
This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any 
recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved. Additional NIOSH 
Survey Reports are available at http://www.cdc.gov/niosh/surveyreports. • 

IN-DEPTH SURVEY REPORT 

CONCENTRATION OF METALWORKING MISTS BEFORE AND 

AFTER INSTALLATION OF A COMMERCIAL AIR CLEANER 

AT 

SAUER-SUNDSTRAND COMPANY 
Ames, Iowa 

REPORT WRITTEN BY 
John M Vacher 

Wilham A He1tbnnk 
G Edward Burroughs 

REPORT DATE 
July 25, 1997 

REPORT NO 
ECTB 218-12a 

US DEPARTMENT OF HEAL TH AND HUMAN SERVICES 
Pubhc l-lealth Service 

Centers for Disease Control and Prevenuon 
National Institute for Occupa1lona1 Safety and Health 

D1v1s10n of Phys1cal Sciences and Engmeermg 
Engmeermg Control Technology Branch 
4676 Columbia Parkway, Mat! Stop R5 

Cmcmnall, Oh10 45226-1998 

http://www.cdc.gov/niosh/surveyreports


PLANT SURVEYED 

SIC CODE 

SURVEY DATES 

EMPLOYER REPRESENTATIVE CONTACTED 

SURVEY CONDUCTED BY 

EMPLOYEE REPRESENTATIVES CONTACTED 

MANUSCRIPT PREPARED BY 

n 

Sauer-Sundstrand Company 
2800 E 13th Street 
Ames, Iowa 50010 

3594 

June8-14, 1995 
August 1- 3, 1995 
August 19-22, 1996 

MarkA Sulhvan 
Safety Manager 

Wilham A He1tbrmk 
John M Yacher 
G Edward BUJToughs 
ClmtMorley 

NoUmon 

Bernice L Clark 



• 

ABSTRACT 

This study evaluated the ab1hty of commerc1ally available air filtermg cleaners mstalled on more 
than 25 machmmg centers lo control nust em1ss10ns and to reduce workers' mist exposure Jn a 
machmmg center used to produce transmiss1on parts, a mist of synthetic metalworkmg flmd 
(MWF) was generated as a result of dnllmg and tappmg holes at rotattonal speeds of 1000 to 
3000 rpm The MWF was flooded over the parts at 80 ps1 dunng most machmmg operations To 
fac1htate metal clup removal durmg some operations, M\VF wa.<; pumped through the onficcs m 
some tools at a pressure of 800 psi These machmmg operations were performed m nearly 
complete enclosures that were exhausted lO an cleaners, whose fans moved approximately 
2400 cfm of a1r 

To evaluate air cleaner performance, the concentration of triethanolamme and total particulate 
were measured before and afier the mstallat10n of the air cleanmg uruts Area conccnlrahons 
were reduced from a high ofO 48 mg/m3 to O 04 mg/m3 or less The total particulate 
conccntrat1ons on the personal samples showed a four-fold decrease from O 22 mg/m� to 
0 06 mg/m3 

An aerosol photometer (HAM, ppm, Inc , Knoxv1lle, TN) and video momtonng were used to 
1dcnt1fy peak exposures to maclunc operators m the course of their work Peaks oceurn:d when 
operators entered or pa.rtlally entered the machmmg center enclosures Some sources of 
increased au contannnat10n were 1dent1fied by use of an eight-channel optical particle counter 
(Portable Dust Mom tor, Model 1105, Gnmm Amnng, Germany), the most s1gmficant sources 

were partially or unenclosed machuung centers and madeaquately covered flumes returnmg the 
MWP to the Hydromat1on (fluid rec1rculat.J.on and filtrat.J.on) umt 

A quartz crystal m1erobalance cascade impactor (model PC2, California Measurements, Sierra 
Madre, CA), and eight-stage particle fractionating samplers (1 ACFM Ambient Particle S1zmg 
Sampler, Anderson Samplers, Inc , Atlanta, GA) showed that particles larger than 9 µm were 
present m the plant environment This suggests that besides the machmmg centers tested, there 
were other relatively mmor sources of particulate such as uncontrolled machmmg operations 



INTRODUCTION 

Sauer-Stu1dstrand Company 1s a mctalworkmg planl lucaled m Ames, Iowa In this locatrnn, 
there are approximately 300 employees m the production area and approximately 200 employees 
m the office area Sauer-Sundstrand contmues product10n 24 hours a day, with most product10n 
area employees workmg a 10 hour shift and a 40 hour week Transmissions are produced for off 
the road velucles such as lawn mowers and agncultural equipment The iron casungs which are 
brought m the plant are pre-shaped for the transnussmn Addthonal metalworkmg 1s performed 
on the piece, mcludmg m1\lmg and dnllmg Each metalworkmg station 1s automated One 
operator programs and tends several machmes 

Metalworkmg fluid (MWF) 1s also referred to as coolant, and the two terms \Vlll be used 
mterchangeably throughout the text It 1s used durmg the metalworking to remove metal 
shavmgs and to serve as a coolant and lubncant At the metalworkmg stations exammed m this 
study, the MWF was flooded onto the parts at a pressure of80 pounds per square mch (psi) 
During some machmmg operations, the coolant 1s forced through small holes m the dnlls at 
lugher pressures ranging between 600 to 850 psi The high pressure apphcatmn offlu1d was used 
durmg approximately 30 percent of the machmmg cycle In other machmes, other coolant 
applications may reach pressures as high as 1200 psi Durmg the !ugh pressure apphcat1on of 
coolant, the toolmg rotations reached as !ugh as 4500 rpm, with an average of approximately 
I 000 rpm The lower pressure apphcatmns flooded the part with the flmd at relatively low 
pressures, around 80 psi, approxnnately 70 percent of the machmmg cycle The bottom of the 
rncu.:himng 1,;enlc:r ha5 a sloped bottom where the excess flmd and debns arc removed via a screw 
feeder leadmg t o  the flmd recycle system In the L-shop, the area studied durmg this survey, 
fluid 1s recycled through the Hydromat10n umt, which 1s used to pump and filter the flmd, 
removmg metal chips and other debns The Hydromat1on Ulllt storage pit has a volume of 
10,000 gallons The fluid used m the L-shop at approximately 12 stations was Synhlo® 9902 
(Castro Industrial, Inc , Downers Grove, IL), a synthetlc product pnmanly composed of water 
and tnethanolamme Several different types of MWF are used throughout the plant at 
approxmtately 250 metalworkmg stat10ns 

