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SUMMARY

In Octaber 1986 astudy was conducted to detemine the Surface and air concantrations of palydhlanineted
hiphenyls (FCBs), paychiarineted dibarzofurans (FCDFS), and palychlarineted dibazop-diaxins (FCDDs)
presant asbackground contamiretionin two dffice bulldingsin Bodion, and compare these detato the quiddines
sHedad for deenup of the 50 Sanifard Sreat Office Bullding; thelatter building expariencad atrandfamer firein
1981. Twodfficebuildings which hed no hidary of expaiendng andedricd trandomer firear falure weretested
for PCBs aswdl as PCDFsand PCDDs(tetra: through odta-chlarineted homalogs and the respective

2378 tdraisomers). Wipesampleswereaatained onworkgoece surfaces (floars walls desks caindts €c)
andintaior ar-hending unit (AHU) surfeces Air sampleswere datained intheworkgpece and freshvarr intske
deumsd thebuldngs

ThePCB conoantrations onworkgpace surfaces ranged from <1.- 69 ug/n? (n = 101, geometric meen= 11 ug/in®)
and<1.- 110 ug/n? (n= 97, geometric mean = 5,6 ugyi?) in Bilding Oneand Two, regoedtivdy. Inbath buildings
themessured PCB conoantrations (log randformed) were sgnificantly (1 =-2.36 and t =-251, p<0.05) lessthen
theguiddinedf 50 ugin (log tranfamed). The PCB concartrationsonintgrior AHU surfacesranged from 22-
470 ugfin? (n= 11, geometric meen = 129 ugfin) and fram 14 - 150 ug/n? (n= 15, geometric meen=47 uginf) in
Building Oneand Two, respedtively. In Bullding One thegeometric meen conoantraion wasnumaicaly grester
then 50 ug/n?, but thisdifferencewes nat datidtically Significant (t= 1.0, p>0.06). InBuilding Two, themeen
conoantration (Jog tranfarmed)) wes nat Sgnificantly different (t =-0.091, p>0.05) from theguiddinevaue (log
transformed)). The PCDF concentrations on workplaoe surfaces ranged from 048 - 54 ngin? (n= 24, aithmetic
meen= 17 ngin), and thoseon AHU surfacesranged from 6510 53 ngfin? (n=4, aithmetic meen = 28 ngyin).
The PCDD conoantrations on workplaoe surfaoes ranged from 2.8 - 146 ngin? (n= 24, aiithmetic meen= 26
ngi?), and thoseon AHU surfacesranged from 69 - 421 ngin? (n=4, aithmeticmeen= 173ngn?). The
concanrations of PFCDFsand PCDDsfar dl 28 samples convarted t02,.3,7,8- TCDD eguivaents ranged from
002to 2.3 ngfi?, with onevaue (AHU sample) exaeading thegriddineof 1. ngin. ThePCB &ir conoanrationsin
theworkspeceranged from 0.06 - 0.31 ugfin? (n= 24, aithmetic meen = 0.17 ug/in®), whichaedl bdow the
guicdined 05ugh?. Two of thethreeambient air ssmplesshowed PCB concantrations of 0.04 and 0.06 ugin'™.
Thearbome PCDFswearegenadly non-detected exoqat for 3of 16 samplesthet contained tetra- and
pentaCDFs Thedrbome PCDDsweredl non-odtected, exagat for thehepta: and odaCDDs Themaximum
conoantration caloulated for the:arbome 2,3,7,.8- TCDD exuivaentswias 034 pyn®, whichisbdow theguiddine of
2pg/n.
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Basad upon the sampling resLits aatained from thetwo sdedted dffice buildingsin Boston, it isconduded thet the
concantrationsof PCBs and PFCDFsand PCDDs (conveated t0 2,3,7,8 TCDD equivdans) tha aepresatin
dfficedr and onworkgpece sufaces as namd bedkground contamingionin thesebulldings arebdow the quiddines
usad for deenup of the Seniford Sredt Building. It isdso conduded thet the AHUS contain surface conoantrations
of PCBs adtoaless extat 237,8 TCDD equivdatsinexcessd theguddinevaues
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INTRODUCTION

OnAugud 8, 1986, the Nationd Inditutefor Oooupationd Sefety and Hedlth (NIOSH) wasreouested by
ChalesRiver Pak Propatiesto condudt adudy to detemine the bedkground conoantrations of palycdilarineted
biphenyls (PCBs), polydhlarineted diberzafurans (FCDFS), and pdydharineted dibenzo-p-diaxins (FCDDs) in
dfficebuildngsin Bodon, Massschuseits Thedgedivedt thestudy wasto detemine how theervironmentd
aiteiasdeted asguiddinesfar deanup of the 50 Sanifard Sreat Office Bullding compered to nomd levdsof
bedkground contaminetion thet exist in ather Smilar buildingsin Bodon; the Saniford Sreet Office Building
expaiencad atrandamer firein October 1981

On October 17-20, 1986, NIOSH with asssance from the Commorwedth of Massechusatts Departmant of
Labor and Induetries Divison of Oooupetiondl Hygieng, and SOS Intametiond, Environmentd Enginesring
Divison conducted asudy to deteaminethe bedkground conoantraions of PCBs PCDFs and PFCDDsintwo
dfficebuildngsin Boston, Massadhusdts

BACKGROUND

A. Sanford Sret Office Building Trandfomer Inddart

On October 25, 1981, afirecoourred in an dedtricd trandformer located in the upper besamant of the 50
Saniford Sregt Office Bullding in Bosion, Masssdhusatts: Thetrandomer contained acodlart liquid
congdingdf Aradar 124 (acommaad mixtured poychianineted biphenylswith gopraximetdy 54%
dHaineby wedght). Thereutant combusion oot containing palydilarineted biphenyis (FCBS) and
pyrdyssprodudsinduding paydiarneted dbarzafurans (FCDRS) and pdydil arineted diberzop-diaxins
(PCDDs) westrangoorted by both mechenicdl and neturdl ventilation throughout the upper besamart, and
posshly other aress of thebuilding. A contractor removed the heavy soat depositsin the upper besamant
areg, peinted thewl, odling and floor surfaces and replaoad the contamineted veentilation duds

Teding conducted in ne, Sgatember and Octaber of 1985 by privete consultants[1,.2] howed thet the
upper besamant wesill contamineted with PCBs PCDFS and RCDDs maximum air and surface
concantraionsweare presant in theredricied aocess aressinduding thetrandformer vault and siitdgeer
rooms Thetesing dso showed thet floors anethrough four were contamineted with low concentrations of
PCBsad, to aless extent PCDFsand PCDDs  Hoarsanethvough four weredesned betwean
Novembear 1985 and January 1936, and the upper besament between January and

Deoamber 1986.

NIOSH wasrequeted by Chales River Pak Proparties (the building property menegemeant compery) to
desgnandimplamat aFind Tes Han to veify thet the 50 Saniford Sreet Office Building hed been deaned
toacogptebleguiddines Theguiddinessdedted by the NIOSH invetigatarsor thebuildng werethe same
asthoserecommended by the Govemar gppointed Advisory Pand far aattification of the New Mexico Sate
Highway Depatrmat (NMSHD) Building in SertaFe New Mexico[3]; theNMSHD Building
expaiancad andedricd randomer mafundiononne 17, 1985[4). Inaddition, CralesRiver Pak
Propatiesreguested thet NIOSH conduct asudy to detlermine how these ariterialevels compered to nomrd
conoatrations af bedkground contamiretion thet edd in ather smilar bulldingsin Bodon, Massedusits



B. Ceanp Qritaria

Thedeanup aitaiaedadished by the New Mexico Advisory Pand werebessd onthemaximum|levdsof
PCBs PCDIFs and PCDDsthet would nat resuit in asignificant humen hedth risk if apersonwereexposd
totheelevdsfar awarkinglifesimedf 0years Theguiddinesfar RCDFsand RCDDswereintended to
manaintherisk of devdoping canoar below anein anemillionfor aparson panding awarking lifetime (30
yeag) inthebuldng. Theguiddinesfor RCBstook into acoount theusud presanceof detedtable bedkground
levelsdf PCBsinar [5] and on surfaces|6] and wereintended to guidethedeanupwithinasstemargn o this
bedgroundlevd.

Thesufaoeand ar guiddinesrecommeanded by thePand areshown bdow:

IR URFACE

PCBs 05wn?  S0ugh?
2378TCDD Equivdets  2pgfit? 1ngi?

