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An investigatioo of the rel.;J.tionship between the q>erating conditialS of a 
building's ventilation systems ~ the indoor enviraunent has been oaiducted. 
The investigation consisted in the random selection of one of three 
ventilation rates for each week of a six-week study period. The work 
environment was characterized by measuring the amount of outdoor air •UR>lied 
ambient· tempe.tatu.te, t}umi.dity, air velocity, concentration of carbon dioxide, 
total particulates, total organic volatiles, formaldehyde, nitrogen oxides 
and fungal spores. 'lbe results of the investigation shoWec:f=fhat there is a 
good correlation between the amount of outdoor air supplied and the 
oonoentration of gaseous contaminants at individual workstations. 

Ideally, office building occupant sati~action with his/her work envirorunent 
could be achieved through an a4equate control of temperature, humidity and 
air velocity at the workstation, by the effective control of chemical and 
physical agents that are present and the introduction of appropri<ite amoLmts 
of contaminant-free air intci occupied spaces. In reality, in most modem 
office buildings, the air supplied to occupied spaces is a mixture of 
recirculated air and outdoor air whose amount is determined by the ' building's 
thermal load and meteorological oanditions. In fact, it is common practice 
in mid-summer and mid-winter to minimize HV1lC q:ierating costs by markedly 
reducing the amount of outdoor air introduced into the building. Systems 
such as variable air volume ventilation systems further regulate the amount 
of air delivered to a specific w0rkstation according to thermal requirements. 
In addition, the efficiency of ventilatioo systems in delivering this air to 
individual work spaces can vary significantly. Not surprisingly, ventilation 
system inadequacies are most often blamed for the occurrence of building­
related illnesses. (1) However, irrefutable evidence supporting thi.s 
contention is scarce and the optimal amount of outdoor air required to 
maintain occupant wellbeing and comfort has not been the subject of 
ri90rously conducted scientific studies to date. (2-6) 

An investigation whose purported objective is to establish the relationship 
between the operation of a building's ventilation systems, the oonoomitant 
indoor envir0Tll1lent and occupant acoept:qnoe would., of necessity, involve an 
evaluation of the performance of the ventilation systems, measurement of 
pertinent environmental parameters and an assessment of occupant 
satisfaction. Such a study has been conducted. The relationship between the 
operation of one building's ventilation systems and its indoor environment is 
reported here. The occupants' response to these envirorunental conditions are 
reported elsewhere. (7) 
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The building selected for this study is a thirty-storey building built in 
downtown Montreal twenty-two years ago. Each floor is served by five 
perimeter-area and two co.re-area HVAC systems. The intake and exhaust fo.r 
each system are located side by side between the 16th and 17th floors. The 
outdoor air supply is controlled by louvered openings, mixed with 
recirculated air, filtered, humidified (steam injection) or dehumidified 
(cooling coils). The amount of outdoor air introduced is determined by the 
building's thermal load and outside temperature. All HVAC systems function 
continually. 

Four floors were selected for this study. Both open and closed concept 
offices were present. Open areas were separated by two-meter high screens. 
Closed offices were located mainly on the periphery of each floor. 

Each week of the study period, the louvres controlling the amount of air 
recirculated by the core systems were ad justed to one of three settings. 
'nlese settings were not known to the survey team and were intended to provide 
three pairs of identical ventilation system conditions. 

l\n equal number of closed and open office areas were selected for sampling on 
the four floors. A sampling site was located in each general area served by 
one of the five peripheral ~ systems and five other sites were chosen in 
the core area. Sampling sites selected on each floor were similar in 
location and type to those chosen on the other three floors. One of the core 
outside air inlets was also selected for sampling. 

The environmental parameters measured, instrumentation used, duration of 
sampling and number of sites selected were as follows: 

Teqierature/hunidity 10 sites/floor; psychrometer; 4 times daily; 6 weeks 

Air velocity 

Carbon dioxidel 

Total Dust1 

FoIJllaldehyde 

10 sites/floor; Kata thermometer; twice daily; 6 weeks 

10 sites/floor; portable meter; 4 t:irnes daily; 6 weeks; 

4 sites/floor; filter · and portable air pump; averaged 
over 3 days of sampling; 6 weeks; 

4 sites/floor; charcoal tube and portable pump; 
averaged over 3 days of sampling; 6 weeks; 

1 site/floor; sampling badge; averaged over 3 days of 
sampling; . 6 weeks 

Ni~en Oxi.d~~l . 1 . site/floor; sorbent tube and portable air pump; 

Fungal Spores1 

" .. · averaged over 1 day; 6 weeks; 

2 site~/floor; \agar strip and filotest sam~ling 1.U'rit; 4-
minute samples; 1 week; 

