of research and education
progvams saparate from the standard setting and enforcement functions carried
out by the Occupational Safety and Health Administration (OQSHA)Y in the
Leparement of Labor. An important area of NIQSH research deals wich methods
for contreolling occupationzl exposure to potential chemical and physical
hazardg. The Engineering Control Technology Branch (ECTB) of the Division of
Physiecal Sciences and Engineering has been gilven the lead within NIOSH to
etudy the englineering aspects of health hazard prevention and control.

Since 1976, ECTB has conducted a number of assessments of health hazard
control technology oo the basis of industry, common industrial process, or
epecific control techniques. Examples of these completed studies include the
foundry imdustry; various chemical manufacturing or processing operations;
spray paintingi and the recirculation of exhaust air, The objective pf each
of these gtudies has been to document and evaluate effective control
techniques for potential health hazards in the industry or process of
interest, and to create a mere general awareness ¢f the need for or
avallability of an effective system of hazard control measures.

These studies involve a number of steps ot phases, Initially, a sevies of
walk—through surveys 1g conducted to select plants or processes with effective
and potentlally rransferable control concapts or techoniquea. Next, in—depth
surveys are conducted to determine both the control parameters and the
effectiveness of these contrels. The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articles on
effective hazard cootrol measures. TUltimately, the information from these
research activities builds the data base of publicly available information on
hazard contrel rechniques for use by health professionals who are responsible
for preventing occupational illness and injury.

Purpose of this Study

This study wae conducted to evaluate sources of worker dust exposure during
the weigh-out and transfer of powdered materilals from bags or bins to smaller
containers, The ventilation used to control dust generated by this operation
appeated to contaln dust within the exhaust heod. Howevaer, previous studies
of these gpperations always lavolve some elevation of the worker's dust
expoaure.l The purpose of this study is to determine why ventilation

systems for welghing and transfer of powders provide incomplete dust control.



Ohjectives of this survey

This survey was undertaken to evaluate dust control at weigh—out and transfer
operationa. The survey's prilmary cbjlective was to determive whether the
workers' dust exposure was elevated because of dust contaminated clothing and
depth at which the worker amust scoop from the drum or bin. In order to
address this primary objective an ergonomic evaluation was coordinated with
air sampling. In addition, real-time ailr sampling was conducted to identify
specific worker activities which generate dust.



PLANT AND PROCESS DE SCRIPTION

This plant is part of B.FP. Gaodrich's Industrial Plastics Division. It wae
built in 1947, and employe 395 workers. The plant makes a variety of PVC type
products such as vinyl backed wall coverings and magnet impregnated plastic
stripping. The raw materials for these products are weighed out and then
charged into Banbury mixers., After mixing, the plascics are milled, then
extruded or calendared imto their final form.

This survey was condurted at a ventilated booth which was used to control dust
generated by the weigh—-out and transfer of powdered raw materials. These
powders are assembled into batch lote which axe charged into Banbuty mixers
elesewhere in the plant. During this survey, the powder handled was an acrylic
copolymer manufactured by the Rhom and Haas company under the trade name
Acrylold K-125 modifier.

At this booth, the worker pre-weighed small batches of the acrylic powder for
use elsewhere In the plant. First, the worker emptied fifty-pound bags of
powder into a drum untll full, He used a scoop to transfer the powder From
the drum to a tared bag. Next, he set the bag on a scale and adjusted the
weight of powder in the bag. The filled bag wes sat in a bin behind the
scale. The section dealing with ergonomice provides a more detalled
description of the worker and his job cvele.

Work Station Degcription

All work was performed at a ventilation booth shown in Figute 1. 1In the
middle of the "L" shaped work table, thete was a hinged platform which was
raised to allow a drum of raw materlial to be placed inside the booth. The
scale was set on the work table to the left of the drum. The ascale's
read-out was on the left wall of the booth at about eye level, The exhaust
plenum was the back wall of the booth.

Dugt Exposure Limits and Posslble Exposure Soutces

Bag emptying, manual weigh-out and transfer of powders involves occupational
exiposure to an airborne dust. For the acrylic matetrial used in this study,
there are no specific occupatienal health standards, Therefore, the nulsance
dust exposure limite are assumed to apply. A summary of dust exposure limits
for guch dusts in Table 1.

The bag emptylng amd weigh-out and transfer of powders invoive a number of
potential dust exposure sourceg which are listed in Table 2, This survey was
conducted to evaluate whether worker clothing and depth of scooping affect
woTker dust exposure. Becauee the workers' anthropometry varies, the affect
of depth of scooping upon dust exposure may vary with the worker,

Emptying the fifty pound bags of powder into the drum gencrates a dust
exposure for the worker. The dust exposure sources associated with bag
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opening include: surface contamination of the bag, opening and emptying the

bag, and discarding the empty bag.

These expoaure sourced and methods of

controlling these sources of dust exposure have previously beem studied and

are discussed elsewhere,l,

Table 2 lista the apparent sources of dust

exposure,
Table 1, Summary of Exzpoaure Limits
Subatance OSHA ACGIH
PELZ TLY3
ng/m3 ng/m3
Nuisance Dust~Total 15 10
Respirable Dust 3 3

Table 2 .

Possible Dust Exposure Sources

Exposure Source

Copment

Worlker clothing

Spillage

Dusty bags

Manual compounding and azssociated
activities generally result in cloathing
which appear to be dusty and this
clothing could become a dust exposure
gource.

Poudered materlals are observed to be
spilled during mznual weigh—-out
operations. As a resulc, work surfaces
are coverad with dust and bacome
sources of dust emisaions. This
gpilllage occurs because bags leak dust,
scoops are too large in relation to the
welph=out bags, human error, and the
handling of emptied powdered material
bags.

Powdered mater{als are frequently
ghipped to the plants in bags. Workers
transfer materlals Erom these bags to
other containers. These bage are
frequently dusty and the simple act of
lifting them from a pallet to a work
surface has been reported to elevate
worker dust exposure.1,




Table 2,

Posslble Dust Exposure Scurces
{continued).

Exposure Source

Comment

Scooping

Empty bag disposal

Weigh—out and transfer

Work practices

When the powdered material is stored in
drumg, the worker must reach into these
drumg to tranefer the powder to a bag
which regts on the scale. When the
worker is transferring material from a
nearly empty drum, his breathing zone
1ls between the local exhaust
ventilation and the dust emission
sources.

Frequently, workers are scooping solida
from paper hags such aa three ply kraft
bags. When these bags are emptied,
they wust be discarded. Hzandling the
dust emlssione during bag disposal has
been treated in a previous atudy.lra

Transferring material from one
container to another, This operation
inevitably creates a dust which is not
tatally controlled by local exhaust
ventilation.

During the atudy of manual weigh—out
and transfer operations, differences in
work practlices between workers may
cause large varlations in personal dust
eXposurea,




Ventilation Desctriptiom

The ventilated booth 18 used in an attempt to capture the airborne dust
generated by bag emptying and the weigh-out and transfer of powders. Aifir flow
patterns in this hood were documented by using smoke tubes to determine the
dixectlon of the air flow and using a velometer to messure the magnitude of
the afyr flow. All measurements were made with 2 member of the survey team
gtanding at the hood face, in a manner gimilar to the worker's normal working
position. Figure 2 shows the results of the hood velocity measurements,

While eir velocities varied from 35 to 220 feet per minute, the directfion of
flow varied subatantially as well, Eddies existed in several places within
the hood, the most important being the one found in front of the worker as
shown in Figure 3. Air was found to flow straight up the worker's body and
into his breathing zone. Thie air current would force any dust generated
close o the worker's walst to flow directly into his breathieg zone, Auother
eddy was dipcovered lnside the drum. The alr entered the back area of the
drum, moved down to the surface of the powder, and exited from the front of
the drum carrying with it some of the powder. As shown in Figure 4, this
stream of dusty air flowed over the hinged platform. When the warker was
scooping from the bottom of the drum, his breathing zone was in this flow of
dusty air,
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Ergonomic Evaluation

Descriptive information and anthropometric measurements were taken on three
workers. This data was taken to evaluate the relationship between dust
aXposutre, worker size, and work practices.

Worker Dercription

Figure 3 dlagrams the anthropometric measurements for these workers. The
descriptive and anthropometriec results are summarized in Table 3. The
descriptive dafa show that while these workers had some experilenced in jobs
involving materials welgh-out and transfer, it was not their repgular job. The
third worker was more than 23 years older than the other two workers, had the
highest senilority of the three workers (31 years), and was experienced with a
varlety of jobs including materlals weigh—out and transfer. Anthropometric
measurements taken from these 3 workers show the female worker (worker #1} to
be in the 30-40th percentile for stature, 35 percentile for height of hips,
and 9 percentlile for forward reach compared to a standard population.S.
Worker #2 is a tall male who measured in the 90-95 percentile for all
anthropometric measurements taken.” The third worker was also male and
measured in the 40th percentile for most anthropometric categories.

Job Beacription

Many powdered raw materials are received at the plant in paper bags. The
acrylic copolymer powder used during this study, came in plastic lined bagsa
welghing 50 pounds each. The bags of powder were manually lifted from a
pallet, carried, and dumped into & fibar drum measuring 33 inches high and
21.5 inches in diameter. The powder was transferred from the drum to S—pound
papet bags via z hand scoop. These small bags containing powder were then
welghed on &8 scale. Usually, two scoope of material were required to achieve
the desired weight. Once filled, the bags were manually closed by folding
them from the top down. After closing, the bag was placed in a large
cardboard bin approximately six feet behind the worker. This fundamental work
cycle was repeated until either the drum was empty or the needed number of
bags had been welghed out. Occasionally (after approximately 10 bags were
walghed out) the worker cleaned the scale of any spilled material by brushing
it off with his hand. The worker then retared the scale using a new, clean
bag.

The material being weighed in this experiment required 2.64 pounds for each

batch. The work standard for thie weight was 100 batches in 40 minutes. The
workers received loncentive pay when they exceeded this standard.

11
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Figure 5. Anthropometric Measurements.
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Table 3, Descriptive & Anthropometric Measurements.

Population Percent?
Worker HWorker  Worker 50/50 Male Female

Meagurement {cim) 1 2 3 Sth 50th  95th
Job Title Utility Utility Henshaw
Worker  Relief  Operator
Gender Female  HMale Male
Handedness Right Right Right
Work Hand Both Right Bight
Age, Years 28 30 55

Length of Employment 8.5 yr. 9 yr. 31lyr.

Weight, Pounds 113 161 200 (approx.}

Body Length 164.6 183.7 170.1 154.4 168.0 183.0
Shoulder Haight 134.5 153.4 141,1 124.8 137.4 151.7
Hip Height 96.8 111.2 99.4 94.9 103.9 113.5
Shoulder Breadth 49.6 45,9 49.4 36.3 42.3 47.8

Foreword Reach 72.4 86,5 82.9 69.1 77.9 88.8

Elhow Height 100, 4 112.2 106.1 96.4 106.7 116.3
Underarm Length 38.3 6.2 43.0 31.9 36.7 41.1

The Work GCycele

A portable video tape ensemble consisting of a recorder, light-sensitive VHS
tape, and cameta, documented the work cycle., The werk cycle was then broken
down to fundamental elements as described by Gilbreth® and Armstrong.7

The video tapes were played back in a laboratory in slow-morion and
stop-action to provide detailed information on work practices, posture, and
equipment. This procedure helped to determine if certain elements in the
cycle could lead to increased dust exposure for the worker.

The work elepents during the weigh-out and transfer process were also examined

13



over time to detetrmine the effect that powder depth in the drum had on cycle
times and work practices. This was accomplished by examining the video tape
and taking two time measurements for removal of powder from the drum to fill
bage 1n batch welghing process. The first time measurement was for total
cycle time of the workers at three drum levels: full, 1/2 full, and near
empty. The second time measurement was for time spent scooping powder from
the drum. This cycle time began when the worker first grasped the scoop and
ended when the worker positioned the scoop over the bag for precise welghing.
Table 4 ghows the results of the cycle times for different drum powder levels.
Table 5 shows the results for scocp cycle times for these same levels. The
basic functional elements for the right and left side of the body during the
workers' work cycle are shown Iin Table 6. Table 7 shows the "ecritical”
elements in the fundamental work cycle that may expose the workers to higher
levels of dust relative to other elements in the work cycle.

Table 4. Fundamental Cycle Times for Drum Powder Lewvels (seconds).

Worker FULL 1/2 FULL EMPTY
mean g.d.**  g* mean g.d. ol mean s.d. 1
1 18,99 1.21 2 - - - 22.72 2.26 a
3 22,55 Z.60 6 22,48 1.16 6 26,55 2.37 6

* n -~ pumber of samples
*#% 5.d, = standard deviation

Table 2. Scooping Cycle Time for Drum Powder Levels

Worker FULL 1/2 FULL EMPTY
mean S.d. C.Va mean S.d. CuVa mean g.d, C.V.
1 6.43 0.14 2 - - - 7.53 0.81 6
2 - - - 14,51 2,32 ;] 10,43 1.28 5
3 6.05 0. 50 6 7.17 .48 6 89.19 0.76 6

14



Table 6.,

Fundemental Work Cycle Elements.

Left Side Right Side
1. Reach for Bag 1. Idle
2., Grasp Bag 2, Idle
3. Open Bag 3. Idle
4. Move Bag over Drum 4, Beach for Scoop
5. Poslticn Bag aver Drum 5. Load Powder con Scoop
6, Hold Bag 6. Move Scoop to Bag
7. Hold Bag 7. Dump Powder from Scoop to Bag
8. Move Bag to Scale 8. Hold Scoop
9. Posltion Bag on Scale 9. Move Scoop
19, Release RBag, Inspect Scale 10. Hold Scoop
11. Held Bag 11. Position Scoop over Bag
12. Hold Bag 12. Add or Remove Powder from Bag
with Scoop or Hand
13, Release Bag 13. Move Scoop to Drum
14, Idle, Inspect Secales 14, Release Scoop int Drum or on Table
15, Grab Bag 15. Grab Bag
16, Fold Bag 16, Fold Bag
17, Release Bag 17. Grab Bag
18. Idle 18, Move Bag into Shipping Bin
19, Idle 19, Position Bag in Shipping Ein
20, Move to Beooth 20. Move to Booth

15



Table 7. Critical Elements in the Work Cycle
¥hnich May Increase Dust Exposure.

Side/Element Comment
{L=left,R=right)
L 3 The worker opens the paper bag by "flicking" his wrisr to forca

R 5,6,7

L,R 16

air imto the bag to opea it. Thies technique iz an efficlent time
saver but may penerate residual sirborne dust from the surrounding
work station.

