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ABSTRACT

This study cvaluated the ability of commercially avaitable air filtering cleaners installed on more
than 25 machiming ceniers W control mist enussions and to reduce workers® mist exposure Ina
machiming center used tc produce transrmssion parts, a st of syntheirc metalworking flwd
{MWT) was gencrated as a result of drilling and tapping holes at rotational speeds of 1000 to
3000 rpm  The MWF was flooded over the parls at 80 psi during mosi machining operations To
facilitate metal chip removal during some operations, MWFE was pumped through the onfices in
some 1ools at a pressure of 800 ps1 These machimng operations were performed 1n nearly
complete enclosures that were exhausted (o air cleaners, whose fans moved approximately

2400 cfm of ar

To evaluate air cleaner performance, the concentration of triethanolamine and total particulate
were measurcd before und aller the installation of the air cleaning umits  Area concenlrations
were reduced from a hugh of 0 48 mg/m® to 0 04 mg/m’ or less The total particulate
concentrations on the personal samples showed a four-fold decrease from 0 22 mg/m? 1o

0 06 mg/m?

An aerosol photometer (HAM, ppm, Inc , Knoxville, TN) and video monitoring were used to
tdentify peak exposures to machine operators 1 the course of thetr work Peaks occurred when
operators entered or partially entered the machinng center enclosures Some sources of
mcreased air contamination were 1dentified by use of an eight-channel optical particle counter
{Partable Dust Monitor, Model 1105, Gnmm Amnng, Germany), thc most sigmficant sources
were parttally or unenclosed machiming centers and madeaguately covered flumes returnmg the
MWF to the Hydromation (flmid recirculation and filtration) unst

A quartz crystal microbalance: cascade impactor (modcl PC2, Califorma Measurements, Sicrra
Madre, CA), and cight-stage particle fractionating samplers (1 ACFM Ambient Particle Sizang
Sampler, Anderson Samplers, Inc , Atlanta, GA) showed that particles larger than 9 um were
present in the plant environment This suggests that besides the machimng centers tested, there
were other relatively minar sources of particulate such as uncentrolled machining operations



INTRODUCTION

Sauer-Sundstrand Company 1s a metalworking plant located 1n Ames, [owa [n this location,
there are approximately 300 employees in the production area and approximately 200 employecs
1n the office area Sauer-Sundstrand continues production 24 hours a day, with most production
area emplovees working a 10 hour shuft and a 40 hour week  Transmissions are produced for off
the road vehicles such as lawn mowers and agricultural equpment The iron casungs which are
brought in the plant are pre-shaped for the transmission  Additional metalworking 1s performed
on the piece, including milhing and dnlling Fach metalworking station 1s automated One
operator programs and tends several machines

Metalworking fluid (MWF) 1s also referred to as coolant, and the two terms will be used
interchangeably throughout the text It 1s used duning the metalworking to remove metal
shavings and to serve as a coolant and lubricant At the metalworking stations examined 1 this
study, the MWF was flooded onto the parts at a pressure of 80 pounds per square inch (ps1}
During some machining operations, the coolant 18 forced through small holes 1n the dnills at
higher pressures ranging between 600 to 850 ps1  The high pressure apphcation of flud was used
duning approximately 30 percent of the machining cycle In other machines, other coolant
applications may reach pressures as high as 1200 psi  Dunng the ligh pressure application of
coclant, the toolng rotations reached as hugh as 4500 rpm, with an average of approximately
1000 rpm  The lower pressure applications flooded the part with the fluid at relatively low
pressures, around 80 psi, approximately 70 percent of the machiming cycle The bottem of the
machimng center has a sloped bottom where the excess flmid and debris are removed via a serew
feeder leading to the flmd recyele system  In the L-shop, the area studied during this survey,
flurd 15 recycled through the Hydromation umt, which 1s used to pump and filter the fld,
removing metal chips and other debris  The Hydromation umit storage pit has a velumne of
10,000 gallons The {lwd used i the L-shop at approxamately 12 stations was Syntilo® 99(2
(Castro [ndustral, Inc , Downers Grove, IL), a synihetic product primanly composed of water
and triethanolamine  Several different types of MWTF are used throughout the plant at
approximately 250 metalworking stations

