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SECTtOS 1 

lNTROOUCTtON 

This report presents the re, ults o f a laboratory study of the s•nsit!vity 

of tv0 cypes of port4ble hydrocarbon detect ors to a V3tiety of organic chemi

c.ab . This work w;as funded by the £PA u part of contract nui:bcr 68-02-3171, 

Tuk t. . This f.nt roductoey section will b riefly dbcun the bacJtsround, objec

tives, and procedurca ~scd in the project. 

The study of fugi t ive Volatile Orgm.ic Compo,:od (VOC) eciadon• hu 

rapidly gained e:phasis over the past scvcr~l years . Several research effort• 

designed to =oasurc fugi t ive e::i11ion levels and to assess the effect~vec.e.ss 

of propoaed control scheme& are in ~arious stages ot co=pletioa. the develop

cent of regulations to contTol fugitive emission• has begUJ'l at both the state 

and Federal level. 

As a result of this r~search, ~ roughly quantita tive =ethod !or luk 

detection has been devdopeli which b co11COnly c:llled "screening". 'n'le 

scre.ning proceu ls si:lply the aiusureaieat of the voe eonc•ntrati on a t 4 

point c.loae to the potentbl leak site (valve stem, pump seal, 1tc.). lb• 

fflCASurement is a.a.de vitb • portable bydr~carbon detector. ~'bile uny 10.lttu• 

ment& could potentially be used for this servic•. the bulk of the exis ting 

data has bec-n tUetl using e ither the J. W. Bacharach "TLV Sniffer" o r the 

Century syst ems "OVA•l08''. 

\lhile these instr~ents v ill respond to al:lost any combustible material, 

they exhibit different sensitivit!~s to vario~ t ypes of hydrocarbons and 

substituted orgua.ic chttic:als , Th• "ru poose factor" is a con•ct ion hctot' 

vhicb quantifies then differences in s.n.sit ivity. 

l 



,. 

"Tht· ;,.rt.a:ry objt•cnw ~f t1,{s ""r:C t .J :;-,, ~:mt-ri .-.nc.1t :y :t,, t ,.~:n'tntt eh• 

rt"$pcrt~· feetot'!t t<O'I' ,r i. 1111);,;,> :i~ ,f .:o~iy " " \~,,unc .. 'l'•d .~11o11111,:.:1 1 t1,hu:1.,11 . 

Stldt r~•e- f111c«ir-,; ff(> ?~l'~ 11«!l~ fol' ~OC11 :I\ .. 1)\.1.11 ,nd :hot :t.~1 , ~: 

bf•'t~t', o! cttth· ~~ ( l'ft.- old and ,J(I"" !W!'I} ._r,.. :..11e11d eo ~~-le foe 

iM-t~t ~to-1nttTtafflt vM't 1tt'fot1•. S.~h ,:h~1..:.;al 111:111 uaeold •c .•ct14't'.1! 

CC1teffi'ttir!lil:,ritr ro -,~,· .... ~l•t'!fff" tn M4!- l:'~nu !.-ccor * "lH" :~• eilnll• ~t 

tbe1 aperiWl'fUl· d4."ffl,itttu:Ion• 0,f \I t'iM'l>On"' !,Ac.e•or •ta;.t7 e-•qw:..• 1• 

~uifit~otiti~cooct!ftt'Nt'lOn Off' the ln•tt'taae·n1; •""'-te tcaet.na • pa ~L• 

0~ ~
1ccriC"ffltr'eflbn. Such• •c.,n;daN pll --P1d ~- :>n·pued by ~ecd;~ 

"'' ffl9UN1f. c:uaet'l~ 1>f i:-De Rtij«c <!hai..ul iae.-; ,. !,t4Ur ',•ii: ec!'!:Uo:iq , 

:MihiflfYd, queftt'.1q' <Jf lktt'ot .aft". ~ t'<!~ !<K.!:O!' v• the c.alc.il.a:.t b7: 

• keel Gogc«i(Eat1()G 
ObNnM Cou.auatiba. 

2 
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SECTJ011 2 

CONCLUStONS 

fflh r,e,port preMnt• d•t• an Ult Httalt1•it, of twa r,,,,te of portMle 

bydroc.rboa •nAlysers , tM ''OVA-108,. and 'tbt "'TLV SnlffeT'". to 168 4ilfenat 

cbealcal coepo~,. 'Thill s~1dv1cy i• ~l'....,.d a• • N&poue f•ctot' for 

e&eb cMaical ba .. d oa • caltbl'.CI~ r:o •tbaae. 'ft.9 ns,,oet• factor I• 

def1aed a.a th• nUo ol t.M actual cQQc~uutca. to cha obNtftd c:oaent:ra

tioq (or rt•poaM) . 

2. l SUNNAJtY OP W\11.TS 

one of tMI .. jor conclu■Lona of r:ht• wrk 1• tb&t NfPCl'IM tactore ....,., 

vith coac.entractan, Wlcb •kN le difficult to ~•etertaa • p.,.. ~cal'• 

t .. poue vir:h • dql• e&aller, A.ct--,u tG c.baractarl.&• cm •t:in meceau.

tion r-., witb. • ••n Y&lUII (Gr otbar a&atW •utUlt.lcal ,-r-UN) b..a 

proved unaucc•••ful. 

The ••U•CM r .. iroau faeioT &t &G actul caocmtratioll of 10,000 ,,_. 

ha• b.- cbOMB .. tM •at. dtialnbl• •-le paillt ... of -,nutoe. t•a.. 
2-1 pna,nta tbAIIM •Htlaat41d ceepow facton for all 16t chete■l■ • Nt:a 

ty,u of t.o.ar.r~u -.d, CM 91 percsac coef14nce latf:ffela -.1.dl ,o.at ma 

ead.uc... rtauN• 2-1 ad 2-2 an sn,Mcel r .. c-...uaUON of tM ..... t• 

!or tMI OYA •ad nv. H.,..ctinlY• 

Tb• dlotc• of n ••t1-t.H napcnllN feccor ac 10.000 ,,... aet9l1 Ct'NUF 

tr&Uoa ,. )aaed Olli tM aNd to ptaYlcla auu .. fvl lo,s~ to , .. nplaUA .. 

control of fu1tel.,. alNlOAa he. the SOOl1° ffaa a.c.qio• tafan&ttc:e 

Doc~c OD fq:&ttvu troa soan (l) rue •'• a ac.tioa. 1..-.1 of 10.000 .,_ 

f 
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u read directly " n the 0\'A. 11.eiii:-,, n,c fJ~(OU lh! ;,>tl,t ! l:3.IUd .It 10.000 ppiw 

actu.&L conc•nr:rnton ut~l!,r th,1n 10,000 pp:,v l'l"'ter r..-iiri,n~.- b..-,a~•8t.J t ho! 

•xpertau\t&J. de1.tgn and chc: !lt,11thtt.:~i ll'ltcr;,t~t.Hti.1n ~: :h• Uc" .1r..- ~h•.tn.:r 

W more 9t:'81ghtforv,ard wh.en the n,,,"'n,:o :"Jctc r i:e o1• tl1Mt..-d In tcr.1, i.1( .. n 

lCld~pendeat var1.a.b1t Cactwl con,cntutillni r.ar!u:: tl'.an .11 ,:fop.-ndcnt Vll1'tabl.., 

(taarrueent roepon-..). 

Table 2•2 prea,nt• a com:p,1.rison ~f c~tse :eaporur;c !act or t9t1i=.att8 to 

p"r"ovio~ly pubUth•d d.&c.i. All previou_, ,t-.idh!I .:,n :ht fL'' ,tre bued on he).aat 

cal1bratlon. ao a colu=i t& Add~q at\~ng the re,pon9t ,~~t~ri fro~ th1$ &tudy 

converted to a htt4ot bttlt. Iven wtc~ :h!• ldJY-t=ient, there rem.,,lM consid

erable vartatton be,...,..en che vtl...-s obcatned !n thls • tud;y and tho•e fr-oc 

ltt,ratura. lh• prtm.ar,- caus• ◊f tbls vart~c~◊c ts btlt~ved co ~t cht chaage 

of r,epoo,, faccor wlch cooc~otration. A.lt~o~h the det .. tlcd ~thodq\oa1 ~s•d 

ia 44it•ni1aina the pttvtou.tly , ublls~cd rcs;,o~e !actoTs 1• ft(>( ~novn. ic i& 

likely that they were detenlilsed •t lo"' cooc•otudon& f1o cM raage of SO to 

500 PJICV), lbis cOGJ,artso~ add• Cl!;lb•~t, cc chc d4oser, iovalved in the tingle 

pobt npre,,ion of r espoo~e factors. ! f accurate result& ate dtllred !or 

conceatT,ti011;, ocher tl'l4D 10.000 pp,=v. the Jetallcd r,sulct lo Section 5.0 

•hould be u,ed to gcoer•te •n esctc.atc-d. rcs'i)On.-, !accor •t the cooctfttratloa• 
-,f tnuren. 