The mam focus oftlus study was L-shop where 1t was thought that the maJonty of plant 
metalworkmg flmd mists were generated In L-shop, metalworkmg was perfonned on items v.'lth 
a low volume total to be produced Ihgh quantity orders were done elsewhere m the plant 
There were 12  stations m L-shop with approximately 45 employees These machmmg umts were 
all partially enclosed and automated 

Study Objectives 

Sauer-Sundstrand Company requested that NIOSH researchers perform an evaluat:mn on the 
efficacy ofa commercially ava1\able air cleaner This air cleaner would be placed downstream 
from a metalwork.mg station, and the "cleaned" air would be recuculated mto the plant, thus 
savmg heatmg and coohng costs The recirculaLion would also ehmmate the need for an exhaust 
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stack for the numerous stations, also, there are s1gm Ii cant time-delays a.ssm.:ialed with obtamrng 
stack penmts from local air pollut10n control agencies In order to meet producuon demands and 
to save money, the air 1s circulated through an air cleaner and the discharged arr 1s recycled to the 
plant Thus, there 1s a need to evaluate the efficacy of air cleaners for removing MWF mists 
Sauer-Sundstrand hoped to gather add1t1onal mformatton m order to decide 1f this type of air 
cleaner should be mstalled throughout the plant on each of the metalwork.mg stat10ns One of 
NIOSH's goals for conductmg this m -plant study was as a prelude to future pilot plant studies to 
evaluate the effect of mach1mng parameters upon size dependent mist concentrations The mam 
issues to be exanuned mcluded the following 

• Estabhsh the efficacy ofthts air cleaner for reducmg worker exposure to M\VF Three 
surveys were conducted to gather this mformauon The first study was conducted m June 
1995 to experimentally evaluate the test stand designed and bmlt by NIOSH researchers 
m order to charactenze the aerosol, this 1mt1al evalualton 1s referred to as "Phase 1 " 
Durmg the second evaluat1on, conducted m August 1995, au contanunant concentrat.J.ons 
were measured This part of the proJect 1s referred to as "Phase 2 " The NIOSH report, 1 
"Charactcnzatmn ofMctalworkmg Mists Dunng the EvaluatJ.on of a Commerc1al Atr 
Cleaner," ECTB-218-11 a, Apnl 25, 1996, presents the findmgs for "Phases 1 and 2 " 

• Show reduct10n m airborne conccntralwns of1EA and total particulate after mstallat10n 
of more than 25 au cleaners 10 and near the L-shop area of the plant This survey was 
conducted m August 1996 and ts referred to as "Phase 3 " 

• ldentif)· specific operations that showed higher worker exposures by video exposure 
momtonng (with an aerosol photometer-HAM) and locate and 1dent1fy maJor sources of 
MV/F mists by use of a drrect readmg mstrument (an optical particle coun1.er-Gr1mm) 

• Determme size distnbut10n of particulate m plant atmosph(,..'fC by ,mpachon (both eight 
stage mcrtJal and quartz crystal micro balance) Particles larger than 31.tm md1cate that not 
all em1ss10n sources have been controlled 

Health Effects 

There arc many health effects associated with metalworking exposures mcludmg dermabns, 2 
respiratory disease,3 and asthma 4 Cross-shift decrements m lung functmn are reported for 
mhalable aerosol exposures larger than O 2 mg/m3 3 Microbial contammahon and endotoxms 
(debns from dead rrncrobes) may also be responsible for adverse pulmonary health effects 3 

Some on-go mg research has suggested that lifetime exposures to specific types of metalworkmg 
flmds (straight, soluble, and syntheuc) are associated with several digestive cancers 5 For these 
reasons, 1t 1s prudent to control exposures to metalworkmg flmds 

3 



Exposure Evaluation Criteria 

Tnethanolanune 1s the maJor component of the synthet.J.c MWF used dunng this study For 
tncthanolannne, fuc Amcncan Conference of Governmental lndustnal Hyg1emsts (ACGTH) has 
estabhshed a Threshold L1m1t Value (TLV) of 5 mg/m3 as an 8-hour tnne weighted average � The 
ACGIH 1s a pnvate orgamzat.J.on and its TL Vs refer to aHbome concentrations to wlnch nearly 
all workers may be repeatedly exposed without expenencmg adverse health effects 

The Occupat10nal Safety and Health Admmistratlon (OSHA) has estabhshed a penmss1ble 
exposure hm1t for particulate not othef'Nl.se regulated of 15 mg/m3 as an 8-hour time weighted 
average 7 

Air Cleaner Description 

The arr cleaner installed ts shown m Figure I It 1s a packaged air filter umt, Model Fl  20, 
manufactured by Airflow Systems, Inc (Dallas, TX) V.'.lth an approximate cost of$4000 The 
units were mstalled over the metalworkmg stattons and pulled the air mto the cleaning umts 
The arr cleaner's fan moved approx1matdy 2400 cfm through the enclosure The rur cleaner 1s 
eqmpped with a metal mesh prefilter, followed by a pleated "nust ehmmator" prcfiltcr Next arc 
the mam filters, wluch are 95 percent efficient ASHRAE pocket filters Accord.mg to ASHRAE 
gmdelmes, a 95 percent efficiency filter removes all particles with a diameter of approximately 
2 µm The fractional efficiency curve of this filter also shows a mm1mal efficiency of 
approximately 72 pcr1Xnt for particles sized near O 3 µm 8 The tlwds captured by the filters dnp 
to the floor of the cleaner and exit via three dramage holes The coolant then drams to the 
Hydromat1on recydmg system At the outlet of the cleaner, 1s a 4 -way adjustable gnll for the 
cx1tmg au 

