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This report contains ttre results of a survey carried out on

15 homes in Northern ftaly to evaluate tl.e occurrence of 35

selected volat-ile organic c.tmpotrnds and of total volatile

organics in i¡rdoor and in ambient (outdoor) air. Measure-

ments r¡rere carried out to deterrnj-ne also respirable sus-

pended particulates and ventilation rates.

The following results were obtained:

Single pollutant concentrations were found almost always

higher indoors than outdoorsr frequently by an order cf

magnitude. Mean concentration cf total vÒlai.il-e oi:ganics

was about S rng/m3 indoors, compared to about O .zl nrg/m3 out-

doors. fhe large variations from home to home observed

for total volatile organic compor-rnds in indoor air could

not be correlat-ed with tJte measured values of the minimum

ventilation rate. A more detailed analysis by GC-MS of 6

indoor samples led to the identification of a much larger

number of compounds (more than 100 in two cases). The pre-

sence of some compounds could be positively associated with

building materials and household products. Most identified
compounds are of the solvent tlpe.
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Questo rapporto contiene i risultati di un'indagine condotta su 15

abitazioni situate in ltalia settentrionale, con Ia misura di 35

composti organici e del toÈale dei composti organici volatili nella

aria simultaneamente allrinterno ed allresterno delle case. Sono state

anche eseguÍte misure del putviscolo (frazione respirabile) e della

velocitì di ricambio d'aria.
I risultati principali di questa serie di misure sono i seguenti. Le

concen+-razioni <lei singoli composti allrinterno sono quasi sempre più

alte che allresterno, spesso di un ordine di grandezza. La concen-

trazione med.ia del totale dei composti organici volatili risulta
g mg/n3 all'interno, contro 014 ry/n3 allresterno. Le grandi varia-

zioni c1a casa a casa, osservate per q¡estrultimo parametror non sono

correlabili con i valori misr.rrati della velocità minima di rica¡nbio

dell' aria. Un'analisi dettagliata, mediante gas-cromatografia-spettro-

metria di massa, effeÈtuata su sei campioni prelevati allrinterno,
ha permesso di identificare un numero molto maggiore di composti (più

di 100 in due casi). La presenza dL alcuni comPosti ha poÈuto essere

attribuit¿' a materiali da costruzione,/arredamento ed a prodotti di

uso casalingo. La maggior parte dei 35 composti misurati è del tipo
ttsolventett .

VI



T . I IITRODUCTlON

Durì.ng the last years, among those actively involved irr the measurement

ol aj,r pollution, the awareness has grown that the polLutant concen-

trations observed in the outdoor atmosphere are not representative for

che jndoor air, at least for many pollutants and particularly for vola-

ti le organic compoun,ls. The fact that people spend most ol their time

i'r'-loors (at home or work or schooL) indicates that "to understand (... )

health effects of air poiJ-utants, total human exposure - including in-

tloor as well as orrtdoor exposure - must be consicìered" tr].

With the exception of formaldehyde for the i;ime being only few data

exist on the indoor occurrence of a wide range of vola.tile organì-c

compounds (VOC's) and the j-ndoor/outdoor concentration ratios IZ-O]

A1I these data have been col-l-ected in Northern Europe' Very recentl-y

further data on selected volatiLe organic compounds measured in the USA

have been published [z,g ]. AII these measurements show that for most

compounds indoor,/outdoor concentration ratios greater and even con-

siderably greater than one are found. More data and on a wider geo-

graphical- basis have to be colLected for an assessment of population

exposures and of the relative importance of related pollution sources.

Work reported in this paper is intended to contribute to this assessment

in a geographical area, Northern Italy, for.which data on indoor air pol-

lution are not yet avaiJ-able. Five apartments and nine detached (single

lamily) houses have been selected for this study and include residences

in urban areas (four), suburban areas (seven) and ruraf areas (tfrree)

and exposed to high (three), j-ntermediate (slx) and l-ow (five) traffic

densi-Ly. The houses were built in part before 1973 (seven) and in pant



after 1973 (seven); one of the latter has been finished less than

two months before sampling. Measurements and sampling were performed

in the Iiving room, keeping, as far as practicabfe, the sampling

devices apart from known or suspect sources. One sample was col'l ec-

ted in an attic and another one in an administration building of

the JRC. The latter was the only case with complaints about irita-

tion by indoor air pollution.

The survey took place during L983 and beginning of 1984
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II " EXT-ERTMEIflTAL

I . !:ampling and analy sis of volatile organic comPounds (voc)

a. Carbo 99rP99!99

Carbonyl compo'unds were determined through their reaction with dinitro-

phenyll-rydrazine (DNHP) as described in reference [9]. Íhe only modi-

fication was the substitution of the proÈon donor acid: The proposed

1 N HC1O4 \.¡as replaced by 10 N H3PO4 to increase the velocity of the

derivatization of ketones.

DNPH was dissorved in purified acetonitrile (625 pg DNPII/rnl-) and stored

at -200c. Immediately before analysis.. two impingers were filled with

15 mI of the DNPH solution and 25O r"ll of 10 N H3PO4. An air volume of

up to 50 I was sucked by a personal pump at a flow rate of o.8 l/min

thr;;ugh the two impingers in series. The content of each impinger was

r:t--,luced to 3 ml by evaporation under vacuum and 5 pI of the concentra-

teo solution injected directllz in a LC colunn' The detailed analytical

cc¡nditions are the following:

- Beckman chromatograph (two solvent delivery pumps mod. II2, mod. 42t

controller, Rheodyne 7410 sampling valve);

- Hewlett Packard 1o4o A Lc tlv detection system;

- Two HpLC columns, 25 x 0.46 cm each, filled with Supelcosil RP-18

5 u (Supelco);

- LÍquid gradient starting with 5ot cH3cN in water and increasing up

to 9OB CH3CN in 40 min.

The detection l-imit is 2 PPb.

b. Volati-Ie e-e3pPI9g-9!-T9!3r

The first four homes were sampled with 3 M type OVM-35OO passive sam-

plers wnich were eluted with 2 ml of CS2 and Èhe eluate used both for

FID and ECD-GC analysis. These samplers were successively replaced by

Tenax cartridges to increase sensitivity for the detecÈion of the very

low outdoor concentrations and also because of some unresolved diffi-

culties connected with the use of passive samPlers in low pollution

level (compared to work place tevels) studies, which resulted from
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test exÞeri¡nents performed in the meantime [10].

.ftvo seunplers vrere ex¡:osed for periocls between 4 and 7 days simultaneous-

Iy intloors a¡ld outdoors; i.n the case of Tenax cartridges ( 1 g) , small

const.rnt flow personal pumPs were used with a total sample volume of

3 - ]5 l- incloors and 15 - 30 I outdoors. The sampled vapours hlere eluted
-"her:malIy (250oC), condensed in an intermediate cryogenic trap (glass-

lined t-ube immersed in liquid N2) and injected by flash heating of the

lattel:. This samplínE procedure is quantíÈative for compounds with

boiling point > TOoC (n-hexane) when tåe air volume is < 10 l; in the

case of outdoor samples, tlrerefcre, the n-hexane concentrations may be

undere:s timated.

The GC-FID analysis was carried out by means of a Hewlett Packard

5B8O cc, under pr.ogrammed temperaiure condition (4oc/min) from O to

28goc, rr'ith a 25 m, 0.3 mrn id/glass column' coated wittr 1.1 um of oV-1

phase. eualitative and guantitative results were based, besides analy-

sis of appropriate reference mixtures, also on internal addition of
four bromo-alkanes (Ca, C6, Cn and Crr) which were tised as markers for

the calculations of retention indices. Previous expe::íence [11] had

slrown that this is a valuable identj-fication tocii however GC-MS confir-
mation rvas used whenever a reasonable doubt arose. fhe r¡alue of "tot-al

volatile organics" 'ntas obtaine<l expressing the total integrated FID

signal in hydrocarbon equivalents.

Tenax sampling and t¡ermal elution \^Ias also used for GC-MS analysis.

fn .Jris case a split interface at the outlet of the analytical GC co-

Iumn clivided the sampLe flow between a FID and the mass spectrometer.

A Varian model 2700 gas chromatograph, equipped wittr a constant floul

regulator and a 25 m persilylated, OV-l coated (1.1 Um film thickness)

glass capillary column' was linked t¡ a Ribermag R 10-10 quadrupole

mass spectrorneter. A Finnigan Incos data system controlled the MS scan

and data acquisition. Ihe FID \¡/as connected to a l{ewlett Packard model

3390 recording íntegrator. ftre analysis report of the integrator was

- after each run - transferred via a modem interface to the Incos data

system.

4



Conlr'2ound identification was based on inass spectra and retention inclices,

.;,1-'.cillatecl by nreans of a method described elsewhere [11'|, based on in-

LcrnaL standards and a refere¡-rce mi;tr-u:r:e ci-romatoqram.

Quzrntitative determinat,Ícns were perforned by means of t-he FID signal

using internal standards (l-bromohexane. -nonane, -dodecane) and res-
ponse factors for d.ifferent compounds or compound classes. In case of
not resolved GC peaks the tlS srgnal v¡as used to estimate tfie. relative
contributions of the different unresolved componentsr j-f their mass

spectra were sufficiently different, as is the case for overlapping

alkanes and alkylbenzenes. Equations and response factors used for
quantification are reported in Annex I.

Hal ogenated hydrocarbons

rn parallel wittr Tenax sarnplers, other samplers were rurl to collect
organic vapours for the analysis of halogenated hydrocarbons. The sam-

plers use<l for this purpose r¡Iere charcoal tubes manufactured by SKC

following NIOSH recommendations, conÈaining 150 ng of ;rdsorbant; air
flow rate and total volume IôIere similar io those adopted with Tenax

sampling. Ho\^Iever, due to insufficient nr¡nber of Ior¡I flow pumps, part
of these samples were collected using small personal prrlnps wíth a flow

rate of about 30 cm3/min; to keep tl-e total fíltered air volume within
a safe limit, i.e. avoiding breakttrrough for the more volatile compor:nds,

i-hese pumps were activated intermittently (e.9. 15 minutes each hour).

Ttre charcoal tubes were eluted wittr 2 Í1L CS. and 0.5 Ul of the solution
injected in the GC through an on-column injector. fhe instrument used

wasaCarlo Erba mod. 4t6O, equipped wj-th a Ni-63 ECD' a constant flow

dc,;ice- and witi a column identical to t-hat described in the last para-

graph. Ttre temperature ',ras programmed linearly from 35 to 28Ooc (4cc/

min). The detector was connected with a t{ewlett Packard mod. 3390 re-
cording integrator. Peak Ídentification and. quantitation were carried
out as described for volatiJ-es sampled on Tenax.

tr
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2. MeasureÍ¡ent of re able d tlculate RSP)

glhen vlsiting the homes to install sarnplers, RSP measure¡nents lrere car-
ried out by means of a portable lnstrunent ¡¡anufactured by TSI Inc.,
St. Paul , Mn., USA, and na¡oed Plezobalar,.9roa. 3500. Tt¡e instrunent

basicaily consists of an impactor which cuts off tJ:e particles larger
than 2.5 lm and of an electrost¿tic precipitator whÍch deposits the

particles on tl".e sensing crystal; this converts the weight into a change

of its basic frequency. The sensitivity of this neasurement is 0.01 m9/m3

at an Íntegration tlme of 2 ninutes.

