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Dctcrminirion Of Volitilc Organic Compounds ( V O C s )  In  Arnbicnr Air L'un~SpcchIly 
Prcpsrcd Cani\rrrs With Subsequent Analysis By Cos Chromatqnphy 

1. scopc 

1.l This document d c s c r i k  o prcstdurc for sampling and analysis ofvolatilc orpnic compounds (VOG) in 
ambicnt sir. Thc mcrhod WU originally b a d  on colicctron ofwhole air s;lmptcs in SL'XfXtAQG plssrw:cC 
stainless stccl WISCF; but IUS now bccn gncrducd to othm specially prcparcd W I W E ~  (XC Sealon 7.1.1.2). 
Thc VOCs we scpantcd by gas chromtogmphy and m a s u r d  by s miss spcmornacr or by multidctcctor 
tcchniqurs. This mcthod p m t s  pmcduns for ~ m p l h g  into canisters to find prcssufi; bob ibovc and below 
armosphenc prcssurc (rcspcctivcly refcrrcd to as prcssunxcd and subatmosphrnc p r a m  s;unplinp). 

12 This mcthod is applicablc to specific VOCs that h v e  bccn h i e d  and dctcnincd 10 bc stable whcn norcd 
in prcssurid and subatmospheric pressure csnistcrs. Numcrous compounds, many ofwbich ;ucchJomrcd 
VOCs, have been succcssfully tcstcd for stongc stability in prcssunred c;mistch ( 1-3). Howcva. mmmJ 
documentation 1% currently avaikblcdcmonsmrinp stability ofVOCs in subamcsphcric presrrrrr mnisms. 

13 The Compendium McthodTO-14Atarga list isshown inTsble 1. Thcsecompounds; have bccn succcsirllty 
nored in canisters and ~ w r d  ;It thc pats per billion by volume (ppbv) lcvcl. This m c h d  applies u d c r  moa 
conditions cncounvrtL1 in sampling ofambient air into MIS~QS. Howwcr. h c  composition of 3 ps rnirmc in 
P unistcr. undcr uniquc or unwul conditions will change $0 h r  thc urnple is know not to bc a true 
rcprcscnbtion of thc ambient air from which it w u  taken. For cxamplc low hunidky conditions in hc w m p k  
may lead to losses of c m i n  VOCs on thc canister wdlr, lasso; c h ~  would not kippen if the humidity w6 

higher. If the cankXr is prcssuritCd, thcn condewation of water from high humidrp s;unplo may QUSC 

fmcrion;ll loses of  warn-solublc compounds Since the unisxr surfjcc XQ is limited all 1;3sb arc in 
compeution for the availablc m v c  s i t s  Hence an 3buo:utc aonb- Sability ~ ~ n n o f  be asupcd to J m i c  
g x ~  Foztunmly. undcrconditionsof normal rrup for umpling mbicnt air. m o s  V O O  a n  k rccovcrcd Erom 
anistcrs near their origiml conccntriatiom atlcrswage ma of up to thirty dayx 

2. Summap of3lcthod 

21  Bob suhtmosphcnc prcsurc and prcsswcd sampling modo; t y p i ~ l l y  ux an ~nrrully axua ted  
and pumgvcntilntcd samplc linc Junng umplc collcctron. Prcwnzcci m p l r n g  rcqurres an dclctuorul pump 
to provide ps i t i vc  prcssurc to the !ample M I S : ~ ~ .  A s;lrnpleof smbtcnt air is drawn through 3 lynplmg tryn 
compnscd ofcornponeno h t  q h t c  rhc rate and duntion o f m p l i n g  imo a prc-evawitcd spccully pfcpcd 
pmivatcd anisTer, 

2.3 Upon rcccipt at the labonto?, the Qni!itCr tag &a is mordcd. thc COC c o m p I a d  and thc CllllStrsT b 
atochcd to rhe arw!ytml systbm. h n n g  analysis. water vapor is nduccd in thc bgs sum by ;I %ifion3 d f y a  
(if applimblc), and the VOCs zrc thcn conccnmtcd by collcction in a crpgmiolly-c'oalcd asp. thca'+gm 
is thcn rcmovcd and thc tcmpEnhtrc ofthc mp k raised. The VOCs ongirully ~~llcrlrcc! in rhc mp arc 



rcvol3tilizcd. scpantcd on a GC column. then dctmcd by onc or mom dctmors for idati!?cltion and 
quntintion. 

2.4 The analytical strxcgy for Compcndium Mcthad TO-l&\ involva using a h i g h - ~ l u f i o n  gas 
chromatograph (GC) cauplcd to onc or mort appropnatc GC dctccturs. His:orir=llly. dacctors for a h v c  
bccn dividcd im two goups: non-specitic dctcaoh: and switic detmoh Thc non-s j i i l c  c k t ~ r s  mcludc, 
but ;LIE not Iimi!cd IO. thc nitrogen-phosphorus dncctor ("D). the t lmc ionkdon derccror (FLD). thc clmon 
chpturc dctcctor (ECD) and the photo-ionization dctcctor (PD). Thc specific daetors  include the l inar  
qwdmplc mu !,.pccaomacr (MS)  opmting in nthcr thc sclcct ton monitoring ( S M )  modc or the: SGLY mdc. 
orthcion aJpdrtcctor(sst Compcndium McthodTO-15). Thc uscofthc;cdc~orsorscombirution6f&.~ 
dctectors 3s pan of the analytical schcmc is dctamincd by thc rcquircd s p f i C i ~  md sensitivity of thc 
application. While thc non-sfmiiic dctcaors arc 1- cxpcmive per analysis and in some Q- fir mort scnsibve 
than tho specific detectors. they v q  in specificity and xnsitivity for a specific class of compouncl. For 
instance. if multiple blogmrcd compounds arc y c t c c f .  an ECD is usudfy chosar; if sdy compounds 
containing niaogcn or phosphorus arc of inmest. a SPD an bc d; or, i f3  vJricfy of hydroclrbon compounds 
arc sought, the broad r c s ~ n s c  of rhc FID or PID is appropriate. In ach of thesc c=3yes, howcvn. the 3 W i i c  
idmitifiation ofthc compound within d ~ c  class W dcrcrmincd only by i ts  rcrcndon tunc. which M be subjm to 
.shifts or to i n t d m c c  from otha nonargctcc! compounds. When misidcntitiotion occurs, hc a m  is bmcnlty 
a mlt ofa cluncrcd chromtqpm, mking p k  wsignment dificult. In p;lmcular, rhc morc volsuleorgmics 
(chlorocslwncs. cthyltolucncs. dichlorobenzcncs. and various frcons) cxhibit lcss wcll ddined chromtogmFhic 
pdu. 1t;lding IO p s i b k  misidcntifiation whcn using nons i i i l c  dnmorsl Quantitative comparisons indicate 
that thc FTD is more subjcct to mor than thc ECD bce;luw: thc E C D  is 3 much more sclcniee damor and 
exhibits a saongcr rcsponsc. Idcntifiation mors, howcvcr. can be rcduccd by: (a) employing simultmcous 
dctcaion by diffcrcnt dctcctors or (b) corrclating mcntion t imcj  from diflcrent GCcolumns for confirnutioh 
In cithcr casc. inrcrfcrmccs on thc non-spccific dcrenoa can still QUX: mor in idmtifyng compounds of a 
compla sample. Thc non-spcdfic dctcctor sy:yaem (GCh'PDmDECDPfD). howcvcr. has bten uscd for 
approximarc quntimtion o!'rclativcly clcan m p l s  The non-specific dctcctor system ctn provide3 "snapshot" 
ofthc constirucnrs in thc samplc. allowing dctcrmimtion of: 

- Extent of misidentification duc ro overlap pin^ PQIC?L - Dacrmination of  whcthn VOCS arc within or not within conccnmtion nngc, *us requiring fwlm 
analysis by spccific dctcctors (GChlSISWXISISl)  &e., if too concnmtcd  thc ~ a m p l ~  is funha 
dilutcd). - Provide &.I x to thc cxistcncc of uncxpccted pesky which require idcntifiauon by specific dclcctors. 

On the othcr b R  thc ux ofspccific dctcctors (MS couplcd to a G O  allows positivc compound idcndfiotion. 
thus lending iwlf!o mort spcnticiry dun thc multidcrcaor GC. Qcmting in thc SIX modcrhc XIS M m d l y  
approach thc samc scnsitivity as thc multidcrcctor sys?cm, but its flcxibiliv is l imitrd For SIM opcndon thc 
MS is pmgnmmcd to ncquirc dam foro limitcd n u m b  of tugctcd c o m p u n k  In thc S h V  modc howcver. 
thc M S  bccomcs 3 univcrwl detector, oftcn dctectinl; compounds which arc not dctccrcd by thc mulrjdflcctor 
approach. Thc GS/~fS/SCtL': will providc positive idmtifration, whilc the GC'hWSIM procedure provido 
quantiution of J rcstrictcd list ofVOCs, on a prcsclcctcd tsrgcr compound list UCL). 

If thc MS is bxcd upon 3 standard ion t n p  dcsign. only a scanning mode is uscd (note however. th31 the SclccS 
Ion Storagc (SIS) modc of the ion t n p  has farurcs ofthc SIX1 modc). See Compmdrum 3Iethd YO-l j  for 
funhcrapbnatjon and applicability ofthc ion-trap to thc analysis of VOCs from specially prepared &ten. 
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Somewht  lowcr cquipmcnt cost than C W S  
Less m p k  votumc rcquircd for analysts 
MOE m i t i v c  - ECD m y  bc IO00 amcs more semitivc than 

G C N S  

positive compound idattifiation 
greater sensitivity than G m  v 
Iss opcntor mtcrpmtion than for 
multidamor GC 
an rcsolve co-cluting pcrk 
mom spccilic than the rnultidetcclor GC 

positivc compound idcntifiution 
M idcntify all compounds 
lcss opentor interpretation 
an rcsolve cocluunp peaks 

! lowcr scruitwity ban GG?cI!j,'SN 
! gmtn s3mplc volume r c q d  than for 

! somewhat bmra quipmcnt c w  th3n 
multidctmor GC 

rnultidctcctor GC 

Thcyt3lYfical hih far the mrasumcnt choxn by thc analyst should providca dcfrnibvc idcslifiatior; and a 
precise gumrimtion of volaulc organics In a l;yc pa% the c lcn~ l  approach to thcsc two objcctiva issubjccn: 
to cquipmmt availability. Figurc 1 indicrrs some of  thc Eavontc options that arc used h C o r n ~ h u m  

mode and supporrcd by s p c m i  libmy s u c h  routincs This oprion offers he narcst ;Ipprox.imtion to 
McthodT0-14A. ThcCCXSISGLVoprion ~.;s~upillsrycolumnGCcoupledto~ kfSoopa;ltcdin 3- s 



Mcthod TOI14k VOCO 

unambiguous idcntifiation md coven 3 wtdc w g c  ofcompounds as ddincd by thc complctcncss ofthe spxml 
libnry. GUMS/SIM modc is limited to a e. ofr;ugct compounds which sc user Jcfincd and is morc sclu;itivc 
than GCIMSISCAV by v ime of the longa dwcll t i m s  a: thc mtrictcd n u m k  of mlz values, Both th~irt 
tcchniqucs, but cspccially L!IC GC/?.lSISIM option. M use: ;L supplcmcntal gmcd nonspecific detector to 
vcri&idcnrify the p r m c c  of VOCs. Fimlly the option hbcllcd GC-mulcidcrcctor ry:m uss I combirution 
of rctfntion tirnc and multiplc gcnenl detcetor vcritiation 10 idcntify cornpun&. Howmver. inrafennccduc 
to nci ly  idcntial rcicntion timcs M affccr systcm quantitation when using this option. 

Duc to low conccnmtions of toxic VOCs cncountcred in urbm air (typically lcss 25 ppbv 3nC thc mjority 
below 10 ppbv) along with thcir complieared chromatog3phs Compcndium Slcrhod TO-I4A mrr& 
recommends thc s i f i c  d m n  (GcMSaWLV) for positive identification and for primary quantimon 
to cnsurc that highquality ambient daw is icquircd 

Compcndium Method T a l 5  is now w;li!ablc as a guidance documcnt containing addrdod advia: on thc 
monkoring ofVoCs. hkthcd TO-15 contins idomt ion  on dtsnsrivc water m g a n e n t  bq-szcms. h x i  a marc 
conplctc quality control section. shows pc17brmancc Criteria that my monitoring rcchnjqw mats achimc for 
;rcccpWcc. w d  provides: l;rrid;lncc specrficrlly l m c d  at compound dcntific;rtion Sy mas!! sperromcay. 

' 

3. Significance 

3.1 The avaibbility ofrcliltblc, accurate 3nd prccisc monitoring methais for tokic VWs k a  pnn~ary n m !  for 
mtc md 1-1 agencies addressing daily monitmng rcquircmcnnrs tclstcd to d o t  comphins  fugitive &om, 
and m d  monitoring. VOCs cntcr hc amosphcrc from a v;rricry ofsourccs, including p o l c u m  reihcrkk 
synthctic organic c b i d  plunq r J t d  gas procc;cmg p h o ;  biog.cnic sourccn and automobile cxbsrcit Slap 
ofthcx VOG; arc tonic so that thcir damination in ambient ar is ncccssuy to x-iscs hlurwn b d t h  imp;lca 

32 Thc anisa-bascd monitoring method for VOCs has proven to bc 5 viable and widcly USCP appnuch rbst 
is based on rcscarch 3nd cvdution perfanned sincc the urly 19SOs. This a&vity hss kvolvtd tbc m g  of 
m p l c  shbilhy ofVOCE in Mislasjnd thc deign of urnc-iin!qp.t~vc sunplcrs. rhe Ccvdopmart of pnxcducs 
for sntrlysis of samples in mistas includmg the pxcdurc for VOC pmncmtrjr ion from whole air. rht 
trcatmcnt of wicr vapor in the m p l c  and rhc x lmon  of an ;Ipproptiatc mdynol k i sh  hy btcn 
sccomplishcd. Thc clnistcr-baml mcthcd was initially summyired by EPA LS Method TO-14 in k Firs 
Supplmcnt to thc OImpcndium ofA4e~hadrJor the Lktmninution of Toxic Orpnrc Cornpun& in R r n S m ~  
Air. Thc prcscnt d m m c n t  uptlata thc originrJ Compdium !dcthcd TGI4 wirh common of timosasicivt 
informtion and otha minor c h p s  JS dccmed approprink 

3 3  Thc anisxr-bwc! method LE m s wdciy txd Jtamtivc to the Solid sorbcnt-kxd rndmds. The mcthoLi 
h s  sub-ppbv dacction limia for wrnplcs afrypiully 300-500 mL ofwholc air a d  dlrpliutc and rcplicuc 
prccisions undcr 20 pcrccnt LS detcrmmcd in ficld teas. Audit bks  vs lucs  avmgc within the mgc of 
r 10 pmcnt. Thcsc pcrformar,cc p x i m a m  arc g c n c d y  adcqutc for monitoring x thc 10' lifttlmc ccpalurc 
risk levcls for many VOCs, 

January 1W Page JLtA-1 Comprndium o$,~ferhodv$or Taxic Oqunic Air Pulluruns 



3.d Collection ofmbicnt ;1u samplcs in clnbtms providn ;I nurnbcr of advmugcs: (1 )  convcmicnt intcp~on 
ofmbicnt srunplcsovcra spccific timc pcnod (cg,, 24 h m j ;  (2) rcmo~c sampling mnd centnl ;LnalysiS; (3) cast 
of storing m d  shipping urnplcs; (4) unanndcd s m p l c  colltction: (5)  analysis o f m p l c s  from rnultiplc ita 
with one analyticall systcm; (6) collection of suffkicnt wnple volumc to allow a s a s m a i t  of m m e n t  
pncision m&or xdysiS of SsmpIcs by s c r v d  mlyticzl systm: and (7) aongc stability for m y  VoCs over 
pCriods of up to 30 days. To mlize thcu:3dmhges,~ must be cxcrciscd in sclmon, cleaning and handling 
m p l c  wnbtm and sampling ;~ppr\nnr~ to avoid losses or contmiinstion. 

3S lntcnot surfaces ofminm arc trcated by m y  of a nurnbcr of p i v a t i o n  proccsss  onc ofwluch k 
sUhl,M.A polishing 35 idcntificd in the 0nbp.d Compendium Mcrhod TO- 14. Otha spccdly prepared cylis!ers 
arc cllso available (scc Scmon 7.1.1.2). 

. 

3.6 The csnistcr-based method for monitoring VOCs is thc a l t m n v e  to thc d i d  sorbcnt-based rncthcd 
described in convcntional methods such JS thc Compenihum S l ~ o d u  TO-I and 7'0-2 and in the ncw 
Compcndium Method TO-17 that dcscribcs thc use mulcisortcnc packing including t!!e ux of ncw c u b n - b c d  
sorbents. It also h an altcmtive to on-site imlysis in those a .  w h a c  intcgnty ofmplcs  during stongc mmd 
mnspon has bccn cstablishcd. 

4. Appllcziblc Docurncnts 

4.1 , S T M  Standards 

- Mahod DI 356 Dcjnirion ofTerms Reluting IO Atmospheric SampliNg and Anal-vsis 
Method E260 Recammended Practicefor General Car Chromurgraphy - Mcthod E355 Prucricejor GELS Chromurogruphy Terms and Relationships 

* Method D3 1357 Pracricclor Plunning and Sampling ofAmbicn: rfrmosphcres 
Mct.hcul DW66-93 De~erminution of Volurile Qrgunic UtcmJcuLv in Rtmwphcrcs (Cunistcr Sampling 
Mcrhodolqp) 

4 2  EPA Documents 

* Technical Assisruncc DocumcnrJor Sumpling and AnuIps TOXIC Or,qunic Compounh in Ambienr Air. 
U. S. Environmcnuf hotmion Agcncy. EPAd00/4-Y3-027, June 1933. 
@uo/iry Assurance Handbook for Air Pollution ,Mccuurcmcnr Susrc.nrr. U. S. Environmcnnl Protection 
Agcncy, EPA400/R-9*03E(b. May 19%. 

* Compendium o/,Vethorls/or rlrr Detcrminirrion of Toxic Oqanic  Compounds in Ambrcnr Air: .Llcritod 
TO-14. SccondSupplcmcnr. U. S. Environmcntal Prolixtion t\pcncy. EPA 60Oi-bS9-O 1 S.  blah 19S9. 
Compcndium of.Vctlioc.k for flip Drfcrmmution ofTo.ric Orgunic Compound$ in .4mhrmt Air: ,tfc'thoL1 
TO-IS, Second Edition. U. S. Environmcntrrl Protcction Rgcncy. EPA 625iR-96-01Ob. Jmnu ;~~  1997. 
Compendium of Mcriiods for rhc Dercrmrnution o/'Toxic Orguttic C o m p u n A  in Ambicnr Arr. F i m  
Supplcmcnr, U. S. Environmcnnl Protection Agcncy, Research Ttimglc PrrrL SC. EPr\-600ij-S7-006, 
Scprcrnbcr 1997. - Compendium ofA4crhorlsfor  he Detcrminotion of Toxic Oqunic  Compounds in Ambient Air: .Vethod 
TO-1, U. S. Environmcntd Protection Agency, Ro;c;lrrh Twngle h r k .  S C  EPAd001MWXl. 1966. 
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- U. S. Env:ronmcntd Protation Agcn~y Tcchnicll r k s l s ~ s c  Dwument (3). - Labontory 3nd Ambient Air Smdk (4-17. 

