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ABSTRACT

This report contains the results of a survey carried out on
15 homes in Northern Italy to evaluate the occurrence of 35
selected volatile organic compounds and of total veolatile
organics in indoor and in ambient (outdoor) air. Measure-
ments were carried out to determine also respirable sus-

pended particulates and ventilation rates.

The following results were obtained:

Single pollutant concentrations were found almost always
higher indoors than outdoors, frequently by an order cf
magnitude. Mean concentration cf total veolacile oxganics
was about 3 mg/m3 indoors, compared to about 0.4 mg/m3 out~-
doors. The large variations from home to home observed

for total volatile organic compounds in indoor air could
not be correlated with the 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 type.



RIASSUNTO

Questo rapporto contiene i risultati di un'indagine condotta su 15
abitazioni situate in Italia settentrionale, con la misura di 35
composti organici e del totale dei composti organici volatili nella
aria simultaneamente all'interno ed all'esterno delle case. Sono state
anche eseguite misure del pulviscolo (frazione respirabile) e della
velocita di ricambio d'aria.

I risultati principali di questa serie di misure sono i seguenti. Le
concentrazioni dei singoli composti all'interno sono gquasi sempre pia
alte che all'esternc, spesso di un ordine di grandezza. La concen-
trazione media del totale dei composti organici volatili risulta

3 mg/m3 all'interno, contro 0,4 mg/m3 all'esterno. Le grandi varia-
zioni da casa a casa, osservate per quest'ultimo parametro, non sono
correlabili con i valori misurati della velocita minima di ricambio
dell'aria. Un'analisi dettagliata, mediante gas-cromatografia-spettro-
metria di massa, effettuata su sei campioni prelevati all'interno,

ha permesso di identificare un numero molto maggiore di composti (pia
di 100 in due casi). La presenza di alcuni composti ha potuto essere
attribuita a materiali da costruzione/arredamento ed a prodotti di

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

"solvente".
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I. INTRODUCTION

During the last years, among those actively involved in the measurement
of air pollution, the awareness has grown that the pollutant concen-
trations observed in the outdoor atmosphere are not representative for
the indoor air, at least for many pollutants and particularly for vola-
tile organic compounds. The fact that people spend most of their time
indoors (at home or work or school) indicates that '"to understand (...)
realth effects of air pollutants, total human exposure - including in-—

door as well as outdoor exposure - must be considered" (1].

With the exception of formaldehyde for the time being only few data
exist on the indoor occurrence of a wide range of volatile organic
compounds (VOC's) and the indoor/outdoor concentration ratios [2-6]

All these data have been collected in Northern Europe. Very recently
further data on selected volatile organic compounds measured in the USA
have been published [7,8 ] . All 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 available. Five apartments and nine detached (single
family) houses have been selected for this study and include residences
in urban areas (four), suburban areas (seven) and rural areas (three)

and exposed to high (three), intermediate (six) and low (five) traffic

density. The houses were built in part before 1973 (seven) and in part



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

two months before sampling. Measurements and sampling were performed
in the living room, keeping, as far as practicable, the sampling
devices apart from known or suspect sources. One sample was collec-
ted in an attic and another one in an administration building of

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

tion by indoor air pollution.

The survey took place during 1983 and beginning of 1984



IT. EXFERIMENTAL

1. Sampling and analysis of volatile organic compounds (VOC)

a. Carbonyl compounds

Carbonyl compounds were determined through their reaction with dinitro-
phenylhydrazine (DNHP) as described in reference [9]. The only modi-
fication was the substitution of the proton donor acid: The proposed
1 N HCl04 was replaced by 10 N H3PO4 to increase the velocity of the

derivatization of ketones.

DNPH was dissolved in purified acetonitrile {625 ug DNPH/ml) and stored
at -20°C. Immediately before analysis, two impingers were filled with
15 ml of the DNPH solution and 250 ul of 10 N H3PO4. An air volume of
up to 50 1 was sucked by a personal pump at a flow rate of 0.8 1/min
through the two impingers in series. The content of each impinger was
reduced to 3 ml by evaporation under vacuum and 5 pyl cf the concentra-
ted solution injected directly in a LC column. The detailed analytical
conditions are the following:
- Beckman chromatograph (two solvent delivery pumps mod. 112, mod. 421
controller, Rheodyne 7410 sampling valve);
- Hewlett Packard 1040 A LC UV detection system;
- Two HPLC columns, 25 x 0.46 cm each, filled with Supelcosil RP-18
5 p  (Supelco);
- Liquid gradient starting with 50% CH3CN in water and increasing up
to 90% CH3CN in 40 min.

The detection limit is 2 ppb.

The first four homes were sampled with 3 M type OVM-3500 passive sam-
plers'which were eluted with 2 ml of CS2 and the eluate used both for
FID and ECD-GC analysis. These samplers were successively replaced by
Tenax cartridges to increase sensitivity for the detection 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 levels) studies, which resulted from
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test experiments performed in the meantime [10].

Two samplers were exposed for periods between 4 and 7 days simultaneous-
ly indoors and outdoors; in the case of Tenax cartridges (1 g), small
constant flow personal pumps were used with a total sample volume of

3 - 15 1 indoors and 15 - 30 1 outdoors. The sampled vapours were eluted
thermally (2500C), condensed in an intermediate cryogenic trap (glass-
lined tube immersed in liquid N,) and injected by flash heating of the
latter. This sampling procedure is quantitative for compounds with
boiling point ;:7OOC (n-hexane) when the air volume is £ 10 1; in the
case of outdoor samples, therefore, the n-hexane concentrations may be

underestimated.

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

5880 GC, under programmed temperature condition (4°C/min) from O to
280°C, with a 25 m, 0.3 mm id/glass column, coated with 1.1 pm of OV-1
phase. Qualitative and quantitative results were based, besides analy-
sis of appropriate reference mixtures, also on internal addition of

four bromo-alkanes (C3, C6, C9 and C12) which were used as markers for
the calculations of retention indices. Previous experience [11] had
shown that this is a valuable identification tocl; however GC-MS confir-
mation was used whenever a reasonable doubt arose. The value of "total
volatile organics" was obtained expressing the total integrated FID

signal in hydrocarbon equivalents.

Tenax sampling and thermal elution was alsc used for GC-MS analysis.
In this case a split interface at the outlet of the analytical GC co-
lumn divided the sample flow between a FID and the mass spectrometer.
A Varian model 2700 gas chromatograph, equipped with a constant flow
requlator and a 25 m persilylated, OV-1 coated (1.1 um film thickness)
glass capillary column, was linked to a Ribermag R 10-10 gquadrupole
mass spectrometer. A Finnigan Incos data system controlled the MS scan
and data acquisition. The FID was connected to a Hewlett Packard model
3390 recording integrator. The analysis report of the integrator was

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

system.



Compound identification was based on wmass spectra and retention indices,
catculated by means of a method described elsewhere [11], based on in-

ternal standards and a reference mixture cr.romatogram.

Quantitative determinations were performed by means of the FID signal
using internal standards (l-bromohexane, -nonane, -dodecane) and res-
ponse factors for different compounds or compound classes. In case of
not resolved GC peaks the MS signal was used to estimate the relative
contributions of the different unresolved components, if 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.

~. Halogenated hydrocartons

in parallel with Tenax samplers, other samplers were run to collect
organic vapours for the analysis of halogenated hydrocarbons. The sam-
plers used for this purpose were charcoal tubes manufactured by SKC
following NIOSH recommendations, containing 150 mg of adsorbant; air
flow rate and total volume were similar to those adopted with Tenax
sampling. However, due to insufficient number of low flow pumps, part
of these samples were collected using small personal pumps with a flow
rate of about 30 cm3/min; to keep the total filtered air volume within
a safe limit, i.e. avoiding breakthrough for the more volatile compounds,
these pumps were activated intermittently (e.g. 15 minutes each hour).
The charcoal tubes were eluted with 2 ml C82 and 0.5 yl of the solution
injected in the GC through an on-column injector. The instrument used
was a Carlc Erba mod. 4160, equipped with a Ni-63 ECD, a constant flow
dcvice and with a column identical to that described in the last para-
graph. The temperature was programmed linearly from 35 to 280°C (4OC/
min). The detector was connected with a Hewlett Packard mod. 3390 re-
éording integrator. Peak identification and quantitation were carried

out as described for volatiles sampled on Tenax.



2. Measurement of respirable suspended particulate (RSP)

When visiting the homes to install samplers, RSP measurements were car-
ried out by means of a portable instrument manufactured by TSI Inc.,

St. Paul, Mn., USA, and named Piezobalanchmod. 3500. The instrument
basicaily consists of an impactor which cuts off the particles larger
than 2.5 um and of an electrostatic precipitator which deposits the
particles on the sensing crystal; this converts the weight into a change
of its basic frequency. The sensitivity of this measurement is 0.0l mg/m3

at an integration time of 2 minutes,

The response of this instrument was compared with that of a portable
nephelometer, the RAM-1 manufactured by the GCA Corp. (Bedford, Mass.,
USA). The comparison was made measuring with both instruments the RSP
in different days in our laboratory and outdoors. Within the concen-
tration range found (0 - 100 ug/m3) the discrepancy was on the average
30%, with fluctuations in both directions, which can be considered

acceptable at this concentration level.