The response of this instrument was comPared wittr that of a portable

nephelometær, the RÀM-1 manufactured by the GCA Corp. (Bedford, Mass.'

USA). 'I'he comparison r¡as made rneasuring with botl¡ insÈruments the RSP

in different days in our Iaboratory and outdoors. Ílitllin t}te concen-

tration range found (O - 100 pg/û31 the discrepancy t¡as on the average

3Ot, wiü.r fluctuations in both directions, which can be considered

acceptable at this concentration level.

3. Measurement of ventilation rat€

Since the sanpling of organic volatiles lffas carried out over 4 - 7 day

periods under real life conditions, i.e. doors and windows rrtere opened

and closed in an irregular way, ventilation rates varied. also throughout

ilre sampling period. No means were, however, available to monitor ven-

tilaticn rates as a function of Èime. Considering ttre important influ-
ence of ventilation on indoor air quality it was decided to measure at
leasÈ tjre minimulh ventilation rates, i.e. tlre ventilation rates at
closed windows and doors, in aII homes included in the study.

Àbout 1 cm3 of SF5 (already diluted in 1 - 10 I of pure air) \¡¡as re-
Ieased throughout the house and after a delay for conplete mixing, air
samples were taken at 20 - 30 minute intervals for 2 hours in the room

where sampling for indoor potlutants was under way. SF6 concentration

in the samples vras successively determined by GC-ECD using a nplecular
sieve column: the slope of a semilogarithmic plot of the concentration

6



(iecrc-ase (due to diluti-on with outdoor ai¡') versus time corresponds

ir;i¡le,JiateIy b9 the ventilation rate, in terms of air changes/hour.
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II I. RIISULTS

1. Irrdoor and outdoor concentrations of VOC

Results of tJre measurements of indoor and outdoor concentrations of the

35 conLpounds selected for this part of tl-e study are reported for each

sampling site in I'able 1 and are suÍrnarized in Tables 2 and 3. As

¡nentioned in the analytical section, reported values ate 4 - 7 day

averages v¡ittr the exception of RSP, which is an instantaneous value,

and of the carbonyl compounds formaldehyde, acetaldehyde, butanal,

acetotle and butanone-z, the values of which are t hour averages.

a. krÞ9tvl-99sp-9s4:

Ttrree ccnpounds were observed in all homes (see Table 1)r i.e. formal-

detryde, acetaldehyde and acetone, wittr mean indoor concentrations of

29,16 and 40 ug/m3, respectively, and. rnean indoor/outdoor ratios of

4.9, 4.9 and 6.4 (see Table 2). tfigher aldehydes, Ín particular hexa-

nál and nonanal, and ketones (butanone-2) $Iere observed jLn the majority

of the ho¡nes, even at concentrations higher than ttrose of formaldehyde.

Moreover, in some homes ttre occurrence of propanal, hexangne and

cyclohexanone \¡/as observed.

b. Eggr-999rþ9!:

fhe complete series of n-alkanes from Ca to C13 has been measured in

alnrost all tromes (see Table 1), wittr mean concentJations in the range

of 10 - 100 Vg/m3. Ttrere seem to be two t]?es of compound distributions

and Lrence presumably two distinct sources: one with prevalence of the

llghter aikanes (CS - Cg), and the other wittr prevalence of the fraction

between C9 and C11. Ttre mean indoor,/outdoor ratiD (see Table 2) is

between 5 and 12.

Benzene and ttre 6 alkyl derivatives selected for this study, have been

measured in al1 Üre homes (wiÜr few exceptions) at levels sometimes

higher than the alkanes (see Tables 1 and 2). Toluene is in general the

higihest in this group of compounds and the sum of meta- and para-xylene

is generally second in ttre ranking.

8



A third g'roup of miscellaneous hydrocarborrlr observed in ihis study in-
cir¡cr'es limonene and a-pinene, most frequent and wittr highest concen-
trations on the average, and naphta.iene rvh'-ch is found in about 50å

of the lromes at a much lcwer mean concentri¡tion. B-pinene has been only
r:ecasionally found..

c. IJgl9s9t3!99_þy9rgge!Þ97

Eight compounds are listed in fable 1; four out of these ira'¡e been ob-
served in all ttre homes: 1.l.1.trichtoroethane, carbon tet-rachloride
(which is below detection limit only ín the JRC ad.minístration building).
trichloro-etJrylene, tetrachloroethylene. In add.ition, trichlorofluoro-
methane (F-11) and d,ichlororoethane are for¡nd in some cases at rather
Ìrigh (tl¡e latter even at very high) concentrations, due to its use as

. propellant in spray products. AIso 1.4 drchlorobenzene, constituent
,;-r antiooorant and antimottr products, is found in most homes. Except
tlichloromethane, ttre mean indoor concentrations of the compounds mea-

sured range between 10 and, 100 Ug/m3; the mean .indoor,/cutcloor ratio,
in the cases where bottr values were aÌ:ove the Jeiectícn limit-, is i¡e-
tween L.3 and 22.

2. Detailed GC-MS analysis of volatile organic indoor pollutants

In parallel to tl.e indoor/outdoor measurements of selected compounds

six indoor air sampres have been analysed in detail by Gc-Ms with the

scope of obtaining a more complete picture of organic indoor aÍr pollu-
tion and also to confirm uncertain identifications in particularly
cornplex samples encountered durÍng the indoor,/outdoor study.

Due to the appried sarnpling procedure (Tenax adsorption columns, ther-
mal elution) ttrese measurements are timited to thermally stable com-

pofrnds with boiring pointr ì zooc (n-hexane). Moreover, very poralartd
in particular basic compounds tend. to be not eluÈed as a sharp peak

from tl.e OV-l GC column and, hence, may be not quantitatively detected
or even overlooked. The results of these measurements are summarized ,

in Table 4. Compounds are grouped in eight classes: alkanes, olefins

9



and cTcloalkanes, terpenes, berrzene and alkylbenzenes, other aromatic

hydrocarbons, chlorinated hydrocarbons, aliphatic aldehydes, and ottrer

oxygen containing compounds.

Àlkanes

Concentration values are given only for normal (straight chain) alkanes

and Ll-e sum of all isomers wittr a given carbon number. No effort has

been made to identify the exact configuration of branched alkane iso-

mers. Alkane concentrations vary wittrín a wide range (more than two

orders of uragnitude). In tTre case of high concentrations C9 to C12 iso-

mer:s are predominant, which probably originate. from petroleum dis-

tillate fractions used as solvents. Whereas in general the n-alkanes

are Èhe most prominent single compounds,in space A (JRC office build'ing)

only branched alkanes were present. So long no source for these branched

alkanes could be identified.

olef ins and cycloalkanes

Cfcloirexanes are ttre r¡cst frequently occurring unsaturated hydro-

carbons. Concentrations of unsaturatecl hydrocarbons are alvrays lower

than those of saturated ones but show similar mclecular weight distri-
butions pointing to sinilar sources.

Terpenes

As already evid.enced in ttre indoor/outdoo:: sÈudy, alpha-pinene and

limone¡ie are frequently found in ind.oor air. Delta-3-carene found. in

space B (which is j-dentical wittr home Nr. 6 in the indoor/outdoor study)

is, t-.ogether with alpha-pinener a major emission product of pine trees

[t2l and. confirms the finding that freshly intrrduced pinewood furni-
ture was an iqportant ¡rcllution source in tTris space (see section 6).

Benzene and. alkylbenz enes

Alkylbenzenes like alkanes, cyccur generally in complex mixturesr which

print also to petroleum distLÌ.late fractions as thelr or|gin. Oif-

ferent rlistributions have been found. wittr maximum concentrations of

10



toluene, of ttre groups of C, - C3 and ot- C.,-substituted benzenes. The

È¿,t?,L concentration of alkvlbenzenes riay even exceed that of alkanes.

othe r aroma tic hye',rocarbons occuronlyin

concentrations which are an ord.er of magnitude smaller than those of

alkylbenzenes. lftrere appears to be a correlaticn between these tl'/o

groups of compounds which points to a com¡rpn source. Naphtalene and

related compounds (teÈralin and methyl-naphtalenes) are the most im-

portant members of tJris grouP.

ch t o r i n a te d h y dr o c a rbo n s occur consistently

as indoor air pollutants. Anong the more frequently found compounds

are 1r2-dichloropropane, Ei- and tetrachloroethylene, which are tlpi-

c--l solvents used for cleaninq purposes, and 1r4-dichiorobenzene, which

iras different applicaticrns in household products (see section 6).

Aliphatic aldehydes (¿CS)

funong t].e higher aliphatic aldehydes hexanal t-3 the ilK)st recurrent one

Heptanal through decanal appearr to be emitted Logeth'er with an emis-

sion maximum for nonanal.

O t h e r (oxygen conÈaining) c o m p o u n d s

A nr¡riber of furttrer compounds which all conÈaln oxygen has been detected'

some of them only sporadically. Most of them (12 out of 19) are alco-

hols or alkoxy-alcohols and. their acetic acid esters. Out of them

2-ethoxy-ettryl-acetate is the most frequently occurring one. Also these

compounds are all used as solvents. TLre same j-s true for cyclohexanone.

Cyc.lic siloxanes are decomposition products of silicon oils and greases

of widespread use. Sincp- they may be also released f'rom the GC sta-

.tionary phase a contribution from this source cannot be entirely ex-

cluded. Benzaldehyde may be produced. by interaction of ozone and u.v.

Iiqht r^rith Tenax [13]. Since neither ozone nor u.v. Light have been

monitored during sampling, an artifact cannot be exeluded, tJrough both

in general do not occur indoors in appreciable concentrations. On the

other hand, it is not known whetÌrer No2 ma! have a similar effect.

11



3. In.loor and outdoor concentration of respirable partÍculate (RSP)

Íhese data are less representative than tìose referring to organic va-
pours because they are quasi instantaneous values and c1o not indicate
weekly means. Ttre RSP concentraÈions obser-red. (see Tables 1 and 2)

range between 40 and 140 ug/m3 in indoor aír and between 20 and 210

outdoors. Ttris highest value vras measured in tlre eentre of a town

(home 1 - Gallarate). Ttre only other case of outdoor concenÈrati-on sig-
nificantly higher than the ind.oor concentration is that of a horne lo-
cated in a rural area where the measurement was made during Íleadout

mo$/r_ng.

Íhe effect of cigarette smoking which has been reported to be a rela-
tively important source of indoor particulate does not appear in our
sample. Although srnoking is practised in 2/3 of the homes, tJ.e mean

concentration of RSP is ttre same in homes wittr smokers (75 ! t7 un¡n3)
and wihhout smokers (78 ! Zg Vg/n31. úiis fact can most probabty be

e>çlained considering that RSP measurements we::e made (quasi instan-
taneously as said above) during working hours, when ¡.rarrt of the inhabj_-

tants were al¡sent.

4. Ventilation rates

The results of ttris tlpe of measurements are reported in Tables 1 and 4.
The values range between 0.16 and I.4 a:-r changes/hour, with a mean of
0.63. As already pointed, out in tåe elçerimental section, these values
are not rePresentative of mean conditions where more or less frequent
opening of wind,ows and doors occurs, but indicate the value of mini-
mr:¡n exchange (at tfreclimatologic conditions of the measurements) between

indoor and outd,oor air, due to the so-called "le kage area", i.e. Ètre

sum of all small openings i.n and, along tJre border of windows and doors,
in lJre walls, etc.

