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Ulf!HMl'\t of Ana1 MttllDds For 'E1tah11t1ng Asbtstcs. i\btt"""t led1nology 

Kut: l. Ku.,1ff1. Robert s. Amtc•. -'"" Crone~ and no.111 J. Pa•r1 

l'\fO 111alyt.1ed llll!tnads ind t111m sup1i"9 srhemts ilfell'f! l'\111111t4td for the1 .-. 

efftc:theneu 011 1 projtct to reeow 11 r-entr1ift1blt1 Hbestos frm Ctih•ooi Eut 

Niglt SC'bMl hi ColUllbus~ tndt1~1. ni~ tw a:nalytkal ioetf!Ods -~ pl\tst co11 .. 

tran 11ff;.-Ok:C1P1 (PCM) and t'l"'.&rismhsfon electron m1c1"0st0,)' f1VO~ ™ Hfl1Plill'l9 

sc:lleioe-s: included a '!liUti( lfte'tood i1111d u·1 aggru.uw otftlt us.1119 a le-af blowe,,.-. 

llle stiJdy "1!'5U1ts 1nd1cltf'd th.at tl'te b11ildiflg abatlinel"it dtd llfft the POI 

specifh::1Uons. U• effect at ~ ttM, 1Howho 1cc:eopt1nce of tM- wor'k aitld '1!-

1verg11'1g four Umes ·Diat.doo,. 1•~1 !lo with peat; v1l1.1es l'M!!IT' 1 11UHori 1sti11tos 

ltr\!CtUl"'&S/1113• Agg••ushre $illlp11Rg llnJ)Hf1M ti\!! s:Sgn1fkiU'tt.::e Of tP'tf;! Utu•

t1ol't, pr"Odochig uer.,ge 11 M:IOl"ft4t Hbe5to5 eone~ntratt ons tnlt we""' 50 ti Mt. tM 

01JtdC10,. levels., with pe.P cort:;:4!!t1tnt1oll!li l'IHr 1.5 11nlton ube;;tt1~ S.t.P"UCtutti!sJ 

,.3 
of 1t "· 

As 1 iresul t of tihU study. TOI 1;oup 1 ed wt th 19gl"f-Ht ft ,_, H ng h ttae 

CU"~"tly r"«Gll!lill!ttdld •ttmd :of c:bo1c• for pos.t1'b1U.nt r;:le•talflte+ 

lll11 Project SllMary 11111 deweloped b.r' EPA'11 Wate-11' Enghieertng Auearc1'!1 

l.1bO~amey, Ct11einnet1. OM,. to 1.111flOll11ee t:ill'Y ftndh.gs of the l'lll!!Nlrtft 1·u•ioJect 

tlllt ts fun.r doc:amnbd i11 " separa:te> tti!po"'1; of the HM ttt1t I Me- ProJect 

l~rt orde 11"'1 ng t nf01"HU on at bact: J. 
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lntrod1.1ctt an 

Baet11'QV11d 

Tiie- TKllfttc:11 Anht.1!'lc:fl P~nnt of ll'M!! Offtet of h1t1c1des •NI Tcu1;f c 

SubsbncH of tbt u. s. En11i t"Ol'Bllrlta 1 Pl"OtteUOll Ageftt1 (!'PA} 'Pf'OW1 di I gqhJIR(I! . 
and tnftH''!MtiOf' ~ the 1denttfh~1tion llit 1shlsto1-c:QJ1ta111t119 11111teeo11ls tn 

bufld1ngs ind °" tM· (Of'rtc:ttcm of pou11t1al asbHtos huard1. Fo111,.. EPA 

Gutdanc~ Dot!lllll!Ats conttf n llldCh of the" tec~A1~11 tnfo...-tto~ atxlut 1SlM!1tat in 

noniind1.t1tf"tal Mtttl!lgs.
1 

' 2•3•' ni.se documents dfscf"tbil llOWJ tl.'I 111tabH 1ti 1n 

HbeltH fdli!ntHh.:11t10111 Ind control :pl"Dgram, ip"Ov1de be<:tgroull'l!d tflif'Ol"!NtioP and 

dtf'!CUOI! to S(l'!Ool off1c:1.1l 5. iill'ld building Otmi!!l"'S on HPQSlll"'t' &$M!$S.'1t. and 

dese:f'1~ ~ to deve10p 1ftd f"'le•nt 1n Hbettos &btti!!Wnt. progrn.. The mat 

t'M'lnt Hbesta~ guidonce fl"Ofll EPl not OD1y ft1Pl'IH1:z11 .-ec1nt HO>!""f-t11C1 ind ""' 

1nfl)~t1CHt on asbHtos c.r:intn>1 but 1ha hlti"Qdll(:H 1ttd dhcunes c1"'1tetia for 

dlvelo,tng 111n 1ppropr1ate HbHtM C:Ql'ltM:Jl ph111. 

Co!'lstderabll!! sc1l·11ttftc u~c•rtat"ty nfll SUl"'l"\'Mlttds. tfrie rtffecth&1'4UI of 

1pec1fi c: lb.It.Mint atttOr'i'I. 1n ntdll(:1 l'g tl!!I rht of ~l:!ISIU'@ lo 1h'f>Ol"N f$be$

tos. OM· crft1c11 C(mce1"1'1 aeon; thos.e "!!tpt•u1:1fb11 for Uf;e$t;ol •"tnlnt h ~ 

clHI" tlle i::ontr1c:tor 111ve' a. buUd1ng (ar lut1ldtl"lg 11"11:) lfte,. J1HOw'l151 Uie 

t$beStM Ntlr11l or after COllflilettflg •lit: that could MW dhWrtMd I.ft UbHP 

'tOl-C~rt:tatfti"'Q lllUMl:l (e.g. 1 ~11Ctp1.Ult't;1cm., l'nc10SUT"l' 11 or 1ipee11il Minttftll!ICe 

opeJtat1ons). Tiie no cr1te:r11 .-.e.-l!ldtd i.y ttie Ef>A gu-idlra f198313 tbat 

111111 tn effect •t tht outut of ttt1 • &tllldJ' W'l"I' "Hu•1 1npec:tton or tbe •l"I· 
Site and atr li:tft1tortn11 lfte"' C0111plethu11 o-f the- prajtct. YhUl1 Ottpeet1on 

Mlould detKt i111CO!lj.lhrt• rf!IOHl, d-~ caum by 1t.u.ent flttt•tt:Y t •t'IO 
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(mst tnportar1tl the prenl'!«' of dt!~,.h oro dust left tty: h1i11dtcw.itt eh•nup of 

ttle wr-1: iU"H. A1 r •nttoll'int by ll'!lt IHllibr"A- fHtitr coHIC'tfon ttcltnf QUI ll"d 

pl'llJn-c0111trut 1111icr'Cli.ccp1c: 'POil 1M1y5ots lf't' l*ff;OlmendH tt1 atpli'1Ment tfte 

vB11J1J 11u:pl!Ct1 on ;u'ld to dtittnnt !!It .'llhlitlli!'I" l!!l@-Hted 1 e-.h of ill1 l"\bQme ft be r-s 

g~rated dt1rin9 tile l"~IDOrtiil 9l"OCe-U ri..we bff:rt s.uff1t14!'ntly r'&d~ed. 1l'IH 

Ctlr''l"@'nt ly r"eCOlllllle:rtded O:Pt h:", mtc: l"OSCOlli1 c tec1'111"11 QIU!- h Ol"lf' of ·tw •t~.cis. 

Spet:1Hed by t'- Nltio!\111 I1111Ut1tt~ foll'" Oi;c:upat1or1111 :51.hty 1:nd HNlth iNtOSHl 

to dl-ll'l"lllt"ll!! illf r"Mrne f1ber c:o~111t,.•t1ori1~ 1t H li.IM!d by thtl!! OCr::upntoftllll 

Slfety and !fNltl'I A41•n1 s.t ... lttM {O'SKA) ti:! •HSlil'f'f! total at l"bome fibers. 1111 

oei:up111tf Oii.ii 1 f'nv1 ranllll!!rtU. 

°TI'e £Pil-~t<mle'nde4 1t r...,.n~tortnq •t"°®logy for di!t!r'tlh1f1!91 1b.tt111111.t. 

c•ltiUon 01105" Mt-ll"lad No •. P&CAN 23!H 'lll\IS llS fo11oit!!.: 

Afr :SiempH 111 "twuld blgf" 1J:ftel" tl'le pmJ'Kt 11.u l:lffl'I c~l eud 
1nd 1111 sttrlacei> in tl'lt 11Mt111111rit si u. ;tq,q bfffli c-lll!!ut!!dr 
prefer1b1y w1 tl'lifll 48 nm.1r.~ illfte,. ahltlftN'l!lt wl't: is ffr:th~d. A 
IMi 1thu11 of ttn"H 1 f 't'" 11110nf 'b'!ll"S l;J@'"" wort d te lll'd illt 1 Ns:t ~ P'"" 
roCll'll h ire-coamendlfd. Ai I" h dr1"'1 t•u•ough _, .ettbf'll't filt!!r fOll" 
c1bo11t 8 b0tll"1i .at ill flQW "'"ti :of ~ppro:dmat.ely 2 Hters per
llinute. A tot.Ill at,. voli.ae of •pprw:1ue1r l ~000 Hters 
coUectt'd i1t the S-!!)tet f1 e-d f1 O!ll ..... te SllOVl d be H!llpled. Aftell" 
ttie Hllp, h•g, I ~Unn of the fH hll" f I 11101.Ullted on I 111'1.crosttl(Jf! 
sl1de .-nd tll"e1Wd to fron1 .a tr1l'sparent 1 optically no.opnous 
gel • Tl'lle f1 hers • ,.. 1 ~ad llf'd C:o+ilfttlfd by us1 "I 1 pMH"-CmdtnJ.t 
1111(:.rcK• at IOO to 45ill .... giri1 f1cnt °'"· ro.,. c:1:21.n11tt "!ii ,w l"pClsie-s 1 

a f1 tier 1 s. ddt Md H 1 :pal"tf:C le v1 U 1 SJflyU c:•l d1~st on 
1 Mgit>r thin 5 :pitc:Jl"CIM'btrs 1"-d • l ~;tn-tb-d11MUll" ,...t1 o of l to 
1 Of' gt•e.a·ter. l 