Urits ugi? =microgramnsaf PCB per cubic meter of air.
pyi? = picogramsof TCDD Exivdentsper audic meer
o ar.
ugh? =micogramsaf PCB per suaremeter of surface
nyin? =nanogramsof TCDD Equivdetspe suaemeer
of aufece

Thepatentid toxiaty of the PCDF and RCDD mixturesws assessed bessd upon the cdlaulated
conoantraion of 2,3 7,81erachioradiberzop-diaxin equivaents (TCDD-equivaants). Thisprooeolre fird
proposed by theNew Y ok Siate Department of Hedlth [ 7], parmits celaulation of theamount of

2378 TCDD that would haveto be presant to exhilit the sametoxiaty asthe messured quantities of eech of
thevaious PCDFsand PCDDsthe arepresant, and the summition of these cdculated amounts of

2378 TCDD equivdatsisanedimeted thetotd TCDD-enpivdent toxiaty of themixture Thisprooedure
asigned tadaty waghting fadtorsenue to therdativetaxiaty of thevaious PFCDFsand FCDDs dhlarinated
inthe2,3,7,8-pastionsas compared to thetoxiaty of 2,378 tetrachiorodibarzo-p-daoxin. TheU.S EPA
revieved theavaldde detaon taxiaty of thesedhamicdls and hesrecommendad taxiaty equivdencefadars
(TEFS for cdadaing the 23,78 TCDD euivdence of amixturedf PCDDsand PCDFs[8]. The TEFS
ussdto cdadaethe 2378 TCDD equivdatsaelided bdow:



PCDDs T PCDFs TE-

2378TCDD 1 23,78 TCDF 01
ahe TCDDS 001 ather TCDFs 0.001
Toid PECDDS 05 Totd PeCDFs 01

Tod HXCDDs 004 Totd HxCDFs 001
Tod HpCDDs 0001 Toid HoCDFs  0.001
OCDD 0 OCDF 0

V. STUDY DESGN AND METHODS

A. Sudy Desgn

Thedyedtived thedudy wasto deeminethear and sufece concantrationsof PFCBs PCDIFs ad
PCDDspresant asbedkground contamingtion in office buildingsin Baston, and comparethesedatato the
aiteia(sePat I, Sedion B) sHeted asquiddinesfar deantup of the 50 Saniford Sregt Office Bulldingin
Bogon

Two buldngswaresdedad for tesing. Thehuildngswere condruded inthemid-1960s and hed no
higay of expaiendng andedricd randomer firear falure: Bullding Number Onecongdsdf twin,

24-dary dficetomversand alow-ise fivedory dfficetone. Thetwintoversareconnedted by acommon
devator core and theloaHise ssdtionisconnected by acomidor & thefird floor oy and ssoond floor
levels (Thetesingweslimited tothetwintomas) Thear inthetwin towersisconditioned (coded or hested)
and droulaed throughout thebuilding by 11 ssperatedlr hendling units (AHUS) located inthe bessmant and
roof penthouse medhanicd equipmeant rooms: Bullding Number Two congdsof asnge 22-gary dffice
towe. Thebuldngsar iscondtioned and drouleted throughout thebuilding by 17 ssparste AHUS located in
thebesaman, fird, seoond, and twerty-third floor mechenicd equipment rooms

Thebuldngswereteted far sufaceand ar concantrationsof PCBs aswdl esPCDFsand PFCDDs
(2378teraCDF and CDD isomars and taid tetrar through odtaxchlarineted homalogs). Thebulldings
wearetesad with the heting, ventilation, and ar-conditioning (HVAC) system operating under nonmel
oooupancy conditions: Thefredharr inteke denumsweare samdled to delemine the concantration of these
aontamirantsinthearbient ar entaing thebuldngs

Thefreguancy o theair and suface ssmples adllected by building issummerized beow:

Air Quface
PCB PCDHPCDD PCB PCDFPCDD
BuldngOe 12 6 112 14
BuldgTwo 12 6 112 14
Ambiat Air 4 4 - -
RddBlaks 6 2 18 2
Tad 36 18 242 30



TheRCB samplesweredatained on bath building surfaces (floars walls devated harizonid, and high in
oontedt urfanes) and intgiar air hending unit (AHU) surfaces: The FCDF and FCDD sampleswerellimited
todevated harizontd and high skin contact sufaoes andintarior AHU sufaoes Bevated harzontd sufaoss
aethoseufacesa ahaght of greder then Sx-fedt abovethefloar. Typicd devated horizontd surfaces
induded tops of sorage cahinetsand bookshdves: High skin contedt surfacesarethosewithwhichaparson
would prabetly havefreguent andlor praonged direct dammd contact. Tyjpicd high skin contact Surfeoes
indudedesks tables countars filecahingts and miscdlaneouswaork surfeces Theintaior AHU surfeces
indudked thefloor of thefansair-intake denum and fan housing.

Thefreouency of thesamples adlledted by type of surfaceispresanted bdow:

Buldng Typed Sufae PCB PCDHPCDD
One WA 12 -
Hoor 12 -
HevdadHaizond 41 6
High Skin Contat 36 6
Air Handing Unit 1 2
Two W 12 -
Hoor 12 -
HevdedHaizond 37 6
High Skin Contat 36 6
Air Handing Unit 15 2

B. Sarplingand Arelyticd Mehods
a Air Sampling - PFCBs PCDFs and PFCDDs

Air ssmplesfor RCBswere adlleted using amodificetion of afloris] stiok proosduredeveloped by the
New Y ak Sate Depatment of Hedth. TheNew Yok SateHarigl (NY SF) dick procedurewas
modified by trgoping arbome particuiates on a47-mm, 03 um pare size gassfiber filter before
adleding thevepor pheseontheflarisl. Thismodficationiscondgart with NIOSH method 5503 [9).

TheNY SFdick isagasstube 95indheslong by 0375 inchesousdedande. Thetubecontans
two sedtions (front and bedk) of 400 mg of 3Y60 mesh flarisil adsorbant. Thefront and beck are
sgparated by two plugs of gasswod. Thetwo-dagesampling devicewasatached toal5 dmratary
vanepumpaparainga 110 VAC lineponve. Thear ssmpleswereadledted for goproximatdy a
S0-hour paioad a aflow raedf 1O L/iminusng an"iding’ cdibrated rolameter and apreasonflow
contrd vave Thesamplerswereingoacted goproximatdy evary sx hoursand flow ratesrecorded and

aduded asnecesay.

Air ssmdesfor RCDFsand RCDDswere adledted usng ahigh vaume sampling device devel oped
by theNew Y ok Sate Hedth Depertment (NY SDH) [10].
Thehghvdumesamde isatwo-degesarpingdevice Thefird degeisad47-mmdamde, 03u



pareszedassfiber filter. Thessoond degeisacatridgedf 8gmsdf slicagd adsabat. Theslicagd
catridgewas gaiked with a2.5 ng eech of 2,3,7 8-tetrachiorodiberzop-dioxin-*C, ad

2,37 8 tarachlorodibarzofuran-3C, beforesampling for quientification and to aooount for any
reentionlossssduning sampling Thesampler wasatached toa 1.5 i fedt par minute (dm) rotary
canvaouum pump operaed on 110 VAC linepowe. Thear sampleweas cdllected for
gopraximetdy aS0-hour pariod a aflow raedf 20 litersper minute (L/min) toachieveanar vdumed
goroximetdy 576 albic metersdf ar. Thear flow raethrough thesampleswesregulaed to 20
L/minusngan"inling’ clibrated ratamater and apredsonflow contrd valve Thesamdlesweare
ingoected gopraximetdy evary 9x hoursand flow ratesrecorded and edjudted esnecessary.

b. Suface Sampling - PCBs PCDFs and PCDDs
A wet-wipe protood was usad to assessthe urfece concantrations of PCBs PCDFs and PCDDs

Thesufacewipesamdeswareadleded usng 3' x 3' saxhie extradted adtton gauze peds: The
sampling prooadure congsted of marking off asurfaoeinto 025t arees using agAvarized sed
templateor ametd tapemessre. Each 0.25 n? areawaswipad witha3' x 3" gauze ped which hed
beenwetted with 8:ml of pediddegradehexane Thewe wipesample ped washddwithagiove
hend anordinear payethylene, unpladiazed typedovewas chenged with eech sarpe: Thesuface
waswiped in two diredtions (the ssoond diredion wes pafamed & a90” angleto thefirgt directian).
Each gauze pad was usad towipe anly one 025 nt area. Thegauze ped samplewas then placed in
dasssamplecontane equipped witha Tdflordinad lid

Each PCB wipesamplecondgted of asingesamplefrom anaeadf 0.25nt. Each PCDF and
PCDD wipesamplecondsted of acompoasiteof four 0.25 nt wipesamplesfor atotd areacf 1.0nt.
Thefour PCDF and PCDD gauze pedswere compodited and trested asasngesampleto atain an
aoogptsbledeedtionlimit.

