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An Evaluation ofaLocal Exhaust
Ventilation Control System for a
Foundry Casting-Cleaning Operation

Astudy was conductedtoeva luatetheeffectiveness ofalocal exhaust ventilationsystemfora

foundry casting-clean ingoperation in wh ichaworker cleanedgrayiron castingsusingava riety

ofhandheld chippingandgri ndingtools.Theoperationoriginallyhadanexhaust systemconsisting

on ly of an exhaust duct terminatingapproximately 1m(3ft) above the floor and2m(6 ft) fromthe

casting-cleaningworkstation.Anearlier evaluationof th isorig inal control systemfoundtime-weight­

edaverage exposurestorespi rablesilicarangingfrom 124to160 ~g /m l . Thelocal exhaust ventilation

system evaluatedin th ispresent studyconsistedof adowndraft boothoutfittedwith aturntablefor

manipulatingthecastings.Themodified loca l exhaust ventila tionsystemwas installedat thisfacility

and connectedtotheexistingplant exhaust ventila tion system throughtheoriginal ductwork.A

direct-reading instrument wasusedto measuretheoperator's respirableaerosol exposure concen­

trationsduring asing le daybothbeforeandafter the installationof thenewworkstation. Thesame

worker wassampledbothtimes.Theoperator'sactivitieswererecordedon videota pe sothat the

exposures associated with thevarioustoolscouldbedetermined.Whileday-to-dayvariabi litycould

not beaccountedfor,dependingon thetypeof tool usedthelocal exhaust ventila tionsystemreduced

exposu res by59to 79%during castingcl eaning bythesampledworkerwhencompa redwiththe

original configuration.These reduct ionswerestatisticallysignificant.
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I
n Feb rua ry of 1992 a Centers fo r Disease
Control and Prevention H ealth H azard
Evalua tio n ( H H E ) was conducted at a
fou nd rv in Cincinna ti, Ohio , in response to a

ma nageme nt request to eva lua te worker expo ­
sures to airbo rne co nta mina nts (primarily crys­
tall ine silica )" ) This gray a nd du ctile iron
foundry, ho used in a masonry bu ild ing, o pera ted
one shili with 32 employees . Th is found ry man ­
ufacturcs small castings, typically less th an 100
Ibs. The HH E survey eva luate d o perations
thro ug ho ut th e plant , including personal sam ­
plin g of respirable silica expos ure concentrations ,
T he survey resu lts showed high respirable silica
expo sure co nce nt ratio ns for the workers in a
number ofareas, including casting -cleaning opc r~

atio ns, ran gin g lrom t 24 to 160 flg/nl" for an g .
hou r tunc-weighted average (TWA). T he results

Mention of ~()l1lP.lI1Y or p roduct name docs not constitute endorsement by the Centers
for Disease Control and Prevention .
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of thi s survey, along with the results of other
st udies, 12.") ind icated that respirable silica expo ­
sure co ncentrations were no t well co ntrolled d ur­
ing castin g-cleaning operations. T he: purpose of
th e: work desc ribed in this article was to evaluate
th e: effect iveness of a ventilation co ntro l for rc­
ducing the silica exp osure concentration s during
th e casting-cleaning operation.

BACKGROUND

Most foundry castin gs use mo lds made fro m
a sand and hinder system . T he binder allows

the sand particles to a:ihe re to o ne anothe r so
th e mold s can be shaped . The facility where this
st udy was co nd ucted used gr een sand molds (a
mixtu re o f silica sand , clay, water , and coa l dust ).
For co mplicated castings, co res can provide void
spaces in the cast ings .

After th e mold s arc assemb led , th cv arc tilled
with molten met al. T he me th ods f~r po uring
molds vary grea tly with the size and type of
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T his PEL dep end s O il the percent age of crysrallinc silica in the
du st. For example, if a dust sam p le we re 100% crysrallinc silica. th e
PEL Ii" that dust would be 'iX flg/m" TWA, For a sample con­
tai n i l1~ no l-rystalline silica. th e PEL would he 5000 pg/ m-l.

