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SUMMARY

OnAugud 17, 1983, the Nationd Inditute far Oooupationd Sefety and Hedth (NIOSH) recaved areguedt for
technicd assdancefrom the Pan Amearican Hedlth Organization (PAHO) dfficein Bridgetonn, Barbedos
NIOSH was asked to investigate asestos useand the patentid for expoareto to thegengrd pubdicandwarkers
onBatbedos OnAugat 25, 1988, invedtigetorsfrom NIOSH met with offidasfrom PAHO and the Barbedos
Minigry of Hedth (BMH) to dsoussbeckground evatisand to presant evdugtion drategies. Walk-through
ingoedionswere conducted. Beginning on August 29, and ending on Sgatember 5, 1983, ashetos samplingwias
condudted & fivedfferat Stes agovemman dificebullding, ahosaitd, asuger fadtary, apudic shod, anda
vehidemantenanceshop. Forty-threear samples 30 bulk metarid samples and 10 setled dust sarpleswere
odleded duing theseevdugions

Adestoscontaning meaidswereidantified, by buk ssampleandyses a dl stesexagt thevehidemantanance
dop. Bath amaosteand drysatile asoetoswearefound, invarying peroanteges: All but oneof the settied dugt
samdes(adleded fromfour of thefivestes werenggdive A sarded sufecedld inddeavertilaionsygemar
hending unit & the govamman dffice building contained amosteadoetos: Thesereaitsindicate minime reoart
oedt fiber rdesses and good housskegping & the Stessampled. Phase contragt micrasoopy (FCM) resLiits
showed thet genard areaar concantraions of fiberswerelow a thetime: A mganity (35 of 43, 81%) of thear
sampleresitswerebdow theandlyticd limit of detedtion of 3000 fibers per filter (0.002 fibersper centimeter
aubed for a1200liter sample). Ambaient outdoor ar sampleswere colledted a eech survey steto saveas
contrds At thehosaitd, four ssmplesweare adllected which ranged infiber conoantration betwean 0004 and
0006 fiberslar?. Threesamplescdllected & the Sugar factory were overlaeded (.e ther wastoo much dugt on
thefilter) and could nat beandyzed by PFCM. Oreather ganerd areaar samplefrom thisste contained 0016
fibarsan?. Therewareno pasond bresthing-zoneexposressmplesadledted. Severteen of thefiltarsandyzed
by PCM weredso chosento beandlyzed by tranamisson dedron microsoopy (TEM). Adbedosfibarsweare
identified onnined thesesampes Twoweresampesfromthedffice bullding, four werefrom thehosaitd, ane
wasfromthesugar fadtary, and twowearesamples adlledted from theschod. Airbome adoestosfiber
conoantrationsranged from 0,001 to 0050 fibargon?. Thehighest resit wesfrom thesugar fadary.


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

Theggnficant findingswerethat asbedosiswiddy usad and highly ancesshleto thegenard pubicand warkeson
Barbedos and asbestosfibarsweare detedted in ar samples cdllected a sevard differant, nondindudrid, stes
indudng oneschod. Whilearbomefiber conoatratioswereganardly low, exogat one they waeregrede then
what was detected in theambient outdoor air (nonewas detetted). Fberspresantinar samplesindicatesareoant

fiber rdesseevat, o rertranmat of previaudy rdessad fibers: Recommendionsaremedeto hep hedlth
dfiddsminimize potentid oooupetiondl and pubdic hedtth risksthrough theedeblismant of comprenansve asoestos
eoetement programsand pdlides

KEYWORDS SIC 9999 (not otherwise dassifie), asbestos, amosite, chysufile, Barbados suger, chod,
officehuilding, hogaitd
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The significant findings were that asbestos is widely used and highly accessible to the general public and workers on
Barbados, and asbestos fibers were detected in air samples collected at several different, non-industrial, sites,
including one school. While airborne fiber concentrations were generally low, except one, they were greater than
what was detected in the ambient outdoor air (none was detected). Fibers present in air samples indicates a recent
fiber release event, or reentrainment of previously released fibers. Recommendations are made to help health
officials minimize potential occupational and public health risks through the establishment of comprehensive asbestos
abatement programs and policies.


INTRODUCTION

OnAugg 17, 1988, the Pan Amaican Hedlth Organization (PAHO) requested tednicd assgancefromthe
Nationd Inditutefor Oooupetiond Sefety and Hedlth (NIOSH) to suppart the Caribloeen Epidemidlogy Canter
(CAREC), PAHO, ininvedigeting the patentid far expoaureto adetosamong workersand thegenard pubdicon
Babedos OnAugLg 25, 1988, invedigatarsfrom NIOSH ma with affidasfrom PAHO and the Barbedos
Minigry of Hedth (BMH) to dsoussbeckground evatisand to presant evdugion srategies Wak-through
ingpedtionswere conducted thenext deay & three Stespresdectad for evaugtion. Thesewerethe Tresaury
Building, Quean Hizabath Hosaitd, and the S Leonards Ssoondary Schod. Begiming on Auglet 29, and ending
on Sgptember 5, 1983, asbestos sampling was condudied & fivedifferat Stes: Inaddtion tothosepresdedted, a
uga fadtary and anvehidergpar Sopwereevduated. Farty-threear samples 30 bulk maeid samples and 10
sHled dugt sapleswere adllected during theseevduglions: Thisrgport will dsousstheevdugionsand resuits
from theasbedos samping.

BACKGROUND

Thewidegoread use df asbestoscontaning metaids(ACM) on Babedosand therdatively recant pubdic
avaenessthereregarding the hedlth hezards rd ated to adoestos expoaure, haveled to increesed reguestsfor
Govenmat (Babedos) adion. Adestosissieswearebrought tothefareduning aninvestiggionby a
Govanmant adthoc committee of the TreeaLry Building, in Bridgetoan, Barbedos; in 1987.
Adedoscontaning odling tilesusad throughout thisbuillding caused concam among thewarkarsthare
Examplesdf ather typesaf ACM usad on Barbedosindude comugated- and flat-shegt condrudiion meterids
hegt-resgat insiaion metaids and vehidelrekelinings  Inview of thecardnoganic patentid of inhdled agoedios
fibers itisimportant toidentfy the presance (or confirm the absenod) and evauete the patertia hezardsof
evironmana expoauresto asestosrdessad from contralladle souroes: TheNIOSH evdugions admittedly
limited, weredesigned to identify ACM metarids documeant previcus or presant fiber rdesses and meke ussful
recommacetionstotheMindry of Hedth

Of pimeary concamtothe BMH gt westheuseaf ACM inthe public schodsand the patentid expoareto
gthod-aged children. Rior to NIOSH invdvemant, BMH investigators pafomed an edendve sunvey of the
adbedosinohodson Babedos Anasssssmant of the condition of the adoestos contaning meterid wasmedefor
each of theshodsaurveyed. Thisinformaionwill bevery ussful for fuureevdugions

Treery Buldng

Thislage modem dfficebullding was congrudied in 1967. Thareweare gopraximetdy 300 workersoooupying Sx
dovegoundfloasand theground floor. Theadlingsondl floarsweare covered with 2x 2 tilesmede of an
adbetoscamat mataid. Theetileswerein genardly good condition, and reoently peinted, ondl floorsexogat
thesxthfloor. Onthesgxth floar, thetileshed besn coeted with athidk, textured peirt, whichwespedingina
number of locations It did nat gopeer thet theadLd tilemetaid was coming off with thepeint. Adoestosfiber
rdessereautingin potentid eqpoauregasodes may ooour whenever mantenence o repair work repuiresthe
ramovd, dilling, or auting of theaaling tiles Thetilesareremoved by tuming srensinthefour comarsd thetile
May tileswaechipped & thesecomas  Vattilaion sygasinthebuldngwered theredraulaing type and



werepoarly meintained. Rdeesad fibarsoould bedigributed by thevertilgtion sygems: Onsomefloarsthe
s/demswarenat gparaing Sysamfiltersweareather vay dd and dirty, or missng. Many of thewindoastothe
ousdedid nat havedear gass but filbrousgasspands Mo weredd, and gppeared to be ddgioraing dueto
wedthaing and theadion of theintenseanlight eqposre Thewind could freeloosefibrousgassfibasand
dgpaethamingdethebulding causng imitation to the cooupants

QuenHizebeth Hogaitd

Quen Hizabeth Hospitd isalarge (600 bed) hedthvcarefadlity in Bridggtoan. Interest inthehogaitd wesdueto
recant demdlition adivitiesthere Pat of thedemndlitioninduded ramov o therroof fromasedtion of thehogatdl.
Thisroof wesmede of an adbestos-oament comugated-sheet matarid widdy usad on Barbedos Therewes
conoam thet asbediosfibersmay have bean rd esssd during theremova, and digpersad into the adjaoant hogaitl
aress Inceno precautionswaretaken to prevant this. Other arees of concam thet cameto our atention during the
wak-throughwerethe hogaitd laundry and baller rooms: Inauliation metaids containing adoestoswereussd on
deamand hat water equipmatinthesearess Ananagy consavaion programweasongaing toremovethe
adhetosinaulation and replaceit with nonrasbestosinauiation. It wasreported thet theramovd tedniquesussd did
natindudeendoaures wet methods ar worker pratedion. The ACM presant wasgengrdly in bed condition,
withmuch o it exposed and inafridle condiion. Therewere B wakeasinthelaundy.

Bulkley S.gar Fedary

TheBulkley factory hesbean produding canesugar for marethen 100 years: Duing theargp ssesonit employs
120wakes Duingthetimed thissudy, theout of argp seeson, therewere B workersengeged inmaintenance
adivities Thisindudad much teerdown and repair of equipment. Sncesugar produdionisahegt iniensve

prooess much of theequipmat isinalaed. Natdl of the variouslagging meterid s contain asoestios; but meny do.
Wefound much of thisméteid to bedameged and infrisdlecondition. Apperent poor housekegping conditions
aeded anincressad potentid for expoaLreto asbesios-contaning dudts inaddition to other hezards of Sugar
produdion. Thereweslittleor no regard far the hezardous netre of asbestosduring our Survey. Indicaionrswere
thet inthemoremodam sugar fadaries adoestoscontaning insulation materidswerenat baing usad,

S LeonadsSchod

TheS. Leonards Sdhod isan educationdl fadlity for gregter then 2000 dudants Thesedudanisrangeinage
from11t018years Theboysand grsdassoom aressare sgparate, whichistypicd onBarbedos Thenewer
additions whichwered interest during thissudy were condrudted drca 1952, Theboyssthod wesasinge
gory drudure whilethegilssohod westwo daries Therodfsdf theschod bulldingsweredf

agoestoscamant corugated sheat mderid. Patiionsand 9dl doarsin thelavatories and the doarsto some of
thedassoomswere condrudied using flat-shedt (1/4 inch thidk) ACM.