'11\e ttspoa.,,-e fatt◊r uti:c.atc.11 dtscuutd ~ 0•1t ~re baud 011 datA takeo 

at ChTN dittenat concaocration.s. The t•.ra•t •tal.ut:s for responto factor 

det.r•WtUiM wna Mt u 200. 1500, ut! aooo P'PSV· at the 164 ch,mtcah 

te, ttd, 79 of chn (or 46 p,rce,ot) wre &hle to ~ch1..,, chese levels. 
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About ,1,q .:hca.k.11' i 1>r .;I) 11~r<'eonc) 111,'h!"-.·••d ~n ln,ct n u:ic r.t r..-11;,tJnS•"' tJYt•r 

1 
.. nt•llt fl ft ,,. tr:.:il .in,I 

L0.000 Pl>="' ,nor t ..-, rl:'a..-hinit the 8000 p~-.· .i.:tu.t t .. ncc • • • 

er-ror pr<>c••• v;t• uted to iC'l ,. rcad..tlb~" r~$ ;,onsie ,·a lu'° ,u the c,,p ,:noJ "! t ~~· 

se•le (t.e .. if the 9000 pp-:rv 't!AR ..-ent off ~..-.:ih, ,t 6000 ppn~ ':-11g ,..ti, u•11t"d, 

uwl tbe"D .a 4000 ppuv. at1.d 11~ ~.n uat ~l .t re.td.iblo: reo~pouc l.'~:t .1c:hfe-.•eod) . 

oa.ly tva c.hu.ic&l• (or .1bout oM pcre1tat} ~•ct<t lbltcd by eo,r;p\011~-.•ttv. 

la •uCb c.a1e.s, t he IIIA)(UIUD concencr.i,,cto a v;1,,i, ,~t .3l 10 ;,~rcenc of che Luv-er 

t.xplostve Limit (LtU for obvloull u.lccy ru11otnl, 

OD~ of the objccctvc, -<>f thh wock v,a, co ?rO'-' t ~ .. lnfonr.st1on to Judg~ 

the suii&b t.lity of t~II~ io!ttr,i::cnu to "DCr.tt:>rtng !or fogictv,e \
1
0C emb!li<HI& 

in the SOQtt . Although no Jtt.,.a.pt .i,,t ~ flna! Jud~~nt v11; ~c :ade h~re, one 

obvtau.a c:tterlon of suitAbilltY can be eaactoed. Any coc:i,ou.nd vlth J r~s,nn~c 

(&ctor gre•U•r thao lOO .,1!1 LndlcUe l e ,& th.i,,n a llJ,000 ppa,v 4Ct !on le\'4:11 

evta ia puu fot'ID, !ut fot the OW, chis l:t i;a=rpi t.:e.ted ~,· fl.1111eout. fh~ O'-'A 

dtpenda on t he u~plc ga• fl°" for eo::bustl◊r. ~tr, ~'hen voe <'onccntrarlorut 

10 the auple g.i,,1 3ec too h1~~. the flA=• tr. :ne f l,mc l◊n!;.itton detcctur 

{FtD) h cxc1.n1ubhe.d And the lnr.cr,ment ceuu to reapond. ~is "'Ul usu;slly 

occur anyvh~r• fro~ 60,000 ppuv- to )00.000 ?-;n:Y, ~cpe-ndt ng on the specific 

c01:;1ound■ lo c!\e s-;,le ttU· 3.t&ed on these ft~ r t?• , .tov eh~k•l vlth J\ 

uspoou factor areaur th.in lO vould noc :le ilk.el-: to •xeecd 10.000 'PP'tV 

before !l&M•out occur&. 1, e- el.So)• 1at d t~at tho9e chfflieal~ with 

retpona-e faccon beeveea 6 an~ }O uc quc!Slion.il>L• ,u to 1thcth~r a 10.000 pr-zy 

readiflg wauld b• noted before fl~out. Of tbe 1~8 cnt-=tcals t ••ted. only 6 

have n,po111ae factor• g?"eater thaa )0 ,1nC on ly 20 :ln•rc rcsp(ln'IM! taccou ~reate-t 

tben 6. $1nee :JO.C o f ~hut= vill scldo:. ~ etJ;~ ln ,1.1re fon,. but rJither Ln 

mJJctur•• vlth uore 1"UpoMive ela::tlc.ais, ~hh ihoOJU nut pro•1c t o be a 9erlou!:I 

probln. 
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' • l.L'!UJtCTT llf O\',\ R.ESPOSSE 

,\!I txpl.llln.:d l n t.l~ ptto\'iuu..!l 111ub111cct.Lun. ftl09t oi the re:tponite f.11ctocs 

vcre b a.Hd ~n d.:atA t.:akc;in J.t thn1• ; onc•ntri'tt i.on•. A thro• polnt d.ace ••t W'ill 

,>l low a.n .ew1Lu11tion. of the ,:,veull 11n"!al'1ty of ruponu. but it hall been 

,uggcatcd th.11t tm: ruponae 111.JiY b• l tne• r only up to •- c-.lUcal concentr• 

tlon at which potn: Lt d1verges. lt haa alao ben theori~ed that tbll critical 
tonccatC'atlon lllll)' be ~elated to the lover b:plastve LJmit (LEI.) of the subject. 

chcDical. To ce,t th"• thoori••• thro• choaic•l • ver• tot ted at t •n or more 
eon1:otrn.ratlun11. The :sel~cted cbt:1111cal11 (o•hex.ane, beou:M:, and methanol) were 

chosen to provide ,11 rang♦ of orgainic. func t ioaail sraups, vol.D,tilitie•. Ln.', . 

and reaponae factors. 

The d.au on n-he:EA.Ve h pre.sc.ntcd ln flguu• 2- l ao,d 2.-4. The flue plat 

s hove OVA response va. ,1ccu.al conceotnt ion . Thl-9 could b• lntof)>r•t•d H • 

~iagle l lnc.ar data set tt one 1• villlag ca accept a moderate degree of e.•cter. 

Thero 4o appear to bo •ome br&ak point• with 110re 11Mar ••sn,e:at• betveen thea. 

but 110 clear defla1t1on ta evident, Ftsun 2•4 pnunu th• aam, d•ca, but tt 
h plotud •• :tctW1l concenr.ur.toa va. ruponn t actoT. 'n1b tYP• af pru4!n

~~tlon accentuacea tho break point• vhlclJ ~auld aeem to occur at &l>ouc 500 ppisv 

;1nd 2000 ppmv. 8otb of chtH are well tielov hu.&11e'a LEL of lltOOO t,ptlV. (S) 

The 1fl8tr=-cmc re1pqn1• reachu full acale at u actual concontration of about 

)700 ps,cr, • .so ao 111tanlngful data could be taken beyoad th.at. po1o.r.. 

The elate oo be1uene an pro,.,nted ln similar tuh.ion 1ft F1JUtU 2:•S ..nd 

2-~. the first plot appear• to be ~u.lte linear throu&houc the coacentratiaa 

r;u,,gc. but ,11 11l1gbc break point can be ldentlUed tn the ruponH factot' plot. 

Thie bre.ak .Ji:cuu o1t About 1400 i:ipav. or tea perc"l'At of th• banzcoe LEL 
(14,000 ppmv). (S) 
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SWlAr daca on ~•r.h.1.nOl ~r• ,ref'Cot•d in f~•u.t9 2-: and 2-8. th• 

tir•t plot vould •'tlaesc a gently ucendiq c-ur.•e, but lt could be roughly 

lit with C\11;1 lio.•ar •e.-,sc• tntersectln& at about 1600 ppar,,, lht• lafleccion 

,olnt would be quLte lov c~•rff ta tho ~ttb1Ml LEL of 67.200 PP9"• (S) M 

es.aataatlon of fi1~e 2-8 reveal•• ,•rabolic cut"Ve ta the relationsbip betveeo. 

re•l'Ou.e factor nd .&ie.cual conceo.traUon. vitb • apUWIB rupome factor of 

al,out 7 eshlbit.ff U che ~ct11tr&U011 tl'fllt of 2000 to 8000 PP1W• A &econd 

infltccton p0~c l• ooced around 8000 ppav or 12 perceftt of tb1 iEL. 

All of tbu• data vould •-- co tadlcate that the relaUouhlp betveea 

1Q9U'II .. DC. C'Uponk aM (:'OCM::Utratioa U & coaple:ic OM, The .uuer UI tb• 

--,eriM'IICal data -ae• tt difficult to •t•t• with coalidnce chat &ay ,ege.tat 

of the rHpOCH b c.aal.1 U.o.ear. niere appear to H SnU.ecdoa pot nu 1D the 

data. but ch•« are ai,c .couab data to•••••• tbe relactoi1•hip of the11 poinca 

co the I.EL. tbeH ~1•• do clffrly illustc-.au tt\4: Lars• dt&!IN of vad

abUU1 in tM reepoo..u factor-. wttb coocacratt.oa. and ,boul.d, therefon. 

deaoa•tC"at• tbil need foi- car• la ,ppl,.-ing • retpon.te factoT calc~hted tor 

one oectUc cQOcea.traUoc. 