Tlli !Ii •Uod h: f nundtd ti) 9ht an 1 nd:f :w: ~f ttM!! U rhorae CDt1C•"t...aU o"1 of 

ft lbef'I. of spei:1f1 ed i:r.111111ns t Ollll 1 n 1n 1t11Cts:pl'll!!re tl!llC*'n Of' llii.sptc:~ tu cont.II in 

Hbe-Stoi: 1 t ti mot jSH 1gMd to (:OUftit lf1 bel""I leu t.n.tl\I 5,. l O"f Cll" tac dfffirr-

l'nthU Ubl!!$tos fU111:rs f~ otltell" f1bl"OUI patt1culaus.. 
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Tht aost sig1'tf1c•r'lt ltettatior'I Of tM POI Mtl\od cc:ap1rtd w1 th tt'1.,.111d1· 

:Uon. rt1itctf"Qn 111f'C1'0Sco:py fTE'H~ and 1c1nritng tlC!c:tron •1crasc:op)I fs.EM) hi that 

PCM h ltai1ited tn. tM detect too of ffN parttc1H (1.rt •• thOse with 1utetcrvn 

t:1t1mtterJ '°"' 11!"'9thl hu tnan 5 .Alll) that •1 H to~icotogie1111y sf9t11fici1,,t. 

For u111ph!• 1 1n gloft-l)Oll: te!iU of 1.t1R1l1:Ud tftdu!tl"1al .Cl'lll"1cel oper•ttontt 

on uf:tH tas.-coil!ltlf nfng 'J,J!l"OdLfC ts { d 1"'1111ng 1 Hwi ng. lletd s.ai.ru:H ag)., th@ POI •Uod 

counted frhft!r tti.tn l perc-ent of U1e fibers cotmUd tt,' n:M.. !i A1thougll condf. 

ttons; .of tl't1S gi1oQ bQ11: stdl'Jj' """ ob'lilio1u:1;:t Clf ffttr'elllt. from 1sbe~tos abatfllllllftt 

activities, some cotl<C:e"' eiisted 1b0gt the relat1wo Dtrtts 1nd e•pabilft1~s or 
the dfffell"fi'lt 111111\ytiicill MthtHJ,. used to MU1'1ftfnt f"ePl"t!ff"Ut11't' fiber C011Ctrt

tr1tio1;in$.. A"°t'-r nudy HtfN.ted t'flllt satH HbHtoS ft'tiers [1.e • .,. ff tif!rs 

less tl'Pl.111 0.2 JR llllide- •no S J#J 1011"19 thtt .Jf"'e not deteictH ~ tM POI Dtthodl 

~re pl"'fiHll!t at SO to 100 t1111es t.l!te conc•nt.r1tton of th!! hl.-,gell'. <lpttnn:r 

whiMei ffbtr"S. 6 

swa1 ObJe-ct h!' 

TM objKtht of tbh l"Hf'·•n:l'I pl"QJICt WI to tdenttfy Ind QU1nttf1 the 

fhct frar::Uott of 1h1:iiome u~stos ftbel"S pl'll!Pseru. il'I bu11dtnig 1t111.11phe""s du,. 

al"t nbutol l"flleditl ac:th1ty. TM project focused Oft ~ ldtQU!IC.J of EPA's 

p:reY1ous.ly l"KClllM'nded POI •tbod of a1ly10 al'Nli MlllJle collection he:nri1QM•~ 

TM Pat 11etftiod 11111s co.pi~ wft.1' lDt •thods .. and m f'Hr.1b1Uty of tn alt.e,.

n1tir;e &ggfl'H1 we suipHng ttchn1p was il!lvelttgned. TM results If ~h 

ltllldy establ11.Md tt'lll 1dw1nUfH IM Hnitut1ons of appl)'1tt; PCM Ind TEM ..,.._ 

lyt1eat •tttods. botPI Sffl&r1t:11y 1.ml 1fl conju.Mtton wt'tll '" 199f'l!!sst• ._H:itg 

tKINlt ... to tM ewa1uatt0ft of 1f,. _.ut.Y f.o1lowtiig au.stos abatllllllnt. 
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ThU project •s COl'ld~tH durlng tl'le pcst1b1i..t-nt plltn of Hbesto1 ,.._ 

mn1. Relhble •t~ads of et,. H111pHn9 lttrl an1l11h pel"9tt t~ UH of •n1tol"'

fl'l!f "'lsu\ts to be tr.e:luda tn tv1h11ti"'t the efftc:1c7 or ubfstM "blt!lll"t 

Ntl!Ods arus hi de1ttlop1ng better techniul gutdanu fol" at;at.Hllnt c'Qntr1cti:11•1, 

1Xttld1"9 OWMJ"I, ind o.tNir patttH dtr"Kt1y ,..$p(N'll1blt! for l"f!lledtal 11bl1tos. 

progrtm. 

Acthre or t'Kitritl1 ca.pleted ab.tttMl"t s1tes Wfl'1! H1ected far GOl'lftorh19 

bee•uH tlM)' pl"U'l'ht.'1!1 u e-.ac11le11<t opportunt t.1 t.o col 1 ett rt•l "°'"' d d1ta, and 

because the ieonitoll'ift.9 tuts co11ld be 41"1*1ngt!'d w1tJri •htllUll lead tilllll! i11td c:oor. 

dtlftatton. 

"TM condH:iOM in a illl'Q...._ area 'llltlHll! tM! ftna1 •1 r HllfllH are coll~ct.ed can 

1nfl~• tllrill l"l!!tU:lts of 4 pattablt:elllll!nt Uk!H•11t. Aft~r 14' 1bn..-nt •c:tton, 

tnt -1t:r H 11w11ly Yltp1ed lllhili& th1 are1 h sealed off., btffore 'ff~ti11Uon u 

1"41'Stot'@d, ind .attar tt leut 1 2•-l1mlr M!ttHnt pe'1od following the f1 na1 'llfitt 

c:le1111trng.. Col!lseoa!ntly. tt'lh 11C1ntt.or1ng tre<:MiQH •Y fan to detect residual 

1"1Min t.Mt Mwe Mttled 0111 llOrtz:on.tal surf1cH .flu1"1ng thh sUt1(: c:olldfUQfl bl" 

tl\lt 'lllll!nt •hsed DJ tM e leant ng. 

llutdu.i11 11bl1t:o1 fU:111rt Cl!Mutttuttt 1 pote111tt1l exposure M11rd. because 

the)i could be l"@.,...ntll"l!ntd hter. •it tM 1tr 1n trie are• h egitH.H by 

SMtl"SOlllWl traff~c. 1t f' flQlll! fl"'Ollil ventt1aU011 SJ'•tMlt and custod:hl 1ethittts. 

Tlkit1 for more 1Ia:UJ"1te Chlf"lctertutfol'I: of -postllteteaft\ fttier ccnceattrat1oAS., 

tlllt •ft. area ltl!Nld es~rienc.,. AIJ(rf"K1&b1e •1 r •-nt to sf•latl' Ktull use 

co111t:Htfoiu: during 11r •rtftor1ng. 
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The introduction of air turbulence into the work area during the col-

lection of stationary air samples is termed "aggressive sampling." This 

method entails the creation of air movement by the use of blowers, fans, 

brooms, or compressed air streams to entrain any particulate matter that may 

be present. The advantages of the aggressive sampling technique over the 

static (or nonaggressive) sampling are that the former reflects worst-case 

conditions and that the testing requires a relatively short period. The 

disadvantages are that this technique is not readily standardized or repro-

ducible, nor does it reflect normal exposure levels to occupants. As with 

the static sampling method, no criteria have been established to define an 

acceptable or safe level of fibers in a non-occupational environment. The 

research on fiber concentration levels using the PCM and TEM methods is 

continuing so that the before-, during-, and after-abatement criteria can be 

developed within the next 2 years. 

Project Description 

Site Selection 

Air monitoring was conducted at two selected sites from which friable 

asbestos building materials had been removed: Site 1, Columbus East High 

School, Columbus, Indiana; and Site 2, the U.S. EPA Environmental Research 

Laboratory in Corvallis, Oregon. 

This report describes only the results of the air monitoring survey 

conducted at Site 1. The monitoring data from Site 2 and the significance 

of these data are the subject of a separate report. These selected sites met 

the following criteria: 

o The abatement plan involved the removal of friable, spray-applied, 

asbestos-containing material. 
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o 'Tht contP1t:tol"S (:IP"l'"f tHI t:Xlt tM lllOrt lr"i!t: Pl"l?•rat1on,, ..._w11, el'fd 

rteeo"'U.f flltfaf\ tn •(co't"dlncl' wltn EPA-l"'!K.-fldld spectf'1cat1ont and 

1"1-gt.11 rewtnts.. 1 

o Mu1Up1e l#Or't '"H corit•hl1rtg ~~us Hbtstos •teMlil were 

.evathble for l'llD~tt.o!f"ing. 

