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ABSTRACT

At a machimng center used to produce transmission parts, aerosol iInstrumentation was used to
quantiiatively evaluate size-dependent must generation of a synthetic metalworking fluid (mwif)
This information was needed 1o evaluate the performance of an aur cleaner for contrelling the
mist This machimng center dnlled and tapped holes at rotational speeds of 1004 to 3000 rpm
Durng most machiing operations, the mwf was flooded over the part  To facthtate metal chip
removal during some operations, mwf was pumped through the onfices in some tools at a
pressure of 800 ps1  Such high pressure may create a very fine mist  These machining
operations were performed 1 a nearly complete enclosure (hat was exhausted to an air cleaner
The air cleaner's fan moved approximately 2000 ¢fim through the enclosure, an elbow, and

15 feet of 14 inch diameter duct that connected the air cleaner 1nlet to the enclosure To
quantitatively study the eflect of machining operations upon mist generation, an air sample was
1sokinctically sampled from the duct and drawn into a sampling plenum at a flow rate of 85 liters
per munutc In this plenum, the following mstruments were used fo measure acrosol
concentration and size distribution  a titne of flight acrosol spectrometer (the Aerosizer Mach 2,
Ambherst Process Instruments, {ladley, M A}, a quartz erystal microbalance cascade ympactor
{model PC2, Cahforma Measurements, Sierra Madre, CA), and an eight-channel optical particle
counter (Portable Dust Monitor Model 1105, Gnimm Awmnrning, Germany) This sampling system
was used to characterize the aerosol flowing into and out of the air cleaner In addition, an
aerosol photometer (RAM-1, MIE Inc , Bedford, MA) was nsed to continuousty. momtor the
acrosol concentration  The aerosol photometer and optical particle counter measurements
showed that mist gencration was relatively constant uniil the mwf was pumped through the tools
at BOO ps1  Although this increased the mist concentraiion by about 300 percent, 1t did not affect
the must size distribution

The observed penetration through the air cleaner appeared to be mostly consistent with the
manufacturers specifications ¢n the air cleaner's filters The filier should have collecied all
particles larger than 3 pum However, data taken with the optical particle counter and the quartz
crystal mierobalance 1mpactor showed that particles larger than 3 pm were emitted from the air
cleaner During the testing, metalworking fluid was observed to accumulate i the bottom of the
filter housing, and this must may have been reentrained due Lo air motion or mechanical
vibration

In addition to evaluating air cleaner performance, the concentration of particulate and
triethanolamine werc measured These measurements suggested that the metalworking flmd
recirculation and filtration umit, referred 10 as the “hydromation unit™, are an additional source of
meialworking fluid emssions



INTRODUCTION

Sauer Sundstrand, Inc 1s a2 metalworking plant located in Ames, lowa En thus location, there are
approxumately 300 employees 1n the production area  There are approximately 200 cffice area
employees Sauner Sundstrand continues production 24 hours a day, with most production area
employees working a 10 hour shift, 40 hour week Transmussions are produced for off the read
vehicles such as lawn mowers and agricultural equipment The steel castings which are brought
in the plant are pre-shaped for the transmussion  Additienal metalworking is performed on the
piece, including milling and dnlling Each metalworking station 1s automated One operator
programs and tends several machines

Metalworkimg fluid (mwf) 15 also referred 10 as coolant, and the twe terms will be used
interchangeably throughout the text It 1s used during the metalwaorking to remove metal
shavings and to serve as a coolant and lubricant At the metalworking station examined in this
study, the mwi was Nooded onto the part at a pressure of 80 psi During some machimng
operations, the coolant 1s forced through small holes 1n the drills at higher pressures ranging
between 600 to 850 pounds per square tnch (ps1) The high pressure application of fld was
used during approximately 30 percent of the macluming cycle In other machines, other coolant
apphcations may reach pregsures as high as 1200 ps1  During the high pressure applicaiton of
coolant, the tooling retations reached as lngh as 4500 rpm, with an average of 1000 rpm  The
lower pressure applications flooded the part with the flmd at relatively low pressures, around

80 psy, approsimately 70 percent of the machining eyele  The bottom of the machining statton
has a sloped bottom where the excess fluid and debnis are removed via a screw feeder leading to
the flud recycle system In the L-shop, the area studied duning this survey, flnd 1s recycled
through a “hydromation™ umt The hydromation umit storage pit has a volume of 10,000 gallons
The hydremation umt 1s used to pump and lilier the {luad, removing metal chips and other debns
The flud used 1n the L-shop at approxamately 12 stations was Synillo® 9902 (Castro Industnal,
Ine , Downers Grove, IL), a synthetic product pnmanly composed of water and triethanolamine
Scveral different types of mwf are used throughout the plant at approximately 250 meialworking
stations

The marn {ocus of this study was L-shop where 1t was thought that the majority of plant
metalworking fluid musts were generated In L-shop, metalwerking was performed on 1tems with
a low volume total to be produced High quantity orders were done elsewhere n the plant

There were 12 stations i L-shop with approximately 45 cmployces  These machining unmits were
all partially enclosed and automated At one of the Toyoda manufactured metalworking stations
in L-shop, an air cleaner was nstalled to remove (he mwf acrosols before recycling the air into
the plant