1. 3 COMVD.Slmt Of' lESP(M(S? F.ACTOA SA.SlS 

iba data prcMDUd LR tbll N:}'>OU: bue all ruponte taeton on Wtbr&

t101I to •tlwdl•• Mitchan. vu (houa. beu..,.., of tu uu of avaihbWty, tu 

volatiUt1 (1idf1ct•oc to PNJ•re tt&AUrdt ta tM rat1p of t"'- propo-Ud acciqn 

lenl of 10,000 WW')• and itt ~• u tbe hctOTJ caUbTat1on 1tud1Td fat' tl'le 

OVA.. Fo'C' ace nuo11 or &DOt.btr, it u,. be aon co,nrea.u-tlt tor any 1,ivcn 

opulCOC" co eallbrao vf.~ to.. other c'b•lc:al ctd to cooverc. the reapcmse 

taccort ta chat c.alibractoa b&•is. 

tt has bH:111 tbaorhed thu tbb cnverttoa. cu h acca911l1&bed 1ft the 

fol.J.ow1q MADU~ 

2, 
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.,;ko=rc Ri,\X t :i: th.: r c11,pan,;..- !,l<:!:or a! ch1.'1lic.:,l " ,\" .:ii. .::il t br:ttcd t o 

CltelUc.il "x ... 

Ill' AM l $ th..- r e&pon e11 fac tor o f chc:ai.:.d ''A'' ,lf c a l ll;i,r.i,u•d t o 

aieth.9nt. and 

RPXM l & t he nepons; f octo r o! ch.imi cnl "X'' a, ,;:aU\Juud co 

coi:tb;sne, 

la order co test this theory. the lnsttUl!lenu wen calibTated co n•ho:aae •nd 

ch~ mtch~n• &tan.J..>r-ds vcrc run. 

The data ham thc■c tdU :,hov th4t 11uch a procedure vorlu well on the 

TLV. vhere a predicted responn factot' of n.tthdnc :)ucd on hcx.:tne of 1. ;o 

coapucs l avoubly vlth thit i:,bserved ·1.tluea of 1.56 ac Sll ppmv tnd 1.50 at 

8000 ppmv. The OVA rc,ult~ v~re. cwt 110 cooclu91ve. howe ver, with a predict• d 

vdue of 2, 77 ,·acytns atanificancly frOCD the oburved valuu ol S,16 and 4.32. 

at 8000 and 533 ppmY re1pecc1vely. le ls po•sibla that the variation of 

re1ponM factor vith eoncentr~tion 1• the uu~e of chill discrep&ccy. the 
ucioa tcd t-eapont~ factor .tt 10.000 ppav of htx.11\41 nlative to oethaae iS 11Bed 

to pndic t th• nepanu vt.th reverse calibration, The OVA h calibrated an 

-.th.an~ a.c 8000 ppcv 1n on, c•• • and on he:une at SSOD ppmv ln the other ea1e 

(beeouee that b the highflllt at.able concent; acion achie vable a t labor.acarj' 

cond1tioos). All theH h.eton 11111U the campariaoo difficult aad -.uch mon 

oxten.he vorl'. voul.d be required to confit111 or t"eJ•ct the conveni on procedure 

for the OYA. 
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SECTION l 

TEST PROCEDUllS 

The e,:perialtAtal procedure• u1ed co det•t11iae r~apons• factors as• quite 

ebple ia theory. _,rdy nquldng th•c II calibrated t-iucri.aenc be uud co 

•aai>l• • au of known caoccu1.crac£on. th• reapoau fact.Qr h cha defbed u 

the ratio of the actual conC.AttacLon to ci,1 concentracioa lndicaced oa Che 

NUr. The follovlP& aubHcdona will prcuac tbl d1uUed pwc-edul'U ia.vo\ved 

U'l c&l.ihncion, pr-epanttoa. of .caad.ard gaMa. i,Qf.tr~n, 1upl iftf. &nd quality 

connol , 

l.l DESCIUntOlJ Of tHE INS1'1[JKOCtS 

two tn>t• of imitr"9CQta nre ~•d 1:D ch• laboratory etv4y. cbe Century 

s,,,_ .,OVA.•108" sod ch• J, w. hcharadl ""tt.V Saiffer". 'TM:H parcicul■T 

J.nscrm.nta vera cboaen bacauH ch•Y b.a.d both b.-e auccuafilly v1•d la pr.vtwa 

fqiU.ve ..inion tt.wli•· tvo in•t~u of H.Ch en• ver• ceate4 co dlect 

tor aotaal ••riance berven i,Q.dtvidual wcnanta •d ro chick for uy Of!U&• 

uaa probl.... OH old &all OM nw J.ut.na.At of each tY,. IM'H Ml•eted 1:0 

dn.•raltle if tht-r• ver■ •n1 var1anc..• iii uaponM 111th cl•t•etor qe • 

flM C.tur, s1 tt ... ••ovA- 101!1" ta • ponan■ t1Jma 1nt1•tton detKcor 

(TUI) vicb • au cb'C'QMt:oareph 09t.1oa. ta th• L.-t:•1 hydroc:arlloa aoda uaad 

tor h&trive nuaton aeru:ntn1, tM dl.roaatoarapb col~ ta byp■IM4 u4 the 

NSC1l• gu 1a lntndt1iC•d liined1 to the. d.e:teeto•·. 'l'b• unit UI b■ttny pownd 

and h.H it■ ovn bydroaao c,lladtr vith •1lO'U&h fuel for I to 10 bour■ of c.ott,tfn• 

uoua operation. 'DI• unit 1- certiftad to be tatrtuicall, ••f• tor o,eracicm 

u, •J:11lOah• •c.o•phen• by Factc,ry Mutual • 



The uadoui; oa tho O\'A•l08 ill Logarltbmc and h.u 4 T.1.1\l• h-i,c l to 

10.000 pp_., Ttl• ra.ns• c.:,,n b• •~teoded by the use 4f a dilution probe, but 

this f•ature vat not u••d ia ch• rctponi.oe factor •tudy. Since the •ample i~ 

dilut•d before it reach• • the 4•cector. oo n.cv response Jat3 would b• taintd 

by euplin& bia!\•r cooce ntratioo1 v1th tbe d tluticm probe. 

there are •o• J.llpOrtAl't diff•rcoc11 bet\111n tbe construction of the OVA 

ea4 that of a ••,unctard,. laboratory Pm. ta tb• hbara.torr venioo. the hydro• 

sea t, a1.J::iil!id vith tbe aa;il• gd before c0Uu.tt1oo. and th• tl&IM l• aupported 

by aa tudepeadea, air •upply. The O\IA drave it• coalu•tioo air thtO\l&h the 

uapt. pre,"•• which h th\11. abed vith cbe u:ple gu. Th• DVA fl•e vill. 

therefoR. be extlasvl1h.ed if che voe coacotr~tion get• too h1gb or if• 

atudard 1A »i i.8 u:Md Wte&d of one 1ft dr. Kon iaportantly, there a«a 

to be diff•r•c.e.a Uli th• degree of 1oa.iz&t1oa achieved v1ch tbe (NA atyle rm 
H caepared to the ataad&t'd la.boracory no. 

1"e J.1". lac:'baracll ''tLV Sntlt'er"' i• a conbg9tihle gu deu:ccor. the 

,-,J.e au 1, paHe4 acroaa a vtre co&'Ced vtth ozid.attot1. pto.)t1GJ ca.t..elyat. 

ADJ coab~tibl• •teru.l 1.8 orl41~•d ud the he•t t e l .. ••d cauaa the r•• i•t.ance 

of th• caatd. vtre co ctiao,e. KaU of tbe ,uple 1.u ta rqv.t-44 throu.ah • 

cqaparuoo. cell vi.Cb •o ld.eatleal rir• t h.at hu oo cetalyat c.oauua. &th 

vtr .. .re &et ta • brt4a• Dttv0rlt a.ad tb.e coapar-•ttve i:eO.stance c.hana• t.. re&d 

ouc qn a aeJ.vaooaeter. the lece of 'tbe ■aur rff401,1t b uC'Ud diU:ctly ia P?IIV 

u factory c.aUbrated to beuae . 'l'ht uapoo.ae of tbe tt.V tbva 4-s,.ada an the 

Mat. of ~ueUoo. aod ti.uc capacity of cha unple au, 

'.). 2 CALIIIIAffOIC PlOCEDOIZS 

• 
All tnatrtaaa.t.s vere cb«.ked for celil>ratioa at the ,cart of eac.b day. 

elter u, prolonaad abut.don. and at aa.1 otber tlee tbt.t the opeoror •"•
pecud cbat tbe caltbraU.oo had drt.fud. tvo "'Cbu A" atanffrd, vere puT

cbuad froe SdeotiUc: cu Ptodw;:u 1A Puaden.1. Teua, fo~ uaa to. the 

e&ltbntlo1:I c.heck.s. The to.acru1111nta '-'•N actually e.11UbratH ca the 7993 PPIIY 
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111cthanc-ln-alr uandud (certifhd to ~10 ppa,v). 'lt\e Sll PPft Nthane-to-•h 

it.indard (certified toil ppav) va..a used to check th• llM6riC)' of tM OVA 

.:allbutf.oft and, chenby, to detect .any lau:truaea.t malfunctlotu. 

