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ABSTRACT

Air samples, collected indoors and outdoors fronr naturally ventilated schools and mechani-

cally ventilated office buildings, were studied for: VOCs, formaldehyde, NOr, particulate

matter and fiber concentrations. Indoor inorganic contaminants were found to be dircctly
related to outdoor pollution. Indoor VOC concentr¿tio¡ls greatly exceeded the recommen-

ded values and the indoor/outdoor ratio ranged from I to 15. The presence of VOC was

related to indoor emission sources represented by cleaning materials in schools and by
carpeting and furnitures in office buildings" Results of the study indicate that mechanical
ventilation system reduce the padiculaæ matter, but does not affect the concentr¿tion of
other contaminants wittr respect to outdoor air. Padicularly in urban areas with high out-
door air pollution, HVAC sysems should be designed to decrease the levels of all indoor
pollutants.

INTRODUCTION

Pollut¿nts in confined spaces may affect human health and worker productivity (1). tævels
of intloor air contaminants are mainly influenced by building design, ventilation systems,
hùínair activities, and presence of indoor sources of emissioû such as carpeting, furniture,
and combustion appliances. The relation of indoor air cont¿mination to the presence of
specific sources is of great interest, in order to plan remedial actions aimed at
air quality in the buildings (2).

In this sh¡dy, indoor air quality of naturally and mechanically ventilated buildings was .

assessed to characterize chemical indoor air pollution related to specific sources, and test
the efficiency of the heating, ventilation, and air conditioning system (HVAC) to contol
the levels of indoor air contaminants.

MATERIAI-S AND MEf,HODS

The investigation was canied out in wintertime in ten schools aûd severi office buildings
located in the centrre and in suburbs of Milan. Schools $'ere natr¡rally ventilated whereas
offices were in buildings with I{VAC system.
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Schools included nurseries, kindergardens, primary and secondary schools : forty rooms

*¡t¡ ¿ff**t use (class room, gym;asium' refectory and technical room) were selected

*J i"""ttigæø. Rghtyeight inã-oor environments (single offices, open spaces' refectory'

meeting roõms anO coþ-rooms) were selected and testd in office buildings. Thirtyeight

ui. *nipf"r collecæd äidiff"r"nt sections (core unit and distribution ducts) of the HVAC

systems were also tested.

Air samples collected inside the buildings and outdoors were analyzed to assess pollutants

as follows :

volatile organic compounds (vocs) \r/ere captured on carbtrap tubes by means of

active samplers at a co;$ant flow of 15 mVmin for 300 min. Samples were tlrermically

ã"ror¡"¿ and analysø. Quantitative evaluation (total VOCs) was performed by GCÆID;

;;;i", showing ¡igh VOCs concentrations were re-anaþsed by GCA1S for qualitative

evaluation.
Formaldehyde and other aldehydes were captüd on DNPH-amberlite tubes by means

of active samplers at a constant flow of 500 mvmin for 300 min. samples were eluted

with acidified methanol and analysed by HPLC equipped with a Diode Array detector'

NO, was sampled in water solution of N,N'-naphtilendiamine by means of passive sam-

plers for 300 min and measured by spectrophotometric method'

þarticutate matter < 10 ¡rm (PM-10) wasiollected on membranes by means of active

,u*pf"o esuipd with úppmann selector, at a cgnstånt flow of 2.4 Vo,.lr' for 300 min.

Celiulose nit aæ membranês were conditioned before and after sampling and analysed by

gravimetric method.
i,fineral fibres were collected on membranes by active samplers at a constafìt flow of 1

Vmin for 300 min. Membranes were diaphanized, treated with a specific solution and

analysed by optical microscopy. only asbesto¡ fibres were considered and counted

Information cåncerning indooi sourcès of pollutants were collected with a standardized

form.