3. Measurement of ventilation rate

Since the sampling of organic volatiles was carried out over 4 - 7 day
periods under real life conditions, i.e. doors and windows were opened
and closed in an irreqular way, ventilation rates varied also throughout
the sampling period. No means were, however, available to monitor ven-
tilaticn rates as a function of time. Considering the important influ-
ence of ventilation on indoor air quality it was decided to measure at
least the minimum ventilation rates, i.e. the ventilation rates at
closed windows and doors, in all homes included in the study.

3 of SFg (already diluted in 1 - 10 1 of pure air) was re-

About 1 cm
ieased throughout the house and after a delay for complete mixing, air
samples were taken at 20 - 30 minute intervals for 2 hours in the room
where sampling for indoor pollutants was under way. SF6 concentration

in the samples was successively determined by GC-ECD using a molecular

sieve column: the slope of a semilogarithmic plot of the concentration



decrease {due to dilution with outdoor air) versus time corresponds

imnediately to the ventilation rate, in terms of air changes/hour.




III. RESULTS

1. Indoor and outdoor concentrations of VOC

Results of the measurements of indoor and outdoor concentrations of the
35 compounds selected for this part of the study are reported for each
sampling site in Table 1 and are surmarized in Tables 2 and 3. As
mentioned in the analytical section, reported values are 4 - 7 day
averages with the exception of RSP, which is an instantaneous value,
and of the carbonyl compounds formaldehyde, acetaldehyde, butanal,

acetone and butanone-2, the values of which are 1 hour averages.

a. Carbonyl compounds

et e o T e e e e e et o

Three compounds were observed in all homes (see Table 1), i.e. formal-
dehyde, acetaldehyde and acetone, with mean indoor concentrations of
29, 16 and 40 ug/m3, respectively, and mean indoor/outdoor ratios of
4.9, 4.9 and 6.4 (see Table 2). Higher aldehydes, in particular hexa-
nal and nonanal, and ketones (butanone-2) were cbserved in the majority
of the homes, even at concentrations higher than those of formaldehyde.
Moreover, in some homes the occurrence of propanal, hexanone and

cyclohexanone was observed.

b. Hydrocarbons

The complete series of n-alkanes from C6 to Cq13 has been measured in
almost all homes (see Table 1), with mean concentrations in the range
of 10 - 100 ug/m3. There seem to be two types of compound distributions
and hence presumably two distinct sources: one with prevalence of the
lighter alkanes (Cg - C8), and the other with prevalence of the fraction
between Cq and Cqy1- The mean indoor/outdoor ratio (see Table 2) is

between 5 and 12,

Benzene and the 6 alkyl derivatives selected for this study, have been
measured in all the homes (with few exceptions) at levels sometimes

higher than the alkanes (see Tables 1 and 2). Toluene is in general the
highest in this group of compounds and the sum of meta- and para-xylene

is generally second in the ranking.



A third group of miscellaneous hydrocarbons observed in this study in-
<iudes limonene and a-pinene, most frequent and with highest concen-
trations on the average, and naphtaiene wh.ch is found in about 50%

of the homes at a much lower mean concentration. B-pinene has been only

orccasionally found.

c. Halogenated hydrocarbons

Eight compounds are listed in Table 1; four out of these have been ob-
served in all the homes: 1.1.1.trichlorocethane, carbon tetrachloride
(which is below detection limit only in the JRC administration building),
trichloro-ethylene, tetrachloroethylene. In addition, trichlorofluoro-
methane (F-11) and dichlorcmethane are found in some cases at rather
high (the latter even at very high) concentrations, due to its use as
% propellant in spray products. Also 1.4 dichlorobenzene, constituent
>L antiodorant and antimoth products, is found in most homes. Except
dichloromethane, the mean indoor concentrations of the compounds mea-
sured range between 10 and 100 ug/m3; the mean indoor/cutdoor ratio,
in the cases where both values were above the detecticn limit, is be-

tween 1.3 and 22.

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

In parallel to the indoor/outdoor measurements of selected compounds
six indoor air samples have been analysed in detail by GC-MS with the
scope of obtaining a more complete picture of organic indoor air pollu-
tion and also to confirm uncertain identifications in particularly

complex samples encountered during the indoor/outdoor study.

Due to the applied sampling procedure (Tenax adsorption columns, ther-
mal elution) these measurements are limited to thermally stable com-
pounds with boiling points A 70°C (n-hexane). Moreover, very polar and
in particular basic compounds tend to be not eluted as a sharp peak
from the OV-1 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



and cycloalkanes, terpenes, benzene and alkylbenzenes, other aromatic
hydrocarbons, chlorinated hydrocarbons, aliphatic aldehydes, and other

oxygen containing compounds.

Alkanes

Concentration values are given only for normal (straight chain) alkanes
and the sum of all isomers with a given carbon number. No effort has
been made to identify the exact configuration of branched alkane iso-
mers. Alkane concentrations vary within a wide range (more than two
orders of magnitude). In the case of high concentrations Cg to Cyjp iso-
mers are predominant, which probably originate. from petroleum dis-
tillate fractions used as solvents. Whereas in general the n-alkanes

are the most prominent single compounds,in space A (JRC office building)
only branched alkanes were present. So long no source for these branched

alkanes could be identified.

Olefins and cycloalkanes

Cyclohexanes are the most frequently occurring unsaturated hydro-
carbons. Concentrations of unsaturated hydrocarbons are always lower
than those of saturated ones but show similar mclecular weight distri-

butions pointing to similar sources.

Terpenes

As already evidenced in the indoor/outdoor study, alpha-pinene and
limonene are frequently found in indoor air. Delta-3-carene found in
space B (which is identical with home Nr. 6 in the indoor/outdoor study)
is, together with alpha-pinene, a major emission product of pine trees
[12] and confirms the finding that freshly intrnduced pinewood furni-

ture was an important pollution source in this space (see section 6).

Benzene and alkylbenzenes

Alkylbenzenes like alkanes, wccur generally in complex mixtures, which

print also to petroleum distillate fractions as their origin. Dif-

ferent distributions have been found with maximum concentrations of

10



toluene, of the groups of Cy; - Cj ard cf cﬂ~substituted benzenes. The

r-tzl concentration of alkylbenzenes may even exceed that of alkanes.

Other aromatic hydrocarbons occur only in
concentrations which are an order of magnitude smaller than those of
alkylbenzenes. There appears to be a correlatiocn between these two
groups of compounds which points to a common source. Naphtalene and
related compounds (tetralin and methyl-naphtalenes) are the most im-

portant members of this group.

Chlorinated hydrocarbons occur consistently

as indoor air pollutants. Among the more frequently found compounds

are 1,2-dichloropropane, tri- and tetrachloroethylene, which are typi-
<=1 solvents used for cleaning purposes, and 1,4-dichlorobenzene, which

t.as different applications in household products (see section 6).

Aliphatic aldehydes (> Cg)

among the higher aliphatic aldehydes hexanal i3 the most recurrent one.
Heptanal through decanal appear: to be emitted together with an emis-

sion maximum for nonanal.

Othercr (oxygen containing) compounds

A number of further compounds which all contain 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-ethyl-acetate is the most frequently occurring one. Also these
compounds are all used as solvents. The same is true for cyclohexanone.
Cyclic siloxanes are decomposition products of silicon oils and greases
of widespread use. Since they may be also released from 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.
light with Tenax [13]. Since neither ozone nor u.v. light have been
monitored during sampling, an artifact cannot be excluded, though both
in general do not occur indoors in appreciable concentrations. On the

other hand, it is not known whether NO, may have a similar effect.

11



3. Indoor and outdoor concentration of respirable particulate (RSP)

These data are less representative than those referring to organic va-
pours because they are quasi instantaneous values and do not indicate
weekly means. The RSP concentrations observed (see Tables 1 and 2)
range between 40 and 140 ug/m3 in indoor air and between 20 and 210
outdoors. This highest value was measured in the centre of a town

(home 1 - Gallarate). The only other case of outdoor concentration sig-
nificantly higher than the indoor concentration is that of a home lo-
cated in a rural area where the measurement was made during meadow

mowing.

The 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 smoking is practised in 2/3 of the homes, the mean
concentration of RSP is the same in homes with smokers (75 +* 37 ug/m3)
and without smokers (78 # 28 ug/m3). This fact can most probably be
explained considering that RSP measurements were made (quasi instan-
taneously as said above) during working hours, when part of the inhabi-

tants were absent.

4., Ventilation rates

The results of this type of measurements are reported in Tables 1 and 4.
The values range between 0.16 and 1.4 air changes/hour, with a mean of
0.63. As already pointed out in the experimental section, these values
are not representative of mean conditions where more or less frequent
opening of windows and doors occurs, but indicate the value of mini-

mum exchange (at theclimatologic conditions of the measurements) between
indoor and outdoor air, due to the so-called "l¢ kage area", i.e. the

sum of all small openings in and along the border of windows and doors,

in the walls, etc.

