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I. INTROOUCTION

The mamal weigh out and transfer of powdars operation is quite comon 1n many
industries such as rubber and plastics mamfacturing. A previous study by
NIOSH researchers of such an cperation was conducted at the B.F. Goodrich
Carpany's, Industrial Plastics Division plant in Marietta, Ohio. This plant
makes a variety of products including vinyl wall covering and magmetic
stripping. The mamial materials weigh out operation ic just one of many
processes in this plant. that initial study, several sources of worker dust
eXposure were jdentified. ( First, scogping the powder frum a nearly enply
drum resulted in a signaficantly higher worker dust exposure than scooprng frum
a full drum. Secondly, an eddy, induced by the booth air flow, was found 1n
frent of the worker. Thas eddy caused dust gererated in front of the worker to
be transported inte his breathing zone. Finally, a seoond eddy, located inside
the waigh out drum, tended to force any dust generated in the drum to be
transported up anto the work envirorment.

As a follow-up to this inmitial effort, a second study, reported herein, was
cenductad at the same B.F. Goodrich Company plant, in an effort to design a
better system of controls for the dust exposures at the ventilated work station
usedintheweighmtardtramferofthesepmﬁeredmatenals. The
modification of the marmual weigh ocut work stations that were tested and
discussed herein, consisted of several approaches. First, the layout of the
work table was evaluated and redesigned to improve process flow and, hopefully,
reduce dust exposures. Next, aloc:alventilatimhocdwasaddeiatﬂwhﬂk
material drum to comtrol the eddy in the drnum, preventing the dust from
escaping from the drum into the work ermviroment. Finally, in order to control
the eddy in fromt of the worker, an air shower was installed. 2All of these
controls, along with varied booth flow, were tested 1n combination with each
cther to determine the most effective contrel scheme. In addition, a cost
analysis was performed to determine the installation cost of the modified
coantrels as well as the operating costs.

IT. PROCESS DESCRIPTION

Because of the many different products marmfactured at thus plant, most of the
powdered raw materials are received 1n 23 ky (50 1b) bags. If a small quantity
of the raw material is used in a batch, (i.e., less than a full baqg) the
material is weighed out 1n a ventilated booth. The bags of raw materal are
daped into a drum and then weighed into small paper bags. These small bags of
powder are then placed into a bin or a second dnm for storage until they are
used 1n a batch. The workers in this plant are paid on an imcentive system
with a separate standard or weigh out time allotted for each material. Ths
pay system motivates the workers to maintain a high output.

IIT. EXPERTMENTAT. DESIGN

The goal of this study was to evaluate various work station configurations to
determine the best control strategy. The controls evaluated were booth flows
of full, two~thirds, and cne-third (of full flow), the presence of an air
shawer above the worker, and the presence of local ventilatiem in the form of a
slot hood behind the bulk material drum. The twelve possible cambinations of
these conmtrols were tested against each other with a redesigned work table in



Place. Several sampling runs were made with the original work station
configquraticon in place to cbtain a baseline. There were, however, several
constraints an the design of this study. Because it took place in an operating
plant, the study design had to accammcdate B.F. Goodrich's production schedule
with as little djsruption as possible. To reduce variability, a single
material needed to be weighed ocut over the entire study sampling pericd, Due
to inventory and production requirements, a polymethyl methacrylate powder was
chosen for the experiment. FPRurther, as the shady design was developed, the
mmbar of workers which could be sampled in the two week period allotted for
the study was not known. In order to reduce the effect of the worker on dust
exposure, (through work practices and amthropcmetrics) as many workers as
possible needed to ke studied. Therefore, the design was developed to allow
for flexibility for the mmber of workers participating. To ircrease the
mamber of workers studied, each worker was limited to a sequence of seven 15
minite runs each; one run for the original work station layout and six randomly
selected comtrol confiqurations of the possible twelve. These seven nins were
ocapleted 1n a random order. Nine dafferent workers were samled with two of
the workers repeating a second sequence of seven runs. To sample the mine
workers, Sequences were conducted on all three shifts.

IV, OONTROL DESIGN

The various cantrols evaluated in this stixdy were designed to be used with the
ventilated booth anrrently in place in the plant. The average face velocaty of
the booth, as measured with a hot wire anemometer, was found to be

imately 0.32 /s (64 ft/min). With a booth face area of 2,78 me
(29.9 £t2), this welocity results in an exhaust volume of 54.4 m”/min
(1920 ftB,’in.i.n). Two other face velocities were evaluated in this stady:
0.22 oy/s (43 ftmin), representing two~thirds flow, and 0.11 m/s (21_ft/man),
representing one-third flgw, resulting an volumetric flows of 36.3 e /min
(1280 ftY/min) and 18.1 m°/min (640 ft3/m_m:| respectavely, ‘The flow of
the booth was comtrelled by adjusting a blast gate in the ventalation duct
leading from the booth.

Due to the findings of the imtial study at this plant, all of the controls

descri here were tested with the worker scooping from half-height

drums. The use of the half-height dnms may reduce dust exposures by up

to 66% versus the full height drums (see Appendix A}. The half-height drums
were made by artting the top off of fiber drums measuring 0.84 m (33 in) hagh
and 0.60 m (23.5 in) in diameter. The half-height dnums were then placed on a
platform to raise the top of the drum 0.84 m (33 1n) above the floor. Thas

provided a oomfortable working level for most of the workers. The half-height
drure also ensured that the workers would not have to reach deep imto the drum

to scocp the powder.

Each worker sampled performed one run with the work station in its origimal
configuration. Figure 1 shows a drawing of this work station. The original
metal table was replaced by a similar table fabricated out of wood to allow for
easy removal. The only difference betwesn the metal table and the wooden table
was the abeence of a hinged platform. This platform raised to allow the hulk
materials drum to be placed inside the booth. However, from the imatial study
of t‘“(f work station, the platform adversely affectad the air flow aroungd the
grum. (4}  Therefore, for the pupose of this study, It was not included.



The redesigned work table, shown in Figure 2, wes also fabricated out of wood.
This table was setup to streamline the weigh out operation and to hopefully
m%mbymhgthemghedmterialdnmmsideﬂn

bocth. (2 The two work tables, the original amd the modified or redesigned
tables, were interchanged as required by the stady design. The medified work
table was evaluated in conjunction with the three different booth flows, local
exhaust ventilation at the weigh ot drnm, ard the air shower.
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Figure 2. Modified work table design.



The local exhaust ventilation, a slot hood shown in Fagure 3, was positioned
behind the material weigh aut érum to provide exhaust ventilation near the dust
source. The slot velocigyuasappm:%matelyz 6 m/s {1500 ft/min) with a
resyplting flow of 14.2 m/min (500 £tomin). (4} This hood was fashioned

aut of wood and sheet metal, and was built in such a way that it could be
rencwved from the work station when necessaryy. The hood was commected to a
small fan which was exhausted irto a hood located elsewhere in the plant. The
slot hood was designed with the idea that any dust generated inside the dnm,
would be captured kefore escaping into the work emvirorment.

25 em (1 ) SLOT

} - [

1225 em (B 1n)

EXHAUST DUCT
\_\/ ™

Figure 3. Incal exhaust ventilation desagn.

The air shower, pictured in Figure 4, was a plemm consisting of a wooden box
with a pegboard face acting as a distribution plate. The hole area of the
distriltion plate was less the one-half of the sectional area of the plemm
chanber. Clean alr was syppliad into the box from an air filter umit, and the
flow from the pegboard face provided a 0.25 m/s (50 ft/min) flow in the area in
front of the worker's face. With the air shower blowing down on top of the
worker, the flow of clean air would force any dusty air down, away from the
worker, rather than allowing it to travel up into the worker's breathing zone.
The a1y shower unit was positioned 2.1 m (6.9 ft) above the floor, centered
less than 0.3 m (1.0 ft) behind the area normally ocompled by the worker when
performing the weigh out cperation.
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Figure 4. Air shower design.

V. COST AMATYSTS

The cost analysis for the variocus control configurations was broken down into
three basic areas: cost of make~up air due to exhaust ventilation, fabrication
costs of the individual control components, and differences in costs due to air
handling capacity, mainly for new installations. This is a rough estimate due
to several assumptions made during the analysis. Actual cost will deperd upen
site locatien and other installed equipment.

The cost of the make=up air will be directly dependent upon the volume of alr
exhausted. Depezﬂjngupmthechmateandaperatim,thisairmayneedtnbe
heatad. Other factors affecting the cost of the make-up air are the cost of
fuel, the available heat per umit of fuel, and heat required to raise the
tmp&raﬂ:reofﬂlenmmgalr The "available heat per unit of fuel™ term 1s
dependent upon the type of fuel used and includes the efficiency of the heatirng
gystem. The "heat required" term ie dependant upon the average winter outside
temperature and, depending upon how the cost is reported, way require a term
describing the operating time of the system, }hecalaﬂatmn of the cost of
make-up alr 1s given in two ways as follows:

0.001 N 10325 QD dg
Hourly cost =——x ¢ Yearly cost = Xxc
g q




Whare: Q= air volume, m3/min
N = required heat, J/hr/1000 fuel units
D = operating time, hours/week
q = available heat/unit of fuel, J/fuel unt
= Ammual Heating Degree Days, |C days
= oast of fuel, §/fuel ynit

Several assunpticons were made for terms in these equations. First, for the
Yearly cost eguation, the operating time of the weigh out work station was
taken as 120 hours/week (24 hours/day, 5 days/week). Also for the yearly cost
equation, the Anmual Heating Degree Days for Marietta, Ohio was not readily
available. bDeta available for Pittshargh, Pennsylvania, which is about 165 km
(103 mi) from Marietta, was used for thas analysis. It was also asasumed that
the plant was heated to 18|C (65|F) The analysis was done for three different
heating systems: oil, with an efficiency of 75%; natwral gas with heat
excharger at 80% efficiency;_and direct fired natural gas with 920% efficiency.
The heating oil had 2.97x10° 7 J/1 (106,500 Btu/gal) of heat available at the
798 efficiency while the na;ura.l dgas at efflcierx:les of 80% 98% had
available heats of 2.98x107' J/m° (800 Btu/ft>) and 3.35x10

(900 Btu/ft l respectively. The cost of the ¢1] was taken as $0 33,{1
($0.90/ga1) (¥ (X the COSt of the gas was assuned to be $0.148/m
($0.0042/£t3) . €

The costs of fabricating the variocus configurations can be broken down into
three different areas: the cost of the modified work table, the cost of the
local exhaust ventilation and the cost of the air shower. These ocosts are all
deperrient upon the materials of construction and the labor required for
fabrication. The air shower shaild be constructed of 18 gauge galvanized
stesl, The local exhaust ventilation hood should be built of 16 gawge
galvanized steel, heavier than the air shower due teo the abrasive nature of the
powder. The modified work table should be fabricated out of 7.60m x 7.6am x
0.84cm (31n x 3in x 0.251n) angle jron (framing) amd 0.48cm (0.1%91n) gray iron
plate (top). Cost esti:{ug};es were formulated from price ¢uotes from a metal
fabricating contractor. The estimates from the contractor did not include
installiation costs. installation costs were caloulated by adding 25% of
the fabrication costs.!’) Costs for duct work connecting the alr shower to
the make-up air supply ard the local exhaust ventilation to the dust collection
system mist also b?vsg%plled. Estimates for the duct work are available from a
mmber of For the air shower, it was assumed that 0.20m (81in)
rourd galvanized ductwork would be installed. For the local exbaust hood,
0.15m (6in) rouxd galvanized ducts were assumed to be used. Since the weigh
out bocth is near an exhaust source, long lengths of ducts should not be
rneeded. For the purpose of the cost analys:is, this length was assumed to be
9.1m (30ft). For the air shower, however, make—p air may need to be

lang dastances. Therefore, the alr shower ducts will be agsimed to
be 3om {(100fL) long.