In Table 5 the indoor-ouÈdoor temperature dÍfference ís given for
each home. These values were obtained from tåe mean of ttre continuous
record indoors and from the rnean of two readings outdoors (on the first

12



ancl cn r-he last day of the sampling peri.od) . Despite this approxima-

tiarr and especially despite the fact that ctifferent homes are dealt

wii*r, a positive correlation appears besv¡een temPerature difference

.rnd verrtilation rate (see Fig' 2) ' 'lne least-square' line of this corre-

laLicn is

y(h-1) = 0.13 + D.o42 x (oc)

rvith a correlation coefficient r = 0'663'

5. Complementa ry characteriza tion of sampling S

For each hone visited, ... cluestionnaire was filled in v¡ith tlre scope of

col-.j.ecting information which could be useful in interpreting the analy-

::.c,¡l tlata' Ttris questionnaire, which is reprod.ucerl in Annex 2, was

oeveloped within a working group of scientists from different countries

of the European community, experienced in indoor air qualitlz, who meet

periodically for cooperation in this fielcl. From the questionnaires'

t]]e following data are wortfi reporting here (in addition to those al-

ready given in the Introcluction):

Ciqare tte smoking: is practised in 65s of tlle homes (10 out of 15) '

u¡rvented qas appliances (for cooking): are used in a1l the homes (ex-

ctuded. the JRC aclministration buÍlding) '

6 Sou¡ce identification

Trhe id.entificatÍon of materials or activities releasing specific com-

pou tüs iras not been undertaken systematically in tTre framework of this

investigation. However, an effort was made to identify a few sources,

giving rise to tl.e occurrence in indoor air of some compound's observed

in certain homes at particularly high concentrations. Ttre attempt to

identify sources was based on the one side on tlre ínformatíon gathered

through the questionnaires, in some cases complemented by ad hoc inter-

views, and on the other side on head-space GC and c'c-Ms analyses of the

suspected materials or househol<1 products'
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The results of this work are su¡funarized in Table 6. Dichloromethane

rrrhich was observed in two homes at concentrations of 3 and 5 mg/m3 was

positively identified as ttre major consÈituent (> 908, propellant) of

ahairspraywhichwasdailyused'intlrehomes.Ttrecompoundisasub.
stitut-r: for traditional propellants (ftuorotrichloromethane or F-11

and difruorodichloromethane or F-I2), which are being abandoned because

of tl¡ej.r suspected effects on t].e stratospheríc ozone layer' f'he pre-

sence of 1.4-clichlorobenzene was found associated with antÍ-mott¡ tablets

and the same ís true for naphtalene'

Ttre high value of alpha-pinene in home 6 (Tabte 1), respectívely in

SpaceB(Table4)andinhome13(Tablel)wasduetonewfurnitureand
wall panels made of conífer wood. Head. space analyses of different wood

samples showed that alpha-pinene may account for up to 80* of the

emitted volatire organic compounds. AnotTrer contribution to alpha-pinene

in indoor air originates from certain products for tTre preservatíon and

polishing of wooden furniture. Delta-3-carene, also found in space B

(Table 4) is a major emission product of living pitre tree [12] and was

probably emitted by a new pine wood table' Limonene i-s emitted only

to a ninor degree by nost conifer trees. An inportant Source of thj-s

terpene compounds, which was frequently detecce,l at concentrations up

to 0.5 ms/m3, are kitchen detergents witll addítion of lenon flavour,

asstronglyadvertisedonttreproductlabets.lfead-spacesamplingon
Tenax and GC analysis of such detergents indicate'í that limonene may

represent from 50 to 808 of tÌre volatile organic compounds released by

these materials.

Complex mixtures of Cg to C12 alkanes and C2 to C5 alkylbenzenes are

emittedbywaxesandpolishesforfloorandfurnìturetreatment.

They probably originate from petroleum distillate fractions used as

solvents in these Products.

14



TV. DISCUSSION

The ¡nain results of this survey have been ;ynthesized in Table 7

and Ín Figures 3 to 5, aggregatinq the data into ccmpound classes.

In Table 7 rough estirnates of population and traffic detisity at the

different sampling sites are also -report-etl . No clear correlation appears

between these paramerers and the outdoor ccncentratir:ns of the t'arious
compound classes. However, this fin,ling is not surprising if the fol-
Iowi.ng facts are considered:

a) the home sample is small;

b) no large urban area is represented, Varese a¡rd Gal..j-arate havingi less

than 100 thousand inhabiL¿rnts. Even sorne ol- the sarnples collected in
these two centers refer Èo homes located in the suburbs (Nr. i0 and

t4) or at the 9th floor of one of t-he rare high rise buildings (Nr.3);

c) the samples have been collecÈed in different seasons, so that the

effects of winter ireating and, of meteorological dispersi.on contribute
to tìre variability of ouÈdocr concentrations.

The most important finding of this stud.y is ttrat indocr concer,Èra-

tions of a wide range of volatile organic compounds are consi'stentl\'
hj-gher or even much higher than outdoor concentrations. Thj-s is a

clear indication of the presence of important indoor sources for these

pollutants.

It is interesting to look at the nature of these IAP sources. For the

time being, mostly t\¡¡o groups of sources have been taken into conside-

ration: building materials and combustj-on processes including smoking.

Historlcally, formaldehyde, a pollutant originatlng from building mate-

rials, has first raisecl the issue of indoor air quality in Northern

Europe. FormaldehyJe has been emitted in acutely disturbing quantities
from particle board and from urea-formaldehyd,e fome, widely used in ihe

early 70rs in energy efficient buildings in these coun¡-ries. As a con-

sequence, attention was focused on building materials as major sources

of indoor air pollution, which - as a further consequence - I¡¡as consi-

dered essentially a problem of new buildings or of buildings refi-tÈed

15



in an energy efficient waY.

In the second half of the 70's a ne\n¡ concern was raised about co[ibustion

processe.s as irnporta.nt indoor sources of NO2 and particles. ÍLris concern

originated in the U.S.A., where many lalroratories had been involved in

oul-cloor air monitoring of these criteria pol.lutants and then, in part'

switchcd to indoor air monitoring.

Looking at ttre results of ttre present study focused on volaÈile organic

ccmpounds, a third grouP of sources appears to be of importance: co-n-

sumer products. Ífiis group of sources is ctraracterized by two major

features:

- they enit mainly organic pollutants;

- ttrey occur in all types of buildings, olcl as well as new ones.

The first feature is ttre major reason why until now IiÈtle attenÈion

has been paid to ttrese sources: analysis of organic pollutants is com-

plex;rnd e)<pensive. Results of ttris study show that most of the orga-

nic j-ndoor pollutants can be grouped under the broad denomination of

"sol..Jent type compounds", which ir:,cludes alkanes, benzene and its alkyl

derivatives, halogenated hydrocarbons, aieohols, alkoxy-alcohols and

their aceÈic acÍd esters, and ketones. Some of ttreir major sources are

paints, wood impregnants, glues, cleaning agents, liquid \"taxes and

polishes.

AlI ll-res€ sources are consumer Products of large use. In fact, Paintst

woocl i-npregn¿rnfs and glues night also be classified as building mate-

rials. We prefer, however, their classification as consr¡mer products

srnce

- they are vridely used in old buildings;

- tJre,¡ are also used for "do !t yourself'r and hobby activitiest

and we prefer to linLit in this context the term building materials to

products used for nevr constructions or basic rrcdÍfications of buildÍngs

only, but not for ordinary maintertance or renovatÍon'
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Buildr'-ng materials accordj-ng to this definition differ much lnore in
cj:if ferent regionsr e.9. in Northern and Southern EuroPe, than consumer

proCucts, ll¡hich in general are ôist-r¡-i¡uEed ¡Il over the Conrnon Market.

Consequentty, indoor air pollu*.ion by emissions of consutrler products

can be expectecl to show less variation between different regions than

tìrat by emission of building materials. This :-s confirmed by two findings

of the present study:

a) The measured indoor levels of fornnldehycle (see table 1) are all well

below l2O 1tg/m3, a concentration which is considered the limit for
acute effects (irritation), but which has often been exceeded in
llorthern Europe. In fact, particle board and urea fornalclehyde foamt

tJ.e major sources of hiqh formaldehyde levels r are not used to an

appreciable extent ¿s building materials j.n N'orthern ltaly. An)r!'¡ay,

fcrmaldehyde concentrations measured in ttris study are indoors still
consistently higher than outdoorsr r¡¡ith a mean indoor/ouÈdoor ratio
of 4.9 (see Tal¡le 3), indicating the presence of j-ndoor sources.

However, it was not yet possible to identify all related sources.

In some cases combustion processes (gas appiiances) rrade sQme con-

tribution but did. not accor¡nt for a major portiorr of the detected

concent-rations.

b) Alt ot¡rer volatile org¡rnic compound.s reported as indoor pollutants

in tlLe four studies published r¡ntil now lZ-e 1 and performed in Nor-

thern Europe have also been detected in this study at comparable or

higher concentrations. fn addition to solvent constituents, lirnnene

and 1,4-dichlorobenzene had been reported earlier. Limonene has been

shown in th-is study to originate mainly from detergents to which

it is added as od,orant. 1r4-dichlorobenzene is used in anti-mottr pro-

ducts and in deodorant products. Alt tl:ese soì.rrces are tlpical con-

sumer products.

Further sources identified in tlris study and- reported in Table 6 are

also consumer products with the exception of conifer wood, which has

been used for furníshing and wall panels.

In view of the predominant use of classical materials like bricks and

concrete for residential coristructions in Northern Italy, no major
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contribution of buildinq materials in the above defined sense may be

expected. Since building materials wiII make the highest contribution

to IAP in new houses, the only new house (Nr. 13 in Table 1) included

in this study was sampled twice, imediately after the occupants moved

in and two months later. Ilor^Iever, besides benzene, alkylbenzenes and

alkanes, which are typical solvent compounds contained in paints and

wood impregnants, only terpenes showed a remarkable concentration de-

crease. This points to the \^tood of conifers as source which had been

used in Èhe construction of windows and doors, and to cover the ceilings

of t\¡ro rooms. The concentrations of other compounds like most halo-

carbons and hexanal, increased however, poinÈing clearly lO consumer

products as sources. It should be menÈioned that, anln\tay' only the

concentration of alpha pinene exceeds the range of concentrations mea-

sured in the older buildings.

In Fi-g. 6 Èhe values of total volatile organic compounds (T\/OC) and of

respirable suspended particulates (R-SP) have been plotted for each home

versus the minimum air exchange rates measured wiÈh Èhe SF6 dilution

technique. The lack of correlation which apPears looking at the figure

was also confirmed by calcutations: in the case of ÍVOC a correlation

equation with a negative slope is obtai¡:ed (i.e. decrease of the con-

centration increasing the exch€rnge rate), but the correlation coeffÍcient

is very small (r = O. L64) . This finding suggests that for ÍVOC the in-

fluence of source variabitity and of hr¡man behaviour (e.9. opening of

windor.¡s and doors) on indoor pollution prevails over that of the minimum

air exchange rates due to infiltration. In the case of R^SP the corre-

Iation is hlgher (r = 0.514), and the equation obÈained has a positive

slope (i.e. increase of the concentration increasing the exchange raÈe).

