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Indoor Air Quality 101
By: Jaco van Rensburg

BACKGROUND
Ventilation – probably the most confusing term in Occupational Hygiene: The term
“Ventilation” means different things to different people, and the OHS Act (and other
Legislation) deals with this aspect in more than one way.
• Firstly, “Ventilation” (can) refer to one of the forms of Engineering Control Measures,
regarding the control of airborne, Hazardous Chemical Substances.
• Secondly, “Ventilation” (can) also refer to the provision of sufficient volumes or rates of
fresh air needed for respiration and/or the general condition (or deterioration) of air
available to the occupants of an area,. In this regard, “Ventilation” is conveniently referred
to as “Indoor Air Quality”.

BACKGROUND
For some IAQ (Ventilation) aspects, some national statutory standards exist, such as:

• Regulation 5 (Ventilation) of the Environmental Regulations for Workplaces, 1987, under
the OHS Act; Act 85 of 1993, which prescribes the general requirements for air quality in
work areas, ventilated either by natural or mechanical means; The National Building
Regulations and Building Standards Act/Part O of SANS 10400 of 2011, standards are
specified for what is considered adequate ventilation (natural or mechanical/artificial) for
areas of various types of activities or occupations, for such areas to be used without
determent to health and safety or causing any nuisance.
• The above-mentioned standards are often used in conjunction with international
standards (to supplement the national statutory standards), such as standards developed
for comfort (rather than purely occupational health), by reputable institutions such as
WHO, US-EPA, ASHRAE, etc. These international standards however look at workplace
comfort in terms of artificial ventilation (fresh air supply), nuisance and/or hazardous
airborne contaminants, thermal/climate comfort, as well as the presence of Hazardous
Biological Agents.

STANDARDS
Since we are dealing with exposure to airborne contaminants, which “exposure limits” or
standards are applied?:
• Why not using the OELs in the HCS Regs, or any other similar International Limit?
o Remember that OELs are set for healthy adults, only.

o OELs are generally based on the exposure level where serious health implications are
expected to occur (at various levels of certainty over a 40 year occupational exposure,
and/or based on the socio-economic setting).
• Indoor Air Quality Surveys are thus conducted in all areas, where conventional OELs are
not applicable:
o Public areas (also occupied by the elderly and children) and administrative areas
o Limits are generally much stricter than conventional OELs based on the exposure level
where irritation or nuisance is expected to occur, or more serious health implications,
but then at very low rates of incidence, over lifetime exposures.

TERMINOLOGY
This is an air-conditioner:

• It only conditions the air (heat or cool) – it does not provide fresh air, or extract stale air –
it recirculates the same air.
• You cannot say; “the area was ventilated by means of an Air-Conditioner” (“ventilation”
implies supply of fresh air, or extraction of stale air)

TERMINOLOGY
This is a Ventilation system:

• It supplies fresh air (to dilute contaminants), heats/cools and re-circulates a portion of the
air (to save on heating/cooling costs).
• HVAC stands for Heating Ventilation and Air-Conditioning

• AHU stands for Air Handling Unit (the unit containing the fan, and heating/cooling coils)

DETERIORATION OF AIR QUALITY
What happens in a poorly, or inadequately ventilated space:
• Contaminants that are steadily released into the “enclosed” environment, are not
continuously diluted through the continuous introduction of fresh air, or removed from
the environment through extraction or natural concentration gradient, and therefore
accumulates – accumulation continues until it reaches hazardous levels.
Common contaminants that can accumulate:
• Carbon dioxide (CO2) – continuously exhaled by humans – displaces Oxygen (O2)
• Volatile Organic Compounds – released from curing paint, varnish, carpet glue, natural
deterioration of natural and synthetic organic materials (wood and plastic).
• Formaldehyde – released from resins in pressed wood furniture
• Ozone (O3) released from UV Printers (reaction between UV and atmospheric O2)
• Dust – carried in on peoples clothes as well as deterioration of carpets and other building
materials
• Odors from kitchens and ablutions
• Gases and vapors from cleaning products.