The :-:atiOll.ll Institute for Occupat ional Salety and I ka lth has
~e l its rn'o l11J1lcnc.lcd e xpo "i url' lim it (RELtH for n:spir~lblc cry s­
t,llline silica at 50 ~g/l1r\ -n VA. Th e stJlH.b rds-sl' tt ing pro cedures
It)f t he..' P EI ~, Jrc requi red to consider thc feasihility of (,o l1lro lling
t.· \ posurl.'s~ the REL,~ hy COl1tr~l st , Jrl' hJscd primarily o n hc..'alth
( OIK l' r I1 S fetIring to th e pn:n:,ntiol1 of oc cupational disc..·.1SC . Thl'
.-\ l1leric~, n <:(HlfcTl.'l\cC of ( io \'crnmenu ) Ind ustrial H yp,ienists has
sc·t the Ihreshold limit ,'alue (TI.V"') Ii" respirable quartz at 100
I'!\ / 1ll3 TWA .1I1d f(,r respirable cristobal ile and lridylll ite at SO
P!\/1ll ·1 TWA ,'7)

The exposure limit s arc present ed to pro vid e a perspccti"e o n
the e xpo su res ~lssc )I: ia t l'li with th e o pe ratio n stud k d . Da ta from th l'

STUDY DESIGN

The ventilation co ntrol syste m evaluated in thi s study was a d own­
drali booth . The prinurv benefit of this design is that it draws

the air con taminant (silica) awa y from t he worker's breathing
zo ne . " secoIHbry ben efit of th e workstatio n co ntrol was that it
enclosed the silica dust so urce .1IHI reduced th e spread. of the air­
borne co ntaminant to o ther areas of the plant .

Fig ure ) is a di agram of t he newly insta lled ven tilation co ntrol
syste m . The system consiste d of a boo th with exhaust ventilat io n
~lt th c hJ ck of the work sur l:1Ce , a desig.n sho wll in the American
Conlerence of GO\'ernment'l1 Industrial Hygienists' ll/ dl/strinl
Vflltiln t iol/-A Mal/ llnl of }{a ol1l l1lm dcd Prnet;a .IOI Tbe table
surl,Ke was approximately:; It long and 2.5 Ii deep. A turntable,
sho wn in r igurc 2~ allowcd the worker easy acccs..~ to the various
\Urt:lces of the casting wh en gr inding. A photogfaph o f thc wOfk­
st~lI ioJ1 with the wrntabk . as ins ta lled at th e fc>U ndry, is showll in
Figure 3 .

Another branch of thi s ven tilat ion system fu rn ished cxhau st
\'cntilation to a cutotf sa\\', IOCJtcd dsewhcrl' in the facilit y. A
dampl'r on this hranch was opcned whell th is saw was in usc . Thc
o rig inal \'em ibtion \y\tCTll co nsistl'd ofa 12 · iJ1ch d iamete r exhau st
dUCI terminaling approximately 6 ft from the grinding table, The
flow r;lIe through this duel was approximately 5600 I(-'/min when

VENT ILATION CONTROL DESIGN

The overal l goal of this studv was to evaluate the effectiveness of
a newly in;talled control system as compared wi th the original

system. This was accomplished by determining ( I ) the overall '1I1d
by-tool exposures for each sampling period and (2) if the diller­
cnccs between the exposures lor the sampling periods were sta­
tisticallv significant. The srudv design consisted of two sampling
period; occurring on differen~ days:'a prcinrcrvcntion period with
the old workstation installed and a postuucrvcntion period with
thc vent ilated workstation installed. While this study design docs
not control to r between-day differences, previous studies using
similar methods suggest that worker activi ties have a greater im­
pact on the exposure concen trations than the daythe sampling was
condueted' J,Xi In addition, while the mix of tools used varied from
one casting to an other, the individ ual tools were used in a sim ilar
lashion both between and within visit s. Simply stated. the manner
in wh ich the to ol s were used d urin g the two visits was rcprcscnta ­
rive of th e tool use at th is tJc ility. Fo r th is evaluation , the same
worker operated the tnob durin g both visits . :SZo evaluat ion of dif­
tcrcnccs between workers was at tempted .

The operator used th e fc)lIowin g fou r tools when cleaning cas t ­
ings: a o -inch ( U P grinder, an in -line co ne gri mie r, a l)-ineh cuto ff
wheel, and a pn eu matic chisel. Exposure measu rement s for each
sam pling period we re analvzc d to det ermine the 0 \·er.111 effe ct of
th e ventilated works ta tio n . In ad dition, the cxposure measure ­
mc nt s for eac h activi ty (to o l used ) were an alyzed to co m pare sim ­
ilar activities be tween the two sam pling pe riods. This analysis will
dete rmi ne the effects or the venti lated worksta tion 011 th e expo­
surcs associa ted wit h the USl' o f the fo ur differe nt tools.

