ABSTRACT

BRYAN EDWARD RAMSTACK. Analysis of Respirator Cartrid?es and

Filters as . a Determnation o Cbcqgatlonal Exposur e. Under
the direction of Dr. PARKER C. REI ST)

This research attenpted to determ ne occupationa
exposure fromthe anount of contam nant deposited on
respirator cartridges. The flowate through the respirator
was estimated by existing ergonomc and respiratory
ventilation nmodels. The respirator concentrations were
conpared w th simultaneous breathing zone air samples. A
respiration flow nodel was nodified into 18 different
variations depending on 1) the increase in oxygen required per
Increase in workload; 2) estimate of total ergonom ¢ workl oad;
and 3) the basal oxygen exceeded the cal cul ated maxi num
possible flowate. O the 18 nodels only 5 were acceptabl e.
Dust/m st respirator results were 1.5 to 2.2 times |ess than
the breathing zone sanples. Respirator cartridge organic
vapor constituents were 1.0 to 2.5 tines less than the
charcoal tube values. The nodels appear to overestimate the
actual flow, although factors such as mask |eakage, faceshield
bl ocking, sensitivity of filter pads to relative humdity, and
differences in analytical sensitivities made quantitative
conclusions unreliable. The results of organic vapor
respirator cartridges did show countenance for this procedure
in screening workplace exposures or estimating a respirator

wor kpl ace protection factor.
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| nt r oducti on:

A worker's exposure to airborne workplace contamnants can be
measured by several methods. As air sanpling equipment technol ogy
has inproved, personal sanpling increasingly relies upon battery
operated punps or passive dosimeters. However, breathing zone
sanpl es do not evaluate the effectiveness of respiratory protection
in areas requiring personal protective equipment to suppl enent
traditional engineering controls. Furthernore, breathing zone

sanpl e results can vary by the type (passive vs. active), |ocation
and orientation of the collecting device.

In an article published in 1988, First [1] stated "Analysis of
the respirator pad or chemcal cartridge gives a good integrated
sanple of the air that woul d have reached the |ungs, although the
exact air volume can only be estimated." This research attenpted to
determne industrial airborne workplace concentrations based on the
amount of contam nant deposited on respirator cartridges. The
ai rborne concentrations were calculated by estimting the flowate
through the respirator with existing ergonomc and human ventilatory
model s.  The cal cul ated concentrations were conpared wth concurrent
continuous breathing zone air sanples to determne any statistical
correlation. The goal of this research was to determne if the

respirator cartridge analysis method could be used as a screening
device for estimting workplace airborne concentrations.
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Backgr ound;

The use of respirator pads to determne exposure to pesticides
was described by Durhamand Wolf [2] in 1962. Respiratory exposure
was estimated by the amount of pesticide deposited on the filter
pads of a properly fitted "single unit respirator and a nodified
plastic funnel" covering. The covering protected the respirator pad
fromdirect spray. The stemof the funnel covering was plugged and
two 12mm holes drilled 6nm apart mdway between the base and the
apex. During sanpling, the holes were directed downward to sinulate
the aerodynamc effect of human nostrils. Durhamand Wlf [isted

several previous studies conmparing the results of respirator pad
anal ysis to breathing zone air sanples.

Measurements by Batchel or & Walker [3] during orchard spraying
with parithion indicated the respiratory pad technique gave val ues 3
to 5 tinmes greater (in ny/kg/day) than air sanpling results. Durham
and Wl fe [2] contended that the ratios of respiratory pad sanples
to air sanpling results were actually "of the same order of
magni t ude" because Batchelor 5 VMl ker did not shield the respirator
pads to prevent inpingement of the parithion aerosol. Durham and
Wl fe argued that about 75* of the apparent exposure on an
unshi el ded respirator pad was actually due to inpingenent and
therefore not representative of potential I|nhalable contam nates.
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Furt her neasurenments of DDT by Wlfe [4] revealed the
respirator pad method gave val ues about two tines as high as
breathing zone sanples. Again, the author stated the results were
"considered to be about the same order of nagnitude."

This method continues to be utilized in agricultural pesticide
sanpling, e.g. see Wnterlin, et. al [5] in a 1984 survey of
strawberry harvesters in California. Wnterlin's 28 liter per
mnute (1pm "low flow' breathing zone results for captan and THP
(tetrahydrophtalimde) were 2 to 5 times the respirator pad val ues
[assuming 10 1lpmrespiration rate as stated by the author; in

m crograns per cubic neter].

The results of these studies question the validity of
correlating respirator filter sampling to breathing zone air
sampling. However, all of the above cited studies assumed a single
wor ker breathing rate over the entire sanpling period (8 1pmfor
Batchelor, et. al. [3] and Wlfe [4] versus 10 lpmfor Wnterlin, et
al. [5]). This assunption was not well-founded if the workers used
nul tiple body positions (i.e. sitting, stending, or walking) during
the operation. It was also not logical if the ph/sical workload
varied during the sanpling period. Using inprovenents in estimating
the exact respiratory air volume of a worker, it was anticipated
that the respirator filter cartridge analysis nethod woul d

approxi mate the continuous breathing zone air sanpling punp results.
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Sanpl i ng Met hods:

Sanmpling Location and Qperations: Sanpling was conducted at
three separate industrial areas at Pope Air Force Base located in
Fayatteville, North Carolina. The first area was a vehicle
mai ntenance facility. Wrk at this facility included body work and
spray painting on mlitary cars, vans, and specialized vehicles.

Al'l spray painting was conducted in an enclosed auto spray paint
booth. The paint booth ventilation system provided an average
exhaust ventialtion of 212 cubic feet per mnute per square foot of
cross section (CFMFt?). This facility was used for sanpling

pai nting operations for paint mst and organic vapors. Personnel
used an air atom zation nethod of spraying to apply a mxture of

acrylic enamel, thinner and hardener (drier).

The second industrial area studied was an aircraft structual
repair shop used for sanding and painting specialized mlitary
equi pment such as aircraft engine housings and nai nt enance
scaffol ding. Operations were conducted in a waterfall paint booth
whi ch provided an average exhaust ventilation of 143.3 CFM Pt ",

This facility was used for sanpling sanding operations only.
Sanding operations utilized a pneumatic orbital disk sander.

The last industrial area was a fiberglass repair shop. The

personnel in this shop mended and sanded aircraft conponents. The
shop included two |arge paint booths with exhaust flow rates of 505

JJjk CFMFt2 and 488 CFMPt". (e sanding operation was sampled from

5
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this shop. During this study personnel used a pneumatic orbital
di sk Sander simlar to that used in the sandi ng operations above.

The personnel in all areas wore cartridge-type respirators and
were previously nmonitored through industrial hygiene and respiratory
protection programs. The respirators worn during painting were
hal f-face dual filter (Anerican Optical) w th organic vapor
cartridges (R51A TC 23C-235) and dust/m st prefilter (R30 TC21C
144). The dust/m st filters were constructed of resin coated
conposite fibers. During sanding operations the same nodel of

repirator was worn, but only the dust/mst filter was used.

Sanpl i ng Tecbni gaes & Anal ysis: Painting and sandi ng
operations were sanpled for total dust and m st particul ates.
Breat hi ng zone dust sanples were taken with 35 mllinmeter m xed
cellulose ester filters (0.8 mcroneter; nmatched weight) in an open
face cassette. The sanpling punps (DuPont Al pha 1) were calibrated
to aflowate of 2.0 liters per mnute (1pm. During sanpling, the
cassette filter was placed in the breathing zone of the subject by
attachnment to the coverall collar. The filter cassette was attached
such that the filter was vertical (perpendicular to the floor) with
the open face directed towards the front of a standing worker. The
respirator sanples were collected by installing new dust/m st
filters over each respirator cartridge. The filters were attached
over the organic vapor cartridges for painting operations. During
sandi ng operations, the organic vapor cartridges were renoved and

the filters attached directly to the respirator. Both the nenbrane
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and respirator filters were anal yzed by determning the pre-sanpling
versus post-sanpling wei ght changes utilizing an anal ytical bal ance
(Mettl er 52L) . i

Initial sampling reveal ed the weight of the respirator filters
were influenced by the relative humdity and the el apsed tine at
ambi ent |aboratory conditions. Repeated weighting, over elapsed
tinme, showed that the weight of a resin coated respirator filter
changed over time vntil an equilibritun weight was achieved. The
filter weight continued to change until elapsed time reached two
hours. A plot of percent of total filter weight change (during
el apsed time of two hours) versus elapsed time at ambient |aboratory
conditions reveal ed an inverse exponential curve (Figure 1). This
figure indicated that 95S5 of the total weight gain/loss occurred
within 1.5 hours. Therefore, all sanples (pre-weight and post -
wei ght) were anal yzed after 1.5 hours of equilibration to ambient

| aboratory conditions.

In addition, four (4) blank respirator filters were repeatedly
wei ghted over a period of several weeks at relative humdities
ranging from50* to 70*. Thirteen (13) sets of neasurenents were
taken at eight (8) different relative humdities. A regression
curve was calculated fromthese nmeasurenents to estimte the average
percent change in filter weight versus relative humdity (Figure 2).
The regression indicated that the percent change in respirator
filter weight is determned by the relative humdity with the

foll ow ng equation:
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% change in filter wt =] 0.05233 X RHX ] - 3.2273

The percent change in filter weight is relatively small (-0.7* to
+0.585) with respect to changes in relative humdity. However, it
corresponds to corrections of up to 2.5 tines the sanple wei ght
(Table 1). This is explained by the fact that the sanple weights
(2.1 ng to 27.1 ng) were only an average of 0.6 percent of the
respirator filter weights (2296.18 ng to 2664.24 ng). The
regression analysis was used to correct all respirator filter

sampling results.

Three painting operations were sanpled for detectable aromatic
hydrocarbons. A |list of analyzed hydrocarbons can be found in Table
2. The breathing zone sanpl es of painting operations were obtained
with [arge charcoal tubes (1 gramfront portion, 0.25 grans rear
portion) at a flowrate of 1.0 1pm New organi c vapor respirator
cartridges were used for each sanple. After each sanple the
charcoal tube was capped and respirator cartridges wapped in foil
Al sanples were transported on ice to the [aboratory, where they
remai ned until analyzed. Al organic vapor sanples were anal yzed on
a Perkin El mer 990 gas chromatograph auid anal yzer. Desorption
efficiencies and bl ank anal ysis were determned for both the
charcoal tube and respirator cartridge. The average wei ght of

several Dblank organic vapor cartridges was approximately 52 grans of

acti vated char coal .
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Table 1. Corrections to Dust/M st Sanpl es
Due to Changes in Laboratory Relative Hum dity

Uncorrected Resp Change to Sanp Wei ght Changed
Sampl e # Filter Sample W W due to RH% Uncorr ected W
(i ng) ()
1 Left Filter 21. 2 -6. 39 0. 30
1 Right Filter 18. 15 -6.39 0. 35
2 Left Filter 13. 29 -6.83 0. 51
2 Right Filter 11.0 -6.83 0. 62
3 Left Filter 5. 87 +2.78 0.47
3 Rght Filter 3.35 +2.78 0. 83
4 Left Filter 8. 35 -4.75 0. 57
4 Right Filter 2.10 -5.17 2. 46*
5 Left Filter 5.13 -1.88 0. 37
5 Right Filter 9. 65 -1.68 0.17
6 Left Filter 27. 64 -1.75 0. 06
6 Right Filter 21.13 -1.73 0. 08
7 Left Filter 26. 97 -1.81 0. 07
7 Right Filter 27.10 -1.86 0.07

Respirator filter weights wthout sanples ranged from
2296.18 ng to 2664.24 ny

14.38 ngy = 0. 0058 ~= 0. 6*
2480.0 ny

Aver age sanple w
Average filter wt

Not e: Sanpl e wei ght taken as zero.

Table 2. Volatile Aromatic Hydrocarbons Anal yzed
During Painting Operations

Et hl yene Di chl ori de n-Cct ane

Nn- Hept ane Tol uene

| sopropanol 1,1, 1-Tri chl or oet hane
Met hyl Et hyl Ketone Trichl oroethl yene
Met hycycl ohexane m Xyl ene

Met hycycl opent ane o- Xyl ene
p- Xyl ene

10
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The respirator cartridges were renmoved fromthe freezer,
I medi atel y opened, and the charcoal transfered into a 500 ni
beaker. The charcoal was thoroughly agitated for one mnute. Then
five one-gramsanmples (ten for organic vapor sanples #4 and #5) were
sel ected fromthe beaker. The beaker was agitated between each
sanple. The sanples were weighted in Mniert screw cap reaction
vials to +/- .0005 grans. The results of the five (or ten) grab

sanpl es were averaged for each chem cal constituent and multiplied

by 52.

The respirator and breathing zone results were conpared by mass
col l ected per volune of air sanpled. This concentration was
calculated by dividing the measured mass collected on the filters by
the volume of air that flowed through the respirator or sanpling
punp. The volume of air flow ng through the sanpling punp was
determ ned by nultiplying the average flowate (pre-operation
calibration and post-operation calibration) by the punp operating
time. The respirator volunmetric flowate was cal cul ated by a node

adapted from predi ctions of human respiration during exercise.

Respirator Airfl ow Esti nates:

Previous respirator pad studies [2, 3, 4, 5] have shown that

the assunption of constant worker respiration over the sanpling

period | eads to inconsistent results. This research determned the

anount of air flow ng through the respirator filters by a predictive

11
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human respiration nodel adapted from Hansen, et al [6]. Hansen's
study predicted a range of expected breathing performance in nornal

subj ects during exercise. Measurenents of the rate of oxygen uptake

(Vol Rate @2; ipm and expired mnute ventilation (Vol Rate Exp;
1pm found different predictive ratios of Vol Rate Exp/ Vol Rate 2

at progressive stages of exercise (Table 3).

Tabl e 3. Predictive Ratios of Expired Mnute Volume to
Rat e of Oxygen Uptake at Progessive Levels of Exercise*

Vol Rate Expired (BPTS) / Vol Rate O2 Required =

= 32.2 +/- 12.1 (At Rest)
=28.5 +/- 8.1 (At 0 watts)
oo = 26.5 +/- 4.4 (At AT**)
=37.7 +/- 6.9 (At Maxi rum Exer ci se)

** AT = Aerobic Threshold of Oxygen Required or Consuned
= 0.56 X Maxi mum Vol Rate 2 Required

Vol Rate 2 (max) = [Weight(kg) x (50.75 - 0.372 x Age(Yrs))]

* From Hansen, et. al. [6]

The ratios are necessary because it is inpossible to predict with
any degree of accuracy the volune of air expired during exercise.
However, it is possible to predict the volunetric rate of oxygen
upt ake with quite good precision [7]. Prom Hansen's research, the
rate of oxygen uptake with no workl oad was predicted by the
equation: Vol Rate 2 (o Watts) = 5.89 x W+ 140, where Wis the
subject's body weight in kilograms. A worker's naxi mum possi bl e
volumetric rate of oxygen uptake was al so predicted by the equation:

Vol Rate @2 (max) = Wx (50.72 - 0.372 x A, where Ais the worker's

12
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age in years. Fromthese predictions, Hansen et. al. could

determ ne a worker's total volune of expired (or Inspired) air, if

the total rate of oxygen required during the task is known.

The rates of oxygen required during the sanpl ed operati ons were
calculated in three steps. The first step was to estinate the total
work rate (power) necessary for the worker to performthe operation
The second step was to subtract the worker's basal netabolic rate
fromthe total work rate to determ ne the actual physical work rate
of the operation. The final step was to cal cul ate the worker's
Increase In the rate of oxygen required due to task. Then this
Il ncrease was added to the rate of oxygen required at zero work rate
(0 watts). This yielded a total rate of oxygen required (1pm) per

work rate (watt) for the operation.

Er gonoai ¢ Esti mates of Total Energy Required: An esti mat e of
the operation work rate was determ ned fromthree (3) ergonom c
ref erences. Krager and Hancock [8] list work rates for average
wor kers at specific operations. For this research, using Krager and
Hancock's list, both sanding and painting require a total work rate
of 3400 cal ori es per m nute. Passnmore and Durnln [9] also Iist work
rates for average workers at specific operations. Bot h sandi ng and
pai nting require 2000 cal ori es per m nute using Passnore and
Durnln's list. Salvendy [10] does not list work rates by specific
operations, but uses estimtes based on a worker's position and
novenent . A copy of Salvendy's values are listed in Table 4. Al

of these work rates are tabul ated for a standardi zed nman of 70

13
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kil ograms wei ght, 175 cm hei ght and 30 years ol d.

Tabl e 4. Esti mat ed Energy Expendi ture*

Positi on of Wbrker (A Net Ener gy Expended (kcal/ m n)
=i Tt T© 10 ( gn I e | O =
Hrnmneeael i Mg O . =
Cr ouwucc hi Mg O .
St &> rmadil Mg O. & —
St oo peil g O . =
Type of Wrk (B) Net Energy Expended (kcal/ m n)
One Arm WOr k Li ght O. 7 - 1. 2
Medi um 1.2-1.7
Heavy . 7 - 2. 2
Both Arns WWWr k Light 1. 5-2.0
- NM=di urm 2. O - =2 s
" Heavy 2. 5 - 3. O

Esti mat ed Energy Expenditure (kcal/mn) = A + B
Not e: 1.0 kcal/mn = 69. 735 Watts

* From Sal vendy, Table 3.5.4 [ 10]

Basal Met abolic Rate: Er gonom c esti mates provi de the total
power (work rate) required for a person to perform an operation
[8,9]. The worker's basal netabolic rate nmust be subtracted from
the total energy to determ ne the actual physical work rate. In
living organisns the total power required for any activity is the
sum of that power necessary for the organismto sustain basic
net abolismat rest (basal netabolic rate) plus the power required to
performthe activity (physical work rate). Therefore, the actual

rate of physical work for any operation is the esti nated ergonom c

rate m nus the basal netabolic rate. INn this research the basal

netabolic rate was detern ned by three nethods:

14
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1) Calculate the rate of oxygen required at rest as

follows: Vol Rate Qg (rest;m/mn.) = Vol Rate Oy (0 Watts) =
( 5.89 X Wwight (kg) ) + 140 [6], The power required at rest was

then cal culated fromthe i nverse of 9.3 (+/- 1.35) mlliliters of

oxygen per mnute required per watt required [6].

2) Calculate the rate of oxygen required at rest as

follows: Vol Rate 2 (rest;m/mn.) = Vol Rate Q2 (0 Watts) =
( 5.89 X Wight (kg) ) + 140 [6]. The rate of energy required at

rest was then calculated fromthe inverse of 11.5 milliliters of

oxygen per minute required or consunmed per watt required [11].

3) From a table of standard values for cal ories per hour
per square neter of body surface area at vari ous ages by sex [12].
These values are listed in Table 5. The body surface area was
calculated as follows: Surface Area (nmt') = 0.007184 x (Weight
(kg)) 0-425 A (Hei ght (cm))O0-' 25

Table 5: Basal Metabolic Rate in Calories per Square Meter of
Body Surface Area per Hour at Various Ages as of Last Birthday*

Listing for Males
Age Last Birthday Mean Val ue (Cal/ nm/ hr)

A == — == _ == =

B = T = a1 = _ OO
=20 — =21 41 . a3
=22=- == 1 O . =S =
=2 = — =27 1O . ==
=2 =292 =|E . = A
= O — == =S|, 3
= =B =, S =
a1 O — =1 =% =, O o
=1 - =9 =7 . =
50 - S = =66 < =

* From Boot hby, et. al. Table 4 [11].