RESULTS

DaA obtained in naturally and mechanically ventilated buildings are presented in tables 1

and 2. Table 1 shows the concentrations of VOCs and formaldehyde; since the distribution

of values was not normal, the results are expressed as median afid extemes. T¿ble 2

shows the concentrations:of particulaæ mattãr, NO, and asbestos; the values are expressed

as means, SD and exFemes.

School buildines. Indoor values of particulate matter (range 35-103 ¡rg/-m3), asbestos Gange

õ5-1 ff¿) *d NO, (range 60-296 ¡rg/m1 wgre similar to outdoor levels' Indoor VOC

*rr""rrtrtion rangeO mâ 5 to f3600 ¡rg/m3; the indoor/outdoor ratio for the median

concentations raiged from 1 to about'15. Indoor formaldehyde.cgncentration ranged from

8 to 210 tdmt; the indoor/outdoor ratio ranged ftom 3 to about 5'

office buildings. Particulate matter (range M-97 vglm\ and No, (range 38-388 t¡g//m3)

"o""e¡tttüo* 
*e* lower indoors. AsUesOs levelswere generally higher indoors (range

0.5-6.9 ffll) than outdoors (ratio ftom 1 to about 3). Indoor VOC concentration ranged

from 9 to 3610 ¡rg/mr; the indoor/outdoor ratio was about 5. Indoor formaldehyde concen-

tration rangø froã f.S Þ 7L pglmt; the indoor/outdoor ratio ranged from 0.5 to 3.

No correlaãon was observed tãt*""n VOC concentrations and concentrations of any other

contaminat in buildings.

Indoor Voc sources in school and office buildings were identified in wall and floor coa-

iîÅ,^*Jr"*irr* in offices and in residues of detergents and disinfectants in schools.

ÍüAe svstem. particulate *utto r-gø from 16 þ n3 wlm3, asbeslos fibres from 0.2 to

Hätrfr";-r;;;'8; .î;i ¡rgå:' voc tont"nt'utioi' ranged rrom 5 to 4560 pg/m3

â¡i¿ tormar¿errv¿e from 4 to 68 ¡rgim3'

DISCUSSION

ThislAQstudywascarriedoutinordertocharacterizethechemicalpollutionofindoor
.i;ñ"idi"g; with different use and with different ventilation sysrems. It was also of

ä;r;;;-;luate the efficiency of HVAC s_ysreT to contfol the levels of indoor air

äîã.inu"o. HVAC system *as found to reduce indoor concentrations of particulate

ã.o* i.fO ¡rm), while inAoor VOC concentrations were markedly higher than outdoor

f.u.ft, ufto in the buildings with mechanical ventilation'

IndoorNo,concentrationwasstronglyinfluencedbytheelevatedoutdoorlevelsand
indoor sources were not generally appreciable'

unexpected findings concerned the extremely high VOC values found in schools, particu-

räryî ,rr*¡", åa unalrg*aun rwo principat pattems of chromatographic profiles

were observed in these ,ffi"r, characteri^zed rðspectively by predominance of more and

less volatile compounds (see figure 1)'

Inspiteofathoroughsearchforindoorsourcesofemission,noimportantpermanent
sources of VOC were ¿"tãø ¡V i"spection' GC-MS analysis of several samples showed a

'***spectrumofVoC"o*pou"olinludinqalkanes,aromalchydrocarbons,some.ltån*, uf"äfrofs, anO aUãtryOe..'Thu p..."n"" oI compounds such as.lemonene and other

;ù;;;"t typically used in cleaning *d d"tttgunt prùucts suggested that tlrese materials

were the ükôiy sources of indoor VóC contamfuation, particula¿y in nurseries.

We conclude that Voc concentrations exceeded the recommended guidelines in most cases

(3), and were probably r.iutud to the presence of indoor emission sources either inthe

io.ln of cleaning materials (schools) ór of carpeting and furnitures (offices)' Tlre

mechanical ventilation system was found to reduce the particulaæ matter,iut. as observed

in other studies (4) the õoncentation of the other contaminants was ûot affected'

iu.ti"uf*fy in the urban areas with high outdoor pollution, the desigr of HV'{C systems

effective in decreasing the levels of a-il the indoor pollutants should be considered'
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Table t. voc and formaldehyde concentrations in office buildings and schools.