S Leonardswasatypicd schod inaverageto better then average condition. Addressing potentid hezardsat the
pubic schodswes of gregt concamto affiddson Barbedos: Asin mogt countries; theyouth oend agredt ded of
timein schodsduing ther fammetiveyears Many pubdic gatheringsarehdd a schodl fadllitiessswll. Classes
waenainssssonontheday of our rvey. Thaewareteadhaersand omeadminidraiveworkerspresat.



Uponingpedtion, the ACM a K. Leonards gpeared to bein goad repatr, exogat for minar damegeto some
rodfing sedions Therewasmaredameged theboysschod then a theginsschod. Thepotentid asbestos
expoarerisk framthesetypesof mataridsiscongdared to below if they are undameged and undisurbed, snce
theeemelgidsarevay had and nat fridde  Bresking, saming, dhilling or athewise aoraiding the surfacewoud
inoeesetheeqpoarepotatid. Addtiond pratedionwould bedforded if the metaid wesssdled by painting.
Thiswoud beadvissilefar thedoor pardls patitions and theundarsidedof therodf, which aredl reedily
accessbleto dudents

Dapatmant of Trangoartation VehideShop

Thisisalagefadlity for mantenenceand repair of thefledt of vehidesand andllary ecuipment ussd by the
Degpatmant of Trangoartation. Tharearesevad lagebuldngsinthecomplex. Wewereinteresed inadosaving
vehidelrekeramovd and rgdecamat opaaions Thaewesslittledf thisadivity ontheday of our sunvey. Itwes
reported thet it was mogt likely to heppenin atruck repar areaon thenarth sdedf thefadlity. Thisshopwies
endossd onthreesdes with thefront Sdegpento theevironmat. Tharewaresaven vehidesinthisshop for
repar.

Mehodsand Magids

A. Air Sarges

Air smplesware cdleded from dationery postionsat vaious|locaionsthroughout theidentified Survey
stes Thesampling devicsswere plaoad a ahaght gopraximeting the bresthing zone of the cooupents
Thesampleswereadlected usng Nudeopore, 25 millimder (mm), 08 micrameter (Um) poresize
mixed odlulose edter filters (gpen faoe) and bettery-powered saling pumps cdilraed togparded a
nomird flow raedf 35litersper minute (Ipm). Samplevdumesranged fram 1100to 1400 litas
Sampleswere cdllected outdoorsat eech Steto saveascontrds

1 Phase Contradt Microsoopy Andyss(PCM)

All of thear sardeswere quantitatively andlyzed for fibershy PFCM acoording to NIOSH
Method 7400 (revison#2, Appendix ).} Fbasgredter then 5 micomears (um) inlength
weaeoounted oneech samplea amegnificaion of 400X. S2A counting rueswere ulilized
Thesamplereadtswaergortadintad fibarsper filter. Thelimit of detedion (LOD) for this
method hesbeen deiamined to be 7 fiberdimn? of filter, or 3000 fibersfilter for 25mm dameter
filtes Thismethod isdesigned to count fibarsin cooupetiond eviromantsand ismodt often
usad to count ashestosfibars: NIOSH Method 7400 doesnat permit differentiation of fiber
types Hedron micrasoopy isusad for fiber identification

2. Trangmisson Hedron Microsoopy (TEM)

Based upon PCM fiber countsand suljedive commentsby themicrosoopids somesamples
wearesHedal to beandyzed by TEM, usng anenargy dparsvex-ay sydem (EDS



andyza. Thesampeswere prepared aooording to NIOSH Method 7402 and andlyzed ona
Philips420 TEM™. All counting and sizing were conducted a 10500X megrification. A
minimum of 40 gid gpeningswere counted, with eech gpaning having an areadf gopraximetdy
74x10° nmm?. TheLOD far thismethodis 1 fiber per filter. Thismethod can poditively
identify fiber type andisused to deteminethefracion of aptically vishlefibarsthet areadoedios
Thisfradionisthen goplied to the FOM fiber court.

B. Buk/Suface Sampes

Buk ssmpesd vaiousinaaing metaids stled dugt, and ather patinet metaidswearedaanedin
dasvids Buk andyssfor adhedosweasusad to ddeminethe presance of adbediosin Sugpeded
meaids Thetechnique usad wespdaized light microsoopy (FLM). PLM dlowed detaminetion of
themingd typedf indvid A fibersand edimetion of thepercant edoediossinasampe TheALM
techniqueinvaved pladng thesamplemetard (findy poadered) inaliquid of knoan refradiveindex ana
micosoopedide Themaaid wasthen dosarveed inapdaizng miaosoope (Letz Didux 20 & 160X)
withdgpersondaningagatics Thiscausad asbetos metaidsto exnibit deradtaigic cdorsand other
opticd propaties Theparoatage df adbestoswas detlermined and reparted as apercant areacsarved
inthemicrosoopefidd

Suface samples(stied dugt on smoath interiar surfaces) were adlledted onfiltesusing the sampling
pumpsprevioudy desribad. To datainthesesamples the 25mmifilter cassettesware brushed aorossthe
ufaceto besampled svad timesinafadion smilar toaveouwum deena. Theesampleswaedo
andyzedby FLM.

V. EVALUATION CRITERA

Asaguidetotheevdugion of the hezards posad by workplace expoaresin the United Sates NIOSH fidd S
employ cooupetiond expoareevdudion aitariafor asssssmant of anumber of chemicd and physicd egants
Theeditaiaaeintiended to Suggest levds of expoaretowhich mogt warkers may beexposed upto 10 hours
per day, 40 hourspar wesk far awarking lifeimewithout experienang adverehedth effeds Theprimary
ourcssof evironmantd evdugtion aitaiafor threwarkplaceare 1) NIOSH QriteiaDocumentsand
recommended expoaurelimits (RELS), 2) the Amaican Confeencedf Govemmantd Indudrid Hygeniss
(ACGH) Threshdd Limit Vaues(TLVS), and 3) the U.S Departmant of Lebor (OSHA) oooupetiond hedth
dandads Often, theNIOSH RELsand ACGIH TLVsarelower then the comesponding OSHA sandards
Bath NIOSH recommendationrsand ACGIH TLVsusLdly arebesed on marerecant inffometion then aretthe
OSHA gandads The OHA dandardsaso may berequired to tekeinto aooount thefeesihility of contralling
expoaresinvaiousindudrieswherethe agants are used;, the NIOSH-recommended dandards by contredt, are
besad primaily on conoamsrdating to the prevention of oocupetiond disesse

Becauss inthissiudy, bath cooupationdl and non-oooupetiondl environmentswiere evaluisted, oooupetiondl
eqpoareditaiadoneaenat adeguete When NIOSH gt areevaduating non-ocoupaiond evironmatsinthe
United Sates public eqpoareedimetes such ssthoseeteblished by the U.S Ervironmentd Pratedion Agancy
(EPA), may beused for comparison.



AdedosExpoareRiks

Bodamidogc dudesshow the thareisacordaion bawemn theintensty and duraion of agoedios
exposreand an dbsarved exoessin lung canoer and mesathdioma(arare canoer of thednet ad
abdomird lining). Expoauresto adoestosvay in neture, frequency, and duration, and they decressein
graximetdy thefdloning order of intensity: direct oooupetiondl exposure indirect oooupetiond
expoare family contact expoaure (teke-hame' fram theworkplaos); and geanerd evironmantid
expoares(fromindudrid emissonsand matar vehidebrakelinings and from consumer produdsand
dameged or dtgriorated building metarids containing agoesiod) 213

Rdigble populationbesed dudieson theinareased risk of astestos-assodiated diseeses (pulmonaty
fibrods paurd thidkening and adboestios's lung cancer, and pleurd or paritonedl mesothdiome) hevebemn
reported for cartain groups with well-documented oooupetiondl expoaures: Therisk for both typesof
adhetosassodated malignendes lung canoar and pleurd or paritoned mesathdiomg, vaiiesinafaghion
condgat withalineer (nonthreshdd) doseregponserdaionghip. Therisk for lung cancer multipliesfar
dgarette smokers cooupationelly exposad to asedosa ather high or low levds: Cigarette smoking
doesnat gppeer toinareesetherrisk for mesothdiomaiin exposed individuds 42

No rdigble populaion+essd detaareavalade onwhich to beseadredt quantitative assessmat of the
risk of ashesios-assodaed canoer dueto teke-homeor ather nonindudtrid expoaLresto agbestios
However, indirect risk assessmentshaveindicated thet an excesstisk dossedet 52 A parsonsegeat
fird expoareto asbetosisanimportant deteminent of ik of mesathdioma: Althoughiit hesnat been
proventhat thereisalinear, nonthreshdld doseresponse rdaiondhip after nonindudrid expoaures itis
thought thet such ardaionship doesexig, thet expoareto regairadle Sze adbestosfibarsposesa
cadnogancrisk for humans thet equosrebegiming ealy inlifeinareesestherisk far mesathdiomg, ad
thet no sfelevd of expoaLreto acaranogenic agant hesbean demondrated, therefore, sources of
acbegtosthet arelikdly to resit in hazardous exposres should beidentified and contralled 42

Toxiodogc effedsof Expoareto Adesos

Cinicd evidence of the advarse dfedts assoaaied with expoaLre to adoedosispresat intheform of
svad wel-condudted gaidemidogicd sudiesof oooupetiondlly exposad warkers family contadts of
workas and pasonsliving near adbetosmines Thesedudieshavehonn addinteassodation
betwesn expoaureto adoestos and aninaresssd inddence of lung cancer, pleurd and peritoned
mesathdioma, gedraintestingl canoer, and eoestods

Adetossisadisshling fibratic lung dissesethdt iscaused only by expoaureto asbestios Bxposureto
abestos hes d 0 been assodated with anincreesed inddence of esopheged,, kidney, larynged,
pherynged, and bucd cavity canoas: Aswith ather knoawn dvonic cocupetiondl diseeses dissese
asodaed with asbestos ganerdly gopearsabout 20 yearsfalowing thefirst coourence of exposure
Thereareno known aoute effects assodated with exposureto adoetos



Thesgnsand symptomsof lung canoer ar gedraintesting cancer induced by expoaureto adoetosare
not unique, exaeat thet achest X-ray of an exposad patient with lung cancer may show pleurd plagues
pleurd cddfication, ar peurd fibrods Adbedoseqpoareadssnagdicaly with dgarettesmoking to
multiply therisk of developing lung cancer. Symptoms dharadigridtic of mesathdiomaindude dhortnessof
bregth, paininthewdlsaof thedhest, ar bdomind pain. Mesathdiomahesamuch longer latency paiad
compered to lung canoar (40 yearsveras 15- 20 years), and mesathdiomaisthereforemarelikdly tobe
found among workerswho werefirg exposed to asbediosat aneally eage. Mesothdiomaisawaysfad.