The OVA calibndon procedure vaa iaiciac:cd 111th • 20 to )0 ai:IWte va.-. 

up pee-Sod. Tbe hacri.aeftt vu then cbiecbd •aatut ud THH to lU ia~rul 

electronic at&n~r4-. fl'I• fta. v.u tplted and •t&b111"~, and • b .. of th• 

7993 ppmv at.a.11.dard VH ..wplN. Th• !AAH'llM1lt rHpoM• WU rec.otd44, and 

the readtna adj1,1.9ced (it r111:c•aary) ualua cM '1callbra1:a11 bob. 'Iba u .... 
VH u .c J.Da-u.tsMd, aad th• tntemal nacd:arda chackd ..a4 rudjuaa:lld uaJaa tM 

.. ,s.a Mlacc" k.nob. 1h19 procedu,r. ,, .. reputed un.t.11 the 1aatf'\811Gt rupoded 

properly co both the priatt'Y •tb£oa atudard aftd the tar:uMl elaccroblc 

suadarda. A baa of tha 513 p.,.., ataiLda.rd vaa th• aapl&d ao4 cM n&\llt 

c.be rNA U "' up for a ■iqle po14t urarul caUlbtaeloa.. tca ■pa la Nt bJ 

the h.llb ~d l.ov •1•<:crOIUc ata&:lu&.. thi.e lower calibrati.Go cbe:<:k vu only 

1Dtenditd to 41:u:ct •q,uJ:p•nC .. uuactioaa, ndl u pnaplift•r taU.uH. 

Ourlla th• lettu· auau of cha proar•• tM n.v caU.brad.otl procedcrre 

also raad, recorded. ud adjuted (CM UV bal • Hp.ante poc•tt.oetcer far 

calibraci.Da uc.b dac.d• of rudout r•poua) • 

de.velop a wrical ~on-acd011 factor to COll'NR cb• 1Ad.J.cat .. ns,oMe frca 

a h,aa.oe to a •tba.Q.e bad•· For tutuc:•• if ttV Ile read 3tO ,,... .._ It 

JI 
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..,~• cbed:.ed on th• Hl i'P:"' ,ul'ld.,1,rd , t~e ti tu rul11.ngs 11en multl;- Uc:d 'lr th♦ 

!actor 1 • .:.01 (llhldl l• Bl dl\"t~d !,y J80) . ln ..r.:li:t t(I test thls ::,:,ructii,n 

procedure, tU , ,uUcll• (\thlch ~« boi't'I'\ rua in rh;,i u.rl.y ran ,:, f the proar~) 

v•re rer-un u:idtr the i'ro~er ~•libratioa ~roce~urc. Fisure• l•l thr~ugh l•6 

•how a grapblc&l ccepa.rUon of tht ~orrectl!>d origia.J. respon•• and the re•ponae 

durtaa tl\t: rec.alillratd ru:as. l.'blle th♦re it ce.rt&ialy totM sc.auer aao-ng 

tM•• data po1at&. thtrt 11 no perceptible bi•• !letv«a the correct•d and 

rce.libraud d.au nu. Tll.t usnhu.dc of raodoc vu·iat1ce I.a t.he cauecu.d 

dau 1pp,ur1 to be only slightly gre1c1r tba~ that of tbe re.caltbraced daca. 

&ue.d aa tbeH ol>serr11t1oas. it can bl! ttaud. that th• corT11a:i.on prou41,1n 

U walid and that h ,hould not have a 111i:l1fic.anc eegac.lve. effeet a.:a the over

ill ;.ucuuu, of tbe nv rupooH dau. All 1'u;,onu hcton for TLV'• ?re

H!IC~ 1111 dl.1.a ttport are either corrected or recaltbtace:d \'duu. 

l.l CDDATIOS or STANDAltO CASES 

tb• clet•mi.!lttioo. ot iutruNnt 1'Upoo.u: factata nqulr .. that gu uap1H 

of tnwn CO"O<.ea.tratiaa be pr-cp1nd. Cooceou:,cioot of ch&m.J.ub which are 

11qv1dai at rom temp•r1tur• are calculat•d gravU1et1'ic1ll1, froa a ae.a•ured 

witbc. of the Uq"id iajecced taco a :11usu,:it4 volume al ,.Hro-grade'" (hydro• 

urbaa. fru) d1'. Coooentrationt of ch.e11icalt vhich ue guu at room t•■P•r

Th• detail• of tuple prepar~tiaa lollow atur• are calculated vol\Dltrlcally. 

1cl· du-u pans: 

preparation o! baga, 

pupar.atiao of at&edl.rda ftaai UquW., aod 

pc-.-paratian of tt.aa4&rds froa guu. 
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~Lbnced l.-pou• 

Cornered le1ponta (tl.V 7C) 

CGfNcCtd lelpoaN ('ltV 71) 
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a~c.allbr~t~d Response 

Cor-uctcd lli::1ponu (TL\/ 1Q) 

Cor:~cted R,uponH (n\' i1;) 

tLV ri:ca1.lbrat1on .:heck - n-houne. 
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; , ; ! t:a • •q,ind .,r,! ._.~~ ;,:,xcvru,;. 1.S</ O:: 1:, ( :i ii; ,;.c ~1,;h· ·•·~ r ot ;,r~ p.;. r cd o r ~.:>de<"t •d 

:n .;1~ .. r.:il i: :at : v -in,..(: i!,,t:1 :1.ci;>llttl; b.:ii$~. th..,. c: ,1Cl;,• wl'..l:4 • .,,,; d one .,..ith the ,d u::L-

nl:-:cC: $nout ba)p1 manut.:i i: turo:d :);: C.:i l i:lr.1tcd. l nlltru:ic:it~. Inc., but ti'ic:sc l.lcl'c 

L ,t,:r !'('!>L l(~•I ':iv r~d:<1 r ~-•5=1> !MC\l,d .t,~curad l)y !ngin(lt:T(tC Dotv(cai., !:le . Th• 

~utk ,)i th,: J.iL.'.J >.1aS Uken •&Sir.~ :hoe T.edhr b\l~-S • ..,h~o!h 11ere ;iriei1trred for three 

t:li: .;L,:.i: bass ~tl.J•1cd ·1hll.ll Lnspc: i: tlon of t he in.ten.o r for conden

s ~t1on or ~~nc.1m::1.~t ion . . md 

t:ic Tcdlar 'tt.»i& ver-e eq u i;ipcd ,,dth. t:.to 'Jah c11 t <> iai:1Htate flush1n~ 

bctvccn runs. 

Th.: f it''»t Std;, rn t~.a ;,r-,:,p.irac ton o! • a.ch b ng -..u mc:~suc-ec::ent oi Lt9 

volwr.e . th1, v,ni don.: ii:-· !i!.!.ing t~~ bag <!O:.#lccely •<fith .i1r b1Jt not .u: higher 

th.:an atau~ph.:.tlc ~reiliure, Jhd ~h•n c:pty!ng the bag Latu an lnvert~d sr&luated 

..:}'hnd,n ii1h14 vith v;1tcr. The voluce .Ji vater d1splac~d "'A.5 me.uurcd an the 

.;r.:adwat.:. • .and the tundard \'Olu:11e o! t h e 'oag -=~li:ulated frOCI that voluce b:,;

;orrcn l.ng for b.aromctri.: pre&suu·. <lcbi cnt ,:..:mpcr.:a.tuttt , Jnd the ;iarclal 

i>r'1uure ,,i VJt•tr in the trapped a.ir. The c.:alcuht~ui volume and u id.inciili:a• 

t : Jr. numb-er vete t~en LDprtntcd an the bJ$. 

iac:h b.!$ h .ad t-> ;I¢ thoraughlj' conditioned !>et,u:ien run• to prevent. crou• 

-:<>nu1un,1t i Jn. TJ1c- t.::C:.l~ r t>Jg5 •.;cu ,1ltachcd. tu 11 :1u1ohlog :i.an1fold and 

.:-,ntii:uvui.l•; purgcJ ..,ith ;u:ibi-tnt Jir for not t ,us than fiit ettn minutes. Th• 

b:i.~$ ,...<?re then .:.w1i::uac11d ,ind f ill.:d vith zero .. i rat~ .i{r. The i,nout. b.:a.gs ~11d 

J111,· .:a sln &L., v:ilv ... , •111.:.h made,\ .:ont i nuuu• purge lllpr.:actic.Jl, Thty vcr• 

~ .... ,·~111>\V"1ly 1 lU..::d :1111: ,•V,h '. U,1t~d until ti\) 1'..?Gidu.al lwdro,~rbon• ,ou!d. '!tc 