CONDUCTING AN INDOOR AIR QUALITY SURVEY
Firstly:
• Inspect and study the type of ventilation system in place; does it rely on natural
ventilation or mechanical ventilation – what is the ratio between fresh air and
recirculated air (and how is it controlled)?
• Determine whether the type of ventilation system in place, is suitable for the intended
purpose (consult Part O of SANS 10400).
Conduct basic IAQ measurements:
• Measure Carbon dioxide (CO2) concentrations – measure continuously during the course
of the day (or data logging), to track whether it accumulates as the day progresses – this
too will confirm whether the area is adequately ventilated.

CONDUCTING AN INDOOR AIR QUALITY SURVEY – CONTD.
Conduct a basic investigation, in the event of complaints:
• Enquire about when last walls were painted, carpets replaced, or any type of
maintenance conducted that required the use of a solvent based products (paint,
sealants, varnish, adhesives, etc.).
• Enquire about what type of cleaning chemicals are used; does it contain solvents, beach,
etc.
• Enquire about the age of furniture (particularly pressed wood furniture) – off-gassing of
Formaldehyde continues for several months after manufacturing of the wood.
• See where Printers are located, whether they are spread throughout an area, or
concentrated at one location, the type of ventilation in place in such “Printing Rooms”,
etc.

• Talk to occupants (those with complaints and those around them to see if they
corroborate) – try and link the symptoms they describe to a cause/source.
• Etc.

CONDUCTING AN INDOOR AIR QUALITY SURVEY – CONTD.
Quantify contaminant concentrations:
• Based on your enquiry, conduct measurements – but before that, consult the standards
that will be applied:
o E.g. if you suspect dust to be the problem, and the standard is for PM10, PM2.5,
Respirable fraction, or Total Inhalable Dust, you must conduct sampling accordingly
(pointless to measure TIP if the standard is for PM2.5).
• Generally, as discussed earlier, the limits will be very low; meaning you will have to use
the most sensitive methods (forget about direct reading) and sample for the longest
possible period of time (limited to the method applied) – choose your laboratory wisely.
• All measurements must be referenced to ambient conditions as well – meaning, the same
measurements conducted indoors, must be conducted outdoors (preferably in the vicinity
of the Ventilation system’s air inlet), over the same time period – how else will you be
100% certain that the contaminants indoors are not introduced from the outdoors, via
the ventilation system?

TYPICAL STANDARDS – GENERAL VENTILATION.
For general ventilation, the following national statutory standards apply (generally applied
to naturally ventilated spaces):
Occupational Health and Safety Act, Act 85 of 1993:
• In terms of Section/subsections 5(1 – 3) of the Environmental Regulations for Workplaces
of 1987, under the Occupational Health and Safety Act; Act 85 of 1993, every workplace
must be so ventilated to ensure that the following TWA gas concentration is not
exceeded:
o Carbon dioxide (CO2) gas may not exceed a TWA concentration of 5000ppm (0.5%).

TYPICAL STANDARDS – ARTIFICIAL VENTILATION.
For artificial ventilation, the following International standards apply (generally applied to
artificially ventilated spaces):
ASHRAE (American Society of Heating, Refrigeration and Air Conditioning Engineers)
ASHRAE prescribes the following limits/range – pertaining to artificially ventilated, nonindustrial Indoor Work Environments:

Parameter

Reference

Limit/Range

Carbon Dioxide (CO2)

ASHRAE Standard 62: 2010

700ppm + corresponding ambient
concentration

Carbon Monoxide (CO)

ASHRAE Standard 62: 2010

9 ppm

TYPICAL STANDARDS – GENERAL VENTILATION.
SANS 10400 – O: 2011 (The Application of the National Building regulations, Part O: Lighting
and Ventilation):

TYPICAL STANDARDS – ARTIFICIAL VENTILATION.
SANS 10400 – O: 2011 (The Application of the National Building regulations, Part O: Lighting
and Ventilation):

TYPICAL STANDARDS – ARTIFICIAL VENTILATION.
SANS 10400 – O: 2011 (The Application of the National Building regulations, Part O: Lighting
and Ventilation):

Etc.