5. Dclinirions 

m: &finitions used in this document and cury user-prcpartd Slandord U p c r a g  Prxedurcj MI%} 
should be conswent wth those used in ASTM 01356. All abbrcvuarronr and +Lf arc d&ted w':~IJ~ rhit 
documen! ut rhhepainr offimt usc.j 

5.7 >WIM--tht GC is couplcd to 3 >.IS pmgynmcd to a q w  data for only specified ions and to du3Egrd 
dl others. This is pufomcd using SLV couplcct to &on timc discrimirmors. The CCzSM analysis pmvidcs 
quantiativc results for selected constitucnn o f  the sample ps s pr0g;Unmcd by thc USCK 

5.9 Pressurizeti Slrnplinp-collcctiun of M air m p l c  in ;L wistcr with 3 ( f ind)  can ism p m  3 3 0 ~  
atmospheric prcssurc, using o sample pump. 

5.: I Qwnfimrive Accunq-the Sbility of an mlyaml yslcni to corrcctly rnawrc the conenIration ofvr 
idcnrificd compound. 



512 Static Calibntion-dibntion of an mlyticzl system using standards in 5 form diffacnt born thc 
samples !O bc mlyzcd An m p l c  of J s - t i c  calibntion would bc injecting a mull voIume of3 high 
conmtndon spndard d~rccrly onto a GCcolum. bypassing the wmple amnion and prcconc.mmtion pmon 
of thc wtlyricrrl s y s r t m  

5.13 Subatmwphcric S;lmpling-col)ccti4r:0llc~o~ ofan & ~ m p l ~  in an Evawrcd cmhcrat a (W) cmktcr 
p r a m  below atmosphcrk pressure, without thc assis\Mcc of ;1 sampling pump. The canister is 5kd S ~ J X  

ktanal aistCr  pnssurc incrc3fcs to trmbicnt or norynbicnr prc;sutc. An awciliruy mcuum pump nuy k UJCd 
JS part of the sampling s p 7 m  ro fl~h thc i n k  nbing prior to or during srrmpk collection 

6. lnteflcrenccs and Limitations 

6 2  Contimination may occur in the sampling s y ? m  if' eyll\tcrs sft not properIy dclncd bcforr UIL 

Additionally. all othn sampling cquipmcnt (e.&, pump and flow conmllcrs) should k thoroughly duncd TO 
cllsurc xhat the tillmi; appamru will not contaminate sunplc; Insauctions for clcu~ing the c3nslbs and 
cdfying the field m p l i n p  s y m  arc d&kd in w o r n  11.1 snd 1 IA respcctlvdy. 

7.1 Sample Colfccrtion 

7.J.1 SubitmosphcricPr~~utc (see Fifurc 2 \Vithour Mc'tll BcllowsType Pump). 
7-1.1 .Z Sampling Inlet Line. Sminless accl tubing IO conccct rhc . m p l a  to thc sxnple inlct. 



- BRCCR;lmusm 
1701 0 XIV Skylinc BJud 
Portland. OR 97321 

1790 Potrcro Drive 
San Josc CA 95 124 - Tzcstcc Corpontion 
1 10 B m c r  Circle 
Bcllcrbntc. PA 1682348 12 

Mcritcr 

SonTcchinc. 
6862 Hsycnhurst Avenue 
VmSuys,CA 9146  

P.O. Box dW1 
M ~ O W ,  ID s 3 s 3  

SO0 Tcchnology Ct 
Smy-rwGA 30832 

- Scientific I m a d o n  Spcdsli* 

Gnscby 

7.1.13 Stainless Stccl V;rcuum/prersurc Gauge. CapabJcufrnc3suring V ~ N U  (-100 ro 0 P a  or0 
to 30 in. Hg) and prenurc (0-206 k h  or 0-30 pig) in thc sampling systcm Mathcson, P.O. Box 136, Morrow. 
GA 30200, Modcl63-3703. or cquirJcnL Csugcs should be t-cd desn and leak dght 

7JJ.4 Electronic Mass Flow Coanoller. Capiblc of mainmining a constant flow rate (e IPk) o w  
a sampling period of up to 24 hours and unda conditions of changing tempcnnvc (2WO.C) aad humidiry. 
Tyhn Carp., 1920 S. Nomwnciie Avc. Tomncc CA WSOL Modcl FC-250. or qUivAcnt 

7.l.l.5 Particulatc,MnrtcrFilter. 2-pm Pintcrtd &dessstccI in-line filtcr.SuproCo,sSOO E 34th 
St, Willoughby. OH 4409s. Mdcl  SSX-KG2, or cquivdcnL 

7J.1.6 Elcctmnic'l'imer. For~adedmpltcallcction, Pmgon Elcct. Ca, 606 pYLw;ry BlwL P.O. 
Box 28, Twin Rivm, \VI 54201, Model 7OOS-00, or quinlcnt. 

7.1.1.7 Solenoid Valve ElecoicaIlyopmtccL bi-mblc solenoid valvs Sk%a Mapehtch Vale Ncw 
Britain, Cr, Modcl V%W9710. with VitonO sat and o-rings. A Skinner Sbg~hrch d v e  is used for 
purposcs of illusnation only in Figuns 2 and 3. 

71.1S Chromatographic CradcStainlew Stnl Tubingood F i t t i n s  For krmoundw Ud 
Associ;lt~~,2OS1 W3ukcg~i Rb.Dmfiel~R60015,C;lt. #8125,orqquiv;llcn~ NIsuchm3tai;llshcont;lrr 
with sample. adytc ,  and mppon pscs prior to mdysis should be chromtopphic p d c  Snideis s t d  

7.l.I.9 Thmostatically CoorrolJcd Hearer. To maintin t a n p t u r c  inside insulated s~nplcr 
nclosurc nbovc ambient tcmpcnnrrr. Wotlow Co, Ffdbwn, NC. Port 040 1OOSO. orequwJlcnt 

7.l.lJO H a t e r  Thermostat Automtimlly quhtcs hcuamptu r~  EImwosd SCnKm, l n c S 0 0  
Narngmscrt Park Dr, hwtuckn RI 02361, Modcl NSS-REO100922.Z or quidat. 

%l.l.l 1 Fan For cooling m p l c  syskm. E W G  Rotron. Woodstodc, hFr'* Model SU2A.L or equiv;llent. 
f.lcl.12 Fan Thermosr;~ AummtiEaIIy quhtes ?%I Opcnriotr, Elm& Sensa, k AwnKks RL 

7.l.l.U Mdmum-Minimum Thcrmomaef. Roeordshighertsnd lowcst tanpa3arraduriags;rmplmg 

7.1.1,14 Stainless Steel Shut-Off Valve. Luk frcc.formcuumlprsnucgugc. 
7.1.1.15 Auxiliary Vacuum Pump. Continuously chws smbient air rhrough thc ink @fold 3 2  IO 

Urnin. or highs flow mc. Szunpk is cxmctcd from the manifold at a Iowa rate, snd cltce?is ;lit is cxkwttb 

Model 34SS-RCO I OocO?33. or tquiv;llcnt. 

p o d ,  Thomss Sckntific, Brooklyn f?lermomcter Co, Jnc, PIX 93-3H30, or quivalart 

p&: Thhc use of higlicr inlcrjluw r u m  dilura any contnminarion present in the ink: and reduces the 
possibility ofsumplc contuminution us u result of contac: with aeriw udsotpon sites om i n k  w d k I  



VOCa >lahod  TO-13A 

fJf.16 Ehp*cd TimeMctcr. SLiiz~\urrss d d o n  ofmp!ing. Connc, Cnma Ihv, Ot3 Saybrook Cr. 
T-pc 6361. P N  1 OOUZ, or equivalent 

7J.1.17 Optional Fad Ori~cc,Capillarl;,or,~djusclblc Micrometcrinn, Valve. May k in liw 
of tttc e l m o n k  flaw controller for g n b  vmplcs  or shon duratlon timc-integmtcd m p l s  Usually a p p m p m  
only in situtions whcrc screening m p l c ;  arc taltcn :o 3- future sampling act~vity. 

7.12 Prrssurizcd (see Figure2 W i t h  >Ictal aCllon~Typc Pump and Fifurc3). 
7.12.1 Sample Pump. Smnless steel. m a l  bellows fypc. . L i d  BcIIows- Cq.. 107s Pmvidcncc 

Highay. Shruon. MA 02067. Model ME3-151. or tquiwlmr, apable of 2 atmosphcrrs output pr twrrc  h ~ p  
must bc free of  I&\ clun, and unconnminatcd hy oil or otgnic compounds. 

[w An alrernafivc sumpling .ysfcm h a  been developed by Dr. R h m u w f i ,  The Oregon Crdwrc 
fnstirutc of Scicncc and Tcchnoloq. 20000 22, IY. Wafkr Rd.. Beaverton. Orqon 97006. 5OM9O-I O Z .  
(I 7. I81 and is illuszrarcd in Figure 3. Thisflow .stern usa. in order. a pump, a mcchunicu~~ow repfator. 
and a mechanicaIcompcnca~oion/Tow rc.srrtcrrvcdmice. In rhrs conf i~~rafron rhrpump irpumcd nlrh u I a q y  
sampk flow. thereby climinorrnK Iiic need /or un uuxrliury vutuum pump to flwh rhc sample inlet. 
Intetfterenccs using thrs conJgurarion hove bccn minimal. J 

7.122 Other Supporrinl: 3Tarcrial~ AI1 olhcr compnena ofthc prrssunzcd m p l i n g  s y a m  (see 
Fiyrc 2 with metal bcllows ypc pump and F l y r e  3) arc simils to compncntsd i . . scd  inSccrians7.1.1.1 
through 7.1.1.16. 

72 Sample Analysis 

72.1 CcfilSIsCLY Analytic31 System (we Figure 4). 
721.1 Cas Chrornutgmph. Cipiblc afshrnbicnt tcmpcmnrrc ptopmrning for rhc o v a  with dthet 

g~nenlly standard farum such as g u  flow regulators. auromatic c m m l  of v a l v s  and intcg3tor, QC 
ionkition d w o r  optioml, Hewlea hckxd, RL 41, Avondslc. PA 1931 I, Mixlcl SSSOA., with oven t c m p n u C  
conmi and k c l 4  BASIC p;68ynrmn ~ g. or qquimlcnr The G W a W  analyticid system m u  bc upbk 
ofacquiring and processing data in the ,MS/SWV mode. 

7Z.2 C h r o m t w p h i c  Detector. Sbsc lcc t~vc  detector, Hcwlctt P3ck;LTd.. 3ooO-r Hanova St, 9B. 
Palo Alto. CA 94304. Modcl HP-5970 !dS. or cquimlmt. quipped with compurnand appropriate sofhr~rc. 
Hwlctt Packmi, 3000-T Hmova St., 9B. Palo )\!to, CA 94303, HP-216 Computcr, Quicksitva MS so!hWc, 
Pascal 3,0, sungc 9133 HP Winchertcr with 35 inch :loppy disk. or cquidcnt  The G C M S  is sct in &e 
SCAh' mode, whcrc thc MS scrcens the amplt  for identifiation and qmtitation o f  VOC spccicr. 

7.213 CryqcnicTrap with Trmpcmturc Conrrol Assmbly .  Rcfcr to W a n  10.1.13 for complctc 
dn;cripbon ofmp and tcmpcnnucconml ziscmbly, GrJscby, So0 Technology Ct, Smyms, GA 30082) hlodcl 
320-01 or cquivdmt. 

721.4 Electronic M;L!s Row Controllers (3). >lrlinDin constant flow (for carrier p a n d  m p k  bps) 
and to providc malog output to monitor flow anomdifi, Tylm MxIcl260,O-I 00 mL/min, o rcqu idcn t  

72.15 Vmwm Pump. Gcncnl purpose lhontop  pump.capablcofdraw:ng the daircd siirnplc volumc 
through thc cryogcnic tnp. Thomas Industrim lnc,. Shckypn,  \VI. Model 107BA.20, or cquimlmt 

so Scction 7. I .  I ,8 for dtscription. 
721.7 Chrornatmphic Column. To providccompound xpmtion such 3s shown in Table 5. Hwlm 

Packrd. RL SI, Avondalc. PI\ 1931 I .  Typiml GC column for this application is OV-1 capillary column, 
0.32-mrn x 50 m with 0.B-bm crosslinked methyl siliconc cming. or cquiv3lcnL 

"., d J . 6  Chromit~wphicCra~cStainIc\,Stec.I TubinEnnd Stainless Stwl Plumbin:: k'ittinp. Kcfcr 
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72XH Stainless Strcl Vacuuflrcssure Ciugc (Optional). Gpableof measuring vsclltlm (-1013 
to 0 kh) and prrsnm: (0-206 kh) m the sampling system b l x h n .  P.O. Box 136. Morrow. GA 30200. hlcdcl 
63-3fW. or cquiv3lcnt Gauga should be tested clean and tight 

721.9 Sainltss Stccl Cylinder Pmsurc Rquhron, Standvd. wa-sngc qlh& prcwxcgugcs for 
helium. zcro air and hydrogen gas cylifidm. 

721.10 Cas Purifier\ (3). Uscd to m o v e  orgnic impuritic; and rnoism from g a  Hcwlcrr 
h c M d  Rt. 4 1. Avon&lc. PA 193 1 1. P/s 19362 - LiojOO. or cquivalcnt. 

72.1.1 I Low Dad-Volume TK (optional). Us4 to splil the orit flow from thc GC column. xlltcch 
Associates, 205 I Wtrukegan Rd. Detrticld, U 60015. Cat W 3 9 .  or quivdcnt 

7 X . E  S a f i o M  Dryer. GnsL~ing ofWiion mbms c u ~ d l y  mountmi within hrga rutting. P m  hrre 
Products. 8 Eltccutivc Drive, Toms Rive .  XJ 08753. ?.ldcl bID-1343, or cquivalcnt Rcfcr to Sesaon 
10.1.12 for description. 

72.1.13 Six-Port Cas Cromatofnphic \.'dve. h o l 7 ; l p h  Scrvrcc Corp, T u k  O S  Sexor 
Model WII. or cquivalenr. 

721.14 Chart Recorder (optional). Compstiblc wth the dctccfur output signal to record optimal m> 
detector rcsponx :o thc nmple. 

72.1.15 Elmronic fn tqmtar  (optional). Compablc with thc dctcnor ourput signal of the FLD sad 
upable of httgmtinp the carrmcd for baclinc 
dnft 

of onc or more rcsponsc p b  and alculnting pcsk 

72.2 C W m % I  A n d y t i d  S-mtm (see Figure 4). 
7221 The GWl%f anslpd systcm muSr k apablc ofacquiring and prccesmg & in the S S  

7Z22 All cornponcntsofthcGCN!3SIM syScm arcidcnticd toSccUow72.I.l throug!~ 7.21,15. 

723.1 Cos Chromatograph with Flme Ionization and Electron capture Ottecton 
(Photoionization Detector Optional). Cspablc ofsktmbicnnr t c m p w c  progmmmmg for thc ovql and 
shult3ncous opention of all dctecrors, and with other gcnmlly m d s d  futures such gas tlow q u h ! o f s  
aummtk control ofvalves and intqntor. c?c, Hewlctt h c W  Rt 41, Avondjk PA 1931 1, SIodcl599oA. 
with oven tcmpcnturc corn1 and Lcvcl 4 BASIC p r o p m m i n g  or quivslent 

7 . 3 2  Chm Rccordcm Comp;ltiblewith thc dtlcctor ourpu: signals to mwd dcuc?or rc~ponsc tor he 
sample. 

7233 Electronic Integrator. Companble with the dclenor output sibmfs a 3  apablcoimcpting 
t!!c area of onc or more rcFnse  peaks and alcuhting p k  I~CZS corrmcd for hsclint drift. 

7 3 . 4  Six-Port Gas Chromat-mphic Valve. Srr Scction 7 2  I. 13. 
7 2 3 5  Crygtn icTnp with Tcmpcmrurt Control Assembly. Refer to Section 10.1.13 for compIctc 

description ofmp and raperaturc control ;Isscmbly. G n x b y .  SO0 Technology Ct, Smymrr GA uK)F2. X:&I 
320-0 1. or cquivdent. 

723.6 Electronic WLM Flow Cctntroilen (3). Skunuin c o m t  flow (for mma ps. nitfop m;J;c-up 
psmd s3mplcgxs) and to proviidc mlog ourput to monitor !low n o m l i a  TyLn !40dcI 260, &lo0 &mi% 
or quivalcni 

723.7 Vacuum Pump, Ccnml p r p c  hbontory pump. cpblcof dmwing &e cfcsjrcd . ~ p l e  volume 
through thc cryogenic n p  (SEC Scction 7.2.1.6 for sourcc md description). 

7238 Chromator~nphieC~dcSt;linl~~Stcel Tubinznnd Stain1-c: Srccl Plumbinz F i t t i n s  Rcfer 
to Scction 7.1.1 .S for clcscxiption. 

7 3 . 9  Chramitqpphic Column To providc compwnd xpsntion such as shown in Table 5. H a v l a t  
Pschd, Rt.4I.Avondslc. PA 1331 1. Typial GC column for this appliation k OV-1 wpillq colmrt. 0.52 
mm x SO m with 0.W urn crosslinked mcthyl siliconc comng. or cquivalcnt 

S b l  mode. 

72.3 CC-Mulddetcctor Analytical System (scc FifurcS and figure 6). 



723.10 VacuumlPrcssurr C a u ~ c s  (3). Rcfet to Section 721.9 f o r d d p t i o n  
7.2.3.11 Cylinder Prtssure Stainless Stcel R~-wlarors. Smd;lrd. two-s~gc cylindarcguhton with 

723.12 Cos Purifiers (4). Used to rcmovc organic impurities and moisturc from gas strcuns, Hcwlctt 

723.13 Low Dc3d-Volumc Tcc. Uscd to split (S0/50) thc cxit :low from thc GC coltlmn. Alltcch 

prcssurc @uses for helium, zero air, ntmgen, and hydmgcn bps cyIindcrs. 

Packjrd RL 4 I ,  Avondalc. PA 193 I I. P/N I9362 - 60500. or quivalcnt. 

As.sOCj3tcs. 2051 Waukqan Rd, Dec-rficlh 1L 60015, &t. a5639, orequivalcnt. 

