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rìjì:.: : i::JllsL occupí'rú .buÍlôirnge hjgve :vuritus sources cÍf indoor air pollution.

--;:{Iumana; (nnd.Jr.¡h€iri',,'¡19tr"6ho1d :ipetg}"'' generatÞ carbon dioxidejr' nioisture,

,¡::-.ioÅors;;:arid nríor-obes:ibinply through û-öf,tri'åIrillvinÈsprocesses;' Other more

: ..'-r"'inçor.taifË 'soutsee,,¡É.jtdo'ot"'eit poll'uffonr á:rt'tohbustion applíances (gas

:!:iustor,,rlps'rt, unvented ì'epss¿:.heaters ) , : buiil.ding, rnaterialls (tÍ¡eC in construc-

-,3i: tfion,r;.'rf,urníshings, anil ineulation), atid sôíl under änd' around houses.

,-; iftreeel sourbee release cerbon nonorÍile (co), nitrogen- dtoiiile (xot), for-

- ii,oaldehydè =(-HCEO) end oÉher brganícs, parËiculläËds-, &rd redon. Table I

-. ;:-¡r¡mbarizes the,i edúrcee and typee of air pol'lut'anËE ccrnmonly found

,. ì indoors-. s ir.l lÊ : 'r-' 
.: ¡1 r -:i- l' 'l

i

, .1 :l ::r' , t;' )'a -ì

this paper vill discuss the sources and concentraËione of organic

:i':i conpounde ín índoor,èàvttbrunents. Fomaldehyd'êl âs atr' indoor:pollutant,

hes been extènsivè.ly Ínvéôtigated; i-hoirevèrr' reéêiri'' nbrk àt: iånrence

i Berkeley Laboratory (LBl).end elsehrhêËèJiÈ;'nog'fócuóbèd onra bioåd''rãnge

¿r¡ of organic;compounds,'i.nr addition Ëþ'forùeldehydé'; i: r' e"!' 
" ' I r''rr'rii'rl

:¡.i;- i.t: 'ir ., | :: i l, .-'C, i i ,: i¿::., .l i,Ì:'-'- ì l: r' :

Fornaldehyde (IICHO) is an ínexpensive, high-volune chemical used
'..ìp 1r ta! ,j.-,',: I -1 :';t'. r:''iì;i1" :^tr :I! !r')'*:¡ ':' " 'r:js

throughout the sorld in a varíety of products, mainly in urea, phenolic,
l'.:j':,'.i' ¡:i fl'";¡jf : .. ,.)'. .':¡f.i, ti: ¿!!'-'' )f".-. .' 'j'l' ''+'-Ì1

melamine, and acetal resine. These resins are present in insulation
. i,f +'tl ;. 1:, ìi-- r;:,.-' ii. 9it ì¡tl .: - ' t¡,+ lí¿ ':. ì.

materials, parÈicleboard, plyvood, textilÊs, adhesives, eÈc. Ehat are
--r.:l tj . ,,'i -, ,i) ìi, .ì- :' ., Ír.' '-;lr'i:.i {. - { :.1;r :15¡.u ¿'.'.\";-'

ueed in large quentitiee by the building. trades. Although particleboard
p-...i,!ì'-: ; :i ' ; ",ijî t:-'jo'-t'i't,r-YJjtr i.,: -''": 

i':¡

and urea-fomaldehyde foam insulation have received the moet atLenÈion,
-."'¿-i. 1,Ì ': -

Eome of the combustion processes mentioned above also release formal-
. :-:':,r :., *:l.bi.; " ;Èli ',:, :jÛSl ,:i) .1 :'-"' i') '')'-' ''ii" 3''

dehyde. Ttre pungent and characteristic odor of fornaldehyde can be
, Ë-f -lilii-.'Î.:,¡l ::::::'¡1:'¡';.- .::rt''¡j .--i;'.'ìlti-'ii "-:- i 

"!-';i':'
detected by most hr.mans at levels below l0O þe/r3. Several studies

, reporeêd'r;in thê lí:Èer¡Èute irrtdtð¡fte :Ëtret rconcéritrÉrt'ions "'in the range of

- a. l;0O, to, ?00'!nt fu 3 
-û€ty. Si!' suff,ic iégt' u J ccáuse' swë,1.1 ing'-, 6 t