The laLter fact can be interpreted in the sense that outdoor sources

are more important for R.SP than for ['VOC in determining indoor concen-

Èrations; this appears also from the j-ndoor,/outdoor ratios (see Table 3)

which are much smaller for R.SP than for TVOC-

A particularly interesting case is that of home Nr. 15, located in the

centre of Varese at the 3rd floor, along a street with heavy traffic:

18



¡rcsr.-,ite tJre age of ttre building (construction before 1940) and despite

ttre irighest outdoor concentration observed in this study, the indoor

concentration was mucir higher, even for co.npounds typical for car

exhaust-. Since the outdoor sample had been taken on a baicony looking

out on a yard, whereas the indoor sample had been collected in a room

on the street side, the former might have been less influenced by t}te

traffic ttran ttre latter. In order to Lest this hypothesis new measure-

ments of volatile organic compounds (using Tenax sampling) were performed

in September 1984. In contrast to the previous measurements perforÍEd

in January, however, two indoor and tv¡o outdoor samples \,/ere taken over

50 hr periods, one of each type at the front (street) side and one at

the rear (yard) side of the irouse. Ttre analytical results of these sam-

ples are presented in TaJrle 8, together wittr tl.e results obtained in

January. Some evident features are:

- the street corrcentrations are 2-3 times higher than tJre yard concen-

trations, excePt for heavier alkanes which are at the same level,;

- the two indoor s¿rmples, substantially identicalr shov/ concentratj-ons

intermediate betlveen the two outdoor samples r excePt for alkanes

heavier tkran octane and for terpenes, v/hich are higher than both out-

door samples.

If ttre data of September are compared. witÏr ttrose of JanuarY, it appears

that in the September samples the concentrations both indoors ancl out-

doors (considering only tìe yard values) \¡Iere much lower than in Janu-

ary: if the concentrations of total volatile organic compounds are

compared tÏre ratio January/Septeurber is 7 indoors and 4 outdoors. But

if we examine the single compounds we find indoor ratios betl¡/een 10 and

15 for some of them (even 76 for limonene), h/hereas tl.e outdoor ratios

fluctuate between roughlY 3 and 5.

.Itris complex pattern can be partly unravelled considering the following

aspects. DurÍng ttre September sampling the windows remained open part

of the time, but ttris, of course, was not the case in January. A liquid

floor wax is applied about once per monttr: this probably happened

shortly before tr-e January sampling and certainly not ín September.
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'ttre two facts can explaln tJr.e dlfference bett¡teen the indoor concentra-

tions and ttre particularly large d.ifference observed for tJ.e heavler

alkanes and terpenes, tlplcal wax constítuents. The conùribution of

heating Èo outdoor po[ution in ,fanuary and a proba-bly smaller dilution

of car ex¡aust gases at the same time could exPlain the large dl-fference

in or:tdoor concentraÈions beü.¡een January and septenber.
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\/. SOME COI4MENTS ON POTENTIAI HEALTTI II{PLICATIONS

For the tinle beÍng nearly no dat-e are available which would al,Iow an

assessment of the findings of this study with respect t-c potential health

implications. In princlple, three rnajor effecÈs are conceivable:

- acute effects, in particular eye and ainvay irritation;

- chronic intoxication;
- induction or promotion of genetic damage, in particular of cancer.

Acute effects

For none of the detected cor¡pounds acute effects are known at the con-

centration levels r-eport€d here, ttrough many of them may act as irritants
.rt higher concentrations (e.g, aldehydes, terpenes). However, recent hu-

man exposure studíes on the irritation by typicai indoor mixtures of

organic pollutants indicate that such mixtures may influence performance

of susceptible individuals already at ievels of total concentration as

low as 5 mg/m3 [14], a Ievel which has been exceeded in five of the

15 houses studied (see Table 1). It is, however, noi: yet clear how far
the composition of the nrixture influences the irritation potential.

Chronic intoxication

Ttre only dat¡. which may give hints to potential chronic effects of the

compounds detected in indoor air are occupational exposure lirn-its. fhe

highest indoor concentrations observed in.this study are at least 1000

times lower ttran the Occupational Exposure Limits for all the compor.rndst

except formaldehyde, dichloromethane and benzene, for which the maximum

ccncentrations are rougihly 100 times lower than the corresponding limits.
llowever, tJrese limiÈ values have been esta-blished:

- for healthy adults, whereas ttre population exposed to indoor air pol-
lution includes children, pregnant \¡¡omen, aged and ill personst

- for arì e)q)osure time of 4Q-45 hours per week, .or about 252 of the

total time, whereas recent studies on the time budget of the popula-

tion in industrialized countries have strown tÌrat t?re time spent indoors

is between 21 and 23 hours/day or about 90* of ttre Èotal [15];

; i. . ... "'ì i'-í_,,:'.1 ¡' .._.lj:ìI{-ìh
;:',ì , ,.::iìí-,Ji¡¡r ji?tÌ



- taking into account only effects of each conpound, on its ournt whereas

indoor environments are characÈerized by the presenqe of complex nix-

tures of many pollutants. ¡\n aPpropriate exposure evaluation in these

cases r¡¡ould require not only ttre addition of all the single contribu-

tions, but also a careful investigation of the possible synergistic

e--fecÈs, i.e. of the mechanisms through which the adverse effect of

one compound is enTranced by the simultaneous occurrence of others-

For all these reasons, Occupational E>çosure Limits are not an adequate

reference for ttre evaluation of the risks due to indoor pollution'

Cancer induction or Promotion

Some cf the compounds observed most frequently and at higher concentra-

tions in indoor air have been demonstrated to be sarcinogenic in aninals

and one, benzene, also in man. Table 9 sruomarizes some infonnation

on this effect and on mutagenicity, which is considered a sort of index

of pote.ntial carcinogenic properties of a comPound.



VI. CONCLUSIONS

The work described in this report on indoor air pollution by volatile

organic compounds leads to the following concLusions:

a) Indoor concentrations are always higher and frequently much higher

than outdoor concentrations.

b) Most detected compounds are of the solvent type (released from paints,

wood impregnants, glues, cleaning agents' liquid waxes and pol-ishes,

hobby products). Others are deodorants or disinfectants.

c ) Besides building materials and combustion processes consumer products

are an important source of volatile organic cornpounds in indoor en-

vironments. In fact, in the cases incÌuded in this study' consumer

proclucts (incluCing paints, wood irnpregnants and glues) appear to be

the most important source.

d) Pollutant concentrations essentialty do not correlate with minimum

ventilation rates; this suggests that for volatiLe organic compounds,

the influence of source variability and of human behaviour on indoor

poltution is dominating. Consequently, any effort to reduce indoor

air polJ,ution by VOC's should concentrate on the control of their

sources rather than of minimum ventilation rates.

23



1

')

REFERENCES

Dowd, R.M. (1984): "Indoor air quality", Env. Sci- Technol. 18:

187A.

Johansson, I. (1978): "Deter¡ninatÍon of organic comPounds in in-

door air with potential reference to air qualityr" Atrnrcsph. Env.

'12-. L37I-1377 .

Lebret, E., van den Wiel, Ir.J., Boleij, J.S.M., Brunekreef, 8.,

Noij, D., oranje, E.J. a¡rd. Biersteker, K. (1983): "Indoor air pol-

lution in ttre Netherlands", in: Proc. 6th vlortd congress on Air

Quality, Paris, 1983, Vol.II, pp.27t-278.

Mflhave, L. and Mltler, J. (1979): "TLle atrnospheric environment in

modern Da¡¡ish dwellings: measuremenÈs in 39 flats", in: P.O. Fanger

and o. valbjdrn (Eds.), Indoor cliu¡ate, Effects on lfrrIn¿rn comfort,

Performance and lfealth in Residential, Commercial and Líght-Indus-

try Buildings. Danish Building Research Institute, Copenhagen:

171-186.

seÍfert, B. and Abraham, [.J. (1982): "Indoor air concentrations

of benzene and some oÈhef aronatic hydrocarbons", Ecotoxicol. En-

viron. Safety, 6: L9O-L92.

seifert, B. (1982): "Relationship between indoor and outdoor con-

centrations of inorga¡ic and organic substances". In: K. Aurand, B.

Seifert and J- Wegner (Eds. ) , Luftqualit t in Innenrå.umen. Stutt-
gart,/New York: Gustav Fischer Verlag: 4t-74.

Wallace, L., Pellizari, 8., Hartwell, T., Zeloni II-r Sparacino, C.

and Whitrnore, R. (1984): "Añalyses of e><haled breath of 355 urban

residenÈs for volatile orga¡ic comporurdst'. In: Indoor Air, Pro-

ceedings of ttre 3rd Int. Conf. on Indoor Air Quality and Clinate,

held Ín Stockholm, 20-24 August 1984.

Garumge, R.8., White, D.A. and Gupta, K.c.: "Resldential measure'

rnents of high volatility organics and their sources'n ' ibid-
Lipari, F. and swarin, s.J. (1982): "Detelßination of formaldehyde

and other aldehydes in automobite exhaust with an improved 2.4-dÍni-
trophenyl-hydrazj-ne method", J. of Chrornatograplty 247z 297-306-

3

4

5

()

7

I

9

24



10" De Bortoli, M., l(rrôppel , H., MóLIl^ave, L", Seifert, B. and Ullrich'
D. (1984): "Interlaboratory ccnparis')n of passive samplers for
organic vapours wj-th respect to thei:r applicability to indoor air
pollution monitoring: a pilot stud.y", Commission of the European

CommuniÈies Report EUR 94508N.

11. Knðppel, H., De BorÈoli, M., Peil, A. and,Vissers, H. (1983): "Re-

producibitity of temperature-programmed GC retention indices with
non-polar glass capíllary columns", J. of Cbrom. 2792 483-492.

12. "Particle fomation and transport of pollutalts". In: Environment

and Resources Progra[ure Progress Report, July-December 1978, Com-

mission of ttre European Commr¡nities Co¡trmr¡nicatÍo¡r Nr.3595.

13. "Particle formation and Èransport of pollutants". In: Environment

and Resources Progranme Progress Report, January-Jr¡ne 1978, Com-

mission of the European Co¡mr:¡rities conmunication Nr.3539.

t4. Bach, 8., Mdthave, L. and Pedersen, O.F. (1984): "Human reactions

during controlled exposures to low concentrations of organic gases

and vapours known as nor¡nal indoor air pollutants. Performance

tests". In: Indoor Air, Proc. of the 3rd Int. Conf. on Indoor Air

Quality and Climate, held in StockhoLm, 20-24 August 1984.

15. Moschand¡eas, D.J. (1981): "Ex¡>osure to pollutants a¡rd daily time

budget of people". Bull. of ttre New York Academy of Medicine 57:

84s-859.

25





:\j

f¡no

io

tc9.ù
).1

Ll t¡lò
l0P 0

Ceror9

t 1...,nÊ?

(om

P.,,i a"¿l'

A

C¿,'/

C¡TTIGLIO

5,

,rE

' a, I ¿: :'{kl

.1o

verÍo'Lano

M lúc hem
t2t0

L A xú Ë il{ s)'zu{"

/:)'it
1,7 L't

A¿ ¿
.o rJr

oìs

'{t 
,,,

l. do dt

BESOZZo
qo es¿ / lcl

lspra

'.5:.,4

ISPRA.JRG
nt Coìa t ;

ano

o

Ò UO

þ

:ì
o S. GALLARATE

.',

- alCanp
N

AUSTRT.A
al¿

ITALY

IAN
SEA

o

çal4tnav/
./'
'w,"

1-'

b
Ð

r,ì -l'-ol:¡na

i-';1t0:rno

ù4l""ir"

GAVIRATE

M 1,1á.t'cs.-l¿ c

iaia

VARHiåË'I

CADRËZUATE I

it

TA I F'lO
ARONA

r;!'1l c r.