Air Cleaner Description
The air cleaner installed 1s shown 1n Figure 1 Tt 1s Model F120, manufactured by Airflow
Systems, Inc {Dallas, TX) with an approxunate cost of $4000 The unit was nstalled over the
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Figure 1 Installed air cleaner, mncludmg qualitative observations of mwf accumulation noted
durmg the second phase of the study
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metalworking station and pulled the air up wto the cleanng umt  The air cleaner’s fan moved
approximately 2400 cfin through the enclosure, elbow, and 15 feet of 14 mch diameter duct that
conngcted the air cleaner inlet to the enclosure Figure 2 shows the schematic tlustration of the
duct work located on top of the machine The air cleaner 1s equipped with a metal mesh prefilter,
followed by a pleated * mist ehiminator”™ prefilter Next are the main filiers, which are 83 percent
efficient ASHRAE pocket filters According to ASHRAE gwmdelines, a 95 percent efficiency
filter removes all particles with a diameter of approxumalely 2 #m The general efficiency curve
of this filter also shows a mimmal efficiency of approximately 72 percent for particles sized near
0 3um ' The flmds captured by the {ilicrs dnp to the floor of the cleaner, and exit via three
drainage holes The coolant then dramns to the hydromation recycling system At the outlet of
the cleaner, 15 a 4-way adjustable grll for the exiting anr

Study Objectives

Sauer Sundstrand, Inc  requested that NIOSH researchers perform an evaluation on the efficacy
of a commerctally available air cleaner This air cleaner would be placed downstream from a
metalworking station, and the “cleaned” air would be recirculated nto the plant, thus saving
heating and cooling costs The recirculation wauld also eliminate the need for an exhaust stack
for the numerous stations, also, there are sigmficant time-delays associated with obtaining stack
permits from local air pollstion control agencies In order to meet production demands, and to
save moncy, the amr 1s circulated through an air cleaner and the discharged air 1s recycled to the
plant Thus, there 15 a need to evaluate the efficacy of air cleaners for o1l mists  Sauer
Sundstrand hoped to gather additional information i order to decide 1f this type of arr cleancr
should be installed throughout the plant on cach of the metalwarking stattons One of NIOSHs
goals for conducting this m-plant study was as a prelude to mlot plant studies to evaluate the
cffcct of machimng parameters upon size dependent mist concentrations  Two of the main 1ssues
to be examuned mcluded the followmg

. Characterization of the aerosol produced during metalworking How do machining
operations affect the size-dependent mst concentranons? The size disinbubon of the
meoming mist 15 a key consideration n the selection of an air cleaner If the mist size 15
too small, the must can flow straight through the air cleaner

. Establish the efficacy of this air cleaner for reducing worker exposure to mwi Two
surveys were conducted to gather this information  The [irst study was conducted in June
1995 to experimentally evaluate the test stand designed and bult by NIOSH researchers
in arder to charactenze the aerosol, thts mnitial evaluation s relerred to as “Phase 1™
During the second evaluation, conducted m August 1993, air contarmmant concentrations
were measured  Tlas part of the project 1s referred to as “Phage 27
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Health Effects

There are many health effects assocrated with metalworking exposures including dermatitis®,
respiratory disease’, and asthma® Cross-shift decrements 1n lung function are reported for
mnhalable serosol exposurcs larger than 0 2 mg/m’ Microbial contamination and endotoxins
(debrs from dead microbes) may alsa be responsible for adverse pulmonary Lealth effects
Some on-going research has suggested that hifctme exposures to specific types of metalworkmg
flwds (straaght, soluble, and synthetic) arc associated with several digestive eancers ¥ For these
reasons, 1t 18 prudent 1o control exposures to metalworking fluids

Exposure Evaluation Criternia

Triethanolamine 15 the major component of the synthetic mwf used during thys study For
triethanolamine, the Amencan Conference of Governmental Industrial Hygiensts has estabhshed
a Threshold Limii Value of 5 mg/m? as an 8-hour time weighted average © The ACGIH 15 private
orgamzatons and s T1L.Vs refer to awrborne concentrations to whuch nearly all workers may be
repeaiedly exposed without expenencing adverse health effects

The Occupational Safety and Health Admumstration (OSHAY has cstablished a permassible
cxposure hnut for particulate not otherwise regulated of 15 mg/m’ as an 8-hour tume weighted
average

EXPERIMENTAL PROCEDURES - PHASE 1

The experimental objectives were addressed by measunng the mist concentration as a function of
s1z¢ upstream and downstream of the air cleaner during a routine production eycle The test
stand shown n Figure 3 was used to draw an ait sample into an air samphng chamber The size
dependent must concenlrations were measured 1n the duct upstream of the air cleaner as shown 1n
Figure 4 The measuring position was approximately 4 feet from the air cleaner’s inlet and
approximately 10 feet from the elbow connecting the metalwoerking stations’s enclosure to the
duct Size-dependant must concentrabons were also measured at the exhausi louvers as shown 1n
Figure 5

Test Stand Construction

The test stand was designed and constructed for extracting an 1sokinehic sample from an exhaust
duct The air samples enter the chamber through a 0 5 inch diameter nozzle which expands (o an
exit diameter of 1 5 inches 1n a honizontal dastance of 3 5 mches The nozzle was fabricated ffom
0 004 nch thick brass shim stock After flowing into the nozzle, the air flows mto a 2 inch
horizontal length of a copper tubing inta copper elbow (1 5 inch diameter, 3 inch radius) The
elbow was connecied to a 33 inch length of 1 5 inch diameter copper tubing  The air flowed out



F

.,_
.