7 3  Canistcr Ckaning System (we Figure 7) 

73.1 Vacuum Pump. Capable of cvamting sample anistafs) to an absolutc ptwurc of4.05 mm Hg 
732 Manifold Sbinless steel manifold with connections for simulmeously c l c v l i n g r v d  m&crs 
733 Shut-offValvc(s). Scvcn (7) onsff toggle vdves. 
73,4 Stainless Steel Vacuum C3ugt Capsblc of musuring wuum in the manifold to ;111 jm;Olw 

prcssurc of 0.05 mm Hg or Icss. 
735 CryogcnicTnp (? required). Sminlcss stccl U - s h i p d  open tubular trap cmlcd With liquid oxybm 

or argon to prnolt mnmnirwtion from back diffusion of oil from vacuum pump and to provide clean. z ~ b  a i r  
to mmplc cmisrcr(s). 

7.3.6 Stainless Steel Pressure Ciufics (2). 0 - 3 5  kp3 (0-50 pig) to monitor zero it pressure. 
73.7 Soinlcss Stwl Flow Control Valve. To rqukte flow of zcro air into cmis~crts). 
73.8 l-iumidifer. Prcsswb blc wrm bubbler containing high pcrfarmmcc liquid chromampphy (T-IPLO 

73.9 Isothcrmal Oven (optionnl). For h a t i n g  anis!cm Fishcr Sciatific. hdnrgh., Pi\, Modtt 349. or 
gmdc dcionizcd water or othcr sysrcm apablc of providing moisture IO the zero rrir supply. 

equivalcnt. 

7.4 Calibration System and Manifold (see Fiwre 8) 

7.U Calibntion ,Manifold. C I m  manifold. (12km 1.D. x h) With wmpling ports md ht& 

7.42 Humidifier. 500-mL impingcr flask conmining HPLC pdcddonizcd warm. 
7.d3 ElcctmnicMass Flow Contmllcrs, One 0 to 5 L'min Jnd onc 0 to 50 mYminTylan Corponnon 

7.4.4 Teflon@ Filrer(s). 47-mm TcflonR fitter for pmicuhtc control. k t  sowee. 

bsmcs for flow disturbmcc to m w c  prow mixing, 

23301-73 Wilmington Avc., Cjrsor., CA 90745. %dc! 2160, or equivdcnt 

X. Rmzcnts and Matcrialr 

8.1 CPS C?lindcrs of Hcliurn, Hydrqcn, Sitrwcn, and Zcro Air. Ultrahigh purity grade. kt sourcc 

. ~ ~ 
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compound% of int- 

toluene 
Frcon 12 
m&yl chloride 
I L-3icklor~I.1~-tetnfluoroeth;mc 
methyl bromide 

Freon I 1  
dichlotomct!!c 
1 .Idicholonxthc 
cis-l,2dicholomcthylcnc 
I24khJompropanc 
I .1,2-mchloroethnc 
I ddibromWe 
tmchlorocth ylcnc 
c h l o m ~ e n t  
benzyl chloride 
hmchloro-1.3-butadkne 

allyl chloride 

methyl chloroform 
carbon tctnchloride 
mchlorocthylcne 
cis-] J-dichloropropcnc 
-1 J-dichloropropene 
&yltxntmc 
CMylcnc 
m-xylcnc 
p.ylenc 
sryrtne 
1.1,22-tctnchlororr'wt 
1 3 $ - ~ m a h y l ~  
lX4-trimCrhylbenullc 
rncdichlorobcnzcne 
oaic.hloro!xnzcnne 
pdJchlorobcnzene 
1,2.4-mchlorobcn;rEnc 

'Ihc eylindershdd k tnccablc to sXah;on;rl lraritutt of Smdards and Tcchnology (NIST) sr;Uldsrd R d c m a  
Mac& (Skbl), 7ht components may k p u d u d  in onc cyliada or may bc scpantcd into d i f lmz cylinders 
Rcfcr to rnanufacturcfs specification for guidance on purchxing and mixing VOG; in gas cylindes Those 
compounds purchased should march onc's own TCL 

8.3 Cryqcn. Liquid nitfob.cn (bp-195.8.C) or liquid argon (bp-ISS.7'C).bt so- 

8.4 Cas Purifiers, Conncckci in-linc between hydrogen. niaogm. and zero air gs cylindcnmd s y t a n  inla 
line. 10 rcmovc moistwc and organic impm'6a from gas s t r m s .  Alltcch A&~!br 2051 b'mkcg'm Rh 
Dccrfield fL 60015. or equiv;llcnf 

8 5  Deionized Water. HPLC p d c ,  u h h i g h  purity (for humidificr), h t  source. 

8.6 4-Brornofluorobenzenc. Uscd for tuning GCJMS, bcs7 wucc. 

8.7 Bcxanc. For claning m p l e  systcm cornpncnts mgcnt w d G  best source. 

8.8 Methanol. For clnning sampling system cornponcnts, m g n t  gxdc. best m r c t .  

http://nitfob.cn


9. Sampling Sprcm 

9J System Description 

P X V  F-- 
Tx60 

V - volume of thc cmis-cr. mL 
T - m p l c  period, hours. 

For m p ! c .  i f a  6-L mister is to be filled to 202 kR (2 stmosphcrci) h o l u t c  pressurr in 2: hours. &e Bow 
mtc can bc alcuuhtcd by 

2 x 6000 sJ mUhn F -  
22 x 60 



Method TO-14A vocs 

9.132 For automxjc opendon, h timer is wired to S T ~  and stop the pump at appropriate times for the 
dcsiscd m p l c  period. The rimamustaIsocontTD1 the wlcnoid wlvt, fo opcn the w l v c  when slmhg the pump 
and closc the valve whcn stopping thc pump. 

9J33 The usc of the Skinna Magelarch vtllvc avoids my subsmtuJ tcmpmrurc rise that would occur 
witli a convcntionaf. normally closcd solenoid nlvc h r  would hvc to be cncrgizcd during rhc en& ample 
pcn'od, Thc tcmpcnturc risC in the d v c  could aw o u t g c ! g  of orpnic compounds from thc %!on valve s ~ t  
m a t d .  Thc SIcinnn,Mq?whtch vjlvc rquircs only a bricf clcctncrrl p u k  to opcn or c l w  ar t!te 3ppropriaIc 
s w  and stop h a  and thcrcforc txPer;cnccs no tempcnturc in-! Thc pulses m y  be obtained atha Wrth 
an electronic timer that can bc progammd for short (5 to 60) seconds ON pen* or with a convcnrional 
mechnnicll timw and ;I sp&I pulse circuit. A simple electheal p u l i  circuit ior o p M p  the skinner 
M ~ g e h c h  solcnoid vdvc with a convcntiowl r n d i a l  timcr is i1lustr;ltcd in Figutc 9(3), Howcva. With th 
simple circuit the d v c  m y  opcnre urvclirrbly during bnefpowcr interruptions of if the tima is m d l y  
switched on and off too fast A M a  circuit incorponting a time-dchy relay :o provide m tcli3ble valve 
opcmion is shown in Fipirc 9(b). 

9.13.4 The conncctinp l i n e  bcnvccn thc m p l c  inlet and thc (=3nlsTQ &odd be ;LS. shorr as posJIblero 
minimkc rhcirvolume. Thc flow nte into the cmistcr should m i n  rtktivcly constint OVQ the cntuc vmpling 
period. Ifa &rial orifice is u .  some drop in the flow rate m y  occur n u r  the end ofthc m p t c  pCnd as the 
canister prcssurc approaches the !id alculatcd prcswrc. 

9.1 2.5 As an option. J second clcctronic t i m a  (sec %on 7.1.1.6) m y  bc used to sfvr tbc ut.xiIwy 
pump wcnl hours prior to thc m p l i n g  pcrwc! to flush snd condition thc idct lint 

9.12.6 Prior to ficld rse. olch ampling syam must pasli a humid zero air amfmtioa (scc 
Section 1 1.22). All plumbing should bc check d u l l y  for I& The: misters must 3lso p a  humid xfo 
air ccnifiarion before use (scc Section 1 I .I), 

9 2  Sampling Proccdurc 

9.21 The .sample orriStcr should bc cluncd and !ma! according ro the proccduc in Sccdon 1 I .  1. 
92.2  A ample  collection systcm is cL!mbled 3s shown in F i y r t  2 (snd 3 and rnw mcct 

ccrrifiation rcquircmna 5s outlincd in %on I 12.3, 

pa: The sampling w f c m  should bc contuined in on uppropnatr enclosure.] 

FA: The following discussion is rclotcd to Figure 2.) 

9 L 5  To verify corrcct s~rnplc flow, 3 *pncticc' (mcu3:cd) u n i s r a  is used in the ornplins systan 

pa: Fora .\uhutmos,phcric sumpler, theflow mcter and prucricc cunisrcr urc needed. For r l i e p m p d n v m  
qs tem.  the pracricc conistr-r is nor nccrlcd. as ;heflow cart k measatred or Ihc o u t k  of :he syslmzj 



A ccrtificd mss flow m c t n  is 3mchtd to thc inlet line oftht d f o l b  just in h n t  of the filtcr. ThccvliSter 
is opened Thc simpla h turned on and the mding of the c d f i c d  mass flow mctm is; compared to hc m p l a  
mass flow conmllcr. Thc b~lvcs  should agcc within *tO%. Ifnoz thc sampkr flow mctcr accds Io k 
m l i b n t c d  or thm is a Id in the sysm This should bc invcsligatcd and conrctcd 

h i m  wo minutes, thc d c s i i  anism 11 ow RE is ;djroTtd to the proper value (as indmted by thc &led nxss 
flow meter) try thc synplm flow control unit conmllcr (&e, 3 5  mUmin for 24 hr. 7.0 rnUmin for I2 hr). 
Record final flow undcr "CAN!XER FLOW WTE,*as provided in Fisurc 10. 

9 2 6  Tbc samplcr is rurncd offmd the ehpscd time rnctcr is m to ooO.0. 

f i  Any rime rhc sampler is turned ofi wait ut least 30 seconds 10 [urn the wmpter buck on.] 

9 2 7  The "pnct~cc" canister and d f i t d  mas. flow rnctcr are disconnected snd a clun Catitid (see 

92.8 The canister vdvc and wcuumlpmsure gugc'valvc arc opcned 
92.9 Prcssurdwcuum in the canister is rccordcd on the clnistct sampling ticld dab shnt (scc F i w  10) 

;LS indicated by thc ssmplcrvacuum/prrssuns p u g r  
92.10 The ~cuum/prrs~urc gauge vdvc is cfoscd snd the rna~irnum-minimum fhmnmrtak  mc! fo 

c m t  tempcntufi Tmc of day and chpsed time mctamdingm rccordcd on tt?c mister sampling fnld djtl 
shcc', 

9 2 1  1 The electronic timer is sct to k g i n  and stop the sampling pcnod at the appropriarc d m a  Sampling 
comenccs and sops by the progmmmcd electronic timcr. 

ambient tcmpmturc ;vc recorded on the szmplinr Sicld d3t3 r h m .  The CIJKCTX rading from the flow controk 
is rccarrlcd. 

9213 At thc cnd of the Synplhg pcnd the vacuuumlpm.surc gauge vdvc on thc wmpla is bridly opened 
3nd closcd and thc pressurdmcuum k rccordcd on the rampling FZDS. P m s u n :  should bc cfosc to d c ; M  
pressure. 

Section I 1 . l )  anism is amchcd to the span. 

9 3 2  Afterthcdsired smpling pcnod the maximum, minimum. Current anterior ton- t 

F 

&: For u suburmosphuicsompting qstcm. $the canfirer is ur urmosphcric pzsmre when thtfield final 
pressure chcck is prformed, t h t  snrnplin~pcmod m v  bc suspect. Titis information shoufdbc noredon the 
sampting R D S . ]  

Time of day and ehpscd tine mcter mdings arc also mordcd, 
92.14 Thc cmis:tr valve k clostd. The ampling linc is hconnccted from the miStrrand the csnisrCtr is 

rcmovcd from thc sysmn. For J sub3.mosphcric .mm. 3 cmificd m;~';s tlow mctef is once agah w& ro 
the inlet m i f o l d  in front ofthc in-line filtaand a "pmct~cc" cmis%x is amehcd to thc >hsnela!ch d v e  afthc 
sampling sysTcm. Thc final flow ~ I C  is rccordcd on the anister sampling ticld data shm (SCC Figur~ 10). 

m: For u prmurixd  .\ys:cm. the/inalJlow mqv bc measured dirccr1y.f 

The sampler is turncd oT:; 



10. Analytical System (sctFifiureJ,Sand6) 
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10.1 System Descn'ption 

The enp iY hated (-16O'C to 12O'C in 60 s(x) ;md tkrunlytc is injcctcd onto thc OV-1 espilIvy column [,OX- 
rnm x 5O.m). 

m: Rapid hcctting of thr trap provides efictcnt PLI.IL$~~ of the sumpic compbnna 
chromrrtogruphic column.] 

rhc g a ~  

Upon sample hj& unto the column. the MS computer is S i g d c d  by lkc GC compum to b q p  &&n of 
compounds which duk from thc column The gas srrom from thc CC is sunn4 within 3 pm.deetcd nnj ro f  
atomic ms units (mu). For detection of compounds in Table I ,  the nngc should &e 1 S ro 250 my realtmg 
h a  15 Hr rcpctition ntc Six (6) suns per during chrom:os;lphk p d  arc providcd at this m u  The 10-15 
1 3 r p t  p h  are chosen by an auromtcd &P rcducdon prognm, t!!t thm SMS nczrcst thc pcllc apex arc 
avmgcd. and o background submaion is pcdormcd. A libmy sou& is then p e r f o d  ;md thc top tcn ka 
mtchcs for a h  p o k  arc liacd. A qualiutivc c h c t c r i P d o n  of rhc wmplc is provided by this proccdun= A 
typical chromatogram of V n  drtcrmincd by GCMsrsciLV k iJ1um;ltcd in F ~ b m  1 ](a). 

I0,1.12 A NifionQb permmblc m b n n e  drycr is uscd to removcwm~ vapor rclectivdy from thc sunple 
stream. Thc pennnblc manbnnc consists of Safion6D tubing (a copalymcr of ~ u o ~ y l c n c  and 
fluoromlfonyl monomcr) that is cocurulIy momtea within l q c r  atbins The m p l c  sUea.rn is p;wcd through 
thc interior of  thc NafionUQ tubing, allowing wtc (and other light, polar compounds) 10 pcrzetc through tht 
walls into the dry pu$c s3um ff owing through thc ;mnu&rspce bctwccn thc Nafion5D and outcrmbing. 



/-: To prcvcnt exccs.~ivc moisture huifd-up and unv mernor?, eflecrs in rhc dryer. a cIcun-upprocedure 
inwlvingpcriorlic hroting of rhr drycr (lfJOnC$)r 20 minute) whrfcpurginhc with dry zero ow (-500 mUmrn) 
should be impkmcnted us purr of rhe uscr4 SOP munuai. Thr c/can.up procedure is repearud &rrn.c cock 
anafyst's (?), Studies hove indicated no subsranrid loss qf raqmd VOCs uriIi=itt,c the obow dean-up 
procedure (7). Howcver, use of the clcunup procedure Jbr compounds other ;/ion r/ro.w on the TCL can f e d  
:o loss ofsample intc,qrin, (19). This clean-up procdtrre IS purriculur(v usejul whcn employing cryopnnic 
prcconccntrurion of VOCr with suhequent GC anulrsis usittl: a 0.32-mm LD. colrunn because ~fcess 

accumulated water can cause trap und column blockuge and ulso advem1.v afccr dcrccfw preciiton. In 
addirion. the improvemcnr in wurcr remowljiom rhc sampling srrcam wiN allow a n u l y ~ ~ ~  ofmuch l u q w  
volumes of sample air in the event that greater qstcm scnritivip is required for taqeted eompuds.] 

10.1.13 Tk p&cd mef;ll tubing used forralwng rmpcraturc aapping ofVOCc is shown in Fibvfc 12 
The cooling unit iscompnscd of  3 032-m outside diameter (O.D.) nidrcl tubing loop pckcd with 60-80 m d  

b a c k  Nutcch Madel 320.0 I or qurvdlcnt The nickel tubing loop is wound onto 3 q l r a d n d l y  formed 
rUbc hntcr (-50 wn). A cartridge hcatcr (-25 wan) is sandwiched bctwccn piccsofaluminum plattar the 
tmp in la  and ourla to provide additional ha! to climirwte cold spts in thc mfa tubing. Duringopcmnon. 
the a p  is inside a two-scction stsinless stml shell which U well insula?&. h p i d  hating (-IS0 to +lOO'C in 
55 s) b accomplishcd by direct t h d  contact bcrwem the h a t a m i t  thc tnp  tubing. Cooling is achieved by 
v;lporkntion of the ay- In the sbcll. efficient cooling (-120 to -150'C in 3 s) is ficilimted by coutki.ng 
:he vaporkd ayogcn IO the smll opcn volume surrounding the a;rp swmbly. the mp asanbly and 
chromtogmphic valve arc mounted on a bscpIstc f ind into thc injmon and 31lxilwry ZDW of mc GC on an 
insulated pad directly above hc column oven for most commcrtidly avaihblc GC bqscms. 

[u: Almnarive trap us.wnb!,v ond connecrion to rhc GC may be used dcpmdurg w rhc uwrk 
requircmcnlt..] 

! Semi-ml timt picrun of the p r o g c s  of the analyncll s;drmc. 
! Confirmation by the concurrcnt MS wlysis of otha h b  that cm provide only RD resuln 
! Ability :o cbrnparc GC/'FID with othcr yl;rlyt~cJJ Isboontoris with only G t m D  apabilty. 

10.12 CmISmM System. 
1O. l .X T h c d y d a t  sy*m is compriscdofrr GC cqwppcd with zn OV-1 wpilhry column (032-mm 

x SO-rn) and a m~+sclcctivc detcctor .sct in thc SIM modc (ser Fiyrc 4). Thc GWMS is 'jct UQ for auroma'c 
rcpctitive rm;llv;sis Thc sysrcm is programmed to acquire data for only thc cqct compounds ;mJ to d s r c p d  
311 othm. The msitivity is 0.1 ppbv for 3 250 mL air ~ p l c  with 3n31paI precision of h o u r  5% rcladvc 
stllndxd dcviation. ConcEntmtion ofcompound. bxscd u p n  3 pmiously imtdlcd UhbntJOn &IC is r c p c d  



by an au:om;ltcd dam reduction propmi. A XafionN drycr is aLso unphycd by this ;~rr;rlytic;J systcm prior re 
cryogenic prcconccntntion; thmcforc. m a p  p b r  compounds arc not idmtifjcd by this proedurc 

10,122 SIM analysis is brrscd on ;1 combination ofrctcntion times and rclntiveabundaacaofsclccud 
ions (scc Table 2). Thcsc qwlifrm arc storcd on the hard disk ol'thc G C N S  computa and arc npplicd for 
idatifration o f a c h  chromtopphic  puk The rctcntion dme qulificr is Jctcrmincd to SC i 0.10 minutcof 
the ljbnry rctcnuon timc of the compound, Thc acccpmncc lcvcl for tchtive abundance is dctamkcd to be * 
!S% of thc cxpcctcd sbundancc, crrepr for vinyl chloridc and mcthylcnc chloride, which hdctermincd to k 2 

25%. Thfic ions= rncruurcd for most of the forty compounds.. When compound iht i f icr t ion is; d c  by the 
computer, any peak h t  fails any of thc qualifying tats is flagged ( c . 6  with an '1. All rhc &ti should bc 
msnually cxamincd by thc analyst to Jctcrminc thc fc;Lson for the flag and whcthcr thc compound s h d d  be 
rcportcd a found WhSc this adds some subjcctivc judgment to thc analysis, compu?cr-gmmtcd idartificluon 
pmblcms a n  bc c1;lrified by an cxpcricnccd opcntor. Manu1 inspccrion o f  thc qunntindvc results should also 
bc pcrfomcd to vCt;fy conmaations outside thc apcetcd mgc A typical chrum:ogrm of Vclcs d a m i n c d  
by GC/MSISIM modc is illustntcd in Figure 1 I(b). 