Sogogno

SI/üITZERI,AND

3o

'2j.2!/a

srs¡¡s t'ìil

Fis. 1 ttap of the area where this study ttas been performed !'l 2 km)

!Ì



1+

12

1.o

oQ8

Ø
q)

P o.o
o
o

t- O.4

(ü

o.2

02468101214161820

temp. difference ("C)

Fig. 2 - correlation between ventilation rate (air changes,/

hour) and indoor-outdoor temperature difference (oc)

o
o

oo

o

o

o
o

o

o
o

o

28



ALDEHYDES
0 0l 0.2 nrg/m3

i n door

outdoor

HA LOCARBONS

0 01 0.2 0.3 0.4 05 0.6 &7 08 mglms

i ndoor ,r>J

LJ
I
I outdoo r

LJ

Fig. 3 - Indoor and outdoor distribution of aldehydes,
ketones and halocarbons (many outdoor values
are below detection lim1t)

KETONES
0J 9.2

t,

2

0

2

t,

JF
I
I

¡l
L.¡

I

1lt
.Ð
o
?tr
oE
rÞ
o

b
o
.o
E
3
c

bJ

'lf

l,

2

0

2

lt

10

29



-r-

t,

2

0

2

0 0.2 AL 0.6 mglm3

>2.5

,fr

AL KANE S

i ndoor

outdoor

BEN Z E NE .ALI(YL B ENZE N E S

0 ft2 0Ä 0.6 08 10 ''.2

i ndoor

U'
o
Ê
õ14
?
-

J

I
I
L

lt

2

0

2

t,

10

rl-
o

b
o
.c¡
E
-¿
?
- I

Í¿
¿

LJ

outdoor

Fig. 4 - Indoor and outdoor distribution of alkanes and

benzene + alkytbenzenes (many outdoor values
are below decectÍon lÍmits)

I

30



0 1 2 3 l. >6 001
mgrm3

indoor

out door

TOTAL

0.2

mg/m3

0 0.¿ 08 1.2 1.6

61

VENT ILATION
RAT E

6

ø1,
o

52
E,O

Ë2
L
oIt
flE6
5Eg

10

VOLAT IL b

ORGANICS
R5P

Fig. 5 - fndoor and outdoor distribution of total volat-i le organics arrd

respirable suspended particules (R'SP) .

Distributio¡i of ventilation rate

(¡)



I

I
sÐe(Ð

b\g)
Ë
-

ĈÐ
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Tè.BLÞ] 1 ResulÈs of indoor-outdoor measurements (Vg/m3) (for each home the first
corumn refers to indoor ai.r and the second column to outdoor air)

hone ¡iunù:er
hon:e t-ype
locat-.i-on (month of sampling)

I
apar trnen t
Gallarate (5)

2

cletached house
Laveno-Morìb. ( 3 )

3

apartment
Varese (3)

q

aparcment
Arona (6)

a i-r exchange rate (h- 1) 1.3 r.4 0.69 0.31

respirable susp. part 110 2LO 140 70 b0 20

total volatile organicsa 960 400 320 220 210 180 i90 180

27
9
7

5

6

2

4

1

2

2

9

a

i
2

L7

10
19
10

2

¿

208
224
1<I
2 <2
1¿')

3

2

1

2

9

52
2L

<1,
28
82

formaldehyde
ace taldehyde
butanal
he-xanaI
nonanal

acc I a,.,.
b, '- rr¡one-2

T6

5
55

4

I
2

2

2

<2
<2

3

\¿
T4 7

2

l-ricirlo ro f luo rome thane
o-i-chLorome thane
chL oro form
1 . 1. 1. trichlor.oethane
carbonte trachloride
trich I oroe thylene
te trachloroe thylene
1. 4-dichlorobenzene

19
390
<1

20
4

L4
33
23

< 10
<i

3

I
Ib

< 10

io
1

6
3

1

I
10

I
0
L

3

1

1

4

2

L <1<1<l 0
I
6

2

B

0
1

)_

2

1

4

0

< 10
.I

4
4

4

9
200

O

I
4

5

5

5

0<1<1
t2

< 1c.)

'20

10
1

1

3

I
1

1

7

I
1

1

2

1

1

1

1l4
8
2

<1
3

<1
z'l

<1

25
3

<1
<1

2
<1
<1
<1

t4
11

30
t2
14

3

5
2

5

1

0
4
3

2

3

3

2

1

19
3

3

2

4
4

5

3

n-hexane
n-heptane
n-oc t¿ne
n-nonane
n-decane
n-undecane
n-dodecane
n- tridecane

benze¡re
toluene
e thylbenzene
1.3-xylene + 1.4-xylene
1 .2-xylene
1. 3. 5-trimethylbenzene
1 . 2. 4-trimethylbenzene

9

55
5

36
T7

4
10

13

47
1

23
11

4
12

11
82

¿)
I4

6
<1

t6
36

<')

29
1J

<2

17
38

6
T7

10

2

7

7
4
2

4

2

1

T4
25

13
31

4
11

4

t
1

2

20
7

2

o-pinene
[3-pinene
Iimonene
naphtalene

1

1

1

1

1

L

300 30 <1 95 11 L3
9<

a: hydrocarbon equivalent (FID response)
with boiling point ì 70oc)

b: with air cond.itionrng
c: branched alkanes

of volatile organics trapped on Tenex (i.e.
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'l'AflLE 1 - .:ont

hclne number 5

home r-ype office
I.¡catj-on (month of sampling) JRC-Ispra

678
detached house detached house detached house

(5) rspra (7) Taino (10) Ispra (10)

air exct.ange rate (h-1) 0.69 (1.1)b o.24 0 .45 0. 16

rr:spi rable susp. part. 130 10 40 20 110 70 40 30

total vol¿rtile organicsa g4OO 2IO TIOO 200 5200 340 1900 180

3

1

<1
\z
<2

41 4
482

<1 <1
<2 <2
<2 <2

31

9
<1

5

l9

5
<I

6
<2
¿')

35
29

50
1

34
53

<)

LT

3

1

2

2

<1 <

6<
<¿

fornraldehycle
ace ta.ICehyrle
butanal
irexanal
no¡ranaI

a le tone
l¡utanone- 2

6
4

9

2

5

6
24

2

3

<2
11 <2

l2
42
30<2

t-r iciil oro f Iuo rcme thane
dichlc¡rome thane
c irloro form
I . i. I. tri,:hic-;roethane
carbonte tr achioride
:::i ch loroe tliylene
ie t-rachl oroe Lhylene
I .4-dichlorobenzene

< 10 <

1<
4

11

3

3

130 <

230
5000

15

6C
10

t2
20
67

<1
< 10
<1
<1
<1
<1

1

<5

T

<10
<1

7
<1

3

3

<5

3

25
I
6
I

<2

io
L

5
4
3

3

10

4
<10

t2
360

6
<5
<1

5

5

6
9

<5

<1
1

7

10
<10

104
31
2 < 1

42
42
31
3 <1

<r <1

20
7

3

4
4
2

<1
<1

45
15

3

L2
5

9
1

<1

25

<5
<5
<5
<5
<5
<5

59032
1 <1
4-

-i-ìrexane
n-heptane
n-cc tane
n-nonane
n-clecane
n-undecane
n-<iodecane
r',- Lridecane

3

6
165

1 100
950
220

20

2

6
3

1

t

0c20
340c
I 04c

4
2

uenzene
loluene
ethyJ-benzene
1. 3-xylene + 1"4-xylene
1 . 2- xylene
1 . 3. 5-trime thylbenzene
L . 2 . 4- Lr ime thylben zene

63
r20

7

l7
11

3
1

23
93
I

22
4
5

10

11

t6
3

7

3

2

3

53
t73
2 < 1

63
81
3 <1

<1 2

67
150

33
120
28

11

24
.9
I
5

46
56

6
t9

1

3

3

u-prnene
il-pinene
Iimonene
naphtalene

<1
<1

3

<1

<I
<1
t70

3

350 <5

45 <5

23
9

40
4

472
12 1

43 <1
<1 <1

1¡ 2

2
1

L

34



'iablr: t - i:ont.

Itonre rru¡nbr-rr 9 lD LI 12
hottte t-ype detacired house ciet.--checl house del--aehed house cleiachecl hou:¡e
Locatior: (rnonth of samplj-ng)Varese (10) cittiglio (10) cadrezzate (11 Gavirate (I2)

air exch¿lnge rate (h- 1) 0. 19 0. 75 c.45 0 .65

res¡;ì rable susp. part. 100 140 70 100 100 50 ,10

total volatile organicsa 1500 260 3000 140 2200 L]c 2900 69A

12
U

1

2

2

4

,2

<1
.<2
.<2

17
'7

<l
.')

25
JI

a- 1,

t2
27

15 I1,0

7
<1

¿6formaldehyde
ace taldehyde
bur-anal
hexanal
nonanal

74
<1<1
14<2

<2<2

22
<1
<2
<2

.¡ce tcne
blltan¡ "'-2

23
10

30 17
11

I
6 <2

5
tr

I
9

2
a

I
2

i-ri cÌl r o rc¡ fl uoron¡e thane
dich l-o r,¡me thane
chic¡rofor¡n
1. I .1. trichloroethane
carbonte trachloride
trichloroe t.l.ylene
te trachloroethylene
1 .4-dichlorobenzene

2T

290
2

56
6

20
13

230

4t
3000

2

42
o

86
31

50

2
<5

1

7

5
11

7
<2

26
240 <

5

5

L

6
6

^
o

2

13 6
<5 <5

I <1
12 11

5 10

7B
I 13

<5 <2

4

5

t

5

4
5

7

2

9

9
10

34
<5<

n-hexane
n-heptane
n-oc tane
n-nonane
n-oecane
n-undecane
n-dodecane
n-tridecane

13
4

34
11

24
L6

3
z1

100 2

40 1

2t<1
t2 1

10 1

6<1
3< 1

< 1< I

4
7

15
I6
27
i5

5

4

5
2
II

I
I
I
1

1

572
21 8
t2 <7
7 < 1

5 < 1

5 <1
^,1z<r

<1 <1

4

6
6

5

6
4

2

1

1

benzene
tol uenc:
e thylben zene
1.3-xylene + 1.4-xylene
1 .2-xylene
1 . 3. 5- trimethrylbenzene
I . 2 . 4- Lr ime thylbenzene

IT
23

6
T4

9
3

6

106
230

53
140
49
1.2

38

?q

T4

46
13

6

28

30
t0
14
5l
19
10
)')

L9
6T
10
32
10
I

18

905
200 I
432

L20 3

40 l
22<r
51 1

I
0

2

6

2

1

2

u-pinene
ß-pinene
Iimonene
naphtalene

L4 1 20 <1
6-

187 1

84

2T
3

10
I6

1 39
2

176
4

<1

1

1

<1
<1

109
4<1

Jþ



T'able L - cortt.

home number
ltc.¡,rne i-v¡-tr:

i-oc¿rtiott (:rr<¡rrr;h of sampling)

13

detached house
B,esozzo (12)

L3
detached house
Besozzo (2)

L4
apartment
Varese ( 1 )

15
apartment
Varese ( 1 )