Modifications to the Air Cleaner After Phase 2 

Drnmg Phase 2 of the study, 1t was noted that the three au cleaner drams were cloggmg, perhaps 
entrrunmg add1t1onal MWF mist mto the arr flow As a result, Ute fac1hty mruntenance personnel 
enlarged the drams from O 5 mches to I mch m diameter to allow proper dramage Plastic 
translucent tubmg was added to the drams, lead.mg to a goose neck fittmg which led, ultimately, 
to the Hydromatton urul The translucent tubmg showed 1f there was flmd drammg and would 
mdrcate if there was blockage Also, the mr cleaner was tilted shghtly so that 1t sloped toward 
the drams mstead of the fan Mamtenance personnel reported that the exhaust gnll rcmamed 
clean 

Air Cleaner Maintenance 

A maintenance program was established for the mstalkd arr cleaners Each au cleaner was fitted 
with an aneroid pressure gauge to indicate pressure drop across the system It 1s not pernntted to 
exceed 2 mches w g The filters are changed at 30 day intervals and thoroughly cleaned or 

4 
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/ 

air flow 

clear liquid draining 
from air cleaner 

Figure 1 Installed arr cleaner with mclme and larger diameter drams, mod1ficat1ons made fo!lowmg quahtauve observations ofMWF 
accumulation noted dunng the second phase of the study 



replaced Because the MWF tends to collect m the filters and not fully dram when a maclumng 
center 1s run on a 24 hour per day cycle, the au cleaners on these machmes are turned off, 1 e , 
rested for l hour out of each 24 hours This "rest cycle'' 1s not necessary for the machming 
centers that are run for 8-to-l O hour penods each 24 hours With the exception of the "rest 
cycle," the maintenance program appears to be conservative and may help to explam the low 
concentrations measured 

Instrumentation 

The mstruments below were used dunng sampling 

• The Portable Dust Momtor (PDM), (Model 1 105, Gnmm Labortechrnck GmbH&Co, 
Amrmg, Germany) 

The PDM 1s an optical particle counter, which samples an at a flow rate of l 2 hters per 
minute The PDM counts md1v1dual particles and classifies partJ.cles based upon the 
amount ofhght scattered by the md1v1dual particle This instruments' RS-232 output hs1s 
the number of particles larger than O 75, 1 0, 2, 3 5, 5, 7 5, 1 0, 15  µm and the time 

• P1ezoclectnc Quartz Crystal M1crobalance (OCM) Cascade Impactor (Model PC-2, 
Cahfomia Measurements Inc, Sierra Madre, CA) 

The QCM draws O 25 1pm of air through a series of progressively smaller Jets which 
forces the air to flow around p1ezoclectnc crystals which sense the mass collected after 
each 1mpact10n Jet As the diameter of the JCts decrea.'les, the mr vdocrty mcreases, and 
part1cles with smaller aerodynarmc diameters arc collected on the ptczoelectnc sensors 
The v1brat1on frequency of these crystals ts measured The changes m the v1bral1onal 
frequency 1s used to compute the mass of aerosol collected on each 1mpacuon stage The 
particle diameter for which an 1mpacbon stage 1s 50 p(.;eent (by mass) efficient 1s termed 
the 50 percent cut-off diameter (050) There 1s some disagreement between the 
theoretically estimated and expenmentally determmed values of 0

50 
determmed by 

Fa1rch1ld and Wheat 9 In analyzmg the data, their expenmental data was used These 
data are shown m Table l This mstrwnent 1s used to take short tenn samples (30-900 
seconds) The sampling time was vaned m order to collect measurable masses of aerosol 
on the 1mpactton surfaces Without overloadmg the p1ezoelectnc crystals 

• Aerosol Photometer - Handheld Aerosol Momtor (HAM), (ppm, Inc , KnoxVIlle, TN) 
The HAM continuously sampled the au from the operator's breathmg zone The HAM 
was operated on the 0-2 mglm1 range and at a tune constant of 1 second In the 
mstruments sensmg chamber, the HAM measures the quantity ofhght scattered by the 
entire cloud The quantity of scattered hght ts a function of concentration and the 
aerosol's optical properties Thus, tlus mstrument's response IS a measure of relative 
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Table 1 .  Theoretical end Expenmentel Values of D50 for Umt Density Spheres for 
Cahforma Instruments QCM Obtamed by FeirchiJd end Wheat9 

Stage Theoretical (µm) Expenmental (µm) 

1 24 1 7  

2 9 4  1 3  

3 9 2  9 

4 4 6  J 9 

5 2 3 1 8 

6 l 3 l 2 

7 0 62 0 64 

8 0 4  0 34 

9 0 23 0 26 

1 0  0 1 4  0 1 4  

couccntrahon The analog output of this mstrwnent wa:s rccurJcJ u1;mg a Jata logger 

(Metrasonics, Inc , Rochester, NY) 

Parhcic Fract1onabng Sampler/Impact o r -I 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 
I CFM The M\VF mist was collected on 8 1  mm tared glass fiber filters The size range 
ofthe stages are, m µm 9 0 and above, 5 8-9 0, 4 7-5 8, 3 3-4 7, 2 1 -3 3, 1 1 -2 1 ,  0 7-1 1, 
0 4-0 7, and backup filter These filters were pre- and post-weighed m a  temperature and 
hum1d1ty controlled cnv1ronmenl 

EXPERIMENTAL PROCEDURES - PHASE 3 

Impmger samples were taken usmg Nl0SH Method 3509 for tnethanolamme (TEA) 10 Pump 
flow rates ,.,.·ere mcreased to 2 !pm The lurut of detectmn (LOD) wa<; 9 µg/sample and the limit 
of quantltation (LOQ) was 29 µg/sample There were no samples reported as nondetectable 
Samples which were found to be between the LOO and LOQ were estimated with the analytical 
laboratory reported result 
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lmpmger sampling was only used for area samples Samples were taken m several areas, 
mcludmg "between machmes" for 4-8 hour penods Two other sites were chosen because they 
were at opposite boundanes of the L-shop, the samples were denoted as ''L-Shop Edge" and near 
the Hydromation umt (Hydro), "central cleanmg " 