Outside · AJ.J: _supp~y ... 10 sites/floor; tracer gas (SF6l decay method; 6 weeks·' 

Air Recirculation 7 HVAC systems; co2 measurement; 6 weeks 

1 'Itlese air oon~ts were al~ measured at one outside air inlet. 
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1 The amount of outdoor air delivered to the floors during each week of the 
11 stydy was regulated by manipulation of the two oore INAC systems. Three of 
-the HVAC systems serving the peripheral area did not admit outdoor air and 
the remaining two s ystems were fixed at approximately 65 and 75% 

. recirculation of· a i r. The overall percentages of a i r recirculated by all 
· seven UV/IC sysl:cme <luri119 t.hc ntU<ly circ nhown iri 'J ';1hl n J. l t: in obvi oun l:: r::om 

these results that the goal of obtaining three pairs of similar ventilation 
• conditions for the floors was only partially achieved. 

_'I ; ' J ·~ J • • 

,;. .. ~ 1. Percentage Reci.rculaticn of Total Air During 'Die Study · 

... , ... • J .... .. •• 
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The impact of the weekly manipulat ion of the two core HVAC systems on various 
·ventilation systems performance indicators is depicted in Figure 1. Thus, 

· with one exception, the average amount of outdoor air supplied to the floors 
was apparently related to the operation of the HVAC systems: Unscheduled 
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work performed on the floors' windows, after hours, during the firse-week 
tracer gas tests, most probably inflated the values for the amount of outdoor 
air for that week. No apparent pattern is discernable for the first three 
weeks' of the study and the values obtained did not vary significantly from 
floor to floor. Conversely, a repetitive pattem is observed during the last 
three weeks with the 19th floor benefiting from the most outdoor air. The 
four floors d~d not receive the amount of outdoor air prescribed by ASHRAE 
(0.75 L/sec. m ) (8) during weeks 3, 5 and 6 of the study. 

Carbon dioxide concentrations on any given floor in an office building is 
largely dependent on both its population and the amount of outdoor air 
delivered to it. 'lhe population of the four floors was relatively constant 
during the study and carbon dioxide levels did, in fact, mirror changes in 
the relative amount of the outdoor air supplied to the floors week to week 
(Figure 1). The highest levels and greatest individual concentration of 
carbon dioxide, 753 ppm, were indeed measured during weeks 3, 5, and 6 which 
wer.e characterized by the inadequate amount of outdoor air delivered to the 
floors •. However, in view of the presently accepted criterion of 1000 ppm for 
this gas in office areas (8), it was not possible to conclude, solely on the 
basis of co2 levels measured, whether or not the amount of outdoor air 
supplied to the floors was sufficient. 

A weekly decrease in ambient temperature occurred throughout most of the 
study period and this trend was matched by a commensurate increase in 
humidity. Temperature measured at all sites varied by less than l°C during 
any given workday and invariably met ASHRAE standard. (9) Humidity and air 
velocity were similarly acceptable. 

'llle gaseous contaminants carbon dioxide, nitrogen dioxide, nitric oxide and 
volatile organic chemicals can be found in outdoor air and their indoor 
concentration was "normalized" by dividing the latter by the corresponding 
outdoor level. 'lhe values obtained for the gaseous contaminants apparently 
varied exponentially with the amount of outdoor air supplied to the floors. 
A plot of the logarithm of these values versus the corresponding amount of 
outdoor air supplied to each site shows a strong correlation (Figure 2). 
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Formaldehyde, whose sources are mainly indoors, showed a similar albeit less 
strong relationship with the amount of outdoor air supplied. It is worth 
n~ that none of the gaseous contaminants exceeded norms. 

Indoor concentrations of total dust ranged from 6~8 to 57.6 ug/m 3 and we5e 
considerably less than outdoor air concentrations which averaged 540 ug/5. 
Similarly, the concentrations of fungal spores found ind~rs (6-53 CFU/m ) 
were markedly less than those found outdoors (359 CFU/m ). These results 
indicate that the HVAC systems filtration units were very efficient in 
remOl1ing particulate matter from the air introduced in the building. 

The results of this investigation showed that, in aged buildings, with 
relatively constant populations, and with no unusual work activities, either 
in progress or recently perf onned, the oonoentratian of gaseous contamihants 
such as carlxm dioxide, nitrogen oxides, total volatile organic chemi cals, 
formaldehyde, and possibly others are related to the amount of outdoor ~ air 
supplied to the occupied spaces. In such buildings, the concentration of 
gaseous contaminants can be maintained at acceptable levels by ensuring that 
an adequate amount of outdoor is delivered to individual work stations. 
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