Airbome Expodure Critaiafor Adedios

Snceadhedosisacardnogen, NIOSH urgesthat thedgjedtivear godl isto diminate agestos
expoares Theevaduation conogat of lowest feesblelevd (L) isusad by NIOSH invedigetars In
indutrid stuetions theminimum rdigbly quentifisle artoame conoantration, as deteminad by
dateo-the-at andyticad methoddogy, isused for theLAL. Inather deaner evironments suchasan
dfficebulding, andyticd methodsmey detect much lover contaminant concantraions: Inthiscasg a
moreressonedleway to deaminethe LA may beto compare mesaured ar concantraionsto
messred "bedkground concantrations' insmilar fadlities or to outdoor ar concantraions: If aurant ik
asssmatsrdaing expoaureto hedth dfedsareavdiaile they may dso beusadindgemining the
LA.. Which of theabove mehodsisusad will depend upon theervironment being eva ueted.

Theaurent NIOSH REL for oooupetiond expoaLrein asestos!aden evironmantsis 0.1 fibarsper
aubic omtimeer of ar (flan), detemined asatime weighted average brething-zone expoaurefor up to
a10-hr warkday, 40-hr workwesk, usng NIOSH Method 7400 (phese contrast micrasoopy). The
presanoedf bedkground dugt when adlleding high samdle vdumes mey bethelimiting factor which may
complicatetheardyssusing thismahod®.

The ACGIH, anindepandant saentific body, recommendsthet persond expoaLresto drysatile
ashestosexposresbelimited to 20 f/om? and amesite asbestos exposLre belimited to 02 flon,
averaged over an 8-hr workday (with the notation thet asbestosisahumen cardnogen) @ IntheU.S,
the Qooupetiondl SHfety and Heelth Admiristration (OSHA) standard for asbestos lirmitsexpoa.reto 02
flom? averaged over an 8y workday. OSHA dso hesan abetosexaurgon limit. Theexaurson
dancard limitsemployesexpoauresto 1.0 /o averaged over a30-minute pariod of expoare®

TheUnited Kingdom and Audrdiahave assgned hygienic sendards for oooupetiond expoaureto
achetosof 2f/on? ssatimeweghted average TheFederd Repubdic of Gameny condidarsall fammsof
ashestosto becadnoganic to men and bdlievesthat no sfeexposure concantration can beassigned

Thareaeno unifamly acogpted, Sandardized, evironmentd evaugtion aiteriafor norHindudrid
stings (uch asschodsand dffice buildingy). Used theNIOSH PCM method will permit detedtion
and quantitation of about 0,01 fla? with acognteblesatisticd reighility (+ 25%0 usng a1000liter &ir
sample). NIOSH recommendsusing 001 f/an? asan adion leve which should gpply to ll oooupied
building gpecewith patentidly hezardous adoestos surfaces and beprimearily used to hdp meke
risk-menegameant dedsonsand direct contrd drategies Itisnat an"oooupancy” or 'sdfe” adoetos



VI.

Redits

conoartration. NIOSH recommendsthet & lesst 5% of ar sanplesbdow 0,01 flar? and dl ar samples
abovethislevd shoud befurther anelyzed by TEM for pedfically detemining theidertity of fibers
detected by the FCM method.

Conoatrations of egbegtosin uben amat (outdoar) ar weremessurad in48dtiesinthe US
between 1989 and 1970. Adetoswasdeedadleinvirtudly everly margoditenarea Ambient
conoanraionswearegenardly below 300/ (0.0003 f/on) and never exossded 3000 f/n (0.003
floy), exogpt near souroes of asbestosamissions: Meen asbestios conoantrationswerefound to be
appraximetdy 120 i (0.00012f/on?) in 1969, and 60 fin Q00006 f/on?) in 19707

Thereadtsfar smplesadledted duing thefive steevduationsare presanted in Tebles 1-:5. Induded are
andyticd reautsfor bulk meteid and settled dust sarples adllected to detemine asbestos contarnt, urface svep
samplesused to deeminewhether any fiber rd eese gpisodes hed ooourred in the recant pedt, and ar samles
Withar ssmples only thecurrant arbomefiber conoantrationismesared,

A

Buk Méteid Samples

Thebuk mateid sarperesitsarepresanted in Table 1. Adoestoscontaning meeidswerefound a
dl suvey stesexogat thevehide mantenence dop.

Atthe Tresaury Bullding, wo samplesof adoesioscamant aalling tile contained primaly anostea a
conoatration of 4050%. Oneof thesamplesshowved atrace (<1%) of drysttileadoesios Thetiles
throughout the bulldng werein generdly good condition. Somedf thetileshed dameged edgesand/ior
comeashecause of remova during maintenence adivities reguiring aocessto the goece dbovethetiles
(lighting fixtureswererenessd). Thesetileswarevay hard (camantitious).

Rved the11 buk samplesadlletad a Quean Hizebeth Hospitdl contained laigeamounts of esoetos
Threedf thesesamplesweredf argpedike pipewrgaping whichweascommonly found. Onesample
adletted fromageam lineto the pressesin thelaunary contained nearly 100% drysatile asoestios
Anather ssmdledf thistypedf lagging from ageam lineonthelaundry baller contained 70-80%6
drysttileadetos A third samded ropelagging, whichweaswrgpped aound atark inasump aeain
the hosaita baller room, contained 95-98% amodteasoedios Two samplesdf trowded-onlagging
waeadyzal A samped thelegging coveringaha water tank, inthedd baler ssdionof thelaundry
baller room, contained 50-55% amodte. Theather lagging sarple fromtheinner layer of thehat wter
tark inthehogaitd baler room, contained 3540% amoste. A sampled thething outer layer of lagging
onthishat weter tark wes <1% amoste andasamped leggingata T inageamlinefrom thisballer
room & contained <1% amoste

Mod of theadbestos containing inadaing meteridsfound a the hosaitd weredameged andin
athewise poor condition. Mgt would dso have been cons dered friddle (eesily aumbled by herd
presare). All of themetarids sampled and found to contain esestosweare essly ancessbletowarkes



Much o the ACM inthe pressareaof thelaundry hed bean doreded fromworker contact. Potentid
expoauresinthetwo baller room aresswould belimited to thefew warkerswho gperateand mainiain
thisequipmat. Inthelaundry and pressareatharewareover thirty workersduring the day.

Two buk ssmdeswereadledted from S Leonards Schod. A sampleof the comugatedksheat
rodfing metarid contained 25-33% drydtileasbedos A ssmpledf theflat-shedt metaid used for
patitionsand doorscontained 50-55% drydtileasestos Thesemetaidswearegenadly ingood
condition. Somedf theradfing

meterd hed smdl hdesor broken edges and onear two patitionshed sTal gougesinthem. Al of the
flat metarid wespainted, whilenonedf therodfing metaid wes Bath of theemetaidswerehard ad
not eesily broken. Hber rdeesewould nat beexpected if undisurbed. Uncontrdlled saning, ssnding, o
dillngwould nat beadvissble Panting theundarside o theroof, whichisexposad totheintariar of the
dassooms shoud adequatdy sed thesuface: Thedoorsand partitionsweredreedy peinted. With
regard to the broken edges on the roafing, these should dso be seded Sncelcosefibars are exposad.
Sudantsshould beeducated regarding the hezards of esbestos and cautioned about adtsof vanddlism
whichwould redtineqeoue

Suface Svegp Sardles

Thesufacesamplesadleded anfilters whoseandyticd resuitsarepresated in Table 2, wareandyzed
wsng ALM. Al reaitsweare negdtive, exogat for onedf setled dudt frominddethe ventilation sygemar
hending unit endosureg, located inthe northwest comer of the 1<t floor & the TreesLry Bullding. Thisresit
showed the presance of amosite adbestos at aconcaniraion of lessthen 1%. Thesereduitsindicatethet
there have bean nofibarsrdeesed recantly fromthe ACM inmodt locations: A cautionary noteshould
beadded sSnoeno TEM andysscould bepafomed onany of theesamples ThePLM tednique
desroystreantiresampedsdloning futher andyss TEM isamoresadtivetednique Fuiure
sampeswhich arelightly loeded should beardlyzed by TEM. Heavily loedad filtescannat beardlyzed
usng fiba-counting, light micosogpictedniques

Air Sandles Andlyzed by Phase Contragt Mlicrosoopy

Thereadtsof 43ar ssmplesandyzed by FCM arepresantedin Table 3. Thistyped sarde(ar
sampe isanly ussful indeemining cuent expoare patantia. Air sampling cannat beusad toindicate
oeet or future hezards and should never be usad doneto meke such deermingions: They areussul,
when used with the ather methods destribed in thisrepart, to datain adearer exposre prcfile, or to
mesaLredrbome contamingion during atimewhen adoestosisknown, ar sugpedted, to bepresat inthe
ar, uch asduing damdlition or en abatement procedure: Theesampleswearecdlleded inaeffart tobe
ssompreasvesspossheduingthisevdugion. At eech o thesurvey stes ssmpleswearecdllected
inareesdf concem and a aconird location for comparison purposes. Theoontrdl locationsusad were
dwaysoudoars

At the Tresaury Bulldng tharewere 10 ar ssmples aalledted, induding two contrds (comperison
smples. Atlesst onesamplewas cdllected on eech floor of the building in aresswherewark edtivities



weaeoocuinginanomd fadion. All of the PFOM retsshowed fiber concantrationsto bebdow the
adyticd limit of detedtion (LOD) of 0002 /. It must beremeambeared thet PCM andlysisonly counts
fibarsand cannat dgeminethefiber type

Therewere 10ar ssmplesadledted a the Quean Hizebeth Hogaitd, induding one outdoor sampleasa
conrd. Four samples showed fiber concentraions above the LOD. Onedf thesewasthe contrd
sarpe whichwas odledted in alarge open areabawean the hogaitd laundry and the hosaitd proper.
Two sarpesfromthelaundry showed fiber conoantationsof 0006 flan. Onewaslocated next tothe
TULLISsegironand theathe next tothe AJAX geemirans(northeest d6). Onesample, adlleted
inthehosaital bailer room near theffire pump tank, showed 0.004 fla®. Theoutdoor ar ssmplefiber
conoantrationwas 0006 flan. Thesefiber concartrationsarelow. Theressonthet suchlow levdls
oould becorfidently and rdighly reparted wesbecause of thehigh samplevadlumes odllected (Mot
betwean 1200 and 130liters). Previoudy dated quentitation limitswere dgpendant upon amaximum
smpevdured 100liters Theseevironmaiswererdativdy desn and dloved higher sarple
vadumeswithout ovalceding thefiltars whichisthelimiting factor indidinguishing srglefibers

AttheBukley Sugar Fedtary, only onedf the 10 samplesandlyzed by PFCM showved fiber
conoarationsabovethe LOD. Thissamplewas colledted in theevaporaion areawhare 0016 /o
weaefound Threedf thesamdes odlleted a Bulkley wereoveloeded. Thereweasalat of edivity inthe
aessWharethe sampleswere colledted, and it wes much dudlier then the other survey stes Workers
weaepafoming mantenence on processing equipmant far thenext harvest sssson. Thisinduded the
ramovd of lagging (ronveed-oninaulating covaing) from somedf theeuipment. Theregopeared tobe
litleregerd for whether o nat themetarial contained adbestios dthough theplant meneger indiceted thet
hewasavarethet somedf thelagging mataridsdid. Noned theworkeswesaw werewesing
regairetory pratection.