Personal and area samples for total weight particulate were taken accordmg to NIOSH Method 
0500 rn Area samples were taken at the same locations as for 1mpmger samples In addition, 
samples were collected on the workers m the area Other than blanks, there was only one sample 
which resulted m a  nondetectahle level For statistical purposes, this sample was estimated to be 
LOD!2, or O 01 mg/sample 

Two operators were morut.ored 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 vanous tasks mcludmg machmmg center adjustment and clearung, re-mountmg 
castmgs on "tombstones," check mg spec1:6cabons or machmed castmgs mstde a plant floor 
enclosed room, and makmg adjustments on partially enclosed rnachmmg centers See Figure 2 
for the plant floor layout and approximate locat.ions of peak measurements 

The Portable Dust Morntor (PDM), an optical particle counter, manufactured by Gnmm wa5 used 
at six locatlons ms1de the plant shop areas (see Figure 2), the front office area on the first floor. 
and outside the mam employee entrance Total particulate concentrat10n was reported 

The quartz crystal m1crobalance cascade impactor (QCM) manufactured by Cal1forrua 
Instruments was U5cd m several locat10ns to determme the particle size d1stnbution in the plant 
atmosphere Measurements were made near the "central clcarung" (Hydro) umt and "between 
maclurnng centers " 

Two eight-stage mertial impactors (Anderson), v.1.th no presepcrators, coupled with one CFM 
pwnps were used to collect s1zc d1stnbuted total particulate m the same two plant locat10ns 
sampled with the QCM, the 1mpmgers, and the filter cassettes Total particulate was collected 
continuously for nearly three full days, mcludmg the one hour per day durmg the mght shift that 
the air cleaners were turned off to allow the filter elements to gravity dram 

RESULTS AND FINDINGS 

TEA and total particulate concentrations measured dunng Phase 3 are hsted m Appendices I and 
II The unpmger data for TEA, companng concentrat10ns measured before and ailcr controls (rur 
cleaners) were mstalkd, are swnmar1zed in Table 2 and Figure 3 Similarly, the filler 
cassette data for total particulate arc sununanzed m Table 3 and Figure 4 fnspect1on ofthese 
tables and figures shows decreases m concenlratlons by factors of2 to IO  The nght most 

8 



� 

" " 
®:;® ' 

1 ' I I ' 
' I  
1 ,  I I I 

I I 
' ' I I ' 

I i I 
I 1, I 

' ; 
1' 

' 
• :  

.las 

- -

, , 1.:,T�1TT:f: - - :;;.=,- ,- - � 
1 

I 
--� -,'-r--

' 1' ·�· '""' \ ) \ 1 

I ' 
1 1 I I I ---

D D  

'l--J•1 
§1' 

-��� 
' 

I I = *'V I '---// 

'I - - - 11 fiiil I I p ,1 · i: !I · 1
1
:� ; i

l

l' I .  
: ,  I ' · I ' q;J l 1<Jl ' •  0 • I  

-� - - \;[])) _ _ _ _ _  1 - - - - f- l �s--� - - - - -- ll 
�- c:L11 I -+·i l I 11 

--1-

:1 
• \y

1 
I ; 11

1

1 • _ _  
I I I  , 1 1 1-] 1 '  o 

' i •  I !I � r§l 

I I 

i i I 11 9 , , I�' , 11 -·· - i',!'4_ ,:;;_Ii] a ' 
I • I -.::- ] I -

�=11:'J 
I - f - - - - - �1j - - - ii' - - + - - - - ;I-,_ :. . '..j_i D , 1P 

I 
I �l#l=I fw, : 

:1 _ i i EJ II 1 - , BI i  
I -..._,; ' J i I I - :. I 

1-- -- " . i----------1----
I 

-,-J-li'ffe-�-=--/{----------r----------i----------1� 
' ' ' p-r-a]-�-�------t--------t----r--t-;--- -ITT---- -t�r o 

1 I ' I - ' 1 1 ,I , "'l .;,,,n o . l �  
I I "Y�O ... TIC"' ""IT 

I ! I : i "1 � � »r;."LJI : ' ' I I ril I • � I 
I D ' I :;, I .. I 

- � - - - - - - - �m1m001t- - - i - - -� - - 1

� • - - - - 1- - - - - -r-;. � -i-
1 : I I [ !l! i  :j;:,],� - - I 
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L 1s L-Shop edge, P 1s a partially covered flume, and T 1s an unventilated machmmg center The circled numbers rndJ.cate the video morutonng 

locat1ons, 1 is for Operator A, and 2 1s for Operator B 

® 

0 



Table 2: Summary Statistics for Tricthanolamine Concentratmns 

S1grnficance of 
Concentration 

August 199 5 August 1996 Reduction 

GM GM 

Location N (mg/m1
) GSD N (mglm') GSD Probability> F 

Between Machmes 5 0 25 I 34 6 0 03 I 21 0 0001 

Central Cleanmg 6 0 43 I 38 6 0 04 I 23 0 0001 

(Hydro umt) 

L-Shop Edge 6 0 1 1  2 2 1  6 0 03 I 26 0 0024 

N = Number of Samples, GM - Geometnc Mean, GSD = Geometnc Standard Deviation 
Based on a one way IDalys1s ofvanance (ANOVA) usmg log h·ansfonncd data " " 

Table 3: Summary Stat1stJcs for Tota) Particulate Concentrations 

S1gmficance of 
Concentrat10n 

August 1995 August 1996 Reduct10n 

GM GM 

Locahon N (mg/m3
) GSD N (mg/m3

) GSD Probab1hty >F 

Between Machmes 6 0 25 I 72 5 0 02 I 77 0 0001 

Central Cleanmg 6 0 48 I 59 6 0 03 I 33 0 0001 

(Hydro wul) 

L-Shop Edge 6 0 07 2 20 6 0 03 2 76 0 0960 

Worker (Personal) 18 0 22 I 59 1 6  0 06 I 50 0 0001 

-N = Number of Samples, GM = Geomctnc Mean, GSD - - Geometric Standard Devrntmn 
Based on a one way analysis ofvanance (ANOVA) usmg log transformed data '' '2 