10.1.3 CC-Multidctcctor (GC/FID/ECD) System with Optional PID. 
1O.13J The analyrial synm (SCC FibwrC 5 )  IS compnscd o f a  gas chromarognph quippd with 3 

u p i l h y  column and clcctron apturc and Ibmc ionbation dctccrors (scc Fib- 5). In typial opcmtion. s3mplc 
air from prc*;urizcd wnistcrs is vented pzst thc inla to &e: mnllyciul system from rhc QnisTmat 3 flow mrc of 
75 mUmin. For;uwlysU; only 35 mumin of sample p i  is used, whilc cxccss is vcntcd to the smsphcrc:  Sub- 
mbicnt ptssurc c=lnk?crs ;vc conncctcd dircstly to the inlet and air is pullcd rhrwgh 5 mp by a dowrupcsm 
wcum The m p l c  pi s m m  is routcd through D SLX pon chforntogmphic vjlvc and into thcayogmic mp 
for II total sample volumc of 490 m L  

m: This rcpresenrs u 14 minutc sampling period at a rate of35 mllmin,]  

Thctmp{sccScction 10.1.13) iscooled to-1SO'C by controllcd rclcrxofacryogcn. VOG;ytcondcnscdon 
thc mp wrf'3cc whilc y, 4. and otha samplc components arc p ~ s c d  10 !he pump. hftcr The o@c 
compounds arc conccnmted., thc valvc is switched and the m p  k hated f h e  molatiljxed compounds arc 
tnnsponed by hclium urricr gas at a TJIC of 4 rnUmin to the head of the Mcgahrc' OV-1 c q i 1 k y  column 
(0.53-mm x 30-m). Sincc the column inilia1 tcmpmturc is at -SO'C. thc VoCsruc CryofocLlSxd on the had of 
the column. Thcn. the ovcn tcmpenturc is programmed to inescssc and the VOC3 in the c;rrrjcr bps arc 
chromatographically scparatcd. Thc CJrricr p~ conraining thc scpantcd VOCs is hcn dirccrcd to two psrsllcl 
dntctors at a flow ntc of 2 mUmin uch. The dctcctors scnsc the ;~to;cncc at'the spcci;Ucd VOCs. yzd the 
tesponsc is  recorded by eithcr a Snip c h n  recorda or 3 data pr0cc;rhg sn i t  

10.1 32 Typiul chromatogram of VOCs dncrmincd by the GC/FID/€CI) d y t i d  systan 3 f ~  
illusaatcd in Figures I I(c) and I I(d), rcspcctivcly. 

10.1.3.3 Helium is uscd as thc came gas (-5 mUmin) to purge midud sir fron thc tmp ax rhe cnd of 
the: umpling phaw and to any thc rcvobtilucd VOCs :!rough thc Mc@orc' GC c o l u m  !4oiswe md 
orgnic impuritk m m o v c d  from thc helium ps s i r n  by a chtmiol purilia inmllcd in the GC (see W o n  
72I.! l ) .  AfmcritingthvOV-I ~ ~ ~ b o r c * c o i u m n , t h c c a n i c r & ~ ~ ~ m  issplit t o t ! l chvodd~orsa fn tb ;  
of -2 mUmin wch. 

10.13.3 Gas scrub& conuining Dncritc" or silica gcl m d  S A  mulccu1a.r sicvc arc uscd 13 m o v e  
moisturc and organic mpurirics from thc tern air. hydtogcn. and nitrogcn gas strcms. 



vocs M a h a d  TO-13.t 

lo.1JS All liner. should be kept ~s shon LS pnctic~l. All tubing wd for the sysmn should bc 
chrom[og;lphic gmdeSDinfers stccl conncclcd with a i d s  skel f i t t i n s  &~cr;l;\sarzbly. the s w  should 
bc chcciied for Inks according to m u f a m r c f s  spccilicltions 

according to thc m o f s c t u d s  insffuctiom to obnin 31: optima1 FID raplnsc while nuinnining a Snslc tlame 
throu*our tk mlpk Typiwl flow mtCs ax: bumcr 31r, 450 mumin: hydropen, 31, mllmin; nitrow. 30 
mumin; hclium 2 mIJmin. 

10.1.3.7 Thc ECD nittogcn mkc-up gi.\ and helium &a ilow R ~ O  should k sct accordkg 10 
m&EhLds insbvctjons mobtam m optimal ECD rcspoirw. Typical flow m ~ c i  we: m t l q m .  76 rnU& 3nd 
helium. 2 rnYrnin. 

10J38 7IcGVF5ECD could bc mocbfied to mdudca PlD (see F i m  6 )  for incrascc! &ti\+ity (20). 
In thc photoionization proccs.  3 rnolccule is ionircd ulmviolct light as foliows: R * hv - R' -t e-, w h  It- 
k the ionized s- and a photon k rcprescntcd by hv. with en= less than or qd to tk i a w o n  p0ta'ith.l 
of thc moicculc. Genrr;rlly a11 rpcctcs with an ioniation porntil las than the ionization cnw of the tmpsrc 
dcrcctcd. I3cm.t~ the ioh6m potential of  all mjor componcna of 3ir (O:, &. CO. C03 n d  H20) is mer 
than h e  ionintion energy of h p s  in g n m l  usc. thy arc not detected Thc sensor is comprised ofan argon- 
fill& ultnviola 0 light sourcc w h m  a ponion of thc organic wpoh; arc ionizcd in the gs snum A pair 
ofclccaods arc contahcd m 3 chYnkradjxcnt 10 thc SCnHr. \L%m ;L potential pdcnt is aabluhcd bctwccn 
the clcctrodcs, any ions fomcd by the absorption of W light are drtvcn by thc crated d m c  fclc! to the 
athodc, znd thc m t  (propomonal to &e o r p i c  mporcommtion) is mmsurcd. The PJD is gcndally uscct 
for compounds having ionization potentials less than the ntinp ofthc ula;lvhla lamps. ?his damor is uscd 
for dctcrmination of most chIorirwtcd and oxygenated hydroclrrbons. sonutic compounds, md high rnc11ecul;lr 
wcight aliphatic compounds, Befauuc: kc PID is inscnsitivc to m h c  cthsnc abort monoxidc. &n 
dioxidc. and water vapar, it iS an accllcnt dacctor. n e  clecaon volt rating is applied sqcafidly to dK 
\snvclcnsth ofthc most intcnsc emission line of the h p ' s  output spccthlm Somc compounds ~ J t h  ionization 
potentials above t!x mp nting M still be daccfcd due to thc prcsencc of ~ 1 1 3 1 1  qu;mtitia o f  morc inten-ic light 
A typic31 system confipntion ;Lssoci;ltcd with the CC'FIDECDPID is illusmtcd in Fiyrc 6. 

10.13.6 Thc FID burncr air. hydrogm nitrogen ( d c - u p ) .  and helium (ma) !low m a  s h d d  k 

10.2 C ~ l s I s C d W S I M  System Performance Criteria 

1 0 2 1  GUMS System Operation. 
10.21.1 Pnor to mlysis,  thc G C N S  systcm is wscmblcd and chccked according to m~nufichrrds 

102.12 Tabk 3.0 oulincs g& g ~ n ~ g  conditlom for thc GCIM.5GLmL\l sysrem with optional 

102.13 The GCMSsystcm is fim challenpcd with humid tcro air (SJX %&on 112.2). 
1021.4 The CCblS and optional m> s y t c m  is accepmblc if it contains less than 02 ppbv Oft!.rgWbd 

instructions. 

FID. 

vocs. 
1 0 2 3  Daily CCOlSTuning(sec Figure 13) 

I O Z J  At bcpningofcxh day or ?nor to a mlibntion. thc G C N S  s-ystcm muqt bc mcd to vcnfy 

10.222 For tunipg the GUMS. ;L cy l inda  containing&bromolluorobcnxrc (4-BFB) is inaduccd via 
rh3t acccphblc pcrfomrrncc cntCri;l ILK: achrcvcd. 

a m p l c  Imp nlvc injection systcm. 
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Thc k c y  ions and ion Ibundmcc cnr&ia that mutt tic met arc il1utXa:cd in Table 4. Analysis should not b c g n  
until all thosc critcria ax mct. 

Thc GUMS nming swndrrrd could also bc uscd to LWS GC column pcrfomwncc 
(chromatographic chcck) and a.. an i n t m l  mndxd. Obtain a background correction mss s p e c p ~  ofJ-BFB 
and chcck that all kcy ions CrirCrja ate m a  If the critcrh arc not achieved the amlysr mud rehtm the mass 
spcmomcta arid rcpmt thc test until all criteria arc achieved 

l O z 4  ~ p c r f o ~ a i r n i ; l m l r ~ b e ~ c v e d b d b r r ; m v s 3 m p l c c .  bhksor.md;rrdsarc;uwlyzcd. 
If any key ion abundance abed for thc d d y  SBFB mss tuning chcck ditrcrS by morc th;m 10% ;Ibwlurc 
abundtlncc from that obscrvcd dun'ng the previous d d y  & n g  the insuummt m w  bc m e d  or the . m p l e  
andlor alibntion @sa rumlyzcd until the above condition is m n  

10.2.23 

102.3 GUSTS Calibration (set Figure 13) 

Inirial and routinr cdibrution procedures arc iCusrrarcd in Fil;?lrc I3.l 

102.3.1 Initial Calibntion. Initrally, a multipoint dynamic crrlibntion (thrcc lcvcls plus hurmd tero ax) 
is pcrformed on the GUMS sys~cm. before sample analysis, with thc assisnnct of a alibmtion (XT 
Fiprc 8). The wlibntion systcm uscs SIST tncmble smckuds [containing 3 m k n u c  of the prstrcd Vms st 
nomrrul concmmnons of 10 ppmv in nit-opcn (sce M i o n  8.2): as working smndards to be diluted wIth humid 
zero air. Thc contents of t!!c working smdard cylindcflo) arc m a d  (-2 mumin) into the h a d  mixing 
c h m k w h c r c t h q  s c  mixed witfi a 2-Umin hwnidifrcd ztt~ sir bsls s.Trum to achime a nomiml 10 ppbv pcr 
compound wlibntion mixrurc (scc Fimc 3). Thk nornitxi1 10 ppbv standard rnixrure is dlowcd 10 tYow and 
quiljbntc far ;I minimum of30 minuts. iutcrthc cquilibntion period, the gas .iran&rd m i x w  is sJmplc3 and 
anal@ by thc rcal-rimc GUMS systcm [scc F i p  $(a) and Scruon 7 2  11. Thc r d t s  ofthe snalysa arc 
averaged, flow w d i a  x c  pcrformcd on the mass flaw mcms and the cllcul;ltcd conccn& comparrd !o 
gmcmtcd valucs. After thc CCXdS is mlih rcd  at thrct concentration lcvck 3 second humid zero Sir sample 
is  pusscd through Ihc systcm and mlyzcd. The second humid zero air tcsr is uscd to v f i  that thc W S ' S  
systcm is ccnificd clun (e02 ppbv of targa compounds). 

As an a!tmtivc, a multipoint humid =tic alibntion (thrcc Icvcb plus zcro humid a r )  M be ptdomcd oa 
rhc GQMS sysran. During the humid static calibntion analyses, thnrcr (3) spccially-acrrcd cmistas are filled 
mch at3 diffcrcnt concentration bctween 1-20 ppbv fmm thc cllibnrion mmifold using a purnpmd m34 ilow 
control arnngemcrt [sce Figure S(c)]. Tbc canisters arc then delivered to the G C N S  ro SCNC olibntim 
standards+ The crnkcrs arc mlyrcd by thc MS in the SISI mods  uch analyzed twicc. 

Thc a w c d  rcrcntion time and ion abunhncc (,see Table 2 and Tablc 5, ye usct: ro vcriG propa o;rcntion of 
thc GClMS systcm. A ulibntion rc spnsc  factor is dctmincd for each amlytc. a iliusmtcd in Table 5. and 
thc computa alibmtion mblc is upd3tcd with this information, 5s illus~nrcd in Tsblc 6. The rchveSa.ndsd 
dcvllltion (RSD) of the mponsc factors should bc GO% for thc cu~rz: to be acccpmbfe. Ifthc iUD is >3g?G. 
rcwlibntion is  required. Thc m p k s  arc calmI~ted using thcmun of hc rcsponsc factors 

1023.2 Routine Calibration. The GCMS s y * m  is d i b n t c d  d d y  (and kforc wmplcsn;lly$siiC) with 
a one-point alibmion. The G C N S  sysm h u l i h t c d  ciha with thc dynamic a l i h t i o n  prwcddutc [see 
Figure Y(3)) or with a 6-Lsqxc~Ily pi+ p s i m t c d  canistcf tillcd with humid alibnnon *rsn&ds from rhc 
wlibntion manifold ( x c  kction 10.2.3.2). Etcr the single point calibntion. thc GCnZS analyricrl s>%cm is 
ch;lllcngaJ with II humidificd zero gxs st ram to insure the mlyticll system rcwns to spccitiation (4.2 ppbv 
of selcctivc organicsafhc dative perccnt diffcrcncc (WD) o r a c h  response factor from the man rcsqmne 
faaw ofthc m i t d  mlibntion cuwc should kc-W?h for continual use ofthc mcm rcsponx factors I f th t  X'D 
is >30%, rcmlibntion is rcquircd. 
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1 0 3  CCiFIDECD System Pcrformancr Critcriv (N'ith Optional PID System) Is= FiLwrr 141) 

10J.1 Humid Zero Air Ccrtifiwtion 
10,7.1.1 Bcibrcsys~m dibntion and sample xulysIs, rhc GClnDEC'D m d y t i d  system ksssemblcd 

103.12 Thc GCFIDECD sysrcm is tint chllcngcd with humrd zcro air (sec -on 11.22) md 

10.3.1.3 Analyticsl systems conuminatcd wirh CO.2 ppbv ~rtsrgctecf VOCs are J C C ~ C I ~ I C .  

1052.1 Bcforc analysis M be pzrtbnncd, thc rctcntion time window must be cst3bltsbed for wch 

1 0 3 2 2  Makc SUR the GC system is within optimum oprrnting conditions. 
1032.3 Make thrcc injection,, of thc sm&rd conQining 311 compounds for mention b c  window 

dctcrmination. 

and chcckcd according to manufamrds instrumons. 

monitorcd. 

1 0 3 2  CC Rerrntion Time W i n d o w  Dcrcrmination (wxT3bIc 7) 

amlytc. 

p&: Thc rcrcnrion rimc window must be estahlishcdJor each unaly:e wcry 72 hours dun- eonfirtunrota 
operation.] 

10.3.24 Calculotc thc standard deviation of thc tlirct absolute rnntion times for uch single component 
standard. Thc retntion window is dcfincd as thc m u n  plus or minus thrcc times thc szmchrd deviation of *h 
individual mcntjon tima for ach .smdmI. In hcsc QW whcrc the standard deviation for J psiricularrnniiatd 
is zcro, the hbontory must substitutc rhe stand;lrd dcvi;ltion of3 clody-cluting. similar compound to devclap 
a valid mention dmc window. 

1 0 . 3 3  The labontory mus7 dculntc rctcntion time windows for uch sxmbrd (secTableI) on each 
G c c o l ~ ~ ~ ,  whcntvtrn C% d ~ m n  b inmllcd ~r IlUJWCMnpIlCTltS of the GC Chylgd. The d3P 
must bc noted md m i n e d  in a notcboak by the labontory as p m  ofthc user SOP and as a quality zswancc 
chcck of thc smlytiuf system. 
1033 CC Calibration 

PA: Iniriul und routine culibratiun procedures urc illusrrured in Figure J1.1 

1033.1 Initial C;llibration. 1niwlly.a mulupoint dyurnic d ibn t ion  (three lcvclsplu humid amai r )  
is pcrfomcd on the ccIFtI)ECD sy~lcm More m p l c  3nalyis. with thc assistance of J u l i h t i o n  +an (sec 
Fiyrc S). The cllibntion yysrcrn uses MST a c a b l e  snndxds or [conuining 3 mi- of the Drgctcd VOCS 
at nominal conccntntions of ! O  ppmv in nimgcn (a %ion S.2)la.s working: rnndrvds to kdiiutcd with 
humid m air. Thccontcnts ofthc working m n b r d  cylinders arc meracd ('2 mumin) into thc hclttd mixing 
chamber whcrc thcy arc miucd with J 2-Umin humidified ZQO air mcam to xhicvc J nomind 10 ppbv per 
compound calibration mixture ( x c  Figure S). This nominal LO ppbv stmdard mixture is dlawcd to flow ;md 
cquilibntc form qpr0pn;lt.c amount of dmc, r V t n  thc quilibntion pnod. the p s  standard mkum is vmplcd 
and an;ll*vzed by thc G C N S  sysmn [scc FibllrC S(3)]. Ihc rcsults ofthe a n a l p s  arc avmgcd, ff ow Judifsyc 
pcrformcd on L?C mss flow controllm w d  to gcnmte the smnhrds and the appropriate rcsp4nse fjctors 
(conccnarionlam counts) arc almlarcd for a c h  compound. ;IS illustntcd in Table 5. Thc rehive Santktd 
dcviation (RSD) of thc mponsc factors should bc GO'!! for thc curve to bc rrcccptablc If the RSD i5>3E/.. 
rcwlibnrion is rcquircd Thc s rnplcs  arc cdcuhtcd using t h c  mmn ofthc mpon-sc factom 



[& COFIDs arc lincur in :hc 1 - 3  ppbv r o n p  and mqv nor rcyuirrt rcpearcd mulripornr calibwarom: 
whercos, :he GUECL) will reprre/rt*quznt lirrcurrw eduul ion. ]  

Tablc 5 outlincs typiut ulibntion rcsponsc faaon m d  rctcntion times: for 40 VOCs. A!thc GCIFIDGCD 
is olibntcd at thc thrcc concentration Icvcls. 3 sccond humid ZCTO ;rir w p l c  is p w d  through thc a d  
d y z c d .  Thc sccond humid zero sir test is w d  tu vcrify br the CCTIDECD sysstcrn is ccnificd clcan (<02 
ppbv o f  target compounds). 