15
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Volunetric Rate of Oscygen Required Per Wrk Rate: Wth the
actual physical rate known, the total rate of oxygen required per
work rate was calculated fromthe rate of oxygen required at no work
(0 Watts; see equation above) plus the increase in rate of oxygen

upt ake caused by the physical work rate. The increase in Vol Rate

€2 required per increase in wrk rate was determ ned fromtwo (2)

ref erences. Hansen's [ 6] nobdel assuned an i ncrease of 9.3 (+/-
1.35) mlliliters of oxygen per m nute per increased watt of
physical work rate (0.0093 Ipmwatt). The Handbook of Respiration
[11] assuned an increase of 13.94 nmilliliters of oxygen per mnute
per increased watt of physical work rate (0.01394 |Ipniwatt).
Consequently, a worker's volunetric rate of oxygen (1pm of Qg),
strictly due to the task, will be the power required by the task
(watts) multiplied by the increase in Vol Rate Q2 per increase in
work rate (lpmiwatt). Finally, a worker's total volunetric rate of
oxygen was cal cul ated as the sximof the Vol Rate @2 (0 Watts) plus
the Vol Rate Qg strictly due to the operation. To validate the

cal culation of total Vol Rate Og required during a task, these

nmodel s were conpared with published clinical data on ventil ation
rates with respiratory resi stance at various workloads [13]. The

nodel s denonstrate excell ent .agreenent as shown in Figure 3.

Total Vol nae of Air Escpired: Fromthe calculated total rate of
oxygen required and the predicted ratios of Vol Rate Exp/Vol Rate
@2, the total volune of expired air was conputed by know ng the
duration of the task. Total volune of expired air = Total volnetric

rate of oxygen X Vol rate expired/ Vol rate Og X tinme of operation.
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Figure 3. Wirkload vs. 02 Required
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Conbi ni ng these references and steps yielded ei ghteen (18)
different nodels to estimate a worker's volune of air through a
respirator. For this research it was assuned that the total expired
vol une equals the total inspired volune, even though the vol une of
inspired air is slightly larger than the volune expired [14]. Thi s
assunpti on was necessary because the volune of air through the

respirator filter (or cartridge) will only include inspired air.

Anot her assunption was that no face seal | eakage occurred
during inhalation and therefore there was no penetration of the
cont am nant through the filter. Lastly, it should al so be noted

t hat none of these nodels consider increased worker breathing due to

17
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the resi stance of increased respirator filter load. For the
sinplicity of the nodels and the short sanpling tinmes involved
(maxi mum | ength was 2 hours), it was assuned that these factors were

negl i gi bl e.

Resal ts and Dl scr assi on;

Oper ati ons saapled: There were seven dust/ m st sanpl es
coll ected: four sanples during sanding on painted netal, one sanple
whi | e sandi ng on unpai nted fiberglass, and two from spray painting
procedures. In addition there were five organi c vapor sanples
carried out during the spray painting operations. The subjects
sanpled were all males with ages ranging from21l to 50 years
(average = 26.3 years; standard deviation = 8.08 years). The
| engt hs of operations sanpled ranged from 20 to 120 m nutes (average
= 54.67 mn; S.D. = 26.84 mn). The seven dust/m st sanples
i ncl uded four different individuals. The four sanding sanples (#1,
#2, #6, and #7) were all fromthe sane person. The five organic
vapor sanmples included three different individuals two of which were
al so included in the dust/m st sanples (OV-#3 in dust/m st #3; OV-4
and OV-5 in dust/mst #4). |In total, over the twelve sanples, five
(5) different individuals participated in the sanpling. During al
operations, except organic vapor sanples #1 and #2, the respirators
were worn during the entire breathing zone sanpling period. During
dust/ m st sanples #1, #2, #6 and #7, the subject also wore a ful

faceshield which partially blocked the respirator filters.

18
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Cbservati ons of QOperations: The sandi ng operations invol ved
standi ng, sitting, stooping and kneeling, while the painting
operations only involved standi ng and stoopi ng (Appendix 1). Duri ng

organi ¢ vapor sanples #1 and #2, the subject's respirator was

renoved each tinme the paint spray gun was refill ed. However, the
charcoal tube sanpling punp was not shut off during refilling.
Refilling the spray paint gun was acconpli shed outside the

pai nt spray booth on a table adjacent to a | arge open over head
door way. The subj ect poured a ni xture of paint, thinner and

hardener into the paint spray-gun receptacle and agitated the

m xture with a stick. The refilling operation |lasted from2 to 12
m nut es. The paint spray gun would operate from 10 to 24 m nutes
between refills. For organi c vapor sanple #1, the paint spray gun
was refilled seven (7) tines for a total of 38 m nutes. Organi ¢
vapor sanple # 2 included four (4) refills for a total of 20

m nut es. Duri ng the remai ni ng organi ¢ vapor sanples the worker was
asked wear the respirator during paint spray gun refills.

CGCeneral Trends of Raw Data: The wei ghts of dust/m st sanpling
and organi c vapor sanpling may be found in Appendix I1. Breatiiing
zone sanpl es duri ng sandi ng operations neasured from0.47 to 5.29
milligrans (nmg) of dust, while the respirator filters neasured from
10.63 to 50.46 ng. The painting operations breathing zone ni st
sampl es ranged from0.63 to 1.12 ng, while the respirator filters
neasured from 3.60 to 4.19 ny. There was no observable trend over

the seven (7) sanples between the ratio of respirator cartridge
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sanpl e weight to breathing zone nmenbrane filter sanple weight. The
rati os of the weights ranged from 3.7 to 25.3 and did not correspond

to the Il ength of sanpling tine.

Wei ght corrections for respirator filter pads by relative
hum dity ranged from-6.83 to +2.42 ng (Table 1). Wi ght
corrections were not applied to the breathing zone dust/ m st
sanpl es. In sanple #4, the right cartridge respirator pad had a
negati ve sanpl e val ue when the wei ght correcti on was appli ed. In
this case the sanple value taken as O ng and the |l eft respirator

cartridge filter weight used for the total weight.

For all orgeuiic vapor sanples the respirator cartridges
neasured nore nass per constituent than the charcoal filter tube.
There were no observable trends for the rati os of respirator
cartridge constituent nass to charcoal tube constituent nmss anbng
or between sanmples (Table 6). However, for seven (7) constituents,
1,1, 1-trichloroethane in OV Sanple #1 (OV-1); isopropanol in OV
Sample #2 (OV-2); mxylene in OV Sanple #3 (OV-3); isopentane, n-
oct ane, and isopropanol in OV Sample #4 (OV-4); and n-hexane in OV
Sanmple #5 (OV-5), the constituent was detected in the charcoal tube,
but not in the respirator cartridges (first case). Three (3)
consti tuents; net hyl ethyl ketone and 1,1,1-trichloroethane in Ov-
3; and 1,1,1-trichloroethane in OV-5, were detected in the
respirator cartridges, but not in the charcoal tube (second case).

(See Appendix 11).
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Table 6: Ratios of Charcoal Tube to Respirator O ganic Uapor Cartridge Sanmpling Results

Sanp * O1 Sanp # O2 Sanp # O43 Sanp * O)4  Sanp * OU-5

BZ / Resp B2 / Resp BZ / Resp BZ / Resp BZ / Resp
Chem cal ny / ny ng / g g / ny ng / ng ng / ny
Met hy| eyelopent ane 0. 07 0. 09 0. 05 0. 05 O. 05
n- Hept ane 0. 09 0. 10 0. 05 0. 06 0. 03
Cycl ohexane 0. 02
Vet hyl eyelohexane 0. 05 0. 06 0. 03 0. 04
n- Cct ane 0. 05 0, 06 0. 03
Met hyl Et hyl Ketone 0. 16 0. 07 0. 00 0. 04
| sopr opanol 0. 06 0.01
Tr i chloroethylene 0. 07 0. 08 0.03 0. 05
Tol uene 0. 07 0. 0? 0. 05 0. 06 o, 04
Et hl yene Di chl ori de 0.10 0. 09 0. 15 0. 06
p- Xy| ene 0. 07 0. 06 0. 04 0. 06 0. 04
m Xyl ene 0. 05 0. 05 0. 04
. o- Xyl ene o: 06 0. 05 0. 04 0. 08 0. 03
Sanp * GJ-1 Sanmp * QU2 Sanp * QU3 Samp * OU-4 Samp * OQU-5
Model =*17 BZ / Resp B2 / Resp BZ / Resp BZ / Resp BZ / Resp
used for resp vol mg/ m*>3 / nmg/ m~S / mg/ M ** 3/ mg/m "3 / mg/ m~3 /
nmg/ m ~S ng/ M ~3 ng/ m 3 fng/ m~3 ng/ M "3
Chemi cal (note 1) (note 2)
Vet hy]_ eyelopent ane 1. 00 2.01 1.88 1.74 1.29
n- |—|ept ane 1.19 2. 37? 2.41 2.19 1.18
Cyol ohexane 0. 22
Vet hy]_ eyelohexane 0. 67 1.40 1.56 1. 34
n- Qet ane 0. 75 1.51 1.18
Met hyl Et hyl Ketone 2.27 1.64 0. 00 1.32
| sopr opanol 2. 99 0.19
Tr i chloroethylene 0. 99 2. 07 1.49 i .eo
Tol uene 0. 99 1. 78 2.55 2.16 1.22
Et hl yene Di chl ori de 1.44 2. 24 7.42 2. 01
pi - Xyl ene 0.92 1. 39 2.17 2. 34 1.35
rri -)(y| enc 0.75 1. 16 1.28
C«- Xy| ene o. ei 1. 13 1.79 2.80 2.94
Note' 1. BZ result includes 38 mnutes during refilling when respirator not worn,

NotG 2: BZ result includes 20 minutes during refilling uilien respi rator not u"orn.
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The detecti on of sone constituents in one net hod and not the
ot her were probably caused by two different events. In the first
case, the detection of constituents in the charcoal tube, but not in
the respirator cartri dge was probably caused by the greater
anal ytical sensitivity of the charcoal tube. The constituents were
detected in relatively low quantities in the charcoal tubes and thus
nmay have been present in the respirator cartri dges, but bel ow
detectable limts. The analytical detection limt of the respirator
cartridges was over ten tines (I Ox) higher (i.e. less sensitive)
t han the charcoal tubes. Thi s was a consequence of the application
of grab sanpling fromthe total weights of charcoal in the
respirator filter cartridges. In the charcoal tubes, the entire

sanpl es of activated charcoal were anal yzed.

In the second case constituents were detected in the respirator
cartridge but not in the charcoal tube. Thi s was probably caused by
contam nation of the respirator cartri dge sanpl es. In both sanpl es
where this event occurred (OV-3 and OV-5) the respirator cartridges
were stored in the | aboratory the | ongest anmbunt of tinme before
anal ysis (up to 30 days). In addition, the constituents were
detected in fairly |l ow concentrations and with very poor precision.
In two cases, nethyl ethyl ketone in OV-3 and 1,1, 1-tri chl or oet hane
in OV-5, the precision was so i nadequate that the standard devi ati on

of the anal ysis was greater than the actual anpbunt detected.

Respirator Air Fl ow Mdel s: The vol une of air sanpl ed through

a worker's respirator was cal culated from a nodel devel oped by
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Hansen, et al, [6] and nodified with respect to i ncreased rate of
oxygen required per increase in work rate (lpmiwatt); the total work
rate required for the operation (watts); and basal netabolic rate
(watts). Al 18 nodels were applied to each of the seven dust/ m st
sanpl es (see Appendix 111). Model s were rejected if the required
total volunetric rate of oxygen (1lpm for the operati on exceed the
subj ect' s cal cul at ed maxi rum possi bl e volunetric rate of oxygen.
For nodels that calculated total work rate required based on the
wor ker's position (i.e. standing, wal king; nodels #4, #5, #6, #13,
#14, and #15), any nodel was rejected even if only one subject
position in one sanple net this criteria. O the 18 nodels only
five (5) were acceptable for all the dust/m st sanmpl es. The

accept abl e nbdels are annotated in Table 7.

To deternine if the accepted nodels provided legitimte
estimates of total inspired volume, the cal cul ated rates of
expiration were conpared to published ventilatory patterns neasured
duri ng exercise [5]. Publ i shed studi es neasured expired m nute
vol unes of 20.0 (+/- 5.5) 1pmup to 93.3 (+/ - 23.0) 1pm at
vari ous stages of exercise. The acceptable respirator air fl ow
nmodel s fromthis research cal cul ated an average expiration rate of
56.3, 46.4, 43.0, 37.0, and 55.0 1pm for nodel s #8, #13, #16, #17,
and #18, respectively. Al of the nodels fall within a range of
expiration rates that would indicate a noderate | evel of exercise,

whi ch was expected from operati ons such as sandi ng and pai nti ng.
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Tabl e 7:

Accept abl e Dust/ M st Sanpl e Model s

Sanpl e Subj ect Sanpl e #(s) Where
Model Nunber Exceed ©Maxi mum Maxi num Oq —'Fl ow
Oxygen Fl ow ate I's Exceeded
1 V1ili- E8- R11 YES 1,2,3,4,5,6,7
2 V1i1l- E8- R6 YES 1,2,3,4,5,6,7
3 V1li- E8- R12 YES 1,2,3,4,5,6,7
A VII-E ORI YES 5
S V1l- E10- R6 YES 5
6 V1ili- E10- R12 YES 1, 2, 5,6,7
7 V1li- E9- R11 YES 5
8 Vil- E9- R6 NO none
9 V1il- E9- R12 YES 5
10 V6- ES- R11 YES 5
11 V6- E8- R6 YES 5
12 V6- ES8- R12 YES 1, 2, 4,5, 7
13 V6- E10- R11 NO Nnone
14 V6- E10- R6 YES 5
15 V6- E10- R12 YES 1.2 5 6,7
16 V6- E9- R11 NO Nnone
17 V6- E9- R6 NO Nnone
18 V6- E9- R12 NO Nnone
Codes:

Model

| ncreased Vol une Rate Oxygen Required Per
| ncrease in Actual Physical Wrk Rate:

Vol Rate ©2 (0 Watts) = (5.89*W (kg) +140)/1 000 [ 1pm

VI |- XX-XX =
V6- XX- XX =

From Reference 11: 0.01394 1pm Q2 required/ watt
From Reference 6: 0.0093 1pm Q2 required/ watt

Ergononic Estimate of Total Energy Required:

XX- E8- XX =

XX- El O XX

XX- BE9- XX =

Prom Reference 8: 3400 cal/nmin (238 Watts)
From Ref erence 10: see Tabl e 4.

From Reference 9: 2000 cal/mn (140 WAtts)

Basal Met abolic Rat e:
Vol Rate 02 (rest) = Vol Rate (2 (0 watts) [1pnj

XX- XX- Rl |

XX- XX- R6 =

XX- XX-R12

From Reference 11 71.74 watt/|l pm 02 rest

From Reference 6: 107.53 watt/| pm 02 rest
From Ref erence 12 see Tabl e 5.
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Particle Sizing of Dust/M st Seunples: Particle sizing was
conducted to distinguish discrepancies between initial sandi ng and
painting sanpling results. By conparing particle sizes with
publ i shed data, it was possible to determined if the operations were
representative of typical industrial processes. During dust/m st
sanpl es #2 (sanding) and #3 (painting), 5 and 10 m nute sanpl es were
obtai ned for particle sizing. The sanples were taken in the
breat hi ng zone of the subject during the operation with a menbrane
filter cassette (0.8 urn natched weight). The sanpling punp was
calibrated to 2.0 1pm The sanples were optically sized with a
porton graticule (Ernst Leltz Wetzler Binocular M croscope; 12.5x
eyepi ece, | Ox object). The porton graticule was calibrated with a
stage nicroneter. The correspondi ng di aneters of the porton nunbers

were determ ned by linear regression (Appendi x V).

The results of sizing the 5 and 10 m nute spray painting
sanpl es were identical. A count of 9 fields in each sanpl e neasured
particle sizes ranging fromO. 716 to 16. 84 m croneters. The count
nedi an aerodynanl ¢ di aneters (CMAD) were 0.716 nicrons and the mass
nmedi an aerodynam ¢ dianeters (MVAD) were 5.44 mcrons. This result
agrees wWith the results by Chan, et al. [15] who neasured MVAD of

4.7 - 6.6 mcrons for conventional air-atom zed paint spray guns.

Li kewi se, the results of the 5 and 10 m nute sandi ng sanpl es
were identical. A count of 9 fields in each sanpl e neasured

particle dianeters from3.74 to 76.0 microns, with a CVAD of 7.934

m crons and MVAD of 52.1 microns. The approximte 10 fold increase
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m

in MMAD for sanding versus painting is anticipated because of the

abrasi ve nethod in which particul ates were generated duri ng sandi ng.

Trends of Cal cul ated Data for Dust/M st Sanpl es: For all of
t he acceptabl e nodels, the dust/m st breathing zone results were 1.5
to 2.2 tines the respirator filter sanples (See Appendix I111).
Respirator flowate nodels #13 and #18 determ ned the respirator
concentrations for all dust/m st operations |l ess than the conparable
breat hi ng zone results. Only in sanples #1 and #2 (sandi ng
operations) with respirator flowate nodels #8, #16 and #17 did the
respirator filter results exceed the breathing zone val ues. Fi gures
4-8 show dust/m st sanmpling results by respirator filter versus
breat hi ng zone results for respirator flow rate nodel s #8, #13, #16,
#17 and # 18, respectively. Li near regression (with a zero
intercept) of all dust/m st sanple results produced coefficients of
2.22 (nodel #8), 1.79 (nodel #13), 1.57 (nodel #16), 1.47 (nodel
#17), and 1.89 (nodel #18) for breathing zone (BZ) versus respirator

filter pad (RFP) results (i.e. BZ = coefficient X RFP)

There ware several reasons why the respirator filter pad
results could be |l ess than the breathing zone val ues. One
possibility was a poor fitting respirator. In this research, one of
t he assunpti ons necessary to nodel airflow through a respirator was
no respirator face seal | eakage during inhalation. However, after
one painting sanple there was irrefutable physical evidence of nask
| eakage. Paint spots were visible around the subject's nose where

the respirator should have provided a tight seal. If the respirator
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F| gure 6: Dust/Mst BZ vs. Resp Results
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Figure 8: Dust/Mst BZ vs. Resp Results
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fit were deficient, the flow of air through the filter pads would be
di m ni shed, thus decreasing the anount of paint m st deposited on
the filter.

Anot her possibility was the influence of the faceshield
bl ocking the respirator filters, but not the breathing zone cassette
filters, for sanples #1, #2, #6, and #7. The faceshield would
i npede the inpaction of large particles onto the respirator pads.
This is significant because of the relatively large particle sizes
(MVAD 52 um of the sanding dust. However, the effect of the
faceshi el d woul d nake the respirator pads nore representative of the
true breathing zone concentration. The cassette filter sanple,

bei ng outside the faceshield, would overestimate the particul ate
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concentrati on suscepti ble to inhal ation. Thi s was anal ogous to
studies that indicated the concentrati ons of wel ding funes outside a

wel ders helnet were 3.3 - 15 tines the concentrati on i nside the

hel net [16].

A third possiblity for di screpancies were errors in determ ning
t he sanple weights deposited on the respirator filter pads. The
corrections to respirator filter weight due to changes in relative
hximdity in the | aboratory (Table 1) were based on limted data (4
filters @14 days). Because conparatively mnute variations in
relative humdity corresponded in several sanples (#2 and #4) to
| arge deductions in sanple weight, snall errors in the relative
hum dity correction factor lead to significant differences in the

anount of sanpl e det ect ed.

Addi ti onal factors that would have effected this difference
were | oss of sanple during storage/transport and errors in
anal yti cal bal ance neasurenents. However, these additional factors

are consi dered negligi bl e.