Scocping powder, moving the powder to the bag, and dumping the
powder into the bag may cause dlgonificant airborne dust exposure.
Dust exposure may be caused by a combination of mechanical
tranafer of dust from the 55~galion drum to the bag and the
proximity of the worker's breathing zone being near the transfer
process, As the drum 1s emptied the worker has to reach deeper
inte the drum to get the powder. During this reaching process he
partially puts his head into the drum to retrieve the material.
Because the drum is an unventilated confined space, it is
hypothesized that dust exposure may increase as the drum is
enptied by the worker,

Folding the bag pleats znd closing the filled paper bag causes
residual air and dust to rapidly escape from the bag. This
process forms a small but wigible dust “cloud” which migrates
toward the worker's hreathing zone.

16



Job Desecription and Work Cycele of Experienced Worker

In the course of performing this survey, a highly experienced worker was
observed at another manual welgirout statlon. His actlions were recorded on
videa tape to compare his work practices and cycle times to those of the three
workers studied. No anthropometric meagurements were made on this worker.
Table 8 shows the experienced worker's cycle time, and standard deviation, for
a gimilar weigh~out and tranafer job. Table 2 shows the elements which
comprised this workers bagic work cycle. While a smaller weight of materiail
wag required, (1.2 pounds versus 2.6 pounds) the batch welghing and material
transfer process was similar. The cycle time for this worker was
approximately 66 perceant less compared to the the average cyeclzs time for the 3
workers above. This difference was primarily the result of efficlent work
practices and motion economy which elimimated several nomproductive steps.
These step saving practices were the result of a worker configured work
station where all materials required to perform the weigh—out &nd transfer
process were within

Table 8. Basic Cycle Time for Experienced Worker {(seconds).

Work Cycle Time Standard Sample
Deviation Size
5,35 0.82 5

Table 9, Fundamental Work Cycle Elsments
Experienced Worker.

Left Side Rigzht side
l. Move hand to bag 1. Hold scoop
2. Reach for bag 2. Hold scoop
3, Grasp bag 3. Move Bcoop to drum
4, Flick open bag 4, Position scoop in drum
5, Idle 5. Use scoop
6. Move bag to scale 6, Move scoop to scale
7. Position bag on scale 7. Position scoop over bag
8. Hold bag 8. Pour scoop contents into bag
9, Idle (inapect scale) . Hold scoop
10. Grasp bag 10. Hold scoop
11. Move bhag to receiving drum 11. Hold Bcoop
12. Ingpect drum {see where 12, Hold scoop

to drop bag)

13, Position bag 13, Held scoop
14, Releage bag 14, Hold scoop

17



easy reach, Specific step saving practices ilocluded simuitancous use of both
hands (the left hand to grab a bag while the right hand reached and scooped
powder material), precision weighing of powder into the bag by careful scoop
pouring while inspecting the weiph scale, aod not folding the bapgs before
putting them into the receiving drum (since the bags were bottom heavy there
was no need to fold the bags to secure the powder contents). Because of other
Job demands, no personal dust measurements could be taken on this worker,

18



Musculoskeletal Hazards

There appeared to be two types of musculoskeletal hazatrds invelved with this
Job. The first hazard was the method used by most of the workers to open the
small bapgs for receiving raw material. These workers opemed the bags by
holding them by a flap and giving them a flick of their wrist. This type of
motion may cause wrist and/or elbow tendonitis. The other musculoskeletal
hazard was manual 1ifting and transfer of 50 pound bags of powder from the
wooden pallets and carrying them to the fiber drums. Rigk factors for manual
lifring include welght 1ifted, size of the load, and fregquency of 1ift.
Personal risk factors include gender, age, anthropometry, 1lift technique, and
strength. Because the bulk density of this material was 1.1 g/cc, the bags
were large and ewkward to hendlie. Lifting of heavy welghts at a distance from
the body may cause back Injury,

To determine the degree of biomechanical streas during the 1lift and transfer
procesg, the moment-arme of the body segments were calculated using “frozen"
posture angles from the plant wvidectapes and a scftware program developed by
the University of Michigan, Center for Ergonamics.8 The anthropometrie,
posture, and load handling information were coded into a microcomputer which
calculated estimates of the resultant forces and torques created by the load
at the hand(s) for the elbows, shoulders, L5/S1 spinal disk, hips, knees, and
ankles. In the sample analysis performed here, worker #3 (male) was evaluated
for manually lifting a 50 pound bag of powder and transporting it to the

drum. Figure 6 shows the worker postured to “pull”™ the bag closer to his bady
bafore 1ifting., Here, the elbow was the limiting joint for performing this
type of wovewment. This wotrker sppeatred very strong aod had ne difficulty in
pulling the load closer to the body before 1lifting. For the majority of the
population, however, there is a significent limitation in the elbow jeint for
pelling a 50 pound load closer to the body (3% of femaies capable}. This can
be a limiting factor when recommending manual material movement techniques.
This pull task does mot result in any compressive loading of the back. Flgure
7 shows the worker postured to lift this load from the pallet. Nearly 90%Z of
average (50 percentile) male and female workers are capahle of lifting this 50
pound bag in this pusture.5 Compressive forces for the back, as computed

from the posture recorded on video tape, are 4342 Newtonzs (976 poundsg) for
average size wales and 3613 Newtons (812 pounds) Sor average slze females,

The NIOSH Work Practices Guide for Manual Lifting” indicates that these back
compressive forces may result in an overexertion back injury if not controlled
administratively or through engineering controls. [The Work Fractices Guide
recomnends adminlstrative controls when back compressive forces exceed the
action limit of 3425 Newtoms (770 pounds), and englneering controls when back
compressive forces exceed the maximvm permissible limit of 6361 Newtons (1430
pounds)]. Work practices and lifting techniques play a large role in limicting
the risk for back injuries. To demonstrate this point, calculations wera
performed for this worker lifting a 50 pound bag st the Initial contact point
(Figure 6)., A high percentage of both male and female employees are capable
of 1lifting sach a lpad, however, the back compressive forces increases to 5456
Newtons (1227 pounds) for the average male and to 4626 Newtons (1040 pounds)
for the average female. This is an increase of more than 1000 Newtons for
such a subtle difference in 1lift angle. The workers involved in heavy
materials bandling should be aware of rhe subtle but effective techniques for
lifting to prevent back injuries.
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Figure 6. Worker in "Pulling” Position.

Figure 7. Worker in Lifting Position.
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METHODOL QGY
Experimental Design

This survey was conducted to evaluate the effects of both dusty clothing and
depth of scooping from the drum on the worker's dust exposure. Twa
hypotheses, therefore, wetre evaluated and are stated as follows!

1. Dusty clothing affects the worker's dust exposure.

2. The depth from which the worker accops powder affects hia
dust exposure.

A 2u2 factorial experiment with 6 replications was conducted to evaluate the
effects of clothing and depth of scooping upon dust concentration., A total of
24 gravimetric runs were conducted over a three day period using a different
worker each day. Four runs were conducted in the morning and four in the
afterncon. Of these groups of four, one run would look at scooping from the
bottom of the drum with clean clothing, one at scooping from the bottom with
dirty clothing, one at scooplng from the top with dirty elothing, and one at
scooping from the top with clean clothing, The dirty clothing used was the
worker's own coveralls in which he performed some coperations which were
consildered dusty, such as emptying a bag of powder into the drum. The clean
clething consisted of disposable coveralls which were ueed once and then
discarded. A drum was considered full if it was two thirds or more full and
consldered empty if one third or less remained in the bottom.

In addition to the gravimetric alr sampling, the sffect of depth of scoaping
ott dust concentration was further evaluated using real-time Instrumentation,
A single worker {worker 3) was used to parform this portion of the

experiment. It was conducted with dirty clothing and began with a full drum,
The worker weighed out material until the drum was nearly empty. During this
period, the real-time instruments monitored the respirable dust concentration.

Sampling Procedures

The equipment used in this study is listed in Table 9, For the gravimetric
method, a2ir was drawn through a filter and ¢ritical flow orifice by a carbon
vane pump. The filters were MSA type FWSB 37-millimeter with 5,0 micron pore
gize which 1s mounted mounted in a filter cassette. The critical orifices
were calibrated at 14-16 liters of alr pet minute. The filters were connected
to the orifices with Tygon tubing and a lure which fastenmed to the filter
cassatte. While in the field, flow rates of several of the filters were
checked. Because of some variation in the flow rates, all of the filters used
were checked in the laboratory for flow rate and pressure drop 2cross the
filter. The apparatus used to measure the flow rate and pressure drop is
shown in Figure 8. All orificea were calibrated at atmospheric pressure.
However, in the field, the pressure at the orifice differed from atmospheric
by the pressure drop across the filter. Because the flow rate through a
critical orifice is praportional to the upstream absolute pressurelo, the
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Figure 8. Filter Flow {zlibration Assembly.
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Table 9, Equipment List

Item Use
GCA Real~-Time Asrosol Resplirable dust monitoring at
Monitors=2 (RAM} fixed locatlions.
FPM Hand-Held Aerosecl Respirable duat monlitoring on
Monltor (HAM) worker,
Carbon Vane Pumps Sampling of total dust.
15 lpm at 20 inches of Hg vacuum
ME8A Model G Pumps Active sampling for the HAMs,
1.7 1lpm
Video Camera and Recorder Recording of events during real-time
with: sampling.

Time Input including minutes
and seconds

Automatic forus and zoom lense

TEL Air Veloclty Meter Measuring hood face velocity,
Apple II Plus computer equipped Record analeg cutput of RAM=, HAMs,
withs and event marking switches.

dual disk drives

AT 13 Card Analog to digital conversion,
{Interactive Structures)

The Clock Card Internal clock for computer.
{Mountain Computer)

Anthraoponetric Equipment Kit To take anthropometric measurettenta
of subject workers.

flow rates were corrected for the effect of this pressure loss by using the
following equation:

Ql = Q2 (F1 - P2) / PL

where, Ql is actval flow, Q2 1s calibrated flow, Pl 18 atmospheric pressure,
and P2 is the filter pressure loss,
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Table 10. Ailr Sampling Locations
Gravimetric Method

Location Loecacion
Number Bescription Comment
i Stand 28 fr. from hood face Background szample,
2 I-beam 5 ft, from hood face Over bin sample,
3 Hood face 1 ft. below worker's head
on left wall of hood,
4 Worker's hat On top of hat.
3 Laeft worker's lapel Used on all runs,
) Right workex's lapel Not used on first 4 rumas.

Just prior to the beginning of a rum, all the necessary filters were fastened
inte place., A run generally last 10 to 20 npinutes znd usually invelved the
filling of 24 to 36 bage at 2.64 pounds per bag., The total bags filled along
with the total run time, the orifice and calibration flow rate, and the filter
mmber were recorded, Halfway through the run, the drum being used would have
to be replaced by another which was full (or one third full). Thisz transfer
was never done by the subject worker, but rather by the survey team. At the
end of a Tun the pumps were turned off and the filters recapped. At this
point a new set of filter would replace the used omes, and a new run would
begin. Graviwetric alr sampling locations are given in Table 10 and
dlagrammed in Figure 9,

For the real—-time analysis, two types of instruments were used: HAMs
{hand-held aerosol monitor) and RAMs (real-time aeroscl monitor). Two RAMs
were used, one for background dust and one for dust within the hood, while one
HAM was used fotr monitoring the worket's breathing zone dust concentration,
Real-Time sampling locations are given in Tabla 11,

The RAM'e and the HAM's use forward-scattered light to precisely monitor
reapirable dust concentrations, The instrument's manufacturar claims that the
monltors' precision is better than 0,1% full-scale. Calibraticn curves
generally have correlatlion coefficients better than 99z, 11 However, the
ingtruments calibration does depend upon the aerocsol. Rubow and Marplell
noted that for two coal dust test aercsols, there was a 207 difference in the
slope of the calibration curve. This study bases conclusions upon measuring
concentration difference to determine what increases concemtraticn. As long
as weighing cut the powder doeg not change ita optical properties, the slope
of the calibration curve will not change and the gtudy's ability to detect
concentration differences will be unaffected.
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The RAMs' and the HAM's analog output were comnected t¢ an Apple II Plus
computer through an AT 13 analpog to digltal converter, The computer was
programmed to counvert these digital eignals to woltage values. The computer
was further programmed to take readings every two s2econds and to store these
values in several data files. Each data file contained 100 readings, and it
took the computer 30 to 60 seconds to write the readings to the disk. During
this time, the computer would not take any readings, so the worker was
instructed to stop work until the computer was finleghed writing the disk. The
internal clock of the computer was synchronized with the clock on the video
camera, This enabled the videco to be viewed along side the computer output
and to see what the dust exposure is for any given movement by the worker.
This experiment lasted about 22 minutes with 56 bags of powder weighed ocut.
Before the experiment was conducted, the worker emptied three bags of powder
into the drum. The experimeant was terminated when there was very little
powder left in the drum.

Table 11. Sampling Leocations
Real-Time Sampling

Location Location
Kumber Descriptlion Comment
1 10 feet from hood face RAM, background sample.
2 Beside the scale RAM, interfor of hood,
3 Worker's left lapel HAM, worker breathing zone,

26



Results

The air sampling data were statistically analyzed to determine which factors
affect dust generation. The short term dust samples were analyzed to
determine whether worker, clothing, depth of sccoping, and sampling location
affected dust concentrations. Measurements taken with the HAM and the two
Ram's were analyzed to study the assoclation between the analog output of the
Ham and the individual components of the job.

Analysis of Real Time Data

The analeg ocutput of the real time instrumentation mounted at the locations
described in Table 1l were statistically analyzed to resolve two issues:

l. How much powder can the worker remove from a full drum before his dust
exposure, as measured by the HAM, increases?

2. Which components of the worker's job contribute to his dust exposure?

The details of this statistical analyels are summarized in Appendix 1. The
analysis involved fitting the amalog datsa to a model which included
auteregresslve terms and structural terma.

A key assumption In data analvsis is the independence of measurements,12

The autoregressive terms are needed because the successive readingz of the
instrument response are not independent, This lack of independence i1s caused
by the dynamics of the sitvation., When a dust generating event occurs, dust
concentratione do not lncrease lmmediately; transportation time is needed for
the air to move the dust cloud from the point of generation to the inlet of
the instrrument. For example, dust generated by scooping the powder ocut of the
drum will travel 1 to 2 feet in air which is moving at a speed of 0.5 to 1
feet per second. Once, the air arrives at the inlet to the instrument, it is
gsampled. The instrument was used with a time content ef 1 second which
implies that the Iinstrument will require 2-3 peconde to complete 90 % of its
respond to a step change in concentrations. As a result, instrument
regponse ¢ould lag dust generating events by 2-5 seconds. Thile suggests that
autoregresalve terms are needed in the analysis,

The model's structural terms included parameters describing the number of bags
which have been weighed-out and the specific task thac the worker was doing.