• 



St1n4-lr4 s•• at.xture:s of chemlcal• vhlch ware 11~utds at a:l!:-1~nt l4bora• 

cory condttiona ~ere prepared by iJ\lectiDI • k.cown weight of the liquid through 

a ••ptua into a 1.n,le ba& filled ~1th a lu'loV'A vol~ of aaro-a,rade air. Three 

tar-set coac.entratJOD.I vera prepared for ucb ch~icel. l.laUA.lly 200. 1500. a-nd 

8000 ppsv. Oc~1ooal.ly tt wa• aot fe.utble to prepare aa 8000 ppiw mixture 

b•cava,e of the ~cal"• volatility or uplo, tvtty, For chemical, vltb 

rolattvely lov v.por pu•eur••• th• l.lJlper cooc,ntration v•• ltaited to 90 1cr

c.-nt of the ,aturated coaceottat1oo at &Qicat coAdtcion& to preveot coodeosa• 

ti.on ifl the b&1• For abvioua aafecy r,a,on•. aa gaa ~xturea were prepared ln 

asce,1 of 70 p•rcent al the Lover £xp1oatve LUlit (ia.). 

for each tar1et couc.ntrattoa. the required vol\lDI! of the Liquid chemical 

waa c&laalatad ud theo ua&urad in a ~tcroltt,r arrtna,. Thi ayrtn1• v•• 

wipad oo ao •Llccroatc b&l.uca t>.for• aod after Jajeccto~ toto a cl~aa NiSple 

baa ftlJ.cd to ca,actty vtth uro-ar&de •tr. The bag vat t~•n ••t ••ldt: for 

Hver•l mlflutea to allov tbe ai:Uun to cane to equtltbrla bafor• ceacift1. 

The coaoantra.ttaA ia the baa can th,a b• calculated by Che lollovtna r•l•tion
•h1p: 

CA 11 Che conceatrattoo of cbeldwl ,.A .. 1a pare, per atllion by 
11oluu (p,-,,). 

liten per .--01,. &t1Gdae4 te::1:pt.tatur, and 

of 10• to ao lrQll volune fractioa to ppav. 
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V ls the s~mple beg volum• ln lLters. 

XWA l9 the DOlecular velaM ol chu1cal "A" 1 ,1nd 

BP 19 the baro••tric prusure ln .a,. 

tbe tWQ 1Ujor aourcea of en11c- LA r.118 prepan1tion of .caod&rds fro• 

Uqvid• vere errors in the uuure•nt of b•s voluaa• and un>n Ml tb• w.1p-

1q. Only one bag volt.DI -vaa auaured Nice, big the real11.ta ftR NNS'k.tbly 

coCI.Sbtent. The Urse •uu:r...at N1ultff tn • wliat of $.27 litH'a •4 ch• 

second ...,.aureaent }1.elded a volme of 5.29 liter■, for• differ~ of only 

0,4l beaNIID the two U.Hur ... nu. Sill ••td.e1:i.t1c.al0 b•a- --4e by OU ~ 

factvrer vere eleo .... sured, I.Dd tb4 voluan raqed fsoa- $.07 liten to $.6& 

liuu vUh a •an value of $. 35 litera. thi:a !Jld.icated a 1'..,. of va11M'9 

"11ith1'4 !S percent of the ••n valva, While ••t of thia vuiatioQ vaa ,~•11 

due CG i-ul dilfeNBCH 1a tbe vol-. Gf the Ulldividu.al uapt. b•P• it d14 

provide a very c:ooterv,1t1ve Htia&te of tM vutahillty in 4tte.,.tn1nJ --,i.. 

beg w1--.. 

ne precbllXI of tM veiahJ,D& etep ... -.ch bet.tn Ch&A Uln of PH1 

vol uM ..UQ.,...nt. flM !ltttler •l.ctroa!C baluc.. (ll:ldal■ en IIDd R3S Al) 

wn o1c.curat• to !'0.0001 STA• 'ftlb ruulred in a u:ncertaioty of !O.OS per

cent wbn pt•parillg thl ooa1ul 8000 p,-, b■p. -4 11, to 2.0 pereat ..,... 

pr,-.. anna thl 200 PtmV bas•• 

ltle var&-.c..e 1Jl tM cA1cl1lated c.o,ocn.tnt:toa of atcd.atdl pr,epand froa 

liquid• caa. thw be eat!Aat■d b7 • •tudard natilU~l forw\ll• vbtch ulat .. 

the V3.d&uc• ol a rado to die todivtdual variuce of th• at.iaeretor Mid 
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detnacatn11tor. ((t) In this case, the coefficlflot ot var18t10D 1D che calculated 

cooceatratioa vas est11Nted to be :,,o perc•nt f~r on 8000 p,-v •c.aadard aad 
:4,4 percent for 11 200 ppm,, &t.1ftdard, 

].l,l PN:paratioft of Standards fro. C.••• 

,\ gu mh1na appu&tu1 vu 1.LHd to ptepace staad&rds of cMaical• vbich 

wec-e aaau at. rooa cemperature and of ao.. VH'Y volatile Uquida. Sc.attUrd 

mtxcvru of thena chem.iclis vere purch.aaed ta preHurlud c,yl1a4er. at or @ov• 

c.be highen required concntndon (8000 rpev). ,u ducrtbed in tha pnvl.o..a 

&~••ction, at leut three ata.ndarde vera prapared for e.ach c.t,,d.ical vith 
conceucratioaa raa1tna frca 150 ta 8000 ppir,,. 

The mtxtna apparnuai b thaw acM.Utically in Fi.pre 'J-7. 1C coMl.lU 

of two pan.llel &iipply &Gd Nt.rin1 .,..c-... on• for uro•ar&da air ad the 

ocher for tM auph ,... Targe-c flow racu wr• c.alcvl.ated for eacb au .... 

at1d the t.ntctal flow ratH Mt u.t,ln& the roc.a.Mt.r. Tb.e flov of Nch acr.o 

VH tben diverc-4 to Che bubble Ntu by a ~ 'l'dve tor a preci.N •Hur_. 

••nt of the flov rate. locb •cruae, ver• tbtD r.din-ct<ld throQ&b tl-a TOt-ur. 

whidl au·.,.ed 1,oth H Ill Jndic&tor of uy fl.ov vari&nC41 aod u a e1xtn1 cbaler. 

Tl\e outlet of chis roc•,u-er VH colhcttd in • eapUaa bq. After f1111Aa cbe 

b&&. both sere.mu wera divarced to tbe bubbla Ute" tor &40t.Mr flw ....w-e
mmt. The ave raga tlov •Hur..au were ~•n u.Nd in the followU1 eq_u.attcm: 

vb.er• C h ctle corw:encratfOD of the •C~rd Iii.stun to ti• tNP•red • 
la ppav, 

c h the conceoc.raUon of the cb .. t.cal of lntereac. lo C-M ..-pl• 
• au fro• ch• purbcaNd cyl.Jadu. 
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19 the flov uce of the snple gu tn 11lllllit.r• per MC011dt ... 
Fa h the flov rat• of ah· tn a1ll lliteta ,-r N:coftd. 

tbeae data ver• collected oa • coep11te.r cod.ad aheet. ah(Ma u Table 3--2. 

the priMr, tac,oN vhtcb CDDtrtbuted to lfflC4l'U1DtY 1A di• calculated 

concntr-&tiOD were varl&ac .. tn cbe MUured flow -ratH ad the pr.ct.too of 

Ce• the cO"AC.atratioa af ~ e\lbject c:balcal ta tba purchMl:d ..,1 ..... 

:tonally the uaple ,.,.. ,...,. purcbaNd at alJg:ut 15,000 PJ111W tc ab _. wn 

cerU.f1e4 to Jl pare.DC of tbl:t coacaatTHtoa. (oT elun1t :t300 ,,..,, • 1'19 

varied accordiO.I to th• Udbld.ual pa nppUH aod tne of. pa, bYl Ae ~ 

HSUN• ftte chONft t., Nr,1'..-0t an. 11awr•p'" tl""'-tiOO, 

tbe now rat .. vare -■uY.red ft bubbh •t:en with • ..,,1 .. of 100 al., 

ad the P'l,•tc.al •••"'r .. ot vu th• t:la fcrt • bqM) le co uav.al thil c:otaa. 
Tba atopntdl \$led vu accurace co J0,01 NcoN. bat o,.nior rNCtloa t.1M 

ad vuiadoaa 1D N&dUll tha • 11-btly cvrwd ~la ~ tM tS.. ....... 