.-t. ''-2_

-Èheitmucous mem-



. i branes, depending on índ.i'viduatr"p'q$gi&irairtyr:anË. þrr\¡linqr¡hsÊÈef fci*rditions

-. (tenperature, hr.nidity, €!Ç:.)...' ¡úuni4g oforttrerr,€¡ieBr:ireepúng, errd,m;itri-

tation of the'up6rer.:Ëe'9pira-tof.y F-4sseg€s "can:;.bd.so,.resr¡illt ,f¡-om. exþ-sure

to relatively lon concensrietíoft-e.r itHighi,conc'eintratríqrs::{r ,)Þ 1,g0Or,,fg./n3)

nay producq.c.qughiFg, constr.ictipncin the ches!,."¿¡¡d ;a .sense o.ft presæure

in the head.c:,Îhqre ie concerR: ËhaÈ fomaldehyde nay¡have Bs,r,ious.:r'-Long-

Èeru healtl-t" .e,ff,ecte.. . Several -fp.reign corrntries and variou.s:, statéE in

the United SÈaÇgs ,arç,,ngving rapidty to cetablish etendârds ,fþ,r.,.fb,raal-

dehyde cqnccntratione in indoor air. The range pf these proposed.r'at,en-

dards is 120 to OO0 þS/n3. A sr¡mmary of forualdehyde measureme.ntc in

various índoor environmenÈs is given in Table II.l
'i ,',( : I . ì, 1.'- :, :

. J.:r. . Fornaldehydq, aDd ço!€tr:sliphetic aldehydes (foraatdehyde.pl.us orher

," gl iplrat ic ,aþehydee ), hav.p.r,,Þqen measured-.. ..þy I,ûü¡ 
" 
et; sever,el energy-

,r'0,-Ff f iÇÈent, rqseafgh* hpr¡sBslet vefious¿geograph-ie locabione¡:.in the Ir.S.

Fígure I shorrs a higtogrm gÉ freqçency of occùrrence-of'concentretions

of forualdehyde and total aliphatic aldehydes measured at an energy-
..;.-ij .: i .,; jr':!.-;'it:l 5'r;:,r¡.,yr ? f '

cfficient houge sith an eir exchenge rate of 0.2 ach. Data taken et an
..-ìi.,t,:r,r,¡ :'-,' " ,j.:l ,íì:1.' tl .. .t :: :. ,i:-l(..i.{t-i

energy-cfficient"house in lliesión Viejo, Californía, are shoun in lable
iri': ¡.'. 1'r¿¡" ,; ."rÌ- l:1 , J'.[ ril . ir!ìi ,- ::i¡ .'.' i :', ,]i; ;.9

III. As shovn, ihen the houae did not contain furniture, fomaldehyde
:-.r i.î.i.l .:: , ì ri4{. i.l ¿t':..ti "iro: t)15,{ ; .'. ;r'--, :rii'.t-\i rË; t':i.¡-'rtl

levels sere below 120 þg/nr; vhen furnituie was added, formaldehyde lev-
l:-',,..,'ç.. j i,::':,:. . .:lgl::r.:1.{ ":l:.¡:J f'..ìiels rose tò elmost tsice the 120 þS/nJ level. A further increase eas

:f..fjl;lj.ij .l:i(-!ìr fìn1 b.;rr'i:.-lsr sr,"i.d :¡:i::r,,'.,,:ì al-' r-.-î.;lÌ -:'
noted vhen the house ras occupied, very likely because of such activí-

t l, I ..-'F. f tt t .{. .')c.î
ties as cooking sith

'. ; :'ìg
ges. llhen occupents opened windors

Ìa, :it.,-;(: :;i inJ":'-, 1- rr,i:l f'riti Jíì9.l"iÏi,1l
fornaldehyde levels dropped substanÈíally.

. :.-t fit'. ¡

to increase
5:ìr I

vent il at ion ,
T)'i

Èhe

J ,. ¡ 'Ul ,.'l:Isc r1Í,ìv!)-l ). :-í!Dî'r- ' ;:"¡-'ltr li i:)Yi.l'

In the pe-s.È,..,fqfi"ryeer_rs.ùrof:friee .¡rG"-F:k€:lFj th.f.p,ug+r1o_n-Èr lhe r.Çouûtry, :have

register-.gd,¡Ume4oqalcA'nplai¡r-ÇÆ,pfl,"b,-a4.ia,it".,,. ThÞqercónpla,inns ea¡¡ê,.most

.. ç.--3-



frequently fron workere occupying nes office buildings with hermeËically
. .) :t ''a - ì:l : 'i :

seeled rrindoss
' :: .¡

Èhese problems,
",: I i'li'':ì

t ified .