Fba concatrationsfrom theten samples colleted & S Leonards Schod weredl bdow theLOD of
thePFCM method. Thereweslittieadtivity a theschod Snoedasssswarenatinsssson. Thesesample
resitsmay nat represant nonmd dassoom conditions: Somedf theteechersand admindraiveworkers
weeintheadminigraion building, prepaing for theadveant of thenew sthod sesson. Air sardeswere
adlededinfivedassooms ousdethe dassoonmsinthewdkway, whichwesdso covered by the
adbegtosrodf, and in themedting room on the second floor of theadminidration building. Thedass'ooms
weredosad, oweopaned thedoorsand Suttersto dlow asmuch ar movamant aspossble The
samplaswere placad on desksnear the canter of therooms

Atthevende mantenence shop therewereanly threesamples cdlleted. Onedf thesewiasan autdoor
ar conrd sample Therewasno rekelining wark scheduled far the day, sowe placed samplersat
eeched of theshopwharetherewas generd maintenencework going on. Thesamplesdid nat show
fiber concantrationsabovetheandytical LOD. Wehed adhanceto vist sevad locd auko repalr
busnesssslater intheday toinouireabout the posshility of cdlleding ar samples They warenat
interested, but ansivered quetions aoout their oparations: Weweretdd thet they hed locd exdhaugt
contrd inplacefor pafarming brekework. Howvever, wedid nat ssetreminuse Itwesenligteningto
know thet thistype of contrd wasbaing used on Baredos



Air esAnd TrammmissonHegronMi

All of thear sampesandlyzed by PCM which shoved fibar concantrations ebove the LOD werethen
andyzed by TEM. SUugedivecommanisabout thefibersdosaved during FCM ardlysswere
indudedinthe PCM repart framthemiaosoopie. Thesampleswhosereaudt induded acomment thet
thefiberspresant may beatype of agoestos aswell asdl outdoor contrd samples weredo andyzed
by TEM. Theeresdtsarepresaniedin Table4. Thosereauitsfallowed by an aderisk hed fiber
conoatrationsabovethe LOD usng PCM. Themiaosoopid pafaming the TEM andlysisreparted
thet "dl fibarsdetected during the andlysswereether amosteor dyytileashesios: Therefare,
esstialy 100% of thefibers counted by PCM can be considered as asbestosfibers”

Asbediosfibarswere ddieted ontwo of thefivedr samplesadllected a the Tressury Building and
smitted for TEM andlyss Theeweaethesamplesfromthe3rd and 4th floor ssmplestes There
wereno fibasdeedtad on theautdoor contrd samples Thereweareno maintenenceadivitiesa thetime
o thesampleadledion

Tharewearesx ar samplesadledted & the Quean Hizabeth Hosaitd whichweresbomiitted for TEM
andyds Twowerefreedf asoestos the outdoor-ar contrd sample, odllected between thelaundry and
themain hogaitdl buildng, ad thear ssmdeadledad inthelaundry, ned tothe TULLISshetiron. The
sampleadledted next tothe AJAX deam presses afew meiersaway fromthe TULLISmechine hed
drystileadbestosfibasdaeted onit. Amosteadbesosfibarsweareddedted ontwo ar samples
odletsdinthebailer roomfor thehosaitd; aneinthevidnity of thehat weter tank and theother neer the
firepumptank.

Theonly sample adllected autdoarswhich was nat aconird sample, and onwhich edestoswies
Odtected by TEM, was cdllected on the beloony of ObgtetricsWard B-1, located diredtly edjecant toa
condrudionste Anddwing of the hogaitd, which hed aroof of edoestoscontaning sheding, wes
damdished to mekeroom for thenew condrudion. Itisnat knoanwhet precautions if any, weretaken
duingramova o thedd roof to containtheasbestos Itisbdieved thet thefibarsdetedted onthissample
werelinked to thedamdiition/condrudion adiivity. Onesampleadllected & the Bulkley Suger Fedtary, in
theevgparation areg, contained anodteagoestos Processequipmant maintenance whichinduded the
ramovd of insdaion metaid, wesbang pafamedinthisarea. Thisweasdo aheay worke trefic
aea Tharewasno asbetos detected ontheoutdoor ar sample

Four ar ssmplesadlledted & the S. Leonards Schod weresUbmiitted for TEM andlyss One
oollected from theboys sthod ares, form 22, room 10, contained amosite asbestios: Anather, collected
onawindow sl ausidetheadminidrative dfficg, and under cover of theasbestosrodf, contained bath
amosteand drysaiileagbetos Ashesdoswasnat detected on the outdoar-air contrdl sample

Caution should be ussd whenintapreting thesereLits: While asbedoswias deiedted, in modt cesesthe
numbe o fibasaduely counted werevay low. Therangedf fiber concantraionscdaulated fromthe
TEM adlyticd resLitswasfrom 0001 to 006 f/an?. Theimpartart infammetion hareisthet drbome
adbedtosfibarswere ddedted in aresswhareworkasand thegenard pubdlic, induding school-aged
children, were patentialy exposed a conoatrations grester then the messured bedkground. This
indcatesthat tharewas arecant rdesse o fibarswhichwasnat contrdlled



VII.

E Migasoopic Andyssaf Ovaloeded Air Sarples

Theused ar flow raeswhichweretoo greet far the dudy conditionsencountered led to the calledtion of
threeoverlceded ar samplesa the Bulkiey Suger Fedtary. Because of ovalceding, patidesonthefiltars
weaeunocountadleby FOM. Thardiare, they wereandlyzed by pdaizedHight microsoopy. Theresits
o theeeandysesaein Tble5s.

Adbestoswas deected ontwo of thethreesamples: Chrysatiledonewas detected onthesample
odleded inthedtemetor room, and both drysatileand amostewere detected on thesample cdlledted in
themillingarea. Sncethesereadtswerenat fiber counts but merdy indicated the presance of asbedos
fiber concantrations could nat bedetemined. Thereaultsbdger theevidencethet theenviromart in
aessd thisfadary ispatentidly hezardous

Discusson

TheNIOSH evdustionsof govemment and puldic buildings and indutrid environmenis on Barbedos found thet
potentidly hezardous asestos-contaning mataidsarewiddy ussd. Somewerefound to bedameged andin bed
condition. Sampling and andyssshowed the, inthe survey steswhichwerechosen for thisevdugtion, therehave
nat bean extenavefiber rdessssinthereoant ped, but thereware asoedtosfibasdaedted inthear. The
conoantrationsfound werelow, mogt withintherange o filber concantraionsrepartedinambient ar inU.S dties
(0.0003 to 0.003 fibargan?), and therewere nat asbestosfibersfound on dl samples (9 of 43). However,
arbomeasbedoswasfound a dl but onesunvey site, with nonebeing found on outdoor air contrd samples

Becausethe onsat of esbedios-assoaaed canoarsgenardly fdlowsinitid exposuresonly dter lang latency
paiodsaf 20ar D yearsar marg, theeaty recognition, evdugtion, and contrd of patentidly hezardous
expoaresto abedosaeesatid. Thisisepeadly truefar evironmantsinwhichinfants dhildren, and young
adlitsmay beexposadto arbomeadietosfibas Such evironmentson Barbedosmay indudehomes
day-carefadlities hogoitas and schodswhere asbedios-containing condrudion materids may be deteriorated.
Mo privatehomes smdl commeaad bulldings and many lager commendd bulldingshave asbetosradfing
meteid. All of thepubic schods hosaitas and meny Govemmeatt buildngswhichwe saw, do heve aoedios
roofs Thisroofingmataid isthesngemod prevdet ACM dosaved. Many of therudureshaveno barrier an
theinterior tolimit acoesshility tothe ACM, ar to contain rdeesed fibers: Any meaintenence, reper, or ramov of
thismetaid without achaing to drict contrd mesaureswill likdly resLit inahezardousexpoare Vanddianisdsoa
potentid prablem. Rodfing professondsinthe U.S areexpressng concamsover the pratedtion of warker heelth
and theenvironmant during renovation and demdition of roofswhich have asbestos containing materials®

Inaddtion totherodfing maaidsthareareany numba of aher metaids containing asbestios on Barbedos
Somehavebean disoussad inthisrgpart, such as aalling tilesand therd insulaion metaids Changeover to
non-edestos mataias uch asin enargy consavation programs where ACM isremoved in large quientities will
dsolikdy resut in hezardous expoauresif 1) propar remova techniques; 2) exposurecontras and 3) proper
dgposd methodsarenat usad. Congdarable atention hesbean paid to these three Sl ect aressin adestos
ebetamant over thelad decadeinthe United Sates Theusedf thistedhndlagy on Babedos should nat bedifficuit.
A fouthareg which mey requiremoredffart iseducaion and traning. Thedhility to identify potentia
athetoscontaning maeid, to know the hedlth hezards assodiated with exposLre to asbedios andtogive
adhestos proper regpet areequdly important.



VIII.

Becaue of therdative fresness surrounding theimpartanoe of adbetiosissues on Barbedos apenaesmandated
to adminiger pubdic and oooupetiond heelth programslack auffident Seff with equatiseand guidenceasto 1) the
training, tedhnicd conauiitation, and Sanderdized methods necessary to conduct veid and rdidde evironmentd
sampling and andlysisof asbestos 2) thelimitations (sansitivity, oedfiaty, limitsof detedtion and quiarntificetion) of
avaladlebuk- and ar-sampling methods 3) theassessmant of risk identified by sampling and andlytical programs
4) whet to tdl non-oooupetionelly exposad groups (dudants perants and community mambers) about their leve of
risk of ashetos-assodated diseeses; 5) whet totdl the cooupetiondlly exposed groups about their risks expeddly if
thar jobinvalves contact with agbestios, 6) how to deddewhether toimplemant acontrd program, and 7) how to
dhoose bewean dtamative contrd mesares

Recommanddios

Thefdloming recommendationsare medketo asas PAHO ad the Batedos Minidry of Hedthinimplementing
programs necessary to efedively eddress proemsrdated to pubdlic and cooupationd asbedosisses

1 A graupwithinthe Babedos Miinistry of Hedth shauld bedesigneted to coordineteand adminigter the
pdidesmederegarding adoestoson Babedos Thoseinthisgroup Should recavecomprenansve
traningintherecognition, evauetion, and contrd of esbestosexpoaresiugions Thistraining should
indude coursework in the heelth hezards assodiated with ebestios hezard evalution and contrd
techniques and therecognition of patentid adoestos contaning meterids: 1n addition, coursework and
pradicd expaiencewill benecessary inthe et aress of Visud assessmat, ingoedtion of adoestos
abatemant jab sites modam abetemant tedniques and themonitaring of abetemant stesduingand
fdloning abetamart adivities

2 TheMinigry of Hedth should devdap guiddinesand procedlresto befdlowed by contradiors o
ahersplanning asbedos sbetamant adivities regarding natification thet such aoetement work isplanned
andwhenitwill commence IntheUnited Sates the U.S Erviroomantd Rratedion Agancy (USEPA)
requires natification if 260 suarefedt or mare of adoestos containing meteid (metaridscontaining >1%
agoestog) areto beremoved and dgpossd of. The USEPA dsorequiresnatificationif 160 lineer feet of
ACM, sxchaspipelaggng, isto beramoved and digposad of. Thisnatificationisrequired 20 daysin
avancedf theprget. The USEPA canthen garove o disgpprovethenatification. Additiondlly,
guiddinesand prooanuresregarding afingl ingoedtion, for desrance purposss by theMinidry of Hedlth
fdloning an abatemant adivity should bedevdopad. Anacogpted rdefdlovedintheU.S asa
deaanceaitaiaisan arbomefiber conoantration, under aggressive conditions of 001 fiberso? LEng
phese contregt micrasoopy bathingdeand outdde of thedostamant area

3 TheBatbedossMindry of Hedth haud have &t membarstraned to pafomar sardingand andlyss

for adoestos They should purdnesethe necessary euipmeant to pafam thisfundion. Thisshouldindude
sampling pumps filter medig, tubing, etc. for samdle adlledtion, and aphese contras microsogpewith
necessaty accompanying ecuipmient for FOM andlysis(sse Appandix | for NIOSH method 7400
deiption).