¢. PCB Ardyss- Air and Suface

Thedassfibe filterswareplaced in an Erlemeye flask and extradted with 200m of hexaneonawigt
adion sheker for 0-minutes The20-m of hexane usad to extract thefilter was then pessed through
thefront partion of theflarsl ick into acentrifugetube Thebedk partion of theflanisl dick wesduted
with an additiond 20-misdf hexane Bath thefront- and beck-portion extracswere conoantrated to
1-m uangagatledreamd nitrogen. This1-ml extrad wasthen vided and sored for andlyss

Thewipesampesweareedradtad onanautomaicwig adion deke for A0 minutes Forty millilitarsof
al15 paoat mahylenedlaride85 paroant hexane mixtureweas used sstheextradion ovart. The
extract was then decanted into aK udama-Danish concantratar. Theextradtion vessdswearewashed
withtwo 40-ml partionsof theextradion solvart and theweehings combined with theiinitid extract inthe
KudamaDanish concatratar. Thevdumewasreouced by didillation usng athresbdl Syder
adumtolesthen5mis

The5ml extract wasdeaned by pafoming aliquicHiouid edtracion usng anequd partionof
conoatraed aifuicaod 1-ml of theaod desned edract wasteken for processing throughamiao



Haisl cdum Themiao Harisl cdumnwes prepered by pedking a10+m sedagicd pipettewith
2grsd Haidl. Theadumwaspreduted with 5-misaf hexane The1-ml diquat of theadd
desnad extract wes quantitativdy trandfared tothecdunn. Rior totheexpoauredf thecdumn toar,
204misaof hexanewasadded tothecdunn. Theduatewes adllected in conicd cantrifugetubeand
concantrated under agantlesreem of punified nitrogento 1-ml. Theextract westhen vided and Sored
for andlyds

Thesamplesweareandyzed usng pecked column ges drametogrgphy-eedron cpture ddedtion. The
dromatogarswereinapreed by viaudly comparing themto Arodar danderds Quentitaionwes
pafamed by summing the peek haghtsof thefivemgor pesks of thedandards and compaing those
aumsd thesamepesksinthesarde Thear samdesdid nat contain deaty recognizadle Arodar
pattams; thus were quantitated using the Welo and MoCall prooedure[11].
Quelity assrance consgted of theandlysisof method sanderds andlyticd replicetes and fidd blanks
Themethod sandardswere prepared by aiking adean ootton gauze ped or an unusad florigll stick
withaknoanamount of aPCB dandad. Ardyticd redicatesaretheandyssof assoond diquat of
thesampleedradt. Hdd blanksaresampleshended exadly thesame asthefidd samples exogat thet
no ar wasdravn through thesampler or asurface was nat wiped with the aotton gauze ped. Noneof
thefidd blanks showed detectable concantrations of PCBs a adatedtion limit of <002 ug/in? and <1
ugi? for air and suface samples regoedtively. Thereslitsof theather qudlity essrancechecksare
mmaized bdow.

NoodSamdes Men  SdDev.Raxge

Method Standards Paroat Recovay
QUfae 36 102 23 53-155
Air 9 A 8 76-96

Redicate Ardlyss Rddive Paoat Devigion
QUfae 25 58 49 0-16
Air 3 11 9 522

d PCDFand PCDD - Sufaceand Air Andlyss[12]
1 SarpeBdration and Ardyte Brvidmat

Thesufacewipesardeswearetrandared to Soxhiet extradion thimbdlesand gaked with 5 ng eech of
23,7 8terachiorodibanzo-p-dioxin- “C, (2,3,7,8-tetraCDD-CP),
1,23,7,8-pentachlorodibenzo-p-dioxin-C,, (1,2,3,7,8-panta-CDD-2C ),
1,2.36,7.8-hexachorodiberzop-diaxin-2C, (1,2,36,7,.8-hexaCDD-5C ),
12.346,78-heptachiorodiberzo-p-dioxin-*C, (1,2,34,6,7,8-hepta-CDD-C ),
odtachorodibazo-pdaxin-°C,, (octa:CDD-2C,,), 2,378 terachiorodibazofuran-C ,
(2.37,8etraCDF-3C,), 1,2,3,7:8-pentachioradiberzofuran-5C, (1,2,3,7,8-pataCDF-C ),
1.2.34,7 8- hexachiarodibenzafuran-2C,, (1,2,34,7,8-hexaCDF-C ), and
1,2.34,78-heptachlorodibarzofuran-3C, (hepta- CDFC ). Bawenewasadded tothe
extrattorsand the sampleswere extracted for 20 hours

Thedlicagd catridgeand the perticLiatefilter from eech FCDD/RCDF ar ssmpler weretrandfared to
Soxhe extractarsand extracted for 18 hourswith gopraximetdy 250 ml of berzenessthesdlvart.
Twoisatopicdlly labelled intemd standards 25 ng esch of 2.3,7,8-teraCDD-*C, ad



237 84eraCDF-C,, hed bengiikedino thesilicagel catricesprior o sapling. Five
aditiord intemdl sendardsinduding 5 ng eech of thebovepertaCDD-4C, hexa. CDD-1C,,,
octa-CDD-EC,, penta-CDF-3C,, and hexa- CDF2C , Sandardswere dso oiked into each
samplebeoreedradion.

Thebareneextradtswere conoantrated to gopraximeatdy 4 ml with 3-9ege Syder cdumns The
bazareedradswaetrandared to multilayered slicagd cdumnsconiaining sodum ulfae, adiveted
slicagd, 44 paroant conoantrated sLifuricadd on dlicagd, and 33 percant IM sodium hydroxideon
slicagd. Thepuposed thesecdunnswasto removeaddic and besc compoundsand esslly
axidzed melgidsfromtheexrads Theslicagd Sppart provided alarge suface areafor contact with
thesampleextradts thusimproving thedeanup effiaency. The FCDD/RCDF isomasweareduted
fromtheadumnswith 70ml of hexaneand theentireduates induding the arigind extract vdume were
adleded Thebawzaenehexanedudesweare conoatrated with agantiedream of nitrogen gesand
vent-exchangad into hexane: The hexane sdluionsweare dyomatogrgohed through cdumns
containing gopraximetdy 5g of adiveted besic duminawith hexenemethyienedilaide (97:3, viv), and
hexangmethylenediaide (1:1, vv) ssduion vents Thel:1 hexanemethylenedlaride dugtes
werecallected, concentrated to near dryness and dissalved in 20 Ul of n-decane contaning 5ng of an
absoluterecovary sandard, 1,2,34-tetraCDD-2C,,. All solutionswerestored & 0°C and pratected

far light until anelyzed
2 Ardyss

Theedradswereardyzed and quantified far RCDD/RCDF by combined caalllary coumn ges
dramaogrgohy/high resdution mess oecromery (HRGCHRMS). TheHRGCHRMS sydam
conggsof aCalo EraModd 4160 gesdyametogrgoh intafaoed dredly intotheion source of aVG
Modd 7070 high resolution messpedrometer. Thedrometogrgohic cdumnwasa6d mDB-5
fusd slicacdumn. Hdiumwaesusad asthe carier gesd aflow vdoaty of 30an/ssc. Themess
Joedrometer wes oparaed inthededronimpect (B1) ionization modea amessresalution of
9,000-12,000 (MMM, 10% vdley ddfinition). All HRGC/HRMS detawereaoouired by
multipleiondetedion (MID) withaVG Madd 11-250]DaaSydem.

3 Qudity Asrance

Thegpadion of the HRGC/HRM Swas evdusted eech day by andlyzing dandard mixtures of
PCDD/PCDFisomers Thesemixturescondged of 2,37,8tetraCDD, 2,3,7,8tetraCDF,
2,3,78tetraCDD™C,,, and 2,3,7,8tetra CDFC, to evdugte acouracy of quantification,
mixtures of sected FCDD/PCDF isomarsto evdugtethe Sahllity of thedyometogrgphicdution
windows and tetra:CDD isomer mixturesto evaugteisomer resdluiion. Each day themess
oedrometer was cdibrated from mvz 293 to miz 516 using parfluorckerosane (PRK) asrdferance
Massaoouracy and Shgpefor eech Subsaouent runwias chedked by dosarving and cantraiding
reference messesthat correspond to themessrange of eech MID graup. Cantrad edusmentsare
stored by the computer dong with the arigindl cdibration. A PRK *'lodk mess' wissindudad ineech
MID grouptoinsremessacourary. Nativegoikeand laboratory method blank ssmpleswere
processsd during theextradtion and deanup of thesamples: Thendivegakesamplewasused to
evdudtetheaoourary of quantification, whilethelabaratory method dlank ssmpleswereusad to



demongratefresdom from contamingtion. All method blank andlyssswearefreeof RCDD/PCDF
contamingtion, except for tracelevdsof odaCDD and odiaCDF, whichweredbsaved inone
mehod blank. Theadosaved levdswerelessthen the desired detedtion limit for these congener desses
and shoud therdforenat edversdy effedt theardlyticd resits Recovary of theandysesfrom theretive
Joke samplesranged from 86-104 paroant, which iswithin the expected range of variation.