!¡,i, : ' ,, "l,t'. .

.':Onè of the primary contributors to poor:inllòór eíi quality in office

gri-rb¡{íldings ,måy be :ofganic concemlhents, ¡rhiðh 'heve nuDerous índoor

:):r::,Bources: building naterials, cleartinþ products, tobaècó"- emoking, fur-

:; .'',níshings¡ eonnon céùísuner products, and Ëüilding ocÉupentB themselves.

To date¡ howeverr theie hab'been relatively little feeearch on this

topic. In 1980, LBL began e cmprehensíve DOB-sponsored research pro-
- 

',,) .i!,'1.:':" ii. :i1: . ìr¡('r i .- i :l

gran in collaboration wíth the Center for Disease Control (COC), end the
-:: 't, .ii' : .s i -':' ' :-- l lt;' 

'

National Institute of Occupational Safety and llealth (NIO$H) to charac-
5j | . ):'! , . ,i .; .:. '' t i':¡

terize indoor air polluLion in t'conplaint'r office buildings.
:íirr :i;j j ' : - . i a

i':'': The results of ïorki ín'o¡ie of the of fíce'rbuildlng.2 i, er¡nmaríàed in

. Table' IV. Onty tot'al hydrocarbons exêeåded iål'i"qualityttstandards; no

-,other indoor'pollutantú,' Íncluding,'¡6i;äldehlde¡ e*éeedjd air quality

: - etandarde. :: the arre'tãge total hydrocarbodicðtïcenÈräÉion ra8'1627':ù 26

þS/r3 (2.5 ppm exprèC'ðed as"ûé:thanê) t '.ttd åverage;indoor concentration

cen be êonilatéd ito .Ëhe averagd outdóori'é'óncent:iadion 0'f 2lO t 60.frg/ur3

i (0.32 pPrn) . fh'eéei :hfdr-dcãrbon concentr'åf'Íotrs ,l r:espëéialily ttiri"' Íridoor

, i rvelués; ere r¡ell' in exce's,s of the NatföTiåI:Attsiedt lír,iQü:i1.{:ty-'S'Ëandara

' of 't6O¡re/n3 '(.0.24 pprü). ,, It must be enph'Js ízed;.ltot¡ér¡dr j,.eÌ,"t iÈHlé' itan-

de¡d : wae i.ëstabl.ished on;Ë'tre,Ua'gis of ,hþfOcå*bons iaccing'as precuirsors

-.-,:tfôÉr:Þhotochenieeli'snogi,€nd?oes-iitoÈ.nedsoð'ËfÍly:ítriþtryiÉnat hydrocäSbons

r ;.theúsellvegì 5te',:harûfùä¡1.' r; 'fi'ì';ir :r,¡i i: :Ì3,i"'rl' '.rh;

;iìi, 
.1 Eìi '; f 5r,; ,:, : J;' :: ::îr'. :)\tt iìf -i¡, 'i ' \¡¡a).':

-:.,,ÌÈ ji 5iÍç:.fir. l,d ¡ls,rir'üLr:, :,iì-.*¡ -¡!iþii. tr. 'r 'llL:i Sti* ¡|ll:,':ilÊ
-4-

Although verious government agencies heve ínvestigated
rì-. : 'l : :

the eÈiologícal agent(s) has frequently remaíned uníden-
llir-,, '. : ;: '' :-:'



. ::: - 7-1-, ': :li ''-11'
The obaervacion of high total hydrôcarbon concentrations led us to

' .1S '.': :' i

investigate in depth the organic compounds in several office buildings.

Figure 2 shoss typical
j . at... ': , i i !: : ti- ' :

conparative gas chr@etogras of equel síze e1r

carnples taken einultaneouoly inside and outside an office building where

cmplainte had been.rpgistered3. Organic containanÈs are greâter in

nr¡nber and, concentration indoop"s than outdoors as indicated by,¡¡¿

sizes and nunber of peaks. For a^fFv samples, comparisoq,.of the peak

ereas. with thoee of exter¡al standards indicated theÈ the largest peaks

correrponded tg air concentrations of a feï,,parta per bil1ion..

