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ABSTRACT

Thus study cvaluated the ability of commercially available air filtering cleaners installed on more
than 25 machining centers Lo control nust emissions and to reduce workers® mistexposure Ina
machining center used to produce transmission parts, a mist of synthetic metalworking fluid
(MWF) was gencrated as aresult of dnlling and tapping holes at rotational speeds of 1000 to
3000 rpm The MWF was flooded over the parts at 80 psi during 1nost machining operations To
facilitate metal clup removal during some operations, MWF was puinped through the orificcs 1n
some tools at a pressure of 800 ps1 These machining operations were performed 1n nearly
complete enclosures that were exhausted Lo air cleaners, whose fans moved approximately

2400 cfm of air

To evaluate atr cleaner performance, the concentration of triethanolamine and total particulate
were measured before and after the 1nstallation of the air cleaning uruts Area conccnlrations
were reduced from a high of 0 48 mg/m’ to 0 04 mg/m’ or less The total particulate
conccntrations on the personal samples showed a four-fold decrease from 0 22 mg/m? to

0 06 mg/m?

An aerosol photometer (HAM, ppm, Inc , Knoxville, N) and video momtoring were used to
tdentify peak exposures to maclunc operators in the course of their work Peaks occurred when
operators entered or partially entered the machining center enclosures Soine sources of
increased air contamination were 1dentified by use of an eight-channel optical particle counter
(Portable Dust Momitor, Model 1105, Gnmm Ainnng, Germany), thc most sigmificant sources
were partially or unenclosed machining centers and madeaquately covered flumes returning the
MWE to the Hydromation (fluid recirculation and filtration) unit

A quartz crystal microbalance cascadc impactor (modcl PC2, Califormia Mcasurements, Sieira
Madre, CA), and ci1ghtstage particle fractionating samplers (1 ACFM Ambient Particle Sizing
Sampler, Anderson Samplers, Inc , Atlanta, GA) showed that particles larger than 9 um were
present in the plant environment This suggests that besides the machining centers tested, there
were other relatively minor sources of particulate such as uncontrolled machinmg operations



INTRODUCTION

Sauer-Sundstrand Company 1s a mctalworking plant located in Aines, Iowa In this location.
there are approximately 300 employees in the production area and approximately 200 employccs
in the office area Sauer-Sundstrand continues production 24 hours a day, with most producticn
area employees workmg a 10 hour shift and a 40 hour weck Transmussions are produced for off
the road velucles such as lawn mowers and agricultural equipment The iron casungs which are
brought 1n the plant are pre-shaped for the transmussion Additional metalworkmg 1s performed
on the piece, including milling and drillmg Each metalworkmpg station 1s automated Onc
operator programs and tends several machines

Metalworking fluid (MWF) s also referred to as coolant, and the two terms will be used
interchangeably throughout the text It 1s used during the metalworking to rcmove metal
shavmgs and to scrve as a coolant and lubricant At the metalworking stations examined 1n this
study, the MWF was flooded onto the parts at a pressure of 80 pounds per square inch (pst)
During some machining operations, the coolant 1s forced through small holes in the drills at
lugher pressures ranging between 600 to 850 psi The high pressure application of fluid was used
dunng approximately 30 percent of the machining cycle In other machmes, other coolant
applications may reach pressures as high as 1200 ps1  During the lugh pressure application of
coolant, the tooling rotations reached as lugh 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, approxnnately 70 percent of thc machining cycle The bottom of the
machimng center has a sloped bottem where the excess flud and debris arc removed via a screw
feeder leading to the fluid recycle system In the L-shop, the area studied during this survey,
flud 1s recycled through the Hydromatien unmit, which 1s used to pump and filter the flud,
removing inetal chips and other debris The Hydroination uint storage pit has a volume of
10,000 gallons The {luid used 1n the L-shop at approximately 12 stations was Syntilo® 9902
(Castro [ndustrial, Inc , Downers Grove, IL), a synthetic product primarily composed of water
and tnethanolamme Several different types of MWF arc used throughout the plant at
approximately 250 metalworking stations