HHE conducted at this plantsuggested that respirable silicaexpo­
surcs from the casting cleaning (124 to 160 pg/m3) exceeded the
exposure limits discussed here. The potential for adverse health
effects resulting from these exposures indicated a need lor inter­
vention to reduce personal exposures,

(1)PEL :

toundrv, f ollowing the mold-pouring process, the castings arc
allowed to cool and then removed from the molds in a process
called "shakeout." As with pouring operations, shakeout opera­
tions I\UY greatly with the type and size of the foundrv, After
shakeout, the casting may be placed in a shot blast machine to
remove most of the sand adhering to the new casting, However,
some sand will be embedded or burned into the casting. To
remove the sand, the castings are cleaned by hand using pneu­
matic chipping and grinding tools, These same tools are used to
remove the sprucs and runners from the castings,

The grinding and chipping of the sand produces airborne res­
pirablesilica particles, which may present an inhalation health haz­
ard to workers if not adequately controlled , The workers usc a
variety of tools, including cup grinders, cone grinders, pneumatic
chisels, and abrasive wheels to clean the castings. In a study con­
ducted at a stainless steel foundry, work practices- specifically, the
direction of the grinding swarf--wcrc found [0 have a significant
impact on the workers' exposure to airborne comaminants.'! '
.\ k thods li >r controlling airborne hazards from this operation l'arY
from one foundry to the next. Many plants have no controls or
ineflccr ivc controls, such as a poorly designed ventilated t'lble,(2) i

The employees who cleaned the castings at the Cincinnati
IJci lity used National Institute of Occupational Safety and
Health/ .\I ine S'llety and I Icalth Administration-approved air­
pllri~·i llg. respirators with high efficiency particulate air tiltcrs.
These n..-spi raro rs we re incorporat ed int o .1 helmet with built -in
race shields. Safety shoes and safety glasses were req ui red through ­
ou t the plant.

The he alth effects ofsilica exposures arc well known . Silk-a may
be present ill at lea st three: cr ysta lline forms (alpha quartz . cristo ­
ha lite. and rridymirc ), as well as amorphous (noncrvstulliuc) tonus.
Am orphous silica is usually co nsidered to be oflow to xicity an d , if
inhaled , ove r time may produce X-r.ly cha nges in th e lung wit ho ut
sip,nilic lIll d i sa bi li ty. ( 4 .~ ) T he crysta lline forms or silica. the typ e
to und at t his f:ldlity, can ca use severe lung d isease , known as sili­
cos iv, when inhaled . Sympto ms suc h as «HIgh, shortness ofbreat h,
chest pain , weakne ss, wh eezing , and nonspecific chest illness o fte n
involvi ng card iac complic.u ions, usually d C\'CI<)p insidiously Sili ­
cosis usu ,llIy occurs after Yl·ars or expusurc b ut may appe~l r in a
sho rt er time if cxpo sures arc vcr y high. such as from unprotected
s.lIld bl.1st ing .

The cur re nt O ccupational S~llC:ly and Health Admin istrat ion S·
hour TWA permissible cxposure limits ( PEL)'" ' tor respirable dust
containing cr ystalline silica is calculated from Eq uatio n I .

10 mg/ n1"
%Si( )l + 2

AIHA JOURNAL (58) May 1997 355

D
ow

nl
oa

de
d 

by
 [

St
ep

he
n 

B
. T

ha
ck

er
 C

D
C

 L
ib

ra
ry

] 
at

 1
2:

08
 0

8 
Fe

br
ua

ry
 2

01
6 



measurements were made at the higher noll' setting with the saw
branch damper lidly closed,

SAMPLING METHODS

Adirect.reading instrument was used to measure respirable dust
as a surrogate tor respirable silica, This instrument, the Hand­

Held Aerosol Monitor (HAM) (PPM lnc., Knoxvi lle, Tcnn.), is a
light-scartcring device that responds 10 any dust of respirable size,
The response, however, dependson the nature of the contaminant
(particle shape, refractive index, crc.). ~lcasuremel1lS taken during
the earlier HHE evaluation showed that the workers performing
this operation were overexposed to silica, The concern of this
study was the differences between the workstation configurations,
Therefore, the data from the HAM was used as a relat ive measure
of the worker's respirable silica exposure, However, it was assumed
that both the percentage concentration of silica and the particle
size distribution in the airborne dust remained rdatil'ely constant
over all sampling runs,