:9,

spectrmetrySamples sere analyzed by gas chronatography-aess

Ms)
, .li;;1 1,¿:to establish identities.

(cc-

ehreÈ cl
¡ì,Irr. i t-'l
esEes of compounds,

Generally, the largest peaks fell into one

:-- ! rl'{ì
the largesË being aliphatic hydrocarbons

:..: 1,l

including Ètraight-chein and derivatives of cyclohexane. These hydro-

-.r cerbons ere derived, petroleun distillate-typç.- solvents. The second

._,,. largeeË,,clasa wae..alk¡llated.,ier"omatic hydrocarbons r: predominetély toluene

'but also includigg, xylenqs, tr,iue,Èhyl: end other eubst.ituted benzenes,

, and even nethgl-. *¡a.,Fd dinethylnapÈhalenes. T\ese compounds are either

,,....,tolvents themcelves,.or consÈituenes ;9fi .acphenic--.!y,pe, petrol'eum solvent

í 'míxçures; Tþ.e , .,thiqd,n qlass "," observed egs , c\loriinaÈ,ed,n hydrocarbons,

1,,.pr€dominatel.y, ¡tetrachloroçQþylene, lrlrlr=!,q,icþL9ro-.e,thane and rtri-

, ,,cþ|,oçoçt\ylç4p.1 ¡ l4is,ce;Ilanesus , other compounds obeerved uere ketones,

,.,.-eldç\yqeÇr,rgn4*b,e¡ae+e., Tabl.e V liets thosg orgaqic compounds found to

. .Þqu at leas¡,.fÍve ,,Çinqq ,fl&;SreaÇ, i¡"rid" ^.oGfip.ps aq,lquÇ{oorsr,'gnd .notes,

¡rhere. applicable, Fhe standatdSrrof-;.Gxprlsrlte ;p.rorl¡rlgaCe4,;b"y ,-tlthê,.."Oecupa-

t íonal Safety and llealÈh AdninistraË ion (o.SfU) ,¡; for ', Ëhe. ., .workplace

environment. In research nos in progress, we pre quentitatively dgter-

nining the çoncentratione of t,heee organie campounds by cur¡ent state=

-5-



of-Èhe-art analytic procedures, nhich, although Èhey provide only rough

cstiaates, ere indicating concentraÈions ranging fron I to 100 ppb.
i;-. L-' -:, ..i' .,-:: : .::tt:t - - - .i ¡:,:1,:j:.:-:-L-... ',:

Ttrese levels are rel1 belos existing linits established by OSHA f.or
'.!. f-,¿1-l)!,- l-.t -i: r- ,-ù .-i.':'' -' ,.1.tË, '-, 1 :

occupational
iif, 5r -

shon linits
.exposure 

buÈ uay be excessive

are Èypically ten times -1ower.

for the general public for
I

.-.a._ :', _r ¡jr'itl. t - -. l: - , : f-lf l' :,, - t'i

".llh,iitê no single boupound e¡s presei'iÈ in high cnough :concentratíon to

bc àingled outr.;as a health håzard by exisÈing OSHA critcrier'the poÈen-

e.iå1 Heülth hazard frou Èhe coubined effects of Èhe organic coopounds

foundrj tn ðh5se cdËplcs cannot be assesscd 'et this tine. The existing

OSITA'iiåålth ciiteria nay:be rinadequaËe given Èhat: (tli'ad¿ítivéior syn-

ergistic effects are not adequately addressed; Q) Èhe criteria are'!en-

erally based on ecute exposurc atudies shereas here the exPosuqe is

chronic; (3) ttre population at risk is more diverse íncluding romen and

'' 'l

clderly rorkers; (4) àá.ioyance irot odoranÈ effeeLs Ts tnoÉ considêred.