Statistical Analysis for Dast/N st Sanples: The breathing zone
and respirator cartridge sanpling results were conpared using a
Pai red Student-t test protocol (MSTAT Ver 2.0, Copyright (c) 1988,
Systat Inc., Evanston, 11). The analysis deternmined if there was a
significant difference between the sanpling neans of the respirator
filter concentrations versus the breathing zone sanpling punp

concentrations for the dust/m st sanple. Al five of the acceptable
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respirator airflow nodels (average flowates) were enpl oyed for the
conpari son. Because the nobdel s provi ded a range of possible
respirator flowates, the lower linits of this range {m ni num fl ow
rates) were also used to calculate resprator filter concentrations.
The mninvimfl owate concentrations were then conpared to the

br eat hi ng zone results.

The results of paired student-t tests are listed in Table 8.
O the five (5) acceptable respirator flow rate nodels, only node
#17 mai ntai ned no significant difference (95as confidence | evel)
bet ween the breathing zone and respirator filter val ues for
dust/ m st sanpl es. For mnimumflow rate val ues of acceptable
respirator nodels, all of the npbdels have no significant difference
bet ween the breathing zone and respirator filter pad results. Thi s
out conme suggests that the respirator flow rate npdels overesti nated
t he actual worker inspiration rates. However, operati onal
di fferences such as the faceshield covering during sandi ng and | eaks
around the edge of the respirator during painting interfered with

quantifying this difference.

Trends of Calculated Data for Organic Vapor Sanmpl es:
Respirator airflow nodel #17 was the only nbdel to show no
significant differences between the respirator and breathi ng zone
dust/ m st concentrati ons. Therefore, all of the respirator
cartridge sanpling results utilized this nodel for cal cul ating
wor kpl ace concentrations. The organic vapor sampling results

i ndi cated the breathing zone charcoal tube constituents were 1.5 to
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Tabl e 8 Pai red Student-t Test Results

Aver age Br eat hi ng Mean Std. Dev. T P
Zone Di fference Di fference Val ue Val ue
Ver sus

- " ALL DUST / M ST SAMPLES -

Mbdel #8 6. 650 6. 585 2. 636 0. 030
Aver age Model #13 8. 376 7.384 3. 001 0. 038
Fl ow Model #16 5. 123 6. 034 2. 246 0. 045
Rat e Model #17 4. 449 5. 965 1.973 0. 088*
Model #18 7.019 6. 770 2.743 0. 027
Mbdel #8 4. 723 5. 954 2. 099 0. 081~
M ni mum Mbdel #13 6. 189 6. 834 2. 396 0. 054~
Fl ow Model #16 2.801 5. 574 1. 330 0. 232*
Rat e Model #17 0. 227 5. 439 0. 110 0. 916*
Model #18 5 271 6. 121 2.279 0. 063~

- - ALL DETECTED ORGANI C VAPOR CONSTI TUENTS
Ave ov-1 (a| | ) 0. 571 2. 792 0. 678 0. 513*
Fl ow ov-2 (all) 3. 655 4. 004 3. 028 0. 013
Rat e* * ov-3 (all) 2. 746 3.914 2. 219 0. 054*
Oov-4 (all) 2.613 4. 800 1.440 0. 200*
Ov-5 (all) 0. 616 8. 141 0. 251 0. 807~

~ —~ SPECIFIC ORGANI C3 VAPOR CONSTI TUENTS ~ —

Met hyl cycl o-

pent ane 0. 286 0. 267 2. 397 0. 075*
Ave n- Hept ane 1. 396 1. 396 2.281 0. 085*
Pl ow Tol uene 7. 434 5.421 3. 066 0. 037
Rat e* * p- Xyl ene 0. 806 0. 638 2. 826 0. 048
O- Xyl ene 0. 348 0. 619 1. 257 0.277*

Note: OV = organic vapor (volatile aromati c hydrocarbons)
sanples (all constituents; See Table 5)

= No statistically significant difference at
95% confi dence | evel

Usi ng Respirator Flow Model # 17
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2.5 times greater than the respirator cartridge constituents. There
was a general trend in the ratios of respirator cartridge to
charcoal tube (breathing zone) results within and between sanpl es.
Wthin a sanple the ratios were fairly constant anpbng the
constituents, allowing for confidence limts due to the anal yti cal
procedur e. The ratios were about 1.0, 1.75, 2.7, 2.1 and 1.5 for
sanples Ov-1, OV-2, OV-3, OV-4, and OV-5, respectively, with

confi dence all owances. However, OV-1 and OV-2 invol ved breat hi ng
zone charcoal tube sampling while the worker refilled the paint gun
and did not wear the respirator. To correct for this discrepancy,

t he exposures to the charcoal tube during the refill operations were
assuned to be zero and the concentration adjusted by subtracting the
duration of the refill operations (38 mnutes in OV-1; 20 nmnutes in
OVv-2) fromthe total sanmpling tine. The adjusted ratios of
breat hi ng zone charcoal tube concentrations to respirator cartridge
concentrations were 1.7 (Ov-1) and 3.0 (OV-2). Di sregardi ng the
results of OV-1 and OV-2 because of the inconsistencies in exposure
neasurenents, the ratios of charcoal tube to respirator cartri dge

concentrations were fairly uni form approxi mately 2. 0.

Figures 9 through 13 display the respirator cartridges results
versus charcoal tube (breathing zone) results for all the organic
vapor constituents detected. Fromlinear regression (with intercept
at zero) the coefficient of charcoal tube to respirator cartridge
constituents were 1.06 (Ov-1), 1.71 (Ov-2), 1.94 (OVv-3), 1.43 (Ov-
4), and 0.59 (Ov-5). Figures 14 - 18 exhi bit conpari sons of

i ndi vi dual constituent results for nethylcycl opentane, n-heptane.
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Figure 9: Oganic Vapor Sanple # 1

Al Detected Constituents

Charcoal Tube (Breathing Zone) (ng/m *3)

Figure 10: Organic Vapor Sanple # 2

Al Detected Constituents

Charcoal Tube (Breathing Zone) (ng/nt3)
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Figure 11: Organi ¢ Vapor Sample # 3
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Figure 12: (Organic Vapor Sanple # 4

Al'l Detected Constituents
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Figure 13: Oganic Vapor Sanple # 5

Ail Detected Constituents
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Figure 14: Organic Vapor Sanple Results

For Met hyl cycl opent ane

o. 4 oOo.8 1.2

Charcoal Tube (Breathing Zone) (my/nT*3)

36


NEATPAGEINFO:id=BA7C55B8-6E26-4BA6-9920-E02BFEE8920D


Ui}

on

0

22 00 AT

83

Figure 15: Organic Vapor Sanple Results
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Figure 16: Organic Vapor Sanple Results

For Tol uene

Charcoal Tube (Breathing Zone) (ng/nt3)
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Figure 18: Organic Vapor Sanple Results

For o- Xyl ene

N\ /\

qoO @

! 1 1 e Loverannmnnnas
¢l 2 4

Charcoal Tube (Breathing Zone) (mg/nt3)

38


NEATPAGEINFO:id=5B9D851D-1E26-4F3D-B4B6-E7F357EC0DE3


t ol uene, p-xylene and o-xylene. Calculated |inear regression
coefficients for individual constituents were 1.30
(met hyl cycl opentane), 1.61 (n-heptane), 1.27 (toluene), 1.48 {p-

xyl ene), and 1.10 (o-xyl ene).

One possi bl e reason why the charcoal tube results were greater
than the respirator cartridges was the poor fitting respirators.
The affect is identical to the explanation of the discrepancy in

dust/ m st sanples. A consequence of this incident was the

inmplication that the respirator protection factorl (pp) woul d
actually be reduced to 2,0, instead of the assuned val ue of PF=10

for hal f-mask dual cartridge respirators.

Statistical Analysis for Organic Vapor Sanples: The organic
vapor results were conpared statistically by all non-zero
constituents in each sanple and five (5) individual constituents
anong sanpl es (Table 8). For four (4) of the five (5) of the
vol atil e aromati c hydrocarbon sanpl es, except OV-2, there was no
significant difference (9585 confidence | evel) between the charcoal
tube breathing zone results and the respirator cartridges when al
of the constituents were conpared. For i ndvi dual constituents,
three of the five, nethylcyclohexane, h-heptane, and o-xyl ene,

denponstrated no significant differences between the charcoal tubes

1. The respirator protection factor is defined as the concentration
outside the respirator divided by the concentration inside the
resprirator [17]. PP = Cone (out) / Cone (in).
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and the respirator filter catridges. These outcones signified that

AP this method woul d be viable for workplace exposure screening sanples

or estimating a resprirator workplace protection factor.

Concl usi on;

It has been suggested that industrial airborne workpl ace
concentrati ons can be cal cul ated based on the anobunt of contam nant
deposited on respirator cartridges and estimating the fl owate

through the respirator with ergonom c and respiratory ventil ati on

nodel s.

The physi ol ogi cal npdels used in this research appear to
overestimate the actual flow, although several factors such as
respirator mask | eakage, sensitivity of resin coated filter pads to
relative humdity, and differences in analytical sensitivities
bet ween t he net hods made quantitati ve concl usi ons unreli abl e.
However, the results of the organic vapor respirator cartridges did
show count enance for this procedure in screeni ng workpl ace exposures

or estimating a resprirator workplace protection factor [17, 18].

Furt her studi es should be conducted to validate this nethod.

Addi tional studies night Include nore subjects and operations and
probably include qualitative fit testing imedi atly before and after

(and possibly during) the sanpling.
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Further studies nay indicate that, |i ke bi ol ogical exposure
indicies [18], respirator cartridge anal ysis nethods are
i nconsi stant to charcoal tube sanpling because too nmany factors
i nfluence the results. However, if the purpose of workpl ace

sanpling is to determ ne the potential enpl oyee exposure, then the

affect of factors such as faceshields would make the respirator pad

anal ysis nore representative of the true breathing zone

concentrati on.
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Appendi x |

Operati on Cbservations by Sanpl e
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Sanmple # 1

Dust/M st Sanple # 1 Subj ect | nf o;
Oper at i on: Pneunati ¢ di sk sandi ng Hei ght: 182.88 cm
i nsi de pai nt booth Wei ght: 81. 64 kg
Age: 25 yrs
Br eat hi ng Zone Sanpling | nfo: Sex: M

Time Punp (on/off) 0959/1054

Total Sanpling Tine: 55 mn

Flowate (on/off;1pm 2.04/1.97

Total Volune Sanpled (liters) = 111

Menbrane Filter W (post/pre or matched): ©0.04992/0.04887

Respi rator Sanpling I nfo:

Left Filter Weights (Post/Pre): 2.66993/ 2. 64878
Right Filter Wights (Post/Pre): 2.41849/ 2. 40034

note: 2.0 hrs 8 roomtenp; No post incubation before weighting
Bl ank correction is + 0.00639 grans/filter
Open face filter cartridges (no filter covers).

Gbservati on:

El apsed Ti ne 1 Posi ti on Posi ti on Respi r at or
hr: m n 1 of sub. i ect Tinme (mMn) (on/ of f)
O0:00 - O :02 1 st andi ng ( pr ep) 2 on
O 02 - 0O :35 1 st andi ng 33 on
0:35 - O :43 1 kneel i ng 8 on
0.43 - 0:45 1 sitting 2 on
0:45 - 0O .48 1 st andi ng 3 on
0:48 - 0O :51 1 kneel i ng 3 on
0:51 - 0O:55 1 st andi ng 4 on
Er gonom c not e: Total Respirator Tine On » 55 mn
Opei ' ation required Time Resp on Kneeling = 11 mn
two arm novenent . Ti ne Resp on St andi ng = 42 m n
= 2 mn

Tinme Resp on Sitting
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Sanple # 2

Dust/M st Sanple # 2 Subj ect | nfo:
Operation: Pneumatic di sk sanding Hei ght: 182.88 cm
i nsi de pai nt booth Wei ght: 81. 64 kg
] . Age: 25 yrs
Br eat hi ng Zone Sanpling I nfo: Sex: M

Time Punp (on/off) 1207/ 1306

Total Sanpling Tine: 59 mn

Flowate (on/off;1pm 2.05/2.05

Total Volxinme Sanpled (liters) = 121

Menbrane Filter W (post/pre or matched): 0.04937/0.04890

Respirator Sanpling Info:

Left Filter Weights (Post/Pre): 2. 69486/ 2. 68157
Right Filter Wights (Post/Pre) 2.48315/ 2. 47215

note: 2.0 hrs @aroon1tenp; No post incubation before weighting
Bl ank correction is + 0.00683 grans/filter

Qpen face filter cartridges (no filter covers).

Cbservati on;

El ﬁP-SﬁidnTl me Posi t _i on Posi ti on | Respirator
: of subj ect Time (min) I (on/off)

0: 00 0: 02 standi ng (prep) 2 | on
0: 02 0O: 26 st andi ng 24

_ _ | | on
O: 26 O: 28 kneel i ng 2 | oOon
0: 28 0: 59 st andi ng 31 1 on
Ergononi c not e; Total Respirator Time On = 59 min
Qperation required Time Resp on Kneeling 2 mn
two ar m novenent. Ti me Resp on St andi ng 57 mn
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Sanpl e #3

Dust/M st Sanple # 3 Subj ect | nf o;
Qperation: Spray Painting Hei ght 180.34 cm
_ ) Wei ght 88. 45 kg
Breat hi ng Zone Sanpling Info: Age 26 yrs
Sex M

Time Punp (on/off) 0840/0928

Total Sanpling Tinme: 48 nmin

Flowate (on/off;1pnm) 2.04/2.04

Total Volune Sanpled (liters) = 98

Menbrane Filter W (post/pre or matched) 0.04912/0.04800

Respi rator Sanpling I nfo:

Left Filter Wights (Post/Pre): 2.54415/ 2. 53828
Right Filter Weights (Post/Pre) 2.29953/ 2. 29618

note: 1.5 hrs @roomtenp; No post incubation before weighting
Bl ank correction is -0.002775 grans/filter

Dser vati on:

El apsed Ti ne Posi ti on 1 Posi ti on 1 Respirator
of subj ect 1 Time (min) 1 (on/off)
0:00 - 0:07 st oopi ng | 7 i on
0: 07-0: 24 st andi ng | 17 1 on
0:24 - 0:29 stand(refill) | 5 1 on
0:29 - 0:35 st andi ng | 6 1 on
0:35 - 0:38 stand(fix gun) | 3 1 on
0:38 - 0:48 st andi ng | 10 1 on

Total Respirator Tine On = 48 mn
Time Resp On Standing = 41 mn
Time Resp On Stooping = 7 mn
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Sample # 4

Dust/M st Sanple # 4 Subj ect I nfo:
Qperation: Spray Painting Hei ght: 187.96 cm
_ _ Wei ght: 104. 33 kg
Br eat hi ng Zone Sanpling | nfo: Age: 21 yrs
Sex: M

Time Punp (on/off) 0909/0929

Total Sanpling Time: 20 mn

Flowate (on/off;lpm 2.05/2.05

Total Volune Sanpled (liters) =41

Membrane Filter W (post/pre or matched): 0.04869/0.04805

Respirator Sanpling Info:

Left Filter Weights (Post/Pre): 2.46325/ 2. 45490
Right Filter Wights (Post/Pre): 2.67680/ 2. 66742

note: 1.5 hrs @roomtenp; No post incubation before weighting
Wei ght Correction is 1.001934 * Pre Wi ght

Qobservati on:

El apsed Ti ne Posi tion I Posi tion | Respirator
of subj ect I Tinme (nin) I (on/off)

0: 00 - O0:08 st andi ng 8 | on

0: 08 - 0:10 Stand(refill) 2 I on

0: 10 - O: 20 st andi ng 10 on

20 mn
20 mn

Total Respirator Time On

Time Resp On Standing
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Sanpl e # 5:

Dust/ M st Sanple # 5 Subj ect | nfo:
Oper ation: Sandi ng Fi bergl ass Hei ght: 182.88 cm
. . Wei ght: 134. 26 kg
Breat hi ng Zone Sanpling | nfo: Age: 50 yrs
Sex: M

Time Punp (on/off) 0817/0851

Total Sanpling Time: 34 mn

Flowate (on/off;1pm 2.05/2.05

Total Volune Sanpled (liters) = 70

Menbrane Filter W (post/pre or matched): 0.04870/0.04796

Respirator Sanpling Info:

Left Filter Wights (Post/Pre): 2.66937/ 2. 66424
Right Filter Wights (Post/Pre) 2.38855/ 2. 37890

note: 1.5 hrs @roomtenp; No post incubation before weighting
Wei ght correction is 1.000705 * Pre W

Cobservati on:

El apsed Tine Position I Posi tion Respi r at or
of subj ect I Time (min) (on/ of f)

0: 00 - 0:22 st andi ng 22 on

0:22 - 0:30 stitting 8 on

0: 30 - 0O: 34 st andi ng 4 on

34 mn

Total Respirator Tinme On

Time Resp On Standing = 26 mn
Time Resp On Sitting = 8 mn
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Sanple # 6

Dust/M st Sanple # 6 Subj ect | nf o:
Operation:  Sandi ng Pai nted Met al Hei ght 182, 88 cm
with Pneunmatic Orbital Sander Vi ght 81. 64 kg
] . Age 25 yrs
Br eat hi ng Zone Sanpling I nfo: Sex M

Time Punp (on/off) 1020/1039+1210/ 1351

Total Sanpling Time: 120 mn

Flowate (on/off;1pm 2.2/2.2

Total Volunme Sanpled (liters) = 264

Menbrane Filter W (post/pre or matched) o0.05325/0.04796

Respi rator Sanpling I nfo:

Left Filter Weights (Post/Pre): 2.50365/ 2. 47601
Right Filter Weights (Post/Pre) 2.47465/ 2. 45352

note: 1.5 hrs @roomtenp; No post |ncubat|on bef ore wei ghting
Wi ght Correction is 1.000705 * Pre W

Qobservati on:

El apsed Ti e 1 Posi ti on Posi ti on Respi r at or
1 of subj ect Tinme (mn) (on/ of f)
0: 00 - 0:19 1 sitti ng 1 19 on
0:19 - o0:28 1 st andi ng o on
0:28 - 0:35 1 st oopi ng 7 on
0:35 —0:42 1 st andi ng 7 on
0:42 - O0:44 1 st OOpi ng 2 on
0:44 - 0: 60 1 sitti ng 16 on
0: 60 - 1:15 1 st oopi ng 13 on
1:15 - 1:17 1 sitting 2 on
1217 - 1:41 1 st andi ng 26 on
141 1: 45 1 kneel i ng 5 on
1:45 - 1:4 9 1 st oopi ng 4 on
1: 49 1: 51 1 kneel i ng 2 on
1:51 —2:00 1 st andi ng 8 on

Total Respirator Tine On = 120 mn
Time Resp On Standing = 50 mn
Time Resp On Sitting = 18 mn
Time Resp On Kneeling = 7 min
Time Resp on Stooping = 26 mn
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Sanpl e #7

Dust/ M st Sanple # 7 Subj ect | nfo:
Operation: Sanding Pneumatic Orbital Hei ght: 182. 88 cm
. . Wi ght : 81. 64 kg
Br eat hi ng Zone Sanpling Info: Age: 25 yrs
Sex: M

Time Pump (on/off) 1408/ 1457

Total Sanpling Tinme: 49 mn

Flowate (on/off;1lpm 2.2/2.2

Total Volune Sanpled (liters) = 108

Menbrane Filter W (post/pre or matched) 0.05222/0.04798

Respi rat or Sanpling | nfo:

Left Filter Weights (Post/Pre): 2.59421/ 2. 56724
Right Filter Weights (Post/Pre): 2.66179/2.63469

note: 1.5 hrs @roomtenp; No post incubation before weighting
Weight Correction is 1.000705 * Pre W

Cbservati on:

El apsed Ti ne Posi ti on Posi ti on Respi r at or
of sub. | ect Time (mn) (on/ of f)

0: 00 - 0: 04 sitting 4 on

0: 04 - 0:24 kneel i ng 20 on

0: 24 - O0:25 st andi ng 1 on

0: 25 - 0: 27 sitting 2 on

0: 27 - 0:49 st andi ng 22 on

Total Respirator Tine On = 49 mn
Time Rasp On Standing = 23 mn
Time Resp On Sitting = 6 mn
Tinme ResP On Kneeling = 20 mn

Note: Two persons were sanding during this sanpling.
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Sanple # Ov-1

Organi ¢ Vapor Sanple # 1

Operation: Spray painting tanker truck
I nside waterfall paint booth
Br eat hi ng Zone Sanpling Info:
Time Punp (on/off) 1242/1510
Total Sanpling Tine: 158 nin
Plowate (on/off;1pn) 1.05/0.97
Total Volunme Sanpled (liters) = 159.58

Cbservati on:

El apsed Ti ne

: 00 -
14
19 -
22
125 -
031
143
: 46
:56 -
59 -
: 04
10 -

31 -
134 -
46
: 50

N!-_\HHHH!-_\!T\I—\QOOOOOOOOO

01 -

Er gononi ¢ not e:

Operation required
one arm novenent.