1 0 . 3 3 3  Routine Calibration. h one poict alibntion is pdormcd &ily on the Yutp'cll sysz~m to 
vcnfy rhc initial multipoint wlibnrion (KC Seaion 1033.1). Thc analyzers (GUFlDXCD) YC d i b n t c d  
(bcfontamplc~lysk) usingthc static ulibntion procedures (scre Section 102.322) involving prtsurizcd bps 
cylinders containing low conccntntions of Ihe mgctcd VoCs (-IO ppbv) in n i t roga  &?a ca.Ijbr;rdos humid 
zcn) air is once again p& through thc ~m;rlyucslt systim to vcrify midual VOG; arc not prmcnt Thc cchw 
pcrcmt diffcrcnce (RPD) ofmh respanxr factor from the m a  rmpanrc fsaorafthe i n i t4  d i b n n o n  curve 
should beC33o.h for continued usc of the m a n  rcsponsc factors, If the RPD is >X%. d b n t i o n  is rquircd. 

103.4 CC/FlD/ECDPP[D System Pcrformancc Criteria 
103.4.1 As an opdon. the uxf m y  wish IO include a PID to mist in pc3k identifiation and inc.rcslsc 

10.3.4.2 'his m@aJ s)mm h s  bmr l~scd in US. I31vuonmcnml Pmtaion Agency's Urban Air Toxic 

103.33 Prcpmtion oithc GClRDECD/PIO mlyuwl systm ts idcnttcal to kc GCIFfD/ECD sysun 

103.4.4 Tablc 8 outlina typical rctmnon timcs (minute) for sclectcd o.l;ulta using the 

scnsitivity . 
Monitoring Program (Ut\TMP). 

(SCC Scction 10.3). 

GCIFIDECDPID amlytial sy?;tem. 

10.4 Analytical Proccdurcs 

10.4.1 Canister Rcccipt 
10.4.1.1 fhc o m 1 1  condition of& ,mplc miacr is obscivcd Each mistnshould k rcccivcd with 

10,4.12 bch  canister is rccordcd in the dcdimtcd labontory logbwk tUs0 noted on the idcntifiarjon 

10.413 Thc pmsurc ofthc cmisra is checked by amching 3 prssurc pugc to thc u n k c r  i n k  Thc 

an attached samplc idcntifiution og 2nd FIPS. Cornplctc thc canister COC. 

ng arc dak reccivcd and initials of rccipicnt. 

unistcr mlvc is o w c d  briefly and the prcssurc &Pa. psi& is rccordcd 

Find cylindcr prc;Esurc is rccordcd on thc wnistcr FlT)S (scc Figurc IO;. 

10.&1.3 If thc mister  prcssurc is incrc;r.scct 3 dilution baor (DF) is ulcukrtcd and rccordLd on the 
urnpling d;ln shcct 



y a  

xa DF a - 

W h C X  

Flow rate is nor as imponanr 11s acquiring suflcicnt sump le volume. j 

Subiunbicnt prtrsurc samples x c  COMcclcd directly to tbc inlet. 
10.12.4 the GC oven md qugenic mp (inject pawnon) arc wold t4 ti.,& sct pbts of-HIT and 

10.- As~nasthcay~~ktnpre;lchcsiaIowmsct point of-1K)'Crhcsix-portehromsrogrJphie 

1 O.U.6 A 10 minute collection period of Wnisrcr svnple is utilized. 

~ 

-ISO'C rspcctivtly. 

valve is mcd to its fill position to inihtc sample collection. 

40 muminx IO min - 400 mL sumpledcanister confen.%] 

10.42.7 AAer thc m p k  is prctonccnated in the: cryogcnrc tnp. thc GC s;lmpliag valve is cycled to tht 
injcct position and the ayogenic t13p is hcatcd The trapped snalytcs arc thcmalfy dcrorbcd onto thc hcjd of the 
OV-1 upillyy column (0.31-mm LD. x SO-m length). The GC oven is progmmcc! to slz? at -5OO'C and 3ikr 
2 min to h a t  to ISO'C ar ;I ntc o f  S'C pcr m h u t c  

1 0 . 4 2  Upon sample injection onto the column thc X S  is signaled by thc computazo=xn r t r C c ~ ~  
c;rrrjcr gs from 1s to 3 0  mu. mdting in 1 15 %z rqIcUtiOn nre k corraponds P 3bout 6 SMS pcr 
cluring chtomhqpphic puk 

1 0 , 4 2 9  Primary identification is baxd upon rctcntion time and rchtive sbunchcc of during ions as 
compared to the spcctnl library norcd on the h r d  disk of the G U M S  &a compurcr. 

10,J.ZIO Thc concmntion (ppbv) is cllculstcd using rhc previously estsblishcd rcspomc (scr: 
Scaion lO.2.3.2). LS i l l m t c d  in Table S. 

pe.' I/rhe cunisrcr i,r dilurcd br/orc undyris, un appmpnufc mulriplirr i3 applied io correcr for rhc wlwnr. 
dilution ofthc canister (see Section 10.3. I,4).] 



10.3.2.11 Thc optional FlD mcc allow thc mlyst to rccord L!C progTcss ofthemnslps. 

1 0 . 3 3 ~  When thc MS is placcd in thc SIM mode of opcmtion. thc MS monitors only pmlcctcd ions, 

10,432 As 3 mutt., incmscd mi t iv i ty  and improved qwntitativc &pis  M be achieved, 
10.4.3.3 Simibr IO thc GCXIS6CA.S configurntior, the GCNC/SIM malysis is b d  on a combia3Ron 

of mention tima and nhtivc trsundancei of selected ions (see Tablc 2 and Table 5). Thcsc qu3litiei-s arc srorcd 
on thc hxl disk of thc GGWS cornputn and arc applied for identification of each c h r o m t o p p h k  pdc. Once 
thc CiUhWSIM hss  identified the pak,  3 alibntion nponsc faaor is used to d d m i n c  the snst;ytc's 
conccnmtion. 

l0,43,4 Thc individual malyia arc handled in three p h  data acquisinon. &fa rrducnon.d &a 
rcpming. R e  &ti acquisition sofrwarc is set in the SM mode. wherc qxci!ic compound hi3gnent-s arc 
monitored !p the MS ;It spccific timcs in thc mnalyrid NE Data rcductian is cwrdinatcd by the p o q r d n p  
macro pro- that is automatiwlly accascd after &r.a acquisition is complctcd at thc a d  ofthc GC mn. 
Resulting ion profiles arc atncrcd. peaks arc idcnrificd and in tcp tcd .  a d  an h t d  intganon repon iS; 
gmntcd by the pr0g;uh A m n s a u a c d  ion chmmtogtlrn for hydcopy rcfercncc is prcparrd by the p r o g u n  
and wrious p~nmcttrs  of i n r m t  such ;LF tirnc, btc. and in tqpt ion  c o n i n a  arc printed. At thc eomplca'on 
of thc macro probmm. the chm rcponing sdftw3rc is 3ccclis;cc. The appropiarc alibnrion able (see Table 9) 
is rcmcvcd by the &ts rcpomng p r g n m  from thc computer's hard disk nongc snd the propa mcntion tune 
and rcspnsc famr p m c m  arcapplied w the macro propin's i n t cp t ion  !;IC With r t f m e  to cnWln prc- 
sa acceptance a i t c r k  pt;sS ilsc automtiully idcnti!icd md quntificd and a fmal mmq rcporr is prcpaml 
as illusmtcc! in Table 10. 

10.4.3 GCfiISISfBI Analysis (With Oprionil FID Syitcrn). 

riithcr than .scanning all rnils.ws continuously bctwm two m a s  Iimirs. 

10.4.4 CC/FLDIECD hnalysis (With Optional PlD System) 
10.4.4.1 The dpal .system should be proply ~sscrmblcd. humid z m  air d h c d  (scc Section 1 2 )  

md dibntcd ~kough P dynamic snndxd d i h t i o n  ptarrdurc (see kction 102.2). Thc FID d c m r  is lit md 
allowed to stabilk. 

10.4.42 Sixty-four minuts x c  required for cxh ample ;uwlysis: 15 min for system iaitwliptjon. 14 min 
for sample CoIIcCtion. 30 rnin formalysis. and 5 rnin for post-time, during which J rtport is p h t d  

10.443 The hclium and sample ilwu !low conmllers arc checked and adjustmi to ptdv idc~oma flow 
ntcs for the *?em. Helium is r;xd to purge rcsidwl air from rhc trap 3t the end of thc vmplicg phase and tu 
any the rcvolotilizcd VOCs from thc a p  onto the GC column snd into thc FIDECD. Thc hydrogm b u m a  
3k. ;mJ n h p  flow nta should dw bc chcckcd. ?hc ctywcnic tmp is c o n n ~ d  and vCrified to bc opcnfmg 
properly whilc flowing cryogen rhrough the *em. 

10.4.4.4 The sirnlc anism is c m c d  tu the inlct ofthe G W D I E C D  amlytiul syst~m The MLW 

wlwc is opmcd and thc &c: flow is vcntcd pm ;I tce inlct to thc  mlytical spcm I t  75 mUmin Using3 m3?is 

ff mu controllcr. During amlysh 35 mL'min of  samplc pi is pullcd thtou~h the six-port chromtogJpbic d v c  
mnd mu:& through the m p  at thc nppropristc timc while the am wmplc k vcnrcd The VoCryc c o n d a d  
in thc n p  whilc the accss flow is Orhauwd through an ahau.s.x vcnt. which ~ssurcs ht thc sample air tlowlng 
thnugh thc mp is at atmosphmic prcssurc. 

10.43.5 The six-pon mlvc is switched to :hc inject position and thc u n i s t n v ~ l v e  u:dOs&. 
10.4.4.6 Thc ctccnonic intqnfor is snncd 
10.4.3.7 Aft- the ample k prcconccnmtcd on thc t n p .  thc p3p is hcatcd and thc VOCssrc thcmully 

d w r k d  onto thc h a d  of thc apilhry column. Smcc thc column is at -SO'C. thc VOCI arc cryot 'kusd on rhc 
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column. Tbcn. thc o v a  rcmpcnwc @rqgnmmcd] i n c m . .  and thc V K s  cIutc fiom rhc column ro thc pntlcl 
F'IDECD assembly. 

10.4.d.8 The pmks eluting from thc dctcctors arc idmtiticd by rctcntion timc (.see Table 7 and Table S), 
whilcpak urn xc ncordcd in a m  COMK Typical rnponsc ofthe RD and ECD. rapxtivcly. for tbc forp 
(40) urgcrcd VoCs idcndficd in Compcndim Mctbod TOIl4A m i l l m t c d  in Figum I5 and 16. respcravcly. 

[u: Refer io Tublc ?for pcuk number ond tdcnrificurion.] 

10.449 Thc responsc factors (see Section l O J 3 . 1 )  arc multiplicd by the ;Ira counts forach pcsk to 
wlculatc ppbv m i m t c s  for the unknown samplc. If  thc mister  is diluted kforc mlysk an appropri;rtc 
dilution multiplicr (DF) is applied to corrcct forthc volume dilution ofthc mister (scc W o n  1O.S.l.J). 

10.4.4.1 0 b c h  canis?cr is amlpcd twicc and the frml concenmtions for a c h  amlytc arc the avmbrs 
of rhc two andysc;, 

1O.J.4.11 Howmcr, it'thc GC/FID/ECD ;mnlysk shows urxr\pcctcd pobuhich  n c d  furthcr idmutication 
and amtion or ovmhpping p c ~ k s  arc dwovercd. climimting possible qwtintion. the sample should thcn k 
subjccrcd to a GCMSISCAS !'or positive idcntifrcation and quanunuon. 

11. Clnninn,and Ccrtiliarion Progrwn 

11.1 Cinistcr Clcininf and Ceniliurion 

11.1.1 All misters mu: be clan 3rd frcc ofany conmin3nt.s bcfox m p l c  colldon. 
11 J 2  All canistcmm ld tn-icd by prtssurizing t h a n  to approximately 206 kP3 [ -30 psig) with m air. 

& The canisrer ckuning system in Figam* 7 con be used for this tusk The rnirrul pressure LI' meusurc& 
the canister V Q ~ C  ir closed. und rhcjinulprcxnrrc IS checked aDtr 24 hours. //leak righr, rhc prexnuc should 
nor vu? morc rbun x J3.Y k.Pu (* 2 p5i.U over thc 3 hour period] 

11.13 A crnina clclniny sysrcm my bc a..irrmbled as illusmtcd in Figurc 7. Cryogcn is added to both &e 
vm.~um pump and ZCIQ airwpply m p ~  Thc wistcr(s) arc conncctcd to the m i f o l d  Thc v a t  s h u r - o f f d v e  
and rhc clnistcr vnlvcts) arc opcncd to t c I a w  any remaining p m s w c  in thc unktMs).  Thc wcuum pump is 
started and rhc vcnt shut4Tvalvc is thcn closcd and thc vacuum s h u t o f f  wlvc rS opencd fhe akcr(4 arc 
Cvacutcd to CO.05 mm Hg (for at last one hour). 

[W: On o drri1.v busis or morr ojtcn if ncmssup, ilrc cryogenic rrups should be put-& wi:h zero uw io 
remove onv rrupped wurcrfrorn previous cunisrcr clemrnK qcles.] 

1 XJ.4 Thc wcuum and mcuumlprcssurc pugc shut-off w l v c ;  s c  closfd m d  the ZQO i u t  shutstTvaIvc k 
opcncd to prcssunzc thc clntstcr(s) with humid zcro air to approximtcly 206 Fcpr! (-30 pig). Ifa zero gxs 
gcnmtorsystm is uscd, thc flow mtc may nccd to bc limited to m i n o i n  rhc zcro air qualify. 

11.15 Thc m shtrt-all'valvc is clo.wd and thc anistcr(s) is sllowcd to vcnt down :o armosph4c prcwrc 
through rhe vcnt shutsffvalvc. Thc vcnt sht-offvalvc is cloxd. R e p a t  Scctmn*ll .I.; through 1 t .I3 two 
additiond rimes for a totd of threc (3) cvrrcutiodprssurimtion cyclcs for u c h  sclt ofar.&Icr?i. 
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/&& Do nor hcur the v a l m  ofrhc canirw Juring this sequence.] 

Once hcrtcd the un is t c rs ;~~  cvcurrwttd IO 0.05 mm Hg. At the ad ofthe hatcdlcvrmwtcd cy&. tht wniwers 
arcprcrsurizcd with humid zcro air and amlyzcd by the GCGIDECD 3 y s t n  Any ~nhc h t  tws not tcstd 
clan FO.2 ppbv of targeted compounds) should no! be wd. Oacc tmtcd clean, the c;misms arc recv;lcuated 
IO 0.05 mrn Hg and m i n  in thc m w t c d  state unnl used 

11.2 Sampling System Claninf and Ccrtifiarion 

1122.1 Thc clmnlincss of the sampling sy~lcrn is Jctcrmincd by tcsting the m p l c r  wivlfh humid zcroau 
without an cv;rcwicd gas cylindcr.iu t'ollaws. 

11.2.Z The alibntion !ii,yacrn and manifold arc wicmblcd. as illusmtcd in Fibwrc X. Thc ssmplcs 
(without an cv3cuxcd 6;ls cyljndcr) is conncctcd to the manifold and thc zcfo air cylindu 3Ctlmtcd to b p 3 z t e  
;r humid gas strcam (-2 Umin) to thc cilibnrion manifold ["ct Fisurc 8(b!]. 

I 1 2 . 3  fhc  humid m o  gssarcmi paws hrough thc crrlibr~t~on mmifold, through chc sampling s y s ~ m  
(withour an cvacutcd c;rnister) to a GCJFIDlECD amlytiai at 75 mumin 1so that 35 mLmin is pulled 



vocs Xldhod TOI14h 

through thc six-pon valvc and rou:cd through the cryogmic t n p  (see %don 10.221) at thc appraprhtc tunc 
whilc the am strnplc is vcntcd. 

IN&: Thc exif ofthc sumpling V r e m  (without t k  canisrer) replaces rhc mnistcr in Figwe 4.1 

Mrcr rhc sjmplc (-400 mL) is prcconccntntcd on thc mp. the tnp is hated and thc VOCs arc thmally 
dcsorbcd onlo thc h a d  of thc capiIhy colm. Smuc rhc c o l m  Is at -SO'C, the V0C.z arc cryofocuscd on he 
column 73n the oven rcmpcnrurc (progammcd) incrr;LEs ;md the VOO; bcgm to clute and arc dmced by 
a GCMS (SEC Scaion 10.2) or thc GUFIDECD (scc Sectton 103). Thc d p c a l  sysem should not drum 
guicrrh3n 02 ppbv oftqcud VOCs in srdcr for the sampling sp:cm to pss thc humid z m  air ccrUtiaion 
t c n  Chromorojpms O f 3  ccrti5cd m p l a  and contaminated simpla arc illwrratcd in F i y c f  17(3) an3 (b), 
rcspmivcly. I f h e  m p l c r  passcs the humid zcro sir tc?it, it is then tcstcd with humid ulibntion p s  ~ranckrds 
conmining sclcctcd VOCs 3t concentration levels cxpmcd in tield sampling (e.& -0.5 ?o 2 ppbv) zs auutliseci 
in Section I 12.3. 

1 1 3  Sampler Sptcm Certification with Humid Calibration CPI Srandards. 
1 l23.1 Ascmblc the dynamic calibration syslcm and m i f o l d  3s illustntcd in Fi$urc S. 
112.32 Verify that the calibration syncm is clnn (15s  than 0.2 ppbv ofmgrtcd compwnds) by 

sampling a humiditicd gas s-wrn. a gas dibntion mndsrds. with ;i previously certified clovl canister 
(sce kction 12. I). 

11.233 fhc assembled dymmc alibntlon symn is certified c l a n  if <02 ppbv of txgcrcd compwnds 
arc found 

1123.4 For gcncntjng the humiditicd calibration stmdards. thcalibntion gxs cyl ixkts)  (SCC Seaon 
8.2) conwining nomiml conccnrnrions of I O  ppmv in nitrogen of xlmd VOGs. arc amdxd to thc cllibnnon 
syskm., as outlined in Section 1023.1. The gs cylinders ye opcned and the ps mix- arc pzsd through 
0 to 10 mumin ccnificd m.w flow controllen md blended with humiditicd zero air to gtnmtc ppbv lcvcls of 
alibntion mb&. 

112.35 Atn the appropriate quilibrium pcrkL 3mch rhc smpling symn (cont;lir,ing a catitid 
cv3wtcd c3nL-m) to the manifold. as illu..Eaated in F i p  qa). 