, t, -\ :il I

,ô e¡mar¡¡ of o,rganic cg,qpounde ident.tJigdr,in,í¡do-er .environmenÈs Ís

given in Table VI. Several of the sourcelr of organic .contaninants in

cloaed office specca can be categorized ae: (l) ncu building Eaterials;

Q) eged building nateriale; (3) ret-process photocopiers; (4) tobacco

sooke; end (5) building uainÈcnance products. Table VII e¡^ûnarízes the

source characteristics and generation pattern for organic contauinants

in e typical offíce spacc.4 N", building naterials are a source of

organic contaninents beceuse they contain residual eolvenÈs and oÈher

coupounds renaining efter Èhe process of manufacÈure. QualitatÍve GC-MS

analysis of the headspace vapor atanding over a variety of nen building

urtcríale ln an LBL study bas reyealed a great nuiuber of compounds --

pfedonfnately toluene ¿..d allphatic hydrgcarbons. Ketonfc solvents were

obserrred as well as specialfty conpounds such as butylated hydroxytoluene
-6-

(Brrr).



:åi . ¡ !; . ål l: Ïiíí

l, - ).. ).

j - '11' Í Ê* nÍ: .i - *.. i1 - -.:l t

i:.., -. :: lr: i:'Î-,ilî; S. - .:i.Jl '-- .i '-ri .t:.:ifin.':'J
Implementation of control straÈegies for organic conÈeminents in

' ;,:.. 5iìi. l-:. ì,i,;{rii "r9u i,:!r e.i lri,-' te :::

indoor environnents must consider the nature and generetíon pattern of
iii.l . tr'!,' , i: r.r :iìgi;:,Ji",

eech rource. For nev buildíng Eateriels furÈher research nay define an
:. t;rrii nrçir

accepÈable eaiÈing period príor to occupancy or a period of high venti-

lation retea,shÍl,e t'hey rrdty: outr'. Horkday pollution, :from photocoplgçs

and tobacco emoke pay be 'reduceC by increased ventilatíon'¡,but nq$, Fe i,

efficiently as source removal itsel'f . Episodic cont¡rltnant generaqiga f'rpm

building naintenance prodgcts cani be reduced by.incrcaeed .vçq!ilatio¡¡; , =

but s betterjstrisçegy nay be- to offset product use,,. from the wor$pay

period. ,, i r:., :1 | ,,: ^i, r:. r : r .. 
-Éi

.,.!.

..:'i !\t¡ a. :Ì I: i a ;..:)t,

- .: :rr J"'ii.: /.t,tt'l \ -ì- _, '.

l, 5: i"l
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Table I

SUIIÎ'IARY OF SOURCES AND TYPES ()F INDOOR AIR POLLUTANTS:J'-::-.

SOURCES POLLUÏANT. T!PES-,.,, ;,.

';irì

0UTI¡00R l

Srnr¡omRv Sounces

l{oron Vex¡cles

So¡ u

S02, C0, l{0, N02, 03, HvonocARBoNS,
, , PAFTTcULATES -: , ì-

Cq,_10, l{02, lrlo, P¡nr¡cuLArEs

fuloolr

\j r ai !

I

IIIDOOR

Bu¡ ¡-or ¡¡o' Corlrnüôr¡on ll¡ren ¡¡us

ConcnefH;'sroÑe

P¡nr¡ cue¡onRo

Ittsuthíto¡¡ " .

Flnejg¡rnDANT:vr .;, l
Apnes¡ves

'l ,'=\/ .- ' ".- : ,

PnlHr'

But uol Ho Co¡¡rEHrs

HeÀr¡nd Âno cõórlno :

COI|IBUSTI ON APPL¡ANCES

Copv n¡cxtHes

lhren sERVtCEj*NATURAL GAs

Hulu¡¡ 0ccupnnrs

llerrlol¡c Acr¡vtrY

Brolgs¡cnL Acr¡vITY

RAÐòN,AND orHER Rnolo¡cr¡vE ELEMENTS

Font't¡uexvoe

Fonn¡uôexY'DE, FI DERcuAss

As.s¡gros

0Re¡n I cs

Onern¡cs, LEAD, llencunv

.l 'r r,,t

1: '

C0, N0¡ N02, FonmaLDEHYDE,

P¡nr¡ cuL¡TES

0Relnl cs

R¡oottls L t.

' H20,'G02, il113, 0neet¡ cs,'Ooons

, Iï'', .

rÌ i:

¡. r¡ - .::i':: e'€,i

.ì-

:llt cnoonceru I st4s

llutt¡n ôGTl,v¡r¡es ,.". :.i., :.:,-,
Tos¡cco st{oKE

ri-: i,.,. "ì ', I- :, ,i* ll*; .: :.