Mftt to be oo Mtter tbaa ~.2 .. (ll!l'Dde. 'ftl11 HPT•Nwt• • r ... of Tff'lacS.. 

of Gou.t tl. l }Ml'C.U for th• air ...,""91Dt .i.ch -■ mlMl.17 ta tba 6 

NCOad CGS-• 

th __ ...... ,~ ..-.rted fn,a ~t ' NCO Sa ,. co ek'cat lQ Ncoada 

dapaDCliq n tll• deehad caa.c:tin:Ndoll • .ettc.b lfOOld. e...-t a r1111P •Of ftria

tlcnt of 0.6 to 4 .O puceat.. 1h11 we tn. for no r.,..ttd nete r wttal 

llttle ala,-d ti. 1a b•tweea, hut wlM:t. tbit NMUIP wn ,..led • t:ld.rd 

UM afcu tba baa we fW•d• .-11'U-t laqiar nrtadou wn •*• 1'1• 
vu probably due. to 1Ddeclu&t.a flu. r....,,i.auoa. in tltie ...i.1. low pne8UU 

au cylinder■• 'l'tl• nap of YUlatlDO oo cbl loNr coac•tnttoa et.....,.. 

wu ~:, .. c.cQda at: tMI 20 Mcood lnel, or •we !:l.S- ,-ceac. ftrlaUn. 1',r 

ch• h1$har cooc•ot:rarioa •uodud•. the .ar:lat!ft •• Moot t1 .. C011111 ac di• 

S 84CCIDd leval._ or about :-20 percent var1a,1oa. 

45 

I 



---------~i 

l 1 
: . 
J i 

• , 

. 
"I 

i ij j ~ 

!B l 
' ' 1;§ ,U, 
13• 

' .. 

1 • 

l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.i 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 

The overall vuiaace can be .. uuced fl'OII th• sc.anCMrd formo.,la for 

estlmat1og the var1~e of~ r4t10 from cbe vart•nces of ~e ouaerator ~ 
~enomlnator . (6) [a th1• ca••• ct. ov• rall coefficienc of variation in the 

calculated coacent:ration of standard• prepared from gaau litH Htiaaud ca 

be ~ll.7 ~rcent. 

}. ~ lliSTRUXEl'ilT SAMPLlliG PJI.OCElltlllS 

The procedure• used to obtain reaponae data frca the prtpara4 et.uderdfc 

ven qutca atcple . A m.anUold va• pcepaced troa. 4 ''Y" cone.actor aad Teflon 

cuouia to cont1ecr a sample bag to cvo lutr\1Hnts. Norsally the cvo OVA'• 

wu read firn, follgwed by the t¥O nv••· Re.ad.iqa vue npHtd u 11ft• 

a• poe•t~le• •• 1.iatced by the vol1a1 of ui:splo i-aaitli»t altu cak.J.t,1 tM 
1Cl1t1al four £M di1>&• • The ln11trummt uapoaae d.ata v.re r.cor414 OQ the 

coapuc.e:r coded ahe.eu pHvio~ly pnHPted u TablH l-1 aG.d 3•2. 

The tu!lot.D& uoifold VH flu.be-4 vteh t:ero-gr&de dr batvN"a uaplat to 

reduce any c'C'o•• contallin&t1on. At Ch• caapl■tton of tluab1:Qa. tb• a•ro-srade 
air was rouced Cbrou&h che Mntlold ro th• in1tn1Mnt•• Tb• UV"• WN 

elcr:ctroaic.dly zeroed oa chb IN• Tba OVA nadins v•• i-•cot'd•4 H u "aablnt" 

conunuadon vhidl vu •ubuquatly s\ibctacced froa c:h• a.ac •-.Pl• Ndtaa 

to y !ie.ld a DH l'IIPotlH volu• for cb• uaple .... VhUA dlli pracadvN ..... 

a worthwhU• •ale,uard. cbe fluahlna alcme HelMd c:o b1 effecUve ell.OU.p ■:Uu:e 

GO re■idu.al c:OGCCCl'Atiou tn esc: ... of 10 ~ WN noced. 

3. S QUALITY A.SSDU..'tC! 

Qu&Uty AatUTanc:• cb•ck• vere nm tbtoupout the project. A ■tlDUtcl 

, .. VH rHd &t randoa Ulce rvab by ta.ch lilatnanc lit QM. Gner&lly, thl• 

• ta.odard " .. 53] PPP •che• ta air but .,o•U•u 799] ppn NChaol 1A air 
was d■o N&d. fl\■M readiffp veN. ude 11!4-s,ftd.ntly cif th• routia. call

brauoa.a. Th• data fro. thu• c:bKU Ht luaMriHd in. Table )-3. 
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TABLE 3-3. $\M'IAJlY OF AA.'IOCIK C.\UIIRATIO!'f CHECXS I O'SEJ FOJl QUALITY ASSURANCE 

SuAdArd 11\'A n.v I ' Coltceatradon Rud1ng• l\tadini• I .... Tlao 
(ppw) 

I 
(ppev) (ppw) 

)/11 OUO* 799! 8000, 8000 I 
l 

0$)0• Sll 6SO. 700 

1$lS 5ll 6:SO. 700 Sl9, "98 I 
3/12 0930 79♦! 1900 , 8000 

' 

I 0830 S33 610. 720 

0905 Sll 610. 120 547. 533 

3/U 08!0 1993 1000, 7900 

I 08!0 533 710, 690 

1010 533 110. 690 54 ; , 533 
l 1620 533 640, 658 Sl3. 519 • f 

l/14 0830 1'993 8000. 9000 
0830 5J3 no. 710 • uoo Sll 710, 710 
164S 533 110. 690 Sl3, SZ6 I 3/17 0830 7993 8000, 8000 
0830 Sl3 720, 700 

• 1008 533 720, 100 
I l/18 0830 Jff3 6SOO, 8900 

'~ 

0830 533 100, 100 • 3/19 08!0 799] 950C, 8700 
0830 533 7$0+ 850 • ' . 0952 H3 620. 750 541, 533 , 
1625 533 830, 650 547, 547 
1625" 7993 8000, 9000 
1625'"' 533 62'), 750 

~• e.alibteUoa chliCU doot &t 0830 er. tha dally rocatia• c:.tilibrati()na. 
Tb.ay are 1Dcladtd 1D tbt■ 1:81• foT ~rl•oo to tbe taadoa c&Ubr•Uoa 
ch«dL■ l&Hd for QA • 

.. lai:alibr.atad. 

.. ~ 
• ~ 
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I TABLE 3•l. smtlAAY OF IWQJ(II CALtlRAtION aruu 

VSl!JJ FOl QOALtn ASSIIWICI c ..... u....i) 

I 
StR.daTd IYIA n.• 

Dace TIM Col\Cnua1:ioa. bdlQ&a ... ,u ... <,_, ,_, ,,,.., 
I 3/20 0830 7993 9000. •100 

0830 5]3 700. 750 

I 0900 5]3 700, 7,0 519, '°' 
1700 53) 730, 690 ''°· 516 

I )/21 0830 1993 7300, 8000 

0830 S33 700, lOO 

I 
0900 533 700, lOO ~a,. 533 

3/2• 08)0 7<Jt3 !<JOO, 8000 

0830 53' 620, 690 

I 0910 533 620. 690 "°· '3] 

1720 533 710, 700 533, 519 

I 3/25 0830 799] IOOO, -
0830 5)) 7:ZG, 700 

I 
0855 533 720, 700 540. 533 

3/26 0830 7993 9000, 1100 

0830 5)3 6,0, 700 -
I 09U 53) 650, 700 $SJ, ,,, 

. 31:l 0830 1993 7000, 8000 

I 0130 53J 620. lOO -
0927 533 w. 700 

'"· Jl) 

I 
1645 ))l 890, 7,0 S3J, 5ZI 

3/28 08)0 7"3 6000, 1700 -
08:lll 5)3 lOO, 110 

I 1U7 '33 700, 710 ''°· 533 

4/l oaJO 7993 7)00, 7300 -
I 0830 '33 1:10. 720 

llS3 SJJ 730, 720 526, sit 

I 
I 49 

I • 
• • 
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TAIL! 3-3. ~, or M-'fOON CALta'AATI011 atECKS 

USED l'01l QOAitn ASSUIUNC! (conc1nu•d) • ' 
Steadard OVA tLV • Dau Tlao concca~ratloa. ltudt.ap Re&dinP 

(pp,,v) (Pt"") (p..,.) 

4/Z •Jd30 199) 9000, 1300 i 
0830 Sl3 780, 7:1/l 

141S 53) 180, 120 Sill, s,o i 
1700 sn 6:lll, 710 SJJ, 526 

' 4/l 0830 199) 8000. 8200 I 
0830 Sll 680, 180 

0900 533 680, 780 519. sos 
I 1115 SJ3 630, 120 472, 526 

4/4 0830 1993 8000. 8000 

0830 S)) 750, 700 • 0910 Sll 750, 700 540, 526 

4/7 0830 7993 8100, 7800 • OSlO Sl) 770, 100 

0900 Sll 770, 100 51'9, 526 • 1300 533 670, 770 

1300• 1993 7800, 8000 

4/8 0830 1993 10000, 9200 I 
0830 533 750, 710 

0ass SJJ 750, 710 526 • 4/9 08)0 199) eooo, to00 

0830 S)J no. 710 
> 

1330 SlJ 710, 710 I 
4/10 0830 7993 8000, 8000 • 0830 533 710, 720 

1000 533 710, 1:1/l 554 I 

•a.:al..tbraud. ' 
50 
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I tAILE 3-3. SUlttUY OY IWIDON CALIHATI01f QIECIS 
USED l'OJl QUAL11'Y ASSUIAllC! (i;oftCiauadl 

I 
Sl:and&rd ,,.. n.v .... T""• conceetntion ... ,u .... lo..U.p 
1,,.., (ppr,) (,,..) 