GRTMM PTIM

feet

Figure 3 The test stand for extracting 1sokinetic samples from the duct and measunng the size
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Figure 4 Sampling the air i the duct Figure 5 Sampling the air that ﬂowg out

upstream of the air cleaner the exhaust louvers  Note the gse of
cardboard 11 an effort to somewhat 1solate
the exhaust air from the air in the plant

of the copper tubing 1nto a $1x inch diameter plastic tube In the plastic tube, the air flowed past a
baffle, which was intended to induce turbulence, to mix the air, it then went through a flow
straightener  The nlet to the sampling instruments (which are listed below) was located between
the flow straightener and a perforated metal plate which served to evenly distnibute the air flow
for air sampling  Air was drawn through this test stand by a vacuum pump and other pumps
assocrated with the istruments In order to protect the vacuum pump, the air flowed out of the
iest chamber through 2 cartindge filter (Speedawre Part 62949, Dayton Electne Mfg Co, Chicago,
IL) The llow rate was controlled by a rotameter (Senial no 096196, Cole Parmer, Miles, IL)

Instrumentation
The instruments below were used during sampling, and were placed after the flow straightener 1in
the test stand

. The Portable Dust Monitor (FDM), {medel 1 105, Grimm Labortechnick GmbHé& Co,
Amnning, Germany)



The PDM 1s an oplical particle counter, which sampled through a 22 inch long 0 25 mch
diameter at a flow rate of 1 2 hiters per munute  The PDM counts individual particles and
classifies particles based upon the amount of light scattered by the individual particle
For a scries of sequential 6 second periods, this instruments’ RS-232 output hists the
number of particles larger than 0 75,1 0,2.3 5, 5,7 5, 10, 15 um and the ttme  This
RS-232 oulput was recorded by operaung a terminal pregram (Procom Plus, Datastorm
Technologies, Columbia, MO) on a portable computer The instrument and the data
logging were operated continyously throughout the data collection

Quartz Crystal Maonitar (QCM) Cascade Impactor (model PC-2, California Measurements

Inc, Sierra Madre, CA)

The QUM draws Q 25 Ipm of arr from the air sampling through 12 inches of © 38 inch
instde diameter steel tube  Tnthe QCM, the arr flows through a sertes of progressively
smaller jets which forces the air to flow arcund prezoclectric crystals which sense the
mass collected afier each impaction jet  As the diameter of the jets decreases, the air
velocity ingreases, and particles with smaller aerodynanuc diameters are collected on the
piezoelectric sensors  The vibration frequency of these cryslals 1s measured The
changes m the wvibrational frequency 15 used to compute the mass of acrosol collected on
each 1mpaction stage The particle diameter for which an impaction stage 18 50 percent
(by mass) efficient 1s termed the 50 percent cut-off diameter (D) There 1s some
disagreement between the theorctically estimated and experimentally determined values
of Dy, determined by Fairchild and Wheat ® In analyzing the data, their experimental
data was used These data are shown in Table 1  Thas instrument 1s used to take short
term samples (30-900 seconds) The sampling time was varicd in order to collect
measurable masses of aerosol an the impaction surfaces without overloading the
prezoelectric crystals

A Time-of-flight Aerosol Spectrometer (Aerosizer), (Aerosizer Mach 2, Amherst
Process Instruments, Hadley, MA)

The Acrosizer was used with an Aero-diluter and a vacuum pump to draw 2 lpm through
a 0 75 inch insade diameter steel pipe through a preselector  In the Aerosizer, individual
particles are s1zed based upon their transit time between two laser beams  As particles
pass through the two laser beams, scattered hight is detected by two photo multiphier
tubes The time difference between these two events 1s measured  The two laser beams



Table 1 Theoretical and Experimental Values of Dy, for Umt Density Spheres for Califorma
[nstruments QCM Obtained by Fawrchild and Wheat*

Stage Theoretical (¢m) Experimental (um)
1 24 17
2 94 13
3 92 o
4 46 39
5 23 18
6 13 12
7 062 064
8 04 034
9 023 026
10 0.14 014

are located near the exit of an acceleration nozzle The aw exits this nozzle at near somc
velocaty and continues to accelerate as through the measuring region  Particles arc
accelerated by the drag forces generated by the accelerating air flow which ultimately
reaches a velocity of 500 m/sec

The drag forces operating on hiquid particies may deform or break the indirvidual mist
particles, causing artiifacts 1n the measurement  Liguid droplet deformation 1s reported 1n
another tunc of flight acrosol spectrometer that operates at lower velocities '* To prevent
this, a preselector was usced to eliminate particles whose breakup may cause anomalous
results  The preselector had a Dy, of 14pm  The preseleclor was a single stage impactor
with a 6 mm diameter jel, 1t was the number two mmpactor from a collection of Marple
Impactors (Swerra Sertes 200 Marple Impactors, Sierra Insiruments, Carmel Valley, CA)

The details of the connection between the Acrosizer, the impactor, and the steel pipe are
shown 1n Figure 6

Aerosol Photomeier - Real-ume Agrosol Momior (RAM-1), (MIE Inc , Bedford, MA)

The RAM-1 continuously sampled the awr from the side of the air sampling plenum as
shown 1n Figure 3 The RAM-1 was operated on the 0-2 mg/m’ range and at a time

10
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constant of 2 seconds  In the mstruments sensing chamber, the RAM measures the
quantity of light scattered by the entire cloud The quantity of scattered light 15 a function
of concentration and the aerosoel’s optical properties  Thus, this insirument’s response 18
a measure of relative concentration  The analog output of this instrument was rccorded
using a data logger {Ranger I1, Rustrack, East Greenwich, RI)

Condensation Nueler Counter - the Portacount (Model 8010 Portacount™, TSI Inc,
St Paul, MN)