,ri-r excLrange rate (h- 1) 0. 78 0.66 0.59 0. 71

':espirabie sì.Ìsp. Part. 50 20 70 80 40 20 100 80

tc i-aI vr¡ia+;ile organicsa 5800 340 2700 290 2300 6s0 5700 1s00

forrnaldehyCe
ace taldehY(le
br-rtanal
l',exanaI
j-.onana-l

5

5
\
2

2

29
18

1

20
20

26
10

<1
58
22

T4
9

<1
/a

<2

9
5

<1
<2
<2

85
63

<1 <1
<2 <2
<2 <2

I6
1B

<1
10
10

¿.ce ¿one
buLanone-2

L57
38

6
8

15

2

5

1

2t L6
114

98 12

10 ..2

tr ichl-orof I uorome thane
ai-chlcrome thane
cI;,1oro f orm
1 . 1. 1.. trichlc¡roethane
carbon Le trachloride
i-r:i- ch 1o rorl rÌìy Lene
t:e tracirl c: oc thYlene
I .4-drchl.orobenzene

38
5

I
31
?o

11

32
2

.:5
<1

35
t)

18
38

2

20
<5
<1

11

T64319 16
225
<1

34
2

2L
10
73

29
590
<1

2L
11

26
47
28

39
100
<1

2T
11

L4
48

4

L2

42
25
24

5

I
ZJ
20
24
38

2

<5 <

<1 <

r25
L2

L12
64
10<

n -tìexane
n-heptane
n-oct,ane
n-nonane
n-decane
¡r.-unc1e cane
n-dodecalte:
¡r-tridec¿rne

48
30

84
94

2

2

3

2
3

2

1

1

0

3

2

2

3

2

1

tr

9
7

29
2L
25
20

6
4

t2
5
4

L6
26

7

7

3

3

3

3

1

1

1 TT4
76
65
67
72

134
35
15

42
L7
15

9
10

5
5

2

2t

l4
3

<1

35
7

3

I: en ze ne
i-.oluene
e thylben zent:
1.3-xyLene + 1.4-xylene
I .2-xylene
I . 3. 5- trrme thylbenzene
I . 2 . 4- Lr l-tne thylben zene

26
40

7

22
7

3

I

39
l6s

4L
r4t

39
t4
38

t6
25

5
T4

5

4
7

35
80
t7
59
22

9
27

81
300
109
390
108

38
76

31
72
19
62
23
T4

36

204
378

96
280
r32
59

150

67
156

34
111
42
L6
44

c¿-plnene
[3-pinene
l.imonene
naph talene

605
to4
240

11

<1
<1
<1

4

<1
<1
<1

2

<L
<1
<1

3

322
60
57
10

7t
I

480
5

29
29

268
70

3

T

4
11

ì

Jll



TABLE 2 - Minima, Maxima and l'leans of fndoo:: and Outdoor Concentrations

Fcliutart concentrations IUS/ro3]

lowesL value hlghest value mean valueâ
indoor outdoor indoor outdaor indoor outdoor

R^SP 40 10 t40 2lo 81 63

TVob 190 100 9400 1500 3250 370

Formaldehyde
Acetaldehyde
Butanai
Hexanal
Nonanal

52
48
34
53
82

L2
19
10

2

<2

27
T7

., 1

10
T2

I
L

<1
<2
<2

6.6
4.5

< 2.O
< 2.O
< 2.0

Acetone
Butanone-2

6.1
3.8

<2
¿')

3
<2

r57
38

1.6

I2
39
7.9

Trichlorof luorometirane (F- 1 tr )

Dichloromethane
ChLoroform
1 . 1 .1.-Trichloroethane
Carbon tetrachloride
Trichloroethylene
Te trach-loroethylene
1 .4-Dichlorobenzene

<1
L1

7.O
1<

l4
¿\

<1
<5
<1
<1
<1
<1

I
<2

T2
.-5
<1

4
<1

1

3

<5

230
5000

15
60
L2
86
47

2.30

39
100

J

35
22
z4
48

4

39
670

1.9
2L
6.3

18
18
55

10
<L4

n-Hexane
n-Heptane
n-Octane
n-Nonane
n-Decane
n-Undecane
n-Dodecane
n-Tridecane

42
T7
15

a
10

5

5
2

7I
tb
t4
27
92
80
20

)
<1
<1
<1
<1
<1
<1
<1

3

1

<1
<1

2
<1
<1
<1

590
76
65

t65
1 100
950
220

20 3.1

I4
5.1
2.4
¿.L

3.1
< 2.O
< L.7
< 1.3

ÈIenzene
Toluene
Ethylbenzene
1 .3-Xylene + 1.4-Xylene
1 .2-Xylene
1 . 3. S-Trimethylbenzene
1 . 2 . 4-Trimethylbenzene

24
I
-?

11

3

3
<1

3
<1
<1
<1

5

T7
<2

6
4

<1
<1

204
378
109
390
132

59
150

67
156

34
tLt
42
t6
44

52
t28

27
89
26
13
36

20
40

4

7

I

q,-Pinene
ß-Pinene
Limonene
Naphthalene

3

2

11

tt

r02
L7

140
11

:j

.J

'l d

"1 rJ

j(Ð

+--l-

¿

',, "l
" -, 1l*r
,, -)

-r ) -_.

-*iñ

< 1.6
< 1.1

2

2

<1
<1
<1
<1

<1
<1

10
<1

605
104
480

70

" Fot the calculation of means all values below the deÈection li-mit have
been assumed to be I zetot , unless the resulting mean value $/as smaller
than two times the detection limit. In tl¡is last case an upper estimate
for the mean value has been given using the detection liu¡its as measured
values.

'Total Volatj-le organics', i.e. total FID integrator signal expressed as
hydrocarbon equivalents.

b
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TABLE 3 - tlinima, Maxima, Means and Medians of the Indoor,/Outdoor ratios

lowest highest *".nb medianb

RSP o.5 13 2.6 (tzl t.6 (r2)

T!'oa I.1 45 13 (1s) s.8 (1s)

['orrnaidehyde
Acetaldehyde
Butanal
Hexanal
Nona¡rai

3.2
3.6

c

5.3
6.0

c

c

6
5

7
5

I
0
0

>2
<1

t7
24
5.7

>26
>13

(1s)
(14)

51

I s)

(e)
(8)

>6
>8.8

Ar:etorte
Butanone-2

1.3
0.4

>28
7 5

6.2
2.7

(r2l
(7)

3 (15
>1.8 (10

Tr i chlorof luorome thane
Dicfric¡rcmethane
Chloroform
1 . 1 . l-Trichloroethane
Carbon Letrachloride
Trichloroethylene
Te trachloroethylene
1 .4-Ðichlorobenzene

(F- 1 1) (10) 2
>53

>2

(11 )

(8)
(6)

(1s )

(14 )

(1s)
(1s )

(e)

0
5

>I
0
0
0
0
7

7
o

I
1

I
3

58
>600

5

8.4
>4

L7
8.3

>115

(14)
(13)
(14)
(1s)

(3)

t.4
t.4
1.8
1.8

>20

9.3
c
c

2.7
1.3
3.4
2.2

19

n,-Hexane
n-Hep tane
n-Octane
n-Nonane
n-Decane
n-Undecane
n-Dodecane
n-Tridecane

0
0
1

I
0

>1
>1

>1

3

7

1.8
2.O
2.5
5.3

>4.7
4.7

>3
>3.5

8.7
€;. 5

6.9
9.7
7.9
9.8
4.3
4.87.5

7

50
40
34
42

>220
> 190

>44

(1s)
(13)

(8)
(e)

(12)
(8)
(6)
(3)

(1s)
(1s)
(13)
(13 )
(14 )

(13)
(13 )

(6)

Benzene
'IoIuene
Ethylbenzene
1 .3-Xylene + 1.4-xylene
1 .2-Xvlene
L . 3. S-Trimethylbenzene
1 . 2 . zl-Trimethylbenzene

18
25
27
40
40

>22
51

(1s )
( 1s)
(12)
(1s)
(13)

(e)
(10)

(1s )
(1s)
(13)
(1s )
(1s)
(r2)
(t2l

0.
0.
0.
0.
0.
0.

7

9
7
9
7
6
5

3.8
6.1
6.8
7.8
8.0
3.3
9.5

1.7
2.6

>2
2.3
3.0
2.6
3.2<0

cr-Pi:¿ne
ß-Pinene
Limcnene
Naphthalene

>4
4.5
1.1

>1

23
I2

>43
4

(10 )
(s)

( 15)
(11)

>605
> 104
>480

L6

L7 (4)

53 (7)
.6 (6)5

u ,". footnote on Table 1; b i1 p.t"ntheses number of values
c excessively small number of defl-ned values
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Detected concentrations (uS/t3) J-n space

Identified compounds or compound classes

Total identified organics

Total non identified (alkane equivalent)

(Nunber of identified comPounds)

A

390

(63 )

3 c D

560

E

10c

r

32

14,000 8,800 3,400 2,0oo 510 57O

150

( 10s) ( 118) (47) (68) (66)l

(c6 - c15) 13,000
13

325

8,190

3,O2O

1 ,590

3,9C0

200
1,100
1 ,450

950
r,720

220
530

20
2

650

920
7

22

53
43

r20-
70

155
83

t94
150
250

36
66
T4
22
22
13

90

34'
4

t2
1

1

110 130

I

ts
qJ

rf
P.
I

a
I
\a
9r
Þ
P'

a

o,
o
afo
o
rt
o
o,

úl
IJ
I

3tJ)

P.

P.

o,
o
o
B

Þ
F.
B

I n-Alkanes and isomers
n-Hexane
n.-.-lfÞ.ptane

I Heptane isomers
n-Octane

I -Oc'tane isomers
n-Nonane

I Nonane isomers
n-Decane

I Decane isomers
n-Undecane

I Undecane isomers
n-Dodecane

I Dodecane isomers
n-TYidecane
n-Tetradecane
n-Pentadecane
n-Hei<adecane

I Olefins and cycloalkanes
Meth!IcYcloPentane
lÞ t}rylcyclohexane
Ethylcyclohexane
ci s- 1 - Ethyl - 3-me thyl cyclohexane
n-Propylcyclohexane

I Nonene isomers
n-Butylcyclohexane

I Decene isomers
I Undecane isomers

I Terpenes (t4ol .W.
alpha-Pinene
delta-3-Carene
beta-Pinene
Limonene

3

3

6
6

165

1

3

3

2

2

2

3
7

1

7

3

4

L4
60
60
13
13
19
t9

t6

1

1

40
10
15
36

5
t6

4 2
1

9
2

21

ct

25
t6
40

t45
330
210

25
9

t2
9

38

4
t4

360
13

2
2

10

t6
1

G)(o

680
400
2to

'7

5

59

= 136)

65
t7

32s



Fl

&
ts
o

A
I

o
o
5

E

20
5
6
1

4
2

1
trace

èo

Identifie.¡ coripounds cr compound classes

i Benzene and alkylbenzenes
Benzene
Toluene
Ethyl-benzene
m-,p-Xylene
0-XyIene

I C2-Alkylbenzenes

rsopropylbenzene (cumene)

n-Propylbenzene
1 :Ethyl - 3me thyl-and-4me thylbenze ne

1'';,3 . 5-tr ine thylbenzene
1-:E thyl - 2-me thylbe nze ne

I . 2 . 4-Tr i:me thYlbenzene
1 . 2 . 3-Trime thYlbenzene

I ca-alkylbenzenes
sec-ButYlbenzene
1-pr'irpyf -4-i sopropylbenzene ( p-clmene )