The main focus of this study was L-shop where 1t was thought that the majonty of plant
metalworking flud mists were generated In L-shop, metalwerkmg was performed on ifems with
4 low volume total 1o be produced Iligh quanuty orders were done elsewhere 1n the plant

There were 12 stations 1n L-shop with approximately 45 employecs These machumng units were
all partially coclosed and automated

Study Objectives

Sauer-Sundsirand Company requested that NIOSH researchers perform an evaluation on the
efficacy of a commereally available air cleaner  This aur cleaner wonld be placed downstream
from a metalworking station, and the “cleaned” air would be recirculated into the plant, thus
saving heating and cooling costs  The recirculation would also eliminate the need for an exhaust
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stack for the numerous stations, also, there are sigmiicant ime-delays associated with obtaunng
stack permits from local air pollution control agencies In order to meet production demands and
to save money, the awr 1s curculated through an air cleaner and the discharged awr 18 recycled to the
plant Thus, there 15 a need to evaluale the efficacy of air cleaners for removing MWF nusts
Sauer-Sundstrand hoped to gather additional information in order to decade 1f this type of arr
cleaner should be instalted throughout the plant on each of the metalworking stations  One of
NIQSH's goals for conducting this in-plant study was as a prelude to future pilot plant studies lo
evaluate the effect of machiming parameters upon size dependent mist concentrations The mamn
1ssues to be examined included the following

’ Establish the efficacy of thus air cleancr for reducing worker exposure to MWF  Three
surveys were conducted to gather this infermation  The first study was conducted m June
1955 10 experimentally evaluate the test stand designed and built by NIOSH researchers
1n order to charactenze the aerasol, this inihal evaluation 1s referred 1o as “Phase 1 "
Durning the second evaluation, conducted 1n August 1995, air contaminant concenirations
were measured This part of the project 1s referred to as “Phasc 2 The NIOSH report,’
“Characterization of Metalworking Mists Dunng the Evaluation of a Commercial Air
Cleaner,” ECTB-218-11a, April 25, 1996, presents the findings for “Phases 1 and 2 "

. Show reduction in airborne concentrattons of TEA and total particulate after installation
of more than 25 air cleaners 1n and near the L-shop area of the plant This survey was
conducted 1n August 1996 and 1s referred to as “Phase 3

. Identify specific operations that showed higher worker exposures by video exposure
monitoring {with an aerosol photometer-HAM) and locate and 1dentify major sources of
MWF mists by use of a direct reading mstrument (an optical particle counter-Grimm)

. Determune size distribution of particulate 1n plant atmosphere by unpachion (both eight
stage mertial and quartz crystal microbalance) Particles larger than 3.2m indicate that not
all ermnission sources have heen controlled

Health Effects

There arc many health effects associated with metalworking exposures including dermatitis,”
respiratory disease,” and asthma* Cross-shift decrements 1n lung function are reported for
inhalable aerosol exposures larger than 0 2 mg/m* * Microbial conlarmnation and endotoxins
(debrs from dead microbes) may also be responsible for adverse pulmonary health effects *
Some on-going research has suggested that hifetime exposures to specific types of metalworking
flmids (straight, soluble, and synthetic) are associated with several digestive cancers® For these
reasons, 1t 15 prudent lo contrel exposures to metalworking flinds



Exposure Evaluation Criteria

Trniethanolamine 15 the major component of the synthetic MWF used duning this study For
iricthanolamine, the Amencan Conference of Governmental Indusinal Hygiemsts (ACGTH) has
established a Threshold Limit Value (TLV) of 5 mg/nr’ as an 8-hour time weighted average © The
ACGIH 15 2 pnivate orgamization and its TL Vs refer to asrborne concentrations io which nearly
all workers may be repeatedly exposed without experiencing adverse health effects

The Occupational Safety and Health Administration (OSHA) has established a permissible
exposure hmt for particulate not otherwise regulated of 15 mg/m’ as an 8-hour time weghted
average