1123.6 Smplc rhc dynamic crrlibnhon gsi s i m  with the sampling systcm according to Scctioa 9 2 .  

pm To conscnu,qmwatr.d cdibrurion xu, bypass the canister sampiinE v r c m  manifofdondurrdr rhr 
sampling gvsfcm to rhe cufibrution g u  sfrrum or the inlet ofrhc i d r n e  fher of the sompfirrg s.wcm so thcjlow 
will be lcrs than 500 mUmin.1 

113.7 Gmcurrrrnt with thc m p i t n g  ymcm opmtivn. mltimc monitoring o f  rhc a f i h t i o n  gxq s t m m  
k accomplkhcd by thc on-line GCMSor GC-rnultidcrcctor ;vL;LI~R)c;II vjstem [Figure Y( b)] to prow& rcfchncc 
concentrations of gcnmtcd VOCa 

112.324 At the cnd of thcsimpiing pmod (nomlfy samc time p o d  ~ - 3  for anticipated wnpllng)). thc 
sampling .system anlam Is aulyzpd and compared to thc refcrcncc GCOS or GC-multi-cktmor 3wlynclf 
system to dncrminc if thc conmtration of the tlrgctcd VOG was incrcwd or Jmcaxd by thc sampling 
sy acrn. 

1 12.3.9 A rccovny 0fhuc0l90?6 and 1 Io"! is npccted for all tiqctcd V ~ S .  

12. Pcrformincr Criteria and Qualip r\ssurance 



121.1 SOPs should bc pcncntcd in a c h  labontory dcscnbing and documcnunl; thc t b l l o w i n g ~ v i ~ s :  
(1 j m b l y ,  ulibntion, I a k  chcck. and operation o f  specific sampling syscms * and qurprncnt used; (3 
prcp;uation. stongc, shrpmcnr. a d  handling of amplcs ;  (5)  asscmSly, I u k c h c c k  calibntion. md opention of 
thc analytical syscm, addressing thc spccific cquipmcnt w d :  (4) clnistcr stongc and clanins and (5) all 
aspccts of &Kt mordtng and procasing, including lisb o f  cornpurer h;lrdwm and sotbzrc use& 

1212 Spccific szcpwk insauctions should bc provided in the SOPs and &odd be mdily av3ilsSlc 10 and 
understood by the labomtory p ~ ~ ~ ~ n n c l  conducting the work. 

1 -2  Slcthod Relative Accuncy and Linarip 

122.1 Accuracy M bc dctcrmind by injecting VOC stan& (scc %on Y2) from 3n audit cylinder into 
a ssmplcr. Thc contcnts arc then analyzed for the componcnts contrrincd in the audrr anism. Pcrccnt dat ive  
a c m c y  is ulcubtcd; 

X - Y  
x % Rehtivc A c ~  1 - x 100 

whcrc: 
Y = concmtntion of thc wgcred compound rccovcrcd from m p l c r .  ppbv. 
X ” concentration ofVOC targeted compounds in the SIST-SkM ~ u & r  cylinders, ppbv. 

12.22 If thc rchtivt x c u c q  don: IlOK fall ktwm 90 3nd 1 10 paccng thc ticld m p l a  should k m o d  
from use. clcaned, and rtcmificd according to initial ccnifimtion proccdurs ourlined in Sections 1 I= and 
I 1.3.  HkToncrlly, concmmfionr of arbon tctrochloride, tctrachloroethylcnc, and hcxachlorobutJCicne have 
mrrims been detmcd at lowcrconcmn;ltiom when using pnllcl ECD and FID Ccrcctoh; Whcn ha- thrcc 
compounds ;LIT pnxnt  ar concentntions c l o s ~  10 dibn5on lcvcb hxh dctccrors u?iJIy agcc on the reported 
concentrations. At concentdons bclow 4 ppbv. therc b P problcm with nonlinurity of thc ECD. Plots of 
conantmion vmus p k  am for afibnrton compounds detmcd by thc ECD have show h t  zhc cauvo: arc 
nonlmwr for carbon tmchloridc, t~chlorocthylenc, and hcuchlorobutsdinc. as illustrated in Figures IS@) 
through 18(c). Othanrgctcd ECD and FID compunds sulcd lincvly for thc nngc 0 m S ppbv. s sbowa for 
chloroform in F i p  1 S(d). For compound- that m not l i n w  ovcr thc cllibntion m g e .  arm counts bmmlly 
rot1 off lxtwccn 3 yxl ppbv. To coma for the nonlinearity of thee compounds. an rtdditiod cllibnrion n ~ p  
is pcrfonncd An cvactutcd stainless stccl unktcr is prcssurizcd with cslibntion ljss i.~ nomird cctmmbon 
of 8 ppbv. Thc samplc is then dilutcd to appro~mtcIy 3 5  ppbv with zero air snd YrSlyrrO. The immmcnt 
rcsporw fkctor (ppbvlarm) of thc ECD for mch of the thrcc compound. is ulabtcd for thc 35 ppbv m p l e  
Thcn, both thc 3.5 ppbv and the S ppbv rapow- factors arc entcrcd into the ECD ulibnlion a b l e  4tost 
commmial amIytlc;~I sytcms h v c  ,softwJrc dcsipcd to ;rccomrn&tc multilevel caljbncion cnmb; so the 
corrcct rcsponsc faaors arc automtially calculztcd for conccnmtions in this mgc. 

32.3 Mcthod Modification 

1 X.1 Sampling 
1Z3.1.1 l”hcsarnp1ing .system for prmuntcd mistcrumpling could k mcddifml to usca lighhter.morc 

compact pump. The pump currcntly bcing u x d  weights a b u t  16 kil~mms (-;5 I&). Commarial ly awihblt  
pumps that could bc u d  3 a l t m t i v a  10 the p r c d k d  ssmplcr pump arc dcsenw klow. )lml B r l b  S1 B- 



VOCE h1ctha.d T0-14,~ 

Thw pumps arc clancd at the tctory; howcvm, somc prcuution should be akcn wlrh &c dr& 
(-3.3 cm djmam) Tcf)on@mand sninlss: m1 pan dircrrly unda the h s c .  It is 0th dry when rcccived and 
should be c lmcd bcforc usc. This pm Is clcancd by m o v i n g  it from thc punip. m t u l l y  dunhg with 
deionized wtm, and p h g  in 3 v3cuum ovcn at IOO'C for st l a s t  12 hours. EKposcd psm of rhc pump h a d  
zrcalsodmcd with nrnbs and dlowcd ro sir dry. Thcsc pumps luve provm to k vcry rclkbk howcvcr, &cy 
arc only u,wful up to an outct prcssurc of  about 137 kh (-20 psig). Viton I;lrkets of mls 
musT bcspcCificd with this pump. Thc 'factory dircct" pump is nrCevcd connmimtcd and 1aL.y. The pump is 
c l a d  by di,sczscrnbIing thc pump h a d  (which consists. of thrct s23inlcss stccl parss md two gskct s ) .  cleaning 
thc pskcts with dcionittd warnand dryvlg in 3 w a n  o m  and rmc!!ining (or manually lapping) thc sealing 
s.urfaca of tbc rPinlas RCCI pat%. Thc s i in l s s  stccl pm arc thcn clcsncd with rncrlzmol. h w c  &ionizcd 
wtcr and hatcd in a wcuum ovcn. The E;~W for most of thc problems with this pump hss bca! mtchc; on 
thc r n d  pans of thc pump had. Once this work  proccdurc is pcrformcd, thc pump is considcrrd dun and 
a n  bc used up to about 240 kPa (-35 wig) ourput prclisurc. This pump is utillzcd in hc sampling splcm 
illustntcd in Figurc L 

12.3.12 Alternative Sampler Configwarion. The sampling sysrem dacnkJ in CornpEndJfium 
!-&hod TO-lJh an be modified xi dmcnbcd in Appcndix C (scc Figure C-I 1. O r i ~ ~ ! y .  thiscon5byr;ltion 
WLG used in EPG's Fy.SF( Urban Air Toxics Polluunt Progmrn. 

1232 Analysis. 
12.3.3 Inlcr tubing from rhc wlibntion mnifold could bc hated to M'C (same tcmpmhvc as the 

alibntion manifold) to prevent condensation on thc inranal wdb ofthc sp7cm 
I S =  7 % ~  ml~cal smtcgy for Slahcd TO-14A involvts positive idcntitiation acd quylshtion by 

cC/MSMCANfIXf modc of opcntion with optional FID. fhk is a highty spcclfic and w u t i v c  cfcfccrtioo 
tcchniquc. Bcausc a specific Jcrcaor sysicm (GCMSrSGLWLLI) h morc compljmtcd and apcns~vc than 
thc use of non-spdc detectors (GCIFIDECDPID). thc ;m;rlys~ my wylt to @om ;I saccning a d y s b  snd 
prclirninzy qwtimtion o f  VOC spccia in thc m p l c .  including my polar compounds. by utilizing thc GC- 
multidctmor (GCIFIDECDPJD) snalyticd systcm prior IO GUMS analysis. This s y w m  a n  bc rcicd for 
a p p r o x h t c  quturtiution. Thc GWIDIECDPID providcj J "snapshot" of t!!c comtitucnts in thc s m p t c  
allowing thc amlyn to determine: 

- Extnt ofmisidcntihtion duc to overlapping pe3ks. 
e Whcthcr thc constirutmu WC within the calibntion range of rhc sntioprrtcd G~l.!XjGL%'SIhI 

analysis or docs thc m p l c  rcquirc funhcr dilution. - Arc thm unapacd  peak!! which ntcd funhcr idcnhfmtion through GC/;L¶S'SCcL.Y or arc thmc pziks 
of in tne t  nccding ;~ttcntion? 

Ifunusual pmks arc obxncd from :hc GUFIDIECDPID system. thc analyst t.!!cn pxfbrms 2 G ( 3 M 5 S X S  
analysis. Thc GWISISCXS will providc positive identification of supcct p k s  from the GWFIDIECDIPID 
sym. If no unusual pks arc idmtificd ;md only 3 sc l in  nurnbcr of V K s  arc ol'conccm, thc md>%t M tbcn 
pmccd 10 GCNYSIM. The GUM!XIM is w d  for final qusntibtion ofselccted VOCs. Polar c a m p u n k  
however, annot bc idcnrified by thc GCfilS'SlM duc to thc USC ofa Nafion3Q dryer IO m o v e  watm from thc 
sample prior to mlysis. Thc drycr rcmavci p h r  compounds dong wih thc wifcr. Thc d p  o!im h- to 
d c  this dccision incorponting projcct objcaks, damion limits, equipment avaihbility. COY and pcrsonncl 
cqmbiliq in dmcloping an mlytiol slntcp. The USC ofthc CCIFlDiECDA'ID L\ 3 "scrminy" approach, with 
thc GC/;clS/SC,WSI!vcl for final idcntjfirntion and quntiwtion, isoutlincd in Fibynr 20. 
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1 3 . 1  Sampling S-nrcrn 
lLS.I.1 Sccn'on 9.2 suggests that ;L pamblc GC sysrcnr be uscd ;u: a "screening Yrsl>sis' pnor ro 

locating fixcd-site umplcrs (prcssurizcd or subatmospheric). 
ltS.12 Scction 92 rcquira prc snd post-sampling mca,,urcmmh with J c m k d  rmss ?70w 

con'JoIlcr for flow vcrifimrion o f  umpling s,y.jtm. 
1 3 . 1 3  Scnion 1 I . I  rcquircs all curincrs to bc pressuc tcscd to 207 kPa f 13 lrps (20 psig r 2 

psig) over 3 pcriad of24 hours. 
lLS.l.4 %don 11.1 rcquircs that 311 aistcrs k certiiicd c l m  (<02 ppbv o f w e d  V W )  

through 3 humid ZCK, air ccnifration progmn. 
lZS.l.5 Sccnon 1 1.22 q u i r c s  311 !kid sampling systems to be cmijicd initially clcvl(4.2 p p b  

of nrgcted VOCs) through ;L humid zero sir ccnifiwuon p q p m .  
lZ5.l.ti &don 1 1.2.3 rcquircs all field sampling systcms to pass an i n i d  humidilkd czlibnhon 

gas cmificadon [at VOC cDnccnmnon Icvcts mpccrcd in the field tc.g. 0.5 to 2 ppbv)] with a pcrccnt movcry 
o f  W t c r  than 90. 

12.5.2 CC9lS/SCtL';/SIX Sytcm Performince Criteria 
1252 .1  Scrim 10.2.1 rcquirs  L+C GUMS mdytlwl systcm :o k Ccmificcl clan (<02  mh of 

SZ52.2 .Setion I022 q u i r t s  the daily tuning of thc GCWS with 4BFB and that it m m  the key 

1 3 2 3  Section 10.23 x q u i m  both an initial multipoint humid sntic catibnhn (thrte Icv&plis 

tqcrcd VOCs) prior t@ .mplc arwlysk. through J humid zero air ccmtication. 

ions and ion abunhncc criteria (IO..) outlined b Table 5. 

humid zcro air) and a &iiy wlibntion (om p i n t )  ofthc m1~~uI s y m .  

1 3 . 3  CC-Multidetcctor Sysrcm Pcrfurmnce Critcrb 
133,s Section 10.3.1 rrquircs thc GC/FIDiECD ;ImtyneJ! s97cm. prior to maI.ysk :o b c c d l k !  

c l ~ m  (<02 ppbv of tsrgctcd VOCs) through J humid zero air cmtifiation 
125.32 kction 10.32 rcquirc; that the GCmDEC'D amlytial s p a n  a b l k h  mention nme 

windows for cach an;llyre fior to m p l c  ;m;llys~~. whcn ;I ncw GC column is i~~tdlcd, or nnjm componcnsof 
the CC systcm altcrcd since thc prcvious dctmimtion. 

12532 Scction 82 rrwircs ttnt all ulibntion pia bc trsrcablc to SIST-SRMs. 
153.4 &ction 10.32 rquircs h t  the: tcrmtion time window bc csmblishcd th:w&ou: thc coufse 

of3 72-hr an3lyt1wl period, 
I335 Section 10.3.; :cquirEs both an i n i t d  multipoint d ibnt ion  (thrcc lcvels plus humid zerc) 

air) and s daily alibntion (onc point) of thc CC/FTDECD 3mlytid s y ~ c m  with ZCTO 9 s  Oilunon of hTfl 
mcnblc  gases. 
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5.60 

655 

9.97 

10.93 

1121 

13.40 

14.39 



mns- !$-Dichlorgropcnc (cis-I3 Dichlompmpylcnc) 

15.18 

L5.S 

16.10 

16.96 

17.49 

17.61 

19.01 

I9.73 

2020 

20.4 1 

2O.Yl 

3.92 

20+92 

2.253 
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Column 

Canicr Gas 

Injection Volumc 

lnjccoon .Vdc - 
Initial Column Tcmpcr~~m 

Iniri31 Hold Timc 

p r o m  

7 
MLSS b n p c  

Scan Time 
E1 Condition 

Final Hold Timc 

Dctcctor M d c  

Wydrogcn Flow 

Carricr Flow 

G a d  OV-l crosslinked mcthyl sjliconc (5lS.m x 031-mm LD, t7 um 
film thicknas). or cquivslcnt 

Hclium (-2.0 mUmin at tSCrC) 

COmtJnt [ 1-3 bL) 

Splitless 

-so-c 
2 min 

8Vrnin to ISO'C 

I S  min 

IS 10 3 0  m u  

1 xdm 

70 cv 

Fohu mufsaurcfs inmudon for xlcdng mass sclccdvc dctcttor 
0 and xlcctcd ion monitoring (Snl) made 

!~lultipIc ion dctcction 

-30 mbmrnutc 

-30 rnUminurc 

burner Air 4 0 0  mUminutc 





0.6705 
4.093 
0.493 
3 4 3  
2647 
L954 
0 5  145 
1.037 
2255 
0.9031 
1 -33 
1363 
0.?911 
1.017 
0.7024 
1 2 3 5  
o.s&Ro 
240 
1 3 3  
1.87 
1.338 
1391 
0.- 
0 . w  
0.357 
O.YS5U 
0.6243 
0.367 
l.%U 

1.035 
0.74W 
0.6181 
0.708X 
0.7536 
0.m3 
1.320 
0.89 12 
I .ooj 
>IS0 



Br : I  
PB 
BP 
BB 
BV 
OP 
Bf* 
PP 

:; 1 
VP 

PI4 
BP 
PB 
VP 

VP 

uu 
no 

Pn 
BP 

BD 
OV 

r8 
PH 
PI3 

BP 



I 
I 

I 
I 
I 
I 
I 

I 
1 

I 

~1 
I - 



vocs A!!SoaAm 

'Rcfcr to Figures i5 and I t i  for p k  location. 

0.43 
6367 
0.347 
0.903 
0374 
0.359 
0% 
J.DC9 
0.- 
0 3 3  
0.1 I: 
1.451 
0.214 
0.327 

0336 
0.W: 
0.3% 
05% 
0,120 
0.092 
0.095 
0.143 

at00 
0,IW 
0.1 1 I 

0 . I Y X  
O.IXU 
0.66f 
n . m  I .os5 



Compound 
Accrylcnc 
1.3-Butadiac 
Vinyl chloride 
Chloromctbnc 
Chl0rocth;me 
Bromoahanc 
Mcthylenc Chloride 
tnw I.2-Dichloroethanc 
1.1-Dichloroethsnc 
Chloropmt 
Pcduoro&cnzcrrc 
Bromochloromcthjnc 
ChlOtofomY 
I.!.l-Trichloroctbnr 
Carban Tctnchloridc 
B e l  .3DichlOroetfisnc 
Pcmuorotolucne 
Trichlorocthylcnc 
12-Dichloropropcnc 
Bromodichbmmchnc 
tnns-l,3-Dichlmopropylcne 
Tolume 
cis-] 3-Dtchloropropylnc 
I .I 2-TrichlorIx!h.nc 
Tctn~loroethylcnc 
Dibmmochloromcthanc 
Chlorobcnzcnc 
mlpXylCnc 
Sryrcndo-Xy l a c  
Bromofluorobcnzmc 
!,I .L2-Tcuach!oroeth;lnc 
m-Dichlorokmcnc 
pDichlorobcnxnc 
0-Dichlorobcnzenc 

FlD 
2,984 
3599 
3.7m 
5.137 
5.738 
8.19 
9232 

10.077 
11.190 
11.502 
ISAf; 
13397 
13.768 
14.151 
14.642 
15.13 
15,420 
17.0z 
17.49 I 
15369 
19.694 

21.461 
2 1 .FJ 
22PO 
2295s 
24566 
25.763 
27.036 
25.665 
322s 
37 - e -  

3Z6f 1 

20.6~8 

&f 

:antion Tim lminuu 
E# 

i 
I3396 
13.767 
13.153 
14.667 

15,4?5 
t7.OZ4 
17.805 

19.693 

2 1 357 

ZS-Tt.16 
n 9 5 9  

c 

- 
- 

- 
- - 
25.663 
29Xi 
32345 
52.669 
3;.3-!33 

' V x i d  3700 GC cquippcd with J S: W M C ~ ~ C *  DB 624 c3pill;w Column 
(30 m x 053 I.D. mm) using hclium clmcr 63s. 