The Portacount samples at a flow rate of 7 liters per minute  In order to count particles
too small to be detected by an optical particle counter, the Portacount mcreases the
particles ta a larger size by condensing alcohol on individual particles  After the
particles’ sizes are mcreased, the particles are counted by detecting pulses of hight
scatiered by individual particles  The RS-232 owiput of the Portacount was collected by
using a terminal program (Procom Plus, Datastorm Technoiogies, Columbia, MO)on a
personal computer Throughout data collection, the recorded number concentration
contimuously decreased Apparently, as the alcohol 1n the reservorr was depleted, the
particles to a larger size by condensing alcohol on individual particles  Afier the
particles’ sizes are increased, the particles are counted by detecting pulses of hight
scattered by individual particles The RS-232 output of the Portacount was collected by
using a terminal program {Procom Plus, Datastorm Technologies, Columbia, MO} on a
personal computer  Throughout data collection, the recerded number concentration
continyously decreased Apparently, as the alcohol 1n the reservoir was depleted, the
Portacount detection limat shafts to larger sizes Note that the Portacount 15 inicnded lor
respirator fit testing and was never mtended to be uscd for momtoning concentration  As
a result, the monrtoring results from the Portacount are not included m this report, and
there 15 no Turther mention of the Portacount n s report

Other instrumentation mcluded a temperature/hurmidaty probe (RR2-252, Rustrack
[nstruments, East Greenwich, RI) The temperature and hunidity was measured at {the
putlet of the air cleaner  The temperature sensor 15 a thermistor and the humidity sensor
15 based upon (hun film capacitance The readings from this probe were recorded by a
data logger (Ranger II, Rustrack Instruments, East Greenwich, RI)

Flow Rate of Test Stand and Ventilaticn Measurements

In order to collect an 1soknetic sample {rom the duct upstream of the air cleaner, the average
duct velocity and flow rate was determined by conducting a 10-point, equal area pitol tube
traverse 1n the duct ' Based upon the pitot tube traverse, the average flow rate 1n the duct was
2170 feet per nunute (fpm) Based upon a probe diameter of 0 5 inches, a flow rate of 85 liters
per munute (Ipm) was needed o achieve 1sokanctic samphing conditions  This flow rate was
achieved by setting the rotameter to a flow ratc o 80 Ipm The nstrumentation provides an
additional 5 liters per minute of air flow rate A velometer {Velocicale, TSI Inc , St Paul, MN)
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was used (o measure the air velocities at the outlet  The velometer showed that air velocities
were between 2000 and 2400 fpm  Therefore, the test stand flow remained at 85 Ipm

Testing Procedure

The sampling period started when the parl holder with the part to be machined, the “tombstone”,
entered the machming station The sampling was terminated when the last machining operation
stopped For each sampling period, a list of machine tools used was obtained from the programs
used to operate the machiming centers  This list noted whether high pressure coolant was applied
and what type of metalworking operation occurred  As desenibed in the following table, must
concentrations were measured during three different ime periods

Run
Number Sampling Location Date Tmne
Run1 Upstream of Air Clcaner Tune 13, 1995 520-1100
Run 2 Upstream of Aur Clcaner June 13, 1995 1529-16 50
Run 3 Air Cleaner’s Exhaust Louvers June 14, 1995 1216-13 37

RESULTS AND BDISCUSSION - PHASE 1

Before Phase 1 of the study, a manufacturer of air eleaning equipment provided the facility with
measurement results taken with a mass monitor  The air cleaner was not installed at this time
Near where the air cleaner was mstalled, concentrations ranging from 2 6-3 2 mg/m® were
measured Near the hydromation umit, concentrations were recorded at 3.1 mg/m® 2

During Phase 1 of the study, the installed awr cleaner had been in-service for approximately two
months 1t was visually observed that the outlet louvers of the air cleaner were coated with mwt,
and that the mwf would occasionally spurt or dnp out from the Jouvers Tt was thought that
perhaps the fiiter was not seated properly, allowing the coolant to flow around the filter instead
of through 1t However, later during Phase 2, when the filier was taken down and examened
internally, drainage problems were found The three small dramns were clogged with debrss,
including metal shavings The accurnulations are shown m Figure 1  There was a half inch
depth of standing mwf 1n the base of the air cleaner The drainage holes were enlarged to allow
proper flmd removal It 1s probabile that the aur flow entramed some of the fluid as a mist
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Temperature and Hurmidity

Dunng three periods, temperature and relative humidity data were recorded  However, the
temperature and humidity data for the second run on June 13 were lost  The following table
summanzes the data

Date Temperature (°F) Percent Relative Humdity

6/13/95 (Run 1) 73-79 42-56
6/13/95 (Run 2)
6/14/95 (Run 3) 75-79 75-85

The water will evaporate from the droplets until the vapor pressure of the water in the droplet 13
lower than the vapor pressure of water in the air * As the must droplet dries, the water content of
the must droplet decreases, thus decreastng the vapor pressure of water on the droplet’s surface
At very low concentrations 1n an 1deal hiquid mixture, the low concentration components ¢xert a
vapor pressure which 1s only a small fracuon of the saturation vapor pressure ** Thus, water may
not completely evaporate from the mist droplet  Because the mist may contain some water, the
aeroso! Instrumentation may be overestmating the metalworking fluid mist concentration  Thus,
the aerosol mtrumentation 1s probably overstating the must concentration and correctly stating the
mst’s size  However, in selecting air cleaming equipment, the size distribution of the air
contaminant 18 & more important consideration