These tasks wete:

l. Ecooping. During this task, the worker removed material from the drum
and poured it into the bag,

2, Weighing. Adjusting the final welghr cf the material in the bag.
3, Turning. Placing the bags into the bin.

The data is llsted in Appendix V; a plot of the predicted values using the
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Figure 10. Predicted response of HAM in millivolts plotted as a function
of bag count for scooping, weighing and turming. The readinge plotted are the
last reading taken while scooplng, weighing and turning for each bag.
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model is shown in Figure 10, This figure showe that the worker's dust
exposure {the analog output of the HAM) increased while the worker is
scooplong., During weighing and turning, the worker's dust exposure either
remains constant or fails to increase as fast, Figure 1la, the selected
real=time data, and Figure 11b, the selected predicted data, show this through
the directlon of the slope of the curves during scooping weighlng and

turning. A positive slope indicatee an increase in worker dust exposure,
while a negative slope indicates a decreasge,

This suggests the most of the workers dust exposure is caused by the scooping
of the power from the drum. Dust exposures caused by welghling and turaing are
either controlled by the wventilation system or are much smaller than the dust
exposures caused by scooping. The HAM response during the weighing activity
appears to be associated with higher dust exposute than the turning activity.
The scooping activity causes an order of magnitude increase in the worker dust
exposure and several saconde are requlred for the instrument's response to
reach steady state, Possibly, the difference in exposure between welghing and
turaing ig an artifact caused by the high dust exposures durlng scocpling.
However, it is just as possible that weighing conttributes to the worker's dust
exposure and the difference between the turning and welghing is real.

Analysis of the Filter Data

Statistical mpalysis of the dust concentration data was conducted to address
the study's hypothesis:

Dusty clothing and the level of waterial in the drum affect the worker's
duat exposure.

To address the hypothesis, a factorial experiment was conducted which involved
the following vartables:

Clothing. The worker wore either dirty work clothing or clean Tyvek
clothing.

Drum., The worker sccooped material from either the bottem third of a drum
or from the top thlird ¢f the drum,

Location. The sampling locations in Table 10.
Worker., The three workers who worked at the booth.

The concentration data was analyzed as if it were a full factorial experiment
involving the four warlables listed above. Before analysis, the natural
logarithms of the concentratlons were taken. The SAS Genetral Linear Models
Procedure was used to perform the analysie of variance, while multiple
comparlson tests were used to examlne differences between treatment means.

The pressure loss thtough the filter may have induced some bias in the

analysis of the data. As a result, the statistical analysis was done with
beth censored and uncensored data., Data was censored by deleting data records
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which had pressure losses greater than 48 inches of water and filter welght
gains of less than 2 milligrams. Filters with welght pains in excess of 2
milligrams could have increased pressure lasses due to loadlng. For example,
thtee filters had welght gains of over 50 millfgrams and pressure losses in
excess of 50 Inches of water,

Generally, censoring the data did not have a major impact upon the conclusions
drawn from the statistical analysis. In some cases, the probabilities
assoclated with interaction terma in the analysis of variance shifted. The
data was quite varlable. Adjusting the flow rates for the measured pressure
loss involwed as much as a 20% adjustment in the volume, At worst, the error
in the sample volume and computed concentration is 20%. This error 1s small
compared to the errorse estimated in the analysis of verlance. The geometric
standard deviation computed from the mean square error of the analysis of
variance was 3. For such data, the two standard deviation limita were
one=-ninth to nine times the geometric mean,

Far beth the censcrad and uncensored data, an anzlysis of variance showed that
location, worker, and depth of scooping from the drum significantly affected
concentration, The terms Invelving the workers' clething do not appear to
affect concentratlcon. As a result, clothing was excluded from subsequent
analyses. The results of the analysis conducted for the censored and
uncenscored data are listed in Tahle 12,

Table 12. Analysls of Varlance Conducted to Evaluate
Whether Clothes Affected Concentration

Source of degrees of Probability of seeing such large

variation freedom differences due to chance
Uncensored data Censored data

lacation 5 0,0001 0, 0001

worker 2 0,0016 0.087

drum 1 0,0007 0. 0026

c¢lothes 10 0,92 0.54

drum-clothes

interaction 1 0.35 0.35

location-clothes
interaction 5 0. 66 0. 82

degrees of freedom
for error 123 u8
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For both the censored and uncensored datz, the total dust concentration data
was analyzed as if 1t were a full factorial experiment luvolving sampling
location, worker, and depth of scooping from the drum. The results of the
analysig of varlance is shown in Table 13. With the exception of the
location-worker interaction, separate analysis of the censored and uncenscred
data leads to the same conclusions. Both analyses show that the heipght of
material in the drum had a very signlficant affect upon concentrations. In
addition, the drumlccation interaction and the drumworker interaction are
significant, This 1mplies that the effect of level of material in the drum
varies with the sampling location and the worker. As a result, the separate
statistical analyses were conducted for the different levels of material in
the drum.

Table 13. Analysie of Variance For Gomplete Data Set.

Soutce of Degrees of Probability of seeing such large

Variation Freedom differences due to chance
Uncensored data Censored data

location 5 o, 0001 0.0001

worker 2 ¢. 0001 0, 0001

drum 1 ¢, 001 0. 0G001

location—-worker

interaction 10 0,0077 0.18

drum=worker

interaction 2 0. 003 0.06017

location—drum

interaction 5 0,0017 0.016

location—drum

worker

interaction 10 0,2 0.5

degrees of freedom
for errar 103 78
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When the drum was full, an analysis of variance summarized in Table 14 showed
that both sampling location and worker affected dust concentrations., Multiple
range tests were conducted to examine differences Iin concentration due
sampling location and worker. As shown in Table 15, the samples collected on
the worker's were significantly higher than the area sampling results. Table
16 summarizes the affect of worker upon the geomatric mean dust concentrations
based upon ail sampiing locations. Worker 3, who is wore experienced, had
lower dust exposures than the other two workers.

Table 14, Summary of Analysis of Variance
Concentrations When Drum is Full,

Source of degrees of Probability of seeling such large
variation freedom differences due to chance
Uncengored data Censored data
location 5 0, D001 0, 0001
worker A 0,004 0,018
location-worker
interaction 10 0. 07 0.5

degrees of freedom
Ior the error term 51 41
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Table 15, Comparigen of Total Dust Comcentrations

by Location When Drim fs Pull.

Location Uncensored data

Censaore

d Data

GH N Grouping* oM N Grouping*
{mg/ud) (wg/nd)
Right lapel of worker 16 10 A 1¢& 10 -1
Left lapel of Worker 5 12 B 7.6 10 AR
Worker's hat 2 12 B 4.6 9 B
Bin 0.47 12 c 0.43 10 C
Background 0.41 12 C 0.43 11 C
Face of hood 0.3 11 G 6.33 9 c

*-The grouping is based upon the Waller-Duncan multiple comparigon test. This
test 1s conducted at approximately an ovwerall level of confidence of 95%,

Means which have the game letter do not differ significantly.

GM ~ Geometric Mean
N - Number of samples

Table 16, Comparison of Geometric Mean Dust Concentrations

by Worker When Drum ie Full,

Worker Uncensored data Censored Bata
GM n Grouping* GH N Grouping*
(mg/m3) (mg/m3)
2 2.3 24 A 2.8 22 A
1 1.9 21 A 2.1 20 A
3 0.73 24 B 0.9 17 B

*-Grouping is Based upon the Waller—Duncan multiple comparison test.

Geometric Means with different letters differ signlificantly.
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When the drum was less than one third~full, an analysis of variance summarized
in Table 17, showed that sampling location and worker had a significant affect
upon dust concentration, As shown in Table 18, samples collected on the
worker were much larger than samples collected at fixed locations, Table 19
shows the effect of the worker upon the gecmetric mean dust concentrations,
Worker 2, who had longer body dimensions than the other two workers, had
significantly lower dust concentrations than the other cwe workers ,

Table 13 indicates that there is a significant drun-sampling location
interaction and worker—sampling location interaction, This indicates that
there are gignificant differences in the geometric mean concentrations between
Table 15 and Table 18. Apparently, the workers' duai exposure, as measurad by
the three personal samples are increased by scooplog powder from the bottom
third of the drum. The worker-drum interaction in Table 13 indicates the
geffect of helght of material in the drum varied with the worker. Comparing
Tables 16 and 19, the dust concentrations meagured by worker 2 were apparently
uynaffected by the level of material in the drum, In contrast, scooping
meterial from the bottom of the drum appears to imcrease the dust
concentrations experienced by workers 1 and 3.

In the preceding analysis, the effect of worker is treated as an experimental
block. The workers were tested only one day a piece. As a result, any worker
differences may be confounded with conditions in the plant which may have
changed from day to day. Bersuse the preceding amalysis showed worker to be a
significant factor, statisgtical analysis, presented 1o Appendiz I, was
performed on the personal sampling data. An analysis of varlance showed that
worker, level of materisl in the drum, and the interaction betwezen these two
variables were statistically algnificant at a level of confldence greater than
95%. Table 20 shows how level of material In the drum affected each worketr'g
dust exposure. The significance of the difference was estimated using linear
contraets,

Table 17. Summary of Analysis of Varianca
Concentrations When Drum is Empty.

Scurce of degrees of Frobability of seeilng such large

varlaticn freedom differences due to chance
Uncensored data Censored data

location 5 0,0001 0, 0001

worker 2 0, 0018 0.0013

location-worker

interaction 10 0.03 0.12

degreee of freedom
for the error term 52 37

a5



Table 18, Comparison of Total Dust Concentrations
by Location When Drum is Empty.

Location Uncensored Cata Censored Data
GM n Grouping* GM N Grouping*
(mg/m3) (mg/m3)

Right lapel of worker 54 10 A 57 10 A

Left lapel of Worker 26 12 B 31 11 A

Worker's hat 7.9 12 c 12 7 B

BRin 0.48 12 D 0.74 7 c

Face of hood 0.42 1z D 0.46 9 G

Background 0.33 12 D .43 11 C

#-The grouping ie based upon the Waller-Duncan multiple comparison test.
Means which have the same letter do mot differ significantly.

Table 1%, Comparison of Geometric Mean Dust Concentrations
by Worker When Drum 1s Empty.

Worker Uncensored data Censored Data
GM N Grnuping* GM N Grouping*
(mg/m3) (mg/m3)
1 3.9 22 A 5.6 17 A
3 2.7 24 AB 4.9 17 A
2 2.1 24 B 2.3 21 B

*-Grouping is Based upon the Wallexr-Duncan multiple comparisom test,
Geomeiric Means with different letters differ significantly.
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Table 20, Effect of Level of Material in Drum upon
Geometric Mean of Personal Dust Expesure,

Worker Prum Condition Significance of
Empty Full Difference
1 49 8,0 0.2
2 14 14 0
3 16 1.4 g,000
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Plscussion and Conclusions

The two hypotheses, dusty clothing effects waorker dust exposure and the depth
of scooping from the drum effects worker dust exposure, were evaluated. After
analysis of the data collected, the workers' dust exposure when wearing clean
clothing was not significantly different from the exposure when wearing dirty
clothing. Dusty clothing had no appreclable affect on the worker's dust
exposure. The polyethylene~lined plastic bags and limited contact with heavy
materials handling during experiment may have limited this type of exposure.

Depth pf scooping from the drum, however, significantly affected the workers
dust exposure. Depending upon the worker, scooping from the bottom of the
drum increased the dust exposure. There appeared to be a poesible
relationship between the workers size and his dust exposure when scoopling from
the bottom of the dtrum, For the tallest worker, there was no significant
difference batween scooping from the bottom or the tep of the drum, The
shortest worker, though, had the greatest increase in duat exposure when
scooping from the bottow versus the top, Because of the ghort worker's small
arm length, she had to get her face closer to the drum in order to scoop from
the bottom.

Work practices may also play a part in worker dust exposure during manwal
welgh—out of powders. While the tallest worker had no significant difference
between the full and empty drums, he had a consistently higher dust exppsure
than the third worker when scooping from the top of the drum, This would
suggest a relatlonship between work practlices and worker dust exposure.

The filter data showed that worker's dust exposure was slevated when scooping
from the top of the drum. The worker stands in front of the drum to scoop
powdar from the drum and to pour powder inte the bag. This operation
generates dust close to the waist of the worker. The air flow patterms, as
shown in Figure 3, suggests that this dusty air is forced into the breathing
zone of the worker, The filter data and the real-time datz showed, further,
that the increase in worker dust exposure was caused by the welgh-out
operation, and that it wae very close to the worker. The real-time data
showed little or no increase in dust levels away from the drum as it was
emptied. The filter data showed that there was a concentration gradient
across the workers' body, and that it incressed as the distance from the
gampler to the drum decreased (right lapel to drum, hat te¢ drum). This
suggeats much of this exposure 18 caused by scooping material cut of drum,

All statlstical inferences ¢f the real~time data apply to the spegific worker
usad for the atudy, as there were no other workers astudied. If anything, the
fitted model undevstates the relationsbhip of bag count and 2cooping the
material to an Increase in worker dust exposure. Thus, to the extent that bag
count is a valld indicator of level of material im the drum, these results
show that worker dust exposure increases as the level of material in the drum
drops., Furthermore, about half~way into the drum the dust exposure during
scooping appearg to increasze gignificantly, as measured by the HAM. This
increase in worker dust exposure occurs predominantly while the worker is
scooplng material and 1t generally decreasens (or falle to imcrease as fast)
while the worker weighs the bag or turns to place it in the bin.
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While most of the breathing zone samples did exceed the PEL for nuisance dust
{15 milligrams per cubic meter), Ir ghould be kept in mind that the operation
studied may not have represented the day-to~day operations of this job. It
should also be noted that the workers evaluated in the study reported limited
experience in petforming this job. While the results showed abnormally high
dust levels, all three workers wore raspirable dust respirators durlng the
experiment to protect them from these high levels. Background samples did
show that dust concentration levela within the plant to be substantially below
the nulsance dust PEL, findicating that the dust was controlled within the
vicinl{y of the welgh—out booth, However, there is definitely potential for
dust exposures during this job. The results of this study strongly suggest
that the booth ventilation contains the dust enlesions generated by thias job;
but does not adequately control personal dust exposures without the addition
of persgnal protective equipment. The air flow patterns at this booth suggest
that the ventilation may even contribute to the worker's dust exposure.
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RECOMMENDATIONS

Based upon this study, several recommendation can be made to improve the
marerisal weigh—out process, and decrease dust exposure.

li

Ae nuch as poasible, avoid sceooplng from the bottom of the drum.