NNPRRRPRPRPOOOODOOOOO

14
19
22
25
31
43

: 46
: 56
: 59

: 04
10
019

031

34
146
50
: 59

101

12

PR

P RRTRRERR R

L e

Posi ti on
of sub.i ect

st oopi ng
refill spray
st oopi ng
st andi ng
st oopi ng
refill spray
st andi ng
st oopi ng
refill spray
st oopl ng
st andi ng
refill spray
st andi ng
refill spray
st andi ng
refill spray
st andi ng
refill spray
st andi ng

Tot al

gun

gun

gun

gun

gun

gun

gun

Respirator Time On =

Subj ect

Hei ght :
Wi ght :
Age:
Sex:

Posi ti on
Time (mn)

14
5
3
3
6

12
3

10
3
5
6
9

Time Resp on Standing =

I nformati on;

180. 34 cm

77.11 kg
22 yr s
M

Respi r at or
(on/ of f)

on
of f
on
on
on
of f
on
on

of f

on
of f
on
of f
on
of f
on

of f

94 mn
56 mn

Time Resp on Stooping = 38 mn
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Sanple # OV-2

Organi c Vapor Sanple # 2 Subj ect | nfornation:
Operation:  Spray painting tanker truck Hei ght: 180.34 cm
i nside waterfall paint booth Wei ght: 63. 45 kg
: : Age: 22 yrs
Br eat hi ng Zone Sanpling | nfo: Sex: ™M

Time Punp (on/off) 0827/1004

Total Sanpling Tinme: 97 mn

Plowate (on/off;1pn) 1.05/1.00

Total Volume Sanpled (liters) = 99.425

Qobservati on:

El apsed Ti nme 1 Posi tion Posi ti on Respi r at or
1 of subj ect Time (mn) (on/of f)

0: 00 0: 04 1 st andi ng 4 on

0: 04 - 0:06 1 st oopi ng 2 on

0: 06 - O0:16 1 st andi ng 10 on

0: 16 0: 23 1 refill spray gun 7 of f

0: 23 0: 33 1 st andi ng 10 on

0:33 - 0:37 1 refill spray gun 4 of f

0:37 - O0:46 1 S_t andi ng 9 on

0: 46 - 0: 49 j refill spray gun 3 of f

0: 49 0: 50 1 st oopi ng 1 on

0: 50 0: 59 1 st andi ng 9 on

0: 59 1:02 1 refill spray gun 3 of f

1:02 1:13 1 st andi ng 11 on

Ergonom c not e: Total Respirator Time On = 56 mn
Operation required Time Resp on Standing = 53 nmin
one arm novement . Tinme Resp on Stooping = 3 min
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Sample # OV-3

Organi ¢ Vapor Sanple # 3 Subj ect | nformati on:
Operation: Spray Painting Hei ght 180.34 cm
Wei ght 88. 45 kg
Br eat hi ng Zone Sanpling I nfo: Age 26 yrs
Sex M

Time Punp (on/off) 0840/0928

Total Sanpling Time: 48 min

Flowate (on/off;1lpm 1.05/0.92
Total Volune Sanpled (liters) = 47.28

Obser vati on:

El apsed Ti ne Posi ti on 1 Posi ti on 1 Respirator
3 of sub.i ect | Tinme (mn) 1 (on/off)
0: 00 - 0:07 st oopi ng | 7 1 on
0:07 - 0:24 st andi ng | 17 1 on
0:24 - 0:29 stand(refill) | 5 j on
0:29 - 0:35 st andi ng | 6 i on
0:35 - 0:38 stand(fix gun) | 3 1 on
0: 38 - 0:48 st andi ng | 10 1 on

Total Respirator Time On = 48 mn
Time Resp On Standing = 41 mn
Time Resp On Stooping = 7 mn

54
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Sanple # Ov-4

Or gani ¢ Vapor

Oper ati on:

Spray Painting Gay Priner

in Paint

Boot h

Br eat hi ng Zone Sanpling | nfo:

Sanple # 4

Subj ect

Hei ght :
Wei ght :
Age:

Sex:

Time Punp (on/off) 0909/0929

Total Sampling Tine: 20 mn

Flowrate (on/off;1pn) 1.05/1.05

Total Volume Sanpled (liters) = 21

Cbservati on:

El apsed Ti ne Posi ti on Posi ti on
of subj ect Time (mn]

0: 00 - O0:08 st andl ng 8

0:08 - 0:10 stand(refill) 2

O: 10 - O0: 20 st and| ng 10

Total Respirator Tine On

Ti ne Resp On St andi ng

56

I nformati on:

187. 96 cm
104. 33 kg

21
M

yrs

Respi r at or

(on/ of f)
on
on

on

20 mn
20 mn
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Sampl e # Ov-5

Organi ¢ Vapor Sanple # 5 Subj ect I nfornation:
Qperation: Spray Painting Gay Priner Hei ght: 187.96 cm
in Pai nt Booth Wei ght: 104. 33 kg
Age: 21 yrs
Br eat hi ng Zone Sanpling | nfo: Sex: ™M

Time Punp (on/off) 0910/1001

Total Sanpling Tine: 51 mn

Flowrate (on/off;1pm 1.04/1.04
Total Volunme Sanpled (liters) = 53.04

Cbser vati on:

El apsed Ti e Posi ti on Posi ti on
of sub. i ect Time (m n)

O: 00 - O0: 20 st andi ng 20

0:20 - 0:22 stand(refill) 2

0: 22 - O0: 36 st andi ng 15

0:36 - O: 38 stand(refill) 2

0:38 - 0:51 st andi ng 13

Total Respirator Tinme On
Ti me Resp On St andi ng

56

Respi r at or
(on/ of f)
on
on
on
on

on

51 mn
51 mn
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Appendi x ||

Dust/M st and Organi c Vapor Sanpling Results by Wi ght

57
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Fl ppetidix 11:
Sanpl e *
Operati on

B2 Ri J5ult ng/ma

Sex

Hui ght cm

fl ge years
Time of UorU nin

BZ Sanple U final
B2 Sanple U begin
Dz Sanple w ny
Bz flow 1pm
Bz Sanple Vol mt3

RHX at Post U
Left Cart Ut final
Left Cart U Begin

Resp Filter Corn ngy

Left Resp Sanp Ut ng

Right Cart Ut final
Right Cart Ut begin
Resp Filter Corr ng

Ri ght Resp Sanmp U ng

Tot al Resp Ut ny

lotal Resp Ut / BZ U

*

o

1

Sand

182. 88
25
55

. 04992
. 04887
1.05
2.01
0.111

. 66993
. 64878
-6. 39
14. 76

. 41849
. 40034
-6. 39
11. 76

26. 52

25.3
Not e:

2

Sand

182. 88
25
59

0. 04937
0. 04890
0. 47

2. 05
0.121

2. 69486
2.68157
-6. 83
6. 46

2.48315
2.47215
-6.83
4. 17

10. 63

22. 6

This value taken as 0.00 for Total

Dust/m st Sanpling Resultii by Height

Pai nt

11. 44

180. 34
26
48

0. 04912
0. 04800

1.12
2. 04
0. 098

2.54415
2.53828

2.42
8. 29

2. 29953
2.29618

2.42
5.77

14. 07

12. 6

Pai nt

o

15. 37

187. 96
21
20

. 04867

. 04804

0.63'
2. 05
0. 041

65

. 46325

. 45490
-4.27
4. 08

. 67680

. 67470

-4. 66
-2.56

6.5

Sand

10. 94

t1

182. 88
50
33

0. 04870
0. 04796

0.74
2. 05
0. 068

63

2. 66937
2. 66424

-1.85
3. 28

2. 38855
2.37890

-1.65
8. 00

11. 28

15.2

Sand

20. 04

182. 88
25. 00
120. 00

. 05325
. 04796
5. 29
2. 20
0. 264

63
. 50365
. 47601
-1.72
25. 92

. 47465
. 45352
-1.70
19. 43

45. 34

8.6

Sand

39. 33

182. 88
25. 00
49. 00

. 05222
. 04798
4. 24
2. 20
0. 108

63

. 59421
. 56724
-1.78

25. 19

. 66179
. 63469
-1.83
25. 27

50. 46

11.9

Respirator Sanple Uei ght
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hlpendix I1:  Qganic Vapor Saiipling Results by kbight

B2 Saap V-1 Resp Cart OV-1 B2 Saiip W2 Resp Car-t Ovl-2 eZSaoip Ov-3 Resp Cart OV-3
5.0. S.D. S.D S.D. s.0 S.D.
°g itg °g og ag °g isg ng ng ag °g og
| sopent ane
liethy 1 eye 1 opentane 0.09 .00 1.24 0.18 0.06 .00 0.65 0.06 0.06 .00 1.25 0.21
n- Hept ane 0,23 0.01 3.30 0.45 0.17 .00 1.77 0.14 0.20 .00 4.04 0.64
liethy 1 cy ¢ | ohexane 0.34 0.02 6.99 0.61 0.22 .00 3.80 0.56 0.30 0.01 9.35 1.06
n- Cct ane 0.31 0.02 5.76 0.52 0.24 .00 3.90 0.22
1,1, 1-Trichl oroet hane 0.05 .00 1.28 0.33
Methyl Ethyl Ketotie 2.19 0.04 13.31 5.52 1.87 0.06 27.97 4.22 0.12 OH
| sopr opanol 0.60 0.14 0.17 0.01 2.73 0.4?
Tri chloroet hylene 1.27 0.02 17,78 1.75 1.77 0.04 20.93 1.52 0.67 0.01 22.01 4.15
Tol verie 3.01 0.29 42.15 4.82 2.21 0.06 30.48 2.19 1.02 0.03 19.69 3.15
Ethl yene Dichloride 1.43 0.04 13.79 1.40 1.48 0.03 16.23 0.99 0.01 0.01 0.09 0.20
0, p-)ylene 0.25 .00 3.85 0.43 0.35 0.02 6.15 0.55 0.12 .00 2.66 0.34
Q (B Xyl ene 0.95 0.02 17.49 1.94 0.98 0.07 20.67 2.23
0- Xyl ene 0.41 0.02 7.08 0.78 0.49 .00 10.67 3.16 0.04 .00 1.03 0.14
BZ Saapl € O-4  Resp Cart OV-4 82 Saitpl eOv-5 Resp Cart OV-5
S.D. S.D. S.D. S.D.
g og °g «g rag «g ng Big
| sopent ane 0.02 .00
det hyl eycl opent ane 0.09 .00 1.88 0.93 0.01 .00 0.21 0.06
n- Hept ane 0.31 .00 5.26 0.87 0.02 .00 0.60 0.16
Het hylcyclohexane 0.32 .00 8.77 0.98
n- Cct ane 0.03 .00 0.67 .00 20.25 3.09
1,1, 1-Trichl or oet hane 15.90 17.25
n?thyl Ethyl Ketone 0.10 .00 2.74 0.40
| sopr opanol 0.08 0.01 0.30 0.45 56.74 13.13
Trichl oroet hyl ene 0.89 0.01 19.83 2.74
, Tol uene 1.32 0.02 22.49 1.17 1.17 0.01 33.96 4.06
Ethl yene Dichloride 0.24 0.01 4.19 0.63
p- Xyl ene 0.12 .00 1.84 1.26 0.11 .00 2.82 0.34
0- Xyl ene 0.28 0.01 7.8? 0.96
0- Xyl ene 0.03 .00 0.41 2.09 0.08 .00 0.98 0.25
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Appendi x HI

Dust/ M st Sanpling Concentrations

by Respirator Fl ow Model

60
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Appendi x I11: Dust/Mst Sanpling Results for Respirator Flow Mdel # 1: Code: U1 -E8-R11

Increase Uolume Rate of Oxygen per Increase in |Jork Rate FromRef 11: 0.01394 |pm 02/ watt
Ergonom ¢ Estimate of Total Energy Required from Reference 3. 3-400 cal/mn (238 Uatts)
Basal Metabolic Rate estimated from Reference 11: 71.74 watts/ |Ipm of oxygen required

San‘p| et 1 2 3 4 5 6 7

Oper ati on Units Sand i ng Sanding Painting Painting Sandi ng Sanding Sanding

He i ght cm 182. 88 182. 88 180. 34 187. 95 182. 38 182. 88 182. 88

Uei ght kg 83.78 83.78 81.77 87.79 83. 78 83. 78 83. 78

Rge year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uoi Rate 02 (max) 1pm 3. 47 3. 47 3. 36 3.77 2.69 3.47 3.47
Uol Rate 02 (AT) 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1,94
Mol Rate 02 (O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 65 0. 63
Total Energy Req cal/mi n 3400. 00 3400.00 3400.00 3400.00 3400.00 3400.00 3400.00
Total Energy Req Uatts 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09
Std Met abol i sm wat t/ 1pm 71.74 71.94 71. 94 71. 94 71. 94 71. 94 71. 94

- Basal Rate Uatts 45. 44 45. 57 44.72 47.27 45. 57 45. 57 45. 57
Energy Req (work) Uatts 191. 65 191. 52 192. 37 189. 82 191. 52 191. 52 191. 52
Uol Rate 02 (Uork) 1pm 2.67 2.67 2. 68 2. 65 2.67 2. 67 2. 67
Total Rate 02 Req 1pm 3.31 3.30 3. 30 3. 30 3.30 3. 30 3. 30
A of AT Required % 1.70 1.70 1.76 1.57 2.19 1.70 1.70
y. of Uol 02 (nax) fi 0. 95 0. 95 0. 98 0. 83 1.23 0. 95 0, 95
Mol Rate Expir/Uol Rate 02 26. 50 26. 50 26. 50 26. 50 37.70 26. 50 26. 50
Uol Expxr/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 6. 90 4. 40 4. 40
Ti me of Uork m n 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Aue) liters 4818.98 5166.60 4203.38 1751.35 4111.14 10508.33 4290. 90
Total Uol Exp (Max) 5619. 11 6024.45 4901.30 2042.14 4863.57 12253.11 5003, 35
Total Uol Exp (M n) 4018. 84 4308.75 3505.46 1460.56 3358.70 8763.55 .3578.45
Cone (min) ng/ m S 6. 60 2. 47 4.01 2.79 3.36 5.17 14.10

Cone (ave) mg/ M ~3 5. 50 2. 06 3. 35 2. 33 2.74 4. 32 11. 76

Cone ( rmax) nmg/ m AS 4.72 1.76 2.87 2. 00 2. 32 3.70 10. 08
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Appendi x IIl: Dust/Mst Sanpling Results for Respirator Flow Mdel * 2: Code: Ull- E8- R6

| ncrease Uol ume Rate of Q(lygen per Increase in UorU Rate From Ref 11; 0.01394 1pm 02/ watt
Ergonom ¢ Estimate of Total Energy Required from Reference 8: 3400 cal/mn (233 Uatts)
Basal Metabolic Rate estimated from Reference 6: 107.53 watts/ 1pm of oxygen required

Sanpl e # 1 2 3 4 5 6 7

Qper ati on Uni ts Sandi ng Sanding Painting Painting Sanding Sanding Sand i ng

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Ue i ght kg 83. 78 83. 76 81.77 87.79 83. 78 83. 78 83, 78

Age year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25, 00

Uol Rate 02 (nmax) 1 pm 3. 47 3.47 3. 36 3.77 2.69 3. 47 3. 47
Uol Rate 02 (AT) ' 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
Uol Rate 02 (0 Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0, 63
Total Energy Req cal/mi n 3400.00 3400.00 3400.00 3400.00 3400.00 3400.00 3400. 00
Total Energy Req Uatts 237. 09 237.09 237. 09 237. 09 237.09 237.09 237. 09
Std Met aboli sm wat t/ 1pm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53
Basal Rate Uatts 68. 11 68. 11 66. 84 70. 65 68. 11 68. 11 68. 11
Energy Req (wor k) Uatts 168. 98 168. 98 170. 25 166. 44 168. 98 168. 98 163. 98
Uol Rate 02 (Uork) 1pm 2. 36 2. 36 2. 37 2. 32 2. 36 2. 36 2. 36
Total Rate 02 Req 1pm 2. 99 2. 99 3. 00 2. 98 2. 99 2. 99 2. 99
X of AT Required y. 1.54 1.54 1.59 1.41 1.98 1. 54 1.54
y. of Uol 02 (max) y* 0. 86 0. 86 0. 89 0.79 1.11 0. 86 0. 66
Uol Rate Expir/Uol Rate 02 26. 50 26. 50 26. 50 26. 50 37.70 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 6. 90 4. 40 4, 40
T i me of Uork mn 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Aue) 1i ters 4358. 13 4675.09 3810.97 1578.52 3720.04 9508.66 3882.70
Total Uol Exp (Max) 5081. 75 5451.33 4443.74 1840.61 4400.89 11087.45 4527, 38
Total Uol Exp (M n) 3634.52 3898.85 3178.21 1316.42 3039.18 7929.86 3238, 03
Cone (mn) my/ m A-S 7. 30 2.73 4. 43 3. 10 3.71 5.72 15. 58
Cone (ave) ng/ m A3 6. 09 2. 27 3. 69 2.58 3.03 4.77 12. 99

Cone ( max) mg/ mAS 5.22 1.95 3.17 2. 21 2.56 4.09 11. 14
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Appendix IIl: Dust/Mst Sanpling Results for Respirator Flow Mdel * 3; Code:  Ull- E8- R12

| ncrease Uolune Rate of Oxygen per Increase in Wrk Rate FromRef 11: 0.01394 1pm 02/' watt

Required from Reference 8: 3400 cal/mn (238 Uatts
EgggpongaEgFEgakgtgfelggﬁatgge¥9¥nlRgference 12: See Tabl e 5. ( )