Aercsol Measurement

The summary of must concentrahon measurements are shown in Appendix 1 The digital output
of the Aerosizetr and the PDM 1s reported as a number concentrabon  The number concentrations
were used to compute the mass concentration (C,,) of melalworking flmd must, usmg roost mean
diameter {d), and assuming unit density {p), with n denoting the number of channels

md
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Figures 7-9 show the response of the PDM and the RAM wath time dunng machming operations
during two sampling sessions conducted upstream  Because of a data logger fatlure, RAM data
15 only available during the first sessien  During these machming operations, there was no mist

generation at the start of the machining concentrations and mist concentrations are less than

0 2 mg/m® Before the cutting operations began, the part was flooded with coolant This caused
a steady concentration of mwf mest between 1 and 2 mg/m® Ths flooding coolant 15 termed low
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pressurc coolant, and coolant 15 always being applied except when prinding eccurs and during
background measurements which are noted 1n Figures 7-9  These figures represcnt particles
larger than 0 7 um At times during the production cycle, coolant was forced through the tools at
pressures as high as 850 ps1  The high pressure application of mwf caused distinct spikes in the
must concentrations shown in Figures 7 and 8 When the high pressurc coolant was apphed, 1t
lasted for periods of 1-5 minutes, causing a concentration of mwf must between 3-5mg/m®
Figures 7 and § show that some of these exposure peaks are much less than one minute 1n length
The videotape of the machining operations showed that the high pressure coolant started no more
than 1-5 seconds before the tool started performung machining operations  Dunng high pressure
application, the coolant orifice acted essentially as a spray nozzle, unal the machiming tool was
mside the part  When the flmd’s energy was dissipated while flowing out of the part, there was
mimmal additional mist generation attnbuted to the use of high pressnre coolant

In Figures 10-12, average size distributions, measured upstream of the air cleaner, are presented
for these conditions 1) background aerosol measured in the absence of machining operations,

2) grinding withoul coolant apphication, 3} machining with low pressure coolant application, and
4) machimng with both hugh and low pressure caolant application  In these plots, the term
“AC,/aln{d ) 1s plotted as a function of particle size  The difference 1n mass concentration
between two particles sizes 1s denoted as “A C)”  In order to compare measurements made by
different instruments which have different channel widths, this concentratten 15 divided by the

16
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the Gnmm PDM

difference 1n the natural logarithms of the particle diameters which 1s termed “A In{d,} For the
QCM impactor, the values of [, presented in Table 1 were used to define the channel widths It
must also be noted that the precision of the QCM data 1s not hugh, the first sampling stage
counted on the order of 30 particles, which were caleulated using mass and volume Therefore,
there may be statistical fluctuanion for this data which must be considercd The PDM and the
Aerosizer measurements indicated that machimng without coolant produced Little aerosol, 1t
produced hittle more than background levels which ranged from 0 1-0 3 mg/m?

The apphcation of low and ligh pressure coolant produced an amount of aerosoel greater than the
background levels of coolant mist  In general, the addition of high pressure ¢oolant increased the
amount of metalworking fluid mist without affecting the shape of the size distnbution In

Figure 12, the mass concentration plots for the lugh and low pressure coolant have diiferent
shapes The figure reveals that for particles larger than 10 um, the mass conceniration for the
high pressure coolant decreases rapidly However, the plot for the low pressure coolant 1s
essentially a straight line for particles larger than 10 pm  The impactor 1s expected to act as 2
preselector to drastically reduce the particles larger than 14 pm  In addition, the Aerosizer was
not consisiently measuring larger parficles greater than 8-9 um These differences are probably
arfifacts due to several phencmena

1 Droplet deformation/breakup caused by the tugh veloeity of 500 my/s 1o the Aerosizer,
causing a smaller apparent diameter This phenomena 15 presently being investigated by
ECTB researchers and further discussion of this phenomena 1s beyond the scepe of this
report
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2 Liquid drainage from the impactor This liquid may be intermuttently drpping off the
impaction plate causing erratic measurements

Figures 13-15 compare size distributions measured before the asr ¢leaner to distributions
measured at the air cleaners exhaust louvers Each fipure contains a weighted average of the
concentrations measured upstream of the arr cleaner  This average was weighted to reflect the
fraction of the tume that the following machiming operations were done while the measurements
were made downstream of the air cleaner 1) machining without ceolant, 2} applying low
pressure coolant, and 3) applying both hugh and low pressure coolant The ratio of the
concentrations measured at the exhaast louvers to this weighted averaged measured upstream of
the air cleaner 1s termed “pseudo penetration” in Figure 16, pseudo penetration 1s pletted as a
function of particle size for the threc instruments  The results obtained from the Acrosizer
indicate that the air cleaner removed cverything larper than 4 um  However, the PDM and QUM
impactor results indicate that there are particles larger than 4 pm measured 1n the air flowing out
of the air cleaner This discrepancy can be explammed by the Aerosizer’s correction for the
background notse caused by phantom particle creation In this instrument, the number of
particles counted 1s the difference between observed number of particles and a correction for the
phantom particles Quite possibly, the counts of few large particles would be lost in the
expenmental noise attnbuted to phaniom particle creation

The larger particles counted by the Grimm PDM and the QCM impactor arc apparently real
When one of the authors inspected the exhaust grates of the air cleaner, mist droplets impacted
on s glasses  Apparently, the lhiquid poel, which had collected due to the clogged dramns, 15 a
source of some must crmussions  Clearly, the air discharged from the awr cleaner 15 much cleaner
than the background acrosol 1n the plant by a factor of at lcast 5 At the outlet of the air cleancr,
the estimated aerosol concentrations were 0 01, 0 027, and 0 03 mg/m? from the Acrosizer,
{QCM, and Grimm PDM, respectively When machiming operations werc not being done, the
Aerosizer and the Gnmm PDM mstruments measured concentrations of 0 3 and 0 14 mg/m’ ,
respectively  Clearly, the air exiting the air cleaner 1s cleaner than the awr 1o the vicinity of the air
cleaner For companson, Figure 16 shows the efficiencics of the Grimm PDM, Aerostzer, and
Califorrua Instruments Impactor with respect to measured diameter