4. Woarker guiddines should beedzblished pataning to sefeasbedios ebetement edivities Theseshould

indudeworker training and education, persond pratedtion, and modam aoatement procedures



A guidance documatt, whichwoud beavaladeto theganad publicand workesdikewould be
berdfidd asan educationd, sswell ssanirgtrudiord tod. Thisdooumatt shoudindudegenerd ad
oadficinformeation regarding 1) bedkground infametion on expoaureto asbedtos 2) how to deemineif
an esbesos-containing mateid ispresant, 3) etablishing mantenence progras 4) adestosexposure
contral procedres 5) modem abatement methods and, 6) how to conduct ebetement prgedts

Efatsshoud bemedeto educate the genard pubdlic with respect to the hezardous neture of agoestios;
and how to recognize the common asbestos-containing metaidson Babedos TheMinidry of Hedlth
dhoud dssamirdeinfometion sswiddy aspossheto et the public know thet edodios-containing
meaidsin good condition arenat hezardousif |6t undisturbed, and meintenence adtivitieswhichinvave
ACM requiregpedd work pradices: Thiscouldindudeatdegphone number far peopleto cdl when
ugantinfometionisnesded, ar to repart ahezardous Stugtion. A oanird deatinghousefor adoestios
informetion acoessbleto the pubdic should beedablished.

Thefind threerecommendaionsare medeto address Stugtions aosaved duning the steurveys

7.

All manenenceand reparr edivitiesa the TreeaLry Bulldngwhichinvavetheadling tilesshouid be
parformed ater dely workdhift and pubdic acoesshours ar during theweskend. Precautionsshould be
tekento prevent worker expoaureto asbestoswhenever thetilesareramoved or modified (by saving,
dilling, ec). Attheminimum, these precautionsshould indude resairatory protedtion and wet wark
mahods Theusedf dgposshledovesand coverdisfor larger jabswould begood. Wet deenup
methodsshould be usad in the arees Sumrounding theyjolosite, such as mopping floarsand wiping desk
topsand ather devated harizontd surfaceswithadamp dath. Mopsand dothsshould berinssd
frequently. Building ventilaion sygemsdhouddl beinwakingarder. Regular and preventive
meintenence Shedulesshould beindtituited and monitored.

All dameged, friddle adestos-containing metaidswhich aeacoessblein thelaundry areess uchason
deamlinesa the presses inthelaundry baller rooms and the hogpitd baller room & the Quean
Hizabeth Hosaitd should bereplaoad or repaired. Parsond protedtion (reairatory pratedtion,
dgpossle TYVEK covadls ec), modam ebatement tedniques (endosuresand wet methods), and
proper dgposd of asbestios-contaning westesshould beused. Wet desnup methodsshould fdllow
ebetamat adivities

Theundarsdedf the asbestos:cament rodfing meeid at the S Leonards Schod shauldbessed. A
oodting of good qudity peint would beaUffident for thispurpose. Itwould beprudant toindituieapalicy
o deaning thedassoomsusngwet methodsonaregular shedule A minimumof onceawesk is
el Itwould begood toimpress upon the dudantsthe hezards of demeging therodfing and
fla-sheet adoetosoamat mataids
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Tadel

Reaitsof Adetos Andysesof Buk Mataid Sardes
Fve-SteSudy / Barbedos/ August 29 - September 5, 1988

HETA 88-372

Percent Adedos
SampleDesyipion Amcste  Chrysdile
Tressry Bulding Sadles
Calingtile 2dfloor adhive 4550 <1
Cdlingtile 14 floor, NW comer 40 ND*
Vartilaion s/damfilter meterid, 1 floor, NW ND ND
Quen Hizebeth Hospitdl
Ropelikepipelagging, geem pressling laundry ND 9598
SHiled dug fromwes wall, e fdding, laundry ND ND
SHied dut fromweshing medhineareg, laundry ND ND
Rpelagging, overheed pipe, newer baller, laundry ND ND
Ropelikeppelaggng, deamling baler tolaundry ND 70-80
Laggng, hot weter tark next to dder baller, laundry 50-55 <1
Saled dug, top of dder baller, laundry ND ND
Laggng, inner layer, hat weter tark, hogaitd baller 3540 ND
Lagging, outer layer, hat weter terk, hosaitd baller <1 ND
Hpelaggng, geamline" T, eest well, hogaitd baller <1 ND
Raopelikelaggng ontark insump areg, hogatd baller 95-98 ND
Bukley S Fedary
Lagging from pipeonfloor, evgporator area <1 ND
Laggng Maeid onfloor from overheed pipe, evep. aea ND ND
Laggng fromtark inevgporatar areg, near milling area ND ND
Bloddikelaggng onppesinmillingarea 60 ND
Ropelikelaggngonpipesinmilling aea ND 50-60
Laggng framsrdl surggoondasstetank, milling area ND ND
Laggng fromlargedamder dbow bewean evgp & mill 3035 <1
Laggng fram doregetank, mezzanirelevd 20-25 <1
SHiled dugt from darsleeding to fumece <1 ND
SHtled dut next tofumece <1 ND
Laggng from esh aretor 25 <1
S. LeonadsSchod
Carmugeted rodfing metarid ND 2535
Hat sheding meterid used for doorsand patitions <1 50-55
MTW VehideMaintenance Shop
Sugpected brakedining dugt ND ND

* ND - nonedetected



Tade2

Restsof Adoetos Ardysesaf Surfaoe Svegp Sarples
FHveSteSudy
Barbedos
Augug 29 - September 5, 1988

HETA 88372

Samdle Desiption
Tresauy Bulding Sardes

SHtled dug from ddvesin 2d floor achivearea

Setled duet ingde vertilation sysem ar herdling unit
endoaure NW come of 14 floor

SHtled dug fromwindow sill, NW comer, 1 floor

Quem Hizebeth Hosoitel

Setled dust fromwindow sl autsde ObgtericsWard B1
SHtled dugt fram bel cony ledge near congrudion

S LeonadsSchod

SHtled dugt fromwindow dll, Fom 1°, Room 5
Sdtled dug fromwindow sll, Fom 2", Room 10
SHtled dugt from mehogany ledemin assamily bl

MTW VehdeManaaneShop

Sattled dudt collected on outsde of truck ceb
Sattled dugt from floor neer left reer whed of brekejob

* ND - nonedetected

Paroant Adetos
Amoste Chrystile
ND* ND
<1 ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND



Results of Phase Contrast Microsoopy Fber Andysisof Air Samples

SampleLocation

Tressury Building Sangles

Contral Section, 14 floor, SEwork area

Returns and Possessons Inland Revenue
2ndfloor, N work area

Office Audit, Inland Revenue, 3rd floar,
catrd aea

Parsonnd and Adminigration, Inland Revenue
4th floor, Swork area

Audit Depatment, Inand Revenue, Sthfloor,
centrd work area

Office of Supervisor of Insurance, 6th floor,
N work area

Audit Department, Supervisor of Insurance
6th floor, Swork area

Outdoor belcony, 6th floor, N end

Qutdoor, firg floor roof, E face

Data Processing, Inland Revenue
ground floor, Swork area

Quen Hizebath Hoxoitd

Next to AJAX deamirons SE Sde laundry
Next to TULLIS shegt iron, W Sde, laundry
Next to AJAX geamirons NE Sde laundry
Laundry boiler room, betwean newer bailers
Laundry bailer room, on out-of-sarvice bailer
Hospoital boiler room, on hot water tank
Hospitd bailer room, onfire pump tank
Outdoor sample, Obstetrics Ward B-1 bdooney,
next to congruction site
Fipe dhasglaundry dhute ares, ground floor
Outdoor sample, between laundry and hospitd

Teble3

FveSte Sudy
Baedos

Augugt 29 - September 5, 1988

HETA 83-372

* <0002 - Thisvduein thetebleindicates thet the sample resuit wesless

then the adlytical limit of detection (LOD).

SamgeVdume
(liters)

142

1316

Concentration
(fiberslco)

<0.002*
<0002
<0.002
<0002
<0.002
<0002

<0.002
<0.002
<0.002

<0.002

<0.002
0.006
0.006
<0.002
<0.002
<0.002
0004

<0.002
<0.002
0.006



SampleLocation

Bulkley Suger Fedtary

Altemator room

Milling areg, south

Milling areg, narth

Eveaporation aea

Beween fumaces and ash arrestor
#3 Fumace area

Machineshop

Under evgporator #3
Mezzarire above milling

Outdoor sarple

S. Leonad's Schodl

Form 2, room 10

Form 15, room 5

Uppa 5B

Outdoors, under walkway roof,
near Form 2%, room 5

Outdoor ar, in pakking area

Outdoors, under walkway roof,
adminigrative office

3B, room 6

Outdooors, on wakway roof, neer
form 2, room 10

Form 2, room 10

Medting room above adminingaive office

MTW Vehide Mantenance Shop

North repair shop, esgt end on bench
North repar shop, west end on truck cab
Outdoor ar sample

Table3, continued

* <0002 - Thisvduein thetableindicates thet the sample resuit wesless

then the adlytical limit of detection (LOD).

** Overloaded indicatesthat the filter was obscured o that fibers could not

be counted by POM.