Air Cleaner Description

The air cleaner installed 1s shown in Figure 1 1t 1s a packaged air filter unit, Model F120,
manulactured by Airflow Systems, Inc (Dallas, TX) with an approximate cost of $4000 The
units were 1nstalled over the metalworking stations and pulled the air inte the cleaning umits

The air cleaner’s fan moved approximately 2400 ¢fm through the enclosure The air cleaner 15
equipped with a metal mesh prefilter, followed by a pleated “must eliminator” prefilter Next arc
the main filters, which are 95 percent efficient ASHRAT pocket filters  Accerdmg to ASHRAE
gurdelines, a 95 percent efficiency filter removes all particles with a diameter of approximately
2 um  The fractional elficiency curve of this filter also shows a mmmimal cfficiency of
approxunatcly 72 pereent for particles sized near 0 3 ;om * The flwads captured by the filters drp
to the floor of the cleaner and exit via three drainage holes The coolant then drans to the
Hydromation recycling system At the outlet of the cleaner, 15 a 4-way adjustable gnil for the
cx1fing air

Modifications to the Air Cleaner After Phase 2

Durning Phase 2 of the study, it was noted that the three air cleaner drains were clogging, perhaps
entraining additional MW must into the air flow  As a resull, the facility maintenance personnel
enlarged the drains from 0 5 inches te 1 mch in diameter to allow proper dramage Plastic
translucent tubing was added to the drains, leading to a goose neck fitting which led, ultimately,
to the Hydromation umt  The translucent tubing showed 1if there was flld draining and would
indtcate 1f there was blockage Also, the air cleaner was tilted shghtly so that 1t sloped toward
the drains instead of the fan Maintenance personnel reported that the exhaust grill remained
clean

Air Cleaner Maintenance
A maintenance program was established for the mstalled ar cleaners Each air cleaner was fitted

with ap anerod pressure gauge to indicate pressure drop across the system  [t1s not permitted to
exceed 2 imnches w g The filters are changed at 30 day intervals and thoroughly cleaned or
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replaced Because the MWF tends to collect in the filters and not fully drain when a machining
center 15 Tun on a 24 hour per day cycle, the air cleaners on these machines are tumed off, 1 ¢,
rested for [ hour out of each 24 hours Thas “rest cyele” 1s not necessary for the machining
centets that are run for 8-to-10 hour periods each 24 hours  With the exception of the “rest
cycle,” the mantenance program appears to be conservative and may help to explain the low
goncentrations measured

Instrumentation

The mstruments below were used during samphng

The Portable Dust Moniter (PDM), (Modet 1 105, Grimm Labortechmck GmbH&Co,
Amnng, Germany)

The PDM 1s an optical particle counter, which samples aur at a flow rate of 1 2 hiers per
mimute The PDM counts individual particles and classifies particles based upon the
amount of hight scattered by the individual particle  This instruments’ RS-232 output lists
the number of particles larger than 075, 10,2, 3 5, 5,7 5, 10, 15 um and the time

Piezoclecinc Quartz Crystal Microbalance (QCM) Cascade Impactor (Madel PC-2,

Cahforma Measurements Inc, Sierra Madre, CA)

The QCM draws 0 25 Ipm of air through a series of progressively smaller jets which
forces the air to flow around piezoclectrie crystals which sense the mass collected after
each impaction jet  As the diameter of the jets decreases, the air velocrty mereases, and
particles with smaller aerodynamic diameters arc collected on the piczoelectnie sensors
The vibratton frequency of these crystals 1s measured The changes i the wibrabonal
frequency 15 used to compute the mass of aeroscl collected on each impacuion stage "Lhe
particle diameter for which an impaction stage 15 50 pereent (by mass) efficient is termed
the 530 pereent cut-off diameter (D,,)  There 1s some disagreement between the
theoretically estimated and experimentally determined values of D,, determined by
Fairchild and Wheat * In analyzing the data, their experimental data was used These
data are shown 1n Table I This instrument 1s uscd to take short term samples {30-900
seconds) The sampling ime was varied 1n order to collect measurable masses of aerosol
on the impaction surfaces without overloading the piezoelectric crystals