1 -ue'thyt - 3 -propYlbe nzene
1 -¡4e üyf -4-proPYlbenzene
1., 3-Dime tì.yl- 5 -e thYlbe nzene
,1¡ue thyl- 2-ProPYlbenze ne

1 7 4-Dime thyl- 2-e thYlbenze ne

1, 3-Dime thyl - 4-e thYlbenze ne
1, 2-Dime thYl -4-e thYlben zene
1,¡ 3-Dirne thYl - 2 -e thYlben ze ne

1'j 2-Dirne ttrYl -3 -e thYlbenzene
I i2. 3. 5-Te trame thYlbenzene
| : 2 . 3. 4-Te trame tTrYlbe nze ne

I C4-Alkylbenzenes
I C5-Alkylbenzenes

X Ottrer aromatic hydrocarbons
Styrene
Indane
Te!ralin
Naþhttralene
Dimet-ttylindane
2-MeÈhylnaphthalene
1-MeÈrylnaphtJlalene

Detected concentrations ¡'¡glm3) in space

B c DA F

<1

140
10s

:ì0
5

2,9OO
3

L25
25
75
2T

r20

1 ,500
38

215
90

255
L20
465

510
LT7
270

2L
g-<

10
t16

110
11

42

22
I

375

5

24
105
r40
160
245
t40
820

4
22

280
100
200
180
130

60
160

20
2A

225
34

r ,440
350

t6
42

150
46
45

150
35

480
t6
42
40
I7
34
t9
24

27

6

3

l4
7

1

<1

1

-_2

-

2

6
2

3

7

209

trace
130

9

t6
25
15

275
47

100

20
10
40

7

L4
6

1

I

9
7

20
80

7

10
2

27



Identified compounds or cornpouncl classes

I Chlorinated hyCrocarbons
Dichloromethane
1 . 1. l-Trichloroethane
1. 2-DichloroproPane
Trichloroethylene
Tetrachloroethylene
1 ,4-Dichlorobenzene

I Aliphatic aldehydes
n-Pentanal
n-Hexanal
n-Heptanal
n-Octanal
n-Nonanal
n-Decanal

I Other (oxygen containing) compounds
Ethylacetate
2-Methyl-1 -propanol
1-But¿nol
2, 3-Ep oxy- 4-me tfrylpen tane
2-Metho)<y-ethanol
1 -Me ttro xy- 2-p rop ano I
Acetic acid**
2-ttJloxy-ethanol
j-so-Butylacetate
Butylacetate
2-Methoxy-e tJ.yl ace tate
Ilexame thyl-cyclo- tr i s iloxane
Cyclohexanone
2- ELl:.o xy -e tJr yl ac e ta te
2-Butoxy-ettranol
Benzaldehyde
1, 8-Cineol (eucallptol)
Oc tarne tlyl-cyclo- te t-r as i Loxane
Camphor

A

De t-ectecl <:once ntration s (uglm3l in space

D EIì

rj
Þtf

-:
I

o
o

fl

260

70

190

97

244

84
29
32

1

60
40
60

19
t7

245

45

trace
200

c

r45
trace

920
(25,000)+

?(: 250

F

no
1

ZU

40

T6JY

I

150
50

720
trace

(> c<) 72 t7
I

11

6

310
26
23
20

79
15
z+

5
6

19
10

64

200390 380

60

70

6
1

trace
22
i0

250

)1

7

13

1

7

2

llc
9
4

34

30

100
1A

6C
6

2t

a

35
10

10

10
200

6

5

2

6L

13050

4
3

7

I
7

5 t¿I

+ Ttris high value is due to a. hair spray used accidentally during samplinq and has not been

included in tlle sum values.
t* values are lower limits.
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TABLE 5 - Ventilation rate and indoor-outdoor temperature
difference

Ilome Nr. Type Ventilation rate
(air exch/hr)

Indoor-outdoor
temp. difference

(oc)

L

)
3

4

apartment
detached house
apartment
apartrnent

detached house
detached house
detached house
detached house
detached. house
detached house
detached house
detached house
detached house
apartrnent
apartment

1.3
1.4
0 .69
0. 31

0.63 l 0.3s

20
L6
7.5
3

1

t4

9
11
13
15
l6
15
18
15

6
7

I
9

10
11
L2

13
13
L4
15

0.24
0.45
0. 16
0. 19
0.75
0.45
0 .65
0.78
o.66
0.59
0 .71

Mean and standard deviation:
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TABLE 6 - Compounds and identified sources

Compound Source

clichloromethane

1 .4-dichlorobenzene

a-pinene

Limonene

naphtalene

n-hexanal

n-pentanal to n-decanal

Cg - CtZ alkanes

CZ - CS alkYlbenzenes

propellant of sPray Pans

anti-moth or deodorant Products

conifer wood, products for
furniture maintenance

l,emon flavoured detergents

anti-moth products

prlnted paper

palnts applied to radiators

waxes and polishes

waxea and polishes
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TABLE 7 - PoPuIa tion and traffic indices and summary of concentrations of RSP and compound classes

Sum of classes (

RSP ( usl.3 ) Total vol.IIome
Nr-

Population
density

town
village
tovùfi
village
rural area
village
vil-lage
village
rural area
village
rural area
village
rural area
rural area
village
town

Traffic
density

ireavy
nedium
heavy
weak
weak
rnedium
medium
medium
weak
weak
weak
medir¡st
weak
weak
medium
heawy

aldehydes
ind. outd"

ketones
ind. outd.

halog.
hydrocar.
ind. outd.

alkanes
ind. outd.

benz. +
benz.

ind. outd.
o.q. (¡rg,/m3)

ind. outd. ind. outd

1

2
3

4
5

6
7

I
9

10
11
t2
13
13bis
l4
15

110
140
70
60

L25
40

110
40

100
70

100
50
50
70
40

100

2.ro

20
70
30

140

960
320
240
190

9400
7100
5200
1900
1500
3000
2200
2900
5800
2700
2300
5700

400
220
180
180
2lo
200
340
180
260
140
100
690
340
290
650

1500

183
42
29
54

t70
t66
64
89
48
36
24

101
87

Lt6
t4
54

<18
<19
<12
<44
<19
<19
<10
<12
<23
<18
<12
<24
<t6
<29
<t4
<20

2t
59
10
l4

9

24
11

72
33
30

B

88
195
I7
25

108

<t2
<6
<6
<11
<7
<15
<15
<t2
<16
<I2
<6
< 1g
< 16
<8
<29
<L6

503
18
28

238
T4

151
54t4

403
638
329

53
3260

r45
366
381
752

<30
<30
<55
<40
<21

<36
<66
<42
<40
<37
<56
<33

<r32
<t49
<137

238

33
7l
27
28

658

25lO
635

29
105
192
109

93
322
L2t
80

578

28
<35
<32
<38
<17

<60
<42
<13

13
<9
<16

44
22
t6
38

115

136
113
94
97
4l

rt7
<29
<70

65
<1420

10

100
30
20
80
20
80

278
228
t65
158
566
628
224

tI02
47'l
257

I299

<49
t34
45
72
2T

<31
216
113

76
249
470



TABLE 8 Results of an additional sampling and analysis in home Nr.
(see the text for explanation) (uS/*3)

L5, Varese

Januar¡¡ 1984
( f rom L'able 1)

indoor outdoor
(street) (yard)

September 1984

i-ndoor
(yard) (street)

outdoor
(yard) (street)

Total volatile organics* 5700 1 s00 780 790 380 1070

n-hexane
n-heptane
n-ocÈane
n-nonane
n-decane
n-undecane
n-dodecane
n-tridecane
belrzene
l:oluene
ethylbenzene
1.3-xylene + 1.4-xylene
1.2-xylene
1 . 3. 5-t-rimethylbenzene
1 . 2 . 4- trime thylbenzene
alpha-pinene
beta-pinene
limonene
naphtalene

Ll4
76
65
67
72

134
35
15

204
378

96
28O
t32
59

150
29
29

268
70

42
L7
15

9
10
15

5
2

67
156

34
111

42
I6
44

26
11

7

6
7

7
2

1

46
115

L6
63
24
10
30

3

1

3

5

18
9
B

9
9
9
3

2

39
109

18
'64

24
11

35
4

3

4
6

10
5

3
<1

3

4
1

<1
23
56
11

37
L4

33
13

I
3

3

4
1

<1
63

r24
26
88
33
L2
42

5

18
<1
<1
<1

4

3

<1
4

IT

1

<1
<1

7

* see footnote in Table 1 for meaning of ttris denomination.
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TABLE 9 Carcinogenicity and mutagenicity of the compounds

reported in Table 1a

Compound CarcinogenicitY
Man Animal

MutagenicitY

l'ormaldehYde

Díchloromethane

1 . 1 . 1-trichloroethane
Carbon tetrachloride
Tr j-chloroe ttrYlene

Te trachloroe thYlene

1 .4-dichlorobenzene
Benzene

inadequateb

inadeguate

inadequate

inadequate

inadequate

inadequate

inadequate

+

+ (c) +

inadequate +/- (d)

Ínadequa,te +

+

+

+

inadequate

inadequate

inadequate

inadequate

inadequate

a: Data taken from the International Agency for Research on

Cancer.
b: Inadequate: data available in the literature are inadequate

for an assessment.
c: positive effect in all e:çeriments'
d:positiveeffectinsomeexperimentsandnoeffectinothers.
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ANNEX 1

CALCULATION METHODS FOR (SEMI.}
QUANTITATIVE GG.!ì'IS¡ ANALYSIS
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Calcuiation Methods for (Semi-) Quantitat'ìve GC-MS Analysis

A. Quantìtative determinat'ions in case of resolved GC peaks.

The quantity Q(i) of a compound i is de*"ermined by comparison of its FID

peak area AREA(i) rvith the peak area of an'internal standard AREA(IS):

(ì) Q(i) = AREA(if'¡ffi) 'RFID(i)

where RFID(i ) is a response factor wh'ich 'is determined by means of the
external standard method, 'i . e. 'introduci ng known arnounts of the compound ì

and of the internal standard into the gas chromatograph:

et RFID=ffi|
RFID values determined ln th'is study are reported in table l.

B, Semi-quant'itative determination in case of non-resolved GC peaks.

(3) AREA('i )

where k'is the TIC response factor of the internaì standard

M(IS) = ft'TIC(IS)

and RTIC('i ) is the relative TIC response factor of substance i

(6) RTrc(i) =ffi

In case of non-resoìveo GC peaks, each component i contributes an amount

AREA(ì) to the total area of the GC peak fAREA(i), which can be expressed
as a fract'ion ßi of this area' J

ßi , 
fAREA(j)

(4) ßi
AREA(i )

ìiAREA(i 
)

ßi can be determined by means of the total ion current (TIC) of component i
at'its GC elution rnaximum. This TIC value can, however, on'ly be determined to
the degree to which the mass spectra of the co-eluting substances differ
from each other. In the case of a co-eluting alkane and alky]benzene, ê.g.,
a fairly good separatìon is possible vlhereas coeluting alkanes or aìkyì-
benzenes in general cannot be separated.

The determinat'ion of ßi by means of the TiC vaìue'is based on the proportìon-
aì'ity of the number of moles M(i) of substance i and the corresponding TIC

val ue:

(51 M(i) k.RTIC(i).TIC('i )
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RTIC values are determined by the externaì standard method and table I

reports the values measured during this study.

Using
Q(i )

(MW = molecular weight), eq.