Mc:stdmtoanmmlugc?g?cityrequirMGMSMywithmed&:ign
of the air cleaning equipment. Several assumptions were made 1h doing the
analysis of the cost of this equipment. First, it was assumed that the weigh
mtuperatlmwasmtthemlypmuassmqmrmgtheuseofalrcleamng

equi . 'Iharefore the general capacity of the equipment was taken to ke
283 /min{lﬂﬂﬁoftfm.n) Thiz is not the design capacity, at rather,
gives an egul size classification. Costs for the design capacity were
calaulated in $/m /min. All of the confiqurations had the same cost per umt



of air exhausted, but because of the differences in exhaust volume, they will
haveadiffemntm.’erallccst Another assumption was that the air cleaming
quumtmedforﬂneprocesswasashakertypebaghalse Finally, because of
the wide variation in of filter fabric for the baghouse, this cost was
assumel to be $61.87/m /min (51.?5/!‘5 /min) for all gmifiguratim':s A

typical installation cost of a 283 m”/min (10,000 ft°/min) shaker type
baghouse is given in Table 1.

'J{:gbl 1. Installation cost of a 283 m’/min (10,000 CFM) shaker type bagheuse

oeT

TTEY DOLIARS /> /min
1. FILTER FAERIC $61.87
2. FAN AND MOTOR 19.35
3. DUCT WORK 50.29
4. CONVEYING BQUIPMENT FOR DISFOSAL 7.73
5,  FOUNDATION AND TNSTALIATTON 21.65
6. INSTRUMENTATION 3.89
7. ENGINEERING AND SUFERVISION 7.73
8. FREIGHT 3.89
9. START-UP COSTS 7.73

TOTAL QOST. $184.13

4 Costs adjusted from 1976 basis to fi S;uarterlQS?
basis using M&AS Equipment Cost Index. 0

VI. STATISTICAL DESIGN

The cbjective of the study was to evaluate the effestiveness of the various
workstation configurations at controlling worker dust exposures. The
evaluation of each workstation configuration required a worker to transfer
material to the bags for a designated time, using a work table configured as
either original or redecigned, and, if redesigned, according to one of the
pessible variations of booth flow rate, air shewer, and local exhaust
ventilation. Because of time limitations, the study used a nested half
fraction factorial design utilizing the above mentioned variables (work table,
original or m?ﬂfiﬁl booth flow rate; air shower; local exhaust
ventilation). This design resilted in a total of seven runs to ke
capleted by each worker: the ohe coriginal workstation run, and the six runs
fram the half fraction factorial experiment. If all three pairs of possible
half fract:ions are run by different workers (6 workers in all), then the design
1s balanced and all interactions may be estimated., The three half fraction
pairs are listed in Table 2. Workers in groups were ranicmly assigned to the
gix setups or half fractions. Thas randmized the order in which the six
possible mets were used. The plan was to use as many workers as time
permitted, Seven workers campleted a single sequence, while two workers
capleted two sequences each. The total was treated as 1f eleven workers
participated. Since eleven sequences were campleted, all three palrs of
replicates, or poesible ways to split the complete factorial into two halves
were used, with all but one represented twice. For each worker, the order of
the 7 nins was rardanized. Neither the configuration assigned to a worker nor
the order of runs was Jnown to the experimenters until the worker was ready to
begin.



Table 2. Half-fractions pairs for 3x2x2 factorial design.

FATR T
1/3 FIOW, ATR SHOWER 1,/3 FLOW
1/3 FLOW, IDCAL EXHAUST 1/3 FLOW, IDCAL EXFRAUST, ATR SHOWER
2/3 FLOW 2/3 FLOW, ATR SHOWER
2/3 FLOW, 10CAL EXHAUST, ATR SHOWER  2/3 LOCAL EXHRUST
FULL FLOW FULL FIOW, AIR SHOWER
FULL FLOW, IOCAL EXHMIST, ATR SHOWER FULL FLOW, IOCAL EXHAUST
PATR 1T
1/3 FLOW 1/3 FLOW, ATR SHOWER
1/3 FLOW, IOCAL EXHAUST, ATR SHOWER  1/3 FLOW, LOCAL EXHAUST
2/3 FLOW, AIR SHOWER 2/3 FIOW
2/3 FLOW, LOCAL EXHAUST 2/3 FLOW, IOCAL EXHAUST, AIR SHOWER
FULYL. FIOW FULL Fi®d, ATR SHOWER

FULL FLW, IOCAL EXHADST, ATR SHOWER FULL FUOW, LOCAL EXHAUST

FATR IIT

1/3 FLOW 1/3 FIOW, ATR SHOWER

1/3 FLOW, LOCAL EXHAUST, AIR SHOWER  1/3 FLOW, LOCAL EXHAUST

2/3 FIOW 2/3 FLOW, ATR SHOWER

2/3 FLOW, IOCAL EXHAUST, AIR SHOWER  2/3 FLOW, LOCAL, EXHAUST

FULL FLOW, ATR SHOWER FULL FLOW

FULL FItM, LOCAL EXHAUST FULL FLOW LOCAL, EXHAUST, ATR SHOWER

Each run in this shady lasted 15 minutes. Starting with a filled half-height
i, the worker would weigh 0.49 kg (1.08 lbs) of the powder imto the small
paper bags. The bags were then placed into the full-height receiving drum for
use at a later time., Before each run, three half-height drums were filled wath
powder. Each worker would typically empty one or two of the half-height bulk
material drume. Members of the NIOSH survey team would change the bulk
material dnums when they were emptied. All sampling was terminated after 15
mimites, and a dafferent work station configquration put inte place.

VII. SAMPLING METHODS

Two types of sampling were performed simultanecusly in this study: gravimetric
filter sampling and real time instrument sampling. While the filter samples
provided average dust concentrations over the entire run, the real-time
sampling could give corcentrations at a specific time if necessary.

For each run, four filter samples were taken: two perscnal samples (right and
left lapel) and two background saples. The background samples were taken
approximately 9 m (30 £t) from the weigh out booth. The filters used were MSA
type FWSE 37 mllimeter wath 5.0 micron pore size mountad in a closed faced
cassette. Carbon vane pumps with critical orifices, calibrated at 313-14 liters
per mimite, were used to draw air through the filters. The total sample volume
for each nn was 195-210 liters of air.

The dust exposures were measured 1n real-time using a hand—held aerosol monitor
(HAM, PPM Inc. Enoxville, IN.) operating in an active mode (air being drawn
through the sampling charber by a sampling pump operating at 4-5 liters per



mimite). The data fraom the HAM was collected with a Rustrak Ranger Datalogger
(Gulton Inc, East Greemwich, RI), and then uploaded to a perscnal camputer.
ﬂm&sedatawerethentrmferredmtoaspreadsheetfnrdataanalysls All of
the nns were recorded on video tape. The video recorder's clock was
synchromzed with the clock on the data logger so that the activities causirg
changes in dust exposures could be identified. Besides providing information
o1 the activities, the real-time data also gave a second means for measurirg
the effectiveness of the various coatrol configurations.

Workers comments concerning their opinions about the various workstation
configurations were also requested. These comments included the workers likes
and dislikes of the dafferent control devices. The workers also related their
perveptions as to the effectiveness of the controls evaluated, Suggestions for
improvemerts to the cantrols were also solicited at the same time.

VIII. FRESULTS

The study set cut to determine which of the work station configurations, if
any, affected worker dust exposures as measured by the personal filter samples
and the real-time measurements=, The dependent variable for the analysis of the
filter data was the dust exposure calculated from the weight of the perscnal
filter samples. For the real-taime data, the deperdent variakble was the average
of the one second readings over the fifteen mimite . An analysis was
performed, developing a regression equation to determine if both flow, air
shower, local wventilation, the interactions of these terms, as well as work
station (modified or oriqinal) and worker differences affected worker dust
exposures. 'The worker differences were included to describe all effects that
coald not be attrilbated to the controls listad. The data were analyzed in
several different ways, each giving slightly different resulte. These
differences, however did not effect the overall conclusions. A thorough
description of the analyses perfarmed in this study is given in Apperdix C.

The following summarizes the irdividual factors amd their associated effect on
worker dust exposures. Statistical effect is at the 0.05 level.

WORKER. Statistically sigmificant effect upon dust exposures. Worker
differences were responsible for most of the variation in dust exposures.

WORK STATICN. No significant effect upon dust exposures

BOOTH FLOW, (within modified work station). Neo sigm:ficant effect upon
dust exposures for the three different booth flows tested in this study.

ATR SHOWFR. (within modified work station). Statistically significant
effect upon Qust exposires. The air shower reduced dust exposures when it
was turned on. Air shower was second only to worker differences in its

effect upcn dust exposure

IOCAL VENTILATION, ( within modified work station). Statistically
ig:uflcanteffectmdusteaq:oalmdeperﬂlnguponﬂlearalﬁls. Some
analyses indicated that local exhaust ventilation had no significant effect
on dust exposures. The apalyses indicated that exposures were reduced when

the local exhaust ventilation was on.