4. Reoovay o Intamd Sandards

Reoovaiesdf theintamd sandards, 23,7, 8tetraCDD-C, 1,2,3,7,8-pentaCDD-C,,
1,2,3,6,7,8-hexaCDD-3C, 1,2,34,6,7,8-hepta: CDD-C,, octa: CDD-C,

23,7 8tetraCDF-3C,,, 1,2,3,7,8-penta: CDF-2C,, 1,2,34,7,8-hexaCDF2C,, and
1,2,3,4,6,7,8-hepta-: CDF-2C, were claulated by comparison to theextamd sandard,
1,2,34-tetra-CDD-3C,, whichwes added fallowing exradtion. Reaiveregoonsefatarswere
detemrined from tiglicate anelyses of astendard mixtureaoniining theeight isoiopically labdlled
dandards Theequaion usad to cdadatetherecoverieswes

Recovay (%0) = Aisx Qrsx 100
Arsx Qisx Rf

Whae

Ais=md integrated aressfor intemd dandardt
Qrs=Quanity of recovery dandadinng;
Ars=md intleyaed aressfor recovary dandad;
Qis=Quanity of intemd dandardinng; ad

Rf = Responsefadar.

5. Quertificaion

Thetera penta, hexa and hgataPCDD/PCDF isomarswere quiantified by comparingthesum of the
twoionsmonitored for eech dassto thesum of thetwo ionsmonitored far the corresponding
isotopically labdledintemd gandad. TheodtaCDD-C, was usad to quantify the odachloro-
PCDD/PCDF congener dassss. Inthecasedf thear samples wharetherewasno
heptachloro-CDD/CDC,, added as anintemd sandard, the octa:CDD-3C, wasdso usad to
quentify the hgatachioro- FCDD/PCDF congener dassss. Expaimantd rdaivereoonsefediors
(RRP) werecdauaad fram multipeandyses of amixturewhich contained represantaives of the
tetrachioro- through odiachioro- PCDD/PCDF congener dasses Thesereponsefadtorsweare
indudedindl cdaulaionsused to quentify theddta. Theregponsefadtorswerecdaulaed by
compating theum of thetwo ions monitared far eech congener dasstothe umaf thetwoions
monitored for the camesponding intemal fandard. Theaveraged expaimentd reponsefadorswere



Cogee Air Sages Suface Wipes
[@F: Aveapad RRF
TetraCDD 215 215
PentaCDD 110 110
HexaCDD 0.836 0836
HeptaCDD 134 084
OctaCDD 059%5 05%
TeraCDF 103 103
Penta:CDF 135 135
HexaCDF 1.00 100
Hepta-CDF 215 112
OctaCDF 127 127

Thefamulaused far quentifying the FCOD/RCDF isomarswes

Quatity/sarpe =Acx Qis

Whae

Aisx Rf

Quentity =Tatd quentity of target isomer or congener dass
AC=3md ineyaed aessfar thetarget isomer or

congener dass

Qis=Quenity of intemd dandard;
Ais=Tad integrated aressfar theintemd dandard; ad

Rf = Reponefadar.

velLg

Each par of resolved pesksin the sHedtecHon-currant draomatogramswias eva ugted manudly to
ogemineif it met the aiterafor aPCDD or FCDFisomer. By examining eech per of pesks
Spaady, quantitative acouracy wesimproved over wiet isdataned whendl of thepegksina
sHetted dyometogrgphicwindow areaveraged. When averaged ddlaare used, it ispossblefor pairs
of peskswith high and low dlarineisatoperratiosto produce averaged detathet medtstheisotgperaio
aiteion. For example two pairsof pegkshaving dhlarineisatoperaios of 0.56 and 0.96, bath outsde
of theaoogptadlerange would havean avaregeraio of 0.76.

Theaitaiatha were usad to identify FCDD and PFCDF isomarswere

() Smultaneousreponsesé bathion messes
() Craireisatoperaiowithin + 15%df thetheoretica

(3 Chrometoggohic reention timeswithinwindoas deemined

fromandysesdf dandard mixtures

(4 Sgd-tonoseraioequd to or greder then25t0 1.



The 2,373 teraCDD/CDF isomarsand oda:CDD induded theadditiond aritarion thet they
codutedwithin + 2 ssoondsof their isotopicaly lebelled andlogs

A limit of detedion (LOD) wescdlaulated for samdlesinwhichisomasd apaticdar daine
congenea dasswearenat deedtedl. Thefarmulaused for cdadlaing the LOD wes

LOD/sarpe =Hcx Qisx 25
Hisx Rf

Whae

LOD =Sngeisome limitsof detedtionfar acongener
dass
Hc=Haght of conganer dassisone;
Qis=Quanity of intamd dandardt;
His= Reek haght of intamd sandard,
Rf = Responsefadar.

e Sample Chaino-Cudody

Sample Chainof-Cudiody prooeduresweareanintegrd adtivity of bath sampling and andlyticd
adiviies Chaintof-Custody procedures provided documeaniation of samplestivough dl phesesof
adivitiesfrom thetimethe sampling devicsswere prepered to be sant to thefidd through reparting of the
andyticd resLits Sample Chain-of-Cugtody wiasinitiated by the sapling personnd ypon recdipt of the
smplingdavicss Each samding devicewas assgned aunigueidentification number.
Thedhan-af-custody procedreswerein accordence with those gpeaified in NIOSH's manud of
Sandard Opearaing Proceduresfar Indudrid Hugiene Sampling and Chemicd Andyses SOPNo.
019, Devamber 19. 1984.

V. RESUL TSAND DISCUSSON

A. SQuface Concaraionsaof PCBs

A tad of 224 suxfacewipesarpdeswaeadleded for theandyssof PCBs Hgurel owsthet
gooraximetdy 5% (11/224) of the samplesware non-otiected at adetedtion limit of <1 ugn?; 85%
(190/224) ranged from 1. to 49 ugyin?; 5% (11/224) ranged from 50 to 99 ug/n'?; and 5% (12/224)
exossded 100 ug/in?. Of these 224 samples; 112 sampleswere cdllected in BLilding One(Teble 1) and 112
smpleswereadledted in Bulding Two (Tahle2). Fgure2 owsthet the concentration frequency
ddribuionsare comparadlefor eech building, with the maximum number of sadles (1007112 and 90112,
respadivey) showing concantraionsranging from

1to49 ugint.

Tadde3ammaizestheardysssof the 224 sampleshy location of thesurfecefar eech bulldng. Theddtaare

grauped asbullding surfaces (floors wells and devated harizontd and high skin contact Surfaces) and inteior
ar-hending unit aufaces Theconoatrations on buillding surfacesin Bullding Oneranged from non-detected



(<L ug/n) to B9 ug/n? (=101, geometric meen = 11 ug/n) with anevelueexcesding S0ugnt. This
sample (69 uyin?) wasatained onandevated harizond suface: The conoantraionsin Building Two
ranged from non-detected (<1 ugyi'?) to 110 ugn? (n =97, geometric meen = 56 ug/in®) with fivesade
vauesexossding S0 ugnt. Thesesamplesranging fram 63 to 110 ugin? were obtained on devated
horizontd aufaces Theddafor eech building weslog trandomed and andlyzed usng acnesarde 2+taled
t-test to comperethe mesaLred log meen surface conoaniraion to thelog of theguiddinevaue (S0 ughn).
Thenul hypatheseswesthet thelog meen messured concantration, u, equdied thelog of theguiddinevdue df
S0ugint, u, i.e, Hy u=u, Inhboth cases themeesLred meenlog conoantration of PCBsonbilding
ufaceswassgnificantly lessthen (p <0.05, t =-236 and t =-251, repadtivdy) thelog of theguiddinevdue

Theintaior AHU sufacesamplesin Building Oneranged from 22 to 470 ugin? (n= 11, geomelric meen =
129 ugin®). Ninedf the 11 sanplesshowed concantrations above 50 ugin?; theserinesample
conoantrationsranged from 60to 470 ugin?. The conoantrationsiin Building Two ranged from 14to 150
ugi? (n=15, geometric meen =47 ugin). Eight of the 15 samples showed concantraions above S0 ugn'™;
theseeight sample conoantrationsranged from 53to 150 ugin?. Thedatawerelog transfomed and andlyzed
usngaonesample 2-aled t-test asdestribed above: 1N bath cases the messured meen log concentration of
PCBsonintaior AHU surfaceswasnat sgnificantly different (p <0.05, t = 1.0 and -0.001, regpectivdy) from
thelog o theguiddinevdue

B. Quface Conoantraionsof PFCDFsand PCDDs

A tad of 28 sufacewipesampleswere adllected for andlyss of tetra: through oda-chlanineted dibazofuran
(PCDF) and dbenzo-p-doxin (FCDD) hamaogs and therepetive 2,.3,7,8teraCDF and CDD isomers
(Taded). (Twoquity conird “fidd blank ssmplesdsowereinduded) Twerty-four of the28 sarples
weareadlected on buillding surfaces (12 samplesin eech building); and four ssmpleswere adlledted onlinterior
AHU aurfeoss (two samplesin eech building).