The main focus of tlus study was L-shop where 1t was thought that the majority of plant
metalworking fluid mists were generated In L-shop, metalworkmg was perforined on items with
a low volume total to be produced Iligh quantity orders were done elsewhere 1n the plant

There were 12 stations in L-shop with approximately 45 employecs These inachinmg units were
all partially encloscd and automatcd

Study Objectives

SauerSundstrand Company requested that NIOSH researchers perform an evaluation on the
efficacy of a commercially available air cleaner This air cleaner would be placed downstercam
from a metalworking station, and the “cleaned” air would be recirculated into the plant, thus
saving hcating and cooling costs The recirculation would also elimmate the nced for an exhaust
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stack for the numerous stations, also, there are signilicant time-delays associatled with obtaining
stack permits from local air pollution control agencies In order to meet production dcmands and
to save mnoney, the air 1s circulated through an air cleaner and the discharged air 1s recycled to the
plant Thus, there 1s a need to evaluale the efficacy of air cleaners for removing MWF musts
Sauer-Sundstrand hoped to gather additional mforination 1n order to decide if this type of air
cleaner should be 1nstalled throughout the plant on each of thc metalworking stations One of
NIOSH’s goals for conducting this m-plant study was as a prelude to fuiture pilot plant studies to
evaluate the effect o f machining parameters upon size dependent 1nist concentrations The main
1ssues to be examined mcluded the following

. Establish the efficacy ofthis air clcancr for reducing worker cxposure to MWF  Three
surveys were conducted to gather this informauon The first study was conducted 1n June
1995 to experimentally evaluate the test stand designed and built by NIOSH researchers
in order to charactenize the aerosol, this imtial evaluation 1s referred to as “Phase {1 "
During the second evaluation, conducted m August 1995, air contanunant concenirations
were measured Ths part of the project 1s referred to as “Phasc 2 ™ The NIOSH report,’
“Charactcrization of Mctalworking Mists During the Evaluation of a Commercial Air
Cleaner,” ECTB-218-1 1a, April 25, 1996, presents the findings for “Phases 1 and 2 "

. Show reduction 1n airbornc concentratrens of TEA and total particulate after installation
of more than 25 air cleaners 10 and near the L-shop area of the plant This survey was
conducted 1n August 1996 and 1s referred to as “Phase 3 "

. Identify spccific operations that showed higher worker expasures by video exposure
monitoring (with an aerosol photometer-HAM) and locate and 1dentify major sources of
MWF musts by use of a direct readmg 1nstrument (an optical particle counter-Grimm)

. Determme s1ze distribution of particulate 1n plant atinospherc by impaction (both eight
stage mcrtial and quartz ciystal inicrobalance) Particles larger than 3;2m 1ndicate that not
all cinission sources have been controlled

Health Effects

There arc 1nany health effects associated with inetalworking exposures includmg dennatitis,’
respiratory disease,” and asthma * Cross-shift decrements 1n lung function are reported for
inhalable aerosol exposures larger than 0 2 ing/m’ > Microbial conlamination and endotoxins
(debris froin dead ncrobes) may also be responsible for adverse pulntonary health cffects >
Some on-gomg research has suggested that lifetime exposures to specific types of metalworking
flwids (straight, soluble, and synthetic) are associated with several digestive cancers ® For these
reasons, 1t 1s prudent to control exposures to metalworking flhuds



Exposure Evaluation Criteria

Trniethanolamune 1s the 1najor component of the synthetic MWF used durnng this study For
wicthanolaniine, the Aincrnican Conference of Governmental Industnal Hygiemsts (ACGIH) has
established a Threshold L.umt Value (TLV) of 5 mg/m® as an 8-hour tnne weighted average * The
ACGIH 1s a private organization and its T[.Vs refer to atrrborne concenirations to winch nearly
all workers may be repeatedly cxposed without experiencing adverse health effacts

The Occupational Safety and Health Adminmistration (OSHA) has established a permissible
exposure Inmt for particulate not othermse regulated of 15 mg/in® as an 8-hour time weighted
average ’