BOOTH FLOW-ATR SHOMER interaction. (within modified work station).
Statistically sigmificant effect upon dust exposures depending upon the
analysis. This relationship imdicated that when the air shower was not
operating, exposawes increased as the booth flow was reduced.

All cther interactions between controls did not have a statistically
significant effect upon worker dust exposures.

Amalyses were also performed to determine which specific configurations
resulted in the lowest worker dust exposures. ¥For these analyses, the data
were restricted to the filter data from the modified work station
confiqurations only. Two types of analyses were performed. First, a standard
miltiple camparison tests such as the Ieast Sigmificant Difference (LSD)
comparison, Scheffe's Method, and the Bonferrom or Dunn t-test comparison were
performed. The listings from the miltiple comparison tests are given in

Table 3,

The second method for identifying the configuration resulting in the lowest
dust exposure used a fitted regression equation to estimate the esposures.
Like the miltiple canparison tests, this analysis was done only on the modified
workstation configuration data. while these estimates were used to determine
the configquration resulting in the lowest exposures, no analysis was done to
determine 1f there was a statistically significant dofference between the
estimated exposures. The exposure estimates fram this method are given in
Table 4.

Table 3., Results of miltiple conparison test. Configurations are listed from
lowest exposure to highest. Configurations with the same grouping letter do
not have statistically significant differences in dust exposures.

CONFTIRATTON GROUPTNG
ATR SHWER, LOCAL VENTIIATION, FULL FILIW A
ATR SHWER, 1/3 FLOW AB
ATR SHOWER, 2/3 FLOW AB
ATR SHOWER, LOCAT, VENTITATTION, 1/3 FLOM AB
ATR SHOWER, LOCAL VENTIIATIOH, 2/3 FLIM ABC
LOCAL, VENTIIATION, 1/3 FLOW ABC
FULL FLOW ABC
LOCAT, VENTTIATION, 2/3 FLOW ABC
ATR SHOWER, FULL FIOW ABC
IOCAT, VENTTIATION, FULL FLOW BC
2/3 FLOW BC
1/3 FLW c
NOTE: If not listed, control was not in place for that

particular configuration.
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Table 4. Predicted worker dust exposure results.

PREDICTED
CONFICGURATION EXPOQSURE _(mey/m° )
ATR SHOWER, LOCAL VENITLATION, 1/3 FLOW
ATR SHOWER, IDCAL VENTIIATION, FULL FIOW
ATR SHOWER, 2/3 FLOW

ATR SHOMER, 1/3 FLOW

ATR SHOWER, FULL FLOW

ATR SHOWER, LOCAL VENTIIATION, 2/3 FLOW
IOCAL VENTIIATTON, FULL FIOW

LOCAL VENTLLATION, 2/3 FLOW

LOCAYL, VENTTIATION, 1/3 FIOW

FULL FIOW

2/3 FLOW

1/3 FLOW

NOTE: If not listed, that comtrol was not in place for that

o o n s L) B3 B R B e e
6 5 & & & k4N e
B e N LD~ O~

The major operating cost invelved with all of the tested configurations is
heating of the required make-up air. Tables S and 6 show the results of the
cost analysis for the make—up air. Table 5 shows the cost on an annual basis
while Table 6 gives the ccst on an hourly basis. Baoth the voelume of air
exhausted (and hence the volume of make-up al1r needed) and the heating costs
are given. Table 7 shows the cost of fabricatuyy the alr shoewer, the local
exhaust ventilation and the modified work table. Table B lists the costs of
the air cleaning equipment for each of the confiqurations. All costs given are
only estimates as actual costs will vary with application.

After the workers had completed the seven weigh out rune, they were asked to
‘comment on the various configurations they had used. Table 9 lists some
general responses from the nine workers, along with the mmber of workers which
made the particular coment.
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Table 5. Ammial comtribution of make~up air cost by work station confaguration.

MAKE-UP GAS GAS

WORK, STATICN DIRECT HEAT FUEL
e CONFTGURATTON {m~) _FIRED EXCHANGER OIL
ORIG. FULL FIfW 54.4 5991 $1115 S1860
MOD. FULL FIOW, LOCAL VENTTILATICN 68.5 1249 1405 2345
MOD, FULL FIOW, ATR SHOMWER, IOCAL EXHALST 64.5 1249 1405 2345
MoD. FUIL FLOW 54,4 991 1115 1860
M. FULL FLOW, ATR SHOWER 54.4 991 1115 1860
MOD. 2/3 FLOW, IOCAL VENTILATION 50.4 918 1033 1724
MOD. 2/3 FLOW, AIR SHOWER, LDCAL EXHAUST 50, 4 918 1033 1724
MoD. 2/3 FLW 36.3 660 743 1240
MOD. 2/3 FIOW, AIR SHCWER 36.3 660 743 1240
MOD. 1/3 FLOW, IOCAL VENTTLATION 32.3 588 662 1104
MOD, 1/3 FIOW, ATR SHOWER, LOCAI, EXHAUST 32.3 588 662 1104
MD. 1/3 FLOW 18.1 331 372 620
MOD. 1/3 FIoW, ATR SHOWER 18.1 331 372 620

Table 6. Hourly contribution of make—up air cost by work station configuration.

MAKE-UP  GAS GAS

WORK STATION ATR DIRECI  HEAT FUEL

CONFIGURATION () FIRED _EXCHANGER QT
ORIG. FULL FLOW 54.4 $0.38  $0.43  $0.70
MOD. FULL FLOW, IOCAL VENTTIATION 68.5 0.48 0.55 0.88
MDD. FULL FLOW, AIR SHOMER, LOCAL EXHAUST  68.5 0.48 0.55 0.88
MOD. FULL FLOW 54.4 0.38 0.43 0.70
MOD. FULL FIOW, ATR SHOWER 54.4 0.38 0.43 0,70
MOD. 2/3 FLOW, LOCAL VENTTLATION 50.4 0.35 0.40 0.65
MoD. 2/3 FLOW, ATR SHOWER, LOCAL EXHAUST 50.4 0,35 0.40 0.65
MOD. 2/3 FICW 36.3 0.26 0.29 D.47
MOD. 2/3 FLOW, ATR SHOWER 36.3 0.26 0.29 0.47
MoD. 1/3 FIOW, LOCAL VENTIIATION 32.3 0.23 0.26 0.41
MOD. 1/3 FLOW, AIR SHOWER, LDCAL EXHAUST 32.2 0.23 0.26 0.41
MOD. 1/3 FLOW 18.1 0.13 0.14 0.23
MOD. 1/3 FIOW, ATR SHOWER 18.1 0.13 0-14 0.23




Tahle 7. Fabrication cost, in dollars, of modified work table, air shower and
local exhaust ventilation.

CONTROL, TTEM oosT, $
MODIFTED WORKTARLE

WORK TRRLE 660

WORK TARIE INSTALIATION 165
TOTAL $825
ATR SHOWER

ATR SHOWER SUPPLY UNIT 210

ATR SHOWER SUPPLY UNIT INSTALIATTON 53

DUCTS, INSTALIED 483
TOTAL $746
1OCAY, FXHAUST VENTTIATION

LOCAL EXHAUST HOOD 245

LOCAL, EXHAUST HOOD INSTALLATION 61

DUCTS 145
TOTAL $451

Table 8. Contribution of air cleaning cost by work station configuration.

ATR TO BE QOST, AIR

WORK STATTCH CLEANTNG
OONFTGURATION (m>) BOUTPMENT
ORTGDMAL, FULL FLOW 54.36 $10,009
MODIFIED, FULL FLOW, LOCAL VENTIIATTION 68.53 12,618
MODIFTED, FULL FLOW, ATR SHOWER, LOCAL VENTTLATION 68.53 12,618
MODIFIED, FULL FLOW 54.36 10,003
MODIFIED, FULL FLOW, AIR SHOWER 54.36 10,009
MODIFIED, 2/3 FIOW, LOCAL VENTTLATICN 50.40 9,280
MODIFIED, 2/3 FICW, ATR SHOWER, LOCAL VENTIIATION 50. 40 9,280
MODIFIED, 2/3 FLOW 36.25 6,675
MODIFIED, 2/3 FIOW, ATR SHOWER 36.25 6,675
MODIFIED, 1/3 FIOW, LOCAL VENTTTATICH 32.28 5,944
MODIFIED, 1/3 FIOW, ATR SHOWER, LOCAL VENTILATION 12.28 5,944
MODIFIED, 1/3 FLOW 18.12 3,336
MODTFIED, 1/3 FLOW, ATR SHOWFR 18.12 3,336
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Table 2. WwWorker comment responses about the workstation confagurations tested.

OCMMENT
LIFED LOCAY, EXHAUST VENTILATION
LIFED NEW WORK TABLE
WORESTATTONS NEED TO EE ANTUSTAELE
FOR HEIGHT AND LEFT HANDED WORKERS
NEEDED MUORE EXHAUST AT BOCTH
NEETED MCRE SFACE ON MODIFIED WORK TABLE
IOCAL, EXHAIST HOOD NEEDED TO BE
ROTATED TO GIVE BETTER ACCESS TO IRUM
PREFERRED FULL HEIGT [RIM

(e = LW .h-.'l%
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IX. DISCUSSION

The data analyses of both the filter data and the real-time data tended to qave
similar results. While there were some differences between the two sets of
amalysee, the interpretation and conclusions were basically the same. Comments
fram the workers participating in the shady were noted, and indicated the
acceptance of the controls by the workers., The camments alse indicated areas
requiring additional work. In addition, a cost analysis calculation was made
to demonstrate the possible cost or savings which may be incrrred by installirg
a particular control oconfigquration.

Worker differences had the most significant effect upon dust exposures for both
the real time and filter data. These differences may 1nclude work practices
and anthropametry. Since the emphasis of this study was to identafy an
effective ventilated work station configuration, the worker factor was not
investagated further.

Both the real-time data results and the filter data results showed no
significant difference in dust svposures between the original and the modified
work stations. While the modified work station did not decrease the workers'
duct exposurec, it was perceived as an improvement in the work envirorment.
Fron the workers' comments, most liked the modified layout. The only negative
caments were that the modified table did not have as much usable area as the
criginal and that the modified table, when used with the local ventilaticn,
should ke able to accommodate a left-handed worker.