Tade5 presnisthegrouped detafar the PCDF and PCDD concentraionson building surfaces: The
surface concantrations of tatal PCDFs (tetra: through octa- CDF homalogs) ranged from 04810 5.4 ngin'?
(aithmeic meen= 1.7 ngin¥). Theconoantraionsof 2,3,7,8-tetraCDF ranged from non-oetected (<0.08
ngi?) to 040 ngi'? (arithmetic meen = 018 ngin¥). Thesurface concantrations of tatal PCDDs (hexar
through octa:CDD homalogs) ranged from 2.8 to 146 ngfin'? (arithmdiic meen= 26 nginf). The

2378 TCDD isome o tera and pantaCDDsweare nat presant dbovethe detedion limitinany of the
samples Thecdauaed suface concantrations of totd 2,3,7,8- TCDD equivdents(Tale6) ranged from
002t00.17 ngn'? (n= 24, aiithmetic meen= 006 ngin¥). Al of the samplesshowed conoantrationsbdow
theguiddinevdued 1ngint 2,37,8 TCDD equivdents

Theddribuion of PFCDF and RCDD hamdogsfar thewipe sampales aatained on building surfacesisshoan
inHgure3. The PCDF digribution showsthe presance df bath thelower- and higher dilarineted hamadogs
with the maximum conoantrations rgpresanted by thehgpta: and odaCDIFs: Thehgata: and odaCDIFs
represanted goproximetdy 32%/ and 30%, regpedtivdy, of thetotd PCDFspresant. The PRCDD didribution
showsan dxsenced thelower chlarinated homd ogsand apredominanceof odiaCDD. TheodaCDD
homalog rgaresented gopraximatdty 86% of the FCDDspresat.



The 24 PCDF and PRCDD sampleswere adllected &t locations peired to the adllection of PCB samplesto
odamiretheexddenced addidicd rdationship. Theconcentraionsaof PFCBs PCDIFs and FCDDswee
log trandformed and usadinlineer reressonandlyss Theaardation aodffiaents(Table 7) wareddidicaly
sonificantly differat from zaro (p<002) inbath cases: Thus asignificant rdaionship betwean
concantrationsof PCBsand conoantraionsof FCDFsand PCDDs on thebuillding surfassexided inthese
buildngs

Tahle8 presmisthe grouped ddafor the FCDF and PCDD conoantraionsoninterior AHU surfeces The
surface concantrations of totd PCDFs (tetra: through ocdta: CDF homalags) ranged from 65 to 53 ngfin? (n=
4, aithmdicmesn= 28 ng?). The2,3,7.8 TCDF isomer waspresat ebovethedetedion limit indl of the
samplesa concantrationsranging 046 to 1.9 ng/in?. Thesurface concanirations of totel PCDDs (perta:
through odta:CDDS) ranged from 69 to 421 ng/n? (n =4, aiithmeic meen= 173 ngin?). The

2378 TCDD isome o teraCDDswerenat presant ébovethe detedion limitinany of thesamples The
cdaulaed Surfaoe conoantrations of tatdl 2,3,7,8 TCDD enuivdents(Table6) ranged fron 031 to 23 ngin,
with onevaueexcssding the 1 ngnt 2,.3,7.8-TCDD enuivdentsguiddine

Theddribution of FCDF and P-CDD homadogsfor thee AHU wipesardesareshownin Hgure4. The
PCDF and RCDD homdog digributions datained for the AHU samplesarequite Smilar to those dotained
far thebulldng suface samples (Figure 3). 1n bath cases; the higher dlarineted CDFsand CDDsrgresant
the predominant homalog concartraion.

Thefour RCDF and PRCDD sampleswere odllected at locations paired to the adlledtion of PFCB samplesto
Odamiretheexddenced addidicd rdationship. Theconcenraionsof FCBs PCDIFs and FCDDswere
log trandfiamed and usadinlinear regressonandlyss Theaarrdation codffidents(Tade 7) waenat
daidicaly sgnficanty differat fram zao (p>010). Thus asgnificart rdationghip bewenthe
concantraionsof PFCBsand concantrations of PFCDFsand FCDDs on theinterior AHU surfabeswasnot
damordrated. Thereweasnat alarge enough sarpdleto demondraeadatisicaly sgnficat cordaion. The
sampeszewaud haveto beinaressad to ten peired dosarvationsin order for acarrdaion codffident of 063
to bedatidticaly sgnificant (p<005).

C. AirbomeConcatrationsof PCBs

Atad of 27 ar sampdeswareodleded for theandlyss of PCBs(Tables 9 and 10) in October 1986.
Twenty-four of these ssmpleswere adllected in the oooupied workgpeces of BulldingsOneand Two; 12
smpeswaeadledadinesch buildng Threed the27 ssmplesweareadledted a thebuildings freshrar
ingke penumsto deaminetheconoatrationsof FCBsataing thebuildngstirough thearbiat ar. All of
the 24 samples adllected in the cooupied workgpece of the buildings showed detedtable concentrations of
PCBsranging from 0.06to 0.31 ug/n (aithmetic meen = 0.17 ugn?), which arebdow the quiddinevelue of
05ug/in?. Two of thethreeambient ar sanples showed detectable conoantrations at 004 and 0.06 ugyi?,
thethird samplewas non-detected a adetedtion limit of <002 ugin®. Thesix fidd arksweredl
non-oetected & adetedtion limit of <0.06 ug per sample whichiseouivaant to gopraximetely <002 ugfin?
aauminganar vdumed % litas

Tooonfimthesefindingsdf detedtale FCB ar conoatraionsindl of thesamdles datained in the oooupied
workgpece of thebuildings Bullding Oneweasretested in Decamber 1986 (Tahle 11). ThePCB samples
weaeadleded uangthesameNew Yok Sate Horigl Sick (NY SFS) procedure, aswel asby NIOSH



Method 5503[9]. Method 5503 invalvesatwo-dage samping device consding of al3mmglassfiber
particulatefilter preosadad by 150-mg of florisl adsorbent (100 mg front and 50 mg bedk ssdtions). Baththe
NY F-Sand NIOSH Mehod sampasoparaed for gopraximetdy 48-hoursat aflow rate of
gopraximetdy 08 L/min. The 150mg flanisl tubeand 13-mm glassfiber filtersweredhenged a
gopraximetdy 24-hours: Thetwo 150-mg flanl tubesand two 13+mm glassfiber filterswearethen
compodted by thelaboratory chemidsasasngesarpe A tad of 13-pared ssmpleswereadleded a the
sarelocaionsthat weretested in October 1986 (Tadle 11). Thisinduded 12 cooupied workgpece samples
and oneamhiat ar intskesample The FCB conoantraionsmessured using the N S-S prooedureranged
from 0.13t0 0.33 ug/i® (aithmetic mesn= 023 ugiY), and those by the NIOSH Method 5503 ranged
from 01910 0.31 ug/in® (aithmetic meen= 022 ugi¥). ThePCB conoantrationsintheambiat air sarples
were 004 ug/i? and 0.03 ug/n'?, regpectively. Comparison of the PCB concantraions at the 13 peired
locationsshowed thet therewas nat adaidicaly sgnificant difference (p>0.10, t = 0.72) bawemn the
concantrations meeaLred by thesemethods: Compaison of thearbome concantrationrs mesaLred in
Octaber 1986 usng theNY S-S procedure to those messured in Decamber 1986 usng thesame
prooeclre, howed thet thereweas nat agatidicaly sgnificant difference (p>0.10, t =-0.88) bawen thear
conoatraions Thaefore, it was conduded thet the PCB concentraions ariginally meeaLred in October
1986 were corredt.

D. Airbome Concantraionsof PCDFsand PCDDs

Atad of 16 ar smpleswareadledad far theandyssof tera: through odaxdhlarineted dbenzop-doxin
(PCDD) and dibenzofuran (FCDF) hamdlogs, and therepedtive 2,3,7,8teraCDD and CDF isomers
(Tabe12). (Theadygsaf two queity contrd “fidd bank” samplesdso areindudad) Twelved the 16
sampleswere adlledted in the cooupied warkgpece of thetwo buildings and four ssmpleswere cdlledted &
thefreshar inekedenums o thebulldngs

TheRCDD homdog ddributions (Table 12) arequitesmilar to thoseshoan for thewipe samplesaotained
on bulding aufaces (Figure 3) and intgiar ar-hending unit sufaces (Hgure4). Inbaththear and suface
wipesamplesthereisan absance of thelower dlarinated CDDs apressnce df heptaCDDs anda
predominenceof odia:CDD. The conoantraionsof tatd PFCDDs (hgata: and octaCDDs) ranged from 3.6
to 7.1 pg/m? (aithmetic mesn =54 pyin¥) inworkgpacedr, and ranged from 3510 7.2 pg/n? (arithmetic
meen="5.1 pg/n?) inambient ar. Octa:CDD represanted gopraximetdy 83 and 79% of PCDDspresart,
repedtivdy. The PFCDFsweregenardly non-detected, exogat far 3 of 16 samplesthat Sowed deedtiadle
concanrations of tetra: and pental CDFs: Two of these samples (onewarkgpeceand oneambiant arr)
contained detectable concentrations of 2,3,7,8 TCDF (1.4 and 0.83 pg/nY, repedtively). Thecdaulated
conoantration of tatal 2,3,7,8 TCDD equivdantsfor thetwo samplescontaining 23,78 TCDF ae0.34 axd
0.20 pgin?, which arebdow theguicdinedf 2 pg/in.