In Table 5 the indoor-outdoor temperature difference is given for
each home. These values were obtained from the mean of the continuous

record indoors and from the mean of two readings outdoors (on the first

12



and cn the last day of the sampling period). Despite this approxima-
ticn and especially despite the fact that different homes are dealt
with, a positive correlation appears Letween temperature difference
and veatilation rate (see Fig. 2). Tne least-square line of this corre-

laticn is
-1 5
y(h 7)) = 0.13 + 0.042 x tc)
with a correlation cocefficient r = (.663.

5. Complementary characterization eof sampling spaces

For each home visited, a questionnaire was filled in with the scope of
collecting information which could be useful in interpreting the analy-
“-~al data. This questionnaire, which is reproduced in Annex 2, was
developed within a working group of scientists from different countries
of the European Community, experienced in indoor air quality, who meet
periodically for cooperation in this field. From the questionnaires,
the following data are worth reporting here (in addition to those al-

ready given in the Introduction):

Cigarette smoking: is practised in 65% of the homes (10 out of 15).

Unvented gas appliances (for cooking): are used in all the homes (ex-

cluded the JRC administration building).

6. Source identification

The identification of materials or activities releasing specific com-
pouids has not been undertaken systematically in the framework of this
investigation. However, an effort was made to identify a few sources,
giving rise to the occurrence in indoor air of some compounds observed
in certain homes at particularly high concentrations. The attempt to
identify sources was based on the one side on the information gathered
through the questionnaires, in some cases complemented by ad hoc inter-
views, and on the other side on head-space GC and GC-MS analyses of the

suspected materials or household products.

13



The results of this work are summarized in Table 6. Dichloromethane
which was observed in two homes at concentrations of 3 and 5 mg/m3 was
positively identified as the major constituent (> 90%, propellant) of

a hair spray which was daily used in the homes. The compound is a sub-
stitute for traditional propellants (fluorotrichloromethane or F-11

and difluorodichloromethane or F-12), which are being abandoned because
of their suspected effects on the stratospheric ozone layer. The pre-
sence of 1,4-dichlorobenzene was found associated with anti-moth tablets

and the same is true for naphtalene.

The high value of alpha-pinene in home 6 (Table 1), respectively in
space B (Table 4) and in home 13 (Table 1) was due to new furniture and
wall panels made of conifer wood. Head space analyses of different wood
samples showed that alpha-pinene may account for up to 80% of the
emitted volatile organic compounds. Another contribution to alpha-pinene
in indoor air originates from certain products for the preservation and
polishing of wooden furniture. Delta-3-carene, alsc found in space B
(Table 4) is a major emission product of living pine tree [12] and was
probably emitted by a new pine wood table. Limonene is emitted only

to a minor degree by most conifer trees. An important source of this
terpene compounds, which was frequently detected at concentrations up
to 0.5 mg/m3, are kitchen detergents with addition of lemon flavour,

as strongly advertised on the product labels. Head-space sampling on
Tenax and GC analysis of such detergents indicated that limonene may
represent from 50 to 80% of the volatile organic compounds released by

these materials.

Complex mixtures of Cg to Cip alkanes and C2 to Cg alkylbenzenes are
emitted by waxes and polishes for floor and furn’*ure treatment.
They probably originate from petroleum distillate fractions used as

_solvents in these products.



IV. DISCUSSION

The main results of this survey have been synthesized in Table 7

and in Figures 3 to 5, aggregating the data intc compound classes.

In Table 7 rough estimates of population and traffic density at the

different sampling sites are also reported. No clear correlation appears

between these parameters and the outdoor ccncentrations of the various

compound classes. However, this finding is not surprising if the fol-

lowing facts are considered:

a) the home sample is small;

b) no large urban area is represented, Varese and Gallarate having less
than 100 thousand inhabitants. Even some cf the samples collected in
these two centers refer to homes located in the suburbs (Nr. 10 and

14) or at the 9th flcor of one of the rare high rise buildings (Nr.3);

[p)
~-

the samples have been collected in different seasons, so that the
effects of winter heating and of meteorological dispersicn contribute

to the variability of outdocr concentrations.

The most important finding of this study is that indocr concentra-
tions of a wide range of volatile organic compounds are consistently
higher or even much higher than outdoor concentrations. This 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 two groups of sources have been taken into conside-

ration: building materials and combusticn processes including smoking.

Histcrically, formaldehyde, a pollutant originating from building mate-
rials, has first raised the issue of indoor air guality in Northern

Europe. Formaldehyde has been emitted in acutely disturbing quantities
from particle board and from urea-formaldehyde fome, widely used in the
early 70's in energy efficient buildings in these countries. As a con-
sequence, attention was focused on building materials as major sources
of indoor air pollution, which - as a further consequence - was consi-

dered essentially a problem of new buildings or of buildings refitted

15



in an znergy efficient way.

In the second half of the 70's a new concern was raised about combustion
processes as important indoor sources of NO, and particles. This concern
originated in the U.S.A., where many laboratories had been involved in
outdcor air monitoring of these criteria pollutants and then, in part,

switched to indoor air monitoring.

Looking at the results of the present study focused on volatile organic
compounds, a third group of sources appears to be of importance: con-

sumer products. This group of sources is characterized by two major

features:
- they emit mainly organic pollutants;

- they occur in all types of buildings, old as well as new ones.

The first feature is the major reason why until now little attention
has heen paid to these sources: analysis of organic vollutants is com-
plex and expensive. Results of this study show that most of the orga-
nic indoor pollutants can be grouped under the broad denomination of
"solvent type compounds", which includes alkanes, benzene and its alkyl
derivatives, halogenated hydrocarbons, alcohols, alkoxy-alcohols and
their acetic acid esters, and ketones. Some of their major sources are
paints, wood impregnants, glues, cleaning agents, liquid waxes and

polishes.

All these sources are consumer products of large use. In fact, paints,
wood impregnants and glues might also be classified as building mate-
rials. We prefer, however, their classification as consumer products
since

- they are widely used in old buildings;

- thev are also used for "do it yourself" and hobby activities,

and we prefer to limit in this context the term building materials to
products used for new constructions or basic modifications of buildings

only, but not for ordinary maintenance or renovation.
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Building materials according to this defirition differ much more in

¢ifferent regions, e.g. in Northern and Southern Eurcope, than consumer

products, which in general are distriputed all over the Common Market.

Consequently, indoor air pollution by emissions of consumer products

can be expected to show less variation between different regions than

that by emission of building materials. This is confirmed by two £findings

of the present study:

a) The measured indoor levels of formaldehyde (see Table 1) are all well

o

)

below 120 ug/m3, a concentration which is considered the limit for
acute effects (irritation), but which has often been exceeded in
Northern Europe. In fact, particle board and urea formaldehyde foam,
the major sources of high formaldehyde levels, are not used to an
appreciable extent as building materials in Northern Italy. Anyway,
formaldehyde concentrations measured in this study are indcors still
consistently higher than outdoors, with a mean indoor/outdoor ratio
of 4.9 (see Table 3), indicating the presence of indoor sources.
However, it was not yet possible to identify all related sources.

In some cases combustion processes (gas appliances) made some con-
tribution but did not account for a major portion of the detected
concentraticns.

All other volatile organic compounds reported as indoor pollutants
in the four studies published until now [2-6] and performed in Nor-
thern Europe have also been detected in this study at comparable or
higher concentrations. In addition to solvent constituents, limonene
and 1,4-dichlorobenzene had been reported earlier. Limonene has been
shown in this study to originate mainly from detergents to which

it is added as odorant. !,4-dichlorobenzene is used in anti-moth pro-
ducts and in deodorant products. All these sources are typical con-

sumer products.

Further sources identified in this study and reported in Table 6 are

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

been used for furnishing and wall panels.

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

concrete for residential constructions in Northern Italy, no major

17

G

archs

e
EaA

L
DR

3
"

= o
TN |

ciation

IOV
AW

1
L]
S |

B

'~
it
v -




contribution of building materials in the above defined sense may be
expected. Since building materials will 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, immediately after the occupants moved
in and two months later. However, 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 wood of conifers as source which had been
used in the construction of windows and doors, and to cover the ceilings
of two rooms. The concentrations of other compounds like most halo-
carbons and hexanal, increased however, pointing clearly to consumer
products as sources. It should be mentioned that, anyway, only the
concentration of alpha pinene exceeds the range of concentrations mea-

sured in the older buildings.