The most significant effect on the workers' dust exposures was that from the
air cshower. There were two limitations upon the work station configurations
utilizing the air shower. Because the air shower was located slaghtly behind
the worker rather than directly above, 1t may not have been able te provide the
best contrel of the eddy in front of the worker. The cother limitation was the
flow of air to the air shower unit. Since little is known about the effects of
air showers at ventilated booths, the flow used in this study may not have been
the cptimam choice., While this study used an air shower face velocaty of 0.25
m/s (50 fl'./'m.l.la3 one study has reported air shower face velocities of 1.9 m/s
(375 ft/min). ) This later study did not use the air shower in conjuncticn
with a ventilatad hooth. PBoth of the limitatians, flow to air shower and
position of air shower unit, may not have been sigmificant in this study.
Furthermore, while this NIOSH study used filtered air as the supply, fresh
make-Up air could be used to supply the air shower in an actual plant
installation.

The filter and real-time results for the leocal exhaust ventailation were
inconsistent. For the real time analysis, the presence of the local exhaust
ventilation significantly reduced the worker dust exposures. The filter data
reslts, though, were not as supportive. Depending upon the analysis, the
local ventilation significantly reduced workers' cust exposures. Other
analyses indicated this effect was not statistically significant. Besides
reducing exposures during weigh out, the local ventilation also appeared to
bhelp comtrol dust generated when the worker dumped the large bag of powder into
the drum. Although no dust measurements were taken during this particular
operation, visual cbservation showed the dust being drawn into the exhaust
hood. Like the mxiified work staticn, most of the workers perceived the local
exhaust ventalation as beiny effective and an improwvement in the work
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ernvirorment. Seueralmrkersalsousedﬂxetcpofﬂmehcodasaplacetostore
the bags into which the powder is weighed. This extra bit of work space may be
able to partially make wp for the space lost by wsing the modified work table,
One worker felt the hood should be rotated araurd the drum to give better
access when scooping.

The analyses to determine which configqurations resulted in the lowest exposures
showed several trends. First,the:n]figumtim:s utilizing air shower tended
tobenearthetq:(lumstm»:poan'e] Iocking further, for all analyses, the
c::nflguratlm with cne-third flow, no air shower and no local exhaust
vmtuatlmrmdthehlghestpredlctedexposures Two—thirds booth flow with no
air shower and no local exhaust ventilation was also among the configurations
with the highest predicted exposures. Iocal exhaust ventilation did not
exhibit any distinguishable pattern. Although the mmber of groupings fram the
miltiple canmparison tests were low (two or three), these tests did help show
sme patterns and verifies some of the other amalyses performed to detarmine
the effects of the duifferent controls.

X. CONCIDSIONS AND RECOMMENDATTONS

Many conclusions can be drawn from the results of this study. First, a basic
ventilated booth can be oconfigured to better manage exposures by installing
additional types of comtrols. Further, by adding an air shower, the volume of
air drawn into the booth can be cut drastically, to a face velocity of as low
as 0.11 my/s (21 ft/min). Reducing the amoumt of air exhausted from the work
station is attractive in two ways. With low exhaust volumes, less make-up alr
is needed. Make-up air is an expense since it must be heated in the winter.
The savings due to lower make—p alr reguirements will vary with the climate of
the plant. Secondly, because of lower exhaust volumes, less air cleaning
capacity is needed for the air that is removed from the plant. In new
facilitaes, thas will result in savings on the size of the dust collector
needed. In existing facilities, lower ailr cleaning capacity requirements for
the welgh aut operations results in the ability to direct the excess capacity
to other areas of the plant. The particularly significant point is that by
using the air shower in conjunction with the ventilated booth, worker dust
exposures can be reduced, while recucing costs. From the analysis of the data,
the air shower was the most significant control factor tested. Furthermore,
since autside air must be supplied as make—up air, operating costs of the air
shower will be relatively low.

While the analysis results for modified work station showed no significant
effect on exposures and the local evhaust ventilation results showed
conflicting results, these control modifications should be implemented along
with the air shower. Both controls were perceived by the workers participating
in the stady, as an improvement in the work envirorment. Also, bhased upon
cbservations made during the study, it appeared that the local ventilation
helped control the dust exposures during filling of the material weigh out
drum. While this specific operation was not the focus of the shudy, the local
exhaust ventilation may be a worthwhile addition to the comtrols already in
place. Because the local ventilation may have helped control dust expesures
durang both the weigh aat operations in addition to the drum £illing
operations, installation of this hood would be advantageous. However, the
effectiveness of the local exhaust vemrtilation at controlling dust exposures
during dnam filling shoald be evaluated, While most of the comments about the
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mxdified work station were positive, one worker noted the reduction in the work
table area fram the original work station. Before medifying the table at the
work station, changes shauld be explored to increase the work table area.

As a single recomeended configuration for the plant studied, the modified work
table with the air shower, local exhaust ventilation, and one-thard booth flow
is the best cption. In the rank ordering amalyses, this configuration was
oonsistently among the conficurations with the lowest exposures. Based upon
predicted exposures, the installation of this ocunfiguratics may result in a 70%
reduction in dust ewposures versus the confidquration with full flow and no air
ehower or local exhaust ventilation. The analyses indicated that the xooth
flows tested had no significant effect on worker dust exposures. Thwrefore,
the flow at the booth can be reduced without increasing the exposures. It
should be noted, however, that in the analysis to determine the configuration
giving the best control, the modified work station with ene-third booth amd mo
air shower or local ventilation had the highest exposures. The analysis to
determine which controels most effect dust exposures alsc showed that there was
an interaction between the air shower and the booth flow. As the booth flow
was rechied, exposures 1ncreased if the air shower was not operating. It would
not be prudent, therefores, to reduce the booth flow without adding additional
controls, namely the alr shower,

Besides reducing exposures, the air shower, local exhaust ventilation and
ene-third flow configuration may reduce costs as well. This configuration had
an installed fabrication cost of $2022, an amrual make-up air cost of $662 per
year (assming natural ges with heat exchange operating at 80% efficiency), amd
an air cleaming equprent cost of $5,944. While this particular plant woald
see little cost saving due to reduction of air cleaning equipment costs,
savings due to a reduction of make—up air will be important. With the
arrently installed work station havang an estimated wake—up air cost of $1115
per year, the recomernded work station configuration will result in an anmual
savings of $453, Based upon the fabrication and make—up air costs only, the
recamended configuration will have a payback period of about 4.5 years at
arrent natural gas costs. Although this may not be considered a high rate of
retarn, cost saving are hot the major benefit deraved from installing these
contrels. These cormtrols will sagnificantly reduce dust exposures while saving

money.

vWhile it has previously bheen shown that a ventilated booth alone will not
mﬁtelymntrol?}ﬁtmdtmhgﬂmmmlwiqhmtamm&rof
powdered materials, this study has demonstrated that these exposures can
be reduced with the adklition of several simple conmtrols. Furthermore, cost
savings can be incurred by installing these comtrols. Worker acceptance of the
new controls, always wmportant in the use of new systems, was favorable. The
recommended work station with the air shower, local exhaust ventilation, amd
the modified work table can improve the work enviromment by reducing worker
dust exposures by up to 70%, while, at the same time, decreasing operating
oEts.,
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APPENLDIX &

PREDICTED DUST EXPOSURES
DURING SCOOPING
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Figure Al. Predlctaidustex?ﬁnmdurmmugmﬂﬂmxﬁuctlmdueta
the use of half-height drms.

The first sbudy at the B. F. Goodrich plant in Marietta, ohio, (1) revealed
that scooping from the bottom of the drum would increase workers' dust
exposures. One recommerndation fram that study was to use half-height dnme to
prevent the worker from scoopirng too far down. Figure Al shows the predicted
dust exposure during scooping of the powder. This figure plots exposure versus
level of powder in the drum. The area under the entire curve 1s the total
exposure when weighing from a full size dnm of powder. The total exposure
when weighing the same amount of powder from the half-height drums will be
twice the area between the full and half full marks on the plet. Usuyg the
half-height dnms will result in a 66% reduction in workers' dust exposures
versus the uze of the full size dnm.

REFERENCES

1. Gressel, M., W. Heitbrink, J. McGlothlin and T. Fischbach. InDepth Survey

Report: Comtrol Technoleqgy for Mamual transfer of Chemical Powders at the
B. F. Goodrich Company, Marietta, Chio. NITS Rub. No. PB-87-107579.
Springfield VA 1986.
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APPENDIX B

The abjective of the study was to evaluate the effectiveness of the varicus
workstation configurations at controlling worker dust exposures. The
evaluation of each workstation eonfiguration required a worker to transfer
material to the bags for a designated time, using a work tabkle confiqured as
either criginal or redesigned, and, if redesigned, according to one of the
pessible 3x2x2 variations of booth flow rate, air shower, and local exhaust.
Workers were a natural choice as blocks so that the treatment camparisons would
be free as possible of worker wvarlability. Within blocks, a caomplete
replication of all treatment levels would require thirteen runs per worker: one
nm of the criginal workstation plus the 3x2x2 nms for the portion nested
within the modified workstation. Due to time limitations, this appeared to be
too many runs for each worker to camplete, fore, a half fraction of the
Ix2x2 design originaltly developed ky Yates{1:?] yas used for the porticn of
the experiment nested within the modified workstation setting. Table El shows
the six half fractions for the 3x2x2 design. The resulting design was a nested
fractional factorial: the first factor was WORK STATION: MODIFIED versus
ORIGINAL. Further, a halanced half fraction of a 3x2x2 desaign with the factors
of BOOTH FIOW, ATR SHOWER and LOCAL EXHAUST VENITIATION, was nested within the
MODIFIED work station level. This design resulted 1n a total of seven nmns to
be completed by each worker: the one original werkstation run, and the six runs
from the half fraction factorial expermment. If all three pairs of possible
half fractionhs are run by different workers (6 in all), then the design
is balanced and all interactions may be estimated. Workers in groups were
rardomly assigmed to the six setups or half fractions. This randomized the
crder in which the six possible sets were used. The plan vas to use as many
workers as time permatted. Seven workers campleted a single sequence, while
two workers campleted two seqguences each. The total was treated as if eleven
workers participated. Since eleven seguences were completed, all three pairs
of replicates, or possible ways to split the conplete factorial into two halves
were used, with all but one represented twice. For each worker, the order of
the 7 runs was randomized. Neither the configuration assigned to a worker nor
the order of runs was known to the experimenters until the worker was ready to

begin.
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Table Bl. Half-fracticns pairs for 3x2x2 factorial design.
PATE I

1/3 FLOW, ATR SHOWER

1/3 FLOW, LOCAL EXHAUST

2/3 FIOW

2/3 FItW, 1OCAL EXHAUST, ATR SHOWER
FULL, FLOW

FULL F1{W, LOCAL EXHADST, ATR SHOMER

1/3 FLOW
1/3 FLOW, LOCAL EXHAUST, AIR SHOWER
2/3 FLCW, ATR SHOMER

2/3 LOCAL EXHAUST

FULL FLOW, ATR SHOWER

FULL FLOW, LOCAI EXHADST

1/3 FLOW

1/3 FLOW, TOCAL EXHAUST, ATR SHOWER
2/3 FLOW, ATR SHOMER

2/3 FLOW, LOCAL EXHAUST

FULL FLOW

FULL FIOW, LOCAL EXHAUST, ATR SHOWER

1/3 FLoW

1/3 FLOW, LOCAL EXHAUST, AIR SHOWER
2/3 FLOW

2/3 FLOW, LOCAL EXHAUST, AIR SHOWER
FULL FLOW, ATR SHOWER

FULL FLOW, IOCAL EXHAIIST

1. Yates, F.
Soil Soi. Tech. Com.

2, Cochran, W. ard G. Cox.
Some, Inc. New York 1857.