10 



s 

i 
� • 
� 
0 

• � 

� 

0 4-0 

0 20 +----l 

O IO ,---, 

000 -��-­

Between Machmes Central Cleamng 

Location or Measurement 

OBefore 
(8/95) 

a After 
(8/96) 

- - --· - -

L-Shop Edge 

Figure 3 Tnethanolamme (TEA) concentrattons measured before (August 1995) and after 
(August 1996) mstallahon of au cleaners m the Sauer-Sundstrand plant 

• -
£ • • • 

0 5  

0 4  

03 

0 2  

0 I 

0 

Between Mm.:l1mes 

OBefore 
(&19S) 

· •After 
(8196) 

Central Cleaning L-Shop Edge 

Loeatmn of Mean1rement 

Worker 

Figure 4 Total particulate concentrations measured before (August 19 9 5) and after (August 
19 9 6) mstallat1on of arr cleaners m the Sauer-Sundstrand plant 

11 



columns m the tables present the probab1hties that chance could have caused the difference!. 
With the exceptlon of the total particulate concentratmn measured at the "L-Shop Edge'' 
(Table 3), these differences are all very s1gmficant Installation of controls reduced workers' 
personal total particulate exposure from O 22 mg/m3 to O 06 mg/m\ however, this reduced value 
was higher than area concentrations measured at the "L-Shop Edge" and "between machines;' 
ba.-.ed upon the Waller-Duncan k-rat10 t test 12 Thus the worker engages m act1vtues wluch 
provide some mmor mcreasc 111 hts total particulate exposure 

The results ofthe HAM/video-exposure momtonng are shown m Figure 5 Operator A had hts 
highest readmg, 0 93 mg/m\ when he was ms1de a machmmg center (#489 7) "cleanmg," lus 
second highest, 0 46 mg/m', occurred when he was mside the L-shop floor office checlung 
spec1ficat10ns (tolerances) Operator B had his highest levels when he was at the open door, at 
tunes with his arm mside, parhally enclosed machmmg centers (#6922 and #6921) The levels 
were O 45 to O 63 mg/m� 

The results of the PDM (Gnmm) survey are shown m Figure 6 The highest relative mist 
concentration levels were found m the flume near a maclumng center across the mam isle from 
the Hrdromat1on (central cleanmg) untt at 22 4 mg/m\ the lowest, outside the plant at 
O O 18 mg/m� Levels at an unventilated, partially enclosed machmmg ccnler (#6902) were the 
next highest at O 397 mg/m' followed closely by O 284 mg/m3 over a piece of plywood covenng a 
floor flume where a machmmg center had been removed Some of the peaks shown mar have 
nothing to do with M\VF For example, m the "office conference room" there were particulate 
levels measured which could have been dust There are other ms!ances of exposure causing 
events noted m Figure 6 

The quartz crystal micro balance (QCM) cascade impactor result:. are shown m Figures 7 and 8 

The results of the eight-stage (Anderson) 1mpactor studies are sho ..... n m Figures 9 and 10 For 
the Anderson, the LOD=O 1 mg/filter and the LOQ'=-0 3 mg/filter The impactor located 
"between machm1ng centers" yielded an overall concentration of O 1 1  mg/m� v,nth 30 percent of 
the matenal deposited on the first filter or stage md1catmg that there was a heavy concentratJ.on 
oflargc particles Without the material on the first filter, the concentration was O 078 mg/m3 

The correspond mg numbers for near the "central cleanmg" (Hrdro) umt are O 14 mg/m3
, 

37 percent and O 087 mg/m3 Aerosols larger than J-4 µm were present mdicatmg exposures are 
probably due to uncontrolled operat10ns 

DISCUSSION AND CONCLUSIONS 

Phase 2 ofthc study indicated relatJ.vely low ooncentr.1.t10ns (less than O 5 mglm') oftotal 
particulate and TEA Wllh both substances, the highest concentratJ.ons were folUld near the 
Hydromatmn (central cleanmg) ruut Th.is wu! was apparently causmg significant em1ss10ns of 
metalworkmg flmds mto the plant's air In order to reduce MWF mist concentrations throughout 
the plant thts cm1ss10n source was controlled 
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Figure 5 Particulate concentratmns measured with a hand-held aerosol momtor (HAM) worn 
by two operators m L-Shop who were also video morntored whde perfonrung their Jobs, August 
1996 
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Figure 6 Total particulate concentrations measured with a Gnmm portable dust morutor (PDM) 
m vanous locatmns m the plant and office areas and outside the plant, August 1996 
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Figure 7 Total pa.rt1cuJate near the "central clean.mg (Hydro) urut"(C) corlected with a quartz 
crystal mtcrobalance cascade impactor, August 1996 
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' Figure S Tot.al particulate "between mach.trung centers"(B) collected by a quartz crystal 
rrucrobalance cascade !Dlpactor, August 1996 
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August 1996 A tota1 of 13 81 mg ofmatenal was collected 
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Figure 10 Total particulate near the "central cleaning (Hydro) urut"(C) collected by Anderson 
Impactor, August 1996 A total of 16 87 mg ofmatenal was collecte.d 
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Phase 3 of the study demonstrated the effectiveness ofmstalhng air cleaners on the mach1mng 
centers and improvmg mist control on the Hydromauon wnt TEA concentrat10ns were reduced 
four-to-ten fold The total particulate concentrat10ns were reduced 16 fold near the Hydromatlon 
umt, the locatmn oflughest concentrat10n m the 'before' or Phase 2 study, and were sigrnficantly 
improved m the other area samples and m the personal samples 

Some maJor sources remam, they arc the older machmmg centers which are not so well enclosed 
These cond1t10ns should unprove as older centers are replaced with new, more fully enclosed 
machmmg centers It rem ams important to contmue enclosure of the flumes and as much of the 
Hydomat1on umt operatmn as possible The exposures to md1vidual operators domg specific 
I.asks were not large (less than I O mg/m') but could be decreased with improved venulat10n and 
changes m work procedures 

The impactor results showed that there are shll large particles bemg enutted mto the work 
envi ronment The differences between the QCM and eight-stage studies, may mdicak: that the 
large particles are bemg emitted dunng the 1 hour mr cleaner down tune per10ds 

lhe mstallat10n of the a!T cleaners has resulted m a s1grnficant reductJ.on m the TEA and total 
parhculale concentratmns m the plant work environment 

