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gt 1Akl occupied buildings have vdrious sources of indoor air pollution.
- i~Humans: (andc:their -houséhold ipets)  generate carbon dioxide, moisture,
5+ 0dors y;-and microbes: simply ‘through normal ‘living“processes.’” Other more
"ip;‘\i:mgontah’c gources of indoor: ait pollution’ ar¥ combustion appliances (gas
svu#toves,. unvented :space :heaters), building materials (ised in construc-
- zotiom, cfurnishings, and insulation), afid s6il under and- around houses.
- These: sources release carbon monoxide (CO), nitrogen dioxide (NO,), for-
- !zmaldehyde -(HCHO) and other ®rganics, particuliates, #nd radon. Table I
- ;- summarizes the i sources and types of air pollutants commonly found

’,

... 1lndoors. sbv TRreve ‘ £ TR

R

This paper will ‘d.itscusts the sour:ces and concentraltions of organic
+:: compounds in indoor ;énvironments. Formaldehyde] as an' indoor pollutant,
-~ has been extensively invéstigated;’ however, reéent work at  Lawrence
¢ Berkeley Laboratory (LBL) and elsewhere-is now’ fécussed on’'a broad ringe
., of organic:compounds; in-addition  to formaldehydeé: < © ev re ! ooyl
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Formaldehyde (HCHO) is an 1nexpens:.ve, h1gh-volume chemlcal used

s TV L SR O [y FIRA Y S S Jeome g3 ow o . -.,,1'.“‘"
throughout the world in a varlety of products, mainly 1n urea, phenollc,
gldaT w gmenide o . iy e friad CEARR N SRR
melamine, and acetal resins. These resins are present in 1nsu1 ation
aglews o e G Phompon L Surty e ! I,
mater1als, part1c1eboard plyvood textiles, adhes:.ves, etc. that are
o Lol Tan e e ceohe 7 T g2 {00 AL RTHW e.fva!
used in large quant1t1es by the bu11d1ng trades. Although partlcleboard
2T Smbl Loent anrws ceomis

and urea-formaldehyde foam insulation have recelved the most attent1on,
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some of the combustion processes mentloned above also release formal-
FSRREEATES S YRRPR T ¥ e N R £ 1 S G S L LI Oz UB 3

e ol

dehyde. The pungent and characteristic odor of fomaldehyde can be

araps fzonp fsaonts Jleval abcdeni

detected by most humans at levels below 100 Pg/m . Several studies
.'reportedcin the literature iridicdte “that ‘concértrations in the range of
- 2100 to 200 Pg/;n3 may b sufficidht \JCcause swélling“oéf the mucous mem-



branes, depending on individual,.sensitiwity.and. enwirenmental ‘conditions

. (temperature, . humidity, etc.). - Buézning ofcthereyes, weeping, amd.mifrri-

4
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tation of the upper-regpiratory passages ‘can.also. result ‘from exposure
to relatively low concentrations.’ |Highi.concentrations:( >> LOOOnAPngB)
may produce .coughing, constrictioncin the chest,-and :a sense of: pressure
in the head. .There is concern: that formaldehyde may :have serious+:long-
term health  effects. . Several fpreign countries and various: statés in
the United Statas are.moving rapidly to establish standérds for-: formal-
dehyde cqncentrations in indoor air. The range of these proposed 'stan-
dards is 120 to 600 Pg/ma. A summary of formaldehyde measurements in

various indoor environments is given in Table 1.1

for faEmn o anw o

i . Formaldehyde and total.aliphatic aldehydes (formaldehyde plus other

. aliphatic  aldehydes), have...bgen measured- by LBLi:at:several energy-

.q8ffiglent. research, housgsat various:geographie locatioms::.in the U.S.

IR #1

Figure 1 shows a histogram gf frequency of occurrence-of concentrations

of formaldehyde and total aliphatic aldehydes measured at an energy-

o Doy e s orrt R H B
eff1c1ent house wlth an air exchange rate of 0.2 ach. Data taken at an
L«a&’~ TEIN hs “ 130 ,)“ t“ t . v AL (‘(’

energy-eff1c1ent house in Mission V1eJo Ca11forn1a, are shown in Table
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III. As shown,.yhen the house d1d not contain furnlture, formaldehyde
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St i cpvwiaetng el angd 3 LEL S s Ci B LG LER
levels were below 120 Pg/m ; when furn1ture was added, formaldehyde lev-
-«l,r . 4"15.4 '_.':"J 3\‘ ‘1-‘¢- . A gt y .- Voo

els rose to almost twice the 120 Pg/m3 level A further increase was

at RTST " -

ol dnaats Jwem afd bavizoney evan colte ot LT
noted when the house was occupied, very 11ke1y because of such activi-
0 aees Tex o Jr 2ongs e gy L LR .o
ties as cooking with gas. When occupants opened windows to increase
o I Yo rGhG oPoaltett tRA3 0 wis e spiie
ventllatlon the formaldehyde levels dropped substant1a11y
: 3 S 0P welsd sisesl 30 wonmn T Faow GrnwdE.

