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SOURCE, NATURE, AND SYMPTOMOLOGY OF INDOOR AIR POLLUTANTS "SICK BUILDING SYNDROME" 
BY GRAY ROBERTSON, PRESIDENT, ACVA ATLANTIC INC., 

~he accumulation of indoor air pollutants inside many buildings has been seriously 
exacerbated by the current design and operating practices, primarily aimed at saving energy 
dollars. 

~wo common denominators in many sick buildings are inadequate ventilation, specifically 
insufficient fresh air intake, and poor fil tr a ti on. The latter is frequently a major 
contributor to a third common problem, namely the accumulation of dirt, dusts, and microbes 
inside the air handling units and their associated ductwork. 

F uture building designs must address these faults. If the prime factor in the design of a 
b uilding' s ventilation system was the health of the employees rather than the maintenance 
o f a specific temperature , far mo r e emphasis would be given to minimum fresh air intake 
l evels . Higher standards of filtration efficiency would be introduced and greater 
a wareness of t he hygiene of the air handling s ystems would be essential. 

since carbon dioxide levels are widely recognized as one of the best indicators of 
ventilation efficiency, a ceiling of 1,000 ppm of carbon dioxide in the indoor environment 
would mandate the use of a minimum of 15 to 20 cfm per person at all times, a value to 
which ASHRAE has reverted in its current proposed standard ANSI/ASHRAE 62-1981R. Many VAV 
systems would have to be altered to maintain these levels. Furthermore, VAV systems, with 
recirculation loops where return air is r~cycled, would need to be refined, especially if 
higher filtration standards were also introduced for all the air supply to occupied areas. 

Well tempered air is not necessarily heal thy air, but the requirements of comfort and 
health are very compatible. However, the practice of improving a system's design is only 
as good as the ongoing standards of maintenance and operation, i.e., legislation should be 
introduced mandating the continuous operation of a building's ventilation system at or 
above the minimum ASHRAE make-up air levels. 

INDOOR POLLUTANTS - THE SOURCES 

Virtually everything we use in the interior sheds some particulates and/or gases. When a 
building is new, some compounds are given off quickly and soon disappear. Others continue 
•outgassing" at a slow pace for years. Common office supplies and equipment have been 
found to release dangerous chemicals -especially duplicators and copiers and we have even 
found formaldehyde being released from bulk paper stores. 

People themselves are a major contributor since each person sheds literally millions of 
particles, primarily skin scales, per minute. Many of these scales carry microbes but 
fortunately the vast bulk of these microbes are short lived and harmless. 

Clothing, furnishings, draperies, carpets, etc. contribute fibers and other fragments. 
Cleaning processes, sweeping, vacuuming, dusting, etc. normally remove the larger 
particles, but often increase the airborne concentrations of the smaller particles. 

Cooking, broiling, grilling, gas and oil burning, smoking, coal and wood fires also 
<Jenerated vast numbers of · airborne particulates, vapors, and gases. If the windows and 
doors are closed all of these can only accumulate in that internal environment. 

CLASSIFICATION OF INDOOR POLLUTANTS 

Perhaps the simplest classification can be the division of pollutants into gases and vapors 
-- both organic and inorga nic ; fibers and dusts which can be subdivided into Total 
Suspended Par ticu l ates (TSP ) a nd Respirable Suspended Particulates CRSPl -- the latter 
b~ing the more important s ince th ese are the particulates that can pass through the natural 
fllters of the nose and e nter the lungs and finally the microbiological organisms which can 
be viable or nonviab l e f ragment s. 
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Orqanic Chemicals. There are arguably the widest range of pollutant$· ~i 
literally thousands of specific types fortunately occurring in very dilute concentratio~ 
which are usually expressed as parts per million or per billion. Most of these at 
presumed to be safe at the very low levels encountered, although some synergism bet~e t 
different organics or some incidences of organics "sensitizing" people to other pollutan~ 
cannot be ruled out. Usually the organics are more a problem in the typical home than th 
office and concentrations in the home are usually higher than the office mainly due ~ 
lower air exchange rates. 