REFERENCES 

1 Hc1tbnnk WA, Spencer AB, Deyc GJ [1996] In-Depth Survey Report Charactcr1z.at1on 
of Metalworkmg Mists Durmg the Evaluation of a Commercial Alf Cleaner at Sauer 
Sundstrand, Ames, Iowa, June 8-14 and August 1-3, 1995 U S  DTIHS, PHS, CDC, 
NIOSH, NTIS Publ1cahon No PB-96-191960 

2 Lap1dcs f'l.,iA [19941 Cuttmg Fluids Expose Metal Workers to the Risk ofOccupat1onal 
Dermat1t1s Occupational Health and Safety 63(4) 82-86 

J Kennedy SM, Greaves IA, Knebel D, Eisen EA, Smith TJ, Woskie SR [19891 Acute 
Pulmonmy Responses Among Automobile Workers Exposed to Aerosols of Maclunmg 
Plu1ds AmJ ind Med 15 627-641 

4 Hendy MS, Beattle BE, Burge PS [1985] Occupat1onal Asthma Due to an Emulsified 
011 Mist Bnnsh J Ind Med 42 51-54 

5 Elsen, EA [1995] Extended Abstract Case-Control Studies of Five D1gest1vc Cancers 
and Exposure to Metalwork.mg Fluids Metalworkmg FIU1ds Symposium Fmal Programs 
and Abstracts, The lndustnal Metalwork.mg Environment Assessment and Control 
Dearborn, M1ch1gan, pp 19 

6 ACGIH LI996J 1996 Threshold Limit Values for Chemical Substances and Physical 
Agents and B10logical Exposure Indices Cmcmnah, OH Amencan Conference of 
Governmental Industrial Hygterusts 

16 



7 CFR Code ofFeJeral Regulations Washmglon, DC U S  Government Prmtmg Office, 
Office of the Federal Register Labor, Table Z-1-A Limits for A1r Contammants 
[29 CFR 1 91 0 1 000(1 992)] 

8 ASHRAE [1 996] 1 996 ASHRAE Handbook Heatmg, Ventilatmg, and A1r­
Cond1t1omng Systems and Eqmpment Atlanta, Georgia Amen can Society of Heatmg, 
Refngeratmg and A1r-Cond1tJomng Engmeers, Inc, pp 24 4-24 5 

9 Fatrcluld CI, \Vhcat LD (1 984] Cahbrat10n and Evaluation of a Real-time Cascade 
Impactor Am Ind Hyg Assoc J 45(4) 205-21 1 

IO NIOSH [1994] NIOSH Manual of Analytical Methods, 4th Edition Cmcmnat1, OH 
U S  Department of Health and Human Services, Public Health Service, Centers for 
Disease Control and Prevention, National Institute for Occupattonal Safety and Health, 
Pubhcatton No 94-1 13 

1 1  N10SH [1 977] Nat10nal InstJ.tute for Occupational Safety and Health Occupat10nal 
Exposure Sampling Strategy Manual Cmcmnah, OH U S  Department of Health and 
Hwnan Services, Pubhc Health Service, Centers for Disease Control, National Institute 
for Occupat1onal Safety and Health, Pubhcat10n No 77-173 

1 2  SAS/STAT User's Gmde, Release 6 03 Ed1t10n, SAS Institute, Inc . SAS C1rck, Box 
8000, Cary. NC 2751 2-8000, 1988, pp 570 

1 7  



APPENDIX I 

Sauer-Sundstrand Company, Ames, Iowa 50010 August 1996 Tnethanolamme lmp1nger Data - - -1------,-- I 
' ' - -----+.= � -t--+-----f---- -_,__ --1 Field 

Date !"R",-n�' S"h-.,� ,1-- cl
_
o
_
ca
_

tc,-o-n-of� -+.Sc a"m"pclce-+T
=,-m-,-+,=,-m-p

7

F"l-o-w- +T
=,-,.-,

=h-,-n-o7

1a-m-,-n-e
- -----1 

----- ------ - - . �-r-----i ! Measuremenl Number mm Rate,ccfmln 1,.1g/sample mgfmA3 
8119196 I 1 2nd Between machmes 1 +i21"orl��2�02�2�"--t�=i1�a

=c+-'c,0�0"3"3--'-j 
8720196 1 2 - -·-· 1st Between machines 4 319� ,- �

2"04=0 --- --22 - 0 034 ,-oe,-.C�--.'c�="-=�� - -------+=c+-- =�--t- ��--+�=----j 8/20196 3 2nd Between machmes 8 472 2022 32 O 034 
f-c8/2�1S/96cc4-; 4c-f---'1c's=1+c Bcetw= =,=,=ncmcac,=h=m=,=,--l--1=1- --+c 3

=
5
c
6
c+ 20� -- - · 24 ·- -0 033--

- ---- �� , ��+-�--- � ---1-- �- -+-=+- ==- -+- -�- 1-�=-i 
�8/

'°'
2"1196

iocl-c5c--l-'i
2�"'

c-t
-.c::"�·tw�,=·=" cmca='i"'="=··� t--'

cc
5
c--+�"�'�

--i:2�02�0� 22 0 023 _ 
8/22196 6 1st Between machines 18 400 2035 19 O 023 
8119196 1 - -·2n=,+c=.="=,ra=c, ,=,.-,-,=m=, c_,=,c,-'°+--,c---t -

2
=,'-, -- ",'-o'-0�7- -+ - -

22� -- oC.Co,=5
'--l 

- - r-- - - - +-c=-- -=� -+--=-- -� =----j 8/20/96 2 1st Central cleamng-hydro 6 324 1 992 29 o 045 
8129� __ 3 2nd Central cleaning-hydro 

--
'='- +=4"7=2�- --c1

=
9903�-t-- �3=2- -; _0c.=0=34=-< 8/21196 4 1st Central cleaning-hydro 13 360 1 2035 29 O 040 l-c==+-� 1-.-+.c--�- �c'--1--�+ =c--+- -=- --t- �� - - --B/21/96 5 2nd Central cleanmg-hydro 17 470 1997 25 0 027 