VI.

CONCLUSONS

A dudy was conducted to deiemine the beckground concanirations of palydilarineted biphenyls (FCBs),
paycharineted dibenzafurans (FCDFS), and palyclarineted dibazop-dioxins (FRCDDS) inar and on surfacesin
two commeadd dffice buildngsin Bosion, Massschusetts: Thebulldings sdedted for tesing hed no hidary of
expaiendng andedricd randome fireor falure Messradedr and suface conoantrations of these
conaminentswerepreatinbath bulldings: Compaiison of the datatto the guiddines seledted for deanup of the 50
Saniford Stregt Office Bullding showsthat the concentrations of PCBs, and FCDFsand PCDDs (convarted to
2378 TCDD equivdeants) presat inar and onwarkgpece surfaoesasnomd beckground contamirdioninthese
buldngsarebdow theregpadiveguiddinevadues Howveve, thear-hending unitswerefound to contain surface
concantrationsof PCBs and to alesser extant 2,3,7,8- TCDD equivdaisinexcessof theguiddinevaues

Thehigher concantraions of PCBs PCDIFs and PCDDswearepresat onlinterior ar-hending unit sufecesand
devated harizontd surfacesthen onhigh skin contact Srfeces. Thesesurfaceswith the highest conoantrations arelless
likely to be contacted on afrequant and praonged beses

A datidicdly sgnificant cordaion betwean workgpece surface conoantraions of FCBs and warkgpeoe surfece
concentraions of PFCDFsand PCDDswasdemongrated. Therefore, PCBs can beusadinthesebulldingsas
surogeeto predic the carmegponding concentration of PFCDFsand PCDDs

Thear and suface concantrationsof FCDDsweareconagently higher thenthe PCDRs The2,37,8 TCDD
isomer was non-detected in dl samples wharethe 2,3,7,8- TCDF isomer wiasfrecuently presant in urfece

e

Theconoatrationsdf RCBs PCDFs and PFCDDs messrad inthese bulldings may beindicativeof the
conoatraionspresant insmilar buildingsin ather lage uen arees
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October 18-19, 1986
Conoartratior?
SapleL ocation/Desoription wht?

ALOORTWENTY-FOUR:

SEEEREBEERBESESEBEE BEESBRBREREEEBSEEERBRE

N
i

g8 8

Room 2407 dek top
Room 2407 bookcasetop
Room 2403 tebletop
Room 2403 tebletop
Room 2403 cahinet top
Room 2406 bookcasetop
Room 2407 wall

Labby vinyl tilefloor
Corferanceroomtailetop
Room 2411 cabinet top
Room 2411 desk top
Room 2411 cabinet top
FHddbak
Caanictilefloor
Room 2403 desk tap
Latbywal
Room 2403 cabinet top
Room 2403 cabinet top
Room 2403 cabinet top
Room 2403 cabinet top
FLOOREIGHTEEN:
Room 1804 bookcasetop
Room 1804 tabletop
Room 1804 dek top
Room 1804 cahinet top
Labby vinyl tilefloor
Room 1803 dek top
Fddbak

Room 1803 bookshdf top
Room 1808wl
Caanictilefloor
Room 1800 cahinet top
Room 1800tabletop
Room 1800dek top
Room 1800 cahinet top
Room 1800wl

Room 1800dek top
Room 1800 bookcasetop
Room 1800 cahinet top
Room 1800 cahinet top
Fddbak

FLOOR FOURTEEN:
Panted concretefloor
Fddbak
Room 1401 cabingt top
Room 1401 desk top
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Tede1 (continued)

Saple Congentration
Number SampleLocaion/Destription wh?

F_OORFOURTEEN oontinued:
Room 1401 cahinet top
Room 1401 desk top

Room 1401wl
Room 1401 tbletop
Room 1401 cahinet top
Caanictilefloor
Room 1409 desk top
Room 1409 cahinet top

Room 1409 cebinet top
Hddblak
Room 1409 dek top

Room 1409wl

Room 1409 bookcasetop
Room 1409 dek top
A_.OORELEVEN:

Viryl tilefloor

Room 1106tabletop
Room 1105 cahinet top

Room 1106tabletop

Room 1105wl
Room 1105 cahinet top
Room 1105 dek top
Hddblak
Room 1100 cahinet top
Panted concretefloor

Room 1100tabletop
Room 1100 dek top
Room 1100 cahinet top
Room 1100 cahinet top
Room 1100 dek top
Room 1101 cahinet top

Room 1101wl
H.OORSEVEN:

Viryl tilefloor

071 Room 707 dek top
Heddhlak ND
Room 707 desk top
or¢ Room 707 bookcasetop
Room 707 bookcasetop
Room 707 filecahingt
Room 707 bookcasetop
Room 707wl
Room710dek top
Room710cahing top
Room710cahing top
Viryl tilefloor
Room710tabletop
Heddhlak
Room710cahing top
Room710dek top
Room 710wl
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FEFRBEREEBRBEREREREERBEEEEEEREERE

SampleL ocgionDestription

H.OORTHREE:
Room300dek top
Room 300wl
Room300cahingt tap
Room300cahingt tap
Room300dek top
Room300dek top
Room300cahingt tap
Room 312 desk top
Hddblak

Room 312 bookcasetop
Room 312 desk top
Room312wall
Room 312 cahing top
Caarictilefloor
Panted conoretefloor
Room 308 dek top
Room 308 cahing top
AHUYS1: fanhousing
AHU I: fanhousng
AHU H: fanhousng
Hddblak

AHU S2 peumfloor
AHUG: penumfloor
AHUE pleunfloor
AHUF: peumfloor
AHU J plenumfloor
AHU D: fanhousng
AHU B: penumfloor
AHU S5: penumfloor
Hddblak

Tede1 (continued)

Datesandevated haizontd sufaos hdaght of gredter then Sx-fedt

ebovefloor

bPCB identified assamixtureof Arodors 1254 and 1260,
Dedtesnoncetedted. Thelimit of detedtionis 1 ugin't.

“Denatesar-hending unit
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Tade2

Concantraionsof Palydharineted Biphenylson Warkplaoe

and Intaior Air-Handing Unit Sufaoes
OfficeBuilding Number Two
Bogton, Massachusatts
October 18-19, 1986

SampleL ocgionDescription

FLOORTWENTY-ONE
Room 2103 desk top
Room 2103 bookcasetop
Room 2103 bookcasetop
Room 2103 viny! tilefloor
Room 2103 desk top
Room 2103wl

Room 2105 bookcasetop
Corfeenceroomtabletop
Room 2105 cahinet top
Room 2105 desk top
Room 2110 bookcasetop
FHddbak
Room2110dek top
Room 2108wl
Caanictilefloor
Room 2106 desk top
Room 2103 cahinet top
Room 2100 cahinet top
FLOOREIGHTEEN:
Room 1809 bookcasetop
Dek top

Viny! tilefloor

Tebletop

Bookcasetop

Cebinet top

Dek top

Fddbak

Bookcasetop

Dek top

Wl

Cebinet top

Tabletop

Dek top

Bookcasetop
Bookcasetop

Wal

Caanictilefloor
FLOORHFTEEN:
Panted concretefloor
Fddbak

Dektop

Tabletop

Bookcasetop

Cahiret top

Wal

Tabletop



Table2 (continued)

Sarpe Conoaration
Number SampleLocation/Destription uhr?
H_.OORRFTEEN Cortinued:
165 Tebletop 4
166° Cehingttop 4
167 Cebirettop 15
168* Cehingttop 14
169 Dektop 4
170 Heddblank ND
171 Room 1511 desk top 3
173 Room 1511 cehinet top 4
173 Room 1511wl 4
174 Viryl tilefloor 5
FLOORTEN:
175 Courtroom Etabletop 13
176 Courtroom Ctabletop 2
177 Dexto 6
178 Cebirettop 73
1 Desktop 10
180° Bookcasetop 40
181 Tadetop 3
246 Hddblak ND
187 Cebirettop 2
183 Tebletop 10
82 Cebinettop 3
185° Cebinettop
186 Bookcasetop 3
187 Caarictilefloor 4
188 Room 1010viny tilefloor 2
189 Room 1010wl ND
190 Room 1000wl 10
FLOORTWO:
1912 Wet exit revaving door top 0
12 Caarictilefloor 46
13 Hddblak ND
M Tabletop 17
195° Eat exit door top 110
1%6* Cebirettop 14
197 Desktop 7
198 Desktop 3
199° Bookcase 4
20 Caanictilefloor 12
201 Well 2
.07 Tabletop 14
o Tabletop 4
256 Heddhlak ND
26 Tabletop 5
207 Well ND
208 Patiionwall top 2