Perhaps two organics are of particular note, these being formaldehyde and methylen 
chloride. Formaldehyde has received considerable attention due to its widespread presen~ 
in adhesives, glues, urea-formaldehyde insulation, etc. Most of the documented case 
histories of seve~e formaldehyde pollution are in homes, especially insulated mobile homes 
here the concentration of formaldehyde containing materials per unit area is higher than i~ 
typical offices and ventilation rates are lower. 

A potentially more serious pollutant is methylene chloride, this compound has been shown to 
be carcinogenic in rats and mice when inhaled. With sublime ignorance, many of us spray a 
concentrated form of this material over our heads each morning as a hair spray and its 
widespread use in spray paints, insecticides, etc. is neatly disguised on the product 
labels as "chlorinated solvents" or "aromatic hydrocarbons." 

Radon Gas. Radon, a decay product of uranium, is present in variable quantities 
in soils. It moves from the soil by diffusion into the soil's air pockets or into soil 
water. Then the radon can migrate from the soil air through unvented crawl spaces, 
building foundation cracks, etc. into the indoor space. Some building aggregates, cinder 
block, etc. also contain radon and out-gassing from these materials add to the indoor air 
levels. In other cases radon enters a building via the water supply. Some of this radon 
is released when there is turbulence of the water such as a running tap. It has been 
estimated by some researchers that anywhere from 10 to 15% of the average radon we are 
exposed to comes from such water. However, the general concensus is that the principal 
source of radon in buildings undoubtedly is the soil gas. Pollution by radon is far more 
prevalent in homes than in off ices, again mainly due to the lower air exchange rates in 
homes plus the fact that homes have a larger area of exposure to soil relative to building 
volume and soil leakage area. 

Inorganic Oxides. Carbon dioxide is produced by respiration and combustion, 
oxides of nitrogen and sulphur are combustion products associated with gas stoves, wood, 
coal fires, and kerosene heaters. Carbon monoxide is emitted from unvented kerosene 
heaters . or wood stoves and it frequently diffuses into buildings from automobile exhaust 
fumes generated in adjacent garages. Small to trace quantities of each of these gases and 
other organics are present in cigarette smoke. 

Ozone is another gas that is generated, usually in very small quantities, by miscellaneous 
copying machines and by certain electrostatic precipitators that are used to clean up the 
air. In one specific case that we studied, the maintenance staff of a building switched 
off the main air supply fans over the weekend, but omitted to switch off the central 
electrostatic precipi ta tors. Thus, ozone accumulated inside the air handlers and was 
subsequently delivered to the staff first thing each Monday morning. When the fans were 
switched on this carried a severe, though temporary, period of discomfort to the people 
working in the areas involved. 

FIBERS 

Asbestos. Prior to 1973, asbestos was the material of choice for fire-proofing, 
thermal insulation, and sound insulation . It was used as a spray-on insulation of ceilings 
and steel girders; as a thermal insulation of boilers, pipes, ducts, air conditioning 
uni ts, etc.; as an abrasion resistant filler in floor tiles, vinyl sheet floor coverings, 
roofing, and siding shingles; as a flexible, though resistant, joining compound and filler 
of textured paints and gaskets; as a bulking material with the best wear characteristics 
for automobile brake shoes, and in countless domestic appliances such as toasters, 
broilers,, dishwashers, refrigerators, ovens, clothes dryers, electric blankets, hair 
dryers, etc. 

The fact is that many asbest:os bearing materials or products are of no health risk 
whatsoever when used in the normal course of events. However, if for any reason of wear, 
abrasion, friability, water damage, etc., any of the asbestos fibers are released into the 
air and inhaled into people's lungs, there is a health hazard. The scientific evaluation 
of all available human data provides no evidence for a "safe" level of airborne asbestos 
exposure, thus any quantity should be considered potentially dangerous. 
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Glass Fibers . The glass fiber (usually referred to as fib erglass) industry is in 

its infancy compared with asbestos and since asbestos related illnesses only manifest 
th ems elves tens of years a fter exposure , there are some schools of thought that suggest 
glass fiber fragments will also accumulate in the lungs and cause later problems. This may 
be 50 , but it is unlikely to be anywhere near as severe. The fibers of glass are not shed 
'n such large quantities as asbestos and most of the . resins, etc. bonding the fibers 
~ogether appear to be extremely effecti ve and long lasting. However, some fragmentation 
does occur and this is especially noticeable when the loose fiberglass insulation, 
opularly used in attics and ceiling voids, is disturbed. Most of us have experienced 

Itching o contact with fiberglass and dermati tis-type reactions are not infrequent due t o 
airborne fiberglass particles . 