Sarrp]_e # 1 2 3 4 5 6 7

Qper ati on Units Sanding Sanding Painting Painting Sanding Sandi ng Sanding

Hei ght cm 162. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

U ei ght kg 83. 78 83. 78 81.77 87.79 83. 78 83. 78 83. 78

Age year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol Rate 02 (nax) 1 pm 3.47 3.47 3. 36 3.77 2. 69 3.47 3. 47
Uol Rate 02 (fiT) 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
o1 Uol Rate 02 (O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal /m n 3400. 00 3400. 00 3400.00 3400.00 3400.00 3400.00 3400. 00
Total Energy Req Uatts 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09
Std Met abolism ca 1 /m~2/hr 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24
Basal Rate Uatt s 0. 10 0. 10 0. 09 0. 10 0. 10 0. 10 0. 10
Energy Req (work) Uatts 237. 00 237. 00 237. 00 236. 99 237. 00 237. 00 237. 00
Uol Rate 02 (Uor U) 1pm 3.31 3.31 3.31 3. 31 3.31 3. 31 3.31
Total Rate 02 Req 1pm 3. 94 3. 94 3. 93 3. 96 3.94 3. 94 3.94
* A of fiT Requi red % 2. 03 2. 03 2. 09 1. 38 2.61 2. 03 2. 03
y. of Uol 02 (nmax) % 1.13 1.13 1.17 1.05 1.46 1,13 1.13
Uol Rate Expir/Uol Rate 02 37.70 37.70 37.70 37.70 37.70 37.70 37.70
Uol Expir/Uol 02 +/ - 6. 90 6. 90 6. 90 6. 90 6. 90 6. 90 6. 90
Time of U ork mn 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (five) liters 8166. 94 8760.90 7106.17 2987.58 4900.16 17810.78 7276. 00
Total Uol Exp (Max) 9661. 69 10364.35 8406.77 3534.38 5797.01 21080.04 8607. 68
Total Uol Exp (M n) 6672. 20 7157.45 5805.57 2440.78 4003.32 14557.52 5944. 32
Cone (mn) my/ m *' 3 3. 97 1.48 2.42 1.67 2.82 3.11 8. 49
Cone (ave) nmg/ m "3 3. 25 1.21 1.98 1.36 2.30 2.54 6. 93

Cone (nmax) mg/ m 3 2.74 1.03 1.67 1.15 1.95 2.15 5. 86
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fApfiendix Il11: Dust/Mst Sanpling Results for Respirator Flow Mbdel * 4: Code: UI-EIORI

| ncrease Uol une Rate of Oxygen per Increase in Uork Rate From Ref 11: 0.01394 1pm 02/ watt
Ergonom c Estimate of Total Energy Required from Reference 10: See Tabl e 4.
Basal Metabolic Rate estimated from Reference 11: 71.4 watts/ 1lpm of oxygen required

San'p| e # 1 2 3 aq 5 6 7

Of Der ation Sandi ng Sandi ng Painting Painting Sanding Sanding Sanding

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Ue i ght kg 83. 78 83. 78 81.77 87.79 83. 78 83. 78 83. 78

Age year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol 02 (rmax) | pm 3. 47 3. 47 3. 36 3.77 2.69 3. 47 3, 47

I ner obi ¢ Threshol d l pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
Uol 02 (O Uatts) | pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63

aEnergy Req Standing cal/m n 2850.00 2850.00 2050.00 2050.00 2850.00 2850.00 2850.00

i ner gy Req St andi ng Uat t s 198. 74 198. 74 142. 95 142. 95 198. 74 198. 74 198. 74
01 Std Met abol i sm wat t/ lpm 71. 70 71. 70 71. 70 71. 70 71. 70 71. 70 71.70
Basal Rate Uat t s 45. 42 45. 42 44. 57 47. 11 45. 42 45. 42 45. 42
Ener gy Req (V\Dr k) Uatts 153. 32 153. 32 98. 38 95. 84 153. 32 153. 32 153. 32
Uol 02 (Uoruy 1pm 2.14 2.14 1.37 1.34 2.14 2. 14 2.14
Total 02 Requi r ed 1pm 2.77 2.77 1.99 1.99 2.77 2.77 2.77
A of RT Requi red X 1.43 1.43 1. 06 0. 94 1.84 1.43 1.43
?i of Uol 02 Cmax) % 0. 80 0. 80 0. 59 0. 53 1.03 0. 80 0. 80
Uol E)(p| r/ Uol 02 26. 50 26. 50 26. 50 28. 50 37.70 26. 50 26. 50
Uol Exp| r/ Uol 02 +/ - 4. 40 4. 40 4. 40 8. 10 6. 90 4. 40 4. 40
Ti me of St andi ng mi n 42. 00 57. 00 41. 00 20. 00 26. 00 50. 00 23. 00
i ner gy Req Sitti ng cal/mi n 2550. 00 2550. 00 1750. 00 1750. 00 2550. 00 2550. 00 2550. 00
Jner gy Req Sitti ng Uat t s 177. 82 177. 82 122. 03 122. 03 177. 82 177. 82 177. 82
Std Met aboli sm watt/ 1pm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53
Basal Rate Uat t s 68. 11 68. 11 66. 84 70. 65 68. 11 68. 11 68. 11
Ener gy Req (V\Dr k) Uatts 109. 71 109. 71 55. 19 51. 38 109. 71 109. 71 109. 71
Uol 02 (Uor k) 1pm 1.53 1. 53 0.77 0. 72 1.53 1.53 1.53
Total 02 Requi r ed 1pm 2. 16 2. 16 1. 39 1. 37 2.16 2.16 2.16
Y, of RT Requi red % 1.11 1.11 0. 74 0. 65 1.43 1.11 1.11
?i of Udl 02 (nmax) y. 0. 62 0. 62 0. 41 0. 36 0. 80 0. 62 0, 62
Uol Exp| r/ Uol 02 26. 50 26. 50 28. 50 28. 50 26. 50 26. 50 26. 50
Uol Exp| r/ Uol 02 +/ - 4. 40 4. 40 8. 10 8. 10 4. 40 4. 40 4. 40
Tine of Sitti ng mi n 2. 00 0. 00 0. 00 0. 00 8. 00 18. 00 6. 00

CONTI NUED ON NEXT PRGE
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Fl ppendi x 111:

Sanple #
Oper ati on

Energy Req St ooping
Energy Req St ooping
Std Met abol i sm
Basal Rate
Energy Req (work)
Uol 02 (Uork)
Total 02 Required
;i of RT Required
;i of Uol 02 (max)
Uol Expir/Uol 02
Uol Expir/Uol 02
Ti me of Stooping

Ener gy Req Kneeli ng

Ener gy Req Kneeli ng
Std Met abol i sm

Basal Rate
Energy Req (work)
Uol 02 (Uork)
Total 02 Required
K of AT Required
% of Uol 02 (nmax)
Uol Expir/Uol 02
Uol Expir/Uol 02
Ti me of Stooping

Uol Exp (Ave)
Uol Exp (Max)
Uol Exp (M n)

Cone (m n)
Cone (ave)
Cone (nmax)

cal/mn
Uatts
watt/ 1pm
Uatts
Uatts
1pm
1pm
y.
4

+/ -

m n

cal/mn
Uatts
watt/ 1pm
Uatts
Uatts
1pm
1pm
y.
H

+/ -

m n

1i ters

nmg/ m ~3
ng/ mA"S
ng/ m ~3

Sandi

3050.
212.

107.

68.
144.
2.
2.

1.

0.
26.
4.
0.

2750.
191.
107.

68.
123.

N

26.

11.

3886.

4532,
3241.

1
ng

(0] 6]
69
53
11
57
02
65
36
76
50
40
00

(0] 6]
77
53
11
65

.72
. 36

21

. 68

50

. 40

(0]0)
96
34
58

18

. 82
. 85

Dust/ M st Sanpl ing Results for

Respi rat or

2

Sandi ng

3050.
212.
107.
68.
144.
2.
2.
1.
0.
26.
4.
0.

2750.
191.
107.

68.
123.

.72

. 36

.21

. 68

. 50

4311.
5027.
3595.

00
69
53
11

57
02
65
36
76
50
40
(0]0)

00
77
53
11
65

40

. 00

68
58
78

. 95
. 46
.11

Pai nt i

2250.
156.
107.

66.
90.

1.

1.
1.
0.
28.
8,
7.

1950.
135.
107.

66.
69.

2540.
3006.
2074.

3
ng

oo
90
53
84
06
26
88
00
56
50
10
00

(0]6)
o8
53
84
14

. 96
. 59
. 84
.47
. 50
.10
. 00

75
87
62

.78
. 54
. 68

FI ow Mbdel

4

Pai nti ng

2250.
156.
107.

70.
86.
1.
1.
0.
0.
28.
8.
0.

1950.
135.
107.

70.
65.

.91

. 57

.74

.42

28.

.10

. 00

@]

1136.
1459.
813.

(o]0}
90
53
65
25
20
86
88
49
50
10
00

00
98
53
65
33

50

a1
39
a3

.01
. 59
.79

# 4: (con't)
5
Sandi ng Sandi
3050. 00 3050.
212. 69 212.
107. 53 107.

68. 11 68.
144.57 144
2.02 2

2. 65 2
1.76 1

0. 98 o]
26. 50 26
4. 40 4

0. 00 26
2750. 00 2750.
191. 77 191.
107. 53 107.
68. 11 68.
123. 65 123.
1.72 1
2.36 2
1.56 1

0. 88 o]
26. 50 26
4. 40 4

0. 00 7
3175.51 6967.
3748. 92 8124.
2602. 11 5810.
2.31 6
1.89 5

1. 60 4

oo
69
53
11

. 57
.02
. 65
. 36
. 76
. 50
. 40
. 00

oo
77
53
11
65

.72
. 36
.21
. 68
. 50
. 40
. 00

62
51
73

. 92
.77
. 95

Sandi

3050.
212.
107.

68.
144.

2750.

191.
107.

68.

123.
.72
. 36
.21

3283.
3828.
2737.

16.
13.
11.

ng

0o
69
53
11
57

. 02
. 65
. 36
.76
. 50
. 40

(0]0]

(0]0]
77
53
11
65

68

. 50
. 40
. 00

10
22
98

44
71
76
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Appendi x I11: Dust/M st Sanpling Results for Respirator Flow Mddel * 5: Code: Ull-E10-R6

I ncrease Uol une Rate of Oxygen per Increase in Uork Rate From Ref 11: 0.01394 1pm 02/ wa"tt
Ergonom ¢ Estimate of Total Energy Required from Reference 10: See Tabl e 4.
Basal Metabolic Rate estimated from Reference 6: 107.53 watts/ 1pm of oxygen required

Sa_rrp| e # 1 2 3 4 5 6 7

Oper ati on Sand i ng Sanding Pai nting Painting Sandi ng Sanding Sanding

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Wei ght kg 83. 78 83. 78 81.77 87.79 83.78 83. 78 83, 78

Age year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25, 00

Uol 02 (rmax) 1pm 3. 47 3. 47 3. 36 3.77 2. 69 3.47 3. 47

Fi ner obi ¢ Threshol d 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
Uol 02 (O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0, 63

Ener gy Reqg St andi ng cal/m n 2850. 00 2850. OO0 2050.00 2050.00 2850.00 2850.00 2850.00

Energy Reqg St andi ng Uatts 198. 74 198. 74 142. 95 142. 95 198. 74 198. 74 198. 74
Std Met aboli sm watt/ 1pm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53
Basal Rate Uat t s 68. 11 68. 11 66. 84 70. 65 68. 11 68. 11 68. 11
Energy Req (work) Uatts 130. 63 130. 63 76. 11 72. 30 130. 63 130. 63 130. 63
Uol 02 (Uork) 1pm 1.82 1.82 1. 06 1.01 1.82 1.82 1.82
Total 02 Requi r ed 1pm 2. 46 2. 46 1. 68 1.67 2. 46 2. 46 2. 46
Z of RT Required y. 1.26 1.26 0. 89 0. 79 1.63 1.26 1.26
K of Uol 02 (nax) % 0.71 0.71 0. 50 0. 44 0. 91 0.71 0-71
Uol Expir/Uol 02 26. 50 26. 50 28. 50 28. 50 26. 50 26. 50 26, 50
Uol Expir/Uol 02 aa/— 4. 40 4. 40 8.10 8. 10 4. 40 4. 40 4. 40
Ti e of Standing m n 42. 00 57. 00 41. 00 20. 00 26. 00 50. 00 23. 00
Energy Req Sitting cal /m n 2550. 00 2550. 00 1750. 00 1750. 00 2550. 00 2550. 00 2550. 00
Energy Req Sitting Uatts 177. 82 177. 82 122. 03 122. 03 177. 82 177. 82 177. 82
Std Met aboli sm watt/ 1lpm 71. 70 71.70 71.70 71.70 71.70 71.70 71.70
Basal Rate Uat t s 45. 42 45. 42 44. 57 47. 11 45. 42 45. 42 45. 42
Ener gy Req (wor k) Uatts 132. 40 132. 40 77. 46 74.92 132. 40 132. 40 132. 40
Uol 02 (Uor k) 1pm 1.85 1.85 1.08 1. 04 1.85 1.85 1.85
Total 02 Requi r ed 1pm 2. 48 2.48 1.70 1.70 2.48 2. 48 2,48
y* of AT Required y 1.28 1.28 0. 90 0. 81 1.64 1.28 1.28
?i of Uol 02 (nax) y 0.71 0.71 0. 51 0. 45 0. 92 0.71 0,71
Uol Expir/ Uol 02 26. 50 26. 50 28. 50 28. 50 26. 50 26. 50 26, 50
Uol Expir/Uol 02 +/ ~ 4. 40 4. 40 8. 10 8. 10 4. 40 4. 40 4, 40
Timof Si tti ng m n 2.00 0. 00 0. 0O 0. 00 8. 00 18. 00 6- 00

CONTI NUED ON NEXT PRGE
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a

1 Appendix Ill: Dust/Mst San?l ing Results for Respirator Flow Mdell * 5: (con't)
Sanpl e # 1 2 3 4 5

' Oper ati on Sandi ng Sandi ng Painting Painting Sanding Sand
Ener gy Req St oopi ng cal/m n 3050.00 3050.00 2250.00 2250.00 3050.00 3050.
Ener gy Req St oopi ng Uatts 212. 69 212. 69 156. 90 156. 90 212. 69 212
Stg Met abol i sm wat t / 1pm 71.70 71.70 71.70 71.70 71.70 71

j Basal Rate Uatts 45. 42 45. 42 44. 57 47. 11 45. 42 45
Enerqy Req (wor k) Uatts 167. 27 167. 27 112. 33 109. 79 167. 27 167

1 Uol 02 (Uork) 1pm 2.33 2.33 1.57 1.53 2.33 2
Total 02 Required | pTi 2. 97 2.97 2.19 2.19 2.97 2

?< of AT Required % 1.53 1.53 1.16 1.04 1.97 1

K of Uol 02 (nmax) % 0. 85 0. 85 0. 65 0. 58 1.10 o]
Uol Expir/Uol 02 26. 50 26. 50 26. 50 26. 50 37.70 26
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 6. 90 4

Ti me of Stooping mn 0. 00 0. 00 7. 00 0. 00 0. 00 26
Energy Req Kneeling cal/min 2750.00 2750.00 1950.00 1950.00 2750.00 2750.
Ener gy Req Kneel i ng Uatts 191. 77 191. 77 135. 98 135. 98 191. 77 191
Std Met abolism wat t/ 1pm 71. 70 71.70 71. 70 71. 70 71. 70 71
Basal Rate Uatts 45. 42 45. 42 44.57 47. 11 45. 42 45

Ener gy Req (wor k) Uatts 146. 35 146. 35 91. 41 88. 87 146. 35 146
Uol 02 (Uork) 1pm 2. 04 2. 04 1.27 1.24 2. 04 2
Total 02 Required 1pm 2.67 2.67 1.90 1.90 2.67 2.

X  of AT Required % 1.38 1.38 1.01 0. 90 1.77 1

y. of Uol 02 (nmax) % 0.77 0.77 0. 56 0. 50 0. 99 o]
Uol Expir/Uol 02 26. 50 26. 50 26. 50 28. 50 26. 50 26
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 8. 10 4. 40 4

Ti ne of St Oopi ng m n 11. OO 2. 00 0. 00 0. 00 0. 00 7
Uol Exp (Ave) liters 3643. 74 3850.40 2372.64 949. 28 2217.42 6976.
Uol Exp (Max) 4248. 74 4489.71 2999.00 1219.08 2585.60 8134.
Uol Exp (M n) 3038.74 3211.09 1746.28 679.49 1849.24 5817.

Cone (min) ng/ m ~S 8.73 3.31 8. 05 6. 00 3. 24 6

Cone (ave) ng/ m "3 7.28 2.76 5. 93 4. 29 2.70 5

Cone ( max) my/fii 3 6. 24 2.37 4. 69 3. 34 2.32 4

ng

00
69
70
42

.27
. 33
. 97
. 53
. 85
. 50
. 40
. 00

oo
77

.70

42
35

. 04

67

. 38
.77
. 50
. 40
. 00

o1
29
73

.91
.76
.94

7
Sandi ng

3050. 00
212. 69
71. 70
45. 42
167. 27
. 33
97
. 53
85
50
. 40
. 00

N
OMNOORNN

2750. 00
191. 77
71.70
45. 42
146. 35

2. 04
2. 67

0.77
26. 50
4. 40
20. 00

3308. 26
3857. 56
2758. 97

16. 31
13-61
11. 67
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Appendi x I11:

Dust/ M st

Sampling Results for

Increase Uolunme Rate of Oxygen per

Er gonomi ¢ Esti mat e of Tot al
Basal Metabolic Rate estimated from Ref erence 12:

Sampl e *
Operati on
Hei ght
Uei ght
Age
Uol 02 (rmax)
FI ner obi ¢ Thr eshol d
Uol 02 (0 watts)

Ener gy Req St andi ng

Ener gy Req St andi ng
Std Met abol i sm

Basal Rate
Ener gy Req (wor k)
Uol 02 (Uor k)
Total 02 Required
X of AT Requ i red
V. of Uol 02 (max)
Uol Expir/ Uol 02
Uol Expir/ Uol 02
Ti me of Standing

Energy Reqg Sitting
Energy Req Sitting
Std Met abol i sm
Basal Rate

Ener gy Req (wor k)
Uol 02 (Uor k)
Total 02 Required
X of AT Required
K of Uol 02 (nax)
Uol Expir/ Uol 02
Uol Expir/Uol 02
Tinme of Sitting

kg
year s
I pm
1pm
1pm

cal/mn
Uatt s
cal /m ~2/ hr
Uatt s
Uatts
1pm
1pm
X

X

+/ -

m n

cal/mn
Uatt s
cal /m ~2/ hr
Uatt s
Uatt s
1pm
1pm
X
X

+/ -

m n

ncr ease

Respi rator

FI

ow Model

Ener gy Required from Reference 10:

1
Sandi ng
182. 88
83. 78
25. 00
3.47
1-94

0. 63

2850. 00
198. 74
40. 24
0. 10

2.77
3. 40
1.75
0. 98

4. 40
42. 00

2550. 00
177. 82
40. 24
0. 10
177. 72
2. 48

3. 11

1. 60

26. 50
4, 40
2, 00

2850.
198.
40.

198.

2550.

|—\
IR
o ~N

=
ﬂ
OMOORWNSNO

N

2

See Tabl e 5.

3

ng 17" ainting

88

, 78
. 00
.47
. 94
. 63

(0] 6]
74
24

. 10

64

.77
. 40
.75
. 98
. 50
. 40
. 00

(o] 6]

. 82

24

.10

72
48

.11
. 60
. 90

50

. 40
. 00

180.
81.
26.

3.
1.
0.

2050.

142.
. 24
. 09
. 86
. 99
.61
. 39
. 78
26.
. 40
41.

1750.
. 03
. 24

=
AN
OoN

=
N
OMOORNREREO

N

34
77
oo
36
88
62

(0] 6]
95

50

(0]0)

(0]6)

09
94

.70
.32
. 23

69

. 50

40

. 00

Pai nt i

187.
87.
21.