C0, NOr, HCl,l, Onennlcs, 0DoRS

PnnircuunrEs -'

AenOSOl- SpRAy;D€VtÇEf lro:r . FIuROCnnSO¡s, V¡'Nvl CXlOnlDE,,f.02,

Cr-e¡H¡no AND cooKING

PRODUCTS

Hogg¡es AND cRAFTS

0oons

ORo¡n¡cs,Ooons

ORonnlcs,0DoRs

'-o'_g-



Table IT

Sunrmary of Formaldehyde Measurements in Various Indoor Envlronments

aConcentratfon
(ppr) b

Sampling Site Range Mean

1\¿o noblle homes in
Plttsburg, Pa.

ìfobile homes registering
conplaÍnts in staËe of
I'lashlngton

Mobile homes registerÍng
complaints ln Minnesota

Mobile homes registering
complainEs in [,lisconsin

Public buílêings and
energy-ef f ícÍent homes,
occupied and unoccupied

-'' o.l-0. Bc 0. 36

0. 1-0. 44

0.4

0"88

0-L.77

"..0-3^0

0.02="4."2

0-0.021 .

lo-0. zsl "

aFomaldehyde, unless oÈhetatise indicated. ''t '''-'h 
'*3--"1 ppn - 1,200 Ug/ú-;

cTotal aliphatic aldehydes

Source: National Research Council, NatioÍral Acadêry of,; ScÍences.1

-10-



Table III
:¿

Indoor Fornaldehyde Concentratlons

ln a New

ResÍdentlal Bullding

Condition e

aUnoccupied, wÍthout furniture
Unoceupied, hrlth furniture
Occupied, daya

bOceupied, night'
Outdoor Afr

a
80 + 9i¿

223 + 7i4

26L + L|JT"

rao t srz
<20,

aAir exchange rate = 0.4

bWfrrdo*" open part of.r time; alr e4aåange- rate significantlY Sreater than
0.4 and variable.

-11-



Table,IV.-.

age ftr6oor Aft quáltty ?feqsure+':'grrnmaSyr ijf 'düêr¡
oents Ín an Office Buililtng a¡d Alr Quality
StandarÉls

'.i: i..-!. , ':'

--Offîõê Buildiñlf Air Qualftry Air Qúâ1-l-ty St-¿¡n-(lerds

lontamlnant Concentratlon Averagíng
Time

Concentra Averagfng
Tlme

larbon nonoxlde

larbon dloxlde

IÍlrogen dioxide 60 Ug/n

4.6 mg/m3(4 ppur)

1800 rng/u3 (tooo ppr)

3 (30 ppb)

3L627 ve/n
(2. 5 pprn)

49 ue/^3

108 ugln

31 uslt3

3 (90 ppb)

0,2 ytg/m

2.5 ve/n

3

3

179 CFP/u3

4o ng/n3(35.ppur)a thr

9,000 ng/n
(s,000). ;-ì,

3b

io-o u*¡J(50 ppb)a lyr

,160 ug/¡r3a
(0. 24 ppm)

lzo-840 ugl.3"
(100-700 ppb)

l{o standard

,3al> vglû )^
260 ltg/m'"

1's uà/'3d

es ug/u,3d

(41 ppb)

thr

8-10 hrs

I week

30 nínutes

6 hours

6 hours

12 hours

12 hours

12 hours

I hrs

3 hours
(6-9 an)

mex1mum

lyr
24 hrs

3 months

24 hrs

Iydrocarbons
(non-methane)

lo::naldehyde

\,liphatíc aldehydes

lartfculates

,gad

iulfur (as S0, )-+

lrlborne Microbes 20 minutes No,r standard :

fu.S. EpA A¡nblent Atr Quality Standard for outdoor alr,

bsa"a" of CallfornÍa Aír Quallty Standard.

"r.rrg" of recomended standards

dU.S. OccuparÍonal Safety and Health Ad¡uÍnistration COSHA),

-L2-



Table 'V

0r ganic, - Courp ound s De t e c t ed f r¡.p,f f íc g åuåldr{p gs 
r,,.:,..:,

Orgaulc Compound OSIIA Pe::nissible E:<posure Lfnit
(ppnl

l5j! | ì,

-_-_ËhJ{ÖTARBÕNS

n-hdxåfiè1'
n-heptane
n-octane r
n-no0ane ".
n-undecane
2-nethylpentane
3-nethylpentane
2,5-dfmethylheptane
nethylcyclopentane
ethylcyclohexane
nethylcycl-ohexane
Pentåme thylhep tarte

AROMATtrCS
benzene ' I

xylenes
toluene

.:
HALOGENAÎEDi nyonocARBoNS ;,;."

trlcl0roethene"
triclosoethylene
tetrachloroethylene

UISCELI.AI{EOUS .

hexanal
methylethylketone

s00
500
500

sôo

I
r00
200

350
r00
100

l. -,,r jr. r ::dr L:

L:rr. ¡ r'/- t , ,::.