Air Cleaner Description

The air cleaner 1nstalled 1s shown 1n Figure | 1t s a packaged air filter uint, Model F120,
manufacturcd by Airflow Systcms, Inc (Dallas, TX) with an approximate cost of $4800 The
units were nstalled over the metalworking stations and pulled the air into the clcaning umits

The air cleaner’s fan moved approximately 2400 cfin through the enclosure The air cleaner 1s
equpped with a metal mesh prefilter, followed by a pleated “nust eliminator’ prcfilter Next arc
the nain filters, wluch are 95 percent efficient ASHRAT pocket filters According to ASHRAL
guidelines, a 95 percent efficiency filter removes all particles with a dianeter of approximately
2 um The fiactional e(ficency curve of this filter also shows a mimmal cfficiency of
approxunatcly 72 pcreent for particles sized near 0 3 m * The tluds captured by the filters drip
to the floor of the cleaner and exit via three drainage holes Thc coolant then drains to the
Hydromation recycling system At the outlet of the cleaner, 1s a 4-way adjustable gnil for the
cxXiting air

Modifications to the Air Cleaner After Phase 2

Duning Phasc 2 of the study, it was noted that the three air cleaner dramns were clogging, perhaps
entraimng addisonal MW mist mto the air flow As aresult, the facihty mawntenance personnel
enlarged the drains fioin 0 5 inches to 1 inch 1n diaineter to allow proper drainage Plastic
translucent tubing was added to the drains, leading to a goose neck fitting which led, ultunately,
to the Hydromatton urul The transluccnt tubmg showed 1f there was fluid draining and would
indrcate if there was blockage Also, the air cleaner was tilted shightly so that 1t sloped toward
the drains nstead of the fan Maintenance personnel reported that the exhaust grill remained
clean

Air Cleaner Maintenance

A maintenance program was established for the installcd air cleaners Each air cleaner was fitted
with an aneroid pressure gauge to indicate pressure drop across the system It 1s not permntted to
exceed 2 inches w g The filters are changed at 38 day intervals and thoroughly cleaned or
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Figure 1 Installed air cleancr with incline and larger diameter drains, modifications made fellowing qualitative observawons of MWF
accumulation noted during the second phase of the study



replaced Because the MWF tends to collect m the filters and not fully drain when a maclumng
center 1s run on a 24 hour per day cycle, the ar clcaners on thesc machmes are turned off, 1 ¢,
rested for [ hour out of each 24 hours Thus “rest cycle™ 1s not necessary for the machining
centers that are run for 8-to-10 hour periods each 24 hours With the exception of the “rest
cycle,” thc maintenancc program appears to be conservative and may help to explain the low
concentrations measured

Instrumentation

The nstruments below were used during sampling

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

The PDM 1s an optical particle counter, which samples air at a flow rate of 1 2 hters per
munute The PDM counts individual particles and classifies particles based upon the
amount of light scattered by thc individual particlc This instruments’ RS-232 output lists
the number of particles larger than 075,10, 2,35, 5,7 5,10, 15 pm and the time

Piezoclectne Quartz Crystal Micaobalance (QCM) Cascade Impactor (Model PC-2,
Califorma Measurements Inc, Sierra Madrc, CA)

The QCM draws 0 25 Ipm of air through a series of progressively smaller jets which
forces the air to flow around piezoclectric crystals which sense the mass collccted after
each impaction jet As the diameter of the jctsdecreases, the air velocity mercases, and
particles with smaller aerodynamic diameters arc collected on the piczoelectnic sensors
The wibration frequency of these crystals 1s measured The changesin the vibrational
frequency 1s used to compute the mass of aerosol collected on each impaction stage lhe
particle diameter for which an impaction stage 1s 50 percent (by mass) efficient 1s teimed
the 50 percent cut-off diameter (Ds,) 1here 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 instrumnent is uscd to take short terim samples (30-900
seconds) The sampling time was vaned in order to collect measurable masses of aerosol
on the impaction surfaces without overloading the piczoelectric crystals