In the past. few.years, office workegs throughout' the .country chave

registered numeroys complaints -of "bad iair".. These complaints come:most

g.=3-



frequently from workers occupy1ng new office buildings with hermetically
sealed w1ndows. Although varlous government agencies have investigated
IR o s

these problems, the etlolog1ca1 agent(s) has frequently remalned uniden-

A

ﬁ;'tlfled. -
. :0ne of the primary contributors to poor indéér air quality in office
s¢+buildings ‘may be ‘ofganic contaminants, whiéh ‘'have numerous indoor
s 9 80UrCes bhilding materials, clearing products, tobacco” smoking, fur-
4-.nishings, common cénsumer products, and Building océupants themselves.
To date; however, there has’been relatively little Fresearch on this

top1c In 1980 LBL began a comprehen31ve DOE-sponsored research pro-

= /, T HGFT i

gram in collaborat1on w1th the Center for D1sease.Control (CDC), and the
Natlonal Instrtute of Occupatlonal Safety and Health (NIOSH) to charac-
| terize indoor air pollution in "complaint” offlce bu11drngs. a
s - e e W
The results of work'in one of the office’ibuildings2 is summarized in
. Table: IV. Only' total hydrocarbons exéeeded ‘dit'quality”standards; no
. :other indoor pollutants; including”fdrﬁifdehﬁde, efceeded air * quality
.. standards. :: The average total hydrocarbon ‘céficentrdtion was ‘1627 "¢ 26
Fg/m3 (2.5 ppm expréssed as méthane). '-Thé average indoor concentration
can be comparéd ité the average outdbor ‘éoncentration of 210 1“60’pg/m3
©(0.32 ppm). Thede hydrdcirbon concentraﬁibﬂs}f*espééiaﬁly the" ' indoor
.+valués; are well in exceds of the Natidnal ‘Ambient Air ‘Guality Standard
R of"160pg/m3’e0.24 ppm).” It must be emphdsized, ‘Wowevér | Fhat *his stan-
dard :'was : ‘éstablished on .the ‘basis of "hydrécifbons ‘acting ‘as precursors
-.:for ‘photochemical: smog; “and “does’ riot ‘nededddFily -imply ‘that hydrocdfbons

. - themselvesg iare HarmfUT ' - Hiig%%s lroxbys 23, pal o0,
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The observation of high totalfﬁyafbcérbon concentrations led us to
investigate in depth the organic compounds.in several office buildings.

e e T

Figure 2 shows typical comparafivé éas Eﬁ}oﬁékograms ofaiéualtlsizé air
samples taken simultaneously inside and outside an office building where
complaints had bgenlgggigtered3. Organic contaminants are greater in
number and. concentration indoors than outdoors as indicated by the
sizes and number of peaks. For a,few samples, comparison,  of the peak
areas with those of external standards indicated that the largest peaks
corresponded tq air concentrations of a few parts per billion..

Samples veré analyzédhby gés ch;bmatoéraphy-massn spectrometry (GC-
MS) to estabiiéﬁjigegéitiés. Gener;fiy, ﬁhe largést‘;eaks fell into\one
of three;gigégés'ofié;mpounds, the i;rgégé being aliphatic hydrocarbons