0 The ti1.111e.Hflg ~II" Ind •blU-nt contll'l(;tOP" A!P'"Hd to COl'tl)t~&tllt with 

EPA 11Mt to provtdt •cct-ss to s.ele-cted areu. of tM tHJUdtng, 

.lbattant Pl"Qf P"U 

A •1t1ptotaa 1sbe!!tas i1bat~At 4nd l"t'!ll'!iDV1tton prugf'lm wu ccmceh~d and 

'111' l f!flMUtUid. The ti 'f'tt tibat.eflf!nt plll.i se _... s. (ondud;tH du.-1 ~g the 5"111111111!!!1'" of 1984 

and tncluded the fa110ll1ng i.l"l!U: 

Ac:~1~ B~1,d1ng: 

Thi P"fJ flOOJ"" • 111 l"bOl:R 

North •nd Sti!lltft 1 ~~-gt'Or..p tnstPUC'tione1 1"0(DS ti1dNa11 efldOW""t-1) 

Neth&Ak.a 1 pttttl'loul4H 

SU1 l"llle1 h. 1Qd t!'li!\l'lto~ sbfts. 

Industr11.l 1ru 

1Y studfo/publ tc:utons 

"'" 1 c: f"COlll 

Ac.ldt tort ... 

~Ht•! 

St.4'.-age roGll$. 

Mlehlttic:al room 
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SOtlrcH of f•tabl~. .110t-stos-co,rta1 l'lfng ffl'e'pn:iofing -ere ccuttll"Gl1td tor 

t$10._ifttg tMi 1Htt!l""f.a1 or bt phctng H 1n .t1 rttgll<'t enclosvrts tn •~U WMf'il 

c:°"'htte ~w.11 nd rtplac;:etl*t:nt Wf'l"'t not fct1stbl•. DKhto.-.s. rq1rd1n9 the 

DOit 1ppropr'l.te (:Ofitn>l .et'hod for HCl'I PllHt l i.llibSp&C~ lllf!1"9 NHd Oft 

EPA~~omtMld nsuP1ent f1ctor:s for E'.!V.lihrat.in!I ~ potential for ftllit .. 

1"'91Hse. l 

As~stos.-co"uining ffl"£'prtiof1nm rm11at1on l'liad been: sp,.ay.4ppHee1 to ltHl 

:oom:s illnd i;:ol 1111111s "" tht ffr"St, "S«Cnd. and t.l'lh"fl floors anel in IJll'!'C'han1ca1 

arl!H. ni~ r-oge of ubt!<stos coneent1"1 tfon for tfri s llXlde ... aul y fM ab-1 re 

l'Nterhl was 3C t.o 00 per-cent chrysot11ei Hbesto-s, btff'd '°" an 1n1ly1ih of n 

!l"l!:J)f'i!!k!!i'ltltf wt" butl sanqiles ~ -pohrhed-Hght uncroKopy and dH'.l"'ll"'!fcn 

sut11irl9. 7 
""l"'OU'lf:i!OUt these .tf'li!Ht< tr.re w11 1 uu111d11"Uh· no1.1nt of ove'"

S"J:ll"'IY on s.e-c:tfons of tl'lt' corrugated steti1 d«k pan between tl'w!!! t.1"f!1tl'd tie11H 

The t,-eated Deas were l.rirg11fly COl'ICHled by a su1pended \IJJ'·in or 1nter1m;.IU 1151 

steel p•nel ir;!1ling, l:Mlt tn SOIRE! .u'M'S• tl'Mt c.ora.tn.ict1on design l'l'rider~d tile 

fiNpl"'OOted be1JD!!li viS1bh· lll'd exposed? 

TM strvi:t.ur1l l!lefatS Of\ tl'll! l011Wr lttwel had &1$ll been spr1nd vltl!I frlable 

111tel"'ial. br.it. it c:ol'!lt&tlned oo as.bt!!-;tos. Maror of t.,.H bl.am 'l'ldd bftq encl<:J&ed 

b)I' dryw.tl 1 •r.id tllert'fQ"@ .,..._. l'IOt ¥i$1:b1ti, Cttiel" bNJM on !ht!! low.t 1@Q' wre: 

col'leealed above suspended ~eUings, ud sttn othtrs •re exposed (nstble}. 

A5Hstos--contl1il't1'11 f1 reprtJOf 1"g wH a ho fOVlld i" tli'll! gy11111.n:h.111 on the 

cl!iHng .above t.he •:uaintne level U!d 1 n the mec:hanfc.al equtp111ent and Stol"&ft 

rooas& The Sp1"'17-1ipplhtd •"t.t•hl on bt'!as 1bon thl 11:1:1-pHi.:1ed cf'Hh19 on tt.

lo.e"" l11v•1 of tfle g)'tlll!Hh• contiltned .,,tly ftbroos glus Ind 1'1(1> &1besttiis 

Ooers. 
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~ ... 
""' Pf'OCNUPlll folhwtd far ttll! ,...,.1 Md .-1.,. ... ·Of r• H'MS'bd

eontaf nt n:g· f1 ~POGf1 "'I at Stu t .,,. CMsf 11n1 wltlli ·t11n1i dtsc:fl Nd: h1 u. 

Ueas. DeUUed spec:Htcat1Pr. •sc:r1b111t ttlll KDIJI' llf wTl, the wrt .._i!IC•. 
l.H spec:tftc p11rlr:!"'1RICI c:iMtfrtit '°" t• 11M~ CGflitl"K'°"....., ~ D.r 

tftl plf'OJ 1¢:t , ... 1illilf d• str11 b'fltM 111 flt! Ft of lM •1 d fiKltage. n. tKMica1 J• 

tp1eUtco1tfGM fer the IJ!"MOQ1 11111 eftet05!.ll"I! of tile libHtol-conuhtng r1irw

pN6f1"91 •tt Dilled o• tile ~tde .. Sp«Htc:ationt. for t'M INlnll'llt of !llHIJJ!! 

lel HH .. 1 F~ Sf:!l- or TroM~ ;:Appt ifd •tert al 1 t Ii J!!ld1 !!f!: tnd ~,.!. $~:

!!!!.!.• pgbUslhH.,,. u. F•·•t1" of tJll! Ifill •• c:.n~,. 111111t1t., .. 8 

Alt llllW11.rl •I .,.tteM tKMi c:1 UI was GM.1 b ~ ttw •nt~... •"1te~ 

91t Pf'CllJKt. 1'lia ft11 hl tch:ll1 ct u lilfH 111 !Ide• t• Gl1 rec:t upef"V't 1 ton af 11 

cli"t.1 rttd: H11dustt1 •l h,t9t enht t wMi •• WHll7 t HPKUl!lftl inf u. J• tfU _. 

WH ll¥1~hllilit for conwh.tton. Tiie rtrrt p!M·• Gf U. 11.ll:.1ta1 l.._.t prio

..- ....... .., lO and w1 CGllp1.tff Cei.c1ad1ng ftMl NMffi't'Cllll Stm&) by' 

ililprt Uy '*· JM HCIDM ptilM of tM lblU.tit IJl"'Oll":lm ... COllp1etM durtng 

tM s_,. 1110ntl'K of '985. u11:! ~he \It rd ,,.. H lltll 1 DI c::G111pl11tad dvrf,119 tM 

.,_r or 1tt6 • 

.. UMtlt licU..t t:Sit1-

l'lllt •---t actt,,. ti•s Wl'll perf orm4 t• tkf'N d'l ltiftCt 'littlH ~ ,..,..,.,. ... 

tioa, f't:llOfll. ll'ld dle:O"u.irn•U(lft~ l:tcti of t• ttutlll111 lil"H'I iJIChtdld In 

""'" l 'llllt!il"t flOllueli H Mpll"lte &IU.ftlt 'llllD ........ $am ... INll c-.. 

pr11Rd •1t:tp1e ..._ '!• .. •·· 'tlll tfdirc1 .. nocw cltH,_ .,.. •ad u. •1tc: ..... ,. 
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•nd :$OJllie' c:Gfts1Sted of 1. stngle roai. (e.g •• tM p1ntileluM$1 1tor1191 l'OC:la. and. trte 

TV 1.t11d'£0). EIC'h wort •"'*• .as 'PNPif'l'd by iumtn; off tllli\! 1Mft,ttllt10l.'I "1'd tlec:· 

tritl' fl)'lt4\'lllS, HtHrig tJff •11 ., ... dl.fCtl l:lld QpeA1ftgt.. covertng tM "•"· 

llilllh, •nd 1atoYitbht GbjKts. with plHth: s!Mtettngt hlstalH 1'19" high-eff1ttf!f1C:.)' ... 

pal"th:ullte..air- (HEPA-) f"HU!"'t'd exb&Ust unttsi •ftd cont.trwc.tirtt •1'Dr deell'lft~ 
+ 

tMtnaUon f1ciiHtiH. Su$1;11M9d ce1Hllfl lind carptt:i119 ,..,... l"Wlflftd 1n4 db

powd of u contu1 n«ted •HU, .or tne, wre cl tHff: 1ftd di $pa Md of by con• .... 

ti Ont 1 lll!l!IU. Wort:I! '"' WIRM ng f ul 1 protett1.. ••ii p!Dllit lfld appl"'Oft'd 11 ....... p11 ... t -

fytl'g l"eS.pt ratot'l n:ta0Jff!d tnl' firept'OOfh1g by Or'St 111Ntt1n, 1t v1tn IF' et11e111ded. 