SamgeVdume
(litery)

1109

1148
1079

Concertration
(fiberdcd)

overloaded**
<0.002
overloeded
0016
<0002
ovaloadad
<0.002
<0002
<0002
<0.002

<0.002
<0.002
<0.002

<0.002
<0.002

<0002
<0002

<0002
<0002
<0002

<0.002
<0.002
<0.002



Table4

Resuts of Tranamisson Blectron Microsoopy Andlysisof Air Samples

FveSte Sudy
Babedos

Augugt 29 - September 5, 1988

HETA 83-372
SampleLocation

Tresaury Buildng

Office Audit, Inand Revenue 3rd floar,
certrd aea

Parsonnd and Adminidration, Inland Revenue,
4thfloor, Swork area

Audit Depertment, Inland Revenue, Sth floor,
centrd work area

Outdoor balcony, 6th floor, N end

Qutdoor, firs floor roof, E face

Quen Hizebath Hoxoitd

Next to TULLISshest iron, W Sdg, laundry

Next to AJAX geamirons NE Sde laundry

Hospitdl boiler room, on hot water tank

Hospitd baler room, onfire pump tank

Outdoor sample, Obstetrics Ward B-1 belcony,
next to condruction Ste

Outdoor sample, between laundry and hospitd

Bukley Sugar Fedory
Evaporation aea
Outdoor sample

S. Leonard's Schod

Form 2 room 10

Outdoors, under walkway roof,
near Form 2%, room 5

Outdoor ar, in pakking area

Outdoors, under walkway roof,
adminigrative office

* indicatesasamplewhose PCM resLit was gredier then the andlyticd LOD

Typeof Asbestos |dertified

Amasite and drysdtile
Amaodte
None detected

None detected
None detected

None detected®
Chrysotile®

Amgsite

Amosite*
Amasteand drysdile
None detected*

Amoster
None detected
Amaoste

None detected
None detected

Amasiteand drysdtile



SampleLocation
Bulkley Sugar Fectory
Altemaor room

Milling areg, narth

#3 Funecearea

Tale5
Qudlitative ResLits of Microsoopic Andlyss of Overloaded Air Samples
FveSte Sudy
Babedos
Augugt 29 - September 5, 1988
HETA 83-372

Typeof Fber |dentified

Chrysatile odlulose

Chrysatile, amosite, glass
odluose

Cdluose



FORMULA: various

FIBERS
METHOD: 7400
M.W.: various ISSUED: 2/15/84
REVISION #2: 3/1/87
OSHA: 0.2 asbestos fibers (> 5 pm long)/mL PROPERTIES: solid,
NIOSH: 0.) asbestos f/mi [1]); 3 glass fibers (>0 um x <3.5 um)/mL [2] fibrous

ACGIHM: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other asbestos, f/mt

SYNONYMS: actinolite asbestos [CAS #13768-00-8], grunerite asbestos (amosite) [CAS #12172-73-5],
anthophyllite asbestos [CAS #17068-78-9], chrysotile asbestos [CAS #12001-29-5], crocidolite
asbestos [CAS #12001-28-4), tremolite asbestos [CAS #14567-73-8); fibrous glass.

SAMPLING

MEASUREMENT

SAMPLER: FILTER
(0.8- to 1.2- ym cellulose ester
membrane, 25-7m diameter; conductive
cowl on cassette)

FLOW RATE®: 0.5 to 16 L/min (see step 4)

VOL-MIN®*: 400 L @ 0.1 fiber/mlL (see step 4)
—MAX*: (see step 4)

*Adjust for 100 to 1300 fibers/mm2 (step 4)

SHIPMENT: routine (securely packed to reduce
shock)

SAMPLE STABILITY: stable

FIELD BLANKS: 10% (>2) of samples

ACCURACY

RANGE STUDIED: 80 to 100 fibers counted
BIAS: see EVALUATION OF METHOD

0.115 to 0.13
(A Rules) (3]
(see Appendix C) _

OVERALL PRECISION (sp.):

]

!TECHNIQUE: LIGHY MICROSCOPY, PHASE CONTRASY

]

LIANALYTE: fibers (manual count)

[}

ISAMPLE PREPARATION: acetone/triacetin "hot

! block* method [4)

]

‘COUNTING RULES: Set A (PEZCAM 239 ([3,4])) or Set B

t{modified CRS [5])

[]

tEQUIPMENT: 1. positive phase-contrast microscope

2. Walton-Beckett graticule (100~pum
field of view):A Rules use Type
G-22; B Rules use Type G-24

3. phase-shift test siide (HSE/NPL)

- gm tm tm tm sam

'CALIBRATION: HSE/NPL test slide

YRANGE :

tESTIMATED LOD: 7 fibers/mm? filter area

IPRECISION: 0.0 to 0.12 (A Rules) [3]
H (see Appendix C)

100 to 1300 fibers/mm3 filter area

APPLICABILITY:

The method gives an index of airborne fibers in workplace atmospheres.

Phase

contrast microscopy will not differentiate between asbestos and other Fibers; use this method
in conjunction with electron microscopy (e.g., Method 7402) for positive identification.
Fibers < ca. 0.25 jam diameter will not be detected by this method [6].

INTERFERENCES:
criteria are counted.

Any other airborne fiber may interfere since all particles meeting the counting
Chain-like particles may appear fibrous.

High levels of non-fibrous dust

particles may obscure fibers in the field of view and increase the detection limit.

OTHER METHODS:

This method introduces changes for improved sensitivity and reproducibility.

It replaces PSCAM 239 [3,7] and Method 7400 (dated 5/15/85).

3787

1400-1
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FIBERS

METHOD: 7400

REAGENTS:

1. Acetone.*

2. Triacetin (glycerol triacetate),
redagent grade.

*See SPECIAL PRECAUTIONS.

1.

10.
n.

12.

13.
4,
15.

EQUIPMENT:

Sampler: field monitor, 25-mm, three-piece cassette

with S0-mm electrically-conductive extension cowl and

cellulose ester filter, 0.8- to 1.2-um pore size, and

backup pad.

NOTE 1: Analyze representative filters for fiber
background before yse. DiScard the filter
Yot if mean is > 5 fibers per 100 graticule
fimids. These are defined as laboratory blanks.

NOTE 2: Use an electrically-conductive extension cowl
to reduce electrostatic effects. Ground the
cowl when possible during sampiing.

. Personal sampling pump, 0.5 to 16 L/min (see step 4 for

flow rate), with flexible connecting tubing.
microscope, positive phase contrast, with green or blue
filter, 8 to 10X eyepiece, and 40 to 45X phase
objective (total magnification ca. 400%); numerical
aperture = 0.65 to 0.75.

. 51ides, glass, frosted-end, pre-cleaned, 25 x 75 mm.
. Cover slips, 22 x 22 mm, No. 1-1/2, unless otherwise

specified by microscope manufacturer.

. Lacquer or nail polish.
. Knife, #10 surgicai steel, curved blade.

TweazZers.

. Heated aluminum block for clearing filters on glass

slides (see ref. [4] for instructions on manufacture).

Micropipets, S-ul and 100- to S00-ulL.

Graticule, wWalton-Beckett type with 100-um diameter

circular field {area = 0.00785% nm2)at the specimen

plane (Type G-22 for A Rules; Type G-24 far B Rules).

Available from PTR Optics Ltd,, 145 Newton Street,

Waltham, MA 02154 [phone (617) B91-6000] and McCrone

Accessories and Components, 2506 S. Michigan Ave.,

Chicago, IL 60616 [phone (312) 542-7100].

MOTE: The graticule is custom-made for each microscope.
Specify disc diameter needed to fit exactly the
ocular of the microscope and the diameter {mm) of
the circular counting area (see APPENDIX A).

HSE/NPL phase contrast test slide, mMark [I. Available

from PTR Optics Ltd.

Telescope, ocular phase-ring centering.
Stage micrometer (0.01-mm divisions).
Wire, milti-stranded, 22-gauge.

SPECIAL PRECAUTIONS: Acetone is extremely flammable. Take precautions not to ignite it.

Heating of acetone in volumes greater than | mL must be done in a ventilated laboratory fume
hood using a Flameless, spark-free heat source.

SAMPLING:
1.

/sl

Calibrate each personal sampling pump with a representative sampier in line [3).

1400-2 NIOSH Manual of Analytical Methods
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METHOD: _ 7400 FIBERS

2.

n
N

For personal sampiing, fasten sampler to the worker's lapel near the worker's mouth.
Remove top cover from couwl extension (open face) and orient face down. Wrap joint between
cowl and monitor body with shrink tape to prevent air leaks.

NOTE: If possible, ground the cassette to remove any surface charge, using a wire held in
contact (e.g., with a hose clamp) with the conductive cowl and a non-electrical metal
fixture, or a coid-water pipe.

Submit at least two field blanks (or 10% of the total samples, whichever is greater) for

each set of samples. Remove top covers from the field blank cassettes_and store top covers

and cassettes in a clean area (bag or box) with the top covers from the sampling cassettes
during the sampling period. Replace the top covers in the cassettes when sampling is
completed.

sample at 0.5 L/min or greater [8). Adjust sampling flow rate, Q {L/min), and time, t

(min), to produce a fiber density, £, of 100 to 1300 fibers/mm2 (3.85-104 to

510% fibers per 25-mm filter with effective collection area A= 385 mm?) for

optimum accuracy. These variables are related to the action level (one-half the current

standard), L (fibers/mL), of the fibrous aerusol being sampied by:

¢ . (A
(Q)(L) 102

NOTE: The purpose of adjusting sampling times is to obtain optimum fiber 1oading on the
filter. A sampling rate of 1 to 4 L/min for 8 hrs is appropriate in non-dusty
atmospheres containing ca. 0.1 fiber/mlL. Ousty atmospheres require smaller sample
volumes (<400 L) to obtain countable samples. In such cases take short, consecutive
samples and average the results over the total collection time. For documenting
episodic exposures, use high flow rates ( 7 to 16 L/min} over shorter sampling
times. In relatively clean atmospheres, where targeted fiber concentrations are much
less than 0.1 fiber/mi, use larger sample volumes (3000 to 10000 L) to achieve
quantifiable loadings. Take care, however, not to overload the filter with
background dust. If > 50% of the filter surface is covered wth particles, the filter
may be too overloaded to count.

At the end of sampling, replace top cover and small end caps.

Ship samples with conductive cowl attached in a rigid container with packing material to

prevent jostling or damage.

NOTE: Do not use untreated pclystyrene foam in shipping container because electrostatic
forces may cause fiber loss fram sample filter. '

SAMPLE PREPARATION:
NOTE: The object is to produce sampies with a smooth (non-grainy) background in a medium with

refractive index < 1.46. This method collapses the filter for easier focusing and
produces permanent mounts which are usefyl for quality control and interlaboratory
comparison. The aluminum "hot block" technique may be used outside the laboratory(4].
Other mounting techniques meeting the above criteria may also be used (e.g., the
laboratory fume hood procedure for generating acetone vapor as described in Method 7400 -
revision of 5/15/85, or the non-permanent field mounting technique used in PRCAM 239

{1,3,7,21]). A videotape of the mounting procedure is available from the NIOSH
Pubtication Office {19].