Schools
Nursârbs +
k¡ñdorgrdons

Schools
Pfimary +
sænda¡y

Offlces C
Rooms

Otf¡ces C
HVAC

Offlces B
Rooms

Otflces B
HVAC

Offlces A

Bulldlng

1ô1

21 6

63 16

152

19 16

23 16

6l

No.
smples
h ott

l¡edrån
Mn
Md

l¡åd6n
Miñ
Md

M6dEn
M¡n
Mu

liÊdm
Miñ
Md

l¡l€dEñ
Min

_Y_
Medlân

M¡n
Mu

l¡€d¡ân
ti¡in
Mu

3ô2sm
11SO

270
lo0
t5€þ

265
5

t3600

Ø
2i

r580

¡ß0
114

2855

,188
g6

1332

984 t094
100 50
2508 2138

æ8
9

t59l

E2,1
98

3r0l

87
5

4560

321
98

Stol

260
59

36r0

17

VOCs
orym3)

hdær oudoor

80
10.2

_'1_
82I
2t0

2A
7
75

-tT
7

2â

rs.6 zs.a
1.5 l,l.l

59.5595

3ít.2 12.7
2.5
23

6.5
67,6

r5.5
5
55

t7.0
7
39

t,as 17.0
1
39

7
39

63
35
7l

23

Fomdd€hvdo
0€/m!f

kìdoor ourd@r

oficos B ¡rclude 5 bu¡ldirigs menagod by ôe sme compar¡y'

Table 2. PM10, asbestos NO2 concentrations in office buildings and schools.

Schools
Nuedc¡ +
k¡nderprdgß

Schools
Primd +
Eåændary

Offlces C
Rooms

Ofllces C
HVAC

Offlces B
Rooms

Offlces B
HVAC

Offlces A

Bulldlng

16 ¡t

21 6

dt t6

t52

æt6

26 16

6l

i{o.
6amdes
h out

tle¿n
SD

mh{ax

libÐ
SD

mh{a¡

llem
SD

mhf,år

lhs
SD

nlnfi¡r

Moût
SD

mhfiu

l¡eú
SD

ml¡r¡u

lreân
so

mh{u

576 130.9152 18
2997 i09-187

t41.7
60.6

ß-27t

r265

tæ-¡n

s73
t65
t¡67

86
¿10

3&148

¡O¡
t9.t
tè7i¿

8ô
¡10

3Sr48

32.0
r0¿

tt

PM !0 (<10 ¡m)
('¡dm¡)

hdoor ouUoq

0.70
o,l

05.to

0.co
0.t

0.67 0.n0.r 0.1
0.60.8

o.90
o.8

0.60
0.t

0¡"0.to55.9

0.ô9 0.ô0
o.t

05-f.0 0.s.7

t56
o,5

0.8-2.6

0.12
0¿

0.2.1.0

0.¡12 0.12o.¿ 0¿
0¿¡.r 0.2-1.0

0.80
0.1

0.9

Asbesþ8
(lf¡)

irdoor outdoor

58.5 985t3.0 21.8
38-90 71-f,18

C¡l
5.4

87-t02

e45

æirr

206
t06

93388

397
r70

97-1900

2't1 397160 t7o
c¡-m 971900

166
l¡l

138

¡¡q
(¡¡Ymr)

lrdoo¡ olndoor

17.7
35'r0s

TI
æ¡

565
r55

$¡00
65.5
23.6
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Iqs t. chfomatograms obtained with GC-FID in two different rooms of a schoorbuilding.

Off¡ce3 B ¡rdudo 5 bu¡ldngs mamg.d by ü -ârv.