3.594 
3.751 

9215 
10.065 

11.491 
13.069 
13.403 
13.m 
I-LtSs 
Ii.& 
fS.114 
!5a12 
17.015 
1 7522 - 
19.m 
3.653 
2135 



h \ t  Uphtc: 
Rcfmce Peak Window: 

Son-Rdmcc Pwk Window: 
Samplc Amount: 

1 H Dcc 96 1:s m 
5,OO Aholurt hlinura 
0.40 Absalutc hlinuto; 
0.000 t‘ncalibnrcd Pak RF: O.Oo0 Mul t ip l i c  1.000 

RaTimc Pkw 
5.008 I 
3.690 2 
6.552 3 
6.7OY 4 
7.XBI 5 
Y.431 6 
9.970 7 

10,927 X 
11209 9 
11331 I O  
11595 1 1  
I302 I2 
13.403 13 
13.747 I4 
14,337 15 
14.63 I6 
15.059 17 
1S.183 I8 
15329 19 
16.096 20 
16.956 21 
17.492 22 
17.610 2.1 
I7lCh2 23 
lH.485 25 
19.012 26 
19.729 3 
20.195 3 
20.407 3 
20.1IOG 30 
20,916 31 
20.921 32 
22.528 53 
22.64s w 
2.179 35 
3 3 0 7  Jb 
13.317 37 
23.513 38 
23dK5 39 
26.714 40 
Y.lb.%O 41 - 

85.00 amu 
50.00 arnu 
X5.W 3mu 
62.00 m u  
W.00 m u  
64.00 m u  

101.00 rmu 
61.00 amu 
49.00 amu 
4l,oo m u  

151.00 am 
63.00 Jmu 
61.00 amu 
83.00 arnu 
b:.oo m u  
97.00 m u  
7rC.00 amu 

I I7.00 arnu 
63.00 m u  

t30.00 amu 
75.00 amu 
75.00 m u  
97.M) amu 
u1.00 m u  

107.00 nmu 
!66.00 amu 
11Loo smu 
91.00 m u  
91.00 a m  

IM.00 m u  
Y3.00 m u  
91.00 m u  
105.00 amu 
105.00 amu 
105.00 m u  

146.00 m u  
91.00 m u  

lM.00 ilmu 
1M.W wnu 
180.00 m u  

Lv I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
1 
I 
1 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

- 

I 

w 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
1 
I 
1 
1 
1 
I 
I 
I 
! 
I 
I 
1 
1 



x . 3 9  65 
29.c7 99 
24.a: 95 

5 . 3  85 
S*GS 50 
5*% a 5  
6 . S  U 
?.a6 94 
7.64 6 1  

x . 3 5  49 

x.Sz u 
26-74 93 
'5c.00 95 
z7.u 75  
3 . 4 9  75 
=.a: 97 
: s . a  91 
3 . 8 5  2 9  
3c.33 :of 
2 G . i b t  266 
Z . 8 0  -3 
22.28 95 
=7.s 9: 
22.10 173 
2.3 09 504 
xi,=* 93 
3.26 SZ 
25.37 1:s 
26-25 f C 5  
26.47 92 
26.55 ' 4 6  
t6,C6 146 
-7.36 z.46 
3f .S  3 0  
32.45 225 

2 9 S P U  
X 3 2 6  
376276 
=J32ET 

ovalw 
99 

c 130 
97 

ZOO 
sc 
95 
38 
99 
99 
99 
39 
99 
98 
:23 

99 
t O O  

94 
9s 
98 

X U  
98 

ZOO 
9c). 
97 
39 

93 
97 
19 
9, 

x a  

C.7C m v  
5.29 m v  
4.39 m u  
3.19 07aV 
6 .4C ;r38v 
6.6 naw 
6.01 
6.43 3psv 
3.96 m v  
3-47 3m 

99 
1co 

99 
$9 
39 
99 
99 
99 
99 
99 
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F i g w  1, il?alytiul systems awihblc for &cr VOC idcntifictldon and qmuodon 
s parr of Compendium Mcthod TO-lisA 
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Figure 2 Example o f m p l a  con t ip t ion  for snbjmosphmk prcssurc or 
prcssutiZcd miser m p l i n g  used in Compendium Mcthod TGlJA 
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Figure 3. €umplc afaltem3dve samplaconfigumtion for pressurized canister sampling 
uscd in Compendium Mcthcd TO-144. 
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(a). Empk Gircu;t for Operating kloqmktch voht 

df I s 
115 v *t 

I I 
i- 

cr -w- I 

I 1 - 7 -  a I 

Fiyrc 9. Compendium ,M,lhod TO-IJA cIcctrical puLce circuits for driving skima 
rriag..clatch solenoid wlvc with J rn&~ul UIYICT. 



GESERU LXFOR\L\TIOS 
SIT& LOG\TTON: 
SITE ADDRESS 

SAWLISG ISFO RMATIOS 

SHIPPISG DA7E 
GLVISTER SERIAL SO.: 
StWPLER ID: 
OPERrtTOR. 
c A \ m  LEAK 

CHECK C A E  

'ATTACH DATA SHEETS 

F i y r c  10. Cornpcndium M c t h d  TG14A field t a t  dtln shccr (I-TDS). 

Jmuaq 1999 Cumprrndium oJMefhods/ar Tos'c Ogunicdir Pollutana Page 14A-57 
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Cryogen 
Exhaust 

Trap 

Cy1 ind ricol ly Wound 
Tube Heater (250 watt) 

4- 

Brocket and 
Cortfidge 

Heaters (25 watt) 

Cryogen in 
(Liquid Nitrqen) 

Sample 
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Figure 14. Compcndium McfhoJ TGI4A ff owchrt of GUFIDIEC~IPID sn;rlyrid 
* tan pqxmtion. 

P a y  W,G1 January 1999 Compendium of ,Vcrhds far TDsic Oqanic Air Pollutants 



Method TO-lJA VOCS 
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I TluC + 
(b). Contaminated Sample 

Fiprc I f .  Example of humid zmo sir toz results for 3 clan s3mpta (3) 
and ;I contaminatcd slrnpln (b) uscd in Compendium McthmtTO-14tL 

Page 14A-64 Contpendium of,Vctltods for ?Q.U'C Uqunic Air Pollutuna Jylu?ry 1999 
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Page 14A-66 Compendium cl/lrYerltodsfor To.U'c Oqanicclir Pofluran& January 1999 
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Figure 20. Flowchut of mlytical system.; prrpmtion in Compcndium Iclctlrod?G14A 

January 1999 
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,\ppr.ndis h 

Availability Of’JOCSmndords From United S t a t e  Environmcnbl Protection Agency 

1. Availability ofAudit Cylindcrs 

1.1 At the timc of the publication of thc o n g h l  Campcndwn Mvlcthcd TO-14, thc USEPA providcd cylinda 
gas sanbrds of hazardous organic compounds at tire ppb Icvcl. 77m.c snn&rds wcrc Llscd to audit the 
performance of monitoring systems such 3 tho= described in thc original Compendium ?Jetha! TO-14 
HOWCVET, this scrvicc is no longer provided 

Z Audit Cylinder Ccrtification 

2 1  All audit cylinders should bc pcnodically mlyzcd to assare that eylinda concenajrions h v c  d n c d  
stsblc. 

3. Information on EPA’s VOC Standards 

3.1 USEPA progunlrcgioml ofiecrs, sap I J lo~1  agcndcs. and others m y  obtrun advice and rnformJaon 03 

VOC smdards by calling 

Mr. Howard Christ 
US. Environmental Protccrjon Agency 
XatiarU1 Exposure Rcx3Kh Laboontory fi=ERL) 
Racarch Trimgle hk, NC ml1 
919-S1-153 I 



Fhir p a p  intcnrionully iqlt h1unA-J 

P U ~ C  14A-70 Cnmpcnrlirrm of MerJiods for Toxic Oannic Air PolluranEr Januuy 1999 



Operating PrbcedurcE For A Portable Cu Chtormtqnph Equipped 
With A Photoionization I)ercctot 

1, scope 

2. Applicable Dbctrmeaa 

3.1 i\n air sample is cmmacd dim!y from mbicnt air and 3.nslyzcd on site by a portable C C  

32 Analysis is accomp1i.d by dnwing an ~ ~ u ~ ; l t c  volumc of ambient air through a sunptlng pori and into 
J concentmot. thcn thc sample air is rJRcponcd by cmkr g s  onto J pckcd column and into J FID, rwlring 
in rrspomc Rncntjcm timcE arc compand with thme m a s c d u d  ch romtogm to prtditt the probable 
idcntity of the mple components. 

4. Signifimncc 



4.2 Convcn:ional mcthods for VOC dctcnninstion usc solid sorim 2nd canister m p l i n g  tcchniqucli. 
43 Collection cdambicnt air sarnplcs in cmisrcrr provtdcs ( I  ) convcnimt inramtion ofarnbicnt umplfiovcr 
;L spccific umc pad, (cg., 24 hours); (2) rcmo~e s;lmpiing 2nd ccntnl analysis; (3) c n .  ofstorhg and hipping 
mmplcs. if nccwry ;  (4)  urwttcndcd .simple collcction; ( 5 )  analysis ofsampln iron1 multiplc dtcs with one 
mlytitiwl wcm; and (6) collcdon ofsutXcimr srrmplc volume to allow assmsmcnt ofrncxssurancnt prc&or, 
andtor analysis of .sarnplcs by s c v m l  mlytic;rl systcms. 

4.4 Thc usc of port;tblc GC quippcllwirh multidctcctors hx\ ;~isistcd air toxicsprogmm by usifigthc portable 
CC as a *mccning tool" to dmcnninc "hot spors." potcntial i n t d c r r c n c a  and scmiquntitarion ofVOCL prior 
to looting morc mdiriond fcxcd-sitc smplcrs.  

5. Definitions 

6. Intcrfcrcnccs 

6.1 Thc most signitiant intcrfcrcnccs rcsul: from aircmc d i f k r a c ;  in limits ofdclctrion (LOD] among thc 
target VOCs (scc Table B-1). Limitmom in resolution asomtcd  with ambicnt t c m p t u n r .  c t m m ~ p t r y  
and the rchtivtly l q c  numbcr of chanicals mult in coclution of m y  of the target components. Coclution of 
compounds with significantly lffcrcnt PID scrtsitivitics will mask compounds wit!! morc modat  d t i v i t i a  
T h i s  will bc most dnmatic in ictcrfcrcnccs from benurnc md rolucnc. 

63 Recent daigrs  in cornmcrdally available GCs b v c  preconccnmtor ap;Lbiliticr for umplinl; Iowa 
concentntions of Voc?; prctolumn dacction with back-llush capability for sh0ncryw1fic;J rirg c o m t  
column t c m p t u r c  for method precision and accur~cy ;urd multidacctor (PID. ECD, and RD) crpabiliv for 
vcwtility. Many of thcsc newer f a t w  a d h  the wcdmssa  3nd intcrfmccs mcntioncd abwc A l i s  of 
major m;mulicturcs of pomblc GC s y s m  is provided in Tablc R2. 

7.1 Car Chromatogram 



8. Rcagcnts and Mvrcrhls 

8.1 Carrier Cas 

8.2 S-wtcm Perfortnancc MMixturc 

A mixture of tfrm: target compounds kg., bcnzcnc. mcldorocthylcnc, and sryrenc) in n i e c o p  iS used for 
monitoring insmuncnt p d o m c e .  fhc approximu concentration for ach o f  thc cornparads in this mimac 
is 10 pars per billion (ppb). This m i m e  is mnufacnucd in mil. d k p s a b k  gas cylindm [Y 275 kPa (40 
psi)] vanow c m - l  vendors 

8.3 Reajicnt Grade Sitrogen Cas 

A small disposable cylindcrof high puny nitrogen gis is u x d  Ibr b W  rnjmions 

8.d Simpling Syringes 

Gas-tight syringa. without amchcd shutoff va lva  (Hamilton :vIodcl 1002LT. or equiwlcnr) are uIcd to 
introduce occum!c sample uolumn into thc high pressure hjcctors on the poawble p.s chtomjtogaph Cis 
syringa, with 5hurodvalvs;ur not rccmcndcd h w c  ofrncmory prob1cm.i jssociatcd with rhc VS~VCJ, For 
samples suspected of containing high conccntntions of vohtilc compounk drsposiblc ghu qmgus cc&, 
Clasp& or cquivalcnt) with stainless stccl/rcflonPb hub nccdc; arc used. 

8.5 High Prssurc Filter 

An xhptcr (Photomc SAlOl, or cquivalmt) for fillingthc i n r m l  c;vficr gzs rcsmoiron thcpornblcGC is 
used to d c h a  *m* air. 

January 1999 Compendium of ,Ve;~tocls for  Toxic Oqunic A ir Polluranrs P3:e l&\-73 



9. Procccdutc 

9.1 Znstrumcnr S e t u p  

9.1.1 The pmblc gs dtromtognph must bc prcpsred prior to uu: in thc ambicnt survey m p l h g .  Thc 
prc-sampling activtr1e-i consist of tilling thc i n t m l  m a  I;;U cylinder. clxug.$ng thc m t d  prwa upply. 
adjusting individd column arricr ps flows, and abilizing !he photoionization dcmlor. 

9.12 The i n t m l  rcscrvoir is filled with ozcro" sir. The intrrrwl 1 3 '  hncry m bc r-cd to provhk 

to bc shut down and will rcquirc 5n ovcrnight charge. During AC o p t b i t  Ihc httmic; will a u t m t i a l l y  be 
tr icklcthgcd or in J standby mode. 

9.13 Thc por~ble CC should bc opcntcd (using &e intcmal httq poww supply) at l a s t  for~y minuus 
pnor to collection ofthe fm m p l c  to insuns that thc photoionintion dctcetor hss sr;lbtlizcd Upon Yrivkg 
the area to bc s;lmplc& L!C unit should bc connccsted to AC power. if wihblc .  

up to cight hour of opcmdon. h tr;lrtny which h Circchqcd will automatially QUX: thc powa to thc W 1 

92 Sample Collection 

3 2 1  tUta L!C pomble gks c h m m p h  is loc11cd d conrrmcd 10 1 1 OV AC. the &a gas glows must 
be adjusted. Flows to the 12.2 mcm, 5% SE-30 and 0.66 mcrer. 3% SPt 100 columns arc sdjusted WiTh n d k  
valva. Flow of 60 mUrnin (5% SE-30) and 30 ml'min (3% SP2100) arc adjusted by munsofa cllibntcd 
rotamctcr. Switching bcrween thc two columns is accomplkhed by ruming thc valve IcarcJ b t h  rhc 
electronic module. During long periods of  imctiviv. thc fIowi to Lwth c o l u m  hdcf k rcduccd to E~SLUWC 

pmrurc in thc intcmal m e r  gas supply. The &line on thc rccordcr/intqptor ism to 20% full d e  
92.2 mor to snslysis of a w l  samples. an injection ofthc pcrfomncc evaluation rnimur must k nwJc 

to verity chromtobnphic and dctmor pcrfonn~cc. This L; accomplishcd by withdnwing I .O mL li3mplcs of 
this mixture from the alibntion cylindcr and injcciing it onto the 3 L  W-100 c o l a  The mt sample 
analyzcd should bc P blank, eonsisung of mgmr p d e  njtrogm. 

92.3 Ambient air samples ;vf injmcd onto the 3% SEI00 column. The chromr- is developed for 
15 minutes. Samples which p d u c e  putmhr ly  complex c h r o m t m s ,  apx ia l ly  for c;uly cludng 
components, arc ninjccred on the 5% SE-30 column. 

[&&: In no insruncc should a Vringc which has k e n  wed/or the injection of die cali'bran&!!:cm 
pcrjbrmancc mixmrc be ure/or the acquisirion and collection of sumplcs, or vice v c m . ]  

92.4 Samplcs h v c  gcnmlly been collcctcd from the mbicnt air at sitcs which JX nc3f s ~ ~ q x G c d  murc~5 
of VOCr and comparcd with thosc which arc not. Typically. xlcction of ~ p l e  loc3tions u W on rhc 
p m c c  of chcmid odors s3mplscaIlcctcd in 3hf;ls without dttccmblc odors hwc not &own ugnific;mt ?ID 
rcsponscs. Thcrcforc, ampling cfforts should bc initially conccnmtcd on "sttspccl" aviron..tnts lic. thosc 
which have apprcchble odors). Thc objmvc of thc sampling is to loatc sourccs of dtc om compounds+ 
Ulti~tcly.  m p l c s  should bc collmcd rhroufihuut the rnhrc loation. bur with panicuhr ~ncntion given to wczs 
ofhigh or frcqucnt occupation. 



9 3  Sample t\nalysis 

93.1 Quantitative Anilysis. Posittvc idcntifiation of samplc components is not the objmivc ofthis 
" . ~ i n g "  proccdurc. Visui cornpanson o f  rctcntion t ima  to thosc in a smdard chromtognm (Figure ELI) 
arc used only to prcdia the probable w p l c  compncnt rypes. 

93.2 Esrimotion of Levcls. k s  wrlh qulitativc ~ y s i s .  C S ~ ~ I C S  of componcnt conccntntions arc 
hrrcrncly tenmtivc and arc h w d  on i n m m c n r  r t s p o n .  to thc a l i b n n t  spccia (e.& bcnzcnc,. 
aichlorocthylcnc, sxymc), thc proprhcd cornponcnr dcnti f ion,  and thc JitYmmcr in r a p n s c  bcrwccn a n p l c  
component rvld calibmt For purpows of beating p o l l u ~ n t  m i x i o n  ~urcerc .  roughly ostinuted concenmions 
and suspcctcd compound types arc considcrcd sufficient 

10. Pcrformincc Criteria and Qualip ,\s\urmcc 

10.1 Standard Operating Proccdurm 

1 0 2  Quati? hsunncc Program 

1O.ZI Reagent and 3Tmrirls Conrrol. Thc Carrjcr gzi cmployd with rhc pomblc GC is l c r o  air'' 
containing icss than 0. I ppm VOCs. Systcm pcrformancc mixnvo  arc ccnifscd standard mixrues purcha.4 
form Scon Spccislty C~LSCS, or cquiv~lcnt 

102.2 SamplingProtbcol and Chain of Custody. sampling protocol ~UCTS m w  bccompIntd fo ra& 
ample.  Specifics of thc sample with reprd to simpling loation ampic  volumc. yr;rlysls condraons, 4 
supporting dibntion and viswl impmion infoma:ion are dmilcd by thcsc dacumats. An aamplc form is 
cxhibitcd in Tablc 8-3. 

1 0 2 3  Blanks, Dupliatm, and S-ntem Performance S a m p l h  
1 O X . J  Blanks and Dupliafrr Tcn pcrcmtoi;lll tnjcctions mdc IO thc patable GC x c  blanks. u h d  

thc bhnk k rugent  grade niuqcn gs This iS thc second injection in a c h  sampling : d o n .  An addnhnal 
10% of all hjWJorrs m& arc dupliotc iqcction.; This will c n h c c  the probability mt ?k d u P m j t p p h  of 
3 stmplt dm only thc cornpi tion of h t  sample and not my previous injcct~on. B W  hp50m showing 
3 significmt mount of contaminants will bc QUSE for rm&l action. 