Aerosol Photometer - Handheld Aesosol Monitor (HAM), (ppm, Inc, Knoxville, TN)
The HAM continuously sampled the air from the operator’s breathing zonc The HAM
was opcrated on the 0-2 mg/m’ range and at a tune constant of 1 sccond In the
mstruments sensmg chamber, the HAM mcasures the quantity of hght scattered by the
entirc cloud The quantity of scattered light 1s a function of cencentration and the
aerosol’s optical properties Thus, tlus mstrument’s response 1s a measure of relative



Tablel. Theoretical and Experimental Values of D, for Umt Density Spheres for
Califernia Instruments QCM Obtamed by Fairchild and Wheat’

Stege Theorelical («m) Experunental (wm)
1 24 17
2 94 13
3 92 9
4 46 39
5 23 18
6 13 12
7 062 0 64
8 04 034
9 023 026
10 014 014

ceuccntiatien The analeg eutput ef this instrutnent was recorded using a data legger
(Metrasonics, Inc , Rochester, NY)

. Particlc Kracnonamng Sampler/Impactor! ACFM Ambient (Anderson 2000), (Anderson
Instruments, Inc , Atlanta, GA)

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

1 CFM  The MWFT mist was collected on 81 mm tared glass fiber filtcrs The size range
of the stages are,1n um 90 and above, 5 890,47-58,33-47,21-33,11-21,07-11,
04-0 7, and backup filtecr These filters were pre- and post-weighed 1n a temperature and
humidity controlled cnvironment

EXPERIMENTAL PROCEDURES - PHASE 3

Impinger sainples were taken using NI®SH Mcthod 3509 for triethanolamine (TEA) ' Pump
flow ratcs were increased to 2 lpm  The lmut of detection (LOD) was 9 p.g/sample and the Limit

of quantitation (1.OQ) was 29 ng/sample There were no samples reported as nondetectable
Samples which were found to be between the LOD and LOQ were estimated with the analytical
laboratory rcported result



Impinger sampling was only used for area sainples Samples were taken in several areas,
including “between machines” fer 4-8 hour peniods Two other sites were chosen because thcy
were at opposite boundanes of thc L-shop, the sainples wcre denoted as “L-Shop Edge” and near
the Hydromation umt (Hydro), “central cleaning ™

Personal and area samples for total weight particulate were taken according to NIOSH Mcthod
0500 ' Area samples were taken at the same locations as for impmnger samples In addition,
sainples were collected on the workers in the area Other than blanks, there was only one sample
which resulted 1n a nondetectahle level For statistical purposes, this sample was estimatcd to be
[.LOD/2,0r 0 01 mg/sample

Two operators wcre morutored by an aerosol photometer, handheld aerosol monitor (HAM)
manufactured by ppm, Inc The umt was belt mounted and the operators were videotaped as they
performed various tasks including machining center ad justment and cleanuag, re-mounting
castings on “tombstones,” checking specifications ol machined castings nside a plant floor
enclosed room, and making adjustinents on partially encloscd machining centers Sce Figure 2
for the plant floor layout and approximate locations of peak ineasurements

The Portable Dust Momnitor (PDM), an optical particlc counter, manufactured by Grimm was used
at six locations 1nside the plant shop areas (see Figure 2), the front office area on the first floor,
and outside the main emnployce cntrance Total particulate concentration was reported

The quartz crystal microbalance cascade impactor (@CM) manufactured by Califorrua
Instruments was uscd 1n several locations to determine the particle size distribution n the plant
atmosphere Measurements were madc near the “*central clcamng™ (Hydro) umt and “betwcen
macluning centers

Two eight-stage inertial impactors (Andcrson), with no presepcrators, coupled with one CFM
puinps werc uscd to collect sizc distnbulted total particulate 1n the sainc two plant locations
sainpled with the QCM, the impingetss, and the filter cassettes Total particulate was collected
continuously for nearly three full days, including the one hour per day during the mght shift that
the air cleaners were turned off to allow 1he filter elcmcents to gravity drain