1m1ter solution all<d tri." SCJ"apfng tt nff. Tl!tt llbe$ti:JS..../,:llRtihlh1g debr'il lllllH 

placed tn dor;i:ble 6-aiU p1 Ht1i: begs a~ dtspom of 1t a loc•l d"J\....lpproved 

Hi!lttary l&l'!ldft11. AH Slil'bstr•~ a1url1h '"°"' 'lllftid• HDHtM .,., ~-d .... 

wt re-brushed llftd 111etw1111ip!d ~Udly to rel\lllOve IS .uell f.:lf tl!ll!' ft r.pl"t!Of1'f!lg 

iflllterlll H possfble. A di')' r'ICIOVll metnod thl'!: did mt use the t11t•lll4.!d t111ur 

so.h1t1on v.u; u11d 11'! the TY studio l'G01I to prewnt cl.illltgei to the ecousttea1 

p•nel s IN elec:tm1t1c .Wipn!rd. ff!i t1'1i$ •'1!•. 
All stf'ippeid o,. ,ote11ttfl1ly co111t1sh1ated s;ul"fate'~ wre sprayed ...;u 11'1 •r:t~ 

praved Hibestos sHh:nt tn bond t:it)' res1 aual fibers t~ tM 1ubstr1te. TM -.,ri: 

il"tll ws dKoritainattd by rmo~ng 111 lix.s.e dArls.. l'i!llOvtng • plutic: 

shfft'h•g rroa tM •11 s. Hid floor"$. and NpMtedl:J wt.""'1,fl!MJ o.r Eppil'liJ tllt 

Wf. l1 $ .tnd fl oon. bft tfie wort 1.rH had paned • UID!"Ollglli ri sul t nSpectt Oft 

&rtd .at,. mon1 tonnt shottled tltlt tM ftber cC111Ctnttati0ttt. ..._,.., less tftlln o.cs 
f1bt!f"/ca3 (tbt <:1Ht'l.nce 1•"'81 of till! t~.11:w's $pl!Cifk.at1ons)., the b&r-

1"ters. and 'H£1'A-filtered ulitlust 11.uttts _..,. remwd. 1ftd: tbe .,... ws openiiM fo.

oc:cupaney by Otbi!t' tl"llde•D NlpoP$1 ~le fOfl' on OUS CMpOM1ltl .or tlle Nl!IOQ

tion. fr.:u• ••up1 e. fh•epraof• rs. pait11t9rs. eh!,ct:t1c•ans, pltt-w ... n 1 1ind tw1.t1 "II., 
V:!ntU1.ttftg., Ind 11r t.OMUttont111 (Hlf'AC) ifttt11ltf'$. 
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MIHl1 toll'1 ltg AIJIJl"OKb-

S.ap lH fw subMGleftt PCM amt TEM a11111yst 1 ... .,. ce:l ltcted f.._ t'll:t· Or" ttlrft 

'""Pr't'Ml'litlth• loelUOJ'l·'I vltJr,111 •Kh dest9nated •rt •. ,.. &fter COllP1•tfb:ft of 

an abet...,_t ..et1vitt1t1 IMlt befon1 1n.r 1pp1tntfom of .-.p1t.c-m: ftbrols •i.
rhl {I. g • ., ltHtHbHto'l t't""'NOf1~). PlHtlC. S!hHti .. DI "ills tll'Wi floors Nd 

bHft ,......dt the IUHtl"ltl n.d been fiPt"'l.J'ed wttft a sul1.:nt .. Mid HEPA-filtat'td 

ahlUst uirits Md been. .... '#d.. At1' IHpHftf 'lllitl Mt COMlllCtld Uftt11 till lblt.e

MlMlt .area -.ct J&ned .e l"'lgorouti •h111l O•s,eettof'll b)' 'tN ons1te h,.dHtrUl l'IJ

gtenist i'.llld l'l"C:h1ttet. In HCl'I desiptted #Ork 1re1. flf'1.t 1t1t1c llN tMft 

aggrHihe 1111pH~ ter;:tw!icwes •N 1ned. To ~r'fu b1"1ef11 11 ftHer f!ieldl'rt 

caatatnhig ettntr a.a.- Ml, Hpof"t lllntd-cenu1ose Htl!I" (PCM} or 0.4 ... Nucl•

pore pelyc.-~u ftltel"'J (lt.MJ .... pn:tUOMd u ·" ta l .1 •I 4.S tc 5~5 ft 

eboti• the f1 ('IOI" at I rbftt'I ry 1 otttiOIJI.. kttef"J'-,ottfrtd llllP 11 ftlg ~· 1111"1 

uud to l'.fl"lw •'1"' Uirovgtii the filteri.. n. consunt-fl°" ,_."'"" caHbnttd 

w 2 to l LI• 1nd •re opit••ned fe>f' 6 tD I hr/ta1;t, dfptadl~ on tlMP coJ1tAC

tor•s sc'.hl'dvle. S:..,ln Wttn co114l'Ctff froll 19ft'l".ll hMfO(H" lfO!f"t trt•s .lftd at 

outdcxu· l«•tfons ~ring •«h •nttortng period. 

I• 6ddtttan to tM po1tablt1Mtrt •nttcn'1"9" 1111tUd pruaat .. nt 9CM!ltt.Ql"

f1tg ws cOfldctd tr. an "'" of tht 1udftoll'1• to tau •d.vtntage of tM ow 

Gpp01'1:Uri.1t;y n1t10.l• fo<r sirw•N~nt. marntonng t11 t• 1blumnt P"'9,... 

scillet:Svli!!. Two !IOI end bllO TDI prnkte.111t sup1e£ •11"1' obtltMGi afld 1ul11d~ 

Upof' COllJl.tlOtt of etdl llOft1toring taf'W,J. s.mp1es wnt su'-it'tfd to tM 

ISJIP'11pl"hte l•M1l"lt0f'J' for pl'f'l)lreUoa M ••1,rifs.. 1'1111 IN:lepore fllten .....,.. 

tilnd-arrfed to EfA fOll' Cf~ coattng bl!f·l!M"e UWJ ...,.. tl'liM,Ortld to tfte ll.bo

r•tQ."'Y for D PllJlil. 
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lttttodS of A1t" Sulpl1n9 tl'ld: AMly1h 

own11w of S!!pltl!f Strt1?Jr 

S.,1111 ct.stglMted faf' POI •nd TEM ualysh .,..,.. col1ec:Ud wtttt Ht• ilff''H

she •nd staUc: •tnodl in •~ d1fftrel'lt .ion .a.-eu., .Snpl•1 t111re aho real-

1.Cted fNll tbt Slil~rdt119 tnW11"'01'm'l'llt OVUhll the Dviding, tleh 11\fOrt aN.I 

con1hted af 1 IP«ifte rom or ro.s atld 1djac;eat hlllh111y1t cJ01ets, or otlllet' 

Spltff tMt 'llltl"'e t~&tld H I. Sepltate C~lllt Of tfle totll 11Mt..,_t praj11Ct .. 

l1iM!- Mf hth9 lrHS 1111p1ed iftC'lUdld t.Jle ludftort•, tyi1Hs1•1 ift:dll.o;trill l"'U 

1i"OOMi., .ustc r'DOM. p"OJeciio" boottL,. n Sbldto. IM •l•ftUH"S. ,,. .. s.tJIPHJllt 

locat1ou """"' Mt Mhtc:ted u pa.-t of 1 rtudt &ts1p; se1_.t1ot1 w1 d:fcutff by 

tAI c-ont ... ctov•s 1tmtement HQUei.te Ind sc:ttedale~ Afttr CClllCllethJft of 1<t'.NllU-M. 

dfort.s: h he fndhhtu.111 lllOl'IC 1~s. raprH4HJt.lth• Klil and TDI H11ple1 •n 
c:ull:•c;Ud. All tietdOOr 11' u•ples wert1 coHectff 1n Ult paf'ttq lait UJac:911t 

'tO the SCboOl bllHdtng,. t.C;fJlt for OM tllat ws r:o11KtM cm tl'le rDOf of tlle 

butldtng. 

All ~stnatmtnt •'f" i.Mlplu •~ c:onK"tH •tl• t• •?'t area wat. sun 
tsoh:Ud {t .e.,. cc•ta11'11111!iflt bllrTil't"S Wltl"'ti h: pt«:t) l!JUt •ftef' fl) hf 111tb1tr•t. 

Nd .,.... 1p,.1yed. 'ltltl'I 1 sealaflt, CZ) tl'Mt p1HtSc ltlffttnt caver1ng the walls and 

naor Nd beeri t"tllQno. •NS (l) 1n 1urftces n.11 liiMfll •t~ped.. 8Kns. of 

tt-11!9, lf lrf tld P'"'lb& tlmftt .orrt tori ftg f fl. OM art1e Of thl -ludt tori &II •I COfl:• 

Ollctff blfan •"7 ablu.nt 1c:th't't,J' tn ttle 1UdiUl"1U11,. tnsof&r H poHfliilt. 