$

including Stfaight-chain and derivatives of cyclohexane. These hydro-

: carbons are derived . petroleum distillate-type. solvents. The second

. largest class was.alkylated aromatic hydrocarbons, predominately toluene

‘but also including.xylenes, trimethyl- and other substituted benzenes,

and even methyl- ,and dimethylnapthalenes. These compounds are either

~r, . 80lvents themselves.or constituents.of .naphenic-type  petroleum solvent

gt

G

‘mixtures; The ,.third.class..observed was .chlorinated; hydrocarbons,

.predominately ;tetrachloroethylene, 1,1,1,<strichloroethane and :tri-

.chloroethylene.. ; Miscellaneous ,A other compounds observed were ketones,

. .aldehydes, -and \benzene.. Table V lists those organic compounds found : to

. .be, at least, five times as great inside.offices as ioutdoors, :.and notes,

where applicable, the standazds:of; gxposure promulgated by s:the. -Occupa-
tional Safety and Health Administration (OSHA) ¢ for ~.the . workplace
environment. In research now in progress, we are quantitatively deter-

mining the concentrations of these organic compounds by current state-

L



of-the-art analytic procedures, which, although they provide only rough

estimates, are indicating concentrations ranging from 1 to 100 ppb.
Sr— o eV N B LA B e ON -

These levels are well below existing limits established by OSHA for

. - . _— Liw - : | A
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occupational exposure but may be excessive for the general public for
IUE. &) 2 M — P L,

whom 1imit$ are typically ten timeé.lower. o
N - R .
“While no single compound was present in high enough concentration to

be Bingled out*-as a health hazard by existing OSHA criteria, the poten-

tial health hazard from the combined effects of the ‘organic compounds
found’' in thé&se samples cannot be assessed at this time. The existing

OSHA ‘haklth criteria may be inadequate given that: (l)i'‘additivé or syn-

ergistic effects are not adequately addressed; (2) the criteria are'gen-

erally based on acute exposure studies whereas here the exposure is

chronic; (3) the population at risk is more diverse including women and

elderly workers; (4) annoyance from odorant effects is ‘not considered.

.A summary of organic compounds ident;;igq“}n;Q?QQQ;Eeqyitqnqents i§;
given in Table VI. Several of the sources of o;gan%c.contaminants_iq
closed office spaces can be categorized as: (1) new building materials;
(2) aged building materials; (3) wet-process photocopiers; (4) tobacco
smoke; and (5) building maintenance products. Table VII summarizes the
source characteristics and generation pattern for organic contaminants
in a typical office space.4 New building materials are a source of
organic contaminants because they contain residual solvents and other
compounds remaining after the process of manufacture. Qualitative GC-MS
analysis of the headspace vapor standing over a variety of new building
materials in an LBL study bas revealed a great number of compounds --
predominately toluene a..d aliphétic hydropcarbons. Ketonic solvents were

observed as well as speciality compounds such as butylated hydroxytoluene (BHT) .
5.
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Implementation of control strategies for organic contaminants 1in
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indoor environments must consider the nature and generation pattern of
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each source. For new building materials further research may define

4,

acceptable

an

simlf omeo

waiting period prior to occupancy or a period of high venti-

lation rates .while :they "dty out". Workday pollution.  from photocopiexs

and tobacco smoke
efficiently as source removal itself.
building maintenance
but a better strategy may be. to offset product

perio_d.' i i
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OUTDOOR
STATIONARY SOURCES

MoTorR VEHICLES
Soi1L

Table 1

SUMMARY OF SOURCES AND TYPES OF INDOOR AIR POLLUTANTS < ~--

SOURCES

INDOOR

BuiLDING CONTENTS

BuiLDING CONSTRUCTION MATERIALS

CONCRETE, STONE
PARTICLEBOARD
INSULATION © <
FIRE REATRDANT -
AoHEs1vEs

PAINT

HEATING AND COOKING -
COMBUSTION APPLIANCES
CoPY MACHINES

WATER SERVICE; NATURAL GAS
HumaN OCCUPANTS

METABOLIC ACTIVITY
BioLoGICAL ACTIVITY

- HumaN ACTIMITIES ..

ToBACCO SMOKE

Cude BB

AEROSOL SPRAY:DEVIGES : 1o .

CLEANING AND COOKING
PRODUCTS

HoBBIES AND CRAFTS

-y

-9-
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& POLLUTANT. TYPES

v

802, €0, NO, N02, 03, HYDROCARBONS;

. PARTICULATES

CO, NO, NOo, Leap, PARTICULATES

RADDN ) =

[}

TTOC

* '
3%

RADON. AND OTHER RADIOACTIVE ELEMENTS

FORMALDEHYDE
FoRMALDEHYDE, FIBERGLASS

, Aspesros

OrRGANICS
OrcANIcS, LEAD, MerRcury

C0, N0, NO5, FORMALDEHYDE,
PARTICULATES

ORGANICS
Rabon:

3H20,1t02, NHz, Orean1cs, Opors
3MICROORGANI SMS

l,

CO, NOz, HCN. OrGANICS, Onons

PARTICULATES # -

FLuROCARBONS, VINYL CHLORIDE;EQOZJ

Opors
OrGaNICS, ODORS

Oreanics, ODoRs
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Summary of Formaldehyde Measurements in Various Indoor Environments

Concentrat%ona
s (ppm)

Sampling Site Range Mean

Two mobile homes in -10.1-0.8¢ 0.36
Pittsburg, Pa.