There are several ways of accomplishing this. The use of half-height
drums, false bottoms in the drums, or keeping the drum full of the raw
material are just threes options,

Remove or reposition the hinged platform from in froat of the air
intake. This should help to provide more even alr flow across the
dust source. This should keep the dusty alr further from the
workers' breathing zone.

Encourage supplier to use plastic lined bags for raw materials,
Plastic-lined bags de not sustaln as much leakage as other types of
bags-

Consider using methedg to reduce stress on the back, A mechanical
lift could possibly be used to raise the raw material bags at the
booth, This should help reduce the back injury rate related to
lifting heavy objects,

Further research should be perfermed by NIOSE to find more information
about the effects of depth of scooping on worker dust exposure.
Furthermore, research on the design of a work station that maintains
both acceptable work conditions as well as high efflciency by
including beoth ergonomic and ventilation design principles should be
conducted. This research shounld concentrate on eliminating eddies
which force contaminated alr into the worker's breathing zone,
Furthermore, this research must also eonsider the lay our of the work
station to provide a smooth flowlng welgh—out processa

In addition, some modifications to the work practices listed in Table 7 can be

made.

These recommendations are listed in Table 20.

40



Table Z0. Work Practice Recommendations Based upon
Elements Shown in Table 7,

Sitde/Element Comment
from Table 5,

L 3
R 5,67
L,k 16

The bag should be opened with twe hands —== one hand to hold the
bag and rhe other te open it., This process takes meore time but
will reduce potential dust exposure as well as tendinidtis problems
to the wrist and elbow.

Sccoping powder, moving the powder to the bag, and dumping the
rowder into the bag may cause significant sirborme dust exposure.
Use pracilices which minimize the height through which powders
free~fall through air. Consider the followlng examples: Before
tipplng a sceop over to unload it, lay the ascoop on top of the
powder, ralse the handle and gently pull the scoop away from the
powder,

Felding the pleates and closing the filled paper bag causes
residual air and dust to rapidly escape from the bag. The process
small dust "cloud” could be reduced or eliminated by aiming the
opening of the bag away from the worker, and closing the bag moxe
carefully.
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Real-Time Statistical Analysis Resultzs

Objectives of the Analysis
The analysis was directed towards answering the following guestions:

1, Did the dust exposure of the worker, as measured by the worker ARM
readings on the worker's arm, change as the level of materisl in the
barrel decreased, or not, and, If so, was the chapge an locrease or a
decrease?

2. The work eycle was conceptualized as repeated cycles of scooping
material from the barrel and pouring it into a bag, weighing the bag, and
finally, turning to place the filled bag into a container., These cycles
were conceptualized as having the three phases of scooping, weighing, and
turning. A second question was whether the phase of the cycle had any
effect on dust exposure of the worker, and , if so, which increased and
which decreased dust exposure, and were these effects constant throughout
the entire operation or did such effects change aa the level of material
in the barrel decreased?

3. Measures of amblent dust levels were alse taken with measuremente at
the hood and at some distance from the hood in the room where the work
occurted. Did these change during the work operation? If so, how did
these measures change? And, If so, did such changes account for the
changes in worker dust exposure, 1f any?

Important Madifying Conditions

Readings on each measurement device were recorded every 2 seconds in the
internal memory of a computer, except thet after each 1090 readings the
recorder paused to transfer the recorded measurements from internal memory to
external storage on a disgkette, The computer also recorded the time of each
measurement. Thus, there are gaps in the data after each 100 measurements.
During data collection the worker was asked to walt when the obseyvers became
aware that the transfer was occurring., However, there was usually some delay
before the onset of the tranefer was detected by the observers and the wotker
usnally contimed working for short times while there was no dust measurement.

It is believed that there 1s a lag of at least 2 seconds between & change in

the level of dust reaching any of the three dust measuring devices until that
change is registered on the reading of that device,
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Preparation of the Data for Analysis

Three indicator

SCO0F: = 1
=0
WEIGH: = 1
=0
TURN: =1

These lndicator
opetaticn which

variahles were defined as followed:

if the worker was involved with scocping material from the
barrel to put into the bag , and

otherwisa;

if the worker was weighing the bag, and

atherwiss;

if the worker was turning to place the filled bag In the

container, and
otherwise,

variables were scored by viewlng a wvideotape of the work
included time recordings at Intervals of two seconds. Thus,

there was a colncident score for each of these varlables for each of the three
gimultaneous recordings of dust measurements, This videotape was reviewed a
second time to score the three indicator variables during the times that the
worker continped his work while the computer was transferring data to the
diskette, There were no associated dust measurements with these additional

SCOTRE.

The scores on the three indicator variables were used to create four
additfonal variables used inm the analysis:

BAGCNT :

SCP :

Each time the worker initiated the scooping phase of =2 new
cycle, this variable was incremented by 1. This 1s equivalent
to Incrementing this wvarlable by 1 each time SCOOF changed
from 0 to 1, However, this incrementation was lagged by 2
seconds to moccommodate the lag in the dust measures described
above. Thus, BAGCNT was incremented by 1 two seconds after
SCO0P changed from 0 to 1., The initial value of BAGCNT waszm
0. This variable is an approximate surrogate measure of the
level of materlal in the barrel as the latter should decrease
appro¥imately as & function of the number of bags of material
removed from the barrel,

Thie was 0 except that after the SCOOP varlable changed from 0

to 1, with a lag of two seconds, SCP was incremented by 1
every two seconds until two
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geconds after the SCOOF variable
changed from 1 to 0, 5CF is an
approximate measure of the time spent
scooping material from the barrel in a
particular cycle, with a lag of two
seconds.

WGH This variable is an approximate measure
of the time spent weighing the bag in a
particular cycle. WGH was 0 axcept
thaet after the WEIGH variable changed
from ¢ te 1, with a lag of two seconds,
WGH was Incremented by 1 every two
seconds until twe seconds aftar the
WEIGH variable changed from 1 to O,

TRN : Thig varlable is an approximate measure
of the time spent turning snd placing
the bag in the contsalner in a
particular cyele, TRN was O except that
after the TUEN wariable changed from 4
to 1, with a lag of twe seconds, TEN
was lncremented by 1 every two seconds
until two seconds after the TURN
variable changed from 1 to Q.

The three dependent or response variables for the amalysis are WORKER, the
dust measurements recorded on the arm of the worker; BOOD, the duat
measutrements recorded in the hood multiplied by 5 to achieve a scale
comparable to that for the worker dust exposure measurements; and AMBNT the
dust measurements recorded away from the hood multiplied by 5 to achleve a
scale comparable to that for the worker dust exposure measurements, The
analysis used the natural logarithms of these measures as a preliminary
analysis indicated that the variances of these measurements imcreased with
their overall level.

Analysis to Fulfill Objectives

The objectives of the analysis may be restated in terms of the variables
introduced above as follows:

ObJective 1:

BAGCNT 1s a surrogate measure of the level of the barrel. If the
lavel of dust as recorded ¢n the arm of the worker, 1s not related to
the level of the barrel then WORKER {after trangforming to the
logarithm of the original measures) should net change as the level of
the mater{al in the barrel decreases. If WORKER 1s positively related
to BAGCNT, then it may be concluded that worker exposure increases as
the level of the barrel decreases. Thus, the first objective was to
determine 1If WORKER 18 positively related to BAGCNT atr not.
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Objective 2:

1f worker dust exposure is not related to what the worker is doing
during each ecycle of filling a bag, then WORKER should not be related
to SCPF, WGH, or TRN. On the other hand, if scooping material
increases dust exposure then the lopger the worker spends scooping
material, the higher the dust levels should increase, and,
consequently, WORKER should be positively related to SCP independently
of BAGCNT, Corresponding statements can be made relating the effects
of weighing and turning tc WGH and TEN, reapectively. Thus, the
second objective had three sub—-objectives:

a) to determine if SCP is positively
related to BAGCNT or not:

b} to determine if WCH is related to
BAGCNT or nmot, and, if 1t is, to
determine the direction of the
relationship; and

c) to deternine 1f TRN 1z related to
BAGCNT or mot, and, 1f it is, to
determlne the dilrection of the
relatiounship,

Objective 3!

If the amblent dust lewels are not affected by the worker's work, then
neither HOOD nor AMBNT shwould be related to the analytical variables.
If such is not the pase, then the difference between WORKER and some
function of the ambient dust measures would be analyzed for a
relatjonship to the analytical variables. If the relationship
vanishes, then it could be concluded that any relationship of worker
dust exposures to the work is a funection of changes in ambient dust
levels rather than to the work. If there iz a relationship, then it
reflects an effect of the work on the worker's dust exposure level,

Because changee in dust measures are not immediately registered on the
measurement devices but are delayed and because there a tendency for dust
levels to subside somewhat alowly once dust leveles have been increased, a
positive autocorrelation between successive measures of dust was anticipated
and substantiated by a preliminary analysis. This violates a key assumprion
of the statistical models for most statistical analyses:! that errors are
independently distributed. The presence of these autocorrelations was
accommadated by use of an autoregressive time series analysils, which includes
parameters to account for the autocorrelations, so that inferences about the
parameters of interest can be made, The gtatiatical madel includes two major
components: the autoregressive effects to account for the unwanted statistical
dependency, and the "structural™ part which includes the effects of the
variables of interest for fulfilling the objectives of the study. The first
conmponent was there to facilitate the amalysis involving the second
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component. Thug, most of the remaining discussion concentrates on the second
or structural compoment and ignore the first or time series component,

The strategy for the analysis was to fit a parsimonicus regression model
involving the relation of WORKER {the logaritlm of the variable 1s upnderstood)
to the variables BAGCNT, 5CP, TRN, and WGH., Preliminary results for
Obijectives 1 and 2 were obtained by tests of hypotheses concerning the
coefficients of the variables BAGCNT, SCP, TRN, and WGH after fitting models
linear in those variables. But then more complex models, 1f needed, were ro
be fit to determine 1f the preliminary results accurately indicate the
direction and form of the relaticaship and te previde a good practical
description of how dust levels were related to the variables in the study.

The objective was not necessarily to elosely model the response but to model
the response sufficiently to provide a fair representation of the manmer in
which the response was related to the variabies used so that the objectives of
the analysis could be fulfilled.

Terms were added in the following order only 1f the two sided t—-test that the
coefficient of a variable is O was rejected at the ,05 level, In the case in
which three variables were added, the criterion was that the two slded t~test
of the hypothesis that the coefficient of a variable 1s © is rejected at the
{.05/3) level for at least one cof the three wariables,

BAGCHNT
SCP, WGH, TEN

BAGCNTZ

BAGCNTxSCP, BAGCNTXWGH, BAGCNTXTRN
scpl, woHZ, TRNZ

The S8AS procedure AUTOREG was used for the amalysis. Up to 25 autoregressive
terms could have been included and backward elimlnation was used to fit an
autoregression model,

Regults

The criterion for adding sets of terms was fulfilled In each case. The
preliminary results for Objectives 1 and 2 are as follows:

Objeccive 1 The hypetbesis that the coeffiplent of
BAGCNT 18 0 In a 1linear model including
only 8 cometant and BAGCNT wmust be
rejected as the t=test is significant
at the .00C1 lewvel. The point estimate
of the coefficient is positive which
indicatee that dust exposule lacteases
as the number of bags filled lncreases,
or ag the level of material remaining
in the barrel decreasas.
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Objective 2 The hypothesls that WORKER 1s not
affected by any one or mcre of the
three variables, SCP, WGH, or TRN must
be rejected because of the additions to
the regresaien sum of squares
aggociated with adding these variables
to the model with BAGCNT alone, The
t-test of the hypothesls that the
coefficlent of SCP is zero is
significant at the .0001 level (which
exceeds the criterion). The point
estimate of the coefficient of SCP 1sg
positive which indicates that dust
expogure increases the longer the
worker is scooplng material from the
barrel, The t-test of the hypothesis
that the ccefficient of WGH iz zexo ie
not gignificant at the .05 level ( at
the .40 level). The point estimate of
the coefficlent af WGH is poaitive.
These results do not support a
relationship of time the worker is
weighing material to the duat level,
Finally, the t—test of the hypothesis
that the ceoefficient of TRN is zero 15
gignificant at the .0C00l level (which
exceads the criterion). The point
estimate of the coefficient of TRN 1s
negative which indicates that dust
exposure decreases the longer the
worker is turning to place the filled
bag in the container.

The fitted model for the worker dust exposure measurements was a second order

model 1n the explanatory or analytical variables, e.g. 1t included all tetrms
in

( 1+ BAGCNT+SCP+WGHHTRN ) 2
(since all the crossproduct terms among SCP, WGH, and TRN are zero).
While there was evidence of lack of fit, examination of the reslduals
indicated that the fitted model conservatively represented the trends to be
described, Inspection of residuals plotted by time did not indicated marked
time relatiomship to lack of fit.

The fitted model for the worker dust exposure measurements is the sum of the
following four components:
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-4,56 + .00256xBAGCNT + .00083xBAGCNTZ
.146xSCP +,0003zBAGCNT=SCP ~.0032xSCP2
~,044xWGHE —.0054xBAGCNTxWGH +.038xWcH2
~.434xTRN —.0089xBAGCNTXIRN +.119xTRNZ

BAGCNT ranged from 0 to 56 while SCP rangad from 0 to 5, WGH from O to 6, and
TRN from QO to 6.

Examination of the coefficients of the fitted model and the plots of the
values predicted by this model support the preliminary results and indicate:

1. Worker dust exposure level increases dramatically as a functicn of
BAGCNT .

2. For SCP, for any constant value of BAGCNT, the Iinear slope - which Is
positive - predominates and the slope increases as BAGUNT iIncreases.

3, For WGH, at any given level of BAGCNT, worker exposutre decreases but
the slope increases with WGH, but the slope decreamses as BAGCNT increases.

4, For TRN, at eny given level of BAGCNT, worker exposute decreases as TRN
inereases but this is moderated by an increase of the gslope as TEN
increases, but the slope decreases as BAGCNT increases.

These relationships ate illustrated in Figure 1llb. In Figure 11b, the
predicted value of worker exposure while SCP is positive 1s indicated by Che
points plotted with “S", while WGH is positive predicted values are Indicated
by the points plotted with "W", and while TRN is positive predicted values
are indicated by the points plotted with "T".