Ol.ltdoaf' and 1ndo01" d,. ..-pl1ng •1 coM:uc:bfd c:ffe1ff!Tlnt1.r~ fla,t inc1...,.t 

lllft~r o,. eQUipmlfllt 1v•1l•bifUQ' sc.ett•• ..a arts t11PG1Htble • 
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.,.,. .. " pOHtblet 1tdl:-Qy-1hl1 u.,lts (ont POI end one TDO wt"'t coh 

1 ecUd hi HCih wort: IJ"ff l\ll\dl!I"' lt&th: and &fi .... Hf. ...,., htg CGnd1 Uonl .. 

kcreH1t.'1111 tJ test1"'f c:t101'111 p~nted .tggll'1t!liiS1 'it ·-· t mt i A NW al"1!!H. AJi 

•&(irl bt1Udtn17 lf'U bec:a- l;'t&tlat.11!., Ullf,liltftg W.H O-TfllT"llK tn lM failhwl!ll'Jg: 

M.,.nc:ir. S.lt:i 4Rt19nttld! for 'bcU PCM lil'ld m •MlysH _.rt! c:olll(:ted 

MNr llOIWlft"'tHhre er:;Dftdfth:ms 1ppru. t•tely 1 to 24. J!ln fonwt ng a s1tH

factiu')I rf1Ulil h11pectfofli af tMi li!mt't lt'N by tJll!! li'CM ttc:t and OMiU hc1U1-

trl1: 1 11ygt.e1ni 1t. depei111d1ng on t1'11e con:tr11ctof' 1 s schedul I' for f1 N1 cl Ht11111g, 

Jm!lll!r!U. tl!ly •ftt"W.af'd o"' 011 tl'le ftill M flit 9y. snplll!t: for POt 11f'd T9ll &N111st 1 

•rt! 11g11 n co1111!'1;tf'tl. tl'lt 1' t1 • bl:nde,. .tggres:s.i ft condil t.1 on1 '1. c. , nu•b.-l !!rtt 

.at .. ilil)W!M.~t ~. Pl ilCIMlllt Of tM u.,i t~ l!il:l'U pllfM w1 tlli1 n i!JUlll wort li"I!& di 

t.N IRlt dvrl rtg: nu :stat tc Hd 1rggr-eut ve U-s>l t "'9· n. ft,.,.r of SUit lt s pti r 

Wltllri; an1 111t1 Nt spectf'fed ~ sttldy r.tuf.gn1 ~t effort" Wlfl* ude ta con1e:t 

lit le11t tlllO of 4!!i1111;it t.J'~ or H1'1!1 ~ 'lri 'thfn HCh W!l'1ri: 611"'81!, 

S!lp11!!f ~1e-nt 

s.pln for PQI 1:Mly1i s .. .,.. r:ollect.H on 3-1 • l!CHHpol":f-~ Type M. •:dd
c:•U ~lQU i!ltl'I"" ...,:,rane ftl ttrs nt 8..... pGi't' It :tt!) • T1le ftl tal"S. •ll"t" Jl:l't

HHldlilttd h,, t.fllr'ft-i.Ug@' po\yst)'rene C:l'JM't.Us by· tfle •..,:fR.til"fl". S.,1111 

fo..- 1'91 1N1lys.h 1111ni tt1l hcti'd ao 31 • k'•" po1yc,1'11GNtl __.,.._ 

ft1tci1'1i ioA.._. pore she). TM pol;:tc111'\DGM-U .-.. a• ftlt•" 'l'H support.ff 

wtt1rln • tftll"ee~sta;e polys't,J'reia. c•sMtt• tiJ' ...... of • SllppOrt ptd afid Nc;tup 

t11 ·ur (Iii 1n-eti11 u1igt.t 4!S.tfr llllllDn•, 5 • pore 1t z:e). r.c:n n.pl • cnntw 

Wil$ SP1d wttn .1 c•11u1oM 1'.lilrf\llt hlftd to prt•nt lh'" ,,. itl'IU11"1ftf tM s~dH 

of u. 1.u1i t url lt.g ,..,,1 ing .. 



ht'tell')'-ope-rated pt'f'Mnt1 u.pHl'lg pumps ••1P'P'fd wtt., roUMtl!"'S 1flt.l/OI"' 

c;otH'tl11t-flw antroh wrt used to df"l:lll •'"' Urolillb ~ SUftl• ftl~n. 111 

MlllpH~ paps 11111!re c1l1tiirtted tdtl't a so•p-ftl•. fl-ti" blforie 1.Mt after

SU!Pl• c.oll~t1on. Tite rotaMteT" Htthg of HC'lt c-11tbr4\e(I supHftt PlllllP 'lfH 

noted tc p.f'Oride .a vi w1l 1nd1r;ai~ton of pr0pe:r p.111p· f'VACttontnt. Hd Ule 

ntttngt; llilt't"e c*ttd pertodiuny thl!"Qugl!Ol.lt tJoie s..,.lt199 period. 

$!!1ple Collecttan al!d HIMH!'S 

s.ples a.11gn.1tH flUtr" both PCK a111d TEM 1;n;lysts .,.,.. c::ctnected l.t 1 UGwft 

fl IN r&te of tppf"O~f 11W1tet1 I to l t"'1 n { LPMl. Sulp1t ng dU1"1tion wH 6 to I 

IW'S. The av.t'lge so111p1• 'l!Ql~ per fnte" •1 1 ,ZOO L. 

A11 Mfl!PlH lllel"lf collected oper1-fac:eid U ·•·, wit.ft t.M· f.ttit cap of tlw 

.casntu •wiee l"t!llD\tl!d} to H'J.'IOM t~ uxi!llVll eiffl!Cthlif surface 1rv1 of thl 

fil~"'~ During Hl!!pHll'lg, tlJI face- c1ps 'llltl"'t! c:anfu11y st.,t'ed h• ch,an. telff.1 -

.abl•. ,1ast1e IN.gs. The- tnu ... c:nsettM 1111tnt pt')SitiOfttd •t bf'elt.tltng UJN

hl!fght t1.4 to l.1 •. er 4.5 to S+S ft abowe tM f1oor) and llllf"f suppartld by 

tlptri:g t• •nd of tile S111Pl1ftg hDw to tM wtl\ or cHppi"'I 1 t to u 1dj~lUbla. 

tripod. The SMplt c•ssettH were 1110 positfo!Md so Utt ttw ....,.,..,.. fflters 

Wlff Hg1H IP$1il'Oxi11Nt&l,J 4S Ugr'ff$ tolt&ird tTlt flOOf'. 

At tllit •nd of tlW N11Pl1ftg s»ri-od. Hcf!ll ftlter usutte was tumid gprffflltt 

(t.1 ... Uie fflter plant 'llfil'I filn11e1 to tM floor}. tl!lt ._,uftf pump was 

'bil"'ltll!lill o.ff. title f.e• cap Off tlie tll:f'ff-1tqe fl l ti!" cnwtie •H ,..,ot1 UoNd 

tigtlt1,J Ott tl'lll CHfette, tl!I! CHMtte WU dhCOftfllC ... f"'-1 tfle S&Mll11'lif .... 

I p1Httc: plug 911'1 11W!!rted ir.to tbt cassette 6ft;11ft., 11\d ·u. CH .. t• lfH 

placed face-up in a .lt<Y; fot' t.-.!llSPo"1~ All PCM aAd l9I fill.ft 1m,l•t ._,. 

u1"u1nei:1 1ft ttrts upPiglrt pottt1on fil"Ol9 tu tf• of conec:ttan tntn tJ11:t •re 

artM>11..co1t.ed or lRl1.rief by tilt 1ppro,l"'tate 11!1o..at61')t. 
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~ PCM lftll)''lh equipment ""' 1ve1leibht at tht ColUM111 EHt sn1. Ind 1 

part1on Of t'M POI $Ulp1H (ft.,..1 c~e1f'ance lffflH coH.ctld un!lell"' st.attc: COt!ll• 

d:ttfonsl """' 1n11yzed oriUH' short.11 afte,. CQll!!t:lleth:ift of Hlllllpltng. l .pid 

repol"'t1n9 of t.Nse uapl1t results 11111 HMntill so tfllt the bl.rtht1nt 1reu 

could bt released to thi! contl".ac:tor fo.- addttf 01111 MH\lbltewnt 'lllQrt and f"tlno

\'ltta111. The rMlirt1ng PCM f1 lten liltre hl1uf-ci1rried to thl 11bor1tor"J., where 

tJley -re l11l>HC1MlltlJ' IJ'll1yz:ed. 

1M TEN sap1H W'l'rt' !Ub!Jlhted ta th!! EPA Project Off1(t'r' 'Oil' Ml repre•'"""' 

t1tivel 111\d nu1d-carrillh'I to EPA ~n Chicinn1t1 1 WM!f9 t"'1 M\!l"e c&l"bal'l+CHted. 

Tfte TEM s.pp1M wtrl' tnen ~1 tN!r shipped b)I· ovemtpt (:DUMf!I"' or hlind-c.trrlff 

ta the , &bol"'ltol'.)' f Cf' In& ly1t $. 

St.lttc s..p1tft;·-

s.p1es. for PCM Hd ttM Pe;lysh ,_.re c:o11et::ted Ul'l!Jltr itlt'h;: cond1t1ons for 

t:Gllplrhon llrit.b s:fi-11ar ~hH c:alle(tM ul!lde,. aggl"f'H1W col!dttio~t. TM 

sapling co111dtt1on v&s COMtde"'dl static: lilhen ah• a:>W!m'l'lt tn U.. 11111.:u•t; 11"18 1111H 

negl igtblit 1nd/c;- lri'1:1111ied to tht gre•tes.t pontble extent. Ui.d@r titt: c:ondf

tton, 1sbiHt.os Jibe~ tor any ow .. part.tc.u.Uate tuth1') 'lftll Mttle out tf 

g1lfll't s&tfffctent t11!H'r Ml'j •rk a.r-ea 1 illD •tter llCM contlll'tntted, cu M 

tat.Illy •e1eami• H •fil'led bf :PCM H 1~ H enoug;ft t1• 1:& a110illlled to •••p$e 
befOf't! 1-tlttc supHFlg. Tlle p:mblbfiHty of l"Mnt .... h•r.tt of tbl!R HOHtclS 

f'1tle.-s 1S ~ait 10.,. lt1'ditr :1t1tic C:Ofldit10M tnan undt,.. c0ftdttton1 of tJ'pte11 

bl.it1dint 1ne r1ggrf'Hhe $Uf1Hnt C011d1t10tH~).. h th1!11: ntldy, 1t1Uc Al!pU-, 

condtttMll Histed l!l!Mn tl!le illCl'rt: INI 11115 Rtlt":I off t 111 'ftllltHatton 'llWI li11Ut 

off. •rid pH'SonN-1 acce:s.s was prtiftibitt-d. These •"'1! u. t.yfl1ca1 cofldftiOfts 