Aerosol Photometer - Handbeld Aerosol Monstor (HAM), (ppm, Inc , Knoxwille, TN)
The HAM continuously sampled the air from the operator’s breathing zone The HAM

was operated on the 0-2 mg/m® range and at a ime constant of 1 sccond In the
instruments sensing chamber, the HAM measures the quantity of hght scattered by the
entire cloud The quantity of scattered light 15 a function of concentration and the
aerasol’s optical properties Thus, this instrument’s response 1s a measure of relative



Table 1. Theoretical and Experimental Values of D, for Umit Density Spheres for
Calforma Instruments QCM Obtamed by Fairchild and Wheat®

Stage Theorelical (um) Expenimental (cam)
1 24 17
2 94 13
3 92 9
4 46 i%
5 23 18
6 13 12
7 062 0 64
8 04 0 34
9 023 (26
10 014 014

concentration The analog output of this instrument was recorded using a data logger
(Metrasonics, Inc , Rochester, NY)

. Particle Fractionating Sampler/Impactor-1 ACFM Ambient (Anderson 2000), { Anderson
Instruments, Inc , Atlania, GA)

The Anderson 2000 1s an 8-stage cascade impactor that was operated at a flow rate of

1 CFM  The MWF mist was collected on 81 mum tared glass fiber filters The size range
of the stages are, 1n um 9 0 and above, 58-90,47-58,33-47,21-33,11-21,07-11,
(0 4-0 7, and backup filter These filiers were pre- and post-weighed 1n a temperature and
humidity controlled cnvironment

EXPERIMENTAL PROCEDURES - PHASE 3

Impinger samples were taken using NIOSH Method 3509 for trethanolamine (TEA) ¥ Pump
flow rates were increased to 2 lpm - The limut of detection (LOD) was 9 pg/sample and the limat
of quantitation (1.0Q) was 29 ug/sample There were no samples reported as nondeteciable
Samples which were found to be between the LOD and LOQ were estimated with the analytical
laboratory reported result



Impinger sampling was only used for area samples Samples were taken in several areas,
including “between machines™ for 4-8 hour periods  Two other sites were chosen because they
were at opposite boundaries of the L-shop, the samples were denoled as “L-Shop Edge” and near
1he Hydromation umt {(Hydro), “central eleamng ™

Personal and area samples for total weight particulate were taken according to NIOSH Methed
0500 " Area samples were taken at the same locations as for impinger samples In addition,
samples were cellected on the workers 1n the area  Other than blanks, there was only one sample
which resulted 1n a nondetectable level For statystical purposes, this sample was estimated to be
LOD/2, or 0 B1 mg/sample

Two operators were momtored by an aerosel photometer, handheld aerosol monitor (HAM)
manufactured by ppm, Inc  The unit was belt mounted and the operators were videotaped as they
performed various tasks including machining center adjustment and cleaning, re-mounting
castings on “lombstones,” checking specifications of machined castings inside a plant floor
enclosed rocm, and making adjustments on partially enclosed machining centers  Sce Figure 2
for the plant floor layout and approximate locations of peak measurements

The Portable Dust Momitor (PDM), an optical particlc counter, manufactured by Grumm was used
at six locations inside the plant shop areas (see Figure 2), the front office area on the first floor,
and outside the main employce cntrance  Total particulate concentration was reported

The quartz crystal rmcrobalance cascade umpactor (QCM) manufactured by Califortua
Instruments was uscd n several locations to determine the particle size distribution n the plant
atmosphere  Measurements were made near the “central cleamng” (Hydro) unit and “between
machining centers ™

Twao eight-stage inertial impactors (Anderson), with no preseperators, coupled with one CFM
pumps were used to collect sizc distnnbuted total particulate 1n the same two plant locations
sampled with the QCM, the impingers, and the filter cassettes Total particulate was collected
continuously for nearly three full days, including the one hour per day during the might shift that
the air cleaners were turned off to allow the filter elements to gravity drain