Tede2 (continued)

Sarpe Conognirtion

E:

Number SampleL ocation/Desription

A.OORSX:

Tabletop

Wal

Viny! tilefloor
Bookcasetop

Tabletop

Cahiret top

Dek top

Heddblank
Bookcasetop
Caanictilefloor
Tebletop

Cebinet top

Well

Tebletop

Cebinet top

Dektop

Bookcasetop
AHUYS3: deumfloor
AHU S4: plenumfloor
AHU S5: peumfloor
AHU S6: fanhousng
AHU S7: perumfloor
Heddblank

Heddblank

AHU S14 fanhousing
AHU S16: fanhousng
AHU S11: penumfloor
AHU S12 penumfloor
AHU S9: pleumfloor
AHU S10: peumfloor

Z o
O

b
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241 AHU S8 fanhousing

242 AHU S1: penumfloor

243 AHU S2 fanhousng

24 AHU S17: fanhousing

245 AHU S13 fanhousng

246 Hedblank ND

Daatesan devated haizontd suface haght of greder then Sx-fedt
ebovethefloor.

PPCB identified asamixturedf Arodars 1254 and 1260,
Dendtesnoncetedted. Thelimit of detedtionis 1 ugin't.

Air-Handing Unit.



Tade3

Badkground Conoantrations of Falydhlarineted Biphenylson Surfaoes
in Two Office Buldingsin Bosion Massadusts

October 18-19, 1986

PCB Conoarirdtion ugin?

Buldng Locationof Suface

Oe

Two

High Sin Contact
Hevated Horizontd
Wl

Hoor

Ovadl

Air Hading Unit

High Skin Contat
Bevated Harizond
Wl

Hoor

Ovedl

Air Handing Unit

Gaomdric  Geomdric

VN Meaf  Meaf SdDe.  Raxe
36/36 15 120 19 2-43
41/41 16 132 18 3-69
1012 4 26 25 ND (1)P- 14
1212 25 209 21 6-47
99/101 15 109 25 ND(1) - 69
11 180 129 26 22- 470
3536 6 44 21 ND(L) - 21
37137 2 123 29 2-110
412 18 093 28 ND(1) - 10
1212 12 79 23 3-46
8897 12 57 34 ND(1) - 110
1515 63 468 23 14- 150

*nN isthenumber of ssmplesabovethe dedtion limit / tota number of samples adllected.

Mean cd ol aad with non-daiedied va ues trested as onehdlf thedaedtion limit.

"Denctesnon-detected. Vauein parenthesssisthelimit of detedtion.



Tadle4
Suface Concantrations of Pdychlarineted Dibenzofurans (FCDIFS) and Palychlarineted Dibenzo-p-Diaxins (FCDDs) in Two Office Buildingsin Boston, Massachusetts

October 18-19, 1986
PCDFs ng/in? PCDDs g/
Sargle 2378 Totd Tod Totd Tod 2378 Totd Tod Tod Totd
Numbe  SarpelLocaion Tetra Tetra Penta Hea Hepta Octa Tera Tetra Penta Hea Hepta Octa
-CDF -CDF -CDF -CDF -CDF -CDF -CDD -CDD -CDD -CDD -CDD -CDD
BUILDINGONE
30 RM 2407 Bookcass' (08P (008 (0@ (00 037 033 (o107 (009 (015 014 260 140
K 0% RM 2411 Teble (021) (021 (015 004 012 023 (018 (018 02 010 170 550
3am RM 1804 Teble (039 039 (015 (008 034 036 (0238 (028 029 (02) 074 830
™M RM 1800 Cahingt® 017 024 012 040 180 190 0m (0m) 019 091 760 450
03] RM 1401 Cahingt® (016) (016) (009) 017 040 041 (o107 (009 (012 020 320 150
06 RM 1409 Dek 032 053 003 004 034 032 (011) (011) (010 02 120 620
3 RM 1105 Table 016 030 012 02 082 045 (0@ (002 0m 038 20 840
309 RM 1100 Cahing® 004 003 (0107} 015 010 01 ((0101)] ((e01)] 0 009 056 210
310 RM 707 Bookcas? 01 02 012 024 052 046 0 (0102] (010 040 380 180
3m RM 710 Table 010 015 002 006 018 03 0 (0102] (010 008 110 960
312 RM 300 Desk 01 016 ((o101)] 006 033 019 0 (0102] (0109)] 01 310 390
313 RM 312 Bookcas? 007 009 005 014 034 016 0 (0102] 012 (010 220 930
314 AHU GaFan 140 270 180 990 300 850 ©27) ©27) 036 460 230 100.
315 AHUBaFan 046 081 056 270 710 310 ((003)] (0103)] (01 210 120 580
307 Hedblank ((0)05)] (0102)] ((o101)] 030 ((003)] 014 © © (010 0 04y 042
BUILDING TWO:

316 RM 2103 Bookcass' 02 058 037 075 170 20 0 (0102] (01 110 150 130.
317 AL 21 Dek 028 040 003 (0102] o1 020 ((0109)] (009)] ((0105)] 02 079 50
318 A 18Bookcas? ©67) 067) (010 [(0102)] ((002)] 019 015 (015 ((002)] ((003)] 140 130
319 AL 18Tede 040 058 0 015 02 035 (o102 (002 ((0105)] 064 160 120
30 A 15Tdde 024 035 005 003 031 038 (o102 (002 (010 019 130 760
32 A 15Caindt® 006 010 003 002 018 015 ((0108)] (0102)] (010 0 077 590
32 A 10Tade 034 072 014 010 014 015 0 (0102] ((0108)] 042 210 120
33 A 10Bookcas? 037 079 041 048 170 140 (o0 (002 ((003)] 110 120 810
34 A 2WExit? 029 084 10 120 0% 034 (o0 (002 ((003)] 02 210 10
35 A 2Tade 012 02 003 (0102] 012 01 0 (0102] (0109 014 046 350
37 AL 6Tade 01 018 ((o101)] 013 026 013 (o0 (002 (0109 020 10 7.70
328 A 6Bookcas® 013 033 028 052 160 130 0 (0102] ©0r) 110 100 66.0
39 AHU S5aFen 190 830 540 70 120 70 ((002)] 009 20 970 80 30,
30 AHU SI1aFen 037 140 148 140 131 092 0 (0102] 010 130 7.70 600
326 Hedblank (007} [(0102)] ((o101)] 00y ((0105)] 01 ((0108)] (0102)] ((0108)] ((0108)] 031 042

#Hevated horizontd surface; height sbovethefloor isgregter then six-feet.
b/duein perenthesssisthelimit of detection.



2378 TCDF
TCDFs
PeCDFs
HXCDFs
HpCDFs
OCDF

Totd PCDFs

2378 TCDD
TCDDs
PeCDDs
HxCDDs
HpCDDs
OCDD

Totd PCDDs

nIN*

1924

1924

16/24

18/24

2324

24/24

024

024

1/24

2024

2424

2424

Tade5

Concanraionsof PFCDFsand PCDDson Building Surfaces
in Two Office Buildingsin Bosion, Massadusdts

October 18-19, 1986

Conoatration g/t
Meat**

0.18

032

013

021

04

030

17

034

33

* N denatesthe number of samplesabovethe detedtion limitithe tatd number

o sades

** Arithmeatic meen cadaulated with non-daiectad values trested as onehdlf the

deedtion limit

& Vduein parenthesssisthelimit of detedtion

Rerge

(0047 - 040
(004) -084
(001) -10
(001) -12
(009) -18
011 -20

047 -54

(001 -029)
(001 -029)
(002 -019
002 -11
046 -15
21 -130

28 -146
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Tade6

Suface Conoantraionsof 2,3,7,8- TCDD Equivdants
in Two Office Buildingsin Bosion, Massadusdts

Sarpelocdion

BUILDING ONE
RM 2407 Bookcase
RM 2411 Tadle
RM 1804 Tadle
RM 1800 Cabinet
RM 1401 Caoinet
RM 1409 Dek
RM 1106 Table
RM 1100 Cabinet
RM 707 Bookcase
RM 710 Table