Pltder 'iif1t(:ft 111" mn' tDring 1 s r.Ollduc:ted ;it 1 wn: 1\te foUOWing 1tb!lstes 

l"'MCIYl.1 lft«I dee:Ollu.1 ~ton~ 

- 15 • 



Aggntl s.1 'ft Sl-.ii 11 rtg--

5-p l H fot' POI lif1d TUI n11ysh wtre 1111$0 calltebd UJ'dlir lfNHhe 

sapHng concUt1Qlfts. Afg.,.1,.ht COMtttor.1 """" ~"'~ bJ' 11ttroch1chig 1h" 

tli~l~ftCll!! 1nlo tlll S.•pHf'l:g <11"1'11 12y inU .. hUl!lt ~- of 1 -nd-he1i::I 1'1tct'1"'1c: 

b10Wlr. TM 1.tr llCIWil!lllnt -cl"t•Ud Wll:!I .u«:llr 9re1U" t.Mft lllOUld •~t st Undtf" con

dtt10fll$. of no .. l btl1ld11'1g UM. ~ .. thlw illftl"'HltQ $.-.pl1ftf CGi'ld1ttOAI. 

1110s.t •$.be'~" f1111 rs s.scept1 b-1 • m ..... t,,.•t ._nt wt 11 Mt: am • ~ rboll"ftl' ud ,.... t 11 

Sl.ll'JHl!l'lldt<:I for tl'te dr.1r&t~oll'! of thlt U9'l)Hnt period, H 10J'g u t._, lillfl of f.us 0.!1" 

t'lle NllttlJ t l'tif'Oduc tton """' at" Wf'tliu;lenc:e ts. CQnth1U1dl. Thus 111 199...:Hhe 

f'n'f1 l"O ... l'lt 3)1"flY1 dt!!d tM bt1't po$$1~h! Mtttnt for l!i9l! DI" -W.F"lt..(:Hf" 11 l'!M)f'M 

.asbestos. f1 rte-.- COll'C';flt1tr11U au. fol ! O'lft ng 1btte.Pit. Ff gu·.,. 1 Campi rn 1 ~ rllomt 

f 1 NII"" COPICPtr"illti ons f CJ.T' POI al'Jd JEM u.... I tit 1ic; antJ 19g'll"l'S$ he C:Oftd' t1 l)t'l!li • 

"Ille Olower WMd 1n ttlh stuclf •H a 1-f'l1:1 fltc:tf'ic: powr b1awr (IF1gure 2l. 

Tiie 1t rfl ow ,.ate at t1111 bl O'We'r ®t~ •t 1 s appro.t i• te \y 8. !!i • 3 /lr1i n ( 100 

ft3,'-lnJ, n.- ~1KtMc blc:Jlllltr was Hili~ped lritlii a tm..ptll!!U plnt~c: tu:IMI u

tffi11011 1nd comc::"f'lltrato• nozi:le ttut l!Mbled tM DSA"t"ati::i,. to direct the lf1"

"tl"ll• •t 1)bjects 11n.d sull"f~eti •ttnht t.M H11pl1ng •~•. 

Affreu1 ire M~H"1 co11cUUDA$ ,..,.. c:rHted 1n e1e111 of tht wf't l"*H 

s-plll!!d by am in1Ua1 blew~ or .tll wrl&e:H, fo110illllld ~ l'lour1y egtuth• 

1111'1 th ~ !tlOWll!-r tllrougl!lout t:M dul"lt f p of t~ ,,...1 f f'llg perMod. i::wrt ng ltff"'lt:l

'lhl ,....,111119, .tH ~cfl:tlih._nt baT"1'"1f!tt hohttng the wort ""'~ "''"' httact. Hd 

bll:1 ldt .. at r-htndH :ngi !S.JlUM rn1t nod D'ff. tn IOMt 1 HUACH.. t t wn nKHh '1' 

1 or ?he contrac: tar to l"WIOYll! tN!! HEPA f i 1 t'°'U0111 nt U fD,. ltM t n 11nothlr Kt f we 

_,,.. lr:t&. Ftfll~ l strofs the •99,.H~" s.up:l t !'If pnicldu,.. 1 n prugrtH.. TM 

ROleJtCe> of Gpet'lt10flll 1S ~"1ad btlgw: 

- 'Ui • 



1:. A ~tdlfll-..... Pl • ..._ liflll. 10tttl_, ta. MllpJf"I -11....-• 
... ·1t1rtff lM IUl'1 t Rt pYllPI. 

2, ll:ti "f & DICli: .....,_~ mot, f oa1 ,.. 'tl!ClilatdM d1 lll'ltC1il!lll Pe It"°'',._ d 

'tlll •1tctrtc 11i1-r n 111 •rfaees wltllt• u. ._,. ... ._ l•'1•. 

floaN, c;10tng1.1 1n si~c:n ... 11 blbl!Nn. .. 111., c:11ntng1. •1'111'1 "•", 

ldld _, olllr ......., wrflCH wt~• ._ •cl.-. I,...)., n. ~ 

mcta111 uen uttd: ,,,. till ..,1tng •rw•. 
3. AfUt' lt'lllf'ht..U1:r l _. 1 Uililf ttc:Mtc:fta ..... ~ U. llllOll'I a• tftd 

..,_tH ta. lbl1111111..._. Of tU turflt:fl. "nlib Pf'K.,. wt t111M 

""P'tlt.ed _,,.,J' "°"' tlll dtl11"1'tfoe of the u.pl•At si-r11Dd. uni1ess 

au._1,. ••••• t• ...t..,111tt"'1 u. 11,Kt ... c: 1111-,.., u. t.11:Mtc1n 

d1d l'IOt •·•Un w1'ttl.t f!I till tllClHUr&+ 

41, At t• •• of tM ..,, f-. plt1 ad.. ..,," lflllltrl'9 col lee tat 41 1.1111Pl 1111 

l:IUlll'll .... tur"lilll!Cl ·&fft Ind tM UllC:l1i "tJ t•dsi-at 11111 .... ..cl tt'M ttfl 

.. ,... .. 
.,_ uc:illltcfl• ..n: ..,_,..,h ,.,.tt•taey pn:11ttcttoa •• -~•tton 

proc:ildu.-..1. 

11ttl0d1 •f JN·lpms 

PblM-r:.tr&'ll: llCll"UKG\IQ' •• 

A•, ptK ... lff w.. .11ml7nd fill ICCD'fldaltt wl UI 1109 ..... •• NCJ11 

tn. I 1lri I. 0ptte11 a'ICi1"0K8ftC 't*C;:llnf- f I till' ~ tlle ·OSIMA UNI 'ti 

•&'IUN toU1 lif rilOl!'"ftll fl tilllrs • n ~tt ailll llllri .,.,... • n. EPA p'l lllHa 

1K-11t ,.,,...1111,. to .... tm t• •·n••• IP'K';:111: -• 

1Cllllft bJ &;1 r _.t toM ttg· '1 ttl!I _.,.... ff ''tt' cot 11et1 °" tKMt • 1-s POI 

nllJWh H - _.. ... f!IW ._1ut1ag MtbfKt.,. Cl!llfletfM of ....... IMta. 

-.t Ud -....•tt• or U. wrt stt.. 3 
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At rl)Q,.. ff lier c~t ... tt ans IN dttbm Mil to' flOSH Mtllad lo. PtCM m 
tlH'llM.l!gtl •«crosco;tc •uwlft.IUon of U'lll nber$ Ci>Ute:ted oa I •bH-ce11u10M 

•1ur ..,.,...,, fHu'"~ A tl"'fl!fl,ul1r ~ c:Oftstttut1"'9 1pproai•tel1 OIW-lfttfttft 

e,f ttlfl l!nl;ire s:urfKI' •na of U.. 31 .... -dhMier ftlll"" H ,_.,nd fr"!.1111 the 

Mlllplt CHHttrt., -oullted on ' mc:f'GSCOpfl s•idl. ll1d ....... ,...., ftlU ...... 

i I J'l'llOtll't!d tnm 1:1'1 optic:11 ly 't.rllllspt~•t ~MOC.IS 911 DJ tM UM of I 11 hll•

-.ntf f'Q sohlttOtl tif 1 :1 (tJJ .01-..1 di•t"Yl pbthllite 111!1d 4fetb,11 01'11l11i.. A 

•ie'l"IHCOpt e•tppt-d with a pNA•CCH!t'f'"Ht C:Ol'ldeltHr is used to 1t:ze tlld count 

tbr ftl»M It 400 U1 4501 •pifkatton, ()lily tl'IOU '~111"9 lonte'I" tllill" 5 .M 

Wft.11 1 ,•ngtlll-to-'W1dtll rttto of J ta l or gNltlf" 111'1! COU*Ud. f1'Diln ""' stud 

ti;)' c:cmp&Mng fttier 11tftgtlli wttJl ue d1,..t•1"1 of ·tfll c1HD"lted c:trctet. of • 

Pof"'tem retfcle. Snp1e a.M11sh cont1r1uu •~tn n lent 20 ftlliln or HlO 

•lc:rosco,1e ftelds Mi~ tinn cauat-6. lth:.-otcoptc fttld 1reu te•ttU.t i"lftll 

t,. o.cm ta ctao& .!-. 
TnMll'I Hi on Electl'Ol'll Mtcrose0py .. -

Mudepot"t fU un ..... p,...,.. •"" lift& ly.nd fl.°" Hl>tltos CGft'tlitit "' TDI hi 

tct0J'da11ee wttl'I tnt l!!~i!p for tftit, MNsu.......i af .illrtiol"ftt AtbHtG1 !% 
Electruri ltlct0sc!P1. 10 ·me cu!Tl".ftt UM mtMdo1ol)' •• dewloped parttc'Ultrlr 

fof' 1pp1katlon to HllllJl•• collecttid ,.,,. 11 wo1,_ of a1 r h wa1en tM HbHtn 

etllteentNUon h CDfll.11.~d • stno ... Camp.Glllnt of tilt total ptrtk1'11tt lading. 