1 0 2 3 2  Sysrcm P c r f o m n c c  Mixnrrc. An injcction of* s?vstlm perfbnrwm rnixturc will k nude 
at thc beginning of a visit to J p a r t i a h  sampling loution (is., thc f is t  injmion). nc mg~ of accqoblc 
chrom:opphic sysmn pcrfomncc cntcria and dctcctor m p o n x  LS shown m Table 8.4. These mrcria arc 
sckctcd with regard 10 thc intcndcd application o f h  protocol and L!X lirnitcd abdabilky of m d v d  ~ ~ X I U C S  

in this ma Comctive action should bc mkcn with thc column or PID kfm smzple injdom a~= made if* 



pcrfomncc is dccmcd out-of-nngc, U n J a  [his rq imen o f  blanks and sytcm jdbrmmcc s y n p ! ~ .  
approximately ci@t s u n p l s  a n  bc collcctcd and analyzed in a thnc hour visit to u c h  sampling locadon. 

10.3 ,Mcttiod Precision and A c c u n ~  

nc purpose of thc mlytic;tl approach outlined in this mcthud is to providc prcsurnpcvc infomuon rcpd ing  
thc p m c c  of sclcctcd VOCs cmksiom. In thb conrcut. precision and accuuncy 3rc to bc d e t c n n k  Howcvcr, 
quality iLwurmcc critcna arc dcxritml in &&on 10.2 which insure the samples colla%d reprcrent the mbicnt 
cnvironmcnt. 

10.4 Rann,c and Limits o f  Detection 

Thc m g t  and lirnirs of dctcction of this method arc highly compound dcpcndcnt duc 10 large diffaar- in 
response of thc pomblc CCs photoionization dctcctor ro tbc n n o u  hrgct compounds. Aromac compounds 
and olefinic hlogmtcd compounds will bc dermcd at Iowa lcvels than the hdomcth3ns or dipbdc 
hydlDC;ut)Dm Thr conmtntion n n g  of appliution of th is  m a h o d  is approximately two orders of magnitude. 

TABLE B-1. ES"?S?,\TED LIMITS OF DETECTION (LOD) FOR 
SELECTED VOCS B U E D  ON 1 UL SiLMPLE VOLUME 

Chloroform' 

I ,  1.1 -Tnc hlorocthanc ' 
Carbon rctnchloridc' 

BCnrFnC 

122-Dichlorocthand 

Tnchforocthyleni 

Tcachlorocthylcnr' 

12-Dibromocth;ulc 

pXyICll2 

mXy I&' 

O-XylCnc' 

7 - 
7 - 
7 
1 

.OO6 

,os 
,05 

.05 

.02 

.02 

.02 

.o 1 

thloroiom, I .I.l-mchloro&anc. and arbon tmchloridc 
coclurc on 0.66-m 3% SP2'rOO. 
I2-Dichlorochnc, rricholrocthylcnc. and tctnchlorocthyknc 
coclutc on 0.66-m 3% SEIOO. 
'pXyknc and m-xyicnc coclutc on 0.66-m 3% SP2 100. 
Sryrcnc and 0-xylcnc coclutc on 0.66-m 3% SEIOO. 



Viking Insm~ncnts Corporation 

chiultilly. VA r o t 1  
3SOO Concordc PxAway 

Phonc (703) 9689 101 
FAX (7031 96S-0166 

?4SA Bascline 
Sorth Star Route PO Box 649 
Lyons, CO S O S O  

PhotCn3c h r m i a d  k 
25.E Jcfryn BouIcvsrd 
I)ecrPJrk;Y 11729 
P b a c  (516)zw-J199 
FAY (516\2%42% 

sRIIns+JlrmcnIslf?c 
3552 Dcl Arm Boulevrrrd 
Suitc 60 I 

I 

.* ' 

sm &cllytid lmaumarts 
4 1762 Christy Street 
Frcmom CA 9453s 
Phonc (51 0) 490.0900 
FAX (5 101 65 1-2398 

CMS Rcscarch Corporation 
200 Chasc h r k  Suth. Suitc 100 
Birminghm~AL 35244 
Phone (205) 7334910 
FAX Con 7334919 

SacarSensingTeduxrlogy 
552 Bnud Avmuc 
F5dpcfield.N E657 
Phom (201)9J5-3694 
FLY 12tI1~9.3.3-606$ 

mw s.ywmS Inc 
16OChsTlcmonrSm 
Ncwron HighhnCS XW 021 161-9957 
m o x  (617)964-6690 
FKY 1617) 9655812 



DATE: LOCATIOS: TIME: 

Cl4 ROM ATOCJUPH IC CONDln 0s: 

COLUMN 1: COLUMNTYPE 

I.D. (mm): LESGI-H (m): FLOW (mumin): 

COLUMS 2: C O L U W  TYPE 

LD, (mm): Lmm (m): FLOW (mUm):  

DATE 
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TABLE &J. SYSTEL? PERFOk.?ANCE CRITERIA FOR PORTABLE GC' 
Critcrh Tat  Cornpound 
PID Responsc Tric!!loroclhy:cnc z IO' uV-sct'ng Rc-tunc or lrpfscc lamp 
Elution Timc Sryrcnc 2.65 f 0.15 min Inspect for I d s .  adjust umcr flow 

Bucd on analysis ofa vapor mixturc of bcnzcne. sryrcnc. and mchlorocthylcnc. 
'Dcfinc by: R + - 2d/(W,+Wz); whcre ii - disr;mcc bctwm the p a k s  and W - pesk width at 
b x .  

I 

T a L E  B-5, ESTIMATED LIXlTS OF 
DETECTION (LOD) FOR S E L E m D  VOCs 

LOD (ppbl Compound LOD Inc) 

Chloroform1 -9 450 

I.l.l-Trichlorocthmcl 450 

Carbon rcmchlondc' /j I 1 Bcnunc 

.OS 

.os 

.02 

.O? 

.02 

.o 1 3 

'Chlorofom, I.I,I-trichlo:oetbne. and u r b n  tcmchlonde 
coclutc on 0,66-m 3% SP2 100. 
12-Dichlorocthsnc. mcholracthylcnc. snd 
tfajchloroethylcnc coclutc on 0.66-m 3% SIT 100. 
'p-Sylcne and m-xylcnc coclutc on 0.66-m 3% Sf2100. 
Siyrenc and ~-xylcnc soclutc on 0.M-m 3% SEIOO. 
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Figure &I.  Typiul chrornarogm of VOCu dctcrmincd by J portable CC. 
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VOCF M a m  T0-14A 

Appendix C 

Jnsmlhtion And Opcntion Prwcdurcs For U S  Environmental 
Protection h y e n q ’ b  Urban Air Tosic Moniturinfi P t g n m  Sampler 

1. scopc 

2. Summary orMcthod 

2.1 In omtion, timer 1 is set to SM the pump about 6 horn bcforc t!x schcduIcd pmplc period. Thc pump 
bnvs smpk;rir in though &e slmplc inlet and prtm.htc fitter to p q c  and quilibmrt ttrrrsc compmao. 3t 
3 flow m c  limited by the Crpilhy 10 approximately 100 &mih Tima 1 also cn@?.k htarcd inla line 
IO allow it IO corne up IO its controlled tcmpei3hrre of6S to 70 degec; C and rums on thc flow coanolIato SIIow 
it to stabilize. Thc pump dnws additional vmplc sir through the ilow controlla by wzy o f k  rxrmlly open 
port of thc: >my solmid d v c  Thb flow p q c s  the flow csnaollcr snd Jlows it to achievc J sbbk oonmlled 
flow at thc spccificd sample flow mtc prior to the s m p l c  p c n d  

-2 At the scheduled smt of thc s;unplt p a i d ,  umcr 2 u XI to activate both wlcnoid valvcr When ;l&ttb 
thc >way solenoid valvc c loss  ia normally opcn por: m stop the :low controlla pugc flow yrd opcrts i s  
nomlly clascd pon to SM flow through thc aldehyde samplc clrmdgcs Simulbnmly, the W n g  solenoid 
vdvc opers ro s t m  s m p k  flow through into the cmistcr, . 



Xlctlied TO-14h VOCI 

23 At the n d  ofthc si~rnplc pcriod, timcr 2 closcs rhc latching mlmoid valvc to stop thc m p l c  tlow and sal 
thc m p l c  m thc c3nistc7 and alw dc-cncrgixcs thc pump. Elow controllcr, 3-w;ry slc710Id, md h * c d  jnlcf line. 
Dwing opcntron, the pump md sampler arc lmtd atcmal to thc ampler. The mctc (IS foot) h a E d  inlet 
lmc is insallcd through the ouhidc ~311,  with most ofits Icn@ outsidc and tcmiratd atcmall> with XI invacd 
gI;~ss funncl to cxcludc prccipiwtion. Thc indoor n d  is tcrminatcd in 3 suinlcs stccl c r o s  tithg to providc 
connections for the anistcr simple and thc two optional formaldchydc amic fyc  simple+. 

3. Snmplcr lnstuliation 

3J Thc s m p l a  must bc opcntcd indoors with thr tcmpcr;rturc ktwrcn 20-32'C (4 to WO'F). Thc sampler 
cue should be lwtcd  convcnicntly on s *&IC, shelf. or othcr h t  surikc. Acccss to a surcc of I I5 MC line 
powa(500 wandmin) is a1.a r q u i r c d  The pump is mnovcd from thc sampler asc mJ loutcd rcmotcly from 
the m p t c r  (connccted with a 113 inch O.D. atcnsion tubing mJ a suitable clcctncll a t m i o n  cord). 

32 Elmicat Conncctions (-Figure C-1) 

32.1 Thc sjmplcr cover is rcmovcd TIC s m p l a  is not pluggd into thc 1 15 wc power uti: a11 other 

3.22 The pump is pluggcd into its powcrconncctor (if not altcjdy connccted) and rhc hacry connmors arc 

32.3 Thc mpIn powcr plug is inscrtd into ;I I IS volts 3c linc groundcci rcccpmclc Thc w . p k  m w  be 

c l d u l  connections arc complacd. 

snapped onto the banmy pack  on thc covers of both t i m a  

groundcd for o m t o r  wfq. Thc clccCria1 wires arc routcd and tied so thy r d  out ofthc way. 

3.3 Pneumatic Connections 

33.1 The lcngth of 111 6 inch O.D. ainlc;s  s;trcl rubmg isco~ectcd from port A ofthc mplcr  (on thc right 
side o f  thc flow controller modulc) to the sir inlet linc. 

332 Thc pump is conncctcd to the stmplcr wth l/S inch O.D. plastic tubing. This tubing m y  be up to 7 
mctm (-20 fcet) long. A short lcngth of tubing is instdlnlto rcducc pump noix. A11 tubing is cmvCnidy 
routcd md, if nccess3ty. tied in pbcc. 

4. Sxnplcr PrcpirJtion 

4.l Canister 

41.1 Thc samplc canister is in.tdlcd no more than 2 days &fare the scheduled ssmpling A?'. 
4.12 Withttmcrttl 0$,thcffowcontrollahJllovlrcdtowm up fora: 1-t 15 minurcs,Iongaifpox~blc 
4.13 An cvacrwtcd unistcr k connccted to onc o f h  &ut hIb*thS of 1B inch 0.D. stain1-s stcd tubing 

corn pon B (solenoid mfvc) of the sampler, Thc clnintr VJlvc is lcft c l o d .  The Sw&& f i e o n  tht 
csniszcr m u ~ r  not bc cross-thradcd. fhc conncction LS tlghtcncd snugly with J wcnch. 

4.X.4 Thc cnd ofthc olhcr Icnb+ of stainleis stccl tubing from port B (wlcnoid d v c )  IS cmcctcd wkh 3 

4.1.5 If duplicate a n i s t m  arc to bc ssfnplcd the plug is removed from the second Ii9 inch O.D. s&lcss 
tubing from pon B (sotcnoid vdvc) and the second canktn is connect& The ani~crvdw is I& dosmi 

Sw3gclOck~ p:ug 
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4.1.6 Thc OS button of t ima HZ k pmwd. Thc tlow through the tlow controlla &odJ bc aoppcd by this 
action. 

4.1.7 Thc tlow conaolla switch is turncd 10 "READ" and rhc zcro flow rwding is o b a i n d  Ifth~s rcadjng 
is not stablc, wait until thc rading is stabilized. 

4.1.X Tbc flow conaolkr switch is turncd !o "SET And Lhc flow sctting b djustcd to the d p b n i c  SUM 
of the most rcccnt cnay On Tablc C-1 and the zcro rcading obtaincd in stcp 4.1.7 ( I f  thc zcro mding IS aegy~trve. 
SUBTRACTthczcromCingfrom thtTablcC-1 valuc). &surcto usethcconcctT;lblcC-l f fowv31~~~foranc 
or hvo anistcrs, as appropriate. 

4.1.9 Timcr #Z is tumcd OFF to a p i n  stan thc tlow through thc flow eontrollrr. With the pump (dma P1) 
ON md the sampling vdvc (timcr #2) OFF, thc tlow controllcr IS w e d  to "RWD" and thc h w  is vcrifrcd to 
be thc m c  1s the flow setting nude in Scction 4. I .Y. I t n o l  the flow setting is rcchcckcd in Scetion 41.8 and 
thc flow sctting is readjustcd if ncccssxy. 

4.1.10 The OFF bucon of timcr * I  IS presscd to stop rhc pump. 
4.1.1 1 TIC ~ 3 n i S t c  valvds) arc ftliy opcncd. 

42.1 Time #2 is set to turn ON 3t thc schcdulcd O S  timc for the m p 1 u  pcnod and OFF at the schdulcd 
OFF timc (scc the subscqucnt scction on scmng the tmlch). S o d  OS umc: 1200 s o n  the schcdulcd 
sampling day. Normal OFF timc: 1 159 &l on thc schcdulcd srnpling b y .  Thc OFF timc is 1 159 P M  ksmd 
of 1200 AV so t h t  thc day numbcr for rhc OFF timc IS Lhc s t m c  ;IS thc day n u m k  tbr thc ON 5mc. BC sure 
to set the COKCC~ day n u m b .  

42.2 Tima#! is .sa to tm OS s k  (6) houn bcforc thc beginning ofthc scheduled wmple pCrid md OFF 
at !hc schcdulcd OFF time for thc samplc pcriod (same OFF tirnc 3s far timer 82). S n  thc subsequent W o n  
on ,m!hg rhc dmcrs. S o d  OX timc M;OO PM on thc b y  pnor to thc scheduled sampling day. Mrmd OFF 
timc: 1159 PM on thc schcdulcd sampling thy. 

Pa: 77ie rimers are wiredso /hut thcpurnp will be on whcncver either rimer is on. Thus I h t p m p  will rrrn 
ifrimer rC is 01Vevetr Trimer #f is OFEJ 

32.3 The cbpscd timc mc~m is sct !o 0. 

4.3 Snniplrr Chcck 

43.1 Tbc following must bc vcriificd bcforc leaving thc ampling sire: 

( I  ) Canistcr(s) Ls (arc) conncctcd propcrly and thc unused conncction is clppcd ifonly one cmka k 
uscd. 

(2) Canistcr v;llvc(s) is (arc) opcncd. 
(3) Both tirncrs arc prognmmcd corrcctly for thc schrdulcd samplc pcxbd. 
(4) Borh tirncrs arc set to "ALTO". 
( 5 )  Both timms arc initially OFF. 
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(6 )  Both timcrs arc sct to the COKCCX Current tunc ofday and day numbcr. 
(7) Elapsed time mctcr is xt to 0. 

4.4 Simpler Rrcavc~y (Past Sirnplind 

5. Timer Scttinf 

(1) prtssing the rescl bunon, 
(2) cntctiag tk eolf~ct day numbcr and h c  of day. 
(3) cntcring tk Oh' and OFF times for the nmplc pcricd, and 
(4) verifying that the ON and OFF time setting arc corrrct 

5.l Timer Rrsec 

The t ima  reset button is pfesscd which is rtcEsxd in a small hole jut sbovc thc LED (light Cmit&gdicdc) 
indicator light. A smll object that will fit thr0og.h the kolc. such as 5 Wil. march. or pcn is rtxd to plc~r thc 
timer, Ahcr resa thc tima &play should show I 1 ] 1 10:00]. 

The r t m u  mu.v opzrrrre erratical[v when lhc but:crio. are dischaqcd. which hoppers when [he 
sampler is unplugged or withour poucrjor scverul hows. When rhr sampler IS ~ainpmrcred  up, d 
hours may be rcquircd 10 recharge the batreries. To Pvotddrsdraqifig the &nenes. the bu~~qvpa&shoaU 
brr disconncctedjrom ~ h c  rimer when the Somplcr is unptumed j 

5 2  Dote and Time Entry 

Thc selcaor switch is turned IO SET and h c  number burton corresponding to thcday nmbcr is p d  For 
ccynple. a "2" is p d  for Monday. The: c u m t  timc of b y  is cntcrcd. For cxamplc. ifrhe timc is990 AM. 
900 k presscd AM or PM is presed LS applicable DqIay  shouId show 121 I9:OOl for 9:OO AM hlou&y. 

' indicutcr A M  and. indicarcs PM. J . .  
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ThcCLOCKbunon ispr0;scd. Oisplayshoddshow I - ]  I-:-]. Ifancrrorismdc,fE~ IEEI isshownc)n 
thc disphy. Thc CLEAR button is prcsscd mcl thc above ncps arc rqattd. The selmor switch L ~ c d  ro 
AUTO or MXN to vnify comxt time scrting. 

5.3 OS and OFF Entry 

7'hc s c l m r  switch is hvncd to SET. The ON snd O f f  progmn IS cntcrcd in the following ordm b y .  number. 
t i c .  AM or PM. ON or OFF. (Exmplc: To rum O S  at 1200 AM on day 5 (Thursday): 5.1200. cLX O S  is 
cnmcd). (Exmplc: To turn OFF at I [:59 PM on chy 5 (Thushy); 5. 1 159. P X  OFF is cntcrcd) 11' the 
dispiay indicates an m o r  (\El IEEEI). thc t ime is r a t  Thc dcctor  switch is tumcd to AUTO. 

5.4 OS and OFFVcriliation 

S.4.l Thc sclcc~or witch is turned to REVIEW. Thc n u m k  of the schcdulcd sample day is pmwrd OS 
is pr0;Scd Thc disphy should h o w  rhc dmc of tfic bcginning ofthe m p l c  period (far cwmple, I5 1 I'L200 I ) .  
I'indiutesAM.] ON ispressed again Thcdisphyshouldshow 151 I - : - j , indi~~gnoothaONtimdIrr  
propmmcd 

5.42 OFF is prcsscd. The disphy should show the time ofthccnd ofthe sacnplc period (tbrcwmplc I51 
1. I 1591). PAM is indic3ml by rhe "." mark tcforc hc me. OFF is pfeucd 3p;lih Thc h p h y  should show :SI 
l-:-l, indicating no otha OFF h a  arc ptogrrmmcd. Thc sclcaor is svhchcd to AUTO. If mything is 
incoma, thc tima is rem and rrprog;rmmed 

DATE 