MICROBES 

In our reviews of the literature , the one a rea of indoor pollution that has received least 
study or research has been contamination due to microbes. Table #3 shows the dominant 
types of bacteria that we have isolated fr om inside air conditioning systems . Eleven, or 
nine percent, of the first 125 major buildings studied by ACVA have exhibited high levels 
of potentially pathogenic or allergy causing bacteria, including Actinomyces and 
navobacteri um species. In addition , Legionella pneuophila, the cause of the dreaded 
Legionnaires disease has frequently been isolated from inside air conditioning systems. 

Perhaps more significantly, we have found over twenty-seven different species of fungus 
contaminating air handling systems (see Table #2). Of the 125 buildings studied by ACVA 
between 1981 and 1985, 39, or 31 percent have been found to contain high levels of 
potentially pathogenic or allergy causing fungi (Table #1), including Alternaria, 
Aspergillus, Cladosporium, Fusari um, and Penicillium species. In several buildi ngs with 
excessive staff complaints, either Aspergillus and/or Cladosporium species of fungus were 
found. In some investigations, epidemiological tests run by various doctors have confirmed 
severe allergic reactions to the spores of these fungi in all affec ted staff. Subsequent 
cleaning and removal of the sources of these fungal contaminants have resulted in a 
complete abatement of complaints. 

DIRT IN DUCTWORK 

HVAC systems also have been found to be poorly designed and negligently maintained. 
Excessive dirt accumulations are common in ductwork, even in hospitals. Frequently dirt is 
built into the systems during construction since the ducts are installed long before the 
windows, etc. and construction dusts from the site, plus wood shavings, lunch packets, coke 
and beer cans, etc. find themselves brushed into the vents then "out of sight -- out of 
mind." Thereafter over the life of the building, more dirt enters with the supply and 
return air. Good filters reduce the rate of this accumulation, but the only perfect filter 
would be a brick wall. All filters, even the ultra-efficient HEPA filters used in hospital 
operating rooms allow fine particles through. Many of these fine particles coalesce, 
sticking to each other by adhesion or electrostatic attraction and larger particles simply 
grow with time. In commercial buildings, much cheaper and far less efficient filters are 
common. Many will stop birds and moths, but that is about all. Occasionally we find that 
the filters have been omitted and very frequently we find they are undersize, resulti1fg in 
large air gaps that allow massive volumes of air bypass to occur . Then , there are the 
large electrostatic precipi ta tors that theoretically provide ultra-efficient ai r. I n one 
major building we found 16 out of their 18 precipitators were inoperative due t o broken 
parts, many had not worked for over a year. In a major ho s pital, we found the power pack 
was missing from one of these units. When inoperative electrostatic precipitators provide 
zero filtration. -

Dirty ductwork is a prefect breeding ground for germs. It provides an enclosed space, 
constant temperature, humidity, and food -- which is the dirt. No germ could wish for 
more! 

The extent of this potential problem is huge and it is very surprising what we have found 
in ducts. Dead insects, molds, fungi, dead bir.ds _and rodents are common. In 19 84 we found 
two dead snakes in air supply ducts. We have also found rotting food, builder rubble, 
rags, and newspapers. All of these contaminate the air we breathe . It is the dirt that 
encourages germs to breed -- germs which cause infections. 

The µirt and dusts also may be 3.llergenic, in fact most of the dusts are, by def ini ti on, 
household dusts which are notorious for causing allergies in many people. 