Mobile homes registering ) 0-1.77 0.1-0.44
complaints in state of :
Washington

Mobile homes registering i L0=-3.0  ___ . 0.4
complaints in Minnesota

Mobile homes registering 0.02=4.2 _ 0.88
complaints in Wisconsin

Public buildings and 0-0.021.; . .. i=————
energy-efficient homes, e
occupied and unoccupied [0-0.23]1" = ee———

aFormaldehyde', unless otherwise indicated.
bl ppm = 1200'ug/m3? - — Tl o i
“Total aliphatic aldehydes

Source: National Research Council, Natiohal Academy o‘-f‘!Sciences..l

~10-



Indoor Formaldehyde Concentrations

Tablg III

in a New

Residential Building

Condition Formaldghyde
(ug/m2)
Unoccupied, without furniture® 80 + 9%
Unoccupied, with furniture?® 223 + 7%
Occupied, daya 261 + 10%
Occupied, nightb = 140 + 31%
Outdoor Air <20.

a
Air exchange rate =

0.4

bWindows open part of:; time; air exchange rate significantly greater than

0.4 and variable.

-11~-



Table . IV 2

Summary of “Avérage Inddor Air Quality Measure~.'

ments in an Office Building and Alr Quality

Standards- - -——-— -

o
2 i

TOffice Buildinig Air Quality

Alr Quality Standatds

“ontaminant Concentration Averaging Concentration Averaging
Time Time
>arbon monoxide 4.6 mg/m3(4 ppm) 1 hr 40 mg/m3(35~»ppm)a 1 hr
Jarbon dioxide 1800 mg/m3(1000 ppm) 8-10 hrs 9,000 mg/m3b 8 hrs
(5,000)
litrogen dioxide 60 ug/m3 (30 ppb) 1 week iébfﬁg/mB(SO ppb)a 1yr
lydrocarbons 1627 ug/m3 30 minutes 3160 ug/m3a 3 hours
‘non-methane) (2.5 ppm) (0.24 ppm) (6-9 am)
‘ormaldehyde 49 ug/m3 (41 ppb) 6 hours 120-840 ug/m3c
(100-700 ppb) maximum
\liphatic aldehydes 108 ug/m3(90 ppb) 6 hours No standard
darticulates 31 ﬂé/mB 12 hours 75 ug/m3§a 1lyr
260 ug/m’ 24 hrs
. 3 © . 3d
.ead 0.2 yg/m 12 hours 1.5 ug/m 3 months
Sulfur (as 804) 2.5 ug/m3 12 hours 25 ug/m3d 24 hrs
Ariborne Microbes 179 CFP-/m3 20 minutes No: standard -

A3.S. EPA Ambient Air Quality Standard for outdoor air,

bState of California Air Quality Standard.

crange of recommended standards

dU.S( Occupational Safety and Health Administration (0sHA).,

-12-



Organic.-Compounds Detected in:Qffice Buildings ...