TYPICAL INTERNATIONAL STANDARDS.
WHO (World Health Organization Regional Office for Europe Copenhagen - Air Quality
Guidelines for Europe, 2nd Edition, 200):

TYPICAL INTERNATIONAL STANDARDS - CONTD.
WHO (World Health Organization Regional Office for Europe Copenhagen - Air Quality
Guidelines for Europe, 2nd Edition, 200):

TYPICAL INTERNATIONAL STANDARDS - CONTD.
WHO (World Health Organization Regional Office for Europe Copenhagen - Air Quality
Guidelines for Europe, 2nd Edition, 200):

CONTROL MEASURES.
Similar to controlling Airborne contaminants in industrial settings, but obviously excluding
PPE:

• Remove the source, or substitute (e.g. solvent based cleaning agents, old carpets, etc.)
• Prevent the contaminant from entering the area (i.e. filtration of inlet air, relocation of air
inlet, apply positive pressure, or negative pressure).
• Prevent spreading of the contaminant (e.g. use HEPA filtration vacuum cleaning instead of
conventional/cheap vacuum cleaners or dry dusting, apply negative or positive pressure).
• Increase fresh air supply rate/stale air extraction rate
• Schedule cleaning activities after-hours
• Conduct surveys after renovations, but prior to people re-entering an area, to confirm
safety.
• Prescribe what maintenance products may be used in the facility, and scrutinize
everything else (prevention is better than cure).

THERMAL CLIMATE (THERMAL COMFORT)

GENERAL
Although indoor climatic conditions has very little to do Indoor Air Quality, it is as
important for general employee wellbeing, comfort and productivity – you need not be a
rocket scientist to figure out why – which is why it is generally included in basic “IAQ”
studies.
• Which is why most basic IAQ monitors include sensors for CO and CO2 (the concentrations
of these gases are indicative of air freshness/adequacy of ventilation), and
• Sensors for Air Temperature and Relative Humidity
As in true IAQ studies, things can get very technical when staring to measure different
airborne contaminants, one can also complicate thermal climate/comfort measurements, by
including:
• Radiant-, wet-bulb– and Effective Temperature (ET) measurements
• Vertical temperature gradients
• Air movement- and distribution patterns

• Clothing insulation factors, etc.

STANDARDS
Due to the lack of Local/national standards, the following simple (though outdated)
international standards are most commonly applied (and recommended):
Parameter

Reference

Limit/Range

Temperature
Temperature

ASHRAE Standard 55: 1999
ASHRAE Standard 55: 1999

Relative Humidity

ASHRAE Standard 55 1999/EPA

23 - 26°C (Summer Conditions)
20.5 – 25.5°C (Winter
Conditions)
30 – 60%

• Keeping it simple – we are dealing with comfort here, not life threatening conditions –
what is the worst that can happen if you do not comply 100%?

CONTROL MEASURES
At least try and comply with the temperature guidelines, through adequate air conditioning
capacity.
Relative Humidity levels vary according to the season – in summer it is higher, and in
winter it is lower:
• In winter (in-land regions), ambient RH is in the region of 25 to 35%, and so it will be in
artificially ventilated spaces; because most HVAC systems do not feature humidifiers. So,
it will cause a bit of drying of the mucous membranes and eyes (as will be the case when
you go home as well, or spend time outdoors), and cause annoying static electrical
discharges – Big deal – you won’t die.
• In summer, ambient RH levels are commonly in the 65 to 75% region. However, lots of
water vapour condenses on the AHUs cooling coils “removing” moisture from the air, and
discharges air into the occupied area, with relative humidiry in the region of 40 – to 60% right in the comfort range.