In Fig. 6 the values of total volatile organic compounds (TVOC) and of
respirable suspended particulates (RSP) have been plotted for each home
versus the minimum air exchange rates measured with the SFg dilution
technique. The lack of correlation which appears looking at the figure
was also confirmed by calculations: in the case of TVOC a correlation
equation with a negative slope is obtaired (i.e. decrease of the con-
centration increasing the exchange rate), but the correlation coefficient
is very small (r = 0.164). This finding suggests that for TVOC the in-
fluence of source variability and of human behaviour (e.g. opening of
windows and doors) on indoor pollution prevails over that of the minimum
air exchange rates due to infiltration. In the case of RSP the corre-
lation is higher (r = 0.514), and the equation obtained has a positive
slope {(i.e. increase of the concentration increasing the exchange rate).
The latter fact can be interpreted in the sense that outdoor sources

are more important for RSP than for TVOC in determining indoor concen-
trations; this appears also from the indoor/outdoor ratios (see Table 3)

which are much smaller for RSP 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



fespite the age of the building (construction before 1940) and despite
the highest outdoor concentration cbserved in this study, the indoor
concentration was much higher, even for cecmpounds typical for car
exhaust. Since the outdoor sample had been taken on a balcony 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 the

traffic than the latter. In order to test this hypothesis new measure-

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

in September 1984. In contrast to the previous measurements performed

in January, however, two indoor and two outdoor samples were taken over

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

the rear (yard) side of the house. The analytical results of these sam-

ples are presented in Table 8, together with the results obtained in

January. Some evident features are:

- the street concentrations are 2-3 times higher than the yard concen-
trations, except for heavier alkanes which are at the same level;

- the two indoor samples, substantially identical, show concentrations
intermediate between the two outdoor samples, except for alkanes
heavier than octane and for terpenes, which are higher than both out-

door samples.

If the data of September are compared with those of January, it appears
that in the September samples the concentrations both indoors and out-
doors (considering only the yard values) were much lower than in Janu-
ary: if the concentrations of total volatile organic compounds are
compared the ratio January/September is 7 indoors and 4 outdoors. But
if we examine the single compounds we find indoor ratios between 10 and
15 for some of them (even 76 for limonene), whereas the outdoor ratios

fluctuate between roughly 3 and 5.

This complex pattern can be partly unravelled considering the following
aspects. During the September sampling the windows remained open part
of the time, but this, of course, was not the case in January. A liquid
floor wax is applied about once per month: this probably happened

shortly before the January sampling and certainly not in September.

19



The two facts can explain the difference between the indoor concentra-
tions and the particularly large difference observed for the heavier
alkanes and terpenes, typical wax constituents. The contribution of
heating to outdoor pollution in January and a probably smaller dilution
of car exhaust gases at the same time could explain the large difference

in outdoor concentrations between January and September.
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Y. SOME COMMENTS ON POTENTIAL HEALTH IMPLICATIONS

For the time being nearly no data are available which would allow an
assessment of the findings of this study with respect to potential health
implications. In principle, three major effects are conceivable:

- acute effects, in particular eye and airway irritation;

- chronic intoxication;

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

Acute effects

For none of the detected compounds acute effects are known at the con-
centration levels reported here, though many of them may act as irritants
at higher concentrations (e.g. aldehydes, terpenes). However, recent hu-
man exposure studies on the irritation by typical indoor mixtures of
organic pollutants indicate that such mixtures may influence performance
of susceptible individuals already at levels of total concentration as
low as 5 mg/m3 [14], a level which has been c¢xceeded in five of the

15 houses studied (see Table 1). It is, however, not yet clear how far

the composition of the mixture influences the irritation potential.

Chronic intoxication

The only data which may give hints to potential chronic effects of the
compounds detected in indoor air are occupational exposure limits. The
highest indoor concentrations cobserved in this study are at least 1000
times lower than the Occupational Exposure Limits for all the compounds,
except formaldehyde, dichloromethane and benzene, for which the maximum
concentrations are roughly 100 times lower than the corresponding limits.
However, these limit values have been established:
- for healthy adults, whereas the population exposed to indoor air pol-
lution includes children, pregnant women, aged and ill persons;
- for an exposure time of 40-45 hours per week, .or about 25% of the
total time, whereas recent studies on the time budget of the popula-
tion in industrialized countries have shown that the time spent indoors

is between 21 and 23 hours/day or about 90% of the total [15];
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- taking into account only effects of each compound on its own, whereas
indoor environments are characterized by the presence of complex mix-
tures of many pollutants. An appropriate exposure evaluation in these
cases would require not only the addition of all the single contribu-
tions, but also a careful investigation of the possible synergistic
effects, i.e. of the mechanisms through which the adverse effect of

orne compound is enhanced by the simultaneous occurrence of others.

For all these reasons, Occupational Exposure Limits are not an adequate

reference for the evaluation of the risks due to indoor pollution.

Cancer induction or promotion

Some of the compounds observed most frequently and at higher concentra-
tions in indoor air have been demonstrated to be carcinogenic in animals
and one, benzene, also in man. Table 9 gsummarizes some information

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

of potential carcinogenic properties of a compound.
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VI.

CONCLUSIONS

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

organic compounds leads to the following conclusions:

a)

b)

d)

Indoor concentrations are always higher and frequently much higher
than outdoor concentrations.

Most detected compounds are of the solvent type (released from paints,
wood impregnants, glues, cleaning agents, liquid waxes and polishes,
hobby products). Others are deodorants or disinfectants.

Besides building materials and combustion processes consumer products
are an important source of volatile organic compounds in indoor en-
vironments. In fact, in the cases included in this study, consumer
products (including paints, wood impregnants and glues) appear to be
the most important source.

Pollutant concentrations essentially 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
pollution is dominating. Consequently, any effort to reduce indoor
air pollution by VOC's should concentrate on the control of their

sources rather than of minimum ventilation rates.

"
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TABLE 1 - Results of indoor-outdoor measurements (ug/m3) (for each home the tirst
column refers to indoor air and the second column to outdoor air)

home number 1 2 3 4

home type apartment detached house apartment apartment
location {month of sampling) Gallarate (5) Laveno-Momb. (3) Varese (3) Arona (6)

air exchange rate (h™1) 1.3 1.4 0.69 0.31

respirable susp. part. 110 210 140 - 70 - 60 20
total volatile organics?@ 960 400 320 220 240 180 190 180
formaldehyde 52 3 20 8 9 2 74 10
acetaldehyde 21 2 22 4 2 4 9 19
butanal <1 <1 <1 <1 1 <1 7 10
hexanal 28 2 < 2 < 2 2 <2 5 2
nonanal 82 9 <2 <2 17 < 2 3] 2
aceto.,e 16 8 55 < 2 3 <2 14 7
Lutanone-2 5 2 4 < 2 <2 < 2 <2 <2
trichlorofluorome thane 19 8 - - - = - -
aichloromethane 390 10 <10 <10 <10 <10 <10 <10
chloroform <1 <1 <1 <1 < 1 <1 <1 1
1.1.1. trichloroethane 20 3 6 ? 0 7 4 4
carbontetrachloride 4 <1 3 2 2 3 4 5
trichloroethylene 14 | 1 1 8 8 4 5
tetrachloroethylene 33 4 8 4 12 i6 9 5
1.4-dichlorobenzene 23 2 <10 <10 <10 <10 200 <10
n-hexane 9 10 30 25 14 17 14 20
n-heptane 3 4 12 3 8 ' 8 11 10
n-octane 3 3 14 1 2 1 <1 <1
n-nonane 2 2 3 <1 <1 <1 1 <1
n-decane 4 3 5 2 3 2 2 3
n-undecane 4 3 2 <1 1 1 1 1
n-dodecane 5 2 5 <1 1 i <1 1
n-tridecane 3 1 <1 <1 1 1 < 1 1
benzene 9 13 11 7 16 14 17 13
toluene 55 47 82 14 36 25 38 31
ethylbenzene 5 7 < 2 < 2 <2 <2 ) 4
1.3-xylene + 1.4-xylene 36 23 14 4 29 20 17 11
1.2-xylene 17 11 6 2 13 7 10 4
1.3.5~trimethylbenzene 4 4 <1 - <2 <2 2 <1
1.2.4-trimethylbenzene 10 12 - - - - 7 <1
o-pinene 4 <1 == - - - = -
f-pinene <1 <1 - - - - = -
limonene 300 < 1 30 <1 95 11 13 <1
naphtalene 9 <1 - - - - 1

a: hydrocarbon equivalent (FID response) of volatile organics trapped on Tenex (i.e.
with boiling point 3 70°C)

b: with air conditioning

Cc: branched alkanes
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TABLE 1 - zont.