:.i. 4;1,

,l r''. r,'

;ì:i

Ìq:

200

i-l,-lc .i 1 ;'li nJ

¡i.l.r,:ii . , i.:. '.. .¡() ' i'. :,,: i:l1.,'1 i,i ' 
-r ¡., ,: -r;: i!¡,S

:..:)í' JIjajLr:"""ì1il;':-: ì -ii.i.ì, :,.j;ì.;,ì

-13-
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lable VI

Organlc Copounds fn Indoor Eavlronnents
. __:: I.:'l j.;

regûPgunq5 Éöa1tb Efleäà sourcãã-"ä¿/or uaes

:-- -,. | ..-.r.

C_ Alk¡nes i¡! ?!.¡..1 1{, in-.

C Àlkenes:i, i.¡: r :.j' .r,:15
n

Beozene ".' i''. .t i'

.:r";å'-ïdéty,bþ¿ AldettYdes ' t

Xylene

,): ir '---

Îgluene ... .

:-...-.ì....- -
,,an-d .o-theç . ,

- . :, i.,:l;
Eye and rcaplratory frrltatlon;
uay have nore aerloue loog tero
hcalth cffects

Narcotic at hlgh conccntratloûs;
aoderatcly lrritetfog

st¡fkL Éo ihat of ¡Il¡aea

Becptrctory frrftatlou; recog-
afzed cerclnogen

Narcotlc; frrftating; hfgh con-
centr¡tlons Day cause lnJury to
heart, lÍver, kfdney, ¡nd ner'-
vous aysteD

Neacotfc; D8y ceuae anenfa

NôrcoÈfc¡ cln c¡uae headache,
fetfgue, atupor, depreeslon'
lncoordln¡tlon and poaaible eye
fnJury

Anf¡¡l carclDogeu; -rubJect of OSüA
"::i: - , ",crrcfnogeneefs lçqufJrji .,.:: ' :Ìli. g'. ¡lJ,

üJfdely uaed ln nenufacture of
plastica, dynthetlc rubber and
reElns

Aerosol propellantr peBtlcide, r.ì

* ¡, f : .'ì. cleeûfng aolvents
"i - _:j.l{

Ofl e¡d war eo1vent6, cleaufng -'
cøpounde, vspour degreasfng piöd-
ucte, dry clcanlog operatlong¡È
¡leo used as a¡¡ anaesthetlc

Out-gaealng froo bulldlng naterlels --
partlcle board, pl¡rood and urea-
fortaldehyde lueulatÍon foan; also
gencrated by cooking and sookfng

Gaaolfne, nfneral aplrlts, aolv€nts,
etc.

SLu{I¡f Cd'that of alkaoes

Pl¡atlcrand n¡bb¿r EolvenÈa; fmn
clgarette ookfng; used fn pafnts
and varnlehes, lncludÍng putty, 

.

filler, atalns a¡¡d flnlsheó ' "

Uged as golvent fot resins, enamels,
etc.; also uaed 1n non-lead autonoblle
fuel¡ ¡nd Ín uanufacture of pestfcldes,
dyes, pharuaceutfcals

Solvents; òy-pr.oduct of'.,o-rg1n¡ic t
compounds used fn several house-
holã products : -i:' :' :- "

Uaed Ín varfoue electrical conponents;
Day åppear fn rtBate ofl aupplles and
fn plastlc and paper products 1n which
PCBre ere used as plaatfcÍzers

Ueed for fn8ect contlol

Scyrene

l,l,l-TrlchloroeÈhane Subject. of OSHA carcfnogenesis
i.Þ .;' :-' I :.:. )Lrtguiry: .:-,ï.: ;. :1 .;' r

J-'

lrlchloroethylene
''c11a

.-r"9 il J i, i
Ethyl B€nz€ne '

Chloro Benzenes

' '':i - '

Etghly frrftetlng to eyea, etc.