RESULTS AND FINDINGS

TEA and total particulate concentrations measured during Phase 3 are hsted in Appendices [ and
II The impinger data for TEA, companng concentrations measured before and alier controls (ar
clcaners) were 1nstalled, are summarized 1n Table 2 and Figure 3 Simualarly, the filter

cassette data for total particulate are summarnized 1n Table 3 and Figure 4 [nspection of these
tables and figures shows decreases 1n concenirations by factors of 2 to 10 The night most
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Table 2: Summary Statistics for Tricthanslamioe Concentrations

Sipnificance of

Concentration
August 1995 August 1996 Reduction
GM GM

Location N (mg/m’) GSD |N (mpg/m®) GSD | Probability > F
Between Machines | S 025 134 | 6 003 121 0 0001
Central Cleaning 3 143 138 | 6 004 123 0 3001
{Hydro unit)
L-Shop Edge 6 01t 221 | 6 003 126 00024

N = Number of Samples, GM — Geometric Mean, G301 = Geometric Standard Deviation

Based on a onc way analysis of vanance (ANOVA) using log transformed data

TR}

Table 3: Summary Statistacs for Total Particulate Concentrations

Significance of
Concentration
August 1993 August 1996 Reduction
GM GM
Location N (mg/m’) GSD |N (mg/m") GSD | Probability >F
Between Machines | 6 025 172 |5 002 177 0 0001
Central Cleaning 6 0 48 159 | 6 003 133 0 6001
(Hydro uml)
[.-Shop Edge 6 007 220 [ 6 003 276 0 0960
Worker (Personal) | 18 022 159 |16 006 150 0 0001

N = Number of Samples, GM = Geometric Mean, GSD = Geormelric Standard Deviation

Based on a one way analvsis of vanance (ANOVA} using log transformed data
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Figure 3 Tnethanolamine (TEA) concentrations measured before (August 1995) and after
{Augnst 1996) installation of air cleaners 1n the Sauer-Sundstrand plant
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Figure 4 Total particulate concentrations measured before (August 1995} and afier (August
1996) installation of air cleaners in the Sauer-Sundstrand plant
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columns in the tables present the probahilities that chance could have caused the differences
With the exception of the total particulate concentration measured at the “L-Shop Edge”

(Table 3), these differences are all very sigmficant Installation of controls reduced workers®
personal total particulate cxposure from 0 22 mg/m? to 0 06 mg/m’, however, this reduced value
was higher than area concentrations measured at the “L-Shop Edge” and “between machines,”
based upon the Waller-Duncan k-ratio t test * Thus the worker engages 1n activities whach
provide some rmunor mcrease mn his total particulate exposure

The results of the HAM/video-exposure momtoring are shown in Figure 5 Operator A had his
highest reading, 0 93 mg/m®, when he was mside a machining center (#4897) “cleaning,” lus
second highest, 0 46 mg/m?, occurred when he was inside the L-shop floor office checking
specifications (tolerances) Operator B had his haghest levels when he was at the open door, at
tunes with lus arm 1nside, partially enclosed machining centers (#6922 and #06921) The levels
were {) 45 to ¢ 63 mg/m’

The resulis of the PDM {Grimm} survey are shown in Figure 6 The highest relative mist
conceniration levels were found 1n the flume near a machining center across the main 1sle from
the Hydromation (central cleanmg) umt at 22 4 mg/m?, the lewest, outside the plant ai

0018 mg/m* Levels at an unventilated, partially cnclosed machining center (#6902) were the
next mghest at ¢ 397 mg/m?® followed closely by ( 284 mg/m® over a piece of plywood covering a
floor flume where a machaning center had been removed Some of the peaks shown may have
nothing to do with MWF  For example, in the “office confercnce room” there were particulate
levels measured which could have been dust  There are other inslances of exposure causmg
¢vents noted 1n Figure 6

The quartz crystal microbalance (QCM) cascade impactor results are shown n Figures 7 and 8