.77

.11

. 66

2050.

142.
. 24
. 10
. 85
. 99
. 65
. 26
.70
.50
. 40
. 00

1750.
. 03
. 24
. 10

[y
AN
o N

|_\
N
OMNODORNREREFRO

N

ng
96

79
oo

oo
95

oo

93

.70
. 36
.12
. 63

50

. 40
. 00

* 6!

in Uork Rate From Ref 11:

Sand i

182.
83.
50.

2.
1.
0.

2850.

198.

40.
.10
198.
.77
. 40
. 26
. 26
37.
. 90
26.

2550.
. 82
. 24

'_\
IR
O ~N

[
~
m\ll—‘NW.N\l.O

(]

Code:

Ull- E10-R12

0, 01394 1pm 02/ wat 1
See Tabl e 4.

5

ng
88
78
(o]o)
69
51
63

(e]e}
74
24

64

70

(0] 6]

00

10

.72

48

.11
. 06
.16
.70
. 90
8.

(0]0)

6

Sandi ng

182.
83.
25.

3.
1.
0.

2850.
198.
40.
.10
198.
.77
. 40
. 75
. 98
. 50
. 40
. 00

2550.
177.
40.
0.
177.
2.
3.
1.

0.
26.
4.
18.

88
78
(0] 0)
47
94
63

oo
74
24

64

(o] 6]
82
24
10
72
48
11
60
90
50
40
(0] 6]

CONTI NUED ON NEXT

2550.
. 82
. 24
. 10
.72

[y
AN
O N

=
\‘
OMNOORWNSNDO

N

PAGE

. 88
.78
. 00
.47
. 94
. 63

. 00
.74
. 24
.10
. 64
.77
. 40
.75
. 98
. 50
. 40
. 00

(0]¢]

48
11

. 60

90

. 50
. 40
. 00
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i Appendix I11: Dust/Mist Sanpling Results for Respirator Fl ow Mbdel * 6: (con't)

Sarrp| e * 1 2 3 4 5 6 7
1 Operation Sanding Sand i ng Painting Pai nti ng Sandi ng Sanding Sanding
Energy Req St oopi ng i-allinin 3050. 00 3050.00 2250.00 2250.00 3050.00 3050.00 3050.00
Ener gy Req St oopi ng Uatts 212. 69 212. 69 156. 90 156. 90 212. 69 212. 69 212. 69
Std Met aboli sm cal/ m ~2/ hr 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24
Basal Rate Uatts 0. 10 O. 10 0. 09 0. 10 0. 10 O. 10 0. 10
Energy Req (work) Uat t s 212. 59 212. 59 156. 80 156. 80 212. 59 212. 59 212. 59
Uol 02 (Uor k) 1pm 2. 96 - 2.96 2.19 2. 19 2. 96 2. 96 2. 96
Total 02 Required 1pm 3, 60 3. 60 2.81 2.84 3. 60 3. 60 3. 60
v. of FIT Required y. 1.85 1.85 1.49 1.35 2.39 1.85 1.85
Y, of Uol 02 (max) y- 1.04 1. 04 0. 84 0. 75 1. 34 1. 04 1. 04
Uol Expir/Uol 02 37,70 37.70 26. 50 26. 50 37.70 37.70 37.70
Uol Expir/Uol 02 +/ - 6. 90 6. 90 4. 40 4. 40 6. 90 6. 90 6. 90
Ti me of Stooping mon 0. 00 0. 00 7. 00 0. 00 0. 00 26. 00 0. 00
0>
0 Ener gy Req Kneel i ng cal/min 2750. 00 2750.00 1950.00 1950.00 2750.00 2750.00 2750.00
Ener gy Req Kneel i ng Uatts 191. 77 191. 77 135. 98 135. 98 191. 77 191. 77 191. 77
it Std Met abol i sm cal /mi ~2/ hr 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24
Basal Rate Uatts 0. 10 0. 10 0. 09 0. 10 0. 10 0.10 0. 10
Ener gy Req (wor k) Uatts 191. 67 191. 67 135. 88 135. 88 191. 67 191. 67 191. 67
Uol 02 (Uor k) 1pm 2. 67 2.67 1. 90 1. 90 2. 67 2. 67 2. 67
Total 02 Requi r ed | pm 3. 31 3. 31 2. 52 2. 55 3. 31 3.31 3. 31
y. of fiT Required X 1.70 1.70 1.34 1.21 2.19 1.70 1.70
y. of Uol 02 (max) X 0. 95 0. 95 0.75 0. 68 1.23 0. 95 0. 95
Uol Expir/Uol 02 26. 50 26. 50 26. 50 26. 50 37.70 26. 50 26. 50
Uol Expir/Uol 02 +/ ~ 4- 40 4. 40 4. 40 4. 40 6. 90 4. 40 4. 40
Ti me of Stooping mon 11. 00 2. 00 0. 00 0. 00 0. 00 7. 00 20. 00
Uol Exp (f i VE) liters 4917. 26 5316. 73 3361. 09 1404. 17 4275. 03 10134. 98 4321. 93
Uol Exp (I\/BX) 5733. 72 6199. 51 3919. 16 1637. 32 5057. 46 11877. 68 5039. 54
Uol Exp (M n) 4100. 81 4433. 95 2803. 03 1171. O3 3492. 60 8392. 28 3604. 33
Cone (m n) ng/m *" 3 6. 47 2. 40 5. 02 3. 48 1.72 4. 79 12. 49
Cone (av”™e) n’g/ m "3 5. 39 2. 00 4. 18 2. 90 1.40 3. 97 10. 41

Cone ( rmax) mg/ m AS 4.63 1.71 3. 59 2. 49 1.19 3. 38 8. 93
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Rppendi x IIl: Dust/Mst Sanpling Results for Respirator Flow Mdel * 7: Code: Ull--ES9-R11

| ncrease Uol ume Rate of Oxygen per Increase in Uork Rate From Ref 11: 0.01394 1pm 02/ watt
Ergonomi ¢ Estinate of Total Energy Required from Reference 9: 2000 cal/mn (140 Uatts)
Basal Metabolic Rate estinated from Reference 11: 71.74 watts/ 1pm of oxygen required

Sanpl e * 1 2 3 4 5 6 7

Oper ati on Units Sanding Sand i ng Painting Painting Sanding Sanding Sanding

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182, 88

Wi ght kg 83.78 83.78 81.77 87.79 83.78 83. 78 83. 78

Age years 25. 00 25. 00 26. 00 21. 00 50, 00 25. 00 25. 00

Mol Rate 02 (nmax) I pm 3. 47 3. 47 3. 36 3.77 2.69 3.47 3. 47
Uol Rate 02 (AT) 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
Uol Rate 02 (O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal/mi n 2000. 00 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00
Total Energy Req Uatts 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47
Std Met abol i sm wat t / 1pm 71.74 71. 94 71. 94 71. 94 71.94 71. 94 71. 94
Basal Rate Uatts 45. 44 45. 57 44. 72 a47.27 45. 57 45. 57 45. 57

Ener gy Req (wor k) Uatts 94. 03 93. 90 94. 75 92. 19 93. 90 93. 90 93. 90
Uol Rate 02 (Uork) 1 pm 1.31 1.31 1.32 1.29 1.31 1.31 1.31
Total Rate 02 Req 1pm 1.94 1.94 1.94 1.94 1.94 1.94 1.94
K of FIT Required y. 1.00 1. 00 1.03 0. 92 1.29 1.00 1, 00
X of Uol 02 (max) % 0. 56 0. 56 0. 58 0.52 0.72 0. 56 0, 56
Mol Rate Ex.pir/Uol Rate 02 26. 50 28. 50 26. 50 28. 50 26. 50 28. 50 28, 50
Uol Expir/Uol 02 +/ - 4. 40 8. 10 4. 40 8. 10 4. 40 8. 10 3.10
Ti me of Uork m n 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Re) liters 2834. 51 3267.08 2471.49 1107.44 1699.11 6644.90 2713, 33
Total Uol Exp (Max) 3305. 15 4195.61 2881.85 1422.18 1981.23 3533.45 3484. 49
Total Uol Exp (M n) 2363.88 2338.54 2061.13 792.69 1417.00 4756.35 1942.18
Cone (m n) ng/ m A3 11. 22 4.54 6. 82 5. 14 7.96 9.53 25. 98
Cone (ave) nmg/ m S 9. 36 3. 25 5. 69 3. 68 6. 64 6. 82 13. 60

Cone (nmax) ng/ m~S 8. 02 2.53 4. 88 2.87 5. 69 5. 31 14. 48
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Appendi x Il11: Dust/Mst Sanpling Results for Respirator Flow Mdel * 8: Code: Ull- ES- R6

| ncrease Uol une Rate of Oxygen per Increase in Uork Rate From Ref 11: 0.01394 1pm 02/ wat't
Ergonom c Estinmate of Total Energy Required from Reference 9: 2000 cal/mn (140 U atts)
Basal Metabolic Rate estimted from Ref erence 6: 107.53 watts/ 1pm of oxygen required

Sanpl e # 2 5 6 7

Oper ati on Units Sanding Sand i ng Painting Painting Sandi ng Sanding Sand i ng

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182, 88

Wi ght kg 83. 78 63. 78 81.77 87.79 83. 78 83. 78 83.78

Age year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol Rate 02 (nax) 1pm 3.47 3.47 3. 36 3.77 2.69 3. 47 3. 47
Uol Rate 02 (AT) 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
Uol Rate 02 (0O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0, 63
Tot al Energy Req cal/mi n 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 2000, 00
Tot al Energy Req Uatts 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47
Std Met abol i sm wat t/ 1pm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107, 53
Basal Rate Uatt s 68. 11 68. 11 66. 84 70. 65 68. 11 68. 11 68, 11

Ener gy Reqg Owor k) Uatts 71. 35 71. 35 72. 63 68. 81 71. 35 71. 35 71, 35
Uol Rate 02 (Uor k) 1pm 1.00 1.00 1.01 0. 96 1 0o 1 00 1, 00
Total Rate 02 Req 1pm 1.63 1.63 1.63 1.62 1 63 1 63 1.63
X of fiT Required X 0. 84 0. 84 0. 87 0.77 1 08 0. 84 0. 84
X  of Uol 02 (nmax) X 0. 47 0. 47 0. 49 0. 43 0. 60 0. 47 0, 47
Uol Rate Expir/Uol Rate 02 28. 50 28. 50 28. 50 28. 50 26. 50 28. 50 28, 50
Uol Expir/Uol 02 +/ - 8. 10 8. 10 8. 10 8. 10 4. 40 8. 10 8. 10
T i me of Uork mn 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Av/ie) li ters 2552.82 2738.47 2235.99 921.56 1424.20 5569.78 2274, 33
Total Uol Exp (Max) 3278.35 3516.78 2871.48 1183.48 1660.67 7152.77 2920,71
Total Uol Exp (M n) 1827.28 1960.17 1600. 50 659.65 1187.73 3986.79 1627,94
Cone (nin) ng/ m A3 14. 51 5. 42 8.79 6.18 9. 49 11. 37 30, 99
Cone (ave) ng/ m A3 10. 39 3. 88 6. 29 4. 42 7.92 8. 14 22.18

Cone ( max) ng/ m A3 8. 09 3.02 4. 90 3. 44 6.79 6. 34 17. 28
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Appendi x I'I'l: Dust/Mst Sanpling Results for Respirator Flow Mdel * 9: Code:  Ul1l-E9-R12

| ncrease iJolume Rate of Oxygen per Increase in Uork Rate From Ref 11: 0.01394 1pm 02/ watt
Ergonom c Estimate of Total Energy Required from Reference 9: 2000 cal/mn (140 Uatts)

Basal Metabolic Rate estimated from Reference 12: See Tabl e 5.
Sample * 1 2 3 4 5 6 7
Oper ati on Units Sandi ng Sanding Painting Painting Sanding Sandi ng Sandi ng
Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 132. 88
U ei ght kg 83.78 83. 78 81.77 87.79 83. 78 83. 78 83. 78
Age year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00
Uol Rate 02 (nmax) 1pm 3.47 3. 47 3. 36 3.77 2. 69 3. 47 3.47
Mol Rate 02 (AT) 1 pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
Uol Rate 02 (0O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal/mn 2000. 00O 2000. 00 2000.00 2000.00 2000.00 2000,00 2000.00
Total Energy Req Uatts 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47
Std Met abol i sm cal /m ~2/ hr 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24
Basal Rate Uatts 0. 10 0. 10 0. 09 0. 10 0. 10 0. 10 0. 10
Ener gy Req (wor k) Uatts 139. 37 139. 37 139. 37 139. 37 139. 37 139. 37 139. 37
Uol Rate 02 (Uor U 1pm 1.94 1.94 1.94 1.94 1.94 1.94 1.94
Total Rate 02 Req 1pm 2.58 2.58 2.57 2. 60 2.58 2. 58 2.58
/i of AT Required % 1.33 1.33 1. 36 1.23 1.71 1.33 1.33
X of Uol 02 (max) % 0.74 0.74 0.76 0. 69 0. 96 0.74 0.74
Uol Rate Expir/Uol Rate 02 26. 50 26. 50 26. 50 26. 50 26. 50 26, 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 4. 40 4, 40 4. 40
Tinme of U ork m n 55. 00 59. 00 48. 00 20. 00 33. 00 120, 00 49. 00
Total Uol Exp (Av”e) 1i ters 3756. 22 4029.40 3263.16 1378.40 2253.73 8195,40 3346. 45
Total Uol Exp (Max) 4379. 90 4698.44 3804.97 1607.26 2627.94 9556.14 3902. 09
Total Uol Exp (M n) 3132.55 3360.37 2721.35 1149.53 1879.53 6834,65 2790.82
Cone (nin) n\ g/ m 3 8.47 3. 16 5.17 3.54 6. 00 6. 63 18. 08
Cone (ave) my/ m*' 3 7.06 2. 64 4. 31 2. 96 5. 00 5. 53 15. 08

Cone (max) ng/ m S 6. 05 2. 26 3. 70 2. 54 4. 29 4.75 12. 93
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Rppendi x 111: Dust/Mst Sanpling Results for Respirator Flow Mdel * 10; Code: U6--E8-R11

I ncrease Uol une Rate of Oxygen per Increase in UorU Rate From Ref 6: 0.0093 1pm 02/ watt
Ergononic Estimate of Total Energy Required from Reference 8: 3400 cal/mn (238 Uatts)
Basal Metabolic Rate estimated from Reference 11: 71.74 watts/ 1pm of oxygen required

Sarrp| e * 1 2 3 4 5 6 7

Oper ati on Units Sandi ng Sandi ng Painting Painting Sanding Sanding Sanding

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Vi ght kg 83. 78 83. 78 81.77 87.79 83. 78 83. 78 83. 78

Age years 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol Rate 02 (nmax) 1pm 3. 47 3. 47 3. 36 3.77 2. 69 3. 47 3. 47
Uol Rate 02 (RT) 1pm 1.94 1.94 1. 88 2.11 1.51 1.94 1.94

|l "ol Rate 02 (O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal/mn 3400. 00 3400. 00 3400. 00 3400. 00 3400. OO0 3400. 00O 3400. 00
Total Energy Req Uatts 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09
Std Met abol i sm watt/ 1pm 71.74 71.94 71.94 71.94 71.94 71. 94 71. 94

fej Basal Rate Uatts 45. 44 45. 57 a44. 72 a47. 27 45. 57 45. 57 45. 57
u Energy Req (wor k) Uatts 191. 65 191. 52 192. 37 189. 82 191. 52 191. 52 191. 52
Uol Rate 02 (Uor k) 1pm 1.78 1.78 1.79 1.77 1.78 1.78 1.78
Total Rate 02 Req 1pm 2.42 2. 41 2.41 2. 42 2. 41 2. 41 2.41

Y, of AT Requi red X 1. 24 1.24 1. 28 1.15 1. 60 1.24 1.24

X of Uol 02 (nex) y. 0. 70 0. 70 0.72 0. 64 0. 90 0. 70 0. 70
Uol Rate Expir/Uol Rate 02 26. 50 26. 50 26. 50 26. 50 26. 50 26. 50 26, 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 4. 40 4. 40 4. 40

T i nme of Uork m n 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (five) liters 3521. 03 3775. 20 3066. 38 1283. 88 2111. 55 7678. 38 3135. 34
Total Uol Exp (Max) 4105. 65 4402.03 3575.51 1497.05 2452.15 3953.28 3655.92
Total Uol Exp (M n) 2936. 40 3140.38 2557.24 1070.70 1760.96 6403.48 2614.75
Cone (m n) my/m -3 9. 03 3. 37 5. 50 3.81 6. 40 7. 08 19. 30

Cone (ave) ng/ m "3 7.53 2.81 4. 59 3.17 5. 34 5.91 16. 09

Cone (nmax) rrg/ m "3 6. 46 2.41 3. 93 2.72 4. 58 5. 06 13. 80
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Appendi x 11l1: Dust/M st Sanpling Results for Respirator Flow Mdel * 11 Code: Us- E8- R6

I ncrease Uol une Rat e of Oxygen per Increase in Uork Rate From Ref 6: 0. 0093 I p. Ti 02/ watt
Ergonom c Estimate of Total Energy Required from Ref erence 8: 3400 cal/mn (23G Uatts)
Basal Metabolic Rate est jmated from Reference 6: 107.53 watts/ 1pm of oxygen recquired
Sarrp| e * 1 2 3 4 5 6 7
Oper ati on Units Sanding Sand i ng Painting Painting Sandi ng Sanding Sand i ng
Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 . 182. 88
Uei ght kg 83. 78 83. 78 81.77 87.79 83. 78 83.78 83. 78
Age years 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00
Uol Rate 02 (nmax) 1pm 3. 47 3. 47 3.36 3.77 2.69 3. 47 3. 47
Uol Rate 02 (AT) 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1, 94
Uol Rate 02 (0O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal/mi n 3400. 00 3400.00 3400.00 3400.00 3400.00 3400.00 -3400.00
Total Energy Req Uatts 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09
St andard Met abol i sm wgtt/ lpm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53
Basal Rate Uatt s 68. 11 68. 11 66. 84 70. 65 68. 11 68. 11 68. 11
Energy Req (wor k) Uatt s 168. 98 168. 98 170. 25 166. 44 168. 98 168. 98 168. 98
Uol Rate 02 (Uor U) 1pm 1.57 1.57 1.58 1.55 1.57 1.57 1.57
Total Rate 02 Req 1pm 2. 20 2. 20 2. 20 2. 20 2. 20 2. 20 2.20
K of AT Required K 1.13 1.13 1.17 1. 04 1.46 1.13 1.13
X of Uol 02 (nmax) 0. 63 0. 63 0. 66 0. 58 0. 82 6. 63 0. 63
Uol Rate Expir/Uol Rate 02 26. 50 26. 50 26. 50 26. 50 26. 50 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 4. 40 4. 40 4. 40
Time of U ork mi n 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Av/e) liters 3213. 73 3447.45 2804.71 1168.63 1928.24 7011.76 2863. 14
Total Uol Exp (Max) 3747.33 4019.86 3270.39 1362.66 2248.40 8175.98 3338.53
Total Uol Exp (M n) 2680. 13 2875.04 2339.02 974.59 1608.08 5847.55 2387.75
Cone (min) ng/ mAS 9. 90 3. 70 6. 01 4.18 7.01 7.75 21.13
Cone (ave) ng/ M ~3 8. 25 3. 08 5. 01 3. 49 5. 85 6. 47 17. 62