EXPERIMENTAL PROCEDURES - PHASE 2

Impinger samples were taken using NIOSH Method 3509 for triethanolamine (TEA) ¥* Pump
flow rates were increased to 2 Ipm The limit of detection (LOD) was 40ug/sample and the lumit
of quantitanon (LOQ) was 130ug/sample There was only one sample that was reported as
nondetectable  For statistical purposes, this sample was estimated te be LOIV2, or 20u.g/sample

19



Grnmm PDM diameter (¢ m)

I | = —=yupstream of
— l ar cleanar
“ o1 | —— | — 44
E T X
B e \l
E m » — |:‘<
- A X & ‘ %, = % = ‘hackground,
T 00 ———I—E‘ — - — upstream of
£ { & al ar cleaner
= .
d | A
< 0 001 - i . \ —n— after aw
‘ ! cleaner
0 0001 — L
i ] 100 100G 100 00

Figure 13 A comparison of must concentrations upstream and downstream of the air cleaner
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Figure 14 Size-dependent concentrations measured at the air clcaner outlet and before the
The latter 15 a weighted average computed so that 1t has the same fraction of
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Figure 16 Pseudo penetration through arr cleaner as a function of parhicle size for the Grimm
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Samples which were found to be between the LOD and LOQ were estimated wath the lab
reported result

Impinger sampling was only used for area samples Samples were taken 1n several areas,
meluding near the air cleaner for both 4 hour and 6 hour penods Two time periods were chosen
because the researchers were unsure 1f the 4 hour samples would have detectable results Two
other sites were chosen because they wete at opposite boundaries from the L-shop, the samples
were denoted as end of L-shop and near the hydromation umit During one period, the reception
area, located n the office area of the facility, was sampled 1n order to obtain a baseline reading
Another sample location was denoted as the “problern station” This station was sampled for
both TEA and total particulate at the facility management’s request This station was the site of
worker’s many complamts In the past, one worker who had regularly wotked at this station had
been diagnosed by a physician to have asthma, 1t 18 unclear 1f' it was work related Tlus
reporiedly “problem siation” was not located m L-shop, nor was it the same degigh as the
machimng station studied, this station was not fully enclosed The worker who normally works
at this “problem station” was sampled in his personal breathing zone (PBZ) for total particulate
cXposure

Personal and arca samplcs for total weight particulate were taken according to NTOSH Method
0500 '* Area samples were taken at the same locations as for Impmger samples [n addrtion,
samples were collected on the workers in the arca  Other than blanks, there was only one sample
which resulted 10 a nondetectable level For statishical purposes, this sample was estimated to be
LODY/2, or ) G1 mg/sample

RESULTS AND DISCUSSION - PHASE 2

All results for Phase 2 are shown i Appendix I The impinger data for TEA are summarized 1h
Table 2 The TTIA levels measured are well below all levels recommended and mandated The
samples located near the hydromation umit revealed the highest levels of TEA, with a geometric
mean of 0 43 mg/m* There wag only one sample (ather than blanks) which resulted 1n
nondeteciable levels, this sample was taken near the end of L-shop, the sample location furthest
from the hydromation wut  The samples taken near the end of L-shop were the lowest, with a
geometric mean of ¢ 11 mg/m® Statistical analyses were performed on log transformed data ¢
Analysis of vanance (ANOVA) showed that the sampling location had a sigmficant effect upon
concentrations (probability > F < 0 002) Tukey’s Studentized Range HSD Test was used ta
examine the differences between the arcas  The analyses showed that the difference between the
samples taken near the hydromation umt and the other locations were statistically sigmificant at
an overall contidence level of (0 05
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Table 2: Summary Statistics for Triethanolamine Concentrations

Geometric  Geometric

Samples  Average Maximum  Mimmum Mean Standard
Location {n) (mg/m?} (mg/m’) {mg/m™") {mg/m?) Deviation
Hydro umt 6 B 45 073 013 143 138
End of L-Shop 6 017 04 008 011 218
Near air cleaner $ 026 035 020 025 134
(4 hr samples)
Near arr cleaner 0 0127 030 024 Q27 108
(6 hr samples)

The tota! particulate concentrattons are summarized mn Table 3 The total weight particulate
measured were well below all mandated himits  As wath the TEA results, the laghest levels of
particulate were found near the hydremation umt, with a gcometric mean of 0 48 mg/m* The
lowest levels of particulate were apain found near the cnd of L-shop, with a gcometric mean of
0 08 mg/m® Statistical analyses were agan performed on log transformed data ' Analysis of
variance {(ANOVA) showed that sampling location had a sipmficant effect upon concentrations
{probability > F <0 0001) Tukey’s Studentized Range HSD Test was used to examine the
diffarences betwecn the locations The analyses showed that the difference between the samples
taken near the hydromation umit and the other locations were again stausncally sigmificant at an
overall confidence level of 0 05

Table 3: Summary Statistics for Total Particalate Concentrations

Geometric  Geometric

Samples  Average Maxmmum  Mimmum Mean Standard

Location (n) {mg/m')  {mg/m®) (mg/m®) {mg/m*y  Deviation
IIvdro unat 6 0352 086 027 047 157
End of L-Shop 6 0098 024 003 007 217
Personal 17 0247 0 40 (0o 023 1 49
Near air cleaner 6 0276 045 013 024 171