StronB nercotlc; pocslble iurrg; 
t'

_lÍver, ¡nd'ktrCney darage - 1 ,., j

Sustected carcfnogens

Sucpected carclnogene

Polychlorlnated Bfphenyle
(PCB's)

Pegtlcldes

'- -r4-



lable VII

Ch¡r¡cËer{st1cs of Sources of Organlc
Co¡ce¡la¿uts 1q a gpleal Off1ce Spacea

Sourcr

Nonlnal
E¡1ss1on Rate ' I

(gns/hr-office)-_.- _

*'cåriérarfon

Pettern

MaJor Knornr
T¡pes of Organic

Çpn¡-ani¡ançs" Enlmed

ncr bul*l?Iäg -dãt erlats
r ..:';!--:t,cl 

Êì

10
b contfnuous

a'L :r i.

".--. -, ,, ,{ , ; .
;4,! ::: J"

aI lpha r 1c þXlTpC-a_TUpns
aronaE Ie hydr-ocarþp-ns
ke tones
esters
(for¡aldehyde)
uarry oiscellaneous,'

forqa1d.ehyde.,"-.^ 
,..,

aliphatlc hydrocatbbns

forualdehyde
¡crolein
nicoÈine 'i
(total partÍculaces)
nany oiscellaneous

aliphatic hydrrièafbons
aromatic hydrocarbons
forualdehyde
¿nlneS ,r"i'iì
chlorlnated hydrocarbor
aeny ufsccll¡neous

.1,)

-. rrJa

aged buildlog oace¡i.l*i -,
u. c-proce sr phieÈocoFù€rs

-.'!L ,::,' _

saokers 
+:r" '':

t)

lou

25c

1d
0.
0.

1g¡¡e i.i;.:

. conË{4uous

workday

workday

_':j

episodic

I

jì {j

4)(

-d).
25d

cl

bu'itdini
-5: .. .- r'lproduc

' ¡nain Èénánce ' ':'.1'n'ts

I U]

'll

ríL :ç": ''
, "¡¿,¡, r "-q rr, r{

lcred'has'droen"iär," 
tog 

ioo.'* 100 x 10 f i3 ¡¡f rh ¡n
occup¡ncy of 40 sorkrrs.

- bprrr"ron r¡Èa c¡l i¡l¡È'cd ¡gsr¡ol.ni"r.o ia)tr'-ufor'r¡u-.o-åa, cerpêÈfng ït'.;t
s-ver¡l aonÈhs. ."'"' ¿

ec-procass photocopLcr uslng 1000 gns of

977) 
' 

-i.' :jenr,:,.ír,

s of,produdt (floor detergent or dustfng

'.rt.::, l1;,r,¡Ù_

,, ¡l ':'

!píìlìi-r'f€: î :' :Ì'Jrfiì
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Flgure Captlons

Flgure I HÍ-slggr3p.gt. indoor and outdoor formaldehyde concenÈratÍons

,at an energy efficlent house

ì rtgure 2 Co_m-paratlve gâs chromatograns of lndoor and outdoor air aË

an offlce site
I

::,

t..

ti.

t
I

I

L. 
-

;.]

Ii',-Ì .È""+(:-

1't
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IN DOOR /OUTDOOR FORMALDEHYDE AND
ALDEHYDE CONCENTRATIONS

rs
I

lndoor
HCHO

r80

Energy Reseorch House
Corrol CountY, MorYlond

Morch/April,l979
Concent ro t ion ( ppb )

050tmj ,
I
I
I

Ouldoor

I

6

4

2

HCHO

ndoor
uldoor

oldehyde
oldehydes

t20

200
30

(1)
(J
C
(¡)

=()
c)o

o

C)
Cq)

=o
o)

ll-

4
F

0e
ç
Fl
o
H

I
H\¡
I

!
I

¡

0

240600

..¿

o

Concentrolion (pq/ msl

xBL 795 - t458 A



Comporison of lndoor ond Ouldoor
Air ol on LBL Office Site

lndoor

Ouldoor

ro 3020 40

Time (minules )

50oo too

Tem perotu re

Ffgure 2
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This report .was done wjth support from the
Department of Energy. Any conclusions or opinions
exptessed in this report represent solely those ofthe
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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