When sampling, the optics probe of the HAM was placed ncar
the worker's breathing zone, To improve the instrument response,
the HAM was operated in an active mode, using a sampling pump
(calibrated to 2 L/min ) to draw air though the sensing chamber.
The active mode improved the responsc since the instrument did
not have to rely on ambient air currents to transport the airborne
contaminant into the instrument,

The output from the HAMwas connected to .1 Rustrak Ranger
I data logger (Rustrak, East Greenwich, R,\.) lor data collection
and storage, The data were recorded and stored at l -scc intervals.
The data logger W35 downloaded to a personal computer, where
the data were subsequently analyzed,

The sampling operation 1\'35 recorded on videotape 10 docu­
ment tool usage during the sampling periods, The camera dock
was synchronized with the clock of the data logger '0 that the
activities recorded on tape could be matched with the expo·
sure data, Following sampling, the video recordings were rc­
viewed and «XII usage variables were entered into the expos ure
data tile ,

The prc int ervcn tion sam pling period yielded over 11 500 measure­
mcnts during casting cleaning. (The operator spent over 1150 0

SeX using ;l11Y one of 1<}\If grinding tools during this pcriod .)
The posr int c rvcnt io n period resulted in over 3 100 readings, In
the po sriu rcrvcntio n sam pling pe riod , the worker used two d if­
fcrcn r pn eumat ic chisels. one of which was not used in the first
"'"11pling period, Exposure data collected during the lise of this
additional chisel were excluded from the OIl101ly,i, of the other
chisel data.

SilKCJ non specific d irect -reading instrument was used to mea­
sure exposufe co ncentratio ns, expos ures listed arc no t act ual co n­
ccnrr.uious hut arc co ncentrario ns relative to ot her measuremen ts
made in this studv, Because of instrument and environmental
rcspoll\.C iSMICS, the data were ad justed for J transporta tion tlg of
:; ~('. l lO j Hy reviewing thc video recording, casting variables [cast ­
ing. number ) and activity variables ( tool usage ) were coded and
entered into the data set. Exposure measu rements for each tool
were averaged for each casting. cleaned (i.e., measurements tor Clip

grinder o n the first c~l~ti ng were averaged, cone grinder on the
second casting, etc .). T his red uced the original doll a set to 49

RESULTS AND DATA ANALYSIS

TurnU bl. Top

Turnt.l,blt e••tSpn nr -

"'-nl tAbll' rop

h blll' '- ->l,!I--'

FIGURE2,Diag..m01tlst ing-deaningturntable

fiGURE3.Photographof vtntil.1tfd (asting-deaning worn.alion, l s installf'd
inthe foundry

FIGURE I,Diagram ofventilated lasting-deaning workstation

the damper to the 501\1' branch was closed and 3200 tt-'/ min with
the S;1I\' damper opened, Airflow measurements with the nell'
workstation table insu lted showed that the exhaust volume was

approximately 54 00 ItJ / min when the damper of the SJII' branch
11'01' dosedand approximately 2'JOO lil /min when thisdamper was
opened. Both of th ese tlow rates were above the: minimum rccom ­
mended in lndustrinl Vcnt ilationi"! All occupational exposure

.~ 56 AIHA JOURNAL (58) May 199 i
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TABLE I.Geometric Means and Geometric Standard Deviations for Preintervention and
Postintervention Relative Exposures

I. Nat ion ,ll 111"l iIUI(' fo r Occup.ltion .t1 S.tf~l)- and HC".l lth (NJOSH ):
H IJ::..Im f E"d /tl iIlW/J and 'f er/m im I A.rJiftll" U Rrport: Gm rral Cnsri'v,s-l'oq'rn
.'>tru t l'iJ( illt~·, ( '''U U H/ IW , (Nun (D1Uls/ S I{ )\ l l r uh. 110 . 111,:"1'..\ l}2 -()lJ2 - 2 ,U.~ I ,

( :iIKinn.lli, ()II : l ' .S. lkp<tnm\.'nt ( ) f I k.l hh ,llld Ilum,tIl SC f\"k(."~ , Puhlic
I h ',lIth S<:n i( \.·, C \.'lIta.. t(lf D i"' ,h~' COlllro l ,m d Pr(."\'c"'lII iol1, NIOS H. 1993 ,