The results of the eight-stage (Anderson) impacior studies are shown 1n Figures 8 and 10 For
the Anderson, the LOD=(0 1 mg/filter and the LOQ=0 3 mg/filter The impactor located
“between machimng centers” yielded an overall concentration of 0 11 mg/m® with 30 percent of
the material deposited on the first filler or stage 1ndicating that there was a heavy concentration
of large particles  Without the material on the first filter, the concentration was 0 078 mg/m?
The corresponding numbers for necar the “central cleansng” (Hydro) umt are 0 14 mg/m®,

37 percent and 0 087 mg/m*® Aerosals larger than 3-4 pm were present indicaling exposures are
probably due to uncontrolled operations

DISCUSSION AND CONCLUSIONS

Phase 2 of the study indicated relatively low concentrations (less than 0 5 mg/m’) of total
particulate and TEA With both substances, the ghest concentrations were found near the
Hvdromation (central cleanmg) vmt Thas umt was apparently causing significant emissions of
metalworking fluids into the plant’s air  In order to reduce MWF st concentrations throughout
the plant this comission source was controlled

12
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Figure 5 Particulate concentrations measured with a hand-held aerosol momtor (HAM) worn
by two operators in L-Shop who were also video montored while performing their jobs, August

1996
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Phase 3 of the study demeoenstrated the effectiveness of installing air cleaners on the machimng
centers and improving mast conirol on the Hydromation umt TEA concentrations were reduced
four-to-ten fold The total particulate concentrations were reduced 16 fold near the Hydromation
umt, the location of highest concentration in the ‘before” or Phase 2 study, and were significantly
improved m the other area samples and 1n the personal samples

Some major sources remain, they are the alder machining centers which are not so well enclosed
These conditions should improve as older centers are replaced with new, more fully enclosed
machimng centers It remains imporiant 1o continue enclosure of the flumes and as much of the
Hydomation unit operation as possible  The exposures to individual operators doing specific
{asks were not large (less than 1 0 mg/m?) but ¢ould be decreased with improved ventlation and
changes 1n work procedures

The impactor resuits showed that there are shll large particles being enutted into the work
environment The differences between the QCM and eight-stage studies, may indicate that the
large particles are being emitted during the 1 hour air cleancr down time periods

The mstallation of the air cleaners has resulted 1n a significant reduction 1n the TEA and total
parliculaie concentrations in the plant werk environment
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APPENDIX [

_Saﬁr_-_Sundstrand Company, Ames, lowa 20010 August 1986 Tnethanolamine Impinger Data

; Field i
_Date |Run ‘Shift Location of Sample [Time |Pump Flow |Triethanolamme |
Measurement |Number | min | Rate,cc/min | pgfsample | mg/m*3
81995, 1 2nd .| Betwesn machines 1 [ 276 2022 18 0033
B820/961 2 ist : Between machines 4 [319 ]| 2040 22 | 0034
8/20/96| 3 | 2nd | Between machines | 8 472 2022 3z 0034
B/21/96| 4 | 1st | Betwsen machines 11 356 | 2040 | 24 "l 0033
2196 5 | 2nd Betwasn machines 15 464 2020 22 0023
8/22/96| & | 1st | Between machines 18 | 400 2035 19 0023
B/19/96| 1 | 2nd |Central cleaning-hydro| 3 | 243 2007 22 0 045
8/20/96| 2 | 1st |Central cleamng-hydro 8 324 1892 29 0 045
8/20/06| 3 | 2nd |Central cleanmg-hydra| 10 472 1993 32 0 034
'8/21/96| 4 | 1st |Central cleaming-hydro| 13 360 2035 29 0 040
8/21/06| 6 | 2nd |Central cleaning-hydro| 17 | 470 1997 25 | 0027 |
|B/22/96| 6 | 1st | Central cleaning-hydra] 20 402 1592 25 0 031
819/96] 1 | 2nd L-shop edge 2 275 1998 19 0035
Bi20/96 2 | 1st L-shop edge 5 317 2035 22 0 034
820096 3 | 2nd L-shop edge a | 469 2000 22 0023
[e21/96| 4 | 1st L-shop edge 1z 353 1992 25 0 036
B/21/96| 5 | 2nd L-shop edge 16 471 1993 25  : 0027
Bf22/96| & | 1st L-shepedge | 19 | 397 ° 2040 17 0 021
B2096| 2 | 1st N blank 7 ND ]
82196] 4 [ 1st | N blark 14 ND
'8/19/96| 1 | 2nd N blank | blank ND .
8/21/96| 4 | 1st N blank btank - _ND ]
(822196 6 | 1st N blank delon water ND
" |LOD (Limit of Detection) = 8 pg/sample o
LOQ {Limit of QGuantfication) = 2% pg/sample
o _ Geometric
- L Geometric | Standard | )
Mean Deviation :
B near cleaner-between Toyodas 3030 i21
I C near hydromaten umtt 0035 123
|
- L end L-shop at LEK6 | 0020 126
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APPENDIX 11