home number 5 6 7 8
home type office detached house detached house detached house
location (month of sampling) JRC-Ispra (5) Ispra (7) Taino (10) Ispra (10)
air exchange rate (h-1l) 0.69 (1.1)P 0.24 0.45 0.16
respirable susp. part. 130 10 40 20 110 70 40 30
total volatile crganics?@ 9400 210 7100 200 5200 340 1900 180
formaldehyde 35 11 50 5 31 3 41 4
acetaldehyde 29 3 1 <1 9 1 48 2
pbutanal <1 1 34 6 | 1 < 1 1
hexanal 6 2 53 2 5 2 < 2 2
nonanal < 2 2 <2 <2 19 < 2 < 2 2
azetone 9 3 24 11 5 <2 42 6
butanone-2 < 2 <2 <2 <2 6 12 30 4
tricnlorofluoromethane 1 <1 - - 230 4 12 6
dichlorome thane <10 <10 <10 <10 5000 <10 360 5
chloroform <1 <1 1 <1 15 3 <1 1
1.1.1l. trichicoroethane 7 <1 4 5 6C 28 7 5
carbontetrachloride <1 <1 11 4 10 8 7 5
zrichloroethylene 3 <1 3 3 12 6 7 6
tetrachloroethylene 3 1 3 3 20 8 10 9
1.4-dichlorobenzene <5 < 5§ 130 <10 67 < 2 <10 < §
“-hexane 3 2 45 25 590 20 10 4
n-heptane 1 <1 3 <5 15 7 3 1
n~octane 4 - 6 <5 3 3 2 < 1
n-nonane _ 200¢ 2 165 < 5 12 4 4 2
n-decane 340 6 1100 < 5 5 4 4 2
n-undecane 104¢ 3 950 < 5 9 2 3 1
n-dodecane 4 < 1 220 < 5 1 <1 3 <1
n-tridecane 2 < 1 20 < 5 <1 <1 <1 <1
penzene 5 3 67 11 63 46 23 11
toluene 17 3 150 24 120 56 93 16
athylbenzene 2 <1 33 9 7 6 8 3
1.3-xylene + 1.4-xylene 6 3 120 8 17 19 22 7
1,2-xylene 8 1 28 < 5 11 <1 4 3
1.3.5-trimethylbenzene 3 <1 - - 3 3 5 2
1.2.4-trimethylbenzene <1 2 - . 7 3 10 3
u~plnene <1 <1 350 < 5 23 12 47 2
-pinene <1 <1 - - 9 2 12 1
1l imonene 170 3 45 < 5 40 1 43 < 1
naphtalene 3 <1 = - 4 | <1 <1
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Table 1 - <ont.

home number 9 10 11 12
home Lype detached house detached house detached house detached house
locaticr {month of sampling)varese (10) Cittiglio (10) cadrezzate (11 Gavirate (12)
air exchange rate (h~1) 0.19 0.75 C.4a5 0.65
respirable susp. part. 100 140 70 - 100 100 50 30
total volatile organics? 1500 260 3000 140 2200 100 2900 690
formaldehyde 26 10 15 8 17 4 25 12
acetaldehyde 22 7 [ 4 7 2 37 )
butanal <1 <1 <1 <1 <1 <1 < 1 1
hexanal < 2 Z 14 < 2 < 2 <2 12 2
nonanal <2 < 2 < 2 2 < 2 2 27 <« 2
acetene 23 8 30 5 8 2 77 8
butanc »=-2 10 6 < 2 5 < 2 < 2 11 9
trichiorofluoromethane 21 2 26 5 13 6 41 4
dichloromethane 290 < 5 240 5 <5 <5 3000 5
chioroform 2 1 1 1 g8 <1 2 1
1.1.1. trichloroethane 56 7 9 6 12 11 4?2 5
carbontetrachloride 6 5 9 5] 5 10 8 4
trichloroethylene 20 11 10 4 7 8 86 5
tetrachloroethylene 13 7 34 3 8 13 31 7
1.4-dichlorobenzene 230 < 2 <5< 2 <5 < 2 50 < 2
n-hexane 13 5 100 2 57 2 4 14
n-heptane 4 2 40 il 21 8 7 6
n-octane 34 1 21 < 1 12 < 1 15 6
n-nonane 11 1 12 1 7 < 1 16 5
n-decane 24 1 10 1 5 <1 27 6
n-undecane 16 1 6 < 1 5 <1 i5 4
n-dodecane 3 1 3 <1 2 <1 5 2
n-tridecane <1 <1 <1 <1 <1 <1 4 1
benzene 19 11 90 5 106 8 35 30
toluene 61 23 200 8 230 10 82 70
ethylbenzene 10 6 43 2 53 2 14 14
1.3-xylene + 1.4-xylene 32 14 120 3 140 9] 46 51
1.2~-xylene 10 9 40 1 49 2 i3 19
1.3.5~trimethylbenzene 8 3 22 < 1 12 <t 6 10
1.2.4-trimethylbenzene 18 6 51 1 38 2 28 22
o-pinene 21 1 14 1 39 <1 20 < 1
R-pinene 3 - - - 2 - 6 -
limonene 10 1 10 9 176 < 1 187 1
naphtalene 16 1 4 < 1 4 <1 8 4
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Table 1 - cont.

home number 13 13 14 15
home  Lypc detached house detached house apartment apartment
location (wonth of sampling) Besozzo (12) Besozzo (2) Varese (1) Varese (1)
air exchange rate (h~l) 0.78 0.66 0.59 0.71
vegpirable susp. part. 50 20 70 80 40 20 100 80
total volatile organics® 5800 340 2700 290 2300 650 5700 1500
formaldehyde 29 5 26 14 8 5 16 9
acetaldehyde 18 5 4 10 9 6 3 18 5
~utanal <1 <1 <1 <1 1 <1 <1 <1
hexanal 20 < 2 58 < 2 2 <2 10 2
onanal 20 < 2 22 < 2 2 < 2 10 < 2
acetone 157 6 15 5 21 16 98 12
Zutanone-2 38 8 2 1 4 11 10 <« 2
trichlorofluoromethane 20 19 43 38 16 16 29 39
dichloromethane <5 < 5§ <5 <5 225 <« § 590 100
chloroform <1 <1 <1 <1 <1 <1 <1 <1
1.1.1. trichloroethane 2 23 125 31 34 35 21 21
carbonte trachloride 12 20 1229 2 22 11 11
trichloroe rhylene 42 24 112 11 21 18 26 14
te tracnloroethylene 25 38 64 32 10 38 47 48
| .4-dichlorobenzene 24 < 2 10 < 2 73 2 28 4
n-hexane 43 8 9 2 12 17 114 42
n-heptane 30 3 7 2 5 7 76 17
n-octane 21 2 29 3 4 3 65 15
n-nonane 84 2 21 2 16 3 67 9
n-decane 94 3 25 3 26 3 72 10
n-~undecane 35 2 20 2 14 3 134 5
n-dodecane 7 1 6 1 3 1 35 5
n-tridecane 3 <1t 4 <1 <1 <1 15 2
Lenzene 81 26 39 16 31 35 204 67
coluene 300 40 165 25 72 80 378 156
ethylkenzene 109 7 41 5 19 17 96 34
1.3-xylene + 1.4-xylene 390 22 141 14 62 59 280 111
1.2-xylene 108 7 39 5 23 22 132 42
1.3.5-trimethylbenzene 38 3 14 4 14 9 59 16
1.2.4-trimethylbenzene 76 8 38 7 36 27 150 44
w-pinene 605 < 1 322 <1 71 < 1 29 3
f-pinene 104 < 1 60 <1 8 <1 29 <1
limonene 240 < 1 57 <1 480 < i 268 4
naphtalene 11 3 10 2 5 4 70 11
-‘
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TABLE 2 - Minima, Maxima and Means of Indcor and Outdoor Concentrations

Pcllutart concentrations [ug/m3)

lowesi value highest value mean value?
indoor outdoor indoor outdcor indoor outdoor

37

RSP 40 10 140 210 81 63
TvOoP 190 100 9400 1500 3250 370
Formaldehyde 8 2 52 12 27 6.6
Acetaldehyde 1 <1 48 19 17 4.5
Butanal <1 <1 34 10 2.7 < 2.0
Hexanal 2 < 2 53 2 10 < 2.0
Nonanal 2 < 2 82 < 2 12 < 2.0
Acetone 3 < 2 157 16 39 6.1
Butanone-2 < 2 < 2 38 12 7.9 3.8
Trichlorofluoromethane (F-11) 12 <1 230 39 39 10
ichloromethane < 5 <5 5000 100 670 < 14
Chloroform <1 <1 15 3 1.9 <1
1.1.1-Trichloroethane 4 <1 60 35 21 11
Carbon tetrachloride <1 <1 12 22 6.3 7.0
Trichloroethylene 1 <1 86 24 18 7.5
Tetrachloroethylene 3 1 47 48 18 14
1.4-Dichlorobenzene <5 < 2 220 4 55 <5
n-Hexane 3 2 590 42 71 14
n-Heptane 1 <1 76 17 16 5.1
n-Octane <1 <1 65 15 14 2.4
n-Nonane <1 <1 165 S 27 2.1
n-Decane 2 <1 1100 10 92 3.1
n-Undecane <1 <1 950 5 80 < 2.0
n-Dodecane <1 <1 220 5 20 < 1.7
n-Tridecane <1 <1 20 2 3.1 < 1.3
Benzene 5 3 204 67 52 20
Toluene 17 3 378 156 128 40
Ethylbenzene < 2 <1 109 34 27 7.4
1.3-Xylene + 1.4-Xylene 6 3 390 111 89 24
1.2-Xylene 4 <1 132 42 26 8.7
1.3.5-Trimethylbenzene <1 <1 59 16 13 3.8 —
1.2.4-Trimethylbenzene <1 <1 150 44 36 11 5
a-Pinene <1 <1 605 3 102 < 1.6 o R
f-Pinene <1 <1 104 2 17 <1.1 ;ﬁ .23
- Limonene 10 <1 480 11 140 2 =
Naphthalene <1 <1 70 11 11 2 O '35
Ry I )
® For the calculation of means all values below the detection limit have x 5
been assumed to be 'zero', unless the resulting mean value was smaller p éﬁ
than two times the detection limit. In this last case an upper estimate -
for the mean value has been given using the detection limits as measured i ;;
values. P
'Total Volatile Organics', i.e. total FID integrator signal expressed as O i}
hydrocarbon equivalents. TR
-_) ”w‘:.;-
) iz
T o
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TARLE 3 - Minima,