8122196 - 6 1st Central cleanmg-hydro 20 402 1992 25 O 031 >===-'---l-�+-- -- -e'--�--1 - - - -1-�+- - �--+- -c---l- - -- -8119/96 1 2nd L-shop edge 2 275 1998 19 o 035 
8120/96 2 I 1st L-shop edge 5 I 317 2035 22 O 034 - -- -
8/20196 3 2nd L-shop edge ____ _J!_ __ +' =4=6c9-l-- c2�0c00� -1- �2"2---t �0�0"2"3

--l 8/21/96 4 1st L-shop edge 12 353 1992 25 O 036 f-ciciiio+ � +.i=',-,- �c-'2c-=��- + - ic- -+-�'+--c�;:--t--�- - ' - -�1/96 5 2nd L-shopedge _ __ __ 16 471 1993 25 0 027 
8/22196 6 1st L-shop edge 19 397 2040 17 O 021 
8120196 2 1st N blank 7 ND ------
8121196 4 1st N blank 14 ND 

-a,19C19·�,"-�,rl-2i"�,c+--�N:-.--,�,,c:nk 
_ __ -- - -- "blan"i<:" --t-- - -----1-�N"D�- ---� 

,-=ccc�t-- 1-cc=-+---; cc = =c--1-= =-f--- ----- -. ---8121 196 4 1st N blank blank ND 
f-=8/=2=2=/96� �'=---� :'1_::s1=c 

1
+-_ -_ -_ -_ -_ "=N= �b =l•=o=k== = = =�d;e;,;o=o =w;a;te�,=

===
=

==========�
===

N:�D==
=�I======� 

1--- - - c-c- - - -- - � - -- -+-- -- - - --+- - - -1 -­LOD {L1m1t of Detection) = 9 µg/sample 
LOQ (L1m1t of Quanbficat1on) = 29 µg/sample 

Geometric:: 
-+-- -+------ . - --- --- - +- -f--c--- - +-c== ==+-- -- -Geametric Standard 

Mean Deviation 
-----j== ====�==+ - -+- - �ci-- -l��c=- . -- ------j 

B near cleaner-between Toyodas I O 030 1 21 1- -- - -1-- +-- - - - - - -��-;s---+-= =� --+--� --- --
C near hydromatlon unit 0 036 

i 
I L end L-shop at L6K6 0 029 1 26 
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APPENDIX Tl 

Sauer-Sundstrand Company, Ames, Iowa 50010 August 1996 Total Particulate Data ---I- - ---

Date R,n 

8/19/96 
8/20/96 

'"8120/96 
8/21/96 
8/21/96 
8/22/96 
8/19/96 
8/20196 
ai20/95-· · 
8/21/96 -
8/21/96 
8/22/96 -----
8/19/96 
8/20/96 
8720/9{f ' 
8/21/96 
8/21/96 

7122/96 ;-
8/19/96 .. -· -
8/19/96 
8/19/96 
8/20196 
8/20/96 
8120196 -8/20/96 
8/20196 - -
8/20/96 
8/21196 
8/21/96 
8/21/96 
8/21/96 
8/21/96 
8/21/96 
8/22/96 
8/22/96 
8/22/96 
8/19/96 
8119/96 
8/20/96 
8120/96 
8/22/96 
8122/96 
8/22/96 
8/22/96 

1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 -
1 
2 
3 
4 
5 
6 
1 
1 
1 

2 
2 
2 
3 
3 
3 
4 

4 
4 
5 
5 

5 
6 
6 
6 
1 
1 
2 
2 
6 
6 
6 
6 

-
I 

Shift Location of Filter ! T1fTl8 
--- - - 1 
Pump Flow :Total Particulate --� 

2nd 
1st 

2nd 
1st 
2ad 
1,1 
2ad -----
1st 
2ad 

- 1St 
2ad ' 1st 
2ad 

Measurement 

Between machines - ----
Between machines 
Between machines 

� -
Between machines 
Between machines --
Between machines 

Central cleaning-hydro 
- -centF.ifCfeaning-hydro 

Central cleaning-hydro 
Central clea"ning-hydro 
Central cleaning-hydro 
Centl'al ciMn1ng-hydro 

L-shop edge ·----- . -- -- · -- L -shop edge 1,1 
2ad 
1st 
2ad 
1st ------
2ad 
2ad ------
2ad 
1st 
1,1 
1st 

i 2nd ' -----I 2nd 
2ad 

---

L -shop edge 
L -shop edge 
L-shop edg_e 
L-shop edge 

Worker 
Worker 
Worker 
Worker 
Worker 
Worker 
Worker 
Worker 
Worker 

--- . 

--- ------
1st Worker 
1st Worker 
1st Worker 
'"' Worker 

Number : 
5938 ' 

5892 ' 
5885 
5925 
5849 
5902 
5921 
5904 
5778 
5901 
5843 
5910 
5908 
5898 
5879 
5961 
5850 
5918 
5897 
5920 
5909 
59� 5 -

5893 
· 5599 

5880 I 
5889 
5905 
5919 
5913 

' 5907 
5898 '"' Worker ------,-5922-

2od 
1s1 
1,1 
1'1 '"' 
2od 
1,1 
1,1 
1,1 
1st 
1,1 
1st 

- -

Worker 
Worker 
w6rk0r 
Worker 
N blank -
N blank 
N blank 
N blank 
N blank 
N blank 
N blank 
N blank 

' 5881 
----5840 

5857 
5870 
5886 "" 
5942 
5906 
5891 
5860 

5890- - · 
5833 
5924 

19 

mm 

469 
491 
431 
464 
410 
438 
471 
468 
435 
467 
404 
433 
467 
490 
430 
459 
413 
438 
392 
294 
385 
370 
360 
391 
386 
384 
379 
362 
466 
464 
448 
445 
444 
366 
313 
358 

- -R?-te,ccfmm 

4018 
3981 
3957 
4024 
3992 
4043 
3965 
3957 
4024 
4018 
3999 
4018 
4024 
4043 
3981 
4024 
3965 
4024 
3992 - --------- . 