For the “problem station™, only one personal sample was taken, this station was operational
during only one shift duning the penod of our visit  The total particulate concenitration at this
“praoblem station” was 0 18 mg/m* The TEA concentration for the “problem station™ was
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determuned to be 0 05 mg/m® The worker who normally worked at this station worked
eglsewhere dunng the two pertods his breathing zone was tested During these periods, his
gxposures lo total particulate were among the lowest of any worker's PBZ samples, with
concentrations of 0 08 and 0 14 mg/m’

Modifications to the Air Cleaner After the Study

During Phase 2 of the study, 1t was noted that the three ar cleaner drawns were clogging, perhaps
entraining additienal mwf must into the air flow This entrainment was theorized due to mwf
occasionally spewing or dripping from the outlet gnll of the cleaner  As a result, the faclity
maintehance personnel enlarged the drams from 0 5 1nches (o 1 inch to allow praper drainage
Plastic translucent tubing was added to the drains, leading to a goose neck fitiing which led to the
hydromation unit  The translucent tubing showed 1f therc was flwd draimng and would indicate
if there was dramage  Also, the air clcaner was ulted shightly so that it sloped towards the drains
mstead of the fans Maintenance personnel reporied that the exhaust grill remained clean

Discussion and Conclusions

Phase 1 demonstrated that the air ¢clcaner was elfective 1n reducing the concentration of aerosol
It removed most aerosols greater than 4.m, which accounted for 90 percent of the acrosol’s
mass When the diameter 1s larger {han 4pm, 1t appears there may be filter penetration  Because
the mist may contain some water, the aerosol instrumentation may be overestimating the
melalworking flud must concentration  Thus, the aerpsol instrumentation 1s prebably overstating
the mast concentration and correctly stating the s1ze distribution of the mist However, 1n
selccting air cleamng equipment, the size distribution of the air contamnant 18 more 1mportant
consideraton  In the duct upstream from the air cleaner, concentrations were measured during
the low pressure application of coolant to be about 1-2 mg/m* During the high pressure
apphication of coolant, this concentration increased to about 2-5 mg/m’® but with no change in
aerosol size distribution The background concentrations of acrosol were about 0 1-0 3 mg/ny’
Dawnstream from the air eleaner, concentrations were measured at 0 02 - 0 03 mg/m’®

Therefore, the air cleaner 15 effcctive at removing acrosol from the air, making 1t even cleancr
than the awr 1n the plant

[Tawever, if conditions were to change such that the s1ze disinbution of the acrosol were to shaft
to a smaller size, a HEPA filter may be needed to control the mist emissions from these
machines Presently, NIOSH researchers are engaged 1n a research project dealing with mast
gencration by machimg operations

During the two phases of this study, drainage {rom the air cleaner was observed to be a problem,

causing the mir cleaner to become a small but noticeable source of mist emuissions  As part of a
routing mantenance program for these air cleaners, the drammage m the air cleaners needs to he
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visually checked The preventative maintenance objective 1s to ensure that the air cleaner does
not become a major mist erusson source

Phase 2 of the study indicated relatively low concentrations of 1otal particulate and TEA  With
both substances, the highest concentrations were found near the hydromation umt  Perhaps, this
untt 15 causmg signrficant emissions of metalworking fluds inte the plant’s arr Tn order to
reduce mwf must concentrations througheut the plant, 1t may be nccessary to control thes
CIMISSION SCUICE
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APPENDIX |
Mist Concentrations Measured During Various Machining Operations

Mass Concentrations for Various Machining Operations Obtained from Aerosol
Instrumentation (mg/m®)

Machining Operation Aetasizer QCM Grumm PDM
weighted average

befare air cleaner 112 099 239
after air cleaner 001 (03 D03
background (no

machiming or coolant

application 032 0i4
grinding 020 020

low pressure coolant
apphcation 074 082 120

high pressure coolant
application 3 60 180 540
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Appendix Il Triethanolamine Data