Maxima,

Means and Medians of the Indoor/Outdoor ratios

lowest highest meanP medianP
RSP 0.5 13 2.6 (12) 1.6 (12)
T™vod 1.1 45 13 (15) 5.8 (15)
Formaldehyde 1.6 17 5.3 (15) 3.2 (15)
Acetaldehyde 0.5 24 6.0 (14) 3.6 (15)
Butanal 0.7 5.7 c o]
Hexaral >2.5 >26 c >6 (9)
Nonanal <1 >13 c >8.8 (8)
Acetone 1.3 >28 6.2 (12) 3 (15)
Butanone-2 0.4 7.5 2.7 () >1.8 (10)
Trichlorofluoromethane (F-11) 0.7 58 9.3 (10) 2 (11)
Dichloromethane S >600 c >53 (8)
Chloroform >1 5 c >2 (6)
1.1.1-Trichloroethane 0.8 8.4 2.7 (14) 1.4 (15)
Carbon tetrachloride 0.1 >4 1.3 (13) 1.4 (14)
Trichloroethylene 0.8 17 3.4 (14) 1.8 (15)
Tetrachloroethylene 0.3 8.3 2.2 (15) 1.8 (15)
1.4-Dichlorobenzene ) >115 19 (3) >20 (9)
n-Hexane 0.3 50 8.7 (15) 1.8 (15)
n-Heptane 0.7 40 6.5 (13) 2.0 (15)
n-Octane 1 34 6.9 (8) 2.5 (13)
n-Nonane 1 42 9.7 (9) 5.3 (13)
n-Decane 0.7 >220 7.9 (12) >4.7 (14)
n-Undecane >1 >190 9.8 (8) 4.7 (13)
n-Dodecane >1 >44 4.3 (6) >3 (13)
n-Tridecane >1 7.5 4.8 (3) >3.5 (6)
Benzene 0.7 18 3.8 (15) 1.7 (15)
Toluene 0.9 25 6.1 (15) 2.6 (15)
Ethylbenzene 0.7 27 6.8 (12) >2 (13)
1.3-Xylene + 1.4-Xylene 0.9 40 7.8 (15) 2.3 (15)
1.2-Xylene 0.7 40 8.0 (13) 3.0 (15)
1.3.5-Trimethylbenzene 0.6 >22 3.3 (8) 2.6 (12)
1.2.4~Trimethylbenzene <0.5 51 9.5 (10) 3.2 (12)
a-Pinane >4 >605 17 (4) 23 (10)
R-Pinene 4.5 >104 c 12 (5)
Limonene 1.1 >480 53 (7) >43 (15)
Naphthalene >1 16 5.6 (6) 4 (11)

a see footnote on Table

1;

in parentheses number

¢ excessively small number of defined values
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Detected concentrations (ug/m3) in space

Identified compounds or compound classes A 3 C D E F
Total identified organics 14,000 8,800 3,400 2,000 510 570
Total non identified (alkane equivalent) 390 1 150 560 1090 32
(Number of identified compounds) (63) (105) (118) 47) (68) (66
f n-Alkanes and isomers (Cg - C1g) 13,000 3,900 920 110 130 34
n~-Hexane 13 - 7 = - 4
ntHeptane - 3 22 = =

L Heptane isomers - 3 53 3 - 12
n-Octane - 6 43 - - 3

L Octane isomers - 6 120 - - 7
n-Ncnane - 165 70 - 1 1

I Nonane isomers 325 200 155 14 1 7
n-Decane - 1,100 83 60 40 3

I Decane isomers 8,190 1,450 194 60 70 4 |
n-Undecane - 950 150 13 15 -

£ Undecane isomers 3,020 1,720 250 13 36 -
n-Dodecane - 220 36 19 5 -

I Dodecane isomers 1,590 530 66 19 16 -
n-Tridecane - 20 14 - = -
n-Tetradecane 14 2 22 - 2 24
n-Pentadecane = - 22 - 2 1
n-Hexadecane - - 13 - - -

¥ Olefins and cycloalkanes - 650 S0 - 27 12
Methylcyclopentane - - - - - 1
Methylcyclohexane - - 25 - - 1
Ethylcyclohexane - 8 9 - — -
cis-1-Ethyl-3-methylcyclohexane - 25 12 - 2 -
n-Propylcyclohexane - 16 9 - 2 -

I Nonene isomers - 40 38 - 10 -
n-Butylcyclohexane - 145 - - - -

I Decene isomers N 330 4 - 16 -

L Undecane isomers = 270 14 - 1 -

I Terpenes (Mol.W. = 136) - 680 360 16 5 9
alpha-Pinene - 400 13 7 - 2
delta-3-Carene . 210 - - - -
beta-Pinene - - 17 - - -
Limonene N 65 325 9 5 7

ICRIATAN
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Identifieu compounds or compound classes

Detected concentrations (pg/m3) in space

A B C D E F

Z Benzene and alkylbenzenes 140 2,900 1,500 510 0 110
Benzene 105 3 38 117 5 11
Toluene 30 125 215 270 6 42
Ethyl-benzene 5 25 90 21 1 7
m-,p-Xylene = 75 255 85 4 22
0-Xylene trace 21 120 10 2 8

% Cop-Alkylbenzenes 5 120 465 116 7 37
Isopropylbenzene (cumene) - 5 16 3 =
n-Propylbenzene = 24 42 = 2
1:#Ethyl-3methyl-and-4me thylbenzene = 105 150 6 6
1%3,5-Trimethylbenzene - 140 46 ~ 2
1-Ethyl-2-methylbenzene - 160 45 - 3
1l.2.4-Trimethylbenzene - 245 150 - 1 7
1.2.3-Trimethylbenzene - 140 35 - =

I C3-Alkylbenzenes - 820 480 9 2 20
sec~Butylbenzene - 4 16 - -
1-Priopyl-4-isopropylbenzene (p-cymene) - 22 42 - -
1-Methyl-3-propylbenzene - 280 40 - -
1-Me thyl-4-propylbenzene - 100 17 - <1
1,3-Dimethyl-5-ethylbenzene - 200 34 = -
1-Me thyl-2-Propylbenzene - 180 19 - -
1,4-Dimethyl-2-ethylbenzene - 130 24 - -
1,3-Dimethyl-4-ethylbenzene - 60 - - -
1, 2-Dimethyl-4-ethylbenzene - 160 27 = -
1; 3-Dimethyl-2-ethylbenzene - 20 - . =
1,2-Dime thyl-3-ethylbenzene - 28 16 - -
1:2.3.5-Tetramethylbenzene - 225 25 - -
1.2.3.4-Tetramethylbenzene - 34 i5 - -

% C4-Alkylbenzenes - 1,440 275 - -

I Cg-Alkylbenzenes . 350 47 - -

Z Other aromatic hydrocarbons - 130 100 14 1 9
Styrene trace 9 - 7 1 7!
Indane - — 20 - -
Tetralin - 20 10 - -
Naphthalene - 80 40 7 1 2
Dimethylindane - 7 7 N - |
2-Me€thylnaphthalene - 10 14 - -
1-Methylnaphthalene - 2 6 - -

squoD - p BTl
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Identified compounds or compound classes

Detected concentrations (ug/m3\ in space

*quco - ¥

A F C D IE F
L Chlorinated hycrocarbons 260 245 145 920 36 250
Dichloromethane ~ trace (25,000)%* - -
1.1.1-Trichloroethane 70 - = - - -
1.2-Dichloropropane 45 - 84 150 - 90
Trichloroethylene 190 = 29 50 - 1
Tetrachloroethylene trace 32 720 19 20
1,4-Dichlorobenzene 200 1 trace 17 140
I Aliphatic aldehydes (> Cg) 72 17 79 39 16
n-Pentanal 8 - 15 = =
n-Hexanal 64 11 24 6 7
n-Heptanal - -~ 5 1 =
n-Octanal - - 6 trace -
n~-Nonanal - 6 19 22 7
n-Decanal - - 10 i 2;
I Other (axygen containing) compounds 390 200 310 380 250 130
Ethylacetate - 26 - - 3 |
2-Methyl-1-propanol - 23 60 g 4
1-Butanol - 20 - - -
2 ,3-Epoxy-4-methylpentane 97 - - 70 - -
2-Methoxy-ethanol - - - - 70
1-Me thoxy—-2-propanol - 60 - -
Bcetic acid** 244 - 40 - 200 -
2-Ethoxy-ethanol 2] 60 - - 10
iso-Butylacetate - - 100 = -
Butylacetate - 34 1 - 5
2-Methoxy-ethylacetate - - - - 4
Hexamethyl-cyclo-trisiloxane 61 - 60 21 3
Cyclohexanone = = 6 - 1
2-Ethoxy-ethylacetate 5 130 2 21 - 7
2-Butoxy—-ethanol - - - 8
Benzaldehyde - 30 2 7 7
1,8-Cinecl (eucalyptol) - - 35 o =
Octamethyl-cyclo-tetrasiloxane - - 10 13 -
- 14 - - 3