; 

' 

' 

3981 
3999 
3973 
4018 
3976 
4018 
3965 
3992 
4043 
3973 
3976 
3981 
3973 
3949 
4024 
3952 - - -
3976 

- - - - -

- --

- - --
- ---

' 
mg/sample 

002 
005 
005 

-0 08 - - -
003 
DD6 

-- - -

- -
D D6 
D D7 
0 09 
D OB 
0 04 
O D7 
0 02 
0 09 
003 
0 06 
0 D6 
OD7 
DD9 
-0 01 
D 12 
0 08 
0 22 
0 12 
0 1 1  
D 06 -
0 08 

0 
0 12 
0 08 
0 05 
0 08 
0 21 
0 08 
0 14 
6 11 

0 

----

-
--

-0 02 
0 03 
0 03 
0 04 
--0 01  
--0 01 --
--0 01 

' 

' 

mg/m113 

0 00730 ---0 02238 
0 02565 
-0 04619 
0 01451 
0 03035 
0 02878 
0 03442 
0 04785 
0 03930 
0 02089 
0 03664 ----
0 00732 
0 04228 - - ----
0 01387 
0 02910 
0 03282 
0 03617 
0 05352 
-0 01388 
0 07388 
0 05017 
0 14777 
0 07317 
0 06689 
0 03530 
0 04875 

-0 00427 
0 06144 
0 03998 
0 02453 
0 04171 

! 0 1 1621 
t-Q(l5008 
' 0 10813 

0 07289 
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APPENDIX II (continued) 

Sauer-Suru:lstra.nd Company, Ames, Iowa. 50010 August 1996 Tota.I Particulate Data. 

Ao,a --i:.1ter Time Puinp Flo� -- Total Particulate 
(location) Number mm �ate,ccJmin mg/sample _ mg/�"_!_ 

8/20196 1 1st series 20 cell 5894 361 4043 0 08 0 05053 
8/21/96 2 1st - �Se� c,.-,c 2�,� ,-.�,,-- -+ �s"88�8� f-,, •• �,-+--•• ,.=,-· --t- �, .1 �1- 0 07188 
s1221w .--·-3-· c 1�,7,-t-- series 20 ce11 · · - -5s�12� t-c4s1 -- 39B1 ! --oo�o�,� -+ �0�0�1"8"s"s-l 

- +- =� -,- .�-+--'cc�· - +--e7� --f�==,-j 8/20/96- ' 1 1st ! Senes 90 cell 5903 349 __ 4024 0 05 0 03115 
8/21/96 +

-
'
� l-

'1 2st� .'-
·senes 90 cell 5911 3.-'7�'+--'�'�'�'

-- -+--'c.coa� __,�0�04�9�2�4
'-l 8/22/96 3 1st Senes 90 cell 5883 452 3957 O 04 O 01887 

a1201es ·1-1-c1�,,� - Wcirker on 20 - "s�,.c,oc
-+-,0 01, --.�,�, c.-- --- o 01 o 05061 

8/21/96.,..."2-t- .1-,,.-i- Worker on 20 5895 3·"0
7
4

-t-� ,�,-,1· - -+-'-'o-c1'i-2-+"0"09"'3'°9°'9-j 
8122196 3 1st Worker on 20 5916 83 4043 -- ��O� -l--c_() M86:f 
·a/20/96cc-. �1 -+- .1-s"t Worker on 90 5923 3c55�- �,�,c73c -_-, : : _:co:;7

1�4;_- 0 09483 
8/21/96 2 1st Worker on90 5882 3

"
77�_�3�9.570 I 0 16 ·010306 

8/22/96 3 1st Worker on 90 5889 452 3973 0 09 0 04664 
-- - -- - - - - --+-- - ---I--

8/19/96 1 2nd Between machines 6246 466 25000 0 37 0 03106 
8/20/96

+--
2� � :c1_:-,�,c �

f-

-
-�·�·· �..,=·=·�" �"'�'='�"'�"c''� 1--

6�2�6=7--; --;4�70
'--j

_ �25�0�0=0
-

� _::
co��2.:: :::_;- _:co�o5�0=3�7

_,
-

8/20/96 3 2nd Between machines 6254 430 25000 0 45 0 04110 
8/21/96 4 1st Between machines �62�6�,--+-4" ·75 25000 --0=570-- l·-Q 05538 

-8/21/96 -,� c-c2-,,-c-t- Between machines I 6264 408 25000 O 38 O 03645 
8/22/96 ----6 1st Between machines · - 6253 450 25000 1 O 51 o 04461 
8/19/96 1 2nd Central cteamng-hyd",-o�6"2�5�6� ',- ,c7"5�-c2S"O=oo -i--

o=e- O 04984 
8/20/96 2 1sf Central clBamng-hydro 6242 1 467 25000 O 69 O 05840 
8/20/96 3 2nd C_entral cleaning-hydro 6255 _ _L_435 25000 - 1

-- --;
0
=

6�2� 0 05626 
8/21/96 4 1st Central cleaning-hydro 6250 4c80� - �25

c
o�o

=
o O 85 O 07015 

8/21/96 5 2nd Central cleamng- l lydro 6260 403 25000 0 48 0 04683 
8/22/96 6 1st Central cleamng-llydro 6247 446 25000 i O 38 I O 03335 

�· -

---+---1---

---f--- -
---- -+--1----' 

N blank 6262 
N blank 6245 
N blank 6248 

- --+- -

N bla� o7k
-- 6'2'4�3� f--

N blank --; _ e"2cc7oc- - -f---
N blank , 6241 
N blank - �-6257-+- -I-
N blank 6266 - ---. N blank 6251 
N blank 6258 

-0 01 
-f---0 01 -

0 02 
0 01 

-1-----io 01-
0 02 
0 01 
.() 01 

0 
0 

-

� -

0 03 t----i---1--+--------1----J----1------1-- --1-- - -l  
- -- . --+--+---- N blank 6249 

- - �-"c � LOD (l1m1t of Dectect1on) "' 0 02 mg/m"3 

20 

- - --1-