Confidence Intervals for Parameter Estimates

The estimates of the coefficients of the terms in the model are restated below
with estimates of thelr standard errors and 95% confidence intervala, The
intervals should be interpreted cautiously because they are not simultaneously
valid at the 95% confidence level, these are averages from a model with
statistically significant (but not practically slgnificant) lack of fit, and
the estimators of the coefficients are correlated. These statistics are based
on the full fitted model, which accounts for the fact that In some cases,
e.g., for the coefficient of BAGCNT, the addition of the term in the prder
describad above resulted Iin an eatimate of the coeffleient that was
statistically significant, i.e., different from 0, but the estimate of the
same coefficient in the full fitted model is not statletically significantly
different from 0.
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Table I : Estimates of Coefficlents, 3tsndard Error Estimates, and
35% Non-simultaneous Confidence Interwvals

TERM ESTIMATE OF STANDARD ERROR 95 % CONFIDENCE INTERVAL
COEFFLCIENT ESTIMATE LOWER LIMIT UPPER LIMIT

BAGCNT L0026 «0L12 -.018 .025

SCP . 1455 .1253 -, 100 391

WGH —-. 0444 L1092 —.238 178

TRYN -.4335 L1144 ~.658 —.209 *wre

BAGCNTZ . 000838 .000185 , 00048 012 w*k

SCPxBAGUNT . 000295 .00168 -.003 . 0036

WGHRBAGCNT  -.00343 .001787 -.009 -.002 =

TRMxBAGCNT  -.00B89 001723 -.012 =.0055 ¥k

SCPxSCP =.0032 0277 =.057 .52

WGHXWGH » 038 02237 =.006 .082

TRNXTEN .1186 02337 075 162 *RN

Heaning of Symbols
* Significance at the ,05 (two tail) level;
#% gignificance at the ,01 (two tall) lewvel;
**% Sjgpnjificance at the .00l (two tall) level;

If the terms with non-significant estimates of coefficlents are
deleted and che resulting model is fitted to the data, the resulting
fitted model becomes (all astimates of coefficlents of terms would be
nominally significant):

-4,377 + .00095 BAGCNTZ
-.0084 BAGCNT x WGH  + .036 WGH2
-.586 TRN -.010 BAGCNT x TRN  + .153 TRNZ
This model implies that:
Worker dust level increases quadratically with BAGCNT;

The increase with BAGCNT is not increased nor decreased during
the "scocping” phase of the cycle;

At any level of BAGCNT, worker dust levels decrease durlng the
"welpghing” phase of the cycle with the magnitude of the
decrease increasing with BAGCNT, but this decrease becomes
progressively smaller the longer the worker spends weighing;
and at any level of BAGCNT, wotrker dust levels decrease more
(relative to the decrease during weighing) during the
“turning" phase of the work cycle, with thls decrease becoming
greater as BAGCNT increases but it is moderated the longer the
worker gpends in the "turning” cycle.
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A hidden implication Is that the increase in worker dust exposure
levels occurs durlng the "scooplng” phase of the work eyele, as the
dust level tends to decrezse in both of the other phases of the cycle.

The practical conclusions, i.e., the implications for the correlates
of dust generatlon during the entire task and for each work cycle,
are the same for either the "full™ fitted medel or the “reduced”
model, The additlonal "sum of squares™ acccunted for by regression
in the "full” medel relative to the "reduced” model is statistically
gignificant, This implies that cne or more or some function of the
coefficients deleted from the "full" model would be significant 1if
added to the "reduced” model. Since it is doubtful that finding the
term or terms that would account for this would alter the basic
practical {wplications of the results concerning dust generacicon, no
further Inveatigations were undertaken.  All plots uszsed the
predicted valuea from the "full” fitted model,

Resules of the Anazlyses of Ambient Dust Measures

Both measuree of ambient dust levels were also related to the worker
variablea. The fitted model for HOOD was as complex as that for
WORFKER while only a linesar term in BAGCNT was needed for AMBNT. The
difference of WORKER — HOOD was then analyzed and the relationships
found for WORKER alone were approximated,

When residuals were examined, the predicted wvalues tended to be too
small when SCP was poaltive and were too large when SCP was negative.

Conclusions

All statistical inferences apply to the specific worker used for the
study as there are no degrees of freedom for between worker
differences., If anything, the fitted model understates the relatlon
of BAGCNT, and scooping the material, on increases in the level of
worketr dust exposure. Thug, to the extent that BAGCNT is a wvalid
indicator af level of material in the barrel, these results support
the proposition that worker dust exposure increasesd as the level of
material drops in the barrel, and that the increases in workexr dust
exposure occur predominantly while the worker is scooping material
while worker dust exposure decreases {or fails to increase ag fast)
while the worker weighs the bag or turns and places the bag in the
contalner,

If anything, amblent dust levels are increased by the work and the
changes related to the work cam not be explained by Independent
coincidental changes In ambient levels, although with
non—experinental data there must be some doubt about this as well as
any other conclusions from these results.

The conclusions of the analysia would not be materially different if
the reaults of the analysis of the dust level measurements had been
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used rather than the results from the analysis of the logarithms of
those measurements,

Figure 10 plots worker dust ezposure ggainst the count of bags elther

filled or being filled and it may be observed that much of the
increase occurs after the about half of the 56 bags have been filled.
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Fillter Data Statistical Apalysils Results

Design

This was a planned etudy to determine the adequacy of dust control
technology.

Three workers were studied om three separate days, once in the
morning and again in the afterncon. For each study peried the worker
was ohserved with two sets of clothing and scooping material from a
drum filled to two levels, one-~half full or completely full. Six
different dust measurements were recorded simultaneously for each
combination of clothing and drum level: three personal measures of
dust ezposure which were at the right shoulder, the left shoulder,
and on the hat; and twe background lecatione. The background
locations were at the face of the bin, at the bin, and in the room.

Right shoulder readings were zdded after the first day and are not
present for one worker.

The objectives are to determine 1f drum level affects dust exposure
of the worker as measured by the measurements on or at his body and
if type of clothing worn increases, decreases, or has no effect on
the dust ezxposure of the worker. The two background measurements
praovide information about non-experimental sources of contamination
which might affect the results of the study.

Analysis Strategy

The background measurements and the body measurements were studied
separately, If the background measurements are related to the
factors of interest in the study, these measures would be used to
adjust the body measurements for the effects of background
contamination.

Different wmeasures for the same worker may be related to
characteristics of the worker which cannot be randomized or
controlled, I1f the basic experimental unit is the time segment in
which the worker does a parcicular task, 1t 1s clear that these are
unique to sach worker—morning—or-afterncon sesslon (hereafter, worker
geasion), Different units in the same session may be related or
subject to common sourceg of distortion. Withim each session the
otder in which the worker performed the activities of the experiment
was randomized so that the units were randomized within sessions.

The three bedy measurements and the three background measurements
were taken simultaneocusly. Slnce each measurement lnstrument
operates independently there is no reason to expect that their
tespective measurement errors would be correlated. Thus, 1t seems
reasonable to agsume that any differences reflect measurement
differences,
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If each worker gession 1a considered as a block, then the study may
be viewed as a randomized block design at each type of measurement,
i.e. the randomized units are the four time segments in which a
worker performed the scooping of material. The statistical
inferences pertain to the three sgpecific workers on the two
respective occaslons that each were studied. Generalizatlons beyond
this must be baged on non-statistical considerations, e.g., expert
knowledge, etec,

There are two major sources of warlance: between units and within
units. The between units variance ma2y be analyzed into between
workers, between treatmenta, between sessions within workers and the
interactions of these. Within unit variance may be analyzed into
between measurement location, and (between) Iluteractions between
measurement location and the identifiable between unit factora, such
as workers, segsions, treatments, and the interactlons zmong these.

Regarding the between unit portion, 1t has been often argued (e.g.
Seheffe, Davis) that, since units were not randomly assigned across
blocks, that the treatment effects are confounded with treatment x
unit interactions and that treatment = block interactions are also
confounded with treatment x unit interactione. Since there ias no
true replicate, there ig no source which iz attributable selely to
errcr and treatment x unit interactions which might be a comparison
factor, Thum, to obtain a comparison factor it is necessary to
assume that either some or all of the kreatment x block interactions
are zero, s0 that the corresponding nominal treatment = block
interactions term may be used as the comparisen, or that the
treatment by unit fnteraction is zerc. Unlike most "textbook™
randomized block designs, there are three independent (by
assumption} measuregs on each unit go that the uvnic by location of
measure interaction should be free of treatment by unit interaction.

In this case the total treatment by block interaction sum of squares
may be partitioned into two major sources: (1) Clothing type and
drum level by worker ; and (2) Clothing type and dtum level by
session within worker. (Each of these may be further partitioned
inte three sources as well.) The sum of the variance attributable
to Iinteractione of eesglions within worker and the treatments seems a
logical candidate for the comparison term for testing hypotheses
concerning between unlt factors of interest, i,e., clothes, drum
levels, workers, etc, The interaction term invelviog lecatlon of
measure, sessions within worker, and the treatments appears to be a
logical candidate for the comparison term for the "within" units
portion ¢f the analysis, However, it is possible that the unit
differences, especially those common to the same worker, are so
small that there 1s little difference between the comparison term
for the between units and the comparison term for the within unics
portions of the analysls, In that case, these could be combined to
increase the power of the analysis.
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Preliminary analysis suggested that the analysis use the logarithms
of the measurements.

Background Readings Hesults

The analysis departed from the above in that it proceeded
immediately as though the design were a factorial in worker, drum
level, tlothing, and location of measurement with session as a
replicate, save for the "main" effect of sesslon within worker.
This seems reasonable in thart background sources of dust should not
be caused by the worker and the entire notiom of the "units” as
associated with the workers does not seem applicable.

The F-ratio for total regression, i.e., all sources put together,
was 1,80 with 47 and 23 degrees of freedom, which achleves the 0,065
glgnificance level, which is consiatent with the null hypothesis,
but barely so, that background sources of dust were not related to
the factors of interest. None of the main effects would be
gignificant 1f analyzed separately but the varlation among workers
is nearly so (p less than ,056), while the seesion within workex (P
less than .02) effects would be significant. These results might
reflect differences in background levels on different occasions
which are confounded with worker and worketr session effects, the
blocks for the study. The clothes by drum (P less than 0.005), and
the drum by location of measurement (P less than 001}, interactlons
would be significant 1f analyzed separately. The resulte of the
analysils of variance are shown 1n Table I,

Body Measurement Results

The SAS procedure PROC GLM was used for the analysis. All sums of
gquares reported are "Type III" sums of squares, in the terminclogy
of SAS PROC GLM. Thus, these cannct be meaningfully added, nor are
they statistically independent. The main advantage 1s that each
reflects an adjustment for rhe effects of all other facters in the
model and closely approximate the "extra sum of squares”™ for the
factor as If it wetre the last one added to the model, Imn this case,
the actual design is only slightly unbalanced so that the
differences between the "Iype 1" sum of squares and the ones shown
were never enough to substantlally change the comclusions. The
results are showa in Table II.

The mean squate for the treatments by session within worker is 3,53
with 12 degrees of freedom{df), while the locatlom by treatments by
sesslon within worker mean square is 1.424 with 20 df, The ratie of
2,48 is statistically significant at the 0,05 level. Thus, it
pppears not wise to combine these for a single comparison term,

Among the various component sources for the treatments by session
within worker interactionr, the mean squares range from 2.07 for the
sessions within worker to 4.88 for the sessions within worker by
drum level; each hag 3 df. These de not appear encugh noteworthy to
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attempt to narrow the cholce of comparison further,

Two factors or soutces seen clearly large regardless of how they
wlght be ensglyzed: between workers and between neasurement
locations. Neither of these 1s of particular interest.

on the other hand, the results seem equally clear that there is
little difference between the levels of dJust for the two types of
clothing no matter how analyzed. The same is true, i.e., the
effects appear small at most, for the clothes by drum level
interaction and every other interaction term invelving clothes,

As ghown in Table II, the mean square for drum level is more than
ten times the size of the session within worker by treatments
interaction. The ratio is statistically significant at the 0,066
level using a F~test with 1 and 12 depgrees of freedom, The F-test
for drum level by worker interaction barely misses significance at
the 0.05 level although the mean square appearsa elevated and the
actual probability level is .052.

No other source was statistically significant.
Contrasts

Analyses of contrasts between drum levels and between drum levels by
worker are shown in Table TII on the transformed logarithm scale.

For drum level, the estimeted difference is 1,49, which 1s 4,44 on
the original scale. The 95% confidence intervals shown apply for
the transformed scale, only. Hewever, the end points have been
transformed back to the original scale, but these do not yield a 95%
confidence interval on the original scale.

Two sets of estimatesn are provided for the drum and worker
contrasts: drum level within worker, or the differences between full
and empty for each individual worker; and drum by worker, which
refers to the Interaction contraests of drum by worker, i,e., the
contrasts among the first set, e,g., the first contrast of the first
set to the average of the other two (multiplied by 2), etec,

For the drum within worker contrasts, a set of three intervals 1s
given in Table IIX. This set of intervals is a 351 confidence
interval set, ¥For worker 1 the estimated drum effect iz slightly
greater than the average while the amount of £fill of the drum almost
has no effect for worket 2, and the estimated affect is much hipghex
than the average for worker 3, Nevertheless, the drum by worker
interaction was not statistically significant as indicated by the
fact that none of the F-ratlos for the three drum by worker
contrasta is significant at the ,03 level.
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Reanalysis

As noted above the available evidence provides no support for any
effect of the clothing changes for these workers, What 1f the
anglysis had excluded clothing as a factor? Any answer from these
data is zomewhat aspeculative since an analysis 1s after the fact.
However, the data was analyzed by adding the sums of squares
involving clothing to the error sume of s¢uares, in an appropriate
manner for both the between units and the within units analysis.
The results, of course, are "after the fact” and are intended to
generate supgestions for future work. This is not equivalent to
ignoring clothing in the analysis but these results approzimate
those that would have occurred had clothinpg been ignored because of

the design is nearly balanced. The results are shown in Tables IV
and V,

The main difference is that the worker by drum interaction achieves
statistical significance.
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APFENDIX IT

Anthropometric (uestionnajre
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HATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
DIVISIQN OF PHYSICAL SCIENCES AND ENGINEZRING
ENGINEERING CONTROL TECHNOLOGY BRANCH

ACTIVE SURVEILLANCE QUESTIONNAIRE
DEVELOFED FOR B.F.GOODRICH

Bo

Date: Mo Day ___ _ Year _

Worker ID: _ = Job Title

Worker Name: First Last

Gepder: 1 Male 2 Female _

Bandedness: Right _ Left _  Both __ Work Hand: Rt Lt
Date of Birth: Mo~ Day = Year Age

Leagth of Ewployment with B.F.Goodrich: Mo ___ _ Yeavs ___

Length of Employment &t thie Flant: Mo Years
When did you start thias jeb? Mo Day Year

Is this cthe only job you do? Yes Ko

1f No, wbat other jobe do you perform:

Approximately what percentage of time 18 spent during an 8-hour work shift

performing this jobh? Percentage .

How much material do you “"Bag" during an 8-hour work shift? Pounds

¥No. of Bags . {Company Production data:! Pounds Bags ).