RESULTS AND FINDINGS

TEA and total particulate concentrations measured during Phase 3 arc listed in Appendices 1 and
II The unpinger data for TEA, companng concentrations measured before and aitcr controls (air
clcaners) were 1nstalled, are swunmarized in Table 2 and Figure 3 Simularly, the filtcr

cassette data for total particulatc arc sununarnzed in Tablc 3 and Figure 4 [nspection of'these
tables and figures shows decreases 1n concentrations by factors of2 to I0 The right most
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Figure2 L-Shop floor plan showing sampling locations B ts between machining centers, C 1s the central cleanmg (Hydro) umt, ¥ 15 1n the flume,
L 15 L-Shop edge, P 1s a partially covered flume, and T 15 an unventilated machining center The circled numbers indicate the video morutoring
locations, 1 1s for @perator A, and 2 1s for @perator B



Table 2: Summary Statistics for Tricthanolamine Concentrations

Significance of

Concentration
August 1995 Aupgust 1996 Reduction
GM GM

Location N (mg/m’) GSD N (mg/m’) GSB Probability>F
Between Machmes $ 025 134 6 0 03 121 00001
Central Cleanmg 6 043 138 6 0 04 123 00001
(Hydro unit)
L-Shop Edge 6 01t 221 6 003 126 0 0024

N = Number of Samples, GM — Geometric Mean, GSD = Geenetric Standard Dewiation
Based on a onc way analysis of vaniance (ANQVA) using log tiansforined data ' 2

Table 3: Summary Statistics for Total Particulate Concentrations

Significance of

Concentration
August 1995 August 1996 Reduction
GM GM
Location N (ng/m) GSD N (mg/m’) GSD Probabihty >F
Betwcen Machmes 6 025 172§ 002 177 00001
Central Cleaning 6 0 48 15¢ 6 003 133 00001
(Hydro url)
[.-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 = Geomctric Mean, GSD — Geotnetric Standard Deviation
Based en a one way analysis of vanance (AN®VA) ustng log transfonmed data ' 2
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Figure 3 Tnethanolamine (TEA) concenwations measured before (August 1995) and after
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Figare 4 Total particulate concentrations measured before (August 1995) and after { August
1996) installation of air cleaners 1n the Sauer-Sundstrand plant
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columns inthetables present the probabilities 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 exposure from 0 22 mg/m* 1o 0 86 mg/m’, however, this reduced value
was higher than area concentrations measured at the “L-Shop Edge™” and “betweaen machines,™
based upon the Waller-Duncan k-ratio t test '* Thus the worker engages 1n activities wluch
providc some munor increasc in 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 inside a machming 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 highest levels when he was at the open door, at
tunes with his ann inside, partially enclosed machming centers (#6922 and #6921) The levels
were 0 45to ¢ 63 mg/m’

The results of the PDM (Grimim) survey are shown n Figure 6 The highest relative mist
concentration levels were found 1n the flume near a inacluning center across the mam 1ste from
the Hydromation (central cleaning) umt at 22 4 mg/m?*, the lowest, outside the plant at

0018 mg/m* Levels at an unventilated, partially enclosed machiming ccnter (#6902) were the
next highest at 0 397 mg/m? followed closely by 0 284 mg/m? over a piece of plywood covering a
floor flume where a machining center had been removed Some of the peaks shown may have
nothing to do with MWF  For exainple, 1n the “office confercnce room” there wcre particulate
levels measured which could have been dust There are other instances of exposure causing
events noted in Figure 6

The quartz crystal microbalance (QCM) cascade 1npactor results are shown n Figures 7 and 8

The results of the eight-stage (Anderson) impactor studies are shown 1n Figures 9 and 10 For
the Anderson, the LOD=0 1 ing/filter and the LOQ=0 3 mg/filter The nnpactor located
“between machining centers™ yielded an overall concentration of 0 11 mg/m® with 30 percent of
the material deposited on the first filter or stage indicating that thcre was a heavy concentration
of largc particles Without the material on the first filter, the concentration was 0 07 8 ing/m?
The corresponding numbers for near the “central cleaning” (Hydro) umt are 0 14 mg/m?,