I 4/tl 0830 7993 8000, 7900 

08)0 533 100, no 

I 
091} 533 100, 710 • 

4/14 0830 199) 8000, 5200 

I 
0830 533 670. 690 

1630 5)) 100, 100 519 .. 

4/15 0830 799) asoo. ,200 • 

I 0830 5)3 100. 720 

0930 })) 700, 720 st7, 790 

I 4/16 0830 199) ll900,ll900 

0630 5)3 IIIO. 720 

I 0930 53S 780, 120 567, 791 

1105 53) 720, 9()0 • 

I 
4/17 0830 799) 7900. 8000 

0830 533 610, 730 

0925 5)3 610. 130 '"· ,., • 
I 1100 5ll 610, 100 7-, 

4/18 0830 7993 6300, 1500 

I 0830 5)3 n0, no 
1020 53) no. 710 110 

I 
4/21 0830 7993 1900, -

0&30 SJ> 
..,_ 750 • 

0905 5)3 ..,, 130 513, 110 

I 4/21 0&30 1993 6IOO, '200 

0630 Sl) no, 120 • 

I 1010 _;33 120, 120 1'9 

I •-or-tatul n.v'• dowa f~r r-,.trt, tvo dlftermt UV'• UN :I.a M~ 
uatillla• 

I SI 

I . 
' ' 



• 
! • 
'I tAIU r3. stnfi.UT OF UOCtt CALIIMTIOK Oitc:SS I OS!D FOi QDALITY ASSU'P.ANCE (conl:f.rwed) 

Stndad o•• tLV 

Date tta< COftC-.-a.U·•dor,. P.udtag1 Readlv1• 
(ppwv) (pp,,v) (ppcY) 

4/Zl 0130 799] 8000. 8000 

0830 53] no. 730 

0400 533 no. 730 527. 759 

4/Z4 0830 7993 1200. 3100 

0830 Sll 620. no 
0930 53) 620, 710 516, 147 

4/ZS 0830 799] 8000. 8100 

0830 5ll 710, 110 

09,0 53] 710. 710 
,., 

4/21!!1 0830 799] 6900, 8000 

0830 Sl3 690. 720 

lUO 533 690, 720 7)8 

4/'l'J 0130 799] 1100 .. 8000 C 

OllO 533 110, 720 

0925 Sll 110. 720 ,., 
1540 Sll 790. 720 717 

4/30 08)0 199] 7500. 8900 
01)0 Sll 150. 7l4 

094S S33 7l4, 7l4 759 

5/1 08]0 7993 7100, 8l00 
• 0130 Sll 750, 790 

' OMS 5)] l50, 790 749 

5/2 ODO 199) a100. eooo 
01)0 Sll ISO, 600 
0915 Sll no. 600 S39, 138 

52 

7 
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I 
I L\BLE '.1-3. S'tllft\RT OP lWltMJlt CALDlATtOW cnc:u 

USED POJt QUALITY ASSUU1f'CE (1:oa.U.a&Md) 

I 
srcdard OVA n.v 

D.ate Tia• CCIDCeDtratioD .. adiop --· c.,..> (p,-.) (-) 

I 5/5 0830 7991 7800, 1700 

08)0 513 700, 720 

I 1010 533 700, 7ZO 749 

1430 53) 700, 7,0 759 

I 8/J.a 0930 7993 ll000 -0930 5ll 680 ~ 

I 
1S2S 7993 8000 lilDO 

1525 533 700 '30 

8/19 101$ 7'193 - 9200 

I 1015 Sll 700 SU 

8/21 1055 7'193 8000 8100 

I 10S5 S33 63G 530 

1645 7993 6900 7950 

I 
1645 53) 580 530 

8/22 uoo 7'193 8000 7900 

1100 533 650 500 

I lllO 7993 8000 1"0 

1$10 533 680 uo 

I 8/25 lOJS 7993 8000 -1025 5n ,00 ,zo 

I 1530 7993 1'00, IOOO 7IOO 

153G 5)3 ,00, 600 525 

8/26 0915 7993 8000, - -I 0915 533 100, 5)0 SU 

1745 79'3 8000, - -
I 174S '33 710, 550 

I "0•&•4 nv1 
•· 

I S3 

I __ _. 
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fABt? l-3, S1Mtllrf OF R.lNOCIH CAI.UIUTION CBtClS 
USED FOl QC'ALlfl ASSll'RA5C£ (coada~d) • 

Stad.ud OVA tt• .... TIM C.OG<ccnUoa Ruell-a&• ltal.cfla-&s 

(,,-.l <.-1 c,,...1 

8/21 0900 199) eooo. IOOO 1950 

0900 SJJ 620. l2G S35 

1540 799) 11000, IIOOO eoso 
1540 Sll 600. 700 no 

8/28 1010 199] eooo. sooo IOOO 

1010 S33 530. 700 SJl 

8/zt 1000 199) 8000, IOOO IOOO 

1000 SJJ 550, 6110 490 

S4 



• • • 
I 
I 
I 
I 

• 
I 
I 
I 
I 

• • • • • 
~ .. 

Quality A.t;,ursnce on data trannittal vas acbiavad by a.dbar.n.c■ to acrlct 

p?'oc:adures. the dat~ record.ed on daea ahHU "P k.eypunc:bad ~ verified. A 

computer program added the nw dac:a tt:J the peru.aent data •ue n.4 Pt'ifttild O\lt 

the card 11118,H• the raw data ia uhul.u fora. chi rol,),d.M e.ele-ulatio,w to 

u.bular f<ira~ e.nd • araph.ic pr,eanUtion of tbe data. tbeH cea,utH wtP.,.ta 

wre returned co dl• npenat-nter• for ve1'tficatioa. 81\d &QOa&1y chtdtt.oa. MJ 

erron cs.cecud wn conactad 1D tM dau baN. 
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SECTION 4 

DATA A.-W.'lSIS 

For thl• HCUotl. tbe foll.ovin& dieftaitions apply. 'lb• actual CCll'IC.U

n•cicm ts the coa.c.-a.rr.act cin of -.,apor 1ft part• per alllion by volume (ppev). 

.-1 de1crtb1d un.Mt: T .. t Proce-dun• &llove. Tbi■ h the c:alculeted c:ottceaU'&• 

tUlft In t.he bag. 1M tntt.natt1t r .. pot\N t s the rudiu, (pp,v) cibutr.ed fto• 

tM caltbrat•d ift1tnaeut •• it •~tee cte cont~nt• of the bq. The ce:apqDM 
fa.ctot b th• n-er thH vhtt -.1u,uH b1 the {.TIJ!trumetl.C NlponH ,1 ... tti• 

-.c=:tual c:0nc1ntr11cle>11, 11,at u: 

C • (V) (ll) • 

.o that 

II'• c/(IR) • 
. (l) 

RF • n•JO'ft• tu.tor • 

1n !quattotl (1). J1' u, •• c.ouldtNd a function of C. If. tor toaa 

dl.S.Cal, tM uapoftN fa.c:tor U' I• • coutut over eON UHful. R'DP of a.eta.al 

cODe.ntuU.ons C, thltn it would b■ Jual:Utad to call thU coat-tut ftl.1111 tha 

n~M faccor foe the parctwlar cb-1cel. ?ha dau collAct•d 111. tbi• ttu4y 

tftd1c&t■ chat then i■ no single N&}'OftM factor tor -,at cb..S.cal•. 

51 
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Aa ,..,n•r"' r-cr,,,:~~ !&,::•: : ,-,:,ul•.:!. ~c Just1f1c<I U the . · a:!o-....s :.:. 

•. • ......... , .•:e:: !~u.1.ct,:1:1. (U uc due ooly u auaurcd Ntpoes. .... " ~ 

of au.a urcot:,,t: 

As dhcuucc! above, : ~ ~• ~ .... , :ic:; • ~ur to • C • ~ the • •e tt •?pears ti:•: 

Eq~tion (2) 1, :io: , ·n~ •.:ufo.l. vay ~ represent th• au,. 

I! • ! • C • uror 

where 8 h & coe!Hcl4·::.t, tt an alun1r,1t1ve aodd to (2) for th• :-eU :!c :ab!.p 

bnw-ea in.1tl"Ubltut re•~ and &etu.al coai:eotration. 1hh a;,1):"C'•¢. ~• a:i~ 

rcali1ttc •Ince, t~ the ~r1:llnit• 4cM: Mre. the col'l.centratiot1. C. !~ 

aeuured vttb aueh an•ur ptecltiO'ft thAn th.t lnatrlDll!nt rupon.ses. Eq:.w.:!w 

(3) My bt fitted b7 le&lt ,q,...ret rt&THalon. tbe naponae facto r:~•= U 
uU•td by 

u • 11a 

fllete ■ra uver·•l ptcbl"• vhh thla approuh. A• dhcu.u .. ~ .&1,ovc, .t. 

alaal• H■ponN tactor for all COfteffltratlona t• DOt Ju1cilt~1 •. !1:1:&:ia.J 

L'-- reaponM f.tctor H th4 t t dpr0<d Qf • r•arculon coetftcien: i,Ce.-eraua a 

bt.11 thet h not u■Uy cor uct«d tor . r11rtJ1enaoro. • i:onftdence 1:iU:n-al for 
th• eltiMt• i.. ftOt •••Y to con,tnict , 

,. 