Do you have any suggestions about improving your job?
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Date: Ma Day

ANTHROPOMETRIC DATA
STANDING POSITION

Yesr

Worker ID:

1l Body Length .

1., Body length

2 . Shoulder height

2 S3houlder Height

3, Meght of ips

3 Height of Hips

4 . Shoulder -
} breadth
i

4 Shoulder breadth

em

5 Forward Reach
(fingers in grasping
position) .

& Elbow Height .

7 Underarm length
{elbow to fingerrip)

Work Area: Container Height

Container Dismeter

. Distance between container and measuring area -

Measuring area table height

Bag height

Material tranefer tool: Welght

length

5ize: Helght

. Handle diameter .

Handle length
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APPENDIX III

Biomechanical Strength Analysies
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STATIC STREMGTH PROGRAM (w2.00
ARALYELIE SriMaPY FOPR:
MARIETTA OHIOQ 2.F.COOLRICH

—— I ——— —— —— —— —— - —

IMDERENDERT LUW™PIABLES MaLE FEMALE

HEIGHT (M) 1.77 1.£2
MEIGHT (K 75.20 2. 1B
FORCE EXEFTED/7HARD kD 111.2% 111.28
DIRECTION OF FORLCE ¥ X% Q.96 g.an
MUMEER OF HAMDS USED IN TASY z Z2

FOSTURE ANALYZED:

JOIMT ANGLE %%
ELBOM -5
SHOULDER ~20
HIP 5
KMEE 138
ANKLE 7S

¥ - AMGLE OF FOFCE ACTIMG UPOM THE HARMD
¥¥ — AMGELES aRPE ABQUE/+Y /BELDWY —Y RPIGHTWARD HOFIZONTAL AxIE

PROPOPTION OF POFULATION |MITH
SUFFICIEMT STREMGETH CAPABILITY

JOTMT Y MALES CAPAPLE Y FEMALES CaPaFLE
ELEDM &1 E
SHOULDER 27 o1
LOi BALK (LS €1 s 13
HIF ee *E
¥NEE o %z
ANFLE ) o )

MALE FEMALE
COMPREESIVE FORCE Ny 0000 mmemme—— e
aT LS78t DICK -384 ~734
ANALYST : JAMES D. MCGLOTHLIN PATE:B2-@%=-1%8< TIME:28:4£4:15
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STATIC STREMGTH PROGRAM 2,80
ANALYZEIS SUMMARY FOR:
MARIETTA OHIDQ B.F,.GODDRICH

IMDEPENDENY VARIABLES

A o e A T T — T T — T T i S . -

HEIGHT (M)
WETGHT (KGY

FOFCE EYERTED/HAND 7Y
DIRECTION OF FDRCE ¥ ¥¥
NUMEER OF HaMDS USED IN TASK

POSTURE ANALYZED:

JOIMT aNGLE %X
EL8C -ga
SHOULDER -?3
HIF =
KMEE 138
AMKLE 78

MALE FEMALE
1.77 1,42
79.28 é2._ 1@
111.28 111, 26
~%8 . a0 -0.e0
2 2

¥ - AMGLE OF FOPCE ACTING LPON THE HanD

¥¥ ~ ARGLES aARE ABOVIES +Y »BELOMIC =Y

ELBOK

SHONLDER

LA BACYK (LS7S 1Y
HIP

KMEE

ArKLE

COMPRESSIVIE FORDE (b
AT L5781 DISK

“ MALES CaPABLE

ke e e e e g e Al B e e e e e

RIGHTWARD HORIZOMTAL w¥IcS

FPROFORTION QF POPULATION BPITTH
SUFFICIEMT STREMNGTH CAPAEILITY

% FEMBLES CaPAELE

e B e . e ey e e e e e . i o

9% @

1 o

P T

$d 87

9% o

of g
MALE FEMALE
4342 2¢42

aMALYET: JAMES O, MCGLOTHLIN

DATE::82~-85~ 198¢& TIME-ZR 3% ;22

————
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STATIC STREMGTH PPOGRAM (-:2.8Y
AMAalLYSIS SUMMAPY FOP:
MARIETTA DOHIO B.F.GUODRICH

i B B it e

INDEPENDENT UARPIABLES MALE FEMALE

HEIGHT (M) 1.77 1,42
MEIGHT fKEY 75.20 £2,19
FORCE EYERTED/HAMD (RO 111,28 111,289
DIPECTIONM OF FORCE ¥ ¥¥ —-26.4809 ~Pp .04
MUMBER OF HARNDE LISED IM TASK z z

POSTURE eN&LYZED:

JOINT ANGLE %%
ELEBOM -0
SHOULDEPR —-8a
HIF 5
KMEE 1290
ANKLE 75

¥ -~ ANGLE OF FORCE RCTIMG LPOH THE HaMD
¥¥ -~ AMNGLES &FPE ABQUEr+) YBELOW - RIGHTHARD HORIZOMTAL &YIC

FROPORTION OF PORLLATION WITH
SUFFICIENT STREMGTH CAPABILITY

JQIrT * Mal ES CAPABRLE Y FEMalLES CapPAPLE
ELEBOM % 24
SHOULLDEPR == s
Lo Baly (L5751 e &z
HIP ae 72
FMEE ) e
ARLE . Qs ez

MAaLE FEMALE
COMPRESSIVE FOPCE M e ==
al L5751 DISK 545¢ q&z4
ANMALYST : JAMES D, MCGLOTHLIM DATE:82-8°- 178+ TIME:Z2@:28 : 5S¢
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APPENDIX IV

Data Acguisition Program
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540
570

SO0
H10
&0

5
L0

&30

&EO

70

THO

70

£35040

gi0

o0

0

840

G0

HIMEM: 78144

LT$ = " GOSUEB RETURN % REM
LOAD CQOLOR= S0SUE DN FRINT
REM  BTOF FRINT WAIT GOSuR
RESTORE RETURN LOAD DEF

FT$ = "{Q1/s086 04231 9G..188"
ONERR  BOTH 5450

B% = CHR: (4N

ZF =

HEX® = "QLlTT 454789ABCDEFR"

DIm CO%(1&Y,DEESH (10, FARMS (1
SHLZFDE LTI THE(LDD)

DIM CALCLS) ,CHO1&Y ,BAINIISY,
G150y, RT (1) ,VW{1a) VILTS 1A
YL,RDG (10D, 16!

FRINT D%:"BLAAD READ CLOCH .O
B, A0

FOR I = 1 T3 10 READ BYTE: FOIE
BT4 + I.BYTE: NEXT

DatTe 104,168,104, 168,20
DATA 1594, 72,152, 70.%&

FOR I = 1 ¥0 17: FREAD DSCs(I
Y3 ONEXT

DATA CEQUIFMENT. o . .. - Sa e
EaTA "RUN MUMBEER. . @ . a. caa ..
DaTe "ACTIVE CHANMELG. tu. ..
DaTa "CHANMEL CODES. @ v e s e e
DoTa "FILEMAME. ... .. o 2w .-

"
DaTM "OUTEUT FORMAST. oo v v - - -
DoTR "EAIWM CONTROL. - i o e - ..
naTa “CALIBRATIAON CONSTAMTS
DaTh "READING INTERVAL.. ...
DaT4o "# OF READINGS. v .. ..
DATA  “FRINTER DFTION.......
(1]
DaTA "FRINTER SEDT. .. v r e
DAaTAa "EXECUTE 4/ OMIIT. e ea.
FOR I = 1 TO ~T: READ QOF®{I)>:
MEXT
natTa "sAg", "TELEGRAFH" . "SR5/

TELEGRAFH"
71



P4 FDOR I = 1 TO 2: READ FO®(I}:
NEXT

P50 DATA “READINGS", "OFF"

270 FOR I = © TO 7: READ BLH{(Ir:

NMEXT

FBC DATA " (O +0.0 TQ +5.0 V",
01y +0.0 TO #1006 UH

290 PATA " (IZ) 0.0 TO +0.5 v,
"ATY 0.0 T 40,1 we

1000 DATA " (4) ~5.0 TO +5,0 "
TEEY =L.0 TO 410w

101¢ DATA " (&) —0.% TO +0,.5 V©

ATy -0 TO 40,1 WM

1420 FGR 1 = 1 TQ 17: READ PDs (1
JiFARMS(I) = FDEI(IY: NEXT

104 DATA  "RaMg®, "L, m r w w a7
EME", *gpgr, ™

1ozo DATSE "i1-— 19,900 MIN 1O SE
Crly"1Gor, "OFF", "Q"  "E/D/ R

1040 RN = 1:MC = D:RC® = “"“1FLs =
YTEMF "

167G DY = LOinR = 100:FD0D =
(]

1080 FOR T = 0 TO 1S5*CAL(I: = Q-
NEXT

1090 LFF = STD:0F = L:RC = O:REWR =
100ty = 2

110 BLOT = &

11750 PRINT :
1140 TEXT & HOME @ FARINT CHR%
140 HOME @ SFEED= 525

1150 FOLE T4,1&

11460 BOSUE SC°70

i170 FOR I = 1 TO T%: PRINT "w—ng
I MEXT ' FFRINT

1180 INVERSE & FRINMNT ®
RETUFN FOR NO CHaNGE

": NORMAL

11902 HOME @ FRINT "CLEARING MEMCG
RY., ..FLEASE WRIT":X = FRE |
)]

1200 L IMNE =

1205 1F IF o THEN  0T7Td 14ad
O

12086 ZF

1713 FG

127G HOME

1200 FOR I =1 7O 11:PARMSEII)Y =
FDEI(T): NEXT

1260 FOR I = 0 TO 18:6C(1) = ¢: MNEXT

tl

L8 =

FRINT D#%: "NOMON CIO

"

A
e TR
4 4

2 1
O:F1 = 1

1270 FOR I = © TO 15:CAL(IY = O
NEXT
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1790 PARMZ(BY = "1— v

1400 POHE S4,0: VTAR 1@ HTAR 1: (E0SUB

S2for POHE 24,16 HOME

142G HOME @ BOSUR STOOILINE = D@
GOSUE S210

147¢  FRINT "ENTER THE RUN NUMBER

1440 INFUT *(2 DIGITS MAXIMUM O1

~89) ——  "iR$
1450 IF R% = "' THEN GDTD 1500
1440 F = AL (R#3: IF R 1 OR R

g9 THEN GOTG 1470
1470 RN = R
1480 PARME (LINE) = R%: GOSUR 5210

15060 HOME @ BOSUB ST0O0:LINE = 3
GOSUE 2710

1510 PRIMT "CHANMNELS TD RE&D"

130 INPUT "L T45478%A4BCDEF) —
"IRE

1970 IF Re = ™" THEN (OTD 1870

1S40 R = LERM (R%)

1550 IF R 145 THEN GFOTO 1S00

1560 FOR I = 3§ TO R: FOR J = 1 TG

14

S70 IF MIDE (HEX$.J.1) = M™MID$
(R%,T,.1) TREM J = 1&: B0OTO 1
&£0C

1580 NEYXT J

15290 PRINT @ FOROE = 1 TD S: CALL
~ 1%&8: MEAT - FRINT " "3 MID%$

(R, I.138"" NOT VYALID™: FOR
FLE = 1 TO 2000: NELT :I = R
1= ter BOTO 1500

1600 NEXT I

1410 FOR I = 1 70 R —~ 12 FOR J =

I +1 T30 R
1420 IF I = J THEN GOTO 1650
170 IF MID® (R%,I,.11 MID%
(RE,J,. 1> THEN GOTH 14650
1640 FOR + = &t TO S: CcALL -~ 198

NEXT @ PRINT © PRINT I FRINT
Mty MIDE (Rs,IL,1)3%° DUFLIC
ATED"IT = R:dJd = R: FOR FSE =
1 7O 2000 NEXT @ GOTO 1500
1650 NEXT J
1660 MNEXT 1
1470 N = RIACE = R$IRC$ = R%

1680 FCE = "' FDR [ = 1 TO NG:iFD
£ = FO3 + " * + MIDS (RCS, I
131 NEXT

1690 FOR I =t TO R

1700 CH$ = MIDS (ADS, 1.1

1710 CH = VAL (DCH$)
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1720 IF ASC (CH#:Y . &4 AND ASC
{CHs» 71 THEW CH = AL ([
H®: -~ =5

1720 CH(OIY = [H

1740 CALL(CHY = 1

1730 NEXT

1740 IF NC 8 THEN GOTO 1820

1770 HOME

1780 PRINT “WARNING: THERE MAY B
E SDME SAS FROBLEMS"

1720 FRINT v WHER LIS IMNG
THIS MANY CHARMMELS. "
1800 PRINT v IF 50, USE

THNONUM® TA FARE LAWRN, "
1810 FRINMT

1820 PRINT "FRESS & HEY i: BET
P B%. PRINT

1870 PARMS$ (LINEY = R$:FARM$(LINE -+
Iy = R$: G[OSWE D710

1842 FARM$(7) = ""I FOR I = { T0O
LEN (ACS) tFARME (7} = FPARME(
v o+ 5TRE (GLCHOIN» I NEXT

1850 GOSUER SIoBOC
1870 HOME @ GO0SUER STOGILINE = 42
GOSUER BET10

188% IF NC = ¢ THEN GOTO 2110

19 FRINT "“£nNTER THE CHANMEL (D
DEZ"

120 PRINT " (1 CHARACTER FER LHA
MMNEL 3 ™

1210 PRINT "¢ DD NOT USE AMY HLA
MEE R

1220 FPRINT " (yOU SHOULD ENTER "3
NZ: " CODES"

197¢  IMFUT ¥ -~—  "IR%
1944 1F R:x = """ THEM GOTG 2110
1250 I1F  LEN (RS NC THEM CALL

- 1%2g: FRINT : FRINT "TOO F
EW CODES'": GOTC 2040
1940 IF LEN (R% NC THEM  CALL
- 19g!' FRINT © FRINT "TOO M
TARNY CODESYD GRTO 0440
1974 FOR I = 1 7O NC: FOR J = I +

1 TO nNC

1980 IF I = J THEN GOT{ Z010

1¢20 IF mMiD$s (R$.1.1° MIC%
{RE.J,. 17 THEN GOTD 2010

2000 I = NC:J = NC: Calll — 1%8: PRINT

: FRINT "DUFLICATE CODE FOLN
o": GOTD 2040

01 NEXT J

o020 NEXT 1

TS GOTO Z0EC
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2040
-ot
250
DT

2080

2050
2110

4 q Hr:]

— e

21T
=140

o150
2lai

2170
~1B0
2200
2210

——
VRMLN

-
:4.-. -.JL’