Clrtion eotttl'IO of tJw .._10 ws ,e'l"f019d by Uil EPA S:Utf. $a!plt1 p1'fplra ... 

t1on allld i1111111ses WN C'CJllPl ittet:I ·11>.Y ttie TOI l•bol"I to,,.. 



llu'ft la"l'b of mt 1'Mly1.1:s 1:,.,. ft'ICJ1be4 tl'l tl'll •tflo*>'oV· 1rhfl7 

-tUH., LI!"' J TD aulylis huol wu t•UtNiUOfli or the pa~tcul.ttH ••

ltH on t1'11! Sille'fll1it rnte"' bJ 1 \DO-tY TEM. bbtt.tos stn.1Ctu,..,, Cf1:blrs. 

bundles., clLl!IUl"'I. Ind 111tr1c:t:1) lrt C:Cl4U•tedt siuil. Ind 1denttftfd H to Ubn

'leo'I t)l'pE' (dtrySO:tt 1 t t mpfti~l• • •+t gtlOMI • 01' llO t l/Jdt f ty) 1:f1 •rpNalogf and '1 

oltltt'ri n.t thl Hl«tft ilr'U electl"'Oft cu ff rttt1 on ( SMl)) ,atter». ne vfflil,Ato

l•Jlttft ratto &, HC:ft pirttcl• thl't h: <:OUntM ts l"llcofdfid. leWlll n TUI aNly

t.h c:a11:shts of 1: l••l I oMNily:aU ,1ut ci..1c1.1 1l111tflttl 1denttf1c:1ttcn by 

~•rgy-d1~'f"'$1ff s;lllfCt.,,. (£05) aNl.1$'"~ E•rv-dhpers1 If@ 111N1l1sts. h 1o1se4 

to ~nrine the 1'8Ct,.,. of ·t.ftit X-t"a)'1 f'J!Mrlted 'by an utiestos 1trucw ...... 

X-t'I)' e:lelllffltll 11111lyds 1s used for f1lt't:htr c::11~z1U®' of tbt ...,..t'bo1e 

f1•~ 1 t dltttt i neat1 oa af tile .-1...,s. Hbef'1. •IWJ c'!Ulf1 l"lllt1 on 0"' •• 114tit'l0111 

of c:,.,,'&Otil• f Hler"I, All 1Uc1 epore u.pl H C1lll1 Kted ill Ub lt.udJ WN .,.. -

1y1H ~ t.•w1 n m. 
lffultl 

At,. Mon!Uf"i§ llHulU 

11'N! t'H"1ltl of TOI ••l)'teS of ~1H collected un~r u.attc 1"'11:1 ilff"S.J1n 

c:&HMIHio-.s. ire COlllJM:ll"&d tn Fi91i1res 4 •Aid S. TIM •Hur&d ftbti" ca!ftCt!nt•aUun:s. 

after 1bt~ Df'fld lridel:r lllmler both $il1Uc -t:md •nres.1h1 ,_,1 ht9 .c;QGdt

t1oni;, ~:rdlHI .of ti• ••'yth::d ~ 1nect For 1::i1.aiple, fiblr c::DncllwtTa

t.1 on ~l'Wf ned Di/ Pa. raptM ,,... 111.$. Ulln Z .coo to 90,000 fi llii-l"IM1 fo-r 

tiUth: Ullpl t ft9 <111d '"* t ,000 to 1' 0.000 n Nrs/•l for •ftNui vt t.Mp11 ftf• 

S~lli1&11"1.)', eot'IC8tr:tition1 dft•NfMtt bJ TEM .,....,. frw l.ii,.,000 to 583~000 f1bers/ 

• 3 
ft:tr 1uttc uapHng 1.l!ld '"°" 14 1 100 to 1.27 •t1Uoa f11:11fr5flll fOt" 111,.1-

li ft --.:i 1 h1:g. 
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SUUsttcat !;'!!P!nSOM. 

Stathtic:.tl Metnod of Aml11h-· 

TM Mlnn-1'1itnrtt 'b1't wu :used to dett'l"llhW .,..the,. iM GbH'f"Wild dfffer~ 

•nces ht .inal1Uc11 •tf!Ods 1tld P'lll(.lil1fl9 co11d1thm1 Wlf't- 1ut~1ttc:1n1 1it;nift

~t. 11 JJ• of u. Rli~-llh1 tne:1 tHt requ1..-ed no pr1or .u1111pttoa ,..,.rdfng 

tllit n.ttllre of tlW underly1ng probat>H1t;t dhtr1buUoft: ftanctton of wasu..,..11ts 

M1lytic:11 M!:tNM1s~-

T1blei , CC8pll"'e$ tM Hlie5UK fU)U' leRll dttlcUd l!J!)' the POI aid TDt 

•tbods of •malysh llffllde• 'lltr1ous st111Pl1ng co,.dtt1ons. PCK and ttM coneeAtra

ttons l'f'1au to diffelf't-nt fiber pep111at1oH, H dtf1neod bf' tr.1 r- ctettct1lflft 

H•tU A"d b)' tl'llltir standard p"2UJCGh.. ksed on tM appUc1thm af tbe Milnn

WWitNy test ind t• au.1-.tiGft tbat the f1btll"/lllG1Ullle c;~l!!Mnt:101'S 11"111! C:tllpil

r'lbll', tflil! dfffel"'enc:e b6tliffn PCM ililtd ".l'D4 fe$ill ts h stltht1c.e11y stptfk11111t 

(1.~ .. t p < O.Oll fo,.. tllbi!fnt sapl1ft9 and fDr lndoor ~i.llllflltftg u.-ci. .. 1t1Uc: Md 

&ggrtsshe c:oncUttons. lliMt 'l"ttt.1u. of tEMIPOI canc.entr'ltt0fl1 fur tUtlc su

pl1ftt -.re 15. 5 fO',. 1•'Lettt YllJ!lH •m'I S.:2 for h1doal"' sMplH.. tor 19gt'f.'sstw 

s1111PHng~ tilit r6tiO of ltMIPCM vH t .. a. 
SillpH ng O:Jnd1t f mas·· 

fM. a1fften>Aeto trfltwttn tfte powtri1t l'ilTl:gl' f'1be,. concentrttiOM 11nderr 

1uUc end agg:resstve lafllPltl'tl c.&l'ldft1oris fT11DI~ \ J llilit: 1uttstte11l1 Sftft1f-

1cant (L• .. p < 0.001, fo .. PCM Ind TDI+ "f1W rtt1G Of a;igreHt\19 to 'ltlti(: 

ftber CIUIQwttltions tilts l.4 for PCM ani1iya5 Aftd 6,3 tor l9I t.NlySH. 



IndOOr Ye-rs.ct~ llllb1 e"'t ·5111p ln--

Al s.c tncln~ tn llt)lie ~ lll"t: tM POI amd 1'911 .,.nalyws for HIJIP1H i;;:oll«Ud 

1 t1 tl!lil •t ett 1t.gtpM1'1!. fer ~tH 1:iwlyad. C)J' PCM, tM ~trt-i:: -~ 

111:1111' COllC:el'l:t1"11ttan WH 8t000 f1Ml"'S/•] f(lf'" 1:11dl)Gr INples, COlllJlilred witb 

2, 000 f1 ben/1113 fur" Mbi ent umpl H--a l'litio of 4 to l • ffowe'vrt'f. tlle PCM 

•thod 11 llOt $ufftctentl1 ansith• fOt' effecti • dlteetf0<n of tttese mtent 

anr:t fodOor" (st.atkl (:Ol'ICP°trBIUOl!iS MC:•UW tMJ lt"V' below tJll 1~1" Hatt of 

.... Hl.bll! Q1.11nt1tlt1olll by t~ •tl'l!Od. COnHcauent:lJ. tne ob$.erwd dtffe-rencH 

tiet\lllN!lll th!! ·hfo. s.amiil e Sl'l"QUp:s. an pmtt.ably not 1111Hrt1 rigfuL 

For Ull TEN suple-s ccneet.N ,.lUIOof"S un<ler statfc t.Ol'lditton:J. t"'1!i geo

•l!tMc .,.,. nbe~to~ f1t>er ct111Certtr1:t.1tHI WH 4Z.OOO fiH'l""l/113 
(mp.I.ired V'f tl'I 

U~OOO fibeo.-slwi3 for Ullbie-nt snpl1u--.. r&Uo of l.~. 'The obserwd 1Uffe'"

ell'ICI' be~n tl'le51! i "40o"., static: 't'0tl concetrt.ll"ltt OnJ iM tM: Ulb1en:t TOI t,Ot!Cffl

treiU oru: WIS suthUc1H1 sigi1'tf~c:illnt ('P * 0.009). Tiie IP'lt1o 1:1f 1nd00r 1t.he4-

m:1 C:Ol'ICer.t.rat1 (f~S lilnde II" .l!Jg"t:S.s.1i ft HllJ1!H ~ c:ondit1 '°"5 to Mbf fJ llt U.bHtas 

COll¢fmt"lti (lllr!!:; Wl::I 20+ 5. 