245 



In a recent survey of a 750, 000 square foot hospital in Virginia, we found 14 mil• 
ductwork. Here are a few examples of the problems we encountered in that: maze of d: 
smoke detectors blocked by dirt and inoperative; fire dampers jammed open by dirt -
were unable to close; reheat coils completely blocked by dirt sealing off the fres t 
supply; turning vanes and even the exhaust grilles completely sealed with 
accumulations -- in this operating suite the exhaust fan was still working against t 
duct blockages causing such immense negative pressure in the ducts that the ducts 
bowing inward almost to the point of collapse; huge excesses of bacteria and fungi 
present inside the air handling chambers and throughout the ductwork; cross infection r 
were high and nurses, doctors, and pati~nts complained about poor air quality. We , 
since cleaned all the air handlers and the 14 miles of ducts and have overseen 
installation of more efficient filter systems. That hospital has been dramatic< 
improved and its air quality is now well above average. 

SYMPTOMOLOGY OF INDOOR AIR POLLUTANTS 

In general, when one bears of a polluted building or a so-called "sick building," one he< 
familiar symptoms from occupants including eye and nose irritation, fatigue, cougbi r 
rhinitis, nausea, headaches, sore throats, and general respiratory problems. Withe 
doubt, the pollutant most often blamed for these symptoms by the public is environmen t 
tobacco smoke CETS). However, there are usually confounding variables presented by 
number of potential contaminants that precludes a quick analysis establishing a sing 
source of contamination. The main problem being the incredible similarity between sympto1 
from widely different irritants or even environmental conditions. For example, identic< 
symptoms have been reported for individual exposed to formaldehyde, ammonia, oxides < 
nitrogen, and ozone. In addition, similar symptoms are reported by those individual 
suffering allergic type reactions to numerous dusts and to microbial spores such a 
Aspergillus, Penicillium, and Cladosporium fungi, among others. Similar symptoms have bee 
reported from exposure to cotton dust and fiberglass fragments and an ever increasing an 
similar problem is encountered due to low relative humidifies. The latter is well known to 
frequent flyers of airliners where relative humidity levels are frequently as low as 10% . 
compared to a normal lower comfort level 0£ say 40%. 

This similarity of symptoms is usually unappreciated by the public and in part it account3 
for a bias against ETS which happens to be the sole visible air pollutant. Furthermore , 
due to their unreliability, we, as a policy, refuse to rely upon or otherwise use the 
information generated by subjective building occupant questionnaires. Only upon careful 
investigation of the entire indoor environment and ventilation system of a building can be 
draw informed conclusions about tbe various causes of poor indoor air quality. As a 
result, we have made it our business to perform precisely such investigations. Despite 
being the main suspect of the occupants in many of the buildings we have examined, we have 
determined high levels of environmental tobacco smoke to be inunediate cause of indoor air 
problems in only five or four percent of the 125 major buildings investigated by ACVA 
between 1981 and 1985 <See Table 1). This result has been corroborated. In a similar 
study of 203 buildings from 1978 to 1983, NIOSH found that only four qf the buildings 
studied Ctwo percent> had indoor air quality problems attributable to high concentrations 
of ETS (See Table 4). Significantly, in those few cases where high accumulations of ETS 
have been found, ACVA also has discovered an excess of fungi and bacteria in the HVAC 
system. These microorganisms usually are found to be the primary causes of the complaints 
and acute adverse health effects reported by building occupants. 

VENTILATION AND INDOOR POLLUTION 

The fact is that the accumulation of many pollutants is itself a symptom of a more serious 
problem -- a problem of inadequate ventilation. Medicine teaches us that treating the 
symptoms simply does not work, one has to go after the cause of the problem. 

In the analysis of the NIOSH studies (Table #4 >, approximately 50% of the "sick buildings" 
were found to be inadequately ventilated. Improper ventilation can sometimes be carried to 
extremes. During 1985 the fresh air dampers were closed completely in over 35% of those 
buildings studied by ACVA. Three years ago we found a building where the "maintenance 
engineer" had bricked up the fresh air vents to save energy. In Washington state, one 
NIOSH investigator of a sick building found heavy duty polyethylene sheets sealing off the 
fresh air intakes. It turned out that these had been installed two years earlier to reduce 
the levels of silica dust being carried into the building from Mount St. Helens. There are 
also numerous incidences of inadequate ventilation due to hidden blockages inside ducts. 
Using fiber-optic technology, we have found many classical examples of such where turning 
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[,dampers, and reheat coils inside ducts have been totally seale~ - with ma'5ive 
fccumul ations of dirt, loose insulation, etc. 

f
' erhaps the most serious problem of ventilation is that there is no effective legislation 
~andating the uniform use of minimum fresh air requirements. If authorities could agree on a specific design code, it would be relatively easy to enforce adherence to such codes 
ijuring design and construction. However, the major problem at the design/construction 
phase is that there is no legislative structure, nor is there a practical policing 
•111et hodology to ensure that the operators of buildings run their ventilation systems 
~ccording to such designs. 