P I

=250

2o60

PR

oog

=200

P S

— ey

2470

470

2440

TH50

FOR I = 1 T0O 20002 NEXT

GOTD i870
RCs = R#

FOR I = 1 TDO NC:CO%(I) = MIDS
(RC$.I.,1)7 NEXT
FC$s = "": FOR I = 1 TO NC:FC
t = FC% + " " + MID: (RCS, I
1) s NEXT
FARMS {LINE) = R#%: GOSUB 5710

HOME ¥ GOSUER S700 L INE = St
50OSUE S5T1O
FRINT "ENTER THE FILENMAME"

INFUT "{1&5 CHARS #MaXIMUMY —

- "iR%

IF RE = """ THEW GOTO 200
BEg = LEFT® (R%,186)

IF LEFT® (R%.1} "A" OR LEFTs
(R%E, 1) HZUTOTHEN  GOTO Zilo
FL$ = R$
FaRME (LINE) = R$: GOSUR ST10

HOME @ GOSUER STOO:LINE = 4@
508U 5T10

FRINT "GELECT THE QUTFUT F{i

FMATZ " FRINT

FOR I = 1 TOQ S FRINT "%

Iy "ROFs(Ir: NEXT @ FRINT
INFUT "WHICH t1-7) —--  "3R%
IF R = "" THEN GOTG ZI%.0

Fo= Vo (R$%:! IF R 1 OF R

2 THEN GOTO 2000

OF = k

FaRFMEL_INEY = OF$S(0OF ! SOS5LB

ST10

HOME : BOSUB STOOILINE = 71
HEOZDUE 5210

FRINT "GAIN CORTROL: o+ HEY
CR oo™y

GET R$: FPRINT

IF f¢ = O[CHR#% (17) THEN G0TO

2560

FRIMT = FOR I = @ 7O T: PRINT

GLE(IL)iGEFR{(I + 431 NEXT @ FRINT

INFUT “CHANMEL ID . GARINM CO

BTROL (0-7) ——  "ICH®,GL%
CE5¢ = CH$: GDSUER &030
IF C5 = 0 THEN FRINT "CHAN

NEL NOT ACTIVE": GOTO 2490
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250

2470
2480

2490
2501

SEE
P

LEeh

PR

25280

S&O
eI

&0
2ETO
Zedo
SaE0,
24610
2670
26030

2690
2700

270G

S7I0
o740

BC = VAL (BC%): IF GC =

0 AND GO = 7 THEN GOTD 2
A0

FRINT "INVALID GAIN CONTROL

[ 13

FOR FSE = 1 TD 2000 NEXT -
GOt 2090
GLI{CH)Y = GC
FARM$ (7Y = "' FOR I = 1 TO

LEN (ACS! tFARME (7)Y = PARMS(
i o+ S5TR% (GLC{CH(I}> @ NEXT

IF BC = 0 THEN GAIN(CH)Y = &
«PIBRTE

IF GC = 1 THEM GRINICH) = ©
-FRPTE

IF GC = 2 THEN BAINICH) = O
L A7PE3

IF BC = T THEN GAIN{(CHY =
AL s

IF GG = 4 THEN GAIM(CH) = 4
FEETE

IF G2 = 2 THEN BAIMI{CH) = O
«FRETS

IF BC = & THEN GAINICH) = O
CAREEE

iF B = 7 THEN GAIMICHY = 13
W DFFEE

EO0SUE 5T10r GOTI D90
AL = B FOR T = O TO 13

TF LGOI AE THEN AG = G
I

MEYT

HOME © GOSUEB STODILINE = 8¢
GOEUE 5710

FRINT "O/g 1,9 22/4 T/B
4/C S/ &/E T/REC

FOR I = O T 15

IF 1T 7 2= INT (LI v 21 THEN
INVERSE

FRINT LEFT% « STR% (CAL (I
o+ add

NORMAL

FRINT " ™

NEXT I FRINT

FRINT "Cal IBRATION CONSTANT
S5: ( FEY CR oy s

GET A%. FRINT

IF h$ = CHR% (17 THEN GOTO

TooD

PRI

INFUT "CHANNEL ID , CAL. VA
LUE —— - "$CH%,CC%
AC = LEM {(AC%:

FOR I = 1 TO AC
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2780
270

=780

IF MID% (A
I = AC: GDTO
NEXT
PRINT 3 PRI
"NDT AN ACTI
198: GRTO
VAL (C
1000 OR C
FRIMT : FRI
"COMSTANT QU
198: GOTO
GOTO 281D
FOR FSE = 1}
GOTH 2400
FOR I 17T
IF MID¥ (H
CaL (T 1) =
14 HOTO 284
MEXT
MN CAL Q)
FOR I 1T
IV CAL 12
R
IF CAL I3
L (12
MEXT
FARME LLINE?
ol Y AR
MYy (b)Y GOS
GOTD 2&00
HOME [ Gdol
GRGUE ST710
FRITT YENTE
ETWEER"
TNFLIT "READ
- "rF3: FRI
iF R = ""
F = WAL (RE
O THEM
IF R

S

M s i L

oLy .

MIN INT o
DLY — MIN
DLYs = "
DLYE — DLY%$
S5TRe (MINY,
DLYS DLY%
OTR$ (SECY.
FARME (LINE)
1103
HOME =
: GOSUR ST710
PRINT "% 0OF
STRUMENT"

CC

05U

t%,I.,1) = CH$s THEHWM
o780

NT ¢ FRINT : PRINT

VE CHANMEL ™! CALL
2300

C)y: IF CC =

(1 = 1000 THEWN

NT & FRINT @ FRINT

T OF RANGE": CALL
o800

TO 20001 NEXT =

0O ié&

EX$,1.1) = CH% THERN
VAL (g1 1 =

G

MY = CAL (Gh

015

HiN THEM MM = CA
MY THEM MX = Cfi

== LEFT$ ( SThRS
"o LEFT® { STR®

Ug 5710

R STO0ILINE = 9:

. THE INTERVAL E

INGS (BECONMDS) -

WT

THEKR BOTD 750

't IF R 1 OR &
EOT0O 220

INT tRY THEN GOTO

DLY / &0):5EC =

PaL

4+ RIGRT$ {"D" +

:} + £1 HIN K]

+ RIGHT® {("O" +

:} + L1} EEEH

= DL¥%: BOSUE S7

B SEO0ILINE 10

READINGS FER IN
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TTFO O OIMPUT M {Z000 MAXIMUMY —— M
iR%

TEIB0 IF RE = Y" THEN GOTDO 5470
T R = VAL (R$%l: IF R 1 OF R
2000 THEN G070 2550

400 NR = h
410 PARM$(LIMNE) = R$: GOSUB 5710

3450 HDME @ GOSUR SZO00ILINE = 11
: BOSUBR S510
440 PRINT "FRINTER OFTION"D FRINT

T450 FOF I = t TO 0: FRINT " "3
I:¥) “3iFD#(I}: NEXY

“a60  PRINT

3470  INFUT "SELECT (1-I) == iR
*

3480 IF R$ = "° THEN G070 3540
T4%0 R = VAL (R$): IF R 1 OF R
o THEM BOTO T4T0

I500 PO = R

TS05 IF PO = 1 THEN FARMS (LINE +
1) = "1":F5 = 1

TSL0  IF FO = 2 THEN FARMS(LINE +
10 = "O"iFS = 0

TH20 FARMS(LINE) = PO%$(R): GDSUE
5310

TH40  HOME @ SOSUE SS00:LINE = 10
: GDSUB ST10

T550 INFUT "FRINTER SLOT (0-7% =

- "ih®
Taéd  IF RE = """ THEN GOTI 2610
TSRO R o= VAL (K%l IF R O OR R

7 OTHEN  BOTO T940
3BO F5 = R
wSe0 FARMS (LINE) = R$: GOSUR 5710

T&1ID HOME = SO0SUP ST00ILINE = 170
: GOSWUE 5210
TEHEZD INFUT "“"E(XEBUTE: » OWUIT» -

- "iR%

TEI0 IF RS = "M THEN GGTD 1420

Z&40 - IF R% "E' AND RE
“OU THEN GOTO T&H10

oS50 IF R = "0 THEN FOIE 4,0
: PRINT & FRINT Ye—-FROGRAM
TERMINATED-——-"1 END

whe0  IF NC = 0 THEN GOTQ 130G

J&870  IF {(FD = 2 AND PG 2y DR
{FO = 1 AND FZ = 0} THEN GOTO
ZE40

670 OF% = D% + "ODFEN "

700 CLs = D¢ + "CLOSE

T710 b = D3 o+ "UNLOCDE M
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L% + "READ "
D + "WRITE
De + "DELETE "

T720 RD%
TTT0 WRS
L7440 DES
3730 HOME
3760 RDG = O
3770  INVERSE : VYTAB 15: HTABR 1! FRINT
" FRESS CONTROL-D T4 TERMINA
TE THIS RUN ": nNORMAL @ HOME

[

i

T7TED POE - 156788,

T790  IF fO0 = 2 THEN GOTO 2870

800 PRINT @ FRINT D%E:"FR#":iFPH

TH1O GOBUR S670

BT OFOR M = 1 TO MR

ZE40 RDE = ROGE + 1

ZBS0 GDSUE 4740

TRED GOSUB 4410

=870 FRINT Hi"s "3 MILD® (CTe.7.E
oy s FOR B o= 1 TO WNC: FRINT

IMT (RDGI(RLOG,CH It 'Y & 1000 +

ST A 3000 Ui MERT 1 FHINT

: BQTD 4TED
SHO O IF M o= NR OTHEN GOTO 4570
4790 IF (M y LFPF} = INT {F /7 LF

F} THEWN FRINT CHR% (12y: IF
FO = 1 THEM GOSUB 3490

4400 P = FEEF ¢ — 163842
4410 IF Fi 160 THEN GOTO 4
450
4420 HOME @ FLASH 1 VTAR Z0: HTAR
170 PRINT " FAUZE "1 PMORMAL
ty = FRE (@)1 VTAR 20 HTARBR
B FRINT "PRESS AN/ HEY TO L
CMNTINUE": FOFE — 1&746H, 0
44~-0  IF  FEEF 1 — 14784 177 THEM
BEOTO 4470
44400 HOME
4450 FOFE -~ 14T748,0
43 &0 IF Ft = 14% THEM M = NR: BOTH
w0
4470 IF RDE = REWR AND FO = 31
THEM FRINT 2 FRINT Df: "FRH
.0"
4480 IF RDG = REWR AanMD OF
O THEN GOSUR 480D
2490 IF RDG = REWF AND OF
1 THEW GDSUER 4970
4500 IF ROO = REWR AND FD = 1
THEM FRINT @ FRINT D%:"FRh#
"iFS
4=10  IF RDG = REWR THEN RDG =

DEFT = F1 o+ 1
4520 GOSUER 57340
3570 NEXT M
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4540 POFE — T&TLHE, O
4550 PRINT : PRINT CHR#% (12): FRINT
: PRINT D% "~H#O"

43860 IF DF - Z THEN GOSUEBR 48
Q

4370 IF OF 1 THEN GOSUp a9
BAP

4580 GOSUE S10U
4590 BATO 1140
45410 FGR I = © TQ 15

44520 AT1Z = -~ 16254 + BSLOT * 14
45870 FOLE AILZ.1la » GC(I? + 1
4&£40 VOLTS(I = FEEF (AIL1T + 13 =%

056 +  FEEF (AILID)

4650 NEXT I

4470 FOR I = O TD L3

4680 IF GCAIN 4 THER VOLTS(Iy =
VOLTE(I) = GARIMIIY / /0930
CRL(I): GOTD 4700

45%0 VOLTS5(1) = -~ (2048 - YOLTS(
IV ¥ BAIN(I) 7 T048 % CAL (T
i

470 NEXT 1
47iv FOR I = 1 TO NE
4720 RDGIRDBRL.CH{IY)Y = VOLTGCHI)

}

4770 NEXT T

4741 RETURM

4760 TALL 74B

4770 TH® (RDG) = MIDE (CT%,.7,8)

4730 FETURN

4800 REC = 1@ FRINT

4810 FD$ = "SAB," + FLE% + ", " + LThR%
fFId

48730 FRINT QF$:F0%: FRINT CL&i"0
%! PRINT DE$:FO%

4821 FRINT OF%:F0%

48750 FRINT WE4:FO%

44w FOR I = 1 TO RDE

485y FOR J = 1 TO NE

4840 FRINT  INT (RDE(I,CHtJY)» #

1000 + 5y /o fRoust Ui
4870, NEXT
4B8C FRINT THE{IY:" ":RNiFC%$
48B30 NEXT

4900  FRINT CL%:FO0$

4910 RETURN

4930 RC = Z: FRINT

4940 FO$ = "THGFH." + FLE + ", % +

STR® (FI)

4950 FRINT OF$:FO%: FRINT CL%3:FD
%I FRINT DE$:FO0%®

4951  PRINT DF%:FO%

4940 FRINT WREiFO#
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1 TO NC

4270 FOR I
45980 L =
4220 FOR J 1 TC RD&

SO00 L =L + LEN ( 8TR® { INT (R
DG(J.EH(IY Y * 10200 + .5 /1
COor) + 10

G100 IF L 70 THEN  FRINT -
L =23 BOTG SI0on

SC20  PRINT TH$(JXs*¥,"s STRE ( INT
(RDG(J,CH{TY) * 1000 + 5 /
1000Yy: " "i

SOT0 0 MNEXT

5040 FRINT “==r

S0E0 FRINT "ENE DF CHANMELL ":sTHC(
I)

Sk NERT

S70 FRIMNT CL$s:FO$

o080 RETURN

S100y HOME @ PRINT "READ DATE FIL

E 7 (YSN) —- "3
w11 GET YNED IF Yh$ "Y'UOAND
YhiF "MN" THEW GDOTO S110
2120 IF YN = "N THEN BOTO 325

iy
51°0 TEXT @ HOME I PRINT @I PRINT
DES"CATALOGE":! FPRINT @ PRINT

Si4c FRINT @ INPUT "DATA FILLE TD

READ —— ";3DF#

o150 IF DF4 = """ THEN SOTO 5250

S153 FRINT * FRINT D#%."VERIFY "3
DFE¢

160 INFUT "FRINTER SLOT ™ ¢ CR
=GCRERN) ~—  Mi0D4%

5170 D5 = VAL (O5s): IF 0% 0 OhR
o5 7 THEWN G070 S1460

S1gn IF 08 O THEN FPRINT D%
s"FR#" 508

2190 FRINT D&t "MOM I"

S200 FRINT D$: "OFEM ":DF %

52107 PRINT D%:"READ ":DF%

9220 GET +3+ PRINT t$:: GOTD S2°

0

S2T0 0 FRINT ¢ IF OF 0 THEMN  FERINT
D% "FREO"