37 percentand 0 087 mg/m*® Aerosols larger than 3-4 ym were present indicating exposures are
probably due to unconwolled 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 highest concentrations were found near the
Hydremation (central cleaning) umt This unit wes apparently causing significant emissions of
metalworking fluids into the plant’s air In order to reduce MWF must concentrations throughout
the plant this cmissien source was controlled
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microbalance cascade inipactor, August 1996
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Phase 3 of the study deimnonstrated the effectiveness of installing air cleaners on the machimng
centers and improving mist control on the Hydromation uint TEA concentrations were reduced
four-toten fold The total particulate concentrations were reduced 16 fold near the Hydromation
umt, the location of lughest concentration 1n the ‘before’ or Phase 2 study, and were signeficantly
improved 1n the other area samples and 1n the pcrsonal samples

Some major sources remain, they are thc older machining centers which are not so well enclosed
These conditions should unprove as older centers are replaced with new, more fially enclosed
machining centers It remains important to continue enclosure of the flumes and as much of the
Hydomation umt operation as possible The exposures to individual operators doing specific
tasks were not large (less than 1 0 ing/in*) but could bc decreased with improved ventilation and
changes 1n work procedures

The impactor results showed that there are still large particles being enmtted into the work
environment The differences between the QCM and eight-stage studies, may indicate that the
large particles are being emitted duning the 1 hour air clcancr down tune periods

‘The nstallation of the air cleaners has resulted in a signiflcant reduction 1n the TEA and total
parhculate concentrations 1n the plant work environment
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APPENDIX

I

._Sau_er-_Sundstraﬂd Company, Ames, iowa 50010 August 1996 Tnethanoiamine Impinger Data

[ — —_ s e
o ; | Field | .
Date [Run ‘Shift | L.ocation of ‘Sample Time 'Pump Flow Tnethanolamme__ '
i ! Measurement Number l| min " Rate,cc/min Iug!sample mgim*3
8/19/96| 1 2nd | Between machines 1 270; 22 ___‘-_ ~ 18 ﬂ'- 0033 |
820/9617 2  1st : Betweenmachines | 4 | 319 | 2040 | 22 | 0034
I8/20/96 ] 3 | 2nd | Between machines B 1472 2022 | 32 u 034
8r21/96| 4 Hst | Between machines | 11 356? 2040 | 24 7 0033
8196 5 :. 2nd | Betwsen machmes _ “aed T 2m0 | 22 | 0023 ~
'8/22/96| 6 | 1st | Between machines 18 1 400 2035 19 0023
8/19/96 | 1 | 2nd 'Central ceaningt' ydro, 3 ' 243 2007 0 22 0045
8/20/96 | 2 1st |Central cleaning-Rydro 6 +_324 ; 1992 29 0 045_I
8/20/96| 3 | 2nd |Centra cleaning-hydro 10 | 472 ¢ 1993 32 0034 4
8/21/96| 4 | 1st |Central cleaning-hydro| 13 1 360 | 2035 | 29 | 0040
B/2/96| 5 | 2nd |Centralcleanng-hydro] 17 | 470 | 1997 25 0027
. 8/22/96| 6 | 1st |Central cleamng-hydro 20 | 402 | 1992 25 0031
819967 1 | 2nd L-shop edge 2 ] 275 | 1998 19 0035
8/20/96 | 2 | 1st L-shop edge 5 I 317 2035 22 0034
8/20/96 | 3 _, 2nd L-shop edge 9 489 | 2000 22 ‘o 023
82196 | 4 | 1st | L-shop edge |~ 12 1353 | 1992 25 0 036
_8{21/‘96'____,5__ 2nd L-shopedge 'y 16 | 471 1993 25 0027
B8/22/9%6 | 6 1st L-shop edge 19 397 2040 17 0 021
B/20/96 | 2 | 1st "N blank 7 ND "
8/2196| 4 ' 1st Nblank | 14 ~__ND ; ,
,B19/96) 1 j2nd| N biank blank |~ " ND -
V8121196 | 4] 1st ] N blank blank | ' ND__
8/22/96 S_L 14 N b lank delon water ND | :I
l | I - e
) - LOD (lelt of Detection) = 9 pg/sample L | i '
LOQ (Limit of Quantification) = 29 uglsample |
o g : 1 ) | Geometnic ™
| Geometric | Standard !
_ — | . J Mean | Deviation .
- ~ T R —
— . — B near cleaner-betweerE Toyodas : ,r 0030 _+||_ R
@ ; C near hydromaton unit 0036 | 123
. I | k 1
| Lend LshopatL6K6 | | 0029 | 126