7. Ensure that the glass slides and cover slips are free of dust and fibers.

8. Adjust the rheostat to heat the "hot dlock” to ca, 70 ©°c[4],
ROTE: If the “hot block” is not used in a fume hood, it must rest on a ceramic plate and
be isolated from any surface susceptible to heat damage.

3/71/87 . 7400-3 NIOSH Manual of Analytical Methods
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F IBERS

METHOD: 7400

9. Mount a wedge cut from the sample filter on a clean glass slide.

Cut wedges of ca. 25% of the filter area with a curved-blade steel surgical knife using
a rocking motion to prevent tearing. Place wedge, dust side up, on slide,
NOTE: Static electricity will usually keep the wedge on the slide.

. Insert slide with wedge intoc the receiving slot at base of "hot block”. Place tip of a

micropipet containing ca. 250 ulL acetone into the inlet port of the PTFE cap on top of
the *hot block”. Inject the acetone into the vaporization chamber with a siow, steady
pressure on the plunger button while holding pipet firmly in place. After waiting 3 to
S sec for the filter to clear, remove pipet and slide from their ports.
CAUTION: Although the volume of acetone used is smal), safety precautions are
necassary. Work in a well-ventilated area such as a laboratory fume hood.
Take precautions not to ignite the acetone. Continuous, frequent use of this
device in an unventilated space may produce explosive acetone vapor
concentrations.
Using the S-uL micropipet, immediately place 3.0 to 3.5 ulL triacetin on the wedge.
Gently lower a clean cover slip onto the wedge at a slight angle to reduce bubble
formation.
NOTE: If too many bubbles form or the amount of triacetin is insufficient, the cover
siip may become detached within a few hours. [f excessive triacetin remains at
the edge of the filter under the cover slip, fiber migration may occur.

. Glue the edges of the cover slip to the slide using lacquer or nail polish (9] Counting

may proceed immediately after clearing and mounting are completed.
NOTE: [f clearing is slow, warm the slide on a hotplate (surface temperature 50 °C) for
up to 15 min to hasten clearing. Heat carefully to prevent gas bubble formation.

CALIBRATION AND QUALITY CONTROL:

10. Microscope adjustments. Follow the manufacturers instructions. At least once daily use
the telescope ocular supplied by the manufacturer to ensure that the phase rings (annular
diaphragm and phase-shifting elements) are concentric. With each microscope, keep a

logbook in which to record the dates of microscope cleanings, adjustments, and
calibrations.

b.

3/1/81

fach time a sampie is examined, do the following:

{1) Adjust the light source for even illumination across the field of view at the
condenser iris.
NOTE: Use XGhler illumination if available.

(2) Focus on the particulate material to be examined.

{3) Make sure that the field iris is in focus, centered on the sample, and open only
enough to fully illuminate the field of view.

Check the phase-shift detection 1imit of the microscope periodically for each

analyst/microscope combination:

(1) Center the HSE/NPL phase-contrast test slide under the phase objective.

(2) Bring the blocks of grooved lines into focus.
NOTE: The slide contains seven blocks of grooves (ca. 20 grooves per block) in
descending order of visibility. For asbestos counting the microscope optics must
completely resolve the grooved iines in block 3 although they may appear somewhat
faint, and the grooved lines in blocks 6 and 7 must be invisible. -Blocks 4 and 5
rmust be at Jeast partially visible but may vary slightly in visibility between
microscopes. A microscope which fails to meet these requirements has resolution
either too low or too high for fiber counting.

7400-4 NIOSH Manual of Analytical Methods
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METHOU: 7400 FIBERS

1.

12.

13.

14.

(3). If image quality deteriorates, ciean the microscope optics. If the problem
persists, consult the microscope manufacturer.

Document the laboratory's precision for each counter for replicate fiber counts,

a. Maintain as part of the laboratory quality assurance program a set of reference slides
to be used on a daily basis. These slides should consist of filter preparations
including a range of locadings and background dust levels from a variety of sources
including both field and PAT samples. The Quality Assurance Officer should maintain
custody of the reference slides and should supply each counter with 2 minimasn of one
referance slide per workday. Change the labels on the reference slides periodically so
that the counter does not become familiar with the sampies.

b. From blind repeat counts on reference slides, estimate the laboratory intra- and
intercounter s, (see step 21). Obtain separate values of relative standard deviation
for each sample matrix analyzed in each of the following ranges: 5 to 20 fibers in 100
graticule fields, 21 to S0 fibers in 100 graticule fields, 51 to 100 fibers in 100
graticule fields, and 100 fibers in less than 100 graticule fields. Maintain control
charts for each of these data files.

NOTE: Certain sample matrices {e.g., asbestos cement) have been shown to give poor
precision [5]

Prepare and count field blanks along with the field samples. Report counts on each field

blank. ’

NOTE 1: The identity of blank filters should be unknown to the counter until all counts

have been completed.

NOTE 2: If a field blank yields greater than 7 fibers per 100 graticule fields, report

possible contamination of the samples.

Perform blind recounts by the same counter on 10% of filters counted (siides relabeled by a

person other than the counter). Use the following test to determine whether a pair of

counts by the same counter on the same filter should be rejected because of possible bias:

Oiscard the sample if the difference between the two counts exceeds 2.77 (F)s,, where F =

average of the two fiber counts and s, = intracounter relative standard deviation from

step 11.

NOTE: If a pair of counts is rejected by of this test, recount the remaining samples in the
set and test the new counts against the first counts. Discard all rejected paired
counts. It is not necessary to use this statistic on blank counts.

Enroll each new counter in a training course which compares performance of counters on a

variety of samples using this procedure, )

NOTE: All laboratories engaged in asbestos counting should participate in a proficiency
testing program such as the NIOSH Proficiency Analytical Testing (PAT) Program and

routinely exchange field samples with other laboratories to compare performance of
counters.

MEASUREMENT:

15.

6.
.

3/1/87 T400-5

Center the slide on the stage of the calibrated microscope under the objective lens. Focus

the microscope on the plane of the filter.

Adjust the microscope (Step 10} [6].

Select one of the following sets of counting rules:

NOTE: The two sets of rules produce equivalent mean counts on a variety of asbestos sample
types [S] and must be strictly followed to obtain valid results. No hybridizing of
the two sets of rules is permitted. Calibration with the HSE/NFL test slide
determines the minimum detectable fiber diameter {ca. 0.25 wm).

4. A Rules (same as PSCAM 239 rutles {1,3,7]; see APPENDIX B).

1. Count only fibers longer than 5 um. Measure length of curved fibers along the
curve,

NIOSH Manual of Analytical Methods
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b 1-1: METHOD: 7400
2. Count only fibers with a Jength-to-width ratio equal to or greater than 3:1.

3. For fibers which cross the boundary of the graticule field:

a. Count any fiber longer than 5 um which lies entirely within the graticule area.

b. Count as 1/2 fiber any fiber with only one end lying within the graticule area,
provided that the fiber meets the criteria of rules a.l. and a.2.

c. Do not count any fiber which crosses the graticule boundary more than once.

d. Reject and do not count al} other fibers.

4, Count bundles of fibers as one fiber unless individual fibers can be identified by
observing both ends of a fiber,

S. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields.
Stop at 100 graticule fields regardless of count.

b. B Rules {see APPENDIX B)

NOTE: The 8 Rules are preferred analytically because of their demonstrated ability to

improve the reproducibility of fiber counts (5).

1. Count oniy ends of fibers. Each fiber must be longer than 5 pm and less than
3 ym diammter.

Z. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1.

3. Count each Fiber end which falls within the graticule area as one end, provided that
the fiber meets rules b.1 and b.2. Add split ends to the count as appropriate if the
split fiber segment also meets the criteria of rules b.1 and b.2.

4. Count visibly free ends which meet rules b.l and b.2 when the fiber appears to be
attached to another particle, regardless of the size of the other particle. Count
the end of a fiber cbscured by another particle if the particle covering the fiber
end is less than 3 we in diameter.

5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of
10 ends (5 fibers), provided that sach segment meets rules b.1 and b.2.

6. Count enough graticule fields to yield 200 ends. Count a minimam of 20 graticule
fields. Stop at 100 graticule fields, regardless of count.

7. Divide total end count by 2 to yield fiber count.

18. Start counting from the tip of the filter and progress along a radial line to the outer
edge. Shift up or down on the filter, and continue in the reverse direction. Select
graticule fields randamly by looking away froam the eyepiece briefly while advancing the
mechanical stage. Ensure that, as a miniowm, each analysis covers one radial line from the
filter center to the outer edge of the filter. when an agglomerate covers ca. 1/6 or more
of the graticule field, reject the graticule field and select another. Do not report
rejected graticule fields in the total mumber counted.

NOTE 1: uhen counting a graticule field, continuously scan a range of focal planes by
moving the fine focus knob to detect very fine fibers which have become embedded
in the filter. The small-diameter fibers will be very faint but are an important
contribution to the total count. A minimum counting time of 15 seconds per field
is appropriate for accurate counting.

NOTE 2: This method does not allow for differentiation of fibers based on morphology.
Although some experienced counters are capable of selectively counting only fibers
which appear to be asbestiform, there is presently no accepted method for ensuring
uniformity of judgement between laboratories, It is, therefore, incumbent upon
all laboratories using this method to report total fiber counts. If serious
contamination fram non-asbestos fibers occurs in samples, other techniques such as
transmission electron microscopy nust be used to identify the asbestos fiber
fraction present in the sample {see NIOSH Method 7402).

/1787 T400-6 NIOSH Manual of Analytical Methods


adz1


METHOO: 7400 FIBERS

CALCULATIONS AND REPORTING OF RESULTS:

19. calculate and report fiber density on the filter, E (fibers/mm?), by dividing the total
fiber count per graticule field, F/ng, minus the mean field blank count per graticule
field, B/ny, by the graticule field area, A¢ (0.00785 mm? for a properly calibrated
Walton-Beckett graticule):

(£ -8

n n
£ b, fibers/mm2.

As ;

20. Calculate and report the concentration, C (fibers/mL), of fibers in the air volume sampied,

v (L), using the effective collection area of the filter, A, (385 mm? for a 25-mm
filter):

c . (E)A)
Vo109

NOTE: Periodically check and adjust the value of A;, if necessary.
2). Report intrajaboratory and interlaboratory relative standard deviations (from Step 11)
with each set of resuilts.

NOTE: Precision depends on the total number of fibers counted [3,10]. Relative standard
deviation (also called coefficient of variation) is documented in references
£3,10,11,12) for fiber counts up to 100 fibers in 100 graticule fields.
Comparability of interlaboratory results is discussed below. As a first
approximation, use 213% above and 49% below the count as the upper and lower
confidence limits for fiber counts greater than 20 (Fig. 1).

EVALUATION OF METHOO:

A. This method is a revision of PECAM 239 [1,3,7). A summary of the revisions is as follows:
1. Sampling:
The change from a 37-mm to a 25-mm filter improves sensitivity for similar air
volunes. The change in flow rates allows for 2-m? full-shift samples to be taken,
providing that the filter is not overloaded with non-fibrous particulates. The

collection efficiency of the samwpler is not a function of fiow rate in the range 0.5 to
16 L/min [8].

