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ABSTRACT

Indoor pollutant levels have been measured In & substantial number of
office and other public buildings in North America and Western Europe since the
mid 1970s. An archive of indoor pellutant levels in buildings under normal
conditions of occupancy and operation has been assembled {ntoc a computerized
Building Psrformance Database. This paper prasents median values and ranges for.
pellutsnts, such as carbon dioxide, carbon monoxide, and formaldehyde, for
which thers are at least 20 data records. Histograms of indoor amblent levels
are also given for relative humidity, temperature, and sight chemicals.

INTRODUCTION

Envirommental conditions in a large number of office bulldings have been
investigated by both privats and public agencies, fraquently in response to
complaints about poor indoor air quality. As of April 1988, che results of 389
building investigations of problem buildings, mostly from U.5. nonindustrial
workplaces such as offices, hospitals, schools and cther public buildings, have
been sbstracted and entered into a computerized Building Performance Database
{(BPD) (1l}. The database currently contains 2,475 measurements of 189
pollutants, The investigations were conducted between 1974 and 1987. The BFD
containg, for each building where possible, architectural and engineering data,
ventilation and thermal characteristics, saterials and machinery used in the
buildings, information about the occupants and the building use, and levels of
gassous and particulate compounds in the asbient air.

Data on temperaturs, humidity, and ambient levels of chesical compounds
is abstracted into a separate reaport in the BPD for seach arsa. Each area is a
separate office, floor or other discrete unit in a bullding.

METHODS

& sesrch of the BPD was conducted to identify all compounds (including
taxperature and relative humidity), for which there were 20 data records or
more in the BPD. The maximum and minimum valus and the wedian value for sach of
these compounds was determined. The mean value was not determined because of
the large number of values which were below the detection limit of the method
used in each individual study.

RESULTS

There were over 20 data records for 23 chemical compounds and for
tepperature and relstive humidity. Table 1 gives the numbar of measurements,
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Table 1:'H1ni.m. )ﬁxi-u-, and Madian Valuas for Temperature,
Relative Humidity, and 23 Chemical Compounds

Numbar of Rangs

Heasurements Hinloms Maximum Kedian
Temperature 139 15.5 ¢C 271 ¢C 22.8 C
Relative  MHumidity 141 13. % 73 408
Alkanes 26 'l'rtce 3.5 ng/us Trace
Amponia L) 3 XD 2.5 ppo 2 KD
Asbestos : 24 KD 0.04 f/t:3 WD
Banzene 27 KD 1.4 mg/m Trace
Carbon Dioxide 104 1] 1438 ppm 513 ppm
Carbon Monoxide 241 FD 245 ppm 2.65 ppm
Formaldehyde 259 WD 1.9 ppm 0.01 ppm
Haxane 22 ND 1.9 ppm ND
Hydrocarbons 98 ND 1656 ppm 0.246 ppm
Methano} 53 FD 1440 ppm | 430 ppm
Methy]l chloride 22 ND 0.83 ppm 3
Ricotine 32 1 43.7 mg/m ND
Ritrogen Dioxidas 49 ND 0.1 ppm ND
Hitrogen Oxides 40 ¥D 26.3 ppm XD
Organics 50 ND 15 ppm ND
Ozonas 96 | o) 0.09 ppa ND
Particles 85 ) 2.7 mg/w3 0.04 wg/m’
Perchloroethylene 2} L 3.4 pp= Trace
Sulphur Dioxide 46 n 0.17 ppm ND
Toluene 20 KD 6.3 mg/m’® Trace
Trichloroathane 40 ND 1.1 ppu Trace
Trichleroethylens 28 RDh 2.7 ppm 0.001 ppa
Xylene k¥ np 10.1 ppn 0.003 ppm

1 Not Detectable

the range, and the median valus for sach substance. Figures 1-11 provide
histograns of the distribution of values for relative humidity and temperature
and for nine chemical compounds of the greatest interest, ordered by the mmber
of -measurenents: carbon monoxide, formaldshyde, carbon dioxide, particlas,
ozome, nitrogen dioxide, sulphur dioxide, nitrogen oxides, and nicotine.