Cone (nmax) n-g/m A 7. 08 2. 64 4. 30 2. 99 5. 02 5. 55 15. 11
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Appendi x II'l: Dust/Mst Sanpling Results for Respirator Flow Mdel * 12; Code;  ¢g6- E8- R12

| ncrease Uol unme Rate of O(Ygen per Increase in Uork Rate From Ref 6: 0.0093 1pm 02/ watt
Ergonom c Estimate of Total Energy Required from Reference 8&_:) 3400 cal/mn (238 Uatts)

Basal Metabolic Rate estimated from Reference 12: See Tabl e
Sarrp| e # 1 2 3 4 5 6 7
Oper ati on Uni ts Sandi ng Sanding Painting Painting Sanding Sanding Sanding
Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88
Wi ght kg 83. 78 83. 78 81.77 87.79 ''83.78 83. 78 83. 78
Age year s 25. 00 25, 00 26. 00 21. 00 50. 00 25. 00 25. 00
Uol Rate 02 (nax) 1pm 3.47 3. 47 3. 36 3.77 2.69 3. 47 3. 47
Uol Rate 02 (AT) 1pm 1.94 1.94 1. 88 2. 11 1.51 1.94 1.94
Uol Rate 02 (0O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal/mn 3400. 00 3400. 00 3400.00 3400.00 3400.00 3400.00 3400.00
Total Energy Req Uatts 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09 237. 09
Std Met abol i sm cal/m *' 2/ hr 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24
Basal Rate Uatts 0. 10 0. 10 0. 09 0. 10 0. 10 0. 10 0. 10
en Ener gy Req (wor k) Uatts 237. 00 237. 00 237. 00 236. 99 237. 00 237. 00 237. 00
Uol Rate 02 (Uor k) 1pm 2. 20 2. 20 2. 20 2. 20 2. 20 2. 20 2. 20
Total Rate 02 Req 1pm 2.84 2.84 2. 83 2.86 2. 84 2.84 2. 84
Y, of AT Required X 1.46 1. 46 1.50 1. 36 1. 88 1.46 1. 46
y. of Uol 02 (rmax) y. 0. 82 0, 82 0. 84 0.76 1. 05 0. 82 0. 82
Uol Rate Expir/Uol Rate 02 26. 50 26, 50 26. 50 26. 50 37.70 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 6. 90 4. 40 4. 40
Ti me of Uork mon 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Ave) liters 4135. 65 4436,43 3594.29 1516.38 3530.13 9023.24 3684. 49
Total Uol Exp (Max) 4822.33 5173,04 4191.07 1768.16 4176.23 10521. 44 A4296. 26
Total Uol Exp (M n) 3448. 98 3699,81 2997.50 1264.61 2804.03 7525.04 3072.73
Cone (min) ng/ mA~S 7.69 2,87 4. 69 3. 22 3.91 6. 03 16. 42
Cone (ave) ng/ m A3 6. 41 2. 39 3.91 2. 69 3.19 5. 03 13. 69

Cone (nmax) mg/ M ~3 5. 50 2. 05 3. 36 2. 30 2.70 4. 31 11. 74
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13: Code: Ub6-E10-R11

| ncrease Uol ume Rate of Oxygen per Increase in Uork Rate From Ref 6: 0.0093 | pm 02/ watt
Ergonom ¢ Estimate of Total Energy Required from Reference 10: See Table 4.

Appendi x I'1l1: Dust/Mst Sanpling Results for Respirator Flow Mdel *

Basal Metabolic Rate estimated from Reference 11. 71.4 watts/ 1pm of oxygen required
Sanpl e * 1 2 3 4 5 6 7
Oper ati on Sandi ng Sandi ng Painting Painting Sanding Sandi ng Sand i ng
Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88
Uei ght kg 83. 78 83. 78 81.77 87.79 83. 78 83. 78 83. 78
Age years 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00
Uol 02 (rmax) 1pm 3. 47 3. 47 3. 36 3.77 2.69 3. 47 3. 47
Aner obi ¢ Threshol d I pm 1.94 1.94 1, 88 2.11 1.51 1.94 1.94
Uol 02 (0 U atts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Energy Req Standing cal/min * 2850.00 2850.00 2050.00 2050.00 2850.00 2850.00 2850.00
Energy Req Standing Uat t s 198. 74 198. 74 142. 95 142. 95 198. 74 198. 74 198. 74
oy Std Met abol i sm watt/ 1 pm 71.70 71.70 71. 70 71.70 71.70 71.70 71. 70
0) Basal Rate Uatts 45. 42 45. 42 44. 57 47. 11 45. 42 45. 42 45. 42
Ener gy Req (work) Uat t s 153. 32 153. 32 98. 38 95. 84 153. 32 153. 32 153. 32
Uol 02 (Uor k) 1pm 1.43 1.43 0. 91 0. 89 1.43 1.43 1.43
Total 02 Required 1pm 2. 06 2. 06 1.54 1.55 2. 06 2. 06 2. 06
X of AT Required X 1.06 1.06 0. 82 0.73 1.37 1.06 1. 06
y, of Uol 02 (max) X 0. 59 0. 59 0. 46 0. 41 0.76 0. 59 0. 59
Uol Expir/Uol 02 26. 50 26. 50 28, 50 28. 50 26. 50 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 8. 10 8. 10 4. 40 4. 40 4. 40
Ti me of Standing mn 42. 00 57. 00 41. 00 20. 00 26. 00 50. 00 23. 00
. Energy Req Sitting cal/min 2550.00 2550.00 1750,00 1750.00 2550.00 2550.00 2550.00
Energy Req Sitting Uatts 177.82 177.82 122. 03 122. 03 177.82 177.82 177. 82
Std Met abol i sm wat t/ 1pm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53
Basal Rate Uat t s 68. 11 68. 11 66, 84 70. 65 68. 11 68. 11 68. 11
Energy Req (wor k) Uatts 109. 71 109. 71 55, 19 51. 38 109. 71 109. 71 109. 71
Uol 02 (Uor k) 1pm 1. 02 1. 02 0, 51 0. 48 1.02 1.02 1.02
Total 02 Required | pm 2. 16 2. 16 1, 39 1.37 2.16 2. 16 2.16
X of AT Required X 1.11 1.11 0,74 0. 65 1.43 1.11 1.11
X  of Uol 02 (max) X 0. 62 0. 62 0. 41 0. 36 0. 80 0. 62 0. 62
Uol Expir/Uol 02 26. 50 26. 50 28. 50 28. 50 26. 50 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 8. 10 8. 10 4. 40 4. 40 4. 40
Time of Sitting i n 2. 00 0. 00 0. 00 0. 00 8. 00 18. 00 6. 00

CONTI NUED OH NEXT PBGE
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Appendi x 111: Dust/ f
Sanpl e t
Oper ati on

Energy Req St oopi ng
Ener gy Reqg St oopi ng
Std Met abol i sm
Basal Rate
Energy Req (worKk)
Uol 02 (Uork)
Total 02 Required
X of AT Required

Z of Uol 02 (nax)
Uol Expir/Uol 02
Uol Expir/Uol 02

Ti me of St oopi ng

Ener gy Reqg Kneeli ng

Ener gy Reqg Kneeli ng
Std Met abol i sm

Basal Rat e
Energy Req (work)

Uol 02 (Uor k)
Total 02 Required
X of AT Required
K of Uol 02 (nax)
Uol Expir/Uol 02
Uol Expir/Uol 02
Ti me of Stooping

Uol Exp (Ave)

Uol Exp (Max)

Uol Exp (M n)

Cone (m n)
Cone (ave)
Cone (nmax)

i st Sanp 1ing Results for

1
Sandi ng Sandi
cal/mn 3050. OO 3050.
Uatts 212. 69 212.
watt/ 1pm 107. 53 107.
VWAt t s 68. 11 68.
Uatts 144. 57 144.
1 pm 1.34 1.
1 pm 2. 65 2
X 1. 36 1
i 0. 76 0.
26. 50 26
+/ - 4. 40 4
m n 0O, 0o o
cal /m n 2750. 00 2750.
Uat t s 191. 77 191.
mﬁtt/lpn1 107. 53 107.
Uat t s 68. 11 68.
Uat t s 123. 65 123.
1pm 1.15 1.
1pm 2. 36 2.
X 1.21 1
z 0. 68 0.
26. 50 26.
+/ - 4. 40 4.
m n 11. 0O 2
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ng/ M ~3 10. 28 3.
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Rppendi x 111: Dust/Mst Sanpl ing Results for Respirator Flow Mdel * 14: Code: U6-E10-R6

' nerease Uolume Rate of Oxygen per Increase in Uork Rate From Ref 6: (0, 0093 1pm 02/ watt
Ergonom c Estimate of Tot al Energy Required from Reference 10: See Tabl e 4.
Basal Metabolic Rate esti mated from Reference 6: 10753 watts/ |pmof oxygen required

Sarrple H 1 2 3 4 5 6 7

Oper ati on Sanding Sanding Painting Pai nti ng Sanding Sanding Sand i ng

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Wi ght kg 83.78 83. 78 81. 77 87.79 83. 78 83. 78 83. 78

Age years 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol 02 (rmax) 1pm 3. 47 3.47 3. 36 3.77 2. 69 3.47 3. 47
Aner obi ¢ Threshol d 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1, 94
Uol 02 (0 Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 65 0. 63
Energy Req Standing cal/mn 2850.00 2850.00 2050.00 2050.00 2850.00 2850.00 2850.00
Energy Req Standi ng Uatts 198. 74 198. 74 142. 95 142. 95 198. 74 198. 74 198. 74
Std Met abol i sm wat t/ 1pm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53

oo Basal Rate Uat ts 68. 11 68. 11 66. 84 70. 65 68. 11 68. 11 68. 11
Energy Req (wor k) Uatts 130. 63 130. 63 76. 11 72. 30 130. 63 130. 63 130. 63
Uol 02 (Uork) | pm 1.21 1.21 0.71 0. 67 1.21 1.21 1.21
Total 02 Required 1pm 1.85 1.85 1.33 1.33 1.85 1.85 1.85
7 of AT Required % 0. 95 0. 95 0.71 0. 63 1.23 0. 95 0. 95
y. of Uol 02 (nax) % 0.53 0. 53 0. 40 0. 35 0. 69 0. 53 0. 53
Uol Expir/Uol 02 28. 50 28. 50 28. 50 28. 50 26. 50 28. 50 28, 50
Uol Expir/Uol 02 +/ - 8. 10 8. 10 8. 10 8. 10 4. 40 8.10 8. 10
Ti me of Standing min 42. 00 57. 00 41. 00 20. 00 26. 00 50. 00 23. 00

Energy Req Sitting cal/mi n 2550.00 2550.00 1750.00 1750.00 2550.00 2550.00 2550.00

Energy Req Sitting Uatts 177. 82 177. 82 122. 03 122. 03 177. 82 177. 82 177. 62
Std” Met abol i sm watt/ 1pm 71. 70 71. 70 71. 70 71.70 71.70 71.70 71.70
Basal Rate Uatts 45. 42 45. 42 44.57 47.11 45. 42 45. 42 45. 42
Energy Req (wor k) Uatts 132. 40 132. 40 77. 46 74. 92 132. 40 132. 40 132. 40
Uol 02 (Uork) 1pm 1.23 1.23 0.72 0. 70 1.23 1.23 1.23
Total 02 Required 1pm 2. 48 2. 48 1.70 1.70 2. 48 2. 48 2. 48
X of AT Required % 1.28 1. 28 0. 90 0. 81 1.64 1.28 L. 28
/i of Uol 02 (nmax) y. 0.71 0.71 0. 51 0. 45 0.92 0.71 0.71
Uol Expir/Uol 02 26. 50 26. 50 28. 50 28. 50 26. 50 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 8. 10 8. 10 4. 40 4. 40 4. 40
Timof Si tting mi n 2. 00 0. 00 0. 00 0. 00 8. 00 18. 00 6. 00

CONTI NUED ON NEXT PFI6E
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'3 appendix 111: Dust/Mst Sanpl ing Results for Respirator Flow Mbdel * 14:  (con't)
Sanp le * 1 2 3 4 5 6 7
Oper ati on Sanding Sanding Pai nting Painting Sanding Sanding Sand i ng
Energy Req Stooping cal/mn 3050.00 3050.00 2250.00 2250.00 3050.00 3050.00 3050. 0O
Energy Req Stooping Uatts 212. 69 212. 69 156. 90 156. 90 212. 69 212. 69 212. 69
Std Met abol i sm wat t/ 1pm 71.70 71.70 71.70 71.70 71.70 71.70 71.70
Basal Rate Uatts 45. 42 45. 42 44.57 47.11 45. 42 45. 42 45. 42
Ener gy Req (work) Uatts 167. 27 167. 27 112. 33 109. 79 167. 27 167. 27 167. 27
Uol 02 (Uor V) | T 1.56 1.56 1.04 1.02 1.56 1.56 1.56
Total 02 Required 1 pm 2.97 2.97 2.19 2.19 2.97 2. 97 2.97
% of AT Required % 1.53 1.53 1.16 1. 04 1.97 1.53 1, 53
K of Uol 02 (nmax) % 0. 85 0. 85 0. 65 0. 58 1.10 0. 85 0. 65
Uol Expir/Uol 02 26. 50 26. 50 26. 50 26. 50 37.70 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 6. 90 4. 40 4. 40
Ti me of Stooping mn 0. 00 0. 00 7. 00 0. 00 0. 00 26. 00 0. 00

Energy Req Kneeling «cal/min 2750.00 2750.00 1950.00 1950.00 2750.00 2750.00 2750.00

Energy Req Kneeling Uatts 191. 77 191. 77 135. 98 135. 98 191. 77 191. 77 191. 77
Std Met abol i sm watt/ 1pm 71. 70 71.70 71.70 71. 70 71. 70 71.70 71. 70
Basal Rate Uatts 45. 42 45. 42 44. 57 47.11 45. 42 45. 42 45. 42
Energy Req (worKk) Uatts 146. 35 146. 35 91. 41 88. 87 146. 35 146. 35 146. 35
Uol 02 (Wor k) 1pm 1.36 1.36 0. 85 0. 83 1.36 1.36 1. 36
Total 02 Required 1pm 2.67 2.67 1. 90 1. 90 2.67? 2.67 2.67
K of AT Required 1.38 1.38 1.01 0. 90 1.77 1.38 1.38
K of Uol 02 (nmax) 2 0.77 0.77 0.56 0. 50 0. 99 0.77 0.77
Uol Expir/Uol 02 26. 50 26. 50 26. 50 28. 50 26. 50 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 8. 10 4. 40 4. 40 4. 40
Ti me of Stooping mion 11. 00 2. 00 0. 00 0. 00 0. 00 7.00 20. 00
Uol Exp (five) liters 3123.43 3144.27 1959. 39 757.79 1799.21 6356.59 3023. 33
Uol Exp (Max) 3903. 48 4021.15 2468. 30 973.16 2097.95 7723.27 3668.49
Uol Exp (M n) 2343.38 2267.38 1450. 48 542. 42 1500.48 4989.92 2373.17
Cone (nmin) mg/ m A3 11. 32 4.69 9. 70 7.51 4. 00 8. 05 18. 93
Cone (ave) ng/ m A3 8. 49 3. 38 7.18 5. 38 3. 33 6. 32 14. 89

Cone (nmax) ng/ m S 6. 79 2.64 5. 70 4.19 2.86 5. 20 12. 27
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ftpperndix I11:

| ncrease Uol ume Rate of Oxygen per Increase in Uork Rate From Re? 6:

Ergonom c Estimate of Total
Met abolic Rate estimated from Reference 12:

Basal
Sanple *
Oper ati on
Hei ght cm
Vi ght kg
Age year s
Uol 02 (max) 1pm
j Aner obi ¢ Threshol d 1pm
Uol 02 (O Uatts) 1pm

cal/mn

Enet-*gy Reqg Standi ng

Ener gy Req St andi ng Uatts
Std Met aboli sm cal/m ~2/ hr
Basal Rate vUatts
Energy Req (work) Uat t s
Uol 02 (Uor k) 1pm
Total 02 Required 1pm
y, of AT Required
/i of Uol 02 (rmax) %
Uol Expir/Uol 02
@ Uol Expir/Uol 02 + -
m n

Ti me of Standing

cal/mn

Energy Req Sitting

Energy Req Sitting Uatts
Std Met abol i sm cal / m2/ hr
Basal Rate Uatts
Ener gy Req (uork) Uatts
Uol 02 (Uor k) 1pm
Total 02 Required 1pm
?i of RT Required X
Y, of Uol 02 (rmax) %
Uol Expir/Uol 02
Uol Expir/Uol 02 +/ -
m n

Time of Sitting

Dust/M st Sanpling Results for Respirator Flow Nodel * 15:

Energy Required from Reference 10:

1

Sandi ng

182.
83.
25.

3.
1.
0.

2850.
198.
40.
.10
198.
. 85
.48
. 28
.71
. 50
. 40
. 00

2550.
177.
40.
.10
177.
. 65
.11
. 60
. 90
. 50

88
78
00
a7
94
63

00
74
24

64

(0]¢}
82
24

72

40

. 00

2

Sandi ng

182.
83.
25.

3.
1.
0.

2850.
198.
40.
.10
198.
. 85
. 48
. 28
.71
26.

N

57.
2550.
177.
40.
.10
177.
. 65
.11
. 60
. 90
26.
.40
. 00

R W

88
78
(0]¢}
47
94
63

o]0}
74
24

64

50

. 40

(0]6)
oo
82
24

72

50

Pai nti

180.
81.
26.

3.
1.
0.

2050.

142.
. 24
. 09
. 86
. 33
. 95
. 04
. 58
. 50
. 40
. 00

See Tabl e 5.

3
ng
34
77
00
36
88
62

(0] 6]
95

. 00
. 03
. 24

09

. 94
.13

32

. 23

69

. 50
. 40
. 00

Pai nti

187.
87.
21.

.77

2050.
142.
40.
.10
142.
.33
.99
.94
.53
28.
.10
20.

o

1750.

122.
. 24
.10
. 93
.13
. 36
.12
. 63
. 50
. 40

oON W

4

ng
96
79

(0] 0]

11

. 66

oo
95
24

85

50

(0] 0]

(0] 0]
03

(@ ®]

See Tabl e 4.
5 6
Sandi ng Sandi ng
ta2. 88 182. 88
a3.78 83. 78
50. 00 25. 00
2. 69 3. 47
1.51 1.94
0. 63 0. 63
2850. 00 2850. 00
198. 74 198. 74
40. 24 40. 24
0. 10 0. 10
198. 64 198. 64
1.85 1.85
2.48 2. 48
1. 64 1.20
0. 92 0.71
26. 50 26. 50
4. 40 4, 40
26. 00 50. 00
2550. 00 2550. 00
L77. B2 177.82
40. 24 40. 24
0. 10 0. 10
177.72 177.72
1.65 1.65
3.11 3.11
2. 06 1.60
1.16 0. 90
37.70 26. 50
6. 90 4. 40
8. 00 18, 00

ODNTI NUED ON NEXT

Code: U6- E10-R12
0. 0093 1pm 02/ watt

Sandi

182.
83.
25.

3.

1.

0.

2850.
198.
40.

198.
. 85

N

23.

2: 550.
177.
. 24

=
N A
QPO R®RyOO

N

PFI GE

7
ng
88
78
00
47
94
63

oo
74
24

10
64

48

. 28
.71
26.