13



APPENDIX 11

ISauer-Sundstrand Company, Ames, lowa 50010 August 1996 Total Particulate Data

= | S ——
Date |Run|Shift|  Location of Filter | Tune |Pume Fiow Total Partlcullate
Measurement Number mm | Ratecc/min | mg/sample mgh?i"‘3_
8/19/96 | 1 | 2nd | Between machines 5938 ' 469 4018 | 002 000730
8/20/96 | 2 | 1st | Between machines ~ 5892 , 491 3981 005 0 02238 |
| 8/20/96 | 3 | 2nd | Between machines 5885 | 431 3957 . DO5 0 02565
8/21196 | 4 | 1st | Between machines 5925 [ 464 4024 008  -004619 |
821196 | 5 | 2nd | Between machines ~ 5849 = 410 392 . 003 1001451
8/22/96 | 6 | 1st | Between machines 5902 : 438 4043 : 006 0 03035
8/19/96 | 1 | 2nd |Central cleaning-hydro 5921 | 471 - 3965 006 002878
78/20/96 | 2 | 1st” |Centraicieaning-hydro 5904 | 468 3957 007 | 003442
8/20/96 | '3 | 2nd |Central cleaning-hydro 5778 | 435 . 4024 009 ! 004785
8/21/96 | 4 | 1ist |Centrai cleaning-hydro 5901 | 467 - 4018 008 ' 003930
8721796 | '5 T 2nd |Centralcleaning-hydro ~ 5843 | 404 3999 004 : 002089
8/22/96 | 6 ' 1st |Central cieaning-hydro 5910 | 433 4018 007 003664
8/19/96 | 1 ~ 2nd L-shop edge 5908 | 467 4024 002 . 000732 |
8/20/96 | 2  1st | L-shop edge 5898 | 490 4043 009 i 004228
8/20/96" 3 | 2nd L-shop edge 5879 | 430 3981 003~ 001387 |
8/21/96 4 | 1st Lshop edge 5961 | 459 4024 006 002910
[8/21/96 1 5 | 2nd - L-shop edge 5850 | 413 3965 006 003282
| 822/% © 6 | 1st . L-shopedge =~ 5918 | 438 4024 007 003617
8/M19/96 © 1 | 2nd .~ Worker 5897 | 392 | 3992 009 005352
8/i6/98" "1 | 2nd Worker 5920 | 294 | 3981 -001 -001388
B/19/96 1 | 2nd Worker 5909 | 385 3999 012 0 07388
8r20/96 | 2 ' ist | Worker 53145 | 370 3973 008 0 05017
8/20/96 | 2 . 1st Worker 5893 360 4018 022 014777
8/20/96 | 2 : 1st Worker 5899 391 3976 012 007317
'8/20/%6 | 3 | 2nd Wo ker 5880 | 286 4018 011 0 06689
8/20/96 | 3 | 2nd Worker 5889 | 384 3965 006 003530
'8/20/96 | 3 | 2nd Worker 5905 | 379 3992 008 004875
8/21/96 | 4 | 1st | Worker 5919 | 362 4043 0 -000427
'8/21/96 | 4 | 1st Worker 5913 | 466 | 3973 | 012 0 06144
8/21/96 | 4 | 1st Worker | 5907 | 464 ' 3976 0D8 ' 003998
8/21/96 | 5 | 2nd Worker . 5898 | 448 3981 005 ~ | 002453
8/21796 | 5 | 2nd Worker ' 5922 [ 445 | 3973 | 008 ' 004171
8/21196 | 5 | 2nd Worker | 5881 [ 444 | 3949 | 021 [ 011621
8/22/96 | 6 | 1st Worker ~~ 5840 | 366 : 4024 008 005008 |
8/22/96 | 6 | 1st "~ Worker 5857 | 313 | 3952 014 ' 010813
8/22/96 | 6 | 1st Worker 5870 | 358 3976 | 011 ' 007289
8/19/96 | 1 | 2nd N blank 5886 * 0 - '
8/19/96 | 1 | 2nd "N biank 5942 ~ 002 B
8/20/96 | 2 | st N blank 8906 - | 1 o003
8/20/96 | 2 | 1st | N blank I” 5891 003
8/22/96 | 6 | 1st N blank | 5860 N 004
8/22/96 | 6 | 1st N blank I 5890 001
8/22/96 | 6 | ist N blank | 5833 1T o1 ]
8/22/96 | 6 | ist N blank 5924 001
— — | —
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APPENDIX II (continucd)