3%, 1937.

"The design and analysis of factorial experiments." Imp. Bur.

Experimental Desiqn, znd Bition. John Wiley &
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APPENDIX C

The study set out to determine which of the work station medificaticons, if any,
affected worker dust exposures as measured by the personal filter samples and
the real-time measurements. 'Iheanalyﬁweremtedusizgapeml
couputer ard PC SAS PROC GIM software. The deperdent variable for the
mlysisofﬂﬁfuterdatamsﬂﬂmﬂtmmlmlatedfrmﬂnwightof
the parsonal filter samples. For the real-time data, thedeperﬂentvanable
wastheaveragecfﬂaecnesecmdread;ngsmertheflfteenmmmenm Usmg
the SAS software, ananalysmwasperfo:madtodevelcpeanmdeltndetemm
1fhcrthﬂaw,airslnver local ventilation, the control interacticons, as well
as work table (modified or original) a:ﬂwrherdifferemes affectad worker
dust ewposures. The worker differences were included to describe all effects,
such as work practices, that oould mot be attributed to the other terms listed,

Bacause there were two filter measures of dust exposure, IEFT and RIGHT lapels,
the analyses te determine factors affecting worker dust exposures were
performed in two ways, wnivariate and maltivariate. The miltivariate analysis
reflects relationships for any linear cambination of the two camponert
variables (LEFT and RIGHT}. The univariate resilts are more meaningful 1f each
of the two shoulder measures is considered to characterize a separate and
distinct type of exposure ard there is interest in exanmining each one
imdeperdently. Which resulte to use is less of a statistical question than one
concermang the cbhjectives of the analysis.

The analysis of the filter data was performed first on its original scale (no
transformation). Not unespectedly, a "funnel" shape pattern was detected in
the plots of residuals against expected values for the respanse variables.

This indicated a positive relationship between error variance and the expected
or mean value. A nabhmral logarithmic transformation of the response
measurements was used to remove this relationship. Original measurements which
had been zerc or negative were replaced by the low value of 0.0025 for the
logarithmic transformation only. A plot of the residuals of the
logarithmically transformed data now displayed cther patterns; generally, there
was an inverse relationship between the average residual and estimated mean
value although the spread among residuals appeared to remain constant,
Secordly, residuals for the cbservations set to 0.0025 before the
transformation formed a straight line parallel to the main axs of variation of
the remaining residuals.

To remove these patterns, all zero or negative chservations were treated as
nissing except those which could be replaced by estimated values. HMissing
RIGHT values were estimated from a fitted regression of non-missing LEFT
values. Iakewise, LEFT values were estimated from a fitted regression of
non-missing RIGHT values., One RIGHT value was replaced by an estimate with
geven others treated as missitg. Seven IEFT values were also treated as
missing, with two replaced with estimates., The logarithmic transformation was
applied to the resulting data set. These measures drastically recuced the
estimated standard errors. The residual plots from the analysis of this
revised data set exhibited no exceptional pattern. However, the residual plot
for the RIGHT values evidenced ane negative outlier while that for the 1EFT
exhibited ene negative and one positive cutlier. Both of the negative outliers
were for observation 1. The data was then analyzed again in two ways. First,
the negative outliers (alsoc the lowest values for both IEFT ard RIGHT) were
replaced by the next lowest doservation. This still produced cutliers in the
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resulting residual plots. Therefore, the analysis was repeated with
bservation 1 remowved. While these modifications appeared to reduce estimated
standard errors even more, none, with the exception of the logaritimic
transformation, changed the statistical significance (at the 0.05 level) of the
various factors. The mean sguare errors for the analyses are given in Tables
C1-C4. The main difference between the original scale and the logarithmically
transformed analyses was the effect of the local exhaust ventilation.

TARIE C1. Stamdard errors (mean square error) for univariate right amalyses of
original scale filter data.

BNALYSTS STANDARD FRROR
UNIVARIATE RIGHT ORTIGINAL SCALFE 28.57
INIVARTATE RIGHT NON-PCSITIVE OBSERVATIONS ESTTMATED 27.22
UNTVARIATE RIGHT OBSERVATTION 1 REFLACED BY NEXT LOWEST 27.20
RI OBSERVATIT 1 DETFTED 7

TAELE C2. Standard errors (mean square error) for univariate left analyses of
criginal scale filter data.

ANATYSTS
UNIVARIATE IEFT ORICINAL SCALE 19.84
UNIVARIATE LEFT HNCON-FOSITIVE OESERVATIONS ESTIMATED 21.31
UNIVARTATE LEFT OBSERVATION 1 FEPTACED BY NEXT LOWEST 21.30

UNTVARTATE IFFT OBSFRVATTION 1 DETFTED 21,72

TARIE 3. Standard errcrs (mean square exror) for univariate right analyses of
log transformed filter data.

AATYSIS STANDARD FRROR
UNIVARIATE RIGHT 10G TRANSFORMED 3.624
UNIVARIATE RIGHT NON-FOSITIVE OBSERVATIONS ESTIMATED 0.872
UNIVARIATE RIGHT OBSERVATION 1 REPLACED BY NEXT LOWEST 0.622
_UNTVARTATE RIGHT OBSERVATION J, DETETED 0.492

TABLE C4. BStandard errors (mean square error) for univariate left anmalyses of
log transformed filter data.

ANATYSTS STANDARD ERROR
UNIVARIATE LEFT LOG TRANSFORMED 3.124
UNIVARIATE LEFT NON-FOSITIVE OBSERVATIONS ESTIMATED 0.944
UNIVARIATE LEFT OBSERVATION 1 REPLACED BY NEXT LOWEST 0.841

_UNIVARTATE LEFT ORSERVATTON 1 DELETED 0,642
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The following summarizes the imdividual factors amd their associated effect on
worker dust exposures based upon analysais of the filter data. Unless otherwise
roted, statistical significance is given at the 0.05 level.

WORKER. Statistically significant effect an dust exposures for all
analyses; the observed significance level was consistently at or below
0.6001.

WHRK STATION. No significant effect on dust exposures between original and
modified work stations.

BOOTH FIOW. (within modified work station). No significant effect on dust
exposures between the three different flows for all amalyses.

ATR SHOMER. (within modified work station). Statistically significant
effect on dust exposures for all amalyses. The abserved significance level
ranged fram 0.006 to below 0.0001, Observed significance levels were
lower (i.e., "more" significant) for right than left measures vhile
log-transformed measures were more significant than the original scale.

ATR SHOWER also became more significant as cbsexvation 1 was progressively
mdified. The estimated parameter for the effect, when N, was negative,
indicating that the presence of an air shower reduced exposure.

IOCAL, VENTTIATION., ( within modified work station). The original scale
miltivariate results sheowed IOCAL VENTILATION to have significant on
workers' dust exposures. The coriginal scale univariate results for RIGHT
also showed statistical significance . The RIGHT univariate amalyses of
the log transformed data showed IOCAL VENTIIATION to approach statistical
significance as chservation 1 was progessively modified. The estimated
effect for LOCAL VENTIIATION was negative, indicating a decrease in
exposure. For all cther analyses, LOCAL VENTIIATION did not sagnificantly
effect dust exposures,

BOCTH FLOW-ALR SHOWER interaction. (within modified work station). All of
the original scale miltivariate results showed a significant effect on dust
exposures. The original scale univariate analysis with no modification of
cbeervation 1, showed statistical significance for RIGHT only. Thas effect
became barely non-significant as observation 1 was progressively medified.
This term was not significart for any of the logarithmically transformed
analyses. This interaction indicated that as the booth flow was reduced,
dust exposures increased 1f the air shower was not operating.

A1l other terms were not statistically significant for all analyses.

Tables 5-Cl12 lists the significance levels of the factors ard interactions for
all the analyses.
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TAHTE 5. Mulfivariate and univariate (RIGHT and LEFT} significance levels for
analyses of original scale filter data.

MILTT RIGHT LFFT
CRIGTHAL ORIGINAL ORIGINAL
FACTOR
WORKER, ¢.000 0.0001 0.0001
WORKSTATION D.2988 0.2893 0.1186
BOOTH FIOW 0.4776 0.6354 0.7539
ATR SHOWER 0.3015 0, 0006 0.0009
BOOTH FLOW-AIR SHOWER 0.0029 0.0130 0.2326
TOCAL VERTILATICN 0.0118 0.0044 0.1701
BOOTH FLOW-LOCAL, VENTTIATTION 0.4374 0.6433 0.4421
AR SHOWER-1OCAT, VENTTIIATION 0.6024 0.5423 0.3162
BOOTH FIOW-ATR on 0.5411 0.8969 0.8962

TABLE C&. Multivariate and univariate (RIGHT and IFFT) significance levels for
analyses of log transformed filter data.