2. N;lti0 I1 i.11 Institute t<)r Occup.lIion,tl Safel)' and Hca hh ( NJO SH ): A
"/i' dm w l / /( t'pl1rr. ' .'; 1/ F.1'll/"ar ilUl 11' ()UU !' li tioWI I H m /(IJ Ha=ard Co" trl,/
Tt't"llIwl'~ff)' Ji1r thr l-illllJlir_y / lId m t r:r \ l ll fE\ \'/ S IOSIl puh. S o. 79 , 114 ).
Cinl."in n ,tt i, (H- t: l ' .S. lkp.lrtnl l'1l1 of 1k Jlth , Ed u l."Jl io ll Jn~ 1 \\·<.·ltan: , Publk
11<:,11Ih Sl." r\ 'i,,:C,.' , C \.'nt<'r tilr Di" "t, c'" COlltrol, Z'IOSH , 198 7. PI'. 157-1 77.

Thc 1()lIo\\"iJll!- pc rsons ,lrl..' recognized l()r their assistance ill
conducting th is pr o ject : Daniel S, \ \'a tkins, tor h is skill in con ­

...t ru cting the ven ti lated wo rks t.n ion cvalu atcd in this !!i t lJdy~ D.lnic:l
R. r ar \\"ick . I()r hi~ assistan l..'l' in prql.1rin g th e cq uipm cn t su rvey
used in th e rwo survcys; Jam cs P, A~ec It )r his assist.lnce in in ­
sta lling. th e W ( lrkst at ion and co lk(ting the survey d ata ; Ronald J,
Ko\'ein ,\Ild C h.u ks S. H.I~'lkl1 , f()r their .1ssist .IJ1(l' in collecting
thr sur\'~y d.Il,' ; Thomas J. l'isdlb.Kh and Rnigu.,ng Song for their
J.ssistJ IKC in ( ond u( ting the st.u istk .ll analvsis of th e survc\, d:n a;
.lnd Annl..· " or.}\\" l()r he~ .1ssi...t,lIKl.." in cd i ril~g thi s manuscript.
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during the de.lI1 ing of the castings) and hence, on the mixof cast­

ings cleaned on anv ziven dav, The rool-bv-rool evaluation result­
"I in a direct comparison (ie.Kh tool lIi ih and without the nell'
ventilation control, The same worker cleaned the castings tor both

evaluations; work practices tor both evaluations were also similar.
The results of this study, along with the findings of a study con­

ducted in a stainless steei linmdry,l,1 l indicate that tool usa~e affects
workers' silica exposure. In the
C.I" of this study the perccnta~e

reduction in exposure varied with
the tool used and will likely \m y

among workers. The addition of
the turntable to the workstation
in thisstudy should help the work­
er to position the casting to direct
the grinding swarfin to the grind­
ing booth , '1\\'ay from his breath ­
ing zo ne . This work practice
shonld help to reduce exposures,

The effectiveness of the vcnti­
latcd workstation shows how a
well -designed local exhaust vcnti­
Inion svstcm can reduce worker
exposure. The original simple

exha ust d uct con figuration d id !l01 provide efficient co nt ro l of th e
airb o rne ...ili( .l dust created by the grindi ng ope rat io n . In stallati on
o f th e ventilate d workstation significantly reduced the operator's
exposure without ,l need to increase the exhaust flow rate,
Standard long-term integrated air sampling should be conducted
to confi rm the redun ions in 'IiVA silica exposure. Further reduc­
tion in worker exposurrs could be achieved by the usc of more
complex and costly controls, such as tool mounted high-vclo­
r ity low-volume exhaust systems , However, ;}S an econ om ical first
step , installati on of sim ilar workstati ons at o ther cast ing-cleaning
o peratio ns is an effe ctive means to red uce workers' expo sures to
airborne d UM,

Postintervention

CONCLUSIONS AND RECOMMENDATIONS

Note: Differences for the pneumatic chisel were not stati st ically significant.
An = number of measurement s
flGM =geometr ic mean
cGSD =geometric standard deviation

The d ,ll,' were:amlyzcd to de termine itthe d ifferences be tween
the !!-l..'o l11l..' t ric means we re si~ni fi(,lnt using till' l\ h tlt i\'.l riatc .1I1.lly­
sis o f \..iri .mce (ANO VA) fu nc tio n in Sta tgr.lp hic s\i\' Plu s f()!'
W;l1d ,I\\ '< Version 1.4 (M anugisrics, Inc . Rockvilh- Md .), " sta ­
t i s ti~,"'l l ,1I1,l lysis pr ogram. The an alyses were cond uct ed in tw o di f­
tercru sl~l's . First, the A:-IOVA was run to look .It the difference
between th e prcintervcntion and postintcrvcnrion mcasurcmcms
regardless of the t(x,ls used. The second series of analvse« looked
.11 the diflcrcncc» by tool and \\'.IS run by repeating the first analy­
sis excluding th e data f()r all hut the tool o f interest. Thi » was
repeated for eac h o f' the to ur tool!'l used .