Camphor

* This high value is due to a hair spray used accidentally during sampling

included in the sum values.
** values are lower limits.

and has not been

aTqed,
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TABLE 5 - Ventilation rate and indoor-outdoor temperature

difference
Home Nr. Type Ventilation rate Indoor-outdoor
(air exch/hr) temp. difference
(°c)
1 apartment 1.3 20
2 detached house 1.4 16
3 apartment 0.69 7.5
4 apartment 0.31 3
6 detached house 0.24 1
7 detached house 0.45 14
8 detached house 0.16 -
9 detached house 0.19 9
10 detached house 0.75 11
11 detached house 0.45 13
12 detached house 0.65 15
i3 detached house 0.78 16
13 detached house 0.66 15
14 apartment 0.59 18
15 apartment 0.71 15
Mean and standard deviation: 0.63 £ 0.35




TABLE 6 - Compounds and identified sources

Compound

Source

dichloromethane

1.4-dichlorobenzene

a-pinene

Limonene

naphtalene

n-hexanal

n-pentanal to n-decanal
Cg - Cqp alkanes

Cp - Cgs alkylbenzenes

propellant of spray cans

anti-moth or deodorant products

conifer wood, products for
furniture maintenance

lemon flavoured detergents
anti-moth products

printed paper

paints applied to radiators
waxes and polishes

waxes and polishes
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TABLE 7 - Population and traffic indices and summary of concentrations of RSP and compound classes

Sum of compound classes (ug/m3]
Home  Population  Traffic RSP (ug/m3) Total vol. halog. benz.+ alkyl
Nr. density density org.(ug/m3) aldehydes ketones hydrocar. alkanes benz.
ind. outd. ind. outd. ind. outd. ind. outd. ind. outd. ind. outd. ind. outd.

1 town heavy 110 210 960 400 183 <18 21 <12 503 <30 33 28 136 117
2 village medium 140 - 320 220 42 <18 59 < 6 18 <30 71 <35 113 <29
3 town heavy 70 - 240 180 29 <12 10 < 6 28 <55 27 <32 94 <70
4 village weak - 60 20 190 180 54 <44 14 <11 238 <40 28 <38 97 65
5 rural area weak 125 10 9400 210 170 <19 9 < 7 14 <21 658 <17 41 <14
6 village medium 40 20 7100 200 166 <19 24 <15 151 <36 2510 <60 278 <49
7 village medium 110 70 5200 340 64 <10 11 <16 5414 <66 635 <42 228 134
8 village medium 40 30 1900 180 89 <12 72 <12 403 <42 29 <13 165 45
9 rural area weak 100 140 1500 260 48 <23 33 <16 638 <40 105 13 158 72
10 village weak 70 - 3000 140 36 <18 30 <12 329 <37 192 <9 566 21
11 rural area weak 100 100 2200 1Q0 24 <12 8 < 6 53 <56 109 <16 628 <31
12 village medium 50 30 2900 690 101 <24 88 <19 3260 <33 93 44 224 216
13 rural area weak 50 20 5800 340 87 <16 195 <16 145 <132 322 22 1102 113
13bis rural area weak 70 80 2700 290 116 <29 17 < 8 366 <149 121 16 477 76
14 village medium 40 20 2300 650 14 <14 25 <29 381 <137 80 38 257 249

15 town heavy 100 80 5700 1500 54 <20 108 <16 752 238 578 115 1299 470




TABLE £ - Results of an additional sampling and analysis in home Nr. 15, Varese
(see the text for explanation) (ug/m3)
January 1984 September 1984
(from 1able 1)
indoor outdoor indoor outdoor
(street) (yard) (yard) (street) (yard) (street)
Total volatile organics* 5700 1500 780 790 380 1070
n-hexane 114 42 26 18 10 33
n-heptane 76 17 11 9 5 13
n-octane 65 15 7 8 3 8
n-nonane 67 9 6 9 <1 3
n-decane 72 10 7 9 3 3
n-undecane 134 15 7 9 4 4
n-dodecane 35 5 2 3 1 1
n-tridecane 15 2 1 2 <1 <1
benzene 204 67 46 39 23 63
~oluene 378 156 115 109 56 124
ethylbenzene 96 34 16 18 11 26
1.3-xylene + l.4-xylene 280 111 63 64 37 88
1.2-xylene 132 42 24 24 14 33
1.3.5-trimethylbenzene 59 16 10 11 5 12
1.2.4-trimethylbenzene 150 44 30 35 18 42
alpha-pinene 29 3 3 4 <1 1
beta-pinene 29 <1 i 3 <1 <1
limonene 268 4 3 4 <1 <1
naphtalene 70 11 5 6 4 7

* see footnote in Table 1 for meaning of this denomination.
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TABLE 9 -

reported in Table 12

Carcinogenicity and mutagenicity of the compounds

Compound Carcinogenicity Mutagenicity
Man Animal

Formaldehyde inadequateb + () +

Dichloromethane inadequate inadequate +/- (4)

1.1.1-trichloroethane inadequate inadequate +

Carbon tetrachloride inadequate + inadequate

Trichloroethylene inadequate + inadequate

Tetrachloroethylene inadequate + inadequate

1.4-dichlorobenzene inadequate inadeqﬁate inadequate

Benzene + +/- +/=

a: Data taken from the International Agency for Research on

Cancer.

b: Inadequate: data available in the literature

for an assessment.

c: positive effect in all experiments.

d: positive effect in some ex

are inadequate

periments and no effect in others.



ANNEX 1

CALCULATION METHODS FOR (SEMI-)
QUANTITATIVE GC-MS ANALYSIS
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Calculation Methods for (Semi-) Quantitative GC-MS Analysis

n
il
2%

o]

Quantitative determinations in case of resolved GC peaks.

The quantity Q(i) of a compound i is determined by comparison of its FID
peak area AREA(i) with the peak area of an internal standard AREA(IS):

Q(IS)

+ RFID(1)

where RFID(i) is a response factor which is determined by means of the
external standard method, i.e. introducing known amounts of the compound i
and of the internal standard into the gas chromatograph:

{1)/AREA(i)
Q(IS)/AREA(IS)

RFID values determined in this study are reported in table 1.

(2) RFID =

. Semi-quantitative determination in case of non-resolved GC peaks.

In case of non-resolved GC peaks, each component i contributes an amount
AREA(i) to the total area of the GC peak %?AREA(j), which can be expressed
as a fraction B4 of this area:

(3)  AREA(4i)

Bi %AREA(j)
) AREA(i)

(4) Bi §AREA(J') '

B; can be determined by means of the total ion current (TIC) of component i
at its GC elution maximum. This TIC value can, however, only 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 alkylbenzene, e.g.,

a fairly good separation is possible whereas coeluting alkanes or alkyl-
benzenes in general cannot be separated.

The determination of B; by means of the TIC value is based on the proportion-
ality of the number of moles M(i) of substance i and the corresponding TIC
value:

(5) M(i) = k- RTIC(i) - TIC(i)

where k is the TIC response factor of the internal standard
M(IS) = k-« TIC(IS)

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

o M(A)/TICH)
(6) RTIC(1) = yrrsy/TTe(TS)
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RTIC values are determined by the external standard method and table 1
reports the values measured during this study.

Using
Q(d) = MW(i) « M(i)

(MW = molecular weight), eq. (1) can be re-written:

(7) AREA({)

c o MW(i) «M{i)/RFID(i)

AREA(IS)
Q (IS)

Substituting eq. (5) in eq. (7) yields

with
C =

AREA(1) =  Kk-ceMW(i)-TIC(i)-RTIC()/RFID({)
e 0 N “MW(i) - TIC(3) - RTIC(i)/ RFID(H)
L fmw(j)-nctj)-mc(j)/ RFID(J)

. Practical quantification procedure

The measured GC peak areas are transformed into reiative quantities

QREL =  AREA ¢ Q(IS)/AREA(IS)

GC peaks are then analysed by means of the reconstructed ion chromatogram
for not resolved peaks, for which TIC(i) values are determined as far as
possible and Bj-values are calculated. Quantification of sample components
is performed by means of equation

(9) | Qi) = Bj- QREL - RFID(i)

with B5=1 for resolved GC peaks and calculated by means of eq. (8) other-
wise.