50
40
oo

00
82

10

.72
. 65

11

. 60

90

. 50

40
(0]0)
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| Appendix [1l: Dust/Mst Sanpling Results for Respirator Flow Mdel * 15: (con't)

Sanpl e * 2 3 4 5 6 7

Oper ati on Sandi ng Sandi ng Painting Painting Sanding Sanding Sandi ng
Energy Req Stooping cal/min 3050. 00 3050. 00 2250.00 2250.00 3050.00 3050.00 3050.00
Energy Req St oopi ng Uatts 212. 69 212. 69 156. 90 156. 90 212. 69 212. 69 212. 69
Std Met abol i sm cal /m ~2/ hr 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24
Basal Rate Uatts O. 10 0. 10 0. 09 0. 10 0. 10 0. 10 0. 10
Energy Req (wor k) Uatts 212. 59 212. 59 156. 80 156. 80 212. 59 212. 59 212. 59
Uol 02 (Uor U 1pm 1. 98 1.98 1.46 1. 46 1. 98 1.98 1. 98
Total 02 Required 1 pm 3. 60 3. 60 2.81 2.84 3. 60 3. 60 3. 60
y. of ftT Required y 1. 85 1.85 1. 49 1.35 2. 39 1.85 1.85
y. of Uol 02 (max) y 1. 04 1.04 0. 84 0.75 1. 34 1.04 1.04
Uol Expir/Uol 02 37.70 37.70 26. 50 26. 50 37.70 37.70 37.70
Uol Expir/Uol 02 +/ - 6. 90 6. 90 4. 40 4. 40 6. 90 6. 90 6. 90
Ti me of St oopi ng mn 0. 00 0. 00 7. 00 0. 00 0. 00 26. 00 0. 0O

Energy Req Kneeling cal/min 2750. 00 2750.00 1950.00 1950.00 2750.00 2750.00 2750.00

Energy Req Kneeling Uatts 191. 77 191. 77 135. 98 135. 98 191. 77 191. 77 191. 77
Std Met aboli sm cal /m ~2/ hr 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24 40. 24
Basal Rate Uatts 0. 10 0. 10 0. 09 0. 10 0. 10 0. 10 0. 10
Energy Req (wor k) Uatts 191. 67 191. 67 135. 88 135. 88 191. 67 191. 67 191. 67
Uol 02 (Wor k) 1pm 1.78 1.78 1.26 1. 26 1.78 1.78 1.78
Total 02 Required 1pm 3.31 3.31 2.52 2. 55 3.31 3.31 3.31
y of fiT Required y 1.70 1.70 1.34 1.21 2. 19 1.70 1.70
y of Uol 02 (nmax) y 0. 95 0. 95 0.75 0. 68 1.23 0. 95 0. 95
Uol Expir/Uol 02 26. 50 26. 50 26. 50 26. 50 37.70 26. 50 26. 50
Uol Expir/Uol 02 +/ - 4. 40 4. 40 4. 40 4. 40 6. 90 4. 40 4. 40
Ti me of Stooping m n 11. 00 2. 00 0. 00 0. 0O 0. 00 7.00 20. 00
Uol Exp (five) liters 3889. 95 3922. 52 2639. 87 1131. 79 2647. 88 8911. 99 3759. 36
Uol Exp (Max) 4535. 83 4573. 80 3078. 19 1453. 46 3103. 47 10451. 63 4383. 55
Uol Exp (M n) 3244. 07 3271. 23 2201. 55 810. 13 2192. 29 7372. 35 3135. 16
Cone (min) ng/ m ~3 8. 17 3.25 6. 39 5. 03 2.74 5. 45 14. 36
Cone (ave) ng/m*'3 6. 82 2.71 5. 33 3. 60 2.27 4.51 11. 97

Cone ( rmax) mg/m*' 3 5. 85 2. 32 4.57 2. 80 1.93 3.84 10. 27
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Rppendi x 111: Dust/Mst Sampling Results for Respirator Flow Mdel * 16: Code: Us- E9- Rl1

| ncrease Uol ume Rate of O(Ygen per Increase in UorU Rate From Ref 6: 0.0093 1pm 02/ watt
Ergonom ¢ Estimate of Total Energy Required from Reference 9: 2000 cal/mn (140 Uatts)
Basal Metabolic Rate estinmated from Reference 11. 71.74 watts/ 1lpm of oxygen required

Samp le * 1 2 3 4 5 6 7

Oper ati on Units Sanding Sanding Painting Painting Sandi ng Sanding Sanding

Hei ght cm 182. 08 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Vi ght kg 83. 78 83. 78 81, 77 87.79 83. 78 83. 78 83. 78

fige year s 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol Rate 02 (max) 1pm 3. 47 3. 47 3. 36 3.77 2. 69 3.47 3.47
Uol Rate 02 (AT) 1pm 1.94 1.94 1.88 2. 11 1.51 1.94 1.94
Uol Rate 02 (O Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal/m n 2000. 00 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00
Total Energy Req Uatts 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47
Std Met abol i sm watt/ 1pm 71.74 71. 94 71. 94 71. 94 71. 94 71. 94 71. 94
Basal Rate Uatt s 45. 44 45. 57 44.72 47. 27 45. 57 45. 57 45. 57
Energy Req (wor k) Uatts 94. 03 93. 90 94. 75 92. 19 93. 90 93. 90 93. 90
Uol Rate 02 (Uork) 1pm 0. 87 0. 87 0. 88 0. 86 0. 87 0. 87 0. 87
Total Rate 02 Req 1pm 1.51 1.51 1.50 1.51 1.51 1.51 1.51
?2i of AT Requi r ed K 0.78 0.77 0. 80 0.72 1. 00 0.77 0.77
Y, of Uol 02 (max) X 0. 43 0. 43 0. 45 0. 40 0. 56 0. 43 0. 43
Uol Rate Expir/Uol Rate 02 28. 50 28. 50 28. 50 28. 50 28. 50 28. 50 28. 50
Uol Expir/Uol 02 +/ - 8. 10 8. 10 8. 10 8. 10 8. 10 8.10 8. 10
Ti me of Uor U mn 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Ave) liters 2363. 60 2533.45 2055.76 863.26 1417.01 5152.70 2104.05
Total Uol Exp (Max) 3035.35 3253.48 2640,03 1108.60 1819.74 6617.25 2702.04
Total Uol Exp (M n) 1691.84 1813.42 1471, 49 617.91 1014.28 3688.30 1506. 06
Cone (m n) my/m *' 3 15. 68 5. 86 9. 56 6. 59 11. 12 12. 29 33. 50
Cone (ave) ng/ m A3 11. 22 4.19 6. 84 4. 72 7.96 8. 80 23. 98

Cone ( max) ng/ m A3 8. 74 3.27 5. 33 3. 68 6. 20 6. 85 18. 67
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Appendi x 111: Dust/liist Sanpling Results for Respirator Flow Mdel * 17: Code:  Mb5- E9- R6

| ncrease Uol une Rate of Oxygen per Increase in UorU Rate From Ref 6: 0. 0093 1pm 02/ wat t
Ergonomi ¢ Estimate of Total Energy Required from Reference 9: 2000 cal/min (140 Uatts)
Basal Metabolic Rate estimated from Reference 6: 107.53 watts/ 1pm of oxygen required

Sarrp| e # 1 2 3 4 5 6 7

Oper ati on Units Sandi ng Sanding Painting Painting Sanding Sanding Sanding

He i ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Ue i ght kg 83. 78 83.78 81.77 87.79 83. 78 83.78 83. 78

ftge years 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol Rate 02 (nmax) 1pm 3. 47 3.47 3. 36 3.77 2. 69 3. 47 3.47

Uol Rate 02 (AT 1pm 1.94 1.94 1.88 2. 11 1.51 1.94 1.94

1 Uol Rate 02 (0 Uatts) 1pm 0. 63 0. 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal/m n 2000.00 2000.00 2000,00 2000.00 2000.00 2000.00 2000.00
Total Energy Req Uatts 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47 139. 47
Std Met abol i sm wat t / 1pm 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53 107. 53

00 Basal Rate Uatts 68. 11 68. 11 66. 84 70. 65 68. 11 68. 11 68. 11
o Energy Req (wor k) Uatts 71. 35 71. 35 72.63 68. 81 71. 35 71. 35 71. 35
Uol Rate 02 (Uor U) 1 pri) 0. 66 0. 66 0. 68 0. 64 0. 66 0. 66 0. 66
Total Rate 02 Req 1pm 1.30 1.30 1. 30 1.30 1. 30 1.30 1. 30

X of AT Required X 0.67 0.67 0. 69 0. 61 0. 86 0. 67 0. 67

% of Uol 02 (max) y. 0. 37 0. 37 0. 39 0. 34 0. 48 0. 37 0. 37

Uol Rate Expir/Uol Rate 02 28. 50 28. 50 28. 50 28. 50 28. 50 28. 50 23.50
Uol Expir/Uol 02 +/ - 8. 10 8.10 8. 10 8. 10 8. 10 8. 10 8. 10

Ti me of Work m n 55. 00 59. 00 48. 00 20. 00 33. 00 120. 00 49. 00

Total Uol Exp (Ave) li ters 2033. 10 2180.96 1774.34 739.31 1219.86 4435.86 1811. 31
Total Uol Exp (Max) 2610. 93 2800.81 2278. 63 949. 43 1566.56 5696.57 2326.10
Total Uol Exp (M n) 1455. 27 1561.11 1270. 06 529. 19 873.16 3175.14 1296.51
Cone (min) ng/ m ~3 18. 22 6. 81 11. 07 7.70 12.91 14. 28 38. 92

Cone (ave) ng/ mAS 13. 04 4. 87 7.93 5. 51 9. 24 10. 22 27. 86

Cone (nmax) n-g/ m "3 10. 16 3.79 6. 17 4. 29 7. 20 7. 96 21. 69
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Fl ppendix I'll: Dust/Mst Sanpli ng Results for Res.pirator Flow Mbdel * 18: Code: UG- BE9- R12
I ncrease Uol une Rate of OXygen per Increase in Uork Rate From Ref 6: 0 .0093 1pm 02/ watt
Ergonomic Estinmate o-F Total Energy Requ i red from Reference 9: 2000 cal/min (140 Uatts)
Basal Metabolic Rate estinmated frorr Reference 12: See Table 5.

Sanp le # 1 2 3 4 5 6 7

Oper ati on Units Sandi ng Sanding Painting Painting Sanding Sanding Sandi ng

Hei ght cm 182. 88 182. 88 180. 34 187. 96 182. 88 182. 88 182. 88

Wi ght kg 83. 78 83. 78 81.77 87. 79 63. 78 83. 78 83. 78

Age years 25. 00 25. 00 26. 00 21. 00 50. 00 25. 00 25. 00

Uol Rat© 02 (nmax) 1pm 3. 47 3. 47 3. 36 3.77 2. 69 3. 47 3. 47
Uol Rate 02 (fiT) 1pm 1.94 1.94 1.88 2.11 1.51 1.94 1.94
Uol Rate 02 (0O Uatts) 1pm 0. 63 0, 63 0. 62 0. 66 0. 63 0. 63 0. 63
Total Energy Req cal /min 2000. 00 2000. 00 2000.00 2000.00 2000.00 2000.00 2000.00
Total Energy Req Uatts 139. 47 139, 47 139. 47 139. 47 139. 47 139. 47 139. 47
Std Met abol i sm cal /m ~2/ hr 40. 24 40, 24 40. 24 40. 24 40. 24 40. 24 40. 24

gg Basal Rate Uat t s 0. 10 0, 10 0. 09 0. 10 0. 10 0. 10 0. 10
Ener gy Req (wor k) Uatts 139. 37 139, 37 139. 37 139. 37 139. 37 139. 37 139. 37
Uol Rate 02 (Uor k) 1pm 1.30 1, 30 1.30 1. 30 1. 30 1. 30 1. 30
Total Rate 02 Req 1pm 1.93 1.93 1.92 1. 95 1.93 1.93 1.93

y. of Fi T Required K 0. 99 0, 99 1.02 0. 93 1.28 0. 99 0. 99

K of Uol 02 (nax) y. 0. 56 0, 56 0.57 0. 52 0.72 0. 56 0. 56
Uol Rate Expir/Uol Rate 02 28. 50 28. 50 26. 50 28. 50 26. 50 28. 50 28. 50
Uol Expir/Uol 02 +/ - 8. 10 8, 10 4. 40 8. 10 4. 40 8. 10 8. 10
Ti me of Uor k m n 55. 00 59, 00 48. 00 20. 00 33. 00 120. 00 49. 00
Total Uol Exp (Five) li ters 3024. 61 3244,58 2439.41 1113.31 1687.41 6599.14 2694. 65
Total Uol Exp (Max) 3884. 23 4166, 72 2844.44 1429.72 1967.59 8474.69 3460. 50
Total Uol Exp (M n) 2164. 98 2322,44 2034.37 796. 90 1407.24 4723.60 1928. 80
Cone (m n) ng/ m A3 12. 25 4,57 6. 91 5. 11 8. 01 9. 60 26. 16

Cone (ave) ng/ m A3 8.77 3, 27 5.77 3. 66 6. 68 6. 87 18. 72

Cone (rmax) mg/ m A3 6. 83 2, 55 4.94 2.85 5.73 5. 35 14. 58
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Appendi x |V

Organi ¢ Vapor Sanpling Concentrations
by for Respirator Flow Mddel #17
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Appendi x | U Organic

Uapor
using Airflow Mdel *

Bz Sanpl e

Ti ne Sanpl ed Cm n)

oU- 1

158 m n

Uol ume Sanpled (m~3) 0.149 nm~"3
S. D.
ng/ nm 3
| sopent ane
Met hyl eyelopent ane 0.60 o0.01
n- Hept ane 1.89 0.04
Met hyleye lohexane 2.28 0.14
n- Cct ane 2.10 0. 16
1,1, 1-Tri ehl oroet hane 0.35 0.01
Met hyl Ethyl Ketone 14.57 0.26
| sopr opano
Tr i chloroethylene 8.47 0.14
Tol uene 20. 13 1.97
Et hl yene Di chl ori de 9.57 0.20
p- Xyl ene 1.70 0.02
m Xyl ene 6.33 0.11
2.76 0.14

o- Xylene

Resp Zar t

®

®

20.

N WpRrO

woRo

ouU-1
94 m n
.07 M3
S. D.

mg/ m'-S
60 0.09
.59 0.22
.38 0.29
.78 0.25
43 2.67
59 0.85
36 2.33
.66 0.67
.S6 0.21
.45 0.94
42 0. 38

17 for

Sanpling Results by Concentration
Respirator Cartridge Results

BZ Sampl e
ou- 2
97 m n
0. 099
S. D.
mg/ m"3
0.61 0.04
1.72 0.03
2.18 0.01
2.42 0.03
18.79 0.55
6.07 1.40
17.78 0. 38
22.26 0.57
14.89 0.29
3.50 O0.23
9.82 0.70
4.95 0.02

Resp Car t

ouU- -2

56 m n

2.170 m~*3

S. D.

mg/ m A3

0.30 0.03
0.73 0.07
1.56 O0.26
1,60 0.10
11.46 1.95
8.58 0.70
12.49 1.01
6.65 (.46
' i

2,52 0.25
8,47 1.03
4,37 1.46

Bz Sanpl e
ou 3
48 m n
0.047 nm~"3
S. D.
ng/ m"S
1.33 0.01
4.21 0.10
6.29 O0.16
3.52 0.28
14.13 0.22
21.66 0.56
0.30 0.22
2.50 0.06
0.06 0.00
0.80 0.06

Resp Cart
QU 3
48 m n
1.770 M3
S. D,
nmg/ m~3
0.71 0.12
1.75 0. 36
4. 04 0. 60
0. 55 0. 19
0, 05 0. 08
1.18 0. 27
9, 51 2. 34
8. 51 1.78
0, 04 0.11
1.15 0. 19
0. 00 0. 00
0. 45 0. 08
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Rppendi x | U Organic

Ti me Sanpl ed (nin)

Uol une Sanpled (m "3)

| sopent ane

Met hyl eye lopent ane
n- Hept ane

Met hyleye lohexane

n- Oct ane
1,1, 1-Tri chl or oet hane

00

Met hyl Et hyl Ket one
| sopr opanol
Tr i chloroethylene

Tol uen®©

Et hl yene Di chl ori de
p- Xyl en®©
m Xyl ene
0- Xyl ene

Uapor

Bz Sanpl e
ouU- 4
23 m n
0.033 m"S
S. D.
ng/ m"S
0.46 0.01
2.67 0.04
9.36 0.08
9.56 0.11
0.78 00
2.50 0.21
39.60 0.52
3.51 0.08
0.93 0.02

Resp Cart
QuU- 4

23 m n

17 for

Sanpling Results by Concentration
using Flirflou Mdel *

Cartridge Results (con't)

0. 850 m "3
S. D.
n’g/(n' II_

2.21 . 09
6. 18 .02
10. 31 . 15
26. 45 . 38
2.17 . 48
0. 48 . 46

Respi r at or
Bz Sanpl e
og- 5
51 m n
0.053 -3
S. D.
ng/ m"3
0. 15 . 00
0.37 0.01
12.63 0.08
1.92 0.05
5.61 8.48
16.80 0.18
22.04 0.19
4.46 0.15
2.02 0.02
5.36 0.10
1.54 0.07

Resp Cart
QU 5
51 m n
1. 885 m "3
S. D,
g/ m A3
0.11 0. 03
0. 32 0. 08
10, 74 1. 64
8. 44 9. 15
1. 46 0. 21
30. 10 6. 96
10. 52 1.45
18, 01 2. 16
2.22 0. 33
1.50 0. 18
4, 18 0. 51
0-52 0. 13
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Appendi x V

Porton Gradicule Particle Sizing Data
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Appendi x V:
Porton Gradicule Particle Sizing of Dust Sanpl es

Gr adi cul e Cali brati on
Ernst Leitz Wetzl er Binocular M croscope
Eyepi ece: 12.5x with Porton G adicule
Obj ect Lense: | Ox

Porton # Stage M croneter
in mcrons Log(d(i))
nmeas cal c

1 1.432

2 2. 086

3 3. 041

4 4. 431

5 6. 457

6 8 9.410 0. 903

7 15 13.71 1.176

8 21 19. 98 1.322

9 31 29.12 1.491
10 44 42. 43 1. 643
11 62 61. 84 1. 792
12 89 90. 12 1. 949
13 123 131. 3 2. 089

Regr essi on of Logarithm of Measured D aneter

Regr essi on Qut put:

C o rrhs=6T€ = rma [ @& J
Std Err of Y Est 0. 035
R SqQuar ed O. 992
No. of Gbservati ons 8

Degr ees of Freedom 7

X Coefficient(s) 0. 162
Std Err of Coef. 0. 001

89
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Appendi x U:

Fi el d

-~ I OTMmMOO®

five

per fi

Por t on

O© 0N O U0 NWNR

[
o

11
12

Tot al

5 M nut Q Sanpling Peri od

o

eld

Count

Stratified Data For

10

16
17

Port on Nunber

2

10

16
16

12. 50 10. 60

Frequency and

d

(i)

um

n(i

0. 716 12.
1-759 10.

2.
3.
5.
7.

11.
16.
24.
35.
52.
75.

563
736
444
934
56
84
55
77
14
98

©CO0O0OO02O0ONWMNN

N
N

)

50
60

. 80

56
(0]0)
44

.78

11

. 00
. 00
. 00

oo

.78

3 4 5
12 3 4
2 5 3
5 5 1
8 4 3
12 6 3
8 4

7 3

9 5

3 1

.80 5.56 3.00

Mass Frequency

Count Cumm
Fr eq Count

Freq
. 292 0, 292
. 247 539
. 182 722
. 129

. 070

. 057

. 018

. 002 1
o

©c000000
o ®
N g
N P

OO0OO0OO0OO0OO0OO0O
©
©
V

Spray Painting

| OX bj ect Lens

P NWNPEPDNOO®W®
~ OO0ONWOZ®LODO
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