DISCUSSION

The median values and ranges for the indsor pollutants listed in Table 1
and in Figures 1-11 provide benchmark data on the pollutant lavels to be
expected i{n the nonindustrial workplace. Howevar, interstudy variability in the
detection limit for specific substances could bias the sstimated medians
dovnwards, though the axtent of any bias is not possible to detarmine.
Variability in the detection limit occurs as & result of the use of different
sanpling methods. For example, the detection limit for carben monoxide in a
study vhich used Drasger tubes would be 5 Ppm, whereaz the detection limit in
sncther study which used dirsct reading methods could be 1 ppm or less.
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Though the dats fs not derived from a Tandom or repressntative sample of
buildings, the results should reasonably approximate the trus median levsl for
problem buildings that are invest igated in response to occupant complaints of
poor alr quality. This is indicated by the fact that there has been ralatively
little change in the medfan value of 14 substances for which there wers at
least 10 veporcs in a 1985 study of BPD results based on a total of 143 Yeports
(2) and the median valus In this study based on 389 reports. Por exampls, Table
2 compares median values from the 1985 study with those from this study.

A messurable change of over 54 of the 1985 median occurs for enly three of the
14 substances. The greatest change was a 508 decrease in the median valus for
formaldehyde, from 0.02 ppm to 0.01 Ppo. The decline may have partly besen due
to a decreass in the use of building materials which off-gas high levels of
formaldebyde. The second and third largest changes are for carbon dioxide
(+37.08) and particles (+33.00), respectively. However, there was vary lictle
change in the median value for temperature (+2.7%), relative hmidicy (+3.9%),
and carbon menoxids (+46.3n).
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Table 2: 1985 and 1988 BPD Estimatas of the Median Tempsrature, Relative
Humidity and Indooyr Pollutant lewvel: Limited to Substances for which
thers wars 10 or mors Records (Rcds) in 1985, :

1983 1988 Parcent
# Redas Madian wReds Madian Changs
Temparature 26 2.2 ¢ 139 228 ¢C +2.7
Relative Humidity 29 38.5% 141 40.08 +3.9
Carbon Dioxids: 26 ADD ppm 104 513 ppm +28.3
Carbon Monoxide 61 2.54 ppm 241 2.65 ppm +4.,3
Formaldehyde &l 0.02 ppm 259 0.01 ppa. =50.
Rydrocarbons 77 'lrnic 9 0.25 pp= *tta
Mitrogen Oxides 3l WD &0 D e
Witrogen Dioxide 13 KD &9 ¥ nC
Organics 11 Traca 50 HD ---
Ozone 27 RD 9% | o) NC
Particles 22 0.03 ppa 85 0.04 ppx +33.3
Sulphur Dioxids 20 1)) (1] o NC
Toluane 23 0.015 mg/n° 80  Trace
Xylens 10 Trace k¥ 0.003 ppm .en

1 Indsterminate
: Fot Detectable
Fo Change

The histograms (Figuras 1-11) can bs divided into thres groups. The
distribution pattern for the first group, consisting of carbon dioxide,
relative humidity, and temperature, spproxisatss a normal distribution, with a
central peak in the frequency, The first group consists of factors which are
not pollutants, though both relative humidity and temperature affsct comfort
and carbon dioxide can be used as a msrker for inadequate ventilation. The
pattern for the second group, conslsting of the pollutants carbon msonoxide,
formaldahyds, ozons, nitrogen dioxide, sulphur dioxide, nitrogen oxidas and
nicotins, generally shows sn sxpenential decline or a 2" ghapsd curve, with
the highast frequency of measuremants in the not detectable range. This pattern
1s axpacted as & result of passive oY active attempts to prevent or Teducs
indoor levals of these pollutants. The distribution pattern for particles
_ differs from the other two groups in showing & sarked "U® shaped curve. This

ssy be a rasult of the éivision of many offices into arsas vhers sscking is
sither permitted or restricted, Mowever, the results for nicotine, an accurate
indicator of the pressnce of smoking, do wot indicate a "U" shaped
distribution. It {s also possible that the "U" shaped distribution for
particles is a result of other factors, such as building renovations or strest
Tepaira vhich can substantislly incrsass indoer particulate levels.
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