7 
' 

I 
I 
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Conauat variance. about the N&N!Hioft Une ia one aH,-PUan •c••NtY 

f~r least ,q..aares regTeaaSon e1e1111tion. the data coll•c:«d 1n this atody 

,hcnt greacer variattoo 1D. iaatt"IIINQt reapon.s• uaoctated vtdl htl,har CWCrtD

uation,. Thi■ le Mt une:irp,e:c.eed bcait 19 anotMr obJec.Uon to fU:tua lq\A&t.t.oo 

( J) by leut sq~l'U. 

Traufof'111Qg the n~ •1ar1.abJ• vith • loa•rldt•k fwcUoo ll • ~ 

fu.l tech,ii.que fol' hoe:)prli.sing vart•ce. U'aing a lopdtbate uantfora..tion 

on. both tn,tt\lM:ftt r .. poa .. an.d act\Nll coacentrntoo. P,vH • tairl7 llMU 

re:l&t10Mh1;p .a vell u even variabiUtY• n,u,. the relatioaebtp U 

tn (U) • a "' b • to (C) + error • 
(4) 

which 1• funct1onall1 equivalnt co 

if tha error h ta,t0nd. 1t\e NgrHl.:.OC coafflct•t.■ a &ad b eu be Htwd 

by leaat 94U8rn uua !qutloo. (4). 'lhU prarl .. • • pre41ct1.,. "•tJ• tor 
tanrmnt N1ponu for • gtveG coacctratloo. !he ath.o4 a1ao .iio- for 

eHiMU.G& the p'Nci&tco of c.M pn41cetoca. tltU 1pptcMdl. .-n•u. • 
911Pl.dcal f..-acdoaal retatf.onabtp lllatNn tM actual coacntrada. -4 tM 

tnatnatat H-,oaN• A. r.,proue fact:OT •t ay pantC'lllar &ecuel eoeeea.cnu.ot: 

"" he ~ud froa (4) aaiq tM• ~idcll nlaUo ... 1,. 

'ffM; foUowtas •dla.t ,1 ... , cha Nc:.t t • of tb4 •d»od ~ to .. tiaW 

the t11•paa• t•ctaT ., 10,000 ,,., with a 9S pel'Cft'C coafl~ Ut~

t.at: Ci, i • 11 , •• • a. &• ch• act\l.&l. COGCfttntloM t .. W. an4 ta1• I. • 1, 

... , a.. be cha olHned IDttnant Ns,octN9 .,_en a ta t1'e su:aa" ot u:per1.:

aa.td tut• ,el'fonN. flMa tbt .Ul 

1 

J 



LS Utud b,- Lu•t aquares. vbeH .taot 
1 

ls the unlrOmm •asur~nt •!ror 

aaaodated wt. th t.h• te,h cu, . (7) to addlcloo. to the entutd ii ai,d li of the 

paraaec• r• a Ind b. ch~ follavb& quanci~lca are also coopueed. Th~ mean 

•q.,.re •nor is calculaud fC'OII 

• s; • [ {la (lt
1
) - ~ - ~ • t l\ (c1>Jt/(n•1> 

1 • l 

Tb• •m of aquand clevhctau of the losertdl•• of ch.e actual coM-ectcnttooa 

al>o"'t their •• b ulcv.l&t•d ff'OII 

• 
.... • [ ltn cc1> - XJ t 

! • 1 

aD4 gpper ad lOIMI' 95 petteac conf14fflce UaiU bl tM lo&&rlthaic 1cal• H• 

.. ttMtd 't>y 

u;, • U"to,ooo • ' • '1•10000 

I.Ci. L~o.ooo - ' • slllOOOO 

I 
I 
I 

• 
I 
I 

• 
~ 
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wher~ t ta the tabulated Studeut'• t wltb o-2 degrH• af treedoe for 9~ 

p• recnt eonftdence. and 

Ill/a) + (to 10,000 - i1'1ss I • 
Coa.vertion back to the data ec:•l• fro• m. loaaflth11ic •cal, lnuod.uc•• 

• bl&&. 1tw bia• conec:Uon t. approd•tely 9!/2. (&) 'Dage die •tfm.,.. 

ta,crcaaat re•pooM at 10.000,,., U 

l"i,o,ooo . . .. (Ll"i,o,ooo + •!121 

ad th• corN■"°n4in& 95 "erceat conf1deftce ltaiu ar. 

.... (tC1i_ 

• ... (1.C1u 

♦ S1/2) • 

ar10,000 • 10.000,Uu,,ooo • 

110,0001a,,. 10,0001~> 

Noco th•t the l.1ait■ rev.rH ar.S.r by cbia tn111fotNtion. IO •c~t la 

made to .accotmt for b1H 1utToduced. by thl• MCO!ld nana!oraatiotl. 1he valuaa 
A ~ -of Ill. t>. n. s,. SS

2
• and x nec .. ury for perfo"taiq thde i:oa,u.tatiou ■c •Y 

dulnd ueual cooceatt'attoo •"' "NHn.te4 lo Section 5, T~l• ►169 aid 

5-110, 
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tn •um:laf'Y, this pto«dcN a:DOunt• to e1ti1111&tlag the 1oetl"UM'Ot re~p01'l8~ 

to• 10.000 ppmv concentration by u:a• of• fitted regresetcm line. The 

tt:apoaH fa.ctor at 10.000 ppcv 1• the-o calculated ,~ thta uUmaited re1ponn. 

tf an wltnow conc•ntratioo t■ n,ear 100 000 p-psv, then applica tion of the 

10.000 ppsv THpoaH tutor to CM inlt<f\lMOt c-e&ponM will giq ro14bly th• 

ciornct concentrect.oD. His}l,r or lover (:01)CentuUona vill be HtS .. ted 

ln.acc,u·.auly by this •t'hod; h,o,,lever, d~J vtll l>e .. ctu.td u beSn, higher 

or lowr tMD 10.000 p,.._. con.c1:ly. 

For aoet of tM cbeaicah tuted in thh •'Un'ty. 10,000 -,,av t.a O\ltdde 

ch• range of te•t•d conc~tntioa.1. Tb11 fact t, Tl flccted Sn th• confidence 

interval• vbtch vtdea u tbe raaa• of tti.. dat• te exc.Hdect. 

h•ld.e• thli!' 1utletical effect• Just not•d• ther• •N phyatcal llmtta

dOfla, ffl.t: idtnaaat neponH .. , aot contitrue to follov th• proJacted 

lluH tnnd (lo&ar1da1c aule) ll•1on4 t:h.e nna• of tht dtta. lt MY not 

,:vn be ponibh to achieve • coac~tratloo of 10,000 ppmv vich the ebe:aical 

ta qua,tion. ~•tther tht uttm.tH oar cotlfidt"Dc, tnurval■ refl«ct thu.e 

UiU.tadou. 
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S!CTIO:-t 5 

D?TAnED WVLTS 

'lbe reauU:1 of the tHpoD.le f&etot worlt for 168 ch..t.cal• .are 14aat'1.ffd 

in S.ctlon 2, 1111th th• po~u.Uoa of a 11Qale terpoaa■ factot' .. tia.t• at 

10,000 p,,..... lhb section •111 pNHDt the .ct.ual !Uta OD 11ttldl chat 4:ltia&U 

b buied. t'b•r• er• NO •et• for .. a dlaaic.al. tu: U:st lhNt t• • C,ll:IWAr 

repnMQC-Uoa of the &c:t-,,al coDC•trattol'III ..t the l•t~ n.-epoue ruwn • 
and 1Dcludn b-otb. 11,1eijbt1d 8UD YAluH aDII S,A41..t.du.al tutnaeu ra:apoaN fK• 

to«. 11\e Hcood -...c. pn1n.t. tvv ar.apba of tut.--at reapoue 1'1• aetul 

concentntt.aa, on.e for tba Cl'fA ad ooe for th• Tl.9. 1b ... 4.au ani PffMl,'t,M 

u TablH )-1 ct.rough S-168. &Dd PigvrN ~1 through 5-168 • 

In Sectloo 4, a ~~cuin va■ pr...oud vbicll cu b• \&AN to cal.cul.at• 

tha , .. ponN faccora •d tM t, ,ercnt c00ft.s.oc• lr,e11 fo~ uc>i clMUul. 

at • c~ntr&tiOll other than 10.000 ppav. Tllbl • j-169 ai9" t.bt. nl11a for 

calculAUn.1 t1- 09A niapnM f&e:HT■ a1ld u .. data for ell• TLV 11Te 'PrtN:&tN 

iD Table S•UO • 
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