Table 1{SUBSTANCES or SUBSTANCE CLASSES RFID RTIC
n-alkanes (C7 - C12) 0.71 1.10
alkyl-benzenes (C1 - Cg) 0.67 1.81
1-bromo-alkanes (Cg, Cg, C12) 1.00 1.00
p-dichloro-benzene 1.02 1.41
1-butanol 1.03 1.56
n-aldehydes (Cg - Cg) 1.26 2.17
1,3,-dichloro-propane 2.13 1.87
2-ethoxy-ethanol 2.42 11.1
ethyl-acetate 3.26 1.36
trichloro-ethene 4.40 2.16
tetrachloro-ethene 4.35 1.88
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ANNEX 2

INDOOR POLLUTANT INVENTORY
SAMPLE DESCRIPTION FORM
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INDOOR POLLUTANT INVENTORY -

16.

SAMPLE [DESCRIPTION

FORM

ROOM SIZ

SAMPLE NUMBER T T ,
USER DEFINED NIMBER
L JBORATORY/QPERATOR .
[DENTIFICATION
N
313LI0GRAPHY £OCE
! |
LABORATORY NAME (3T 37AMP IF AVAILJIRLIY  JPCAATOR [DENTIFICATILN
SAMPLING DATE® ] T T
INFO* A TEAR
NORERFD __H_ ARtz ND, DT SAMPLING DURATTON [
SAMPLING DURATION ] 7wy [ng T 1 o
NO INFO* GRAB SAMPLE ? 1INUTES 40URS DAYS
SAMPLING PROCEDURE ™ AR
MOINFO* coee DESCRTPTION ¢ 7% N0 ZCOE 4vafLiaLs:
SAMPLING SITE e C 11 L ] O
DENTIFI NO I POSTAL 00z PSRRI
(DENTIFICATION i i 3 {4 HS:OJN Das)
SAMPLING SITE CHARACTERIZATION
e LOCATION' _ — — —
NO INFO* RURAL SUBURBAN JRBAN
¥ — —_— —_ —
e TRAFFIC DENSITY | ] 1 ]
NO TNFO* LIGHT TRAFFIC, MODERATE TRAFF IS/ HCAVY TRAFTTY
. oy’ 7 = j r—
® [INDUSTRY L i _ .
NOIVFO*MOIJDUS RY JSINGLT THD. JOURCT/LIAAT INQUSTRY, SEAVY TNCUSTRY
+ K —— o
TYPE OF BUILDING — lj ] i —
NO INFO*RESIQENTIAL SCHGOL JFEICE ITHER
I
FOVOTHER!, PLEASET 4IWE JESCRIATION
AGE OF BUILDING ] — ] o T
NQ INFO* cCoNsTRYCTION CQe2LCT )
ATTHIN LAST 3 MONTHS AFTER 1973 1943 <1373 3EFIRE (943
R0OM TYPS T N R A I A J : ]
NO INFO® KITCHEN LIVING DOINING 3ECR00M IVUOLO/oFFICE IATH/ NG
O O J 2
HOBBY CORRIDOR CLASSROOM QTHER TF 'OTHER' GIVE SESCAIPTION
TLOOR LEYEL O — ] !

NQ {NFO* 1BCYE GROUND

E/HELGAT ]

NO INFO*

BELOW GROUND  LIWEL/STOREY(D a JAGUND Zy%)

1 1% T

APPROXIMATE SURFACE 4RE3 APPROXTMATE R0CM ASISAT

ONLY IN CASE OF SAMPLING IN A

PREVATE RESIDENCE Il C i 11 x T L
NO I[NFO> APPROX. TOTAL SURFACZ ARzA YR. JF RCONS YR, IF
TYMARTTANTS
VENTILATION TYPE * D — ] :
NO INFO* NATURAL FORCED ATXED
VENTILATION STATUS L
OURING SAMPLINGT ] ] 1 )
NO INFQ* HINIMUM* MAXIMUM THTEAMEDLATE/NGRAMAL
DURING LAST TWQ HOURS ] ] ] I'"i
BEFORE SAMPLINGT* N0 TnFo* HINTMUMT YAXTMUM THTERMEDLATE/ YGRYAL
(MEAN) TEMPERATURE/ | log L]
SUMIDITY DURING NO [NFO* TZWPEAATURE AUMTDITY

SAMPLING
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17. PEOPLE: Were people present in the sampling space at any time during
sampling (except during installation and withdrawal of the

sampling device)?
[ ]
NO INFO* NG TES
i8. PETS: Are there usually pets in the sampling space?

o ko o e

19. RENOQVATION: Which of the following modifications have been introduced in the
sampling space within the last two months befaore sampling?

C ] ] ]
NO INFO*  PAINTING OF SURFACES  OTHER NEW SURFACEZ COVERINGS  NEW FURNITURE
20. CONSUMER Has any consumer product likely to contain or release volatile
PRODUCTS: compounds been used in the sampling space the day(s) of sampling?
O O L] ] ]
NO INFO* NO  CLEANING/CONSERVATION  PERSONAL HYGIENE OTHER
21. SMOKING: 0id anybody smoke in the sampling space during or within two

hours before sampling?

] L
NO INFO* NO YE
22. APPLIANCES: Has any appliance been used in the sampling space during aor

within one hour before sampling giving rise to

e} = =

L L] L_J
NO INFO*  UNVENTED COMBUSTION PRODUCTS ~ OTHER YOLATILE COMPOUNOS
IN CASE OF 'QTHER VOLATILE COMPQUNDS', PLEASE, SPECIFY APPLIANCE:

i

{

23. COMFORT COMPLAINTS: Have comfort complaints been associatad with the
sampling space?

O i ]
NO INFO* NO YES
[f YES, were they ralated to
® CLIMATE? N ] ]
NO INFO* NO YES
® (DOUR? [:] [:] [:]
NO INFO* NO 7ES

24. HEALTH COMPLAINTS: Have nhealth complaints been associatad with the sampling

space?
O ] ]
NO INFQ* N0 YES
[f YES, were they related to
® EYES? ] ]
NO TNFO* N0 YES
® UPPER AIRWAYS? ] —
NO INFO* N0 YES
® LOWER RESPIRA- ] —
TORY TRACT? %0 TVFO* %1 Y5
® SKIN? - — i:
NO INFO* NO YES
® (THER? ] ] |
NO TNFO* NO 1ES
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INDOOR POLLUTANT INVENTORY - SAMPLE DESCRIPTION FORM

- EXPLANATIONS AND COMMENTS -

Four types of data are requested in the sample description form:

- data on the sample itself including sampling and analysis procedures
(items 1 - 6);

- data describing physically the indoor space in which the sample has
been taken including some information on its surroundings
(items 7 - 17);

- data describing potential indoor sources of pollution (items 18 - 23) and

- data related to comfort and health disturbances observed in the sampling
space (items 24 - 25).

Jata are in general supplied by crossing one or several options or by fiiling
in numbers or rames

Only for items 5 and 6 information should be supplied in a coded form.
Codes are defined on the following pages. If no appropriate code is found,
a free description of the sampling procedure and/cr the method(s) applied
in the analysis of the sampie should be given in the appropriate spaces.

[f for any item no information is available, the respective 'NO INFQ' field
should be crossed.

Figures for hours and days (item 4), surface areas (items 13 and 14) and
temperature and humidity (item 17) should be rounded to nearest integers.



SAMPLING PROCEDURE

Please specify which method has been used for sampling by inserting
into the "CODE" field one of the following ccdes:

blank

01

02

10

40

41

99

56

- no information available

direct introduction of an air sample into the analytical
apparatus

air sample taken in a bag and subsequent direct introduction
into the analytical apparatus after transfer to the iaboratory

passive sampling on carbon / solvent extraction

adsorption on TENAX / thermal elution

adsorption on Carbon Molecular Sieve / thermai elution

adsorption on TENAX + Carbon Molecular Sieve /
thermal elution

adsorption on active charcoal / solvent extraction

adsorption on Polyurethane foam / solvent extracticn

Tow volume sampler / filter extraction
low volume sampler / direct filter analysis
high volume sampler / filter extraction

high volume sampler / direct filter analysis

low volume sampler/filter + polyurethane foam/
solvent extraction

high volume sampler / filter + polyurethane foam /
solvent extraction

other



ANALYTICAL METHOD(S)

Jicuse specify the analytical method(s) by which the sampie has been
analysed using the codes defined be!ow.

in the "CODE” field(s).

blank no information available

o1
92
o3
04
Q5
06

a7 -

10

20
21

)
-

5%

c|

99

coiorimetric analysis

spectrophotometric analysis

fluorescence photometry (fixed wave length)
spectrof luor imetry

infrared spectroscopy (IR)

Fourrier Transform |nfrared Spectroscopy (FTIR)
chemi luminescence analysis.

paper chromatography
rhin layer chromatography (TLC)

gas chromatography (GC)

GC-flame ionization detection (FID)
GC-electron capture detection (ECD)
GC-flame photometric detection (FPD)
GC-F1D-ECD

liquid chromatography (LC).

high performance |iquid chromatography (HPLC)
HPLC - UV detection (UV)

HPLC - fluorescence detection (FD)

HPLC - FD - UV

mass spectrometry (MS)
SC-MS

GC-F ID-MS

HPLC-MS

other

Insert the appropriate code(s)
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