[Sauer Sundsirand AUgUst 1395 Triehanclamine inpinger Data 4
Date ~  |Eun|ShifffArga Sample| Time [Fump Vol 5| Triethanclamine 'Geometnic| Gec Sid
i {Min) | MYmi_|Ug/Sample[mG/M3 | Mean [Devial
Bla/gs] B 3|Near cleaner 30| 236 U 9Lz {100) p2119 Wear cleaner
BAMS| 1] 1|Near cleaner 2301 "0 20831 "4hour samplés
B/2igh 2 Near cleaner 13| Z40 0002 701 D 3542i 02547 134014
BIZras TTNeéar cleaner gr 2457 T 0002 1701 0 3469] o
T 8/3/95| " 4| 1|Nearcleaner| 17| 253 ~ 0002(100) ~— = D 197§] T
T B3R5T 4| 1 Nearcleaner| 20 328 00027 200 03049  Nearcleaner
[ BIZMG5| 3|  Z|Near cleaner| 14 773577  O0DF T 180 GZ521| " bhour samples
| 8785 1| 1 'Near cleaner 5 3837 00027 T 200" 0Z755] T DZESG] 10804
[ 8/3785| 5] Z Near cleaner| Z3[ 385 00oDZ] T 200 oFM0T
glzfah| 2 T|Mear cleaner 'I-:J'i 368 {002 180 024446
5i3ahT 5|  Z|Near cléaner 25] 393 0 002 210 02672
8!1(95| 1 1|Hydro unit 3] 239 000! Z70) 05649 Near hydromalion unit
BI2195 3 Z[Hydro unit 11, 240 0007 Jad| 0 /282 04332 13734
813795 6 3|Hydro unit ZB| 240 0002 160] 03333
O BZE5T 27 TlHydro unit 7. 7244 “ooozl T2y odeesl — 0 7 T
TBAESS] T A|Hydro unit | 19, 2500 T Q002|  170] 03400
9iargh 5 Z|Hydro unit 24 357 Qod2 280 03501
795 T 1|End Lshop T 240 0 002,(40) 00833 Nearend of L-shop
TTE/3/957T 8 3 End L-shop™ [ 31, 240 — J002|{a0y | 00833 011297 21843
8727195 3 Z|End L-shop T2 242 O 0D2Z[ND
TEZOS| 2 1|End L-shop 9| "Z24Bf  COODOZNS0y | oeéze| T T T
TTENES| 47 vlEndGshop 18 2EG[ O000Z T 200 o400l T T T
8/3/90 2] 2|End L-shop 22| 3ié 0 onZ]{70) 0 0541
B/3M5| 6] 3|Reception 79| 350 OO0Z[ND
TTEINE 47 1|Problem stn | 21 470 000Z[(k0y | o0832] — 1T T
84957 3] {1Bhing Blank T - OND o
BAM/R] 1 1jBlank ) ND - ) —
[ &/3G5] 6, 3[Blank 33 ND T
TR TE 1 T|Blank 15 ND D
8l3/85 4q 1[Blank 16 ND ]
oi3795 5] Z|Blank 26 NLD 7]
[ BB & Z|Blank 27 KD -
giarasl gl 3iBlank 32 ND ]
T LOD =40 uglsample - 7]
LOQ = 130 ugfsample 7]
"7 Y Parameter between LOD and LOQ™ -
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Appendix Il Total Particulate Data

Tolal Fartrculate Data
TR Fiker [Time | Gample | Conc |Average ,Geometric]Geo Std

Date [Run|Shi Area Number ' HL min {mg} _(mg!mﬂ[!:mg!mﬂ]imﬁu Devia:ignﬂ

[ 8/3/95] 4 1[Worker 9 1966 6 37 054} 0340 Perscnals )
B39 4 1| Worker 8§ 1967 700 0B8] 0405 0230 1 D 23D 1 498

872755 3 2 Woarker 7 1959 546 033] 0238
81305 57 ZWorker 8 1961 548 053] 07387

[ BZrasT 2 1|Worker& | 1969| 5§53 052 0368] )
gl3ey & 3|Worker 5 1845 134 ND ' ]

| 873/95] 4 1 Worker 5 1953 © 43 V43| 0263 -

"335'55;_' 21 {Worker 5° 1979] & 07 v4l 0272
arzrag 2 1\Woaorker 4 1986 5455 033 0232 . o T
BBy o 31Worker 3 1847 534 036 0 2b4 !

B/Z05| 3] 2 Worker 3 1952 544 035 0254

| Bf1795 1l 1{Waorker 3 983l ss57 023 0187
aM/mes 1 1[Worker 2 1990 554 D26f 01847 T ]
8/348h & 2|Worker 12 1064 454 026 0221

‘wAGs 5 2 Worker 11 1963 341 026 0294
B3G5 4] 1| Worker 10 1054 643 023 0143 ]

2 EET 1[Worker 10 7958 & Q7 o2 0082 ! B
8/2785] 3| Z2[Worker 1 1871 5353 013 0082

[ BAmh| 1 1 Workér 1 1984] 551 079 0135 | ]
B/AMA5] 6 3[Near cleaner] 1849] 557 p18] 0128 Near ¢leaner

(8/3/95 5 Z|Near cleaner 1951 558 Lod4| 0447 ©2Z76 | 0 246 17713
8r3/m5 2 1INear cleaner 1956 828 05 0380 )

8727557 3| 2 Néarcleaner| ~1981] 600] 025 0174 -
8/2/95] 2] 1{|Nearcleaner] 71958 €08 D55 0374

8/1/95 11 "{|Near cleaner 1985 603 LZ23] D158 [

[ 8/3/85| & Z|Hydro Unit 1948] 6 14 04 0267 Hydro unif ]
873750 5 2 Hydro unil 1962] 586 0 o4 0663 0518 . 0473 1977
B/3Ma] 4 1 |Hydr0 unit 1974] 532 D38 (286
B2@5 3] ZiHydro unit 1980 600 124) O 8eT! T

| 8/2/55] 2 1|Hydro unit 970 & 13| 0V8|] 0509 | n
8Mes| 1 1'Hydrounit | ~1975] 602 077 05327 : ) ]
8/3ma) 6 3 end L-Shop 19501 559 011 0077 End [-Shap

“BAmsT 5 ZiEnd L-Shap 19681 533 008 UosQl J0%6 0 760 Z178

"8/3@5. 4| 1|End[Shop | ~ 1955 528 031 0236 '
grZms] 3] Z|End L-Shop 1972 6007 008| 0042
B/2/95| 2| 1'End L-Shap 1976 6Q7 02 0136 i -

[ BG5S T End [-Shap iga8] 604 0od4] 0027

[ 87395, 5| Z|Blind Blank 1843 000  ND| B - -

B/1/85 1 1|Blind Blank 19s60| 000 NL T
armes 1 TIBlindBlank | 1978 000 ND! —

87135 1 1 Blank 1977 000 WD : i T

tB 3| Receptian 1965 657 0S| O03b -
& T[Prcblem Stn 1857 750 034 o181 -
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