Table “V

Organic Compound

OSHA Permissible Exposure Limit

-13-

L

s iz = (ppm).. . _
" THYDROCARBONS e -
n-hexate - 500
n-heptane 500
“n-octane | s 500
n-nonane’ -
n-undecane
2-methylpentane
3-methylpentane
2,5-dimethylheptane
methylcyclopentane
ethylcyclohexane o
methylcyclohexane 500
pentamethylheptane
AROMATICS
benzene 1
s xylenes 100
toluene 200
HALOGENATED
{  HYDROCARBONS . -
tricloroethane” 350
tricloroethylene 100
tetrachloroethylene 100
MISCELLANEOUS -
hexanal
methylethylketone 200
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Table VI
Orgnnic Canpounds in Indoor Environments
“ e~ Cempounas 7T 7' Health Effects Sources and/or Uses
e Formaldeﬁydfland other - Eye and respiratory irritation; Out-gassing from building materials --
Aldehydes ‘ may have more serious long term particle board, plywood and urea-
health effects formaldehyde insulation foam; also
generated by cooking and smoking
Narcotic at high concentrations; Gasoline, mineral spirits, solvents,
moderately irritating etc.
C, Alkenes” N '3 A°16 Similar to ‘that of alkanes Similaf €6 that of alkanes
Bemzene .. . a0 Respiratory irritation; recog- Plaeticr and rubber solvents; fram
nized carcinogen cigarette smoking; used in paints
and varnishes, including putty,
filler, stains and finishes =
Xylene . ) Narcotic; irritating; high con=- Used as solvent for resins, enamels,
. ) centrations may cause injury to etc.; also used in non-lead automobile
CEET ST . . heart, liver, kidney, and ner- fuels and in manufacture of pesticides,
Ar S s vous system dyes, pharmaceuticals
Toluene . . _ . ) Narcotic; may cause anemia Solvents; by-product of .organic.
T o ' compounds used in sever, 1 house-
L% ' ' e hold products e
Styrene . : Narcotic; can cause headache, Widely used in manufacture of
. ] fatigue, stupor, depression, plastics, synthetic rubber and
e incoordination and possible eye resins
E injury
1,1,1-Trichloroethane ~* Subject of OSHA cnrcinogenesis Aerosol propellant, pesticide,
SR me WE SR D00 inquiry:  =on S «#1 % cleaning solvents
= & o0
Trichloroethylene Animal carcinogen; 4ubject of OSHA 011 and wax solvents, cleaning B
wsmg o 0 w3if:. . .carcinogenesis inquiry . . 4.3 »._ compounds, vapour degreasing iprod-
' ucts, dry cleaning operations;..
also used as an anaesthetic
e DD B CTAY R DTN ] A o IR IO E ek o BT
Ethyl Benzene = Highly irritating to eyes, etc. Solvents, used in Styrgne related
products 5
o wamd sl . Y )
Chloro Benzenes Strong narcotic; possible lung, ‘Used in produccion of paint, var-
SEIBLE 1D & : Aiver, and,kidney damage . . ! rjiiezc Bishy pesticides,,and.varipus:”
gorganic.sqlyents . . . ..., -3
&3 YT 1 B L R el
Polychlorinated Biphenyls Sustected carcinogens Used in various electrical components;
(PCB's) may appear in waste oil supplies and
in plastic and paper products in which
PCB's are used as plasticizers
Pesticides Suspected carcinogens Used for imsect control

~L 14—



Source

Table VII

Characteristics of Sources of Organic

Contaminants in a Typical Office Spaced

Major Known
Types of Organic
anﬁaninan;a_zminted

new building materials

Toyi Sl il ©
b it
. T

e}

aged building macerials .

wt:-process phomocopters

Teoremll

R Ty

smokers

& =M f

Su Mlaast L RS

bu1fd1ng malncenance o
products ’

Tap

VA E U dIt o T2

Nominal - Wy |
Emission Rate “Genération
(gms/hr-office) _ Pattern

b e
10 continuous
;..-::Ex; . &
low .contjinuous
25¢ workday
ld workday
d
0.5 d
0.55
(4)°
100° ¢ episodic

Fidbe Je

'éliﬁhatic hydrocarbpns

aromatic’ hydrocpxbpns
ketones

esters

(formaldehyde)

mary misZellsnedus,-

formaldehyde.. .
aliphatic hydrocarbdas

formaldehyde
acrolein

nicotine

(total particulates)
many miscellaneous

aliphatic hydrocarbons
aromatic hydrocarbons
formaldehyde '
amines . g
chlorinated hydrocarbor
many miscellaneous

4The typical office being consideredaEaénaineﬁéiSnﬁ'aﬁfidoik 100 x 10 fég éitﬁ an

occupancy of 40 workers.

b

¥

TR

“Emission rate calculatad assuming one wet- "PT

fluid per week.

iateb N T

dCalculated from daca in . Weber et al.

g -4

(1977)

g b

Emission rate calculated assuming 1.0 mg/ft%afor wall to-wall carpe:ing after
several mon:hs._ vl

ocess phococopier using 1000 gms of

SOMANIT A e

®Emission rate cnlculated assuming 100 gms of produdt (floor detergent or dusting
fluid) applied "in“oné hour.
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Figure Captions

Figure 1 Histogram of indoor and outdoor formaldehyde concentrations

at an engrgy efficient house

é Figure 2 Comparative gas chromatograms of indoor and outdoor air at

an office site
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Comparison of Indoor and Outdoor
Air at an LBL Office Site
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