RM 300 Dek

RM 312 Bookcase
AHUGaFan
AHUBaFan
BUILDING TWO:
RM 2103 Bookcase
A 21 Dek

FL 18 Bookcase
A 18Tade

A 15Tdde

A 15Cairet

A 10Tade

A 10 Bookcase
A 2W Exit

A 2Tdde

A 6Tdle

AL 6 Bookcae
AHU SaFan
AHU Sl1aFan

October 18-19, 1986

2378 TCDD Equvdats
ngh?

002
0.02
003
0.17
004
005
003
003
001
001
002
001
083
0.26

013
004
004
007
004
001
007
014
0.15
002
0.02
010
23

031



Tade7

Corrdation Betwean PCBsand PCDFsand PCDDs on Surfaces
in Two Office Buildingsin Bosion, Massadusdts

Workspeoe Qurfacest Intgior AHU** Sufaoes

N Cor.Codf. P N Cor.Codf. P
PCDFs 24 049 <002 4 063 >010
PCDDs 24 048 <002 4 003 >010

*Tadles desks counters dorege cabingt and book helves
** Ajr-Handing Unit fanar inekepeum



2378 TCDF
TCDFs
PeCDFs
HXCDFs
HpCDFs
OCDF

Totd PCDFs

2378 TCDD
TCDDs
PeCDDs
HxCDDs
HpCDDs
OCDD

Totd PCDDs

4/4

4/4

4/4

4/4

4/4

4/4

04

04

4

44

44

44

Tale8

Conoantrationsof PCDFsand PCDDson Interior
Air-Harding Unit Surfaoesin Two Office Buldings

in Boston, Massschusetts
October 18-19, 1986
Conoartration g/
Mear* Rae
11 037 -19
33 081 -83
23 056 -54
53 14 -99
13 13 -30
50 13 -85
29 6.5 -53
- (002-027
- (002-027)
063 (011)-20
44 13 -97
3 7.7 -89
58 -320
173 69 -421

* N denatesthe number of samplesabovethe detedtion limitithe tatd number

o sades

** Arithmeatic meen cadaulated with non-daiectad values trested as onehdlf the

deedtion limit

& Vduein parenthesssisthelimit of detedtion



Sape
Number

413

410

416
417

Samdelocaion
Hoor 24: Room 2407
Hoor 24: Room 2400

Hoor 18 Room 184
Hoor 18 Room 1800

Hoor 14: Room 1401
Hoor 14: Room 1409

Hoor 11: Room 1102
Hoor 11: Room 1109

Hoor 72 Room 702
Hoor 72 Room 710

Hoor 31 Room300
Hoor 3 Room312

Ambiat Air-Iniske
Fddbak

Heddblank
Heddblank

Tade9

Airbome Concantraions of Falydhlarineted Biphanyls
OfficeBuildng Numba Ore
Bogton, Massachusatts

October 18-19, 1986

SargeVdure
Litas

3317

3177

3274

3372

3573

o OO

The PCBspresant did nat conform to any gpeaific Arodor pettem.

"Denatesnon-detected. Thelimit of detedtionis <0.06 ugy'sample whichiseopivaent to
<002 ugfim? assuming anar vaumedf 3315 litars

Concawrdiof

0.14
0.15

024
0.23

031
0.23

0.18
023

031
0.17

0.19
0.18

0.05
NDP

ND
ND



Sape
Number

420
421

422
423

424
425

426
427

BRBEE

Sarpelocdion

Hoor 21: Room 2109
Hoor 21: Room 2103

Hoor 18: Room 1806
Hoor 18 Room 1800

Hoor 15: Room 1500
Hoor 15: Room 1511

Hoor 100 RoomHRC
Hoor 10 Room 1000

Hoor 6. Room 607N
Hoor 6. 604S

Hoor 2 Loboy
Hoor2 RoomT13A

Anmbiat Air Intske
Ambiat Air Intske
Fddbak
Hddbak
Fddbak

Tadel0
Airbome Concantraions of Falydhlarineted Biphanyls
OfficeBuilding Number Two
Bogton, Massachusatts
October 18-19, 1987

SargeVdure
Liters

3229
3228

3576
3509
0
0
0

2The PCBspresant did nat conformto any spedific arodar pettem.
b Denatesnondetected. Thelimit of detedtion is<0.06 ug/sample whichiseopivaent to
002 ugim? assuming anar vdumed 2% liters

Conoardiof
ugfim?

012
0.09

0.07
0.22

0.06
011

0.20
0.14

0.16
011

011
0.10

004
ND
NDP
ND
ND



Tahlell

Airbome Concatrations of Falydiarineted Biphenyis
Comparison of NIOSH Method 5503 (modified) to NY SDH* Method

Office Buildng Number One
Bogton, Massachusatts
Decamber 1986

Sape SapleVdure- Liters Concantration ugh?
Number SampleLocation NY SDH NIOSH NYSDH NIOSH
005/006 Room 2400 2455 2454 021 022
007/008 Room 2407 2416 2418 013 0.19
009010 Room 1800 2418 2421 0.19 0.19
011/012 Room 1804 2422 2390 0.29 031
001/002 Room 1401 2385 2385 0.20 021
003004 Room 1409 2387 2322 0.19 020
0130014 Room 1102 2385 2386 024 021
015016 Room 1109 2380 2348 025 021
017/018 Room 702 2343 2376 0.26 022
019/020 Room 710 2409 2339 022 023
021/022 Room 300 2330 2392 033 025
023024 Room 312 2393 2320 025 024
029/030 Ambat Air Intske 2285 2285 004 003
037/033 Hddhlak 0 0 ND** ND
038/034 Hddhlank 0 0 ND ND
039035 Hddhlak 0 0 ND ND
040/036 Hddhlank 0 0 ND ND

* DenatesNew Y ok Sae Department of Hedth Method

** Danatesnonddedted. Thelimit of detedionis<0.06 ug per samdle whichisequivdeat to
gooraximetdy <002 ugfir? assuming anar voume cs 2584 liters



Sape

Numba  SampleLocation

EREHREE

512
513
514

516
517
518
01

510
s11

BUIDLINGONE

Room 2407
Room 184
Room 1401
Room 1109
Room 702
Room 302
Rddbak

BUILDING TWO:

Room 2109
Room 1805
Room 1500
A 1I0RMC
Room 607

A 2Lodby
Fddbak

Ambiat Air
AnmhatAir
Ambiat Air
AnmhatAir

Tahlel2

inTwo Office Buldngsand Amiat Air in Bosion, Masssdusts

PCDFspg/in?
2378 Tod
Tera Tera
-CDF -CDF
(157 (15
(16 (16
085 085
1y 1y
082 082
037 092
067) 067)
12 12
149 149
0ed) 0ed)
090 090
140 6.20
(150 (150
14 14
083 440
072 072
(15 (15
(10 (10

Tod
Parta
-CDF

(021)
(012)
(020
(029
017
038
012

(026)
(052
042
028
190
029
(039)

120
023
(030)
057

October 18-19, 1986
Tod Tod
Hexa Hepla Octa
CDF  -CDF -CDF
021)  (060) (055
012 (063 (076
(018 (078 060
020 (1) (099
016 (076 (083
018 (053 (L0
013 (039 (059
016 (089 (L))
03 (0% (22
009  (09%) 054
015 0s) (13
036 078 (09%)
028 1 @19
022) 059 (11
014 (053 (066)
021)  (051) (051)
011) (076 (055
029 (15 (29

2378
Tara
-CDD

(049
(L9

(065)
(054)
(057)
12

(057)

032
(052)
(065)
(040)
043
071
072

(040)
(040)
057)
049

PCDDspgin?

Taod
Tara
-CDD

(049
14

065)
(054)
057)
12

057)

032
(052)
(065)
(040)
043
071
072

(040)
(040)
057)
049

Airbome Concantraions of Pdlydhlarineted Diberzofurans (FCDFS) and Pdychlarineted Diberzo{p-Diaxins (FCDDS)

Tod
Panta
-CDD

08D
()

(08d)
(063)
(056)
(049)
(0.19)

(050)
(085)
(074)
(080)
(059)
(09%)
(079)

0%
(060)
(051)
(19

Tod
Hea
-CDD

(046)
(060)
045
(059)
02
(031)
029)

(050)
0%)
(059)
(049)
043)
(0.70)
(030)

027)
(036)
029)
(051)

To

Hepta  Octa
-CDD -CDD
12 40
089 32
20 51
082 46
12 43
066 76
©77) (19
(070 554
(17 50
08 51
(0% 51
16 45
18 35
03 (59
16 56
13 44
12 35
15 G5

aVduein parathesssisthelimit of detedtion
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FIGURE 1

PCB surface concentration frequency distribution
in two office buildings in Boston, MA.
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FIGURE 2

PCB surface concentration frequency distribution
in office buildings one and two in Boston, MA.
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FIGURE 3

PCDF and PCDD homolog distributions
for wipe samples obtained on building
surfaces in two office buildings in Boston, MA.
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FIGURE 4

PCDF and PCDD homolog distributions for wipe samples
obtained on interior air-handling unit surfaces in
two office buildings in Boston, MA.
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