MULTI RIGHT LEFT
I0G G 1D

FACTOR SCALE SCALR SCATE
WORKER 0.0001 0.0001 0.0001
VORFSTATTON 0.1156 0.1248 0.0370
BOOTH FIOW 0.3934 0.6821 0.9853
ATR SHOWER 0.0015 0.0003 0.G034
BOOTH FLOW-ATR SHOWER 0.05%% 0.0600 0.1808
IOCAT, VENTILATTCHN 0.3115 0.4698 0.7142
BOOTH FLOW-LOCAT, VENTTIATICN 0.5325 0.7024 0.5360
ATR SHCWER-LOCAT, VENTTLATICON 0.6633 0.3950 0.3936
FOOTH FIOW=-ATR SHOWER-TOCAT, VENTTIATION 0.0644 0.2134 0.0875

TABLE C7. Multivariate and univariate (RIGHT and IEFT) significance levels for
analyses of original scale filter data with estimetes for non-positive
cbeervations.

MUITT RIGHT LEFT

ESTIMATE ESTIMATE ESTTMATE

—FACTOR ORIGINAL. ORTGINAL ORIGINAL
WORKER 0.0001  0.0002  0.0001
WORKSTATION 0.3250  0.4543  0.1440
BOUTH FLOW 0.2155  0.5433  0.4507
ATR SHOWER 0.0064  0.005%  0.0019
BOOTH FLOW-AIR SHOWER 0.0434  0.0517  0.3727
1OCAT, VENTTIATTON 0.0257  0.0089  0.1979
BOOTH FLOW-LOCAL VENTILATION 0.4536  0.6108  0.5012
ATR SHOWER-LOCAL VENTILATION 0.5004  0.6437  D.2689
=ATR SHOWER=-IOCAL OH L3372 __ 0,79 0.8546
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TABLE C3. Multivariate amd univariate (RIGH and IFFT) significance levels for
analyses of log transformed filter data with estimates for non—positive
cbeervations,

MULTT RIGHT LEFT

ESTTMATE ESTIMATE ESTIMATE

~—TACTOR 100G 106 JoG
WORKER 0.0001 0.0020 0. 0001
WORKSTATION 0.4873 0.2728 0.2322
BOOTH FLOW 0.4412 0.7172 0.7637
AIR SHOWER 0.0011 0.0003 0.0003
BOOTH FLOW=ATR SHOWER 0.4152 0.4534 0.6611
10CAL VENTTIATICN 0.2809 0.1311 0.3227
BOOTH FLOW-1OCAL VENTTIATTON 0.5299 0.5691 0.7557
ATR SHOWER-IOCAL, VENTIIATTON 0.8938 0.9715 0.8217
SHCWER-LOCAL, VENTILATION 0.83 £03

TARLE C9. Multivarjate amd univariate (RIGHT and 1EFT) significance levels for
analyses of original scale filter data with estimates for non-positive
ocbservations and dbservation 1 (lowest) replaced with next lowest dbservation.

MULTT RIGHT IEFT
FEFTACE REFLACE  REFLACE
FACTOR ORIGINAL, ORTGINAT, ORTGTNAT

WORKER 0.0001 0.0002 0.0001
WORKSTATION 0.3254 0.4606 0.1449
BOOTH FIOCW 0.2156 0.5434 0.4506
ATR SHOWER 0.0064 0.0053 0.0019
BCOTH FLOW-ATR SHOWER 0.0433 0.0516 0.3725
IOCAL VENTTIATION 0.0257 0. 0089 0.1880
BOOTH FLOW-LOCAL VENTITATION 0.4536 0.6106 0.5012
ATR SHOWER-LOCAT, VENTIIATTON 0.5004 0.6426 0.2684

_BOOTH FTCW-ATR SHOWER-TOCAT, VENTTTATTON 0.3364 0.7500 0.8545

TABLE C10. Multivariate and univariate (RIGHT and LFEFT) significarce levels
for analyses of log transformed filter data with estumates for non-positive
observations and dcheervation 1 (lowest) replaced with next lowest cbservation.

MIITT RIGHT LEFT
FEPIACE REFIACE  REFILACE
FACTOR I0G G 100G

WORKER 0.0001 0.0003 0.0001
WORESTATION 0.5381 0.6134 0.3205
BOOTH FLOW 0.4352 0.6459 0.7357
ATR SHMWER 0.0002 0.0001 0.0002
POOTH FLOW-ATR SHOWER 0.2739 0.3192 0.6215
LOCAT, VENTIIATTON 0.1771 0.0802 0.3001
BOOTH FLOW-LOCAL VENTILATION 0.3991 0.4520 0.7351
ATR SHOWER~LOCAL VENTIIATTON 0.9271 0.9533 0.7845
POOTH FIOW~-ATR SHOWER-LOCAT, VENTTIATTON 0.8008 0.9615 0.8772
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TABIE €11, Multivariate and univariate (RIGH' and IFFT) significarce levels
for analyses of original scale filter data with estimates for nom-positive
chservaticns and dbsarvation 1 deleted.

MITTT RIGHT LEFT
DELIFTE DELETE L[ELETE
__FACTOR _ORTGTNAL, ORIGINAL ORTGINAL,

WORKER 0.0001  0.0003  0.0002
WORKSTATION 0.4120  0.6068  0.2118
BOOTH FLOW 0.2240  0.5553  0.4569
ATR SHOWER 0.0068  0.0062  0.0021
BOOTH FLOW-AIR SHOWER 0.0449  0.0534  0.3769
LOCAL VENTTLATION 0.0278  0.0097  0.2040
BOOTH FLOW-LOCAL VENTIIATION 0.4615  0.6170  0.5101
ATR SHOWFR-LOCAI, VENTTLATION 0.5042  0.6292  0.2675
TOCAT, VENTTIATTON .3373 7641 545

TABIE Cl12. Multavariate and univariate [RIGHT and LEFT)} sigmificance levels
for analyses of log transformed filter data with estimates for nom-positive
obhservations and cbservaticn 1 deleted,

MULTI RIGHT IEFT
DEIETE CEIETE DETETE
FACTOR 106 106 10G

WORKER 0.0001 0.0001 0.0001
WORKSTATTON 0.7132 0.4669 0.7722
BOOTH FLOM 0.4465 0.6063 0.6478
ATR. SHCWER 0. 0001 0.0001 0.0001
BOOTH FLOW-ATR SHOWER 0.20%9¢ 0.2207 0.5000
IOCAYL, VENTIIATION 0.1478 0.0566 0.2598
BOOTH FLOW-LOCAL VENTTITATTCHN D.3418 0.3627 0.6700
ATR SHOWER-TOCAL VENTTLATICN 0.8671 0.8142 0.6209
BOCTH _FIOW-ATR SHOWER-TOCAT, VENTTIATTCH 0.7330 0.7330 0.7935

The analysis of real-time data to determine which factors affected worker dust
exposre, was done in a manner similar to the filter data analysis. H}
analyses were performed using PC SAS FROC GIM on a personal computer. A
modal, which included most of the same terms as the filter data analysis, was
developed using the real-time data in its original scale (no transformation).
Like the filter data, a plot of the residuals showed a "funmnel"

pattern. The data was logarithmically transformed and the analysis repeated.
A second plot of the resicduals showed no patterns.

The results of the analysis of the real-time data were similar to the results
of the filter data. Worker effects prowved to have a highly significant effect
(at the 0.05 level) on exposures. Iocal ventilation, air shower and the air
shower-booth flow interaction also had a significant effect on the dust
exposures. Significance levels of the terms from the real-time data analysis
are given in Table C13.
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TABIE Cl13. Significance levels for analyses of log transformed real=time data.

FACTOR STGNIFICANCE.
WORKER 0.0001
WORKSTATTCON 0.4013
BOOTH FLOW 0.6860
ATR SHOWER 0.0048
BOOTH FLOW-ATR SHOWER 0.1313
LOCAL, VENTTLATICH 0.0120
BOOTH FIOW-LOCAT, VENTILATICN 0.8941
AIR SHMER-LOCAL VENTIIATION 0.,3002

BOOTH FIOW-ATR SHOWER-LOCAL VENTTIATION 0.5846

Analyses wete also parformed ¢m the filter data to determine which
configuration provides the best control of dust exposures. For this ordering,
the data were restricted to the modified work station configurations filter
data only. The "X matrix" for the mxiel for the factorial design was replaced
by an X matrix for a single factor with 12 levels, cne for each possible
configuration of the factors of booth flow, air shower and local exhaust., SAS
firnishes two types of analyses fnrtherankorﬁerirg First, it provides
several standard miltiple comparison tests such as the least Slgnlficant
Difference (ISD) camparison, Scheffe's Method, and the Bonferroni or Durn
t-test ocomparison amorg a group of means. The Bonferroni method was selected
although it assumes equal sample sizes, which was pot exactly fulfilled (sample
means were based on either 5 or 6 abservations). This methed does provide
protection against falsely declaring one or more confiqurations as different
when none are (probability of error is less than or equal to 0.05). This
feature is somewhat nominal, as comparisons of the configqurations would not be
made unless the F-test for the simgle factor is sigmficant at the 0.05 level.
The Bonferromi method alse provides greater protection than the LSD method for
falsely identifying the unequal configurations given that at least one differs
fram the others, although the probability of this error is not known. However,
neither the Bonferronl nor any of the cother means camariscns methods adjust
for confounding caused by lack of balance in the design, such as worker
differences. The rank orderings fram the Bonferroni method are given in Table
Cl4.
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Table C14. Rank ordering by Bonferroni method for data with cbservation 1
replaced. Configurations are listed from lowest exposure to highest.