=240 FRINT @ PRINT D%:"CLOSE “iD
Fe

5245 FRINT @ PRIMT D$: "NOMOMN IV

Sz47 GOTD 5100

5230 RETURN

5270 FOR I = 1 TO 127 FRIMT DSC#
(Id: WEXT
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o280

5290
SE00

33E190

Y=Y
oo70
STEO
ST
A
410

a0

S4T0
=440

FOR I = 1 70 17: VTAB Ii HTAB
4y CALlL - B&B: FRINT FARME
(17 NEXT

RETURN

VTAE LINEI HTAEB 241 CARLL -
B&£8: FRINT FARMK{LIMNE} D HEME
r RETURN

VTAER LINE: HTAR 4@ CalL -~
868 INVERSE © FRINT FARME (L

INE)  MOAMAL & HMOME T RETURM
Ti1ly = vaL ¢ MID% (FT%, 7.
;\2‘ = YAl U MID$® (FT#$,10.,2
ii:) = Wal. { MID%® (FT#,1.. 2
R

%14) = vaL ¢t MID% (FT%,1&,05

b
T(ZYy = T3y o+ DLY

FOR I = 7 TD I STEF - 1
TIL = T/(Iv
TLIy = TTL —  LNT {(TTL J &
® Ao

IF T I THEN T(I - 1} =

T — i + INT {TTL / &0°
NE%T
ETs = MIDE (FT#.1.47 + RIGHT®

(ror o STRS IT{LYy, Iy o+ Mt
+ FRIGHT$ ("0" + STR$ (T
Yieay o+ LT o+ RIGHT® ("0 +

ETRE WT(TYY,20) + "." + RIGHT%
(Ut + 0 STRE® (T &y, T

EALL 758

IF FT% ET THEM GOTD 545
1)

RETLURN
ER = FEEF (200
CALlL. a5%

IF FD = 1 0Ok FO = 2= THEMN FRINT
FRINT D%i“FR&ECO"

IF ER 5 AND ER & THER
HOME ; FOR BELL = 1 TO Z: LALL
- 19g: MEYT : FRINT

IF ER = 4 THEN GOT0D S5ROC
IF ER = 5 THEN &GOTO S&G0O
IF ER = & THEN BOTO S3&10
IF ER = 8 THEN {BOTO S&20
JIF ER = @ THEN BOTO S65H0
IF Ef = 57 F ER = &% 0OR ER

= {91 DR ER = 254 THEN GQOTO
1140 REM BAD INFUT

a2



oa0

2H00
S&10
620

Dl

D550

SEEC

I

54690
S7G0
ST

S/
S0
57440

oTa0

5760

o770

o780
5720
HOS0
EDHG
&0FO

FRINT "WRITE FROTECT ERRAOR"

: PRINT : FPRINT "REMOVE THE
WRITE PROTECT TABR": PRINT "E
XISTING OM THIS DISIETTE.": GOTO
Sag
RC = : GOTO =27
RC = ¢: BOTO S100

FRINT "I/0 ERROR": FRINT 3 FRINT
"MALE SURE DISFETTE WAS INIT
IALIZED": FRINT "MAIE SURE D
DOR ON DRIVE IS CLOSED.": BOTO
o644

PRINT DE$iFO%: FPRINT "DIGH
FULL ERROR"T FRIMNMT @ PRINT ¢
INSERFT ANOTHER INITIALIZED D
ISt ETTE": FRINT "T0O SAVE THE
CURRENT READIMNGS. ™

FRINT = FRINT “"FRESS ANY FE

Y TO RETRY "i: GET | B%

FRINT @ HOME

IF RC - THEW RC = G:] =
RDE2d = NC: GOTO 4B0D

IF R = 2 THEN RC = 011 = Bl
C:d = RDG: BOTO 49750

FRIMNT = FRINT
FG = FE + 1

FRINT "DATS ACOUISITION. ...

CALL 7aB

FRIMT CT%:

FRINT &GPLD Y I"FABE  "iPG
FRIMT "RUN WUMBER.... .....
LERNE QFCO S0

FRINT Y“ACTIVE CHAMNNELS.. ...
-"SACE: SPOC(L 53

FRINT "FILEHNAME. . o vcuew.a
<MIFLE

FRINT

RETURMN
£S5 = DIiCH = — 1

AC = LEN (al$)

FOR T = 1 TDO AC

LOBC - IF MIibDx (AC%,I,1) = CH$F THEN

&S0
&£10Q
6110
6120

I = ACICE = 10 BOTED &110

NEXT

GOTO &1750
CH = VWAL (C5%)

IF ASC (G5 64 AND  ASC
(CE%) 71 THEN £H = ABC (C
g%) - 35
RETURN
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APPENDIX V

Real-time and Filter Data

284



Filter Data

A complete listing of the filter data is listed. There were tWo types of
clathing worn for the experiment, clean, which was the disposable clothing,
and dirty, which was the workers' own coveralls, The two drum levels
(eignified as DRUM) were full, being two~thirds or more full, and empty, being
one~third full or less. There were six sampling locations and are shown im
Flgure 9. Flow is glven in standard cubic feet per hour, pressurg drop across
the filter (P DROP) in inches of water, weight on the filter (WEIGHT) in
milligrams, and concentration in milligrams per cublc meter,

Real—-time Darta

The real-time data is given as strings. The members of the string are as
follows:

RAM, inside the hood, volts.
RAM, background, volts.

HAM, worker lapel, wvolts.
Event markings.

Time, hours:minutes:seconds.
Run number.

€0~ W b b
e
[ 38

9,10,11,
12,13,14 Active channel numbers.
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FILTIER DATA

CLOTHING DBUM LOCATIDN WORKER FLOW P DROP WEIGHT CONCENTRATION
Dirty Full Back Ground 1 29 32 Q.04 0.142
Dirty Full Ein 1 30 33 0,04 0.136
Dircty Full Face 1 29 33 Q.05 0.180
Dircty Full Hat 1 29 37 0.15 0,346
Dirty Full Left Lapel 1 29 37 0.25 0.903
Divty Empty Back Ground 1 17 50 0,05 0.154
Dirty Empty Bin 1 25 50 0.10 0.294
Dirty Empty Face 1 29 34.5 0,11 0.325
Dirty Empty Hat 1 29 44 15.52 47,069
Dirty Empty Left Lapel 1 28 50 105,58 325,592
Clean Full Back Ground i 29 30 0.01 0,049
Clean Full Bin 1 27 50 0,04 0.197
Clean Full Face 1 29 34 0.04 0,197
Clean Full Hat 1 29 37 5.13 25,700
Clean Full Left Lapel 1 29 36 0,26 1.290
Clean Empty  Back Ground 1 29 3.3 0.03 0,244
Clean Empty Bin 1 30 35 0,03 0.141
Clean Empty Face 1 10 30 Q.07 0.359
Clean Empty Hat 1 17 50 1,90 8.8L4
Clean Empty Left Lapel i 28 49 18.47 92,160
Clean Full Back Ground 1 29 3.5 0.05 0,258
Clean Full Bin 1 30 33 0,04 0,198
Clean Full Face 1 29 34 0. 04 0.208
Clean Full Hat 1 29 34 0,18 0,946
Glean Full Left Lapel 1 28 38 3.11 16,317
Clean Pull Right Lapel 1 28 38 4.36 22,719
Dirty Enpty Back Ground 1 29 33 0,07 0.339
Dirty Empty Bin 1 a0 32.5 0.07 0.323
Dirty Empty Face 1 30 35,5 0,10 0.488
Dirty Empty Hat 1 17 50 0,55 2.810
Dirty Empty Left Lapel 1 28 45 35,73 178,766
Dirty Emptry Right Lapel 1 28 50 75.66 381,226
Dirty Full Back Ground i 29 32 0.23 1.350
Dirty Full Bin 1 30 33 1.49 8.413
Mrty Full Face H 29 38 .71 46. 004
Dirty Full Hat 1 29 33 5.58 33,077
Dirty Full Left Lapel 1 i8 40 15,17 91.011
Dirty Full Right Lapel 1 29 3%.5 15.36 91,395
Clean Empty Back Ground i 29 33 0.10 0.500
Clean Empty Bin 1 30 35 0,11 0.528
Clean Empty Face 1 29 37 0,908 0.405
Clean Empty Hat 1 29 37 1.43 7.283
Clean Empty Left Lapel 1 28 42 2,21 11.332
Clean Empty Right Lapel 1 28 50 90.11 469,169
Clean Empty  Back Ground 2 29 11.5 0.01 0.035
Clean Empty Bip 2 14 50 0,06 0.211
Clean Empty Face 2 29 36 0.08 0.284
Clean Empty Hat 2 28 50 1,52 3.643
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FILTER DATA

CLOTHING DEUM LOCATTON WIERKER FLOW P DROP WEIGHT CONCENTRATION
Clean Empty Left Lapel 2 28 49 4,34 15,956
Clean Empty Right Lapel 2 29 39.5 14,41 51.252
Dirty Full Back Ground 2 12 50 0.03 0.112
Dirty Full Bin 2 22 50 0.05 0.179
Dirty Full Face 2 29 38 0. 06 0.217
Dirty Full Hat 2 29 37 0.65 2.3263
Dirty Full Left Lapel 2 28 38 2.66 9.636
Dirty Full Right Lapel 2 28 49 4.27 15,447
Dirty Empty  Back Ground 2 29 29,5 0.00 0.000
Dirty Empty Bin 2 30 33.5 0.02 (.069
Dirty Empty Face 2 14 30 0.11 0.413
Dirty Empty Hat 2 29 33 0.99 3.577
Dirty Empty Left Lapel P 28 39 3,10 11,304
Dirty Empty Right Lapel 2 28 34 2,54 9,075
Clean Full Back Ground 2 29 32.5 0,02 0,069
Clean Full Bin 2 a0 34 0.08 0.263
Clean Full Face 2 29 37 0.12 0.417
Clean Full Hat 2 29 38 0.75 2,632
Clean Full Left Lapel 2 25 37.5 1.865 5.742
Clean Full Right Lapel 2 28 45 3.99 14,077
Dirty Empty  Back Ground 2 29 33 0,04 0,19
Dirty Empty Bin 2 30 33 0,07 0,323
Dirty Empty Face 2 29 34 0.10 0.486
Dircy Empty Hat 2 29 37 2,89 13.259
Dirty Empty Left Lapel 2 29 37 1.63 7.979
Dirty Bwpty Right Lapel 2 28 36.5 7.67 37.237
Clean Empty Eackt Ground 2 29 3 0,02 0.0%5
Clean Empty Bin 2 30 32.5 0,03 D.136
Clean Empty Face 2 29 33 0.27 1.287
Glean Empty Hat 2 29 7.5 1.09 5.294
Clean Empty Left Lapel 2 28 40 9.20 44,681
Clean Empty Right Lapel 2 29 31 3.38 15,912
Clean Full Back Ground 2 29 28 0,00 0,000
Clean Full Bin 2 30 32.5 0.03 0.163
Clean Full Face 2 29 34 0.12 0,695
Clean Full Hat 2 29 38 5,75 33.883
Clean Full Left Lapel 2 28 40 16.18 55,204
Clean Full Right Lapel 2 28 4] 14,74 86.372
Dirty Full Back Ground 2 29 28.53 0.23 1,324
Dirty Full Bin 2 30 33 0.04 0.205
Dirty Full Face 2 30 k1l 0. 05 0,267
DMrty Full Hat Z 29 37 1.83 10,095
DMrty Full Leit Lapel 2 29 37 4.26 23.087
Dirty Full Right Lapel 2 29 32 3.50 18,586
Clean Empty  Back Ground 3 29 34 0,10 D.412
Clean Empty Bin 3 24 50 0.21 0,863
Clean Empty Face 1 23 50 -0, 01 -0.043
Clean Empty Hat 3 28 50 1.45 6,291
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FILTER DATA

CLOTHING DRUM LGCATION WORKER FLOW P DROF WEIGHT CONCENTRATION
Clean Empty Left Lapel 3 27 50 0,97 4,180
Clean Empty Right Lapel 3 28 38 18.54 76.757
Dixty Empty  Back Ground 3 29 31 0,01 0.047
Dirty Empry Bin 3 30 32 0.14 0.625
Dircy Bmpty Face 3 21 50 -0.01 =0.049
Dirty Empty Hat 3 z9 40 1,52 7.317
Dirty Empty Left Lapel 3 26 50 2.67 13.123
Dirty Empty Right Lapel 3 28 38 19.71 93,076
Clean Fall Eack Ground 3 29 3 0,00 ¢, 000
Clean Full Bin 3 30 32 0. 04 0.195
Clean Full Pace 3 25 30 ©.00 0,000
Clean Full Hat 3 26 30 0.11 Q.59
Clean Full Left Lapel 3 26 50 0.29 1.555
Clean Full Right Lapel 3 29 31 0. 54 2,729
Dirty Full Back Ground 3 29 31.5 0.34 1,753
Dirty Full Bin 3 30 32 0,08 0.394
Dirty Fall Face 3 24 50 0.01 0.054
Dirty Full Hat 3 23 50 0,07 0,382
Dirty Full Left Lapel 3 27 50 0,10 0,542
Dirty Full Right Lapel 3 28 34 1,45 7.474
Dirty Full Back Ground 3 29 K] 0.04 0,243
Dirty Full Bin 3 30 32,5 0,09 0,525
Dirty Full Face 3 29 3z 0,03 0,183
Dirty Full Har 3 25 50 -0.01 -Q.065
Dirty  Full  Left Lapel 3 29 35 0.17 1. 047
Hrty Full Right Lapel 3 29 34 1.33 8.115
Glean Full Back Ground 3 29 31 .08 (.5149
Clean Full Bin 3 30 3z 0.02 0.124
Clean Full Face 3 29 39 =0.01 =0, 066
Clean Full Hat 3 29 36 0,09 0.596
Clean Full Left Lapel 3 29 34.5 0.28 1.835
Clean Full Right Lapel 3 29 35.5 1.43 9,332
Dirty Empty Back Ground 3 29 30.5 0. 06 0.416
Dirty Empty Bin 3 30 34.5 0.21 1,404
Dirty Empty Face 3 26 50 0,01 0,073
Dirty Empty Hat 3 25 50 0,14 1,031
Dirty Empty Left Lapel 3 28 38 0,56 3.963
Dirty Empty Right Lapel 3 29 35 8.56 59,678
Clean Empty  Back Ground k) 29 30 0,07 0,453
Clean Bupty Bin 3 o 33 0.04 0.249
Claan Empty Face 3 29 33.5 0.16 1,046
Clean Empty Hat 3 29 43 10,861 71.649
Clean Empty Left Lapel 3 28 44 21,80 l46.603
Clean Empty Right Lapel 3 28 37 3.14 20,574
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