| Saver-Sundstrand Gompany, Ames, lowa 50010 August 1996 Totaj Particulate Data ]
Date |Run Shift Location of Filter | Time |Pump Flow :Total Parhiculate
Measurement Number! min | Ratecc/min | mg/sample | mgim*3
8/9/96 | 1 | 2nd | Betweenmachines | 5938 7 469 | 4018 002 0 00730 |
'8/20/96 | 2 | 1st | Beiween machines | 5892 | 491 2981 005 002238
8/20/96 | 3 | 2nd | Between machines | 5885 ; 431 3957 . DO5 0 02565
8/21/96 | 4 | 1st | Betweenmachines | 5925 | 464 4024 | 008 | -004619
8/21/96 | 5 | 2nd | Between machines | 5849 = 410 3992 003 | 001451
8/22/96 | 6 | 1st | Between machines | 5902 | 438 4043 | 006 | 003035
8/19/96 | 1 | 2nd |Central cleaning-hydre] 5921 [ 471 ° 3965 Q06 | 002878
8/20/6 | 2 | 1st |Central cleaning-hydro| 5904 | 468 : 3957 007 0 03442
8/20/96 | 3 | 2nd |Cenfral cleaning-hydre| 5778 | 435 . 4024 Q09 | 004785
'8/21/06 | 4 | ist |Central cleaning-hydre| 5901 | 467 - 4018 008 ' (003930
8/21/96 | 5 | 2nd |Central cleaning-hydre| 5843 | 404 3999 004 ' 002089
| 8/22/96 | 6 ' ist |Central cieanng-hydro| 5910 | 433 4018 007 003864
8M1%/86 | 1 - 2nd L-shop edge 5908 | 467 4024 002 - 000732
grwes | 2 | 1st | L-shop edge 5808 | 490 4043 000 | 004228 |
820/ 3 | 2nd - L-shop edge 5879 | 430 3981 003 001387
B/21/96 4 | 1st L-shop edge 5061 | 459 4024 0 06 002910
B21/96 ' 5 | 2nd - L-shop edge 5850 | 413 3985 006 | 003282
8/22/96 | 6 | 1st . L-shopedge | 5918 | 438 4024 007 003617
BA9/85 1 | 2nd Worker 5897 1 392 | 3982 009 0 05352
8/19/96 % | 2nd Worket 5920 | 294 3981 | -001 -0 01388
B/19/@6 . 1 | 2nd Worker 5009 { 385 3999 012 D G7388
B20/96 | 2 ' st | Worker 5315 ' 370 3973 008 005017
8/20/96 | 2 . st Worker | 5893 360 4018 022 0 14777
8/20/96 | 2 - 1st Worker 5899 391 3976 012 007317
8/20/96 | 3 | 2nd Waorker 5880 | 386 4018 011 0 06684
8/20/96 | 3 | 2nd Worker 5880 | 384 3965 006 003530
8/20/96 | 3 | 2nd Worker 5905 | 37% 3992 008 0 04875
B/21096 | 4 | st | Worker 5419 | 362 4043 0 -0 00427
821796 | 4 | 1st Worker 5913 | 466 3973 _ 012 0 06144
821796 | 4 | 1st Warker | 5007 | 464 ' 3076 00B ' 003998
8/21796 | 5 | 2nd Worker . 5808 | 448 . 381 005 | 002453
8/21/96 | 5 | 2nd Worker 5002 | 445 | 3973 008 ' 004171
821796 | 5 | 2nd Worker | 5881 | 444 | 3048 021 0 11621
Bf22/96 | 6 | 1st Worker 5840 | 386 ;. 4024 008 ' 005008 |
82296 [ & | 1st ~ Worker 5857 | 313 | 3952 014 | 010813
8/22/96 | 6 | 1st Worker | 5870 | 358 | 3976 | 011 007289
8M19/96 | 1 | 2nd N blank 5888 : 0 - '
8/19/96 | 1 | 2nd N blank 5942 - _ 002 ]
820196 | 2 | 1st N blank 5906 - 003
Bi20/g6 | 2 | st [ N blank 5891 003 ]
8/22/96 | B | 1st N blank 5860 - i
B/22/96 | 6 | st N blank 5890 | ot
8/22/96 | B [ 1st N blank | 5833 B 001
8/22/98 | 6 | st N_blank 5924 101
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APPENDIX I (continued)