I=EFT RIGHT BOTH
COONFT oN OONFIGURATTON
AR, 1/3 A ATR, IOCAI, FULL A ATR, 1/3 A
ATR, IOCAL, FULL AR AIR, 1/3 A ATR, LOCAL, FULL A
AIR, 1DCAL, 1/3 AB ATR, IOCAT, 1/3 A ATR, IOCAL, 1/3 A
ATR, 2/3 AR AIR, 2/3 A AIR, 2/3 Fy
LOCAL, 1/3 AB  ATR, LOCAL, 2/3 AB  IOCAL, 1/3 AB
FULL AB FULL AB FUIL AB
IOCAL, 2/3 AB  IDCAL, 2/3 AB  LOCAL, 2/3 AB
ATR, FULL AB  IOCAL, 1/3 AB  ATR, IOCAL, 2/3 AR
ATR, LOCAL, 2/3 AB LoCAL, FULL AB IDCAL, FULL AB
IOCAL, RIIL AB 2/3 AB ATR, FULL AB
2/3 AB  AIR, FULL AR 2/3 AB
i/3 B 1/3 B i/3 B
106 IEFT LOG RIGHT oG BOTH
CONFTGURATION GROUP  CONFIGURATTION GROUP_ QONFIGURATION GROOP
ATR, LCCAL, TUIL A ATR, LOCAL, FULL A ATR, IOCAT, FULY. A
ATR, 1/3 AB ATR, 1/3 AB ATR, 1/3 AB
ATR, IDCAL, 1/3  ABC  AIR, 2/3 AB ATR, 2/3 AB
ATR, 2/3 ARC ATR, IDOCAL, 1/3 AB ATR, LOCAL, 1/3 AB
ATR, LOCAL, 2/3 ABRC ATR, LOCAL, 2/3 ARC ATR, IOCAL, 2/3 ABC
I0CAL, 1/3 ABRC FULL ABC LOCAL, 1/3 ABC
FULL ABC  1DGAL, 1/3 ABC  FULL ARC
IOCAL, 2/3 ABC LOCRL, 2/3 AR IDCAT, 2/3 ABC
ATR, FULL AHC LOCAE, FULL ABC ATR, FULL ABC
LOCAE, FULL ABRC AIR, FULL ABC IoCAT, FULL BC
273 BC 273 BC 2/1 BC
1/3 c 1/3 c 1/3 C
NOTE: Configuraticns with the same grouping letter are not signaficantly
different.
AIR = Aly Shower 1/3 = One-third Booth Flow

10CAL = Iopcal Ventilation 2/3 = Two-thirds Booth Floew FULL = Full Booth Flow

If not listed, comtrol was not in place for the particular eonfiguration.
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The second method for ranking the configurations, used a fitted model to
estimate the expected expoares. This analysis was done only among the
mwdified workstation configurations. The model had two factors: a term
describing the comtrol comfigurations (ONEWAY), and a term describing all other
effects including the worker (WORFER). With 12 dafferent comtrol
confiqurations, ONBWAY had 12 different values. Likewise, 11 different workers
were gampled in the study resulting in 11 dafferent values for WORKER.
However, the SAS output for camparisons among these estimated values 1s not as
descriptive as the Bonferroni methed and comparisons among the estimated mean
values are more canplex as the estimates are correlated. 'This method is
rreferred, though, because of the adjustmert for worker differences. These
ectimates were used to rank order the configqurations even though an analysis to
determine which differances are statistically significant was not done. The
rank orderings from this method are given in Table C15.

Table C15. Rank orderirg as predicted of predicted exposures (nq/m3) from
Gereral Linear Models Procedure for data with observation 1 replaced.

10 10G 1LoG

GURATTH RICHT RI BOTH
ATR, IOCAT, 1/3 1.2 1.7 1.4 0.4 1.5 1.0
ATE, IDCAL, FULL 1.6 1.7 1.7 1.2 3.8 4.0
ATR, 2/3 1.8 Zz.2 2.0 1.4 5.9 5.1
ATR, 1/3 1.7 2.4 2.0 4.9 4.6 4.4
ATR, LOCAL, 2/3 2.6 2.7 2.7 5.9 3.5 4.7
LOCAL, FULL 3.1 3.2 3.1 B.O 3.3 4.2
AIR, FULL 2.0 3.3 2.6 2.3 7.0 4.7
LOCAL, 2/3 4.4 5.5 4.9 6.1 7.1 6.6
FULL 5.1 5.8 5.5 7.2 7.8 7.5
IDCAL, 1/3 4.6 6.1 5.3 6.9 7.9 7.4
2/3 6.0 6.8 6.4 9.7 B.6 9,2
173 6.6 10.3 8.2 160.5 15.5 13.0
NJIE: ATR = Alr Shower = Logal Vertilation

1/3 = One=thard Booth Flow 2/3 = One-third Booth Flow

If not listed, that comtrol wvas not in place for the particular
oconficaration.

In addition to the personal sampling (filter and real-time}, two fllter samples
ard cne real-time measurement of backorouwd dust levels were taken in the plant
during each run. The subcequent analyses of these measures confirmed that
adjustment for background dust levels did ot affect the results. Thus, only
the unadjusted results are reported.

REFERENCES

1. SAS Institiate. SAS User's Guide: Statisticg. Cary NC 1982,

30



4.1

APPENDIX D

FIITER DATA

31



(%]

AREFEERS

— W
W

FBISERLBREBBRRERRERR

Fl

(=4
-

IRSBRIATBRERE

Qogo 0
0Gon D
4wy 0-
a7l Q-
BI00 Q
6964 -
4960 0-
@i -0-
o) 0
&9 4
oaoo 0
oaod 0
G000 0
g0 0
4940 0
9Edl 0
£591 0
aoanto
8940 0
590 0
¥ehd 0
aooo o
4960 0-
¥gy0 0
Qo000
YeYl 0
§560 0
wHY0 0
"B40°0
0000°Q
wEYD0-
45460 O~
gooo O
290" 0~
aodd 0
ooed
0060 0

LNnoa (g

" JINDD
bA

£E£00 a-
LeE0C Q-
£EEL0 0-
£151070-
£5€00 O~
LE£20 0-
L£E£20 0-
£TELD D~
L9900 D
L2990 0
L2400 O~
L4500 0~
L5800 0~
L9900 D
19910 0
L99%0 O
L9920 0
££200 Q-
19910 0
49%10 0
19900 0
EEE00°0-
£%£20°0-
49300 O
££100 0~
L9500 0
991070
L9900 0
29900 0
££E00 O-
10 0-
£LeZ0 Q-
£RE00 0-
££LI0 Q-
££200 O-
§EE00 O-
£EEQD O-
(G}
dH9I M
208

Fi il
9 kl
9L §l
9L7EL
9l £l
PLEL
94751
9L7EL
LKL
24751
9L Ll
9L°EL
2k
PLEL
9Lkl
el
9L°cl
94°kl
gl
9LES
9 kL
¥ &l
9L 5l
9 £l
9L &l
9L 5l
¥l
oL Ll
9L 5l
9 5l
9L Kl
9l £l
9 gl
9 £
91tglL
PLL
L5
(uisy)

M4

cha

0000 0
SLol @
0000 a
®DS0"0
ooon o
oo o
SL0L ©-
ooco o
w050 O
B80S0 0
05D O
wDs0 O
6050 ¢
B0SO 0
g0s0 0
8254 0
5101 O
Boso G
BOSO 0
£25, 0
8050 D
8050 -
oDDD™ D
5i0iL D
00so o
BOSO O-
S0l 0
BOS0 0
5loL°0
B0SO 0O-
BOS0"0-
eas0 O-
€050 0-
BOsD §-
BOSO D-
oD 6
9vea o-
L qu/bu)
amad
oA

L2500 O-
19910 0
£ee00 0-
£9500°0
£FE00 O-
££500 O-
£££20 O-
£EEDD O-
249500 0
49900 0
49900 0
49900 0
49300 0
29300°0
2990070
2992070
L9910 0
A9%00°0
EECLOO-
49920 0
2990070
£EELD 0~
LG 0-
29910 O
££600 0-
EETI0 0-
4990 D
49900 D
L9910 D
FEYLD O-
eLELn O~
EEELD D~
£ECLO O~
EEELD D~
SEELG"D-
£RE0070-
£££50 0-
()
1HO13M
194

113}
£l
£l £l
1
EL°EL
ELOEL
€111
11011
£1°64
LKL
£b 5!
£ £l
£b 14
£ £l
il EL
£l £l
LKL
gk
£l EL
L1
LU7EL
fioEL
£ kL
fL7El
el
£l £l
£l £l
kb £
£l
£l £l
€l £l
£l £l
£l £l
i £l
L
$ 751
EL°E}
ICILTAY)
MmO
(B

L9y v
ool 2
w82 2
L
6075 1
QOEL 7L
whiL L
oo9s ¥
2588 o
Q507 0
6% &
5: -1 )
LerLtd
YLl
eLis L
€517l
o2yl 42
LER9 &
g4a09 8l
£o9f 44
129 §
SY8L &
AT
SerL 0
oy 0
BiRY |
4840 2
066070
172
4260 5
LsZ8'1
ECiBTE
£8% L
QIR 2
Biv0 £
oos E
2820 O-
{ gw/bu)
AR0]
IEED

49948 0
49924 0
49977 0
2996670
49982 O
L9982 £
L999E D
49986 O
49586 |
19940 0
L9986 D
L9999 D
4990% L
19599770
I
i 0
I¥iv 5
L70S |
L9999 £
iWid £
49901 1
A9926 1
4915 0
19920 0
29980 0
49942 1
L39LY 0
29910 0
29950 0
L3920 1
2995 O
L9940% ¢
29907 1
19945 0
2955 4
2992y 0
ELELO O-
(Buw)
LHOL3N
IFER

S &b &0L %
al €1 1510 &
SL 51 Z0&a L
SLTEL IR S
GL°El 292E 2
5L €4 E609 BL
ol E1 292f 2
BL EL E%SY &
5L €1 vRER Ol
cL EL %E D
5L 6L 9864 S
Si°LL EBYD &
SLTEL 7l9L7E
SL°EL i%Es 2
iYL EeEY L
SIEl RISZ |
Gl EL whds LY
<l 51 ogg0 t
Sl £l oY 4
Sl £1 1918 22
gl g1 2r8% G2
Sl £E1 7462 &
4l £1 6019 £
Y L 2r t
Z* 2l Zllg a
2§l fii% 5
Iy §1 2049°E
LY € 9202 O
L9 £ 89502 0
L% 1l &E%5 £
&L 1} 2821 2
5L £ 22v9 S
L £1 &506 £
5L £EL S8 1
E1 08 LI WA
SL"El 4585 D
St fI S200
fuw/y)y  (gu/Bu)
A01d *ON03
JEED] LHIEY

49928 0
£990% O
i999% 0
£9980° 1
2999 0
1995l £
29990 0
19560 0
1936l 2
29920 0
29302 |
29910 L
49954 0
49905 0
2998270
29992 0
i9985E B
99ty |
L99U6 |
19909 ¥
L9915
199467 L
4999470
49982 0
4994l 0
49940 )
ML 0
49950 0
il 0
L9787 }
4992% 0
4995l L
L998L°0
d997% 0
49958 b
29941 D
L9900 0
(Bwl
LH9T3n
FULEE