THE EFFECT OF ENERGY CONSERVATION 

some of these examples of inadequate ventilation were due to ignorance or accidents, 
however, the complex of symptoms t hat I ha ve mentioned -- the "sick building syndrome"-
may resu lt primarily from energy conserva ti on efforts to seal buildings and reduce the 
iofi l trat i on /exf iltratio n of ai r . Suc h efforts have reduced the natural infiltration of 
fresh air that prev ious ly existed in . ma ny buildings, exacerbating the often undiscovered 
problem of a poorly desig ned or maintai ned HVAC system. 

In addition to tightening buildings and sealing windows, building managers have shut down 
air conditioning systems at night and on weekends in an effort to lower energy costs. When 
the air conditioning is shut down in humid climates, condensation builds up and settles 
inside the ductwork. If dirt is present in damp ductwork, spores and microbes can 
flourish, only to be spread throughout the building once the HVAC system is turned on the 
next morning. This often results in Monday morning complaints of building odors or 
building sickness that disappear during the week, only to recur the following Monday 
morning. To save more energy, automatic temperature controllers are used to cycle fans on 
and off during the day. Vibrations from the start-up of these fans can cause dirt and 
microbes trapped inside ductwork to be dislodged and carried into occupied areas. 

Another energy conservation effort that may contribute to sick building syndrome is the 
recirculation of indoor air, at the expense of fresh outdoor air. The 35% of the buildings 
mentioned above were saving energy by shutting off all the fresh air. 

Extremely bad distribution of air throughout the building is common, especially in those 
systems using multiples of fan coil units mounted throughout the various floors of the 
building. Local thermostats switch off individual uni ts independently of others and 
micro-environments are set up. Often it is necessary to ensure that when the heating or 
cooling is not required, all the fans should be left running to aid circulation throughout 
the areas concerned. 

Variable air volume systems (VAVl using VAV mixing boxes mounted in the ceiling void 
frequently have louvers opening into the void. When certain temperature conditions are 
met, the louvers open and return or exhaust air from the void can be induced into the 
supply air, bypassing the filtration system. We have found fiberglass, asbestos, fungi, 
and ETS to be recycled throughout an office due to this design. 

More and more frequently one finds the following design condition, exhaust fans rated at 
say 70 to 80% of the supply fans. The supply fans are of.ten automatically throttled back 
for energy savings, say to 25% of their rated capacity. If the exhaust fan is not adjusted 
at the same rate the exhaust fan can overpower the supply fan and no fresh air gets into 
the building. The open fresh air louvers now act as addition exhausts and the whole 
building runs at negative pressure. When this occurs, unfiltered outside air infiltrates 
into the building or, worse still, exhaust fumes are sucked up from underground garages. 

In addition, as described above, the substitution of low cost, low efficiency filters to 
reduce pressure drops and save energy seriously reduces the efficiency of building 
filtration systems, and can lead to serious indoor air quality problems. 

VENTILATION COSTS 

Without doubt, th·e major resistance to increasing ventilation rates has been the : cost of 
such increases. Most companies have incorporated energy management problems and new 
operating budgets based on saving every energy dollar possible. In fact, in an address to 
the Association of Professional Energy Managers in 1986, we pointed out that since their 
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very salaries and bonuses are dependent on reduced costs, it would be an anath.=.ma for th. 
to consider incre~sing energy usage and cost by increasing ventilation. 

However, forward thinking companies should look way beyond the constraints of budgets c 
the energy managers. Consider the following: the average heating, ventilation, and a ' 
conditioning operating costs of a typical 100, 000 square foot building in the Washingtor 
D.C. area would be $50,000 per annum. A commendable target for energy saving by shaving c 
ventilation may be say 25% savings, giving a useful $12,500 per annum. Of course, many 0 
you present operate buildings many fold larger than 100,000 square feet, sos these saving 
are an attractive goal. 