2. Samwple Preparation Technique: :
The acetone vapor-triacetin preparation technique is a faster, more permanent mounting
technique than the dimethyl phthalate/diethyl oxalate method of P&CAM 239

[1,3,4,7,13]. The aluminum *hot block" technique minimizes the amount of acetone
needed to prepare each sample.
3. Measurement:

a. The Walton-Beckett graticule standardizes the area observed [13,14)].

b. The HSE/NPL test s)ide standardizes microscope optics for sensitivity to fiber
diameter [6,13].

371787 7400-7 NIOSH Manual of Analytical Methods


adz1

adz1


FIBERS

METHOD: 1400

C.

An international collaborative study involved 16 laboratories using prepared slides
from the asbestos, cement, milling, mining, textile, and friction material industries
(S]. The modified CRS (NIOSH B) Rules were found to yield equivalent counts but were
more precise than the AIA (NIOSH A)* Rules. The relative standard deviations (s.)
varied with sample type and laboratery. The ranges were:

Sp
Intralaboratory Inter) aboratory Overal}
AIA {NIOSH A Rules)* 0.12 to 0.40 0.27 to 0.8% 0.46
Mmodified CRS (NIOSH B Rules) 0.1} to0 0.29 0.20 to 0.35 0.25

*Under ATA rules, only fibers having a diameter less than 3 um are counted and

fibers attached to particles larger than 3 um are not counted. NIOSH A Rules
are otherwise similar to the AIA rules.

The B Rules have also been favorably received by analysts as less ambiguous and
simpler to yse: these rules also showed the least bias relative to AIA rules in the
collaborative study. An independent NIOSH laboratory study using amosite fibers
reported a relative standard deviation, including within- and between-sample
variability, of 0.16 for the B Rules [15). Another NIOSH study was conducted using
field samples of asbestos [18]. This study indicated intralaboratory s, in the
range 0.17 to 0.25 and an interlaboratory sp of 0.45. This agrees well with other
recent studies (5,10,12].

fiecause of past inaccuracies associated with low fiber counts, the minimmm
recammended loading has been increased to 100 fibers/om2 filter area (80 fibers

tota) count). This level should yield intracounter s. in the range of 0.13 to 0.17
£3,7,15,18].

8. Interlaboratory Comparability:
At this time, there is no independent method for assessing the overall accuracy of this
method. One measure of reliability is to estimate how well the count for a single sample
agrees with the mean count from a large number of laboratories. The following discussion
indicates how this estimation can be carried out based on measurements of the
‘interlaboratory variability, as well as showing how the results of this method relate to the
theoretically attainable counting precision and to measured intra- and interlaboratary s,.

Theoretically, the process of counting randomly (Poisson) distributed fibers on a filter
surface will give an s, that depends on the number, N, of fibers counted:

sp = W(N)172 M

Thus sp s 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual s, found in a
number of studies is greater than these theoretical nuwbers [5,10,11,12].

An additional component of variability comes primarily from subjective )aboratory-to-laboratory
differences. In a study of ten counters in a continuing sampie exchange program, Ogden [10]
found this subjective component of intralaboratory s, to be approximately 0.2 and estimated

the overall s, by the term

3/1/81

(N + (0.2 « W)2)1/2 (2)
N
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Ogden found that the 90% confidence interval of the individual intralaboratory counts in
relation to the means were +2 s. and - 1.5 s.. In this program, one sample out of ten was

a quality control sample. For laboratories not engaged in an intensive quality assurance
program, the subjective component of variability can be higher.

In a study of field sample results in 46 laboratories, the Asbestos Information Association
{12] aiso found that the variability had both a constant component ang one that depended on the
fiber count. These results gave a subjective interlaboratory component of s, {on the same
basis as Ogden‘'s) for field samples of ca. 0.45. A similar value was obtained for 12
laboratories analyzing a set of 24 field samples [18]. This value falls slightly above the
range of s, {0.25 to 0.42 for 1984-8S) found for 80 reference laboratories in the NIOSH
Proficiency Analytical Testing (PAT) program for laboratory-generated samples [11].

A number of factors influence s, for a given laboratory, such as that laboratory's actual
counting performance and the type of samples being analyzed. In the absence of other
information, such as from an interlaboratory quality assurance program ysing field samples, the
value for the subjective component of variability is chosen as 0.45. Note that, though based
on at least two studies, this is a somwhat arditrary choice. It is hoped that by the use of
this number in the absence of other information, laboratories will carry out the recommended

interiaboratory quality assurance programs to isprove their performance and thus reduce the
Sp. '

The above relative standard deviations apply when the population mean has been determined. It
is more useful, howsver, for laboratories to estimate the 90% confidence interval on the mean
count from a single sample fiber count (Figure 1). These curves assume similar shapes of the
count distribution for interlaboratory and intralaboratory results [10].

For example, if a sample yields a count of 24 fibers, Figure ) indicates that the mean
interlaboratory count will fall within the range of 227% above and 52% below that value 90% of
the time. We can apply these percentages directly to the air concentrations as well. If, for
instance, this sample (24 fibers counted) repressnted a S00-L volume, thenm the measured
concentration is 0.02 fibers/mi {assuming 100 fields counted, 2S-mm filter, 0.00785 e
counting field area). If this same sample wers counted by a group of laboratories, there is a
90% probability that the mean would fal) between 0.01 and 0.05 fiber/mL. These limits should
be reported in any comparison of results between laboratories .

Note that the sp of 0.45 used to derive Figure 1 is used as an estimate for a random group of
laboratories. If several laboratories belonging to a quality assurance group can show that
their interiaboratory s, is smaller, then it is more correct to use that smaller s..

However, the estimated s, of 0.45 is to be used in the absence of such information. Note

also that it has been found that sy can be higher for certain types of samples, such as
asbestos cement.

Quite often the estimated airborne concentration from an asbestos analysis is used to compare
to a regulatory standard. For instance, if one is trying to show compliance with an

0.5 fiber/mL standard using a single sample on which 100 fibers have been counted, then Figure
1 indicates that the 0.5 fiber /ml standard must be 213% higher than the measured air
concentration. This indicates that if one measures a fiber concentration of 0.16 fiber /mL
{100 fibers counted), then the mean fiber count by a group of laboratories (of which the

compliance laboratory might be one) has a 95X chance of being less than 0.5 fibers/mi; i.e.,
0.16 + 2.13 x 0.16 « 0.5.
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It can be seen from Figure 1 that the Poisson component of the variability is not very
important unless the number of fibers counted is small. Therefore, a further approximation is

to simply use +213% and -49% as the upper and lower confidence values of the mean for a
100-Fiber count.

80% CONFIDENCE INTERVAL ON MEAN COUNT
(SUBJECTIVE COMPONENT (0.45) +

POISSON COMPONENT)

NUMBER OF FIBERS COUNTED N A SINGLE SAMPLE
figure 1. Interlaboratory Precision of Fiber Counts
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APPENOIX A: CALIBRATION OF THE WALTON-BECKETY GRATICULE:

Before ordering the Walton-Beckett graticule, the following calibration must be done to obtain
a counting area (D) 100 um in diameter at the image plane. The diameter, d c (Am), of the
circular counting area and the disc diameter must be specified when ordering the graticule.

1. Insert any available graticule into the eyepiece and focus so that the graticule lines are
sharp and clear.

2. Set the appropriate interpupillary distance and, if applicable, reset the binocular head
adjustment so that the magnification remains constant.
3. Install the 40 to 45X phase objective.

4. Place a stage micrometer on the microscope object stage and focus the microscope on the .
graduated lines.

S. Measure the magnified grid length of the graticule, Lo (um}, using the stage micrometer.
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6. Remove the graticule from the microscope and measure its actua) grid length, L, (mm).
This can best be acconplished by using a stage fitted with verniers.
7. Calculate the circie diameter, d. (mm), far the Waiton-Beckett graticule:

dc=ExDu

Example: If Ly = 108 um, L, = 2.93 om and D = 100 wm, then d. = 2.7) mm,

8. Check the field diameter, D (acceptable range 100 um + 2 um) with a stage micrometer
upon receipt of the graticuie from the manufacturer. Determine field area [acceptable
range 0.00785mm3 + 0.00032 nm32).

APPENOIX B: COMPARISON OF COUNTING RULES:

Figure 2 shows a Walton-Backett graticule as seen through the microscope. Although the

graticule incorporates the 3:1 aspect ratio, both the "A" and “B" rules will be discussed as
they apply to the labaled fibers in the figure.
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Figure 2. Walton-Beckett graticule with fibers.
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FIBER COUNT

Fiber A Rules B Rules DISCUSSION

1 1 fiber 3 ends {A)*A" rules do not allow for split ends; therefore, count one
fiber. (B) Under '8' rules, first detemine whether the fiber
meets dimensional criteria, (i.e., >5 ym, >5:1 aspect ratio,
<3 um diameter). Next determine and count which two ends are
the main trunk of the fiber. Finally, count all split ends >$
wn as one end. Fiber #1 is counted as 3 ends.

2 1 fiber 2 ends (A) Single fiber with small particle attached. The particle is
treated as if it does not exist by the "A" rules. (8} The
particle is <3 ym diameter and therefore ignored under “8=
rules.

3 1 fiber 2 ends (A} As with Fiber 1, count one fiber under *A" rules because it
meets the >3:1 aspect ratio, >S5 ym criteria. (B) The split
end is <5 um long so it is not counted under “B" rules.

4 1 fiber S ends (A) Fiber ends all attached to a centra) large fiber or bundle;
therefore, count one fiber under "A" rules. (B8) Count two ends
as belonging to the main fiber. Three of the remaining four
split ends are >5 ym, giving a total of S ends.

5 1 fiber Do not (A} No diameter limit under "A" ryles; therefore count this
count thick fiber because it meets the >3:1, >5 ym counting
criteria. (B) The fiber is >3 um diameter; therefore not
counted under "8" rules.

6 1 fiber 1 end (A) Ignore non-fibrous particulate matter under the "A" rules;
count this as a whole fiber. (B) The short end of the fiber is
<5 wm long and obscured by a particle >3 um in diameter;
therefore, not counted under "B" ryles.

7 1/2 fiber 1 end (A) Fibers which meet rules a.1. and a.2. and cross the
graticule boundary are counted as 1/2 fiber under "A* rules
unless the fiber crosses the graticule boundary more than once,
in which case the fiber is not counted no matter how many ends
1ie within the graticule area. (B) Fiber ends lying inside the
graticule boundary are counted as one end provided that the
entire fiber meets rules b.1. and b.2. and each end is >5
um. The portion of the fiber lying cutside the graticule
boundary must be considered in order to make this
determination. Under "B* rules, it does not matter how often
the fiber crosses the graticule boundary.

8 0o not Do not The fiber is <5 um long.
count count
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