FA !
FA Y
iy §l
% kL
47 &b
FA 1t
iy st
4% kF
i £l
FA N1
iy £l
ir £l
&Y £l
Fo 1
17 £l
FAle 1)
19 £l
i°fl
LT EL
i7°El
FL 1t
L7l
Ly EL
SE°El
SLUEL
5L EL
41 5
€L EI
ol £k
SLER
FA
197 kL
L¥°EL
F3
497EL
4% £
2% £l

ELlet 3
v
HINOHS
e
V201
H3INOHS
ANON
Hl08
ANOK
H10d
INON
NON
3MON
a0
hi0d
HIMOHE
AN0DN
Hiod
wan
INON
W3INAHS
NN
HlOd
B3IMOHS
ELvL
dNON
1¥3a1
LILe

ANON
HAMOHS
ANON
%301
H1l0d
T30
¥INOAS
ANON

{UWsY) A4100W

Mod
LH3 Y

B EEEC P00 pPER;0EER0PRRE R ZREEREE

2140
NOL1W1S
- 30M

£ 33
LT SE
£f2 1Y
Yind o %E
£FE 133
Tid 28
TNdLE
£/ ne
£l &2
T B2
e A2
ind 92
e &2
£/ "
£/2 114
£ 1]
£ iz
£f2 1T
T4 6L
£/2 Bl
LRI Y
13 9t
T4 S 1
£/2 "
N4 €
£n L
£re kL
1Y} al
nd &
nd g
i 4
T 9
7] | 5
s >
£ t
1754 [
T L
K074 ON
HI00E KM



wt

L
gLl
Zil
vh
9L

BREsRRRESB

S0b

Lok
SOk

16
%4
9%

e85

1
2al
20k
£0i

L&

£S
44
13
0é
1]
w
D&
€8

LHNO3
avd

¥8%0 0
5L 0
0000 ¢
5% O
£5% 0
25570
496070
659"
4960°0
ghi o
6980 0
Qoo o
onoo o
82070
R 0
YEvD" -
ggaL”™D
YBYD D
45600
noog 0
0goa n
Y8970 0
000d 0
000 4
Daog 4
062 0
0696 0
v 0
o0coo 0
Q000 0
0000 0
0000"o
4960 4
6960 0
o 0
e Q
geal 0
(g /b

INDD

94

49900 0
49920 0
E£E00 O-
L8920 4
19920 Q
1992070
27310 0
L9986 0
49910 0
L9950 O
2990 0
SELED 0-
LEE00 O-
4990070
4992070
£5500 O-
L9%9E070
L9900 D
29910 0
L5200 O
£5£00°0-
49900°0
£5500°0-
L2100 Q-
£3500 O~
29940 O
2996470
299%0 0
49920 0
£9920°0
29920 4
29550 0
2930 O
29310 @
5520 0
29990 0
49950 D
(6w}
LHII 3N
i

?LEL  0ODO O
gl slal o
94°%l Gldl D
9L £k Sl D
94°fl HOS0 O
9L &1 9050 0
9L¢l %291 O
94 £} ©OSO @
94 51 H0SD D
94 £k 90 Q
9Lkl B0S0 0
94 gL 0000 O
%L kL 0000 0
%l £+ 0000 4
% £l 805070
o4 &b 04DDQ
o4 b 00007CQ
¢ kL 60S0°0
94 &L B050°0
pL gL SLOL*O
9 &L 0OOD™D
9 1 BOSOT0-
% §£L 8Ds07D-
9 81 SO0
% 5L £251L70
94 £ 0DOD D
94 g1 E9DTL
9L £1 YSSE D
94 51 000D D
¢ §£1 0000 O
$L°kl 00Q0D D
94°51 OG0D O
9l %1 SLDL O
9 51 LEOZ O
9L°%L BESZ O
9L'%k 0S|
947€L DODO O
(Miwry} (b
moYd aNaD
208 108

L9900
L9910
LF9L0
Pl
29900

1]
q
L
L]
a

L9500 0
49520 4

L9500
299007
L9500
L9900
FEECO
31104
£LELO
29500
£E£00
£EED0
49900
29300
L0
L5500
L5110
Lo
19310
L9920
LY9ED
49902
L9990
L9990
299L0
L9920°
L9990
29910
L95E0
L9990°
L9908

£EE00
(B}

0
1]
o
)
nl
ﬂ.
Ql
0
al
ﬂ..
0
0
0
al
0-
al
0
0
L
6}
v
D
o
0
1
0
[
0
0
QI

14a13M

Log

TOEL MW L
£ Sl a2 Y
i 2L 2vev &
£ oneg 2
14 5L SEE% L
)&l 8962 L
LI"EL 9Bt @
LBl ¥ 0
LI"El eadl 2t
£l EL 5450 4
ELEb 285 4
£l £4 000GO°0
£t €1 00 0
£1L £1 0000 O
£L°EL 0000 O
£17EL YI% O
£LCEL 9EYS L
£ £l %2 0
LL7EF 2%E S
ELEL BALETE
LI°EL 1810 &
£l EL BBLE°L
LVTEE EYESTL
LiTEh mels s
Tl L RELSTLL
i £t ORES 9
£L°£F BODE"Y
fL7El 0O00°0
£ Eb EFSLTY
F €4 DODo 0
gL €4 oooo 0
£§°LF 0000 U
EEh S0 L
ELVEL ¥Rl L
i A2 %
1 1 S §
£ 51 YL E
U/ )y {gusban
A0 ONOD
104 HI

IEE €
1992a 0
19987 0
29995 ¥
239800
29952 0
29962 |
9901 0
19947 &
299302 O
o3Il L
299490 0
29960 0
2999270
£595L O
299610
49902 O
2910 0
L99H0 |
i999 D
19909 0
L9965 |
L99ME O
L9985 |
1999 &
499LE°1
L9956 0
49989 0
£9956 0
29956 0
29949 @
45758 0
£938270
£539 0
2990 4
29t O
299k5 0
( Bui)
L BRER]
1411

al 5L Ad24 L1
Sl £1 000G O
Qb EF 9nir 2
Sl £& BIYE Bl
Y EL IR Z
7 €L 8604 O
v £b 1891 2
%€l 4ELD L
Iy €1 461879
gl s b
2% £L Bi%2 0l
49 Eb 0000 O
% EL DODO 0
de'gl  GDOD O
Zy°cl 0dOD'0
& £l S24D°E
A% £l DLTE £
£y €1 Y809 0
47 £l EvEL"Y
49 £l 2E2f §
i fl 8860 £
iv €1 8ivi 0l
i kI 1ZEL 2
FA SO 18 1. I
51 &1 1¥EL 9L
4% £L 187 4l
% £ DoAL 2
L% EL %29 &
L9 EL BELd &
ZY'EL DGOD O
LY°EL DOQO D
4% €1 DOOD O
SITEL BEES |
LltEL 2422 2
Sk gL ORES
Gl £L 9289 |
Sl £I 282D 2
(uiw/i)  Cgu/bw)
[ 3 F INDD
FEED] 1HD14

£990% 2
49926 ¢
L9965 O
19904 €
49915 0
299E1 O
4990% 1
L9951 0
1998E |
L9905 €
L9914k £
19952 0
L9020
IPEZ 0
29980 4
FL
Loshe'
L9FLLTO
29502 |
29990 L
2950970
591 2
2995% 0
2999171
L9992 &
499v ¢
2992% O
49901 §
Iyeis |
19097 O
L99e6 O
L9955 0
9L 0
Lpern Q
I999% 0
L9918 O
L990% D
{Fauy
1HO13M
LHOTY

47 1l
L% 1l
L% EL
2y €L
5L EL
5L Ei
51 £l
Sk &1
sL £l
A
R
4l £l
-1 1
SH'EL
a1 £l
Sk £l
g1 £
gL it
S+°EL
S1°EL
SLel
SL7EL
SL°ElL
&L ElL
iy tl
S1°EL
EL7EL
SLTEL
SLTEL
si7el
ch oKl
50 kI
i7 5l
i £t
&% 1
iy €
i7 11

BL )

YIMOHS
NN

HIMONS
INON
#10d
1v20%
Hwog
SNON

HIMOHE

HI0HS
ANON
W
ANOK
I
Hiod
HiCH
EL )

43M0HS
JRON
107
W

Y3IN0HS
LLiHL
Hliod
FHON
IHOK
H108
EL v

HINOHS

UINOHS
HiDa
¥o01

4IMOHS
EL

LUy ) Ad 100N

mno13
IHI1H

QOW RRIsE] 2
00M £l 73
a0M 1In4 2l
Q0M £/2 ¥
3TH0 M4 QL
coM £42 a9
oK 1 89
00K £/l i3
Q0 12 93
X0 1" .~
1 a] ] £ v
1] ] T 19
QoW £/l 7
3140 Find s
00w T @
QO £z -1
Q0M £ 14
a0k €/2 45
On £l 9%
01%0 Tnd g5
mw g v
oW £fL £5
0] Tnd 25
oW £f2 1
(vel] £/2 as
el ] £/l -1
00W Tind gy
Q0M £/Z iy
0] 1TInd 9%
00 e 1
LE. t] TInd %y
1o ] £ i
Q08 £l g
(1o ] £/ &)
o0 T 0%
i 1] Tnd &8
2180 T BE

NILL¥IS #0714 'ON
~NHOR  HIODE N0



4l1 LASE O 299900 %L €1 L20% D 49040 0 ELTEL 66YY G2 A9PI0 6 Bl Sl &9ES S2 J9%4L & ¥ EL INON 10l E/L Fr

2L "Eal 0 299t070 94 £l 6ESE O L9990 0 fEE 020 % d991E 1 §L EL 99L0°EF  £9929 2 LY EL 3NON Dlb0 mnd 94

EElL  YEYD D- $ESLO*O- %2 €1 8050 0-  £EEL0 O- £ €1 B2YZ 12 29981 v GLTEL 069f £ 29969 2 MY Bl 4l0d o0 &2 191

LNNDD (/B By (uiw/y)  (pusbu) {8y (uw/y)  (qw/Buw) {6uy sy (gw/bw) (Buy (wa/i) AJ10DM NOLLYAS MOT4  ON

ave "INGD 1H913A M1 JINOY LHOI3N L INE] JNOD 1H313H M0 INOI FUETE MoTd =J¥0N  HIDOH MMA
204 <bd F4:L| 98 198 104 FEER 1437 1431 TULDY | JHOIE  LRO1E