Sauer-Suidstrand Company, Ames, lowa 50010 August 1996  Total Particulate Bata
I
Date |Run|Shift]  Area | Filter | Time [Pump Flow [Total Particulate
- (Locaton) Number [ nun | Rate,cctmin | mgfsample | mg!m“3
8/20/%6 | 1 | 1st Seres 20cell | 5894 | 361 | 4043 | 008 | 005053
8/21/96 | 2 | 1st | “Seres20cell ' 888 | 357 | 4043 | _otf _[oo7iss’,
82296 | 3 ' st - Semes20ceh | 5912 | a57 | 308 _ 004 ~ 001855 |
8/20/96 | 1 | 1st |  Senes90 cell 5903 | 349 4024 | 005 | 00315
82196 | 2 | 1st |  Senes90cell 5911 | 377 | "3g73 008 | 004924
8/22/96 | 3 | 1st  Senes90cell | 5883 | 452 357 | 004 | 001887
8/20/98 1:|___1_SL Workeron20 | 5800 | 313 424 | 007 0 05061
8/21/96 | 2 | 1st | Workeron20 5895 | 304 381 | 012 | 009399
822196 | 3 | 1st |  Worker on 20 5916 | 83 | 4043 0 | 001883
8/20/96 © 1 | 1st | Worker on90 5923 | 355 | 3973 | 014 009483~
'8/21/196 2 | 1st |  Worker on90 5882 | 377 3957 | 016 010306 _
8/22/96 3 | 1st |  Woiker on 90 5889 | 452 3973 [ 009 | 004664
‘ |
8/19/96 | 1 | 2nd | Between machines ‘ 6246 ~ 466 25000 037 5 003106
8209 | 2 | st | Beiween Machines | 6267 470 | 28000 | 06 | 005037
8/20/96 '3 | 2nd Between machines ‘ 6254 | 430 25000 045 _1I 004110
8/21/96 4 | 1st | Between machines 6263 ' 478 25000 067 | 005538
8/21/96 5 | 2nd | Between machines | 6264 08 25000 : 038 0 03645 _
'8/22/9 . 6 | 1st | Between machlnes_ ! 6253% | 25000 051 | 004461
8/19/96 T 1 2nd |Central cleaning-hydro' 6256 ' 475 25000 _ | 06 . 004984
"8/20/96°| 2 | 1st [Central cleaning-hydro 6242 | 467 25000 069 005840
8/20/196 | 3 | 2nd |Central cleaning-hydro 6255 | 435 -~ 25000 | 062 005626
8/21196 | 4 | 1st |Centralcleanng-hydro 6250 & 480 @ 25000 | 085 007015
8/21/96 | 5 | 2nd |Central cleannglydro 6260 403 25000 048 004683
8/22/96 | 6 | 1st [Centralcleaning-lydro 6247 446 25000 | 038 | 003335
N blank 6262 -0 01
~T 777 TN blank 6245 A Y
] Nblank 6248 002 -
o N biank 6243 ! _,__oo1
' : N blank 6270 ‘ 001 .
N blank 6241 - o T
7 N blank - 6257 ' 001
: N blank 6266 ] -0 01
T T | T N plank T 6251 - 0
o +______\ N blank | 6258 o o
N blank | 6249 003
i t | j,— —t ' | —
~— LOD (LimfofDectecton) = 002 mg/m*3
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