Sauer-Sundstrand Company, Ames, lowa 50013 August 1896  Total Particulate Data
| "Date |Run|Shift|]  Area | Filter | Time |Pump Flow |Total Particulate
~ " (Location) Number | mun | Rete,cc/min | mg/sample [ mgim*3
8/20/96 | 1 | 1st Series 20 cell 5804 | 361 | 4043 008 0 05053
821796 | 2 [ 1st |  Series 20 cell 5888 | 357 4043 011 007188
822196 | 3 | st | Senes 20 cel 5312 | 457 | 3981 0 04 0 01855
8/20/96 | 1 | st ‘Senes 90 cell 5903 | 349 4024 005 003115
8/21/96 | 2 | 1st Senes 90 cell 5911 | 377 3973 D08 D 04924
8/22/96 | 3 | 1st Senes90cell | 5883 | 452 3957 004 001887
820/96 | 1 | 1st © Worker on 20 5800 | 313 4024 007 0 05061
821796 | 2 | 1st | Worker on 20 5895 | 304 3981 012 | 009399
EEEREE Worker on 20 5916 | 83 4043 0 -0 01863 |
8/20/96 1 1 | 1st |  Workeron 90 5923 | 355 3973 |, 014 0 09483
821196 2 | 1st Worker on 90 5882 | 377 3057 | 016 | 010306 |
§22/96 3 | 1st |  Worker on 80 5880 | 452 3973 008 | 004664
8/15/96 | 1 | 2nd | Between machines | 6246 466 | 25000 037 003108
8/20/6 | 2 | 1st | Betweenmachines | 6267 : 470 | 25000 | 06 0 05037
8f20/86 0 3 | 2nd Between machines 6254 430 25000 045 0041190
'8/21/98 4 | 1st | Between machines | 6263 | 478 25000 067 0 05538 |
§21/96 5 | 2nd | Between machines | 6264 | 408 25000 038 0 03645
8/22/95 . B | st | Between machines | B253 | 450 25000 |, 051 0 04461
'819/96| 1 2nd |Cenfral cleaning-hydro| 6256 | 475 25000 06 . 004984
B20i96 | 2 . 1st |Central cleaning-hydro| 6242 | 467 25000 089 0 05840 |
8/20/66 | 3 | 2nd |Central cleaning-hydro| 6255 | 435 - 25000 062 0 05626
82196 | 4 | 1st |Central cleaning-hydro| 6250 © 480 @ 25000 085 007015 |
8/21/86 | 5 | 2nd |Central cleaning-hydro| 6260 403 25000 048 . 004683
8/22/36 | & 1st |Central cleaning-hydro| 6247 446 25000 | 038 | 003335
N blank 6282 -0 01
B |7 N blank 6245 ao1~ |
~ N biank - 6248 o 002 B
] N blank 6243 ! ] 001
B N blank 6270 001
N blank 6241 - 002
N blank 6257 ] D01
N blank 6266 B 001 |
N blank - 6251 | o D
~ N blark | 6258 0
j N blank 6249 | ~ | "oo3

LOD (Limit of Dectection) = § 02 mgim*3
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