TI K' res ults of these .1n,l lysc!'l show th at , overJII. the new vcnri­
l.u cd worksta tion signifka ntly reduced th e worker' s l'XPOSlIfl..'
(p d U lOOX). In addi tio n, stat i!'lt i( ally !'Iig,n itil..'an t redu ction s we re
determined ti.r the "lip grinder (p<O.0073), the cone windn
(l'd ).0017), and the cutoff wheel (pd l.OOO)). Exposures were
red uced f()r th e pn eumatic ch isel at the vcn ril.ucd worksr.ir io n. hut
the di fference was IUH \ t.lti .ai\."t1ly sign iric.uu (1'« ).3334).

Preintervention
nl GMI GSD( n

Overall grinding 49 0.14 3.04 15

Cup grinder 21 0.23 2.34 3
Cone grinder 21 0.066 1.71 5
Cutoff wheel 5 0.78 2. 12 3
Pneumatic chisel 2 0.02 7 1.60 4

The rc.... ull s o f the s,lm pling in thi s t:ldlity ind k atl..' th at till..' in sLtl­
I.Hion of thc vcn tilat ed ",orkst~1tion pn xhh,:ni a stati~tica lly \ig,·

ni t1 \."l n t \.k l..'r l..·.ISC ill thl..· a irhornl.' dust l..·ol1\.'(:nrr,ltio ns. O n .1

tool -hy·tool h,lSis. thc n'nt il.lt cd workst at io n !'Ii!!-nilkantly rnJU4.:ni
1lll..' .lslIrl.'d dust cxpo su rcs Whl..'ll ti ll..' wo rkl.'r usn t th e Clip g,rin dl.'r.
th ..: ("lIn l..' g rind er •.1J1d thl.' cu tofl'whcel. T hl' Pl..'f l..'cll t .lgC rcdu ction
hy 10 0 1 r.lIIg,l..'d hctwl'l'n SlJ ;lIId 77% (sce Tahle I ), Thcrl..' \\ ';,1 \ no
sr,lt ist i\.',l lly sig,nifi('allt d i tli.~ rcl1 cl.' in rhl..' l..''''po, ur l..'S wh cn the PI1l..'u ,
m.uk (hi ...d \\',IS in llsc . T hc se: (O IKl..'lltr.Hion... \H'r C ,l lso .IIllOIll!, thl..'
lo wcst of .111 Ih l.." e: xpo ...ure... . indk.ning th .lt litt le: du st was gl..";l..'f'U­
e:d hy th is to o !. T he T\ \'A CXPOSUfl'S t()r \\"o rkl..'fs usin g. th i ~ \·cl1Ii·
bted \\-(lrk ... r.lli ()I\ .uc .l ls() cx p l.'( ted 1( ) dccrcasl..' \.' (l rresp(H1d ill ~l y.

silKC too l o pera tion was thl..' p rim .u y so u r(e of silk',l cxposurc . T Ill'
111.l~nitu~k o f th l..~ expo surl.' rl..'duct iol1 will depl..'nd o n ro o l lI S~l ~l..' .

T hl..' tool-h y-tool C\,.t1u,ltion of the \\ ork...t.uioll \\".ls ,I nl.."th~r

m e,ISUrl..' o r thc ctlc(ti\"cnl..'s\ of rhe \\n rk..t.u io n than thc OH'f,11l
\.-ol11 p,lri\< lll. The o \'cr,lll COl11 pJri~on de pelllkd o n th l..' too l... usn i

measurements before and 15 measurements aficr the installation

of the workstation. These data were then log-transformed, and
the ~~om~t ric mean and geometric standard deviation were deter­
min~d 1( ,1' the ()\'C r,111 ~sposurcs and by-tool exposures for each

s'lI11plinB period. These results arc given in Table I. In addition,
Table I also gives the pcrn:l1lagc reduct ion in the operator's dust
conccntr.u ion due to the ventilated workstation .
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