Now, consider the payroll costs for people in that building. Using typical averages, ther . 
are 150 square feet of space per employee, therefore each 100 ,000 square feet would hous t 
667 people. Supposing we paid these staff only $15, 000 per annum for the salary plu: 
payroll costs, the salary bill (667 x $15,000) would be approximately $10,000,000 per annu;. 
per 100, 000 square feet. Thus, each 1% absenteeism costs $100, 000 per annum. Typica: 
absentee rates run at 3 to 7% and no less than 50% of all absenteeism is estimated to bf, 
due to upper respiratory problems. How many of these are due to dusts, bacteria, fungi ; 
fibers, chemicals, ETS, carbon monoxide, oxides of nitrogen, etc., i.e., how many are due 
to these internal pollutants. 

In short, what does it profit a company to save $12,500 in energy savings if that small 
saving causes potentially hundreds of thousands of dollars in absenteeism, not to men t ion 
lost worker efficiency. Small wonder that some European countries, including Denmark, Wes t 
Germany, and Switzerland have introduce legislation mandating that steps must be taken to 
prevent the buildup of internal pollutants. This country is destined to follow that course 
either by slow evolution or legislation will be precipitated as a result of court actions 
brought by individuals or by trade unions making the building owners, architects, 
designers, and operators responsible for the health and welfare of their staff or tenants . 
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TABLE l 
ACVA SYSTEMS EXPERIENCES 1980 TO 1985 

Total number of majpr building studies: 
Total number of square feet of occupied space: 
Estimated number of building occupants: 

summary to Types of Irritants Found: 

Major Pollutant 

Widespread allergenic fungi 
in A/C systems 

widespread allergenic/pathogenic 
bacteria in A/C 

Fiberglass in supply air 
High levels of ETS throughout building 
High levels of carbon monoxide 
High levels of ozone 
High levels of formaldehyde 

TABLE 2 

# of 
Building 

39 

11 

7 
5 
4 
1 
1 

125 
27,000,000 
134,000 

% 

31 

9 

6 
4 
4 
1 
1 

FUNGI ISOLATED FROM AIR CONDITIONING SYSTEMS 

Alternaria sp. 

Candida sp. 

Chrysosporium sp. 

Diplosporium sp. 

Monilia sitophila 

Mycelia sterila 

Penicillium sp. 

Rhodotorula sp. 

Streptomyces sp. 

Yeasts 

Aspergillus sp. 

Cephalosporium sp. 

Cladosporium sp. 

Fusarium sp. 

Monosporium sp. 

Oospora sp . 

Phoma sp. 

Saccharomyces sp. 

Tricthecium sp. 
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Aureobasidium sp. 

Chaetomium sp. 

Curvularia sp . 

Helrninthosporium sp. 

Mucor sp. 

Paecilomyces sp. 

Rhizopus sp. 

Scopulariopsis sp. 

Verticilliurn sp. 



TABLE 3 
BACTERIA ISOLATED FROM AIR CONDITIONING SYSTEMS 

Actinomyces sp. 

Chlamydia sp. 

Klebsiella sp. 

Non fermenting gm-ve rods 

Serratia sp. 

Bacillus sp. 

Diphtheroids 

Micrococcus sp. 

Proteus sp. 

Staphylococcus ep. 

TABLE 4 

Coliform sp. 

Flavobacterium sp. 

Nocardia sp. 

Pseudomonas sp. 

Streptococcus sp. 

COMPLETED NIOSH INDOOR AIR QUALITY INVESTIGATIONS 

Problem Number Total 

Contamination <inside) 36 17.7 

Contamination (outside) 21 10.3 

Contamination (building fabric.> 7 3.4 

Inadequate ventilation 98 48.3 

Hypersensitivity pneumonilis 6 3.0 

Cigarette smoking 4 2.0 

Humidity 9 4.4 

Noise/illumination 2 1.0 

Scabies 1 0.5 

Unknown 19 9.4 

Total 203 

Source: Meluis, James: Wallingford, Kenneth: Keenlyside, Richard: and Carpenter, James: 
"Indoor Air Quality--The NIOSH Experience," at 17. 