0) AREA(i )

wi th
c

Substituting eq. (5) in eq.

Mt^,l(ì ) . Þ1(j )

(l ) can be re-written:

= c, Ml^'l(i)' M(i )/RFID(j )

AREA( IS)= -¡F
(7) yieìds

and

AREA ( 
.i 

) k.c.Mtl(i ).TIC(i ).RTic (i )/RFID(i )

Mt,l(i ) ' TrC('i) . RTIC(i )/ RFID(i )
ß1 j . RTIC jMl'l .T(8)

C. Practical quant'ificatìon procedure

The measured GC peak areas are transformed into reìative quant'it'ies

QREL AREA . Q( iS)/ARIA( IS)

GC peaks are then analysed by means of the reconstructed ion chromatogram

for not resoìved peaks, for which TIC(i) vaìues are determined as far as

possìble and ßi-vaìues are calcuìated. Quantificat'ion of sampìe components

is performed by means of equat'ion

(e) Q(i ) ßi ' QREL' RFID(i)

w'ith ßi= 1

wi se.
for resolved GC peaks and calculated by means of eq. (8) other-

Table I SUBSTANCES or SUBSTANCE CLASSES RFID RTIC

n-alkanes (C7 - C12)

alkyì-benzenes (Cl - CO)

0.7.|
0.67

l.l0
I .81

l-bromo-aìkanes (C6, C9, C12) I .00 I .00

p-d'ichì oro-benzene
ì -butanoì
n-aìdehydes (C5 - C9)

l, 3, -di ch1 oro-propane
2 -ethoxy-ethanol
ethyì -acetate
trì chl oro-ethene
tetrach ì oro-ethene

I .02
I .03
t.?6
2.13
2.42
3.26
4.40
4. 35

t.4l
1 .56
?.17
I .87

il.ì
I .36
2.16
I .88
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IÌ'IV¿i\TORY SAMPI,E DESCRTFTICN FOR¡,I

us¿R 0eFiItÐ l{ur'r8ÊR

SiSLI0GRAPnY C00t

LASoRAIoRY rÁriE (.Sí j-,1,!P lË tV:!L,it'-:ì :pttÅlüR IDErii¡:cÀr::li

2
,*,T,BORATOR 

Y / OP TRAÏOR
iOENTiFICAIION

SAMPLING OATE.

SAI4PLING DURAT]ON

SAMPLING PROCEÛURE

i---:--!!-lillN0iNF0+ i{Or\¡lll YEÂR

tr
ito i i.¡F0'r

,rgj

n 'fr
.10 iNtj0+ aoce

3

4

5

ilc
:î ¡r0, GIi-r-] 'r: s,1iitPL i nG Drl RAil0¡l llr

irl

GÊÂ8 SA¡IPL: ? II¡IUIT3 IOURS IAIS

DESCIiP;i0t¡ r ; 1,J :C0E r./iir-131:ì

iliritli

SAMPLINC SITE ':iûti.tTIFICAIIoN N0 ifrFo+

SAMPL iNG S ITI CHARACTERIZAiION

. LOCATiON' tl
N0 I l{t

ü
,f0 tilF

r
0+ ìtJlìAL

P0s;Ät c00ã

5U8UR8AN

rl

t:I

LITII,IG DI¡¡I)IG

r:l rl
ctASSR00i\,1 0TH:l

ll

,

i-1U Ï?V ClOE
i {s ìJseÐ 0N c,¡RS )

'iR8Âil

',-]r_lO ÍRAFF:C clENSIÏY
0+ LÍGil f iRA!:í i 1,/ yicElA It T1 qÉ¡ : :,' P ¿;',''l iRAr: i :

O iNOUSÏRY

8. TYPT CF SUILOING

9. AGE OF BU:LDING

] O. ROOM TYPE

II. -LCOR LIVEL

1?. ,ROOM S iZEi HTIGHT

l¡0 I¡¡F0* N0 :l¡ousTaY i si¡lct:

tl r:l

r--'-:
ilio. ;0uäc:i t:iäl :i¡0usii'í,' 'iËrlvY llciis;îY

ñ I

-rtiì¿?I,IO i NFO+ RESIOI¡¡ TiAL SCH OO L

ií r0THÊl', 2rÉÀS: û:',É Ð sc,li?i:rfl

NIfHIft LASi 3 r40NTHS lFr:l 1973 !965 - 1973 lE t¿.

úI'-l tJ ',I

-ito I iIF0*
lJ- il I:
t¡\s IRUc i i 0t c05?Lf l¿l

i]RE I

i-j
-<¡i.r/nN0 ¡t¡F0* Klfc:i¿,\

HOBEY CORRICOR

lr
l\¡0 iNF0+ rBCVÉ GR0UtlC 8El-0r,¡ îÂ0Ul¡0

y2

.TO I NFO* .¡P9ROXI¡IAfE JiJRFÀCE IlT,I

3É0R00t iìilÐ!0,'lt¡ii:

:i IOI'IiÉ!ì I GiVE ¡ÉSCRIP I:¡N

rT
'l-:\i tL/SToRi'r(:l .:e0iiñ0 :!/:1 -)

l;r
ÀPÊR0Xi!AiE r0cr r::!1l,

c

13

01,¡LY IN CÅSt 0F S;l,ïPLIl,lG iN À

PRTVATE RESIOENCE I
¡t0 I NF0*

:12

APPR0X. r0f AL SURF'1Ct :R¿,1 IR. CF RC0l{S

,i¡

lR. ]F
iIIHÀ3IÍÂNfS

14.

tq

l¡0 I NF 0+

DURING LAST Tr¡iO HOURS f
BEFORE SAMPLINGT ,!o IììlFo*

]6. (I4TAN) T:MPTRATURTi -.I
iiUMfDITy DURING N0Tmo*

SAMPL I NG

VENTILATiONïYPst I t]
¡¡O II¡F']* TA TURAL

VTNTILAiiON STATUS

OURiNG SAMPLING. []
ÍINIi,{Ull+

i,tRctD

l-l
¡tAXIllUi'l,l

III.III{Uil* XAXI¡IU}I

0c

ii
]{iXED

:'i ÌER(qDIAI¿/NcnÍÀL

t:
: II TIPI{EOI Å ITi \ORIiAL

r-f¿
;rUl'lIDI lYI:TPTRAiURE

53



i7 . PEOPLE:

J 8. PËTS

I9. REIIOVATION:

20. CONSUTIER

PRODUCÏ5:

21 . SM0KitìG:

22. APPLiANCES:

24. HEALiH COMPLAINÏS:
space?

E
fl0 i NF 0*

rü
¡¡0 iNF0+ u¡tvENTt0 c0ltBUsIi

¡IO INFO+ NO

If YtS, were they related to
. cLIl,lAiE? i-l

no 
-Ti-Fo*

O ODOUR? J
!10 INF0*

Were peopìe present'in the sampììng space at any time during
sampì'ing (except during installation and withdrawal of the
sampl ìng cievice)?

-tl{0 I NF0* ¡¡0 s

Are there usually pets in the sampìing space?E rT
N0 I NFO* t¡0 YES

Which of the followìng modifjcations have been introduceci in 
"hesampìing space within che last two months before sampììng?

tl - l:l rl
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0ici anybody smoke'in the sampìing space durìng or with'in ttvo

hours before sampling?

Irltr
NO INFOT l{O YIS

Has any applìance been used in the sampling space during or
wi th'i n one hour bef ore samp I i ng gì v'i nq ri se to

O¡¡ PROOUCTS OÏIIER VOLTiTL c 0 r'rP 0u rt0 s

IN CASã OF IOIHER '/OLATILE CCI'IPOUNOS I , PL¿ IST, SPf CiF'I APPLIANCT
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sampling space?

T
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NO

tr
)t0

tl
YES

n
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Have heaì th compl a'i nts been associ ated wi th the sampì i ng

r
ft0
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YES
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I
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INDOOR POLLUTANT INVINTORY SAMPLE DTSCRIPTION FORM

. EXPLANATIONS AND COMMENÎS

Four types of data are requested in the sampìe description form

- ctata on the sample itseìf jncìuding sampl'ing and anaìysis procedures
(ìtems I - 6);

- data descrìb'ing physically the indoor space jn which the sample has

been taken including some 'information on its surroundìnEs
(items 7 - 17');

- data describing potentìa1 indoor sources of poìlutìon (items l8 - 23) and

- data reìated to comrort and heaith disturbances observed'in the samplìng

space (items 24 - '¿5) ,

iata are in generaì suppìied by cross'ìng one or severaì options or by fiìììng
'i n numbers or ¡ ames

0nly foritems 5 and 6 jnformation should be supplìed jn a coded forn.
Codes are def ined on ihe fol'low'ing pages. If no aporopriate code i s f ound,

a free description of the sampling procedure and,/or the method(s) appìied
in the analysis of the samp'le should be given in ihe appropriate spaces.

If for any ìtem no informat'ion is available, the respective'N0 INF0'field
shouìd be crossed.

Figures for hours and days (ìtem 4), surface areas (jtems l3 and l4) and

temperature and hum'idity (item l7) should be rounoed to nearest integers.
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SAMPLING PROCEDURE

Please spec'ify whìch method has been used for sampling by insert'ing
into the "CODE" field one of the fol lowìng codes:

bì¿nk no i nformati on avai I abl e

rll direct inrroduct'ion of an air sample'into the analytica'l
apparatus

O? air sample taken in a bag and subsequent direct 'introduction

into the analyticaì apparatus after transfer to the ìaboratory

'I 0 passi ve samp ì ì ng on carbon / sol vent extract'i on

20 adsorption on IENAX / thermal elution

21 arlsorption on Carbon Molecuìar Sierre / thermai elution

2? adsorption on IENAX + Carbon î(olecuìar Sieve /
t"hermal elution

23 adsorptìon cn active charcoal / solrrent extraction

24 adsorpt'ion on Polyurethane foam / solvent extract'ion

3i

1C
¿L

33

34

4l

40

lcw volume sampler / iilter extraction

low vol ume sampler / d'irect fi'lter analysi s

high volume sampler / fi'lter extraction

high voìume sampì er / direct filter analysis

low voìume sampler/fi lter + polyurethane foam/
sol vent extraction

high voìume_ sampìer / filter + po'lyurethane foam /
so I vent extract'i on

99 other
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ANALYT I CAL I'4ETHOD( S )

,:!ease specify the analytical method(s) by which the sarple has been

analysed usrng the codes defined belcw. lnsert the appropriete code(s)
in the "CODE" f ield(s).

blank no information available

01 coionimetnic analysis
02 spectrophotometric analysis
C3 fluonescence photometry (fixed wave lengrch)

04 spectrofluorimetry
05 infrared spedroscopy ( lR)
C6 Fourrier Transform' lnfrareci SpecËroscopv (FTIR)

02. chemi luminescence analysis

10 paper chromatography
;- i th i n I ayer chromatography (TLC )

20 9as chnomatography (GC)

31 GC-flane ionization detection (FlD)
22 GC-elestron capture detection (ECD)

23 GC-F lame phocometr ic cjetection (FPÐ )

U GC-FID-ECD

30 liquid chnomatography (LC).
j1 high perforrn€nce I iquid chromatognaphy (HPLC)

l2 HPLC - UV detection (UV)

33 HPLC - fluorescence detestion (FD)

3.1 HPLC - FD - UV

40 mðss spectnometny (MS)

-ti ca-MS

42 GC-FID-MS

43 HPLC.+iS

99 othen
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