TEM rt.at.a f,.. SUUe; 1111d Affres:s1ft SlllpHn!IJ Cru1d1 ttCM'ls: 

F1 gures 4 1uid is Pt'Htn t dil!lt1 from t~ TEN nhes to~ ua 1 ys ~ 5 rep:irts. 

f1911re 4i i 5 Ure st.a tt c: TEM BeJ.S.L11"1!1e~n·' llld Fi gu~ lj 1 !; ttie 8ggre~ $1 YI!! roe 
a~alysts. The 4nalys1s ,nclvd11: 

ci. ~ of ubes~ f 1 ber"I obsel"'ffd~ 

o ll!.mber o.f other ftbrmit. rtrucbill'lts. 

0 ..... "I of "°"'1:~1 HlieStcs :pu·t1C1H. 

0 OtMl:etl!n: •nd lHgtl'ls C·f f1bel""l Obter'Yed 'Dy na1ySt+ 

0 To~1 UN'ltoS Stt!'ilCturt!S 1)1!1"' clldrlc C:l'fttt9111U!!'I" of at .... 



TABLE 1. ~arbo11 of A'lblstos F'1blr l1''91S* ll:letKU!d by Pat 
lftd TEM AM 1 .)<l<H Uftde,. 'f 11'1 Olli s S.-p l htg Condi t1 OTH. 

S..elt~i CO~dftt~ 

Ovtd001" PDStliNUlll'llt Pa stabateant 
ANl1tiC1.1 lKllftf C).le f•itnt) S:httc Au.ret.itve 

PCM 1n1l.)lsh, Hbt!!"'lhi3 2 .. 000+(101• a.ooo UoJ 27 ,000 [14] 

'ftM anlly:t fs . 
Asbestos fttiers/ml ll.000 [lOj 4Z.OOO [215] 2S6t000 (20} 

Ajbelto'I. structu"'l!s,tel t!i.000 54,IJ(IG ]2;5,000 

• 111 v1l 11es illlll"@I ftOtletMc DIPS. 
+ Belt* Hm1t !2f n!!l Uible- Ql.fi!l.nt1tatto't (•21,.000 fUMu•s/-3).~t«Uon H11.1t 

• f1 Dlt'S /mJ. 
f( ] "' n\llllber O·f Hl'l'lpl e-5. 



The t.tructull"ll aN \ys1 s d1U tor 1ucn. TEM Hllll:'1 f- -... ... :111t.e"'td t into EPA 1 1 Q£C 

PD' l \ (ID COl!pt<!r t" 1:1 llC tMtt1 •rui tl"tM hf'1"'9d tu- tnl' [8" 3081 •t EPA~ 1 

Nitton1\ tomc:i..U.r Celltt!r tn: Nairtn C.T"Qlin1. The Mtl \lllllrt proceued b!)I nh'ig 

ttrie n.1Ustfc11\ ana.lysh synm (SAS} u:id plott.ld by UH cf t'IW l!llASAAF 

systea. Lertgtl!l-to-widt" iiihu wre •de for tfle ff bt .. s. 

tone: hsi ons 1ri.d Rll!Comit:ndli f OTIS. 

~ fol1o.it"g cc!l'lc:l~s1ons r-esuttt11 from tnis study: 

l • ·'Ole •ggnu1. ~ 'illlllpH !!'lg tec.hn1 QUt used 1 n Uth probhmHlef fot Uon stud,y 

rt!!\!Hh:d tMt •i r~ritri1iftlble i!ll'5beU.os P"en.llfrled itt UH s1t~ 1unedhte11 

1ftl!!r c011r;il et 1 on of abitesent actfoM. fh4t •ea1ti. Hbts.tas fi Mi,. ,r:::oncll!ftt,.a

t'J on dlln,,g: 11gg:f'li!'Ui¥e 1&11Plin.g, 15 detell"8irteit b.Y TEN~ 111111$ abaut 15 t11111!!t. 

tfilt of ~ u1n •~butos ftbe,. r:::ol'ICre-l\ltl!"i.tior:i dLirlftg s.U.ttc umplh1g. 

:iT Pte f11Jt r con<:eritr1tl l)f!IS 111e1sum 1;1nd.er aggt"eHhe SU{IH ng OOndi t1o,,:!i we~ 

h1gt\el" thlin t~5.ie lll'!!llli.l.red irndtr $UUC <:IJ:lftd1Uom !f"lg,irdlHI tif tile INlyt

ictl •UOd 11Hd. ~ ratiCJ of 1ggn!'Uhi! to sutH: ftber cotnC1"1ttratHMu 

dllr+ing PCJ4 111111yses w.s 3.4 1 WJlet•Hs this re.t1o 4t.lr1119 lEM •Nl.)"$.U Wit.Si 6 •. 3T 

The aV'f'rag:e PCM c:o~.,.tnt1 ort <Wrl ng e.gg:re:1 s. f w ninpl 1 fti .C:Ol'ltU t1 GH l!Rl'!ii D+ 03 

f1b!1"' /aa3)--l H=' thltt tfte Nl OSM-rkomefldeO occu.:pat1ana1 111111:1 t of 0. l! 

ftbertm3. Ttl1' 8 l\r ti111-11111e1gll'lted ill'fe,...•.ge U f1"1!!~Htl.:t tite-11 ht 1bait@-

1Ent contrai:tor SpK t f 1 c:et1 O>ftl H tne f i 1!1-1 \ po$tab>ltnent 1c:c1pt.ance c r1 te

n on. 

3~ ~ study N!ll.llts clurly d11110r:istrtt~ t:Nt rande,. s.~Dllitr 1npH119 C:Of!ldt

t1 on~~ TEM •na 1ys1 s detects •re f 1 bi!iM th.In POii. The ll'U1 ci of TDVPCM 

c~~erttr1tt0111 r(lr static: Mtpli11i9 wu 6, 5 fa,.. ob1el!lt ~l.s: a111d 5.2 f°"' 

fndoor sa111phs: ttM r1:t10 for 11ggt1'11tve s.plhtg ws '·8~ 
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4. ~tftt1'at,1on1 Of •rt aNI HbeStol fU111•s tblt 'lll'lf'e dtttNhtd Dr' TDt IM 

•Hured by tJoth aggrenhte 1ad i.teth: s.pH.ig •tl'll041 •rt! 1tgntncanttr 

llf9M!r tnal't Mb1e•t n:M co..e•ntreUOl'lS+ Thi Kt.W"l enwil'O_.n.Ui1 condtttons 

thlt e1i:-ht ht a hU11d1At after .-.occup1ney 1 1"elctt 111ti0Jt of 'll!!!PtflaUon 

sysie-. and the retilf'ln to eyptc:11 us.git ptte"'1 """' JG...,_1"11 MtWln tbl 

1tattc 11"4 •ggrenhe Hllp11ng ceftd1tion1~ 

The following r-ec~mJttions are ba5" CH'I tlM! stuQ)i ft:rridtllg'j: 

l. TOI sho!Jld M ~niJed 11 tht 1nalytic•l •tJlod of ctlotct for ••SUl"ifti 

at r'Hrne asbestos ft tier e11utctl'it,.1tion1 for ftil'l&l c::lHtanc:I! mnt:rrig tn •tm:>

''""'"H; of 1Xl11dtngs tn1t hi.we undel"'IJOM asMstos -1blt1•u,t. ....._ ... ,.. Utt 

a11rrent TDI protocoh ire w,,- ttM-consntflg ud e1penshe for routfr.ie usa 

i ft 1 l:rg@ :C.11~5.r 

2. PCM 1N.lyses. snould be cliJtldm:t.M 11 1 pl'llH•h•'Y c.Mct to iHterrmtM •t11el"' 

ad1:Httcna1 clHJ'lfrtg 11- ntoeHsu·y beftJH fhal clent111Ct te1tflllg by TDI. lbt 

PCM •qlyse:!li an re1n1vie1y 1Mxpen1.h'e 11'1-d tll' be pell"f01'Wd GJtd;ly. 

3. A ct1t1r1on sh'ould be HtlDll:Jl!ied to defhie 11' acc~uble asbestos ftlMH' 

conce<.nt,..Uon in butldtng .an!>H 1fter ut1111utH •blttiN11;t. 'DUt not amtn a 

StAndal"dtud Tel r;i1"0'tocD1 •rid H agg'ltssi ft HllClHnt proc:edu'l"'t have MM 

aiteloptd in.a w,1Hdtted. Orlc:t? d2velop9d. these •tl'ICM:ls slM)f1d Irie NGll't-red 

for al 1 p~utab.tte.nt nws:sae'llU. 

4. AeH•l"Ctt srtoold contfnue hri tN INH Of 1$beStH •••H"llll-At, s.pU•g. 

11&.nni 1;.sess:flltftt. a111d uietet:ient c:1:uttro1 i«h1'0loe so tut ast.1to1 nuards 

in DV11dtngs Un be l'ffKthely ......... ON tllpGrtlftt NSf!ll"Ch IWllU• 

t.hOuld be tht dlftlopmtrlt of QUtcur, 1ess. e.-peH>'fve •Utads for 111n11ttorlftg 

1hf atl!Os.p .. n!! 111 Dlttldtl\'lfi lftfP llbff.tol abft.lflt. 
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Figure 5. Results of TEM ""alnh undu &9'fTl!Hh• totlditicrts. Plot of f'ibtr 
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H1l2. Tot.11 HbHtM ltNt"tUT"1!1/c:c: Of lfr • 1.112'. 
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