CONTROL MEASURES
It is advisable not to try and increase humidity levels during winter, because:
• It is very costly
• These humidifiers will be used for 4 months of the year only – but requires maintenance
all year round

• They have been known to be a source of Legionella bacteria exposure.
• It causes localized dampness, which could lead to mold growth, which in-turn can result
in far more severe health complications compared to the mild irritation caused by “dry”
air.
Rather declare the results, explain that it (and related symptoms) is to be expected and is
thus a normal phenomenon, and that it will pass soon.
Where Humidity levels are too high, the air temperatures are likely to be too high as well –
increasing the system’s cooling capacity to bring the air temperature back into the comfort
range, will more than likely reduce the Humidity to acceptable levels again.

MICROBIAL CONTAMINATION

BACKGROUND
Dampness initiates chemical and/or biological degradation of materials, which pollutes
indoor air.
High relative humidity (above 50%) and abundance of nutrients (and darkness to an extent)
provide the perfect breeding ground for microorganisms (molds and bacteria), of which
molds are the most noticeable, because it can be observed with the naked eye and because
they are spore-forming they spread the fastest.
The molds and bacteria also produce gases and vapors as they metabolize the material (as
humans produce Carbon dioxide) and the molds discharge spores into the air. A number of
molds exist (not all) that are known to cause infectious disease, through direct exposure to
the molds and their spores, whilst certain molds are toxigenic, meaning they can produce
toxins (mycotoxins), but the molds themselves are not toxic, or poisonous.

BACKGROUND
This mixture of gases, vapors, spores, decayed matter particles, etc. all contribute to the
odor of a damp environment, and is extremely complex.

Because of the huge variety of molds and bacteria, and the
countless possibilities of gases and vapors that could be present
under any given circumstance (as long as there is moisture and
decay-able organic materials involved), it would be impractical, if
not impossible to accurately identify the hazard of concern through
sampling. Therefore, the general consensuses amongst subject
experts are that signs of decay of organic matter, visible mold
colonies, or “damp odor” are sufficient to conclude risk and to
prompt corrective action – DO NOT BOTHER TO SAMPLE!

BACKGROUND
Extracts from “WHO guidelines for indoor air quality: dampness and
mold, 2009”:
• “….concluded that the individual species of microbes and other
biological agents that are responsible for health effects cannot be
identified. This is due to the fact that people are often exposed to
multiple agents simultaneously, to complexities in accurately
estimating exposure and to the large numbers of symptoms and
health outcomes due to exposure”.

BACKGROUND
“Sufficient epidemiological evidence is available from studies
conducted in different countries and under different climatic
conditions to show that the occupants of damp or moldy buildings,
both houses and public buildings, are at increased risk of respiratory
symptoms, respiratory infections and exacerbation of asthma. Some
evidence suggests increased risks of allergic rhinitis and asthma.
Although few intervention studies were available, their results show
that remediation of dampness can reduce adverse health outcomes.
There is clinical evidence that exposure to mold and other dampnessrelated microbial agents increases the risks of rare conditions, such as
hypersensitivity pneumonitis, allergic alveolitis, chronic rhinosinusitis
and allergic fungal sinusitis.”

OCCURRENCE
Let’s revisit a typical HVAC system’s layout:

OCCURRENCE
So where in a typical, artificially ventilated building does conditions
exist that can promote microbial infestation?:
• Return air plenums/ceiling voids: – they are dark, often high
humidity (from respiration of building occupants – crowded
conditions or inadequate air supply rates), lots of nutrients
(decaying ceiling boards and dust settlements).
• Carpets: - particularly after they have been steam cleaned and not
properly treated with biocide
• Walls:-where rising damp is a problem, or inward seeping of water
from a leaking pipe, rainwater through cracks, etc. – those brown
stains/mill-dew are not dirt – they are molds having a great time.

OCCURRENCE
So where in a typical, artificially ventilated building does conditions
exist that can promote microbial infestation? - continued:
• Inside the AHU:- Condensate collects on the cooling coils and
collects in a condensate drip pan; if water would not be flowing
out freely all the times, it will pond up, creating a perfect breeding
ground for microbes.
In all instances, these microbes, and particularly the spores from
molds will become airborne, resulting in exposure.

SURVEY
• Firstly, rely on your odor – if you can detect a moldy damp odor,
look for the source.
• Likely sources or contaminated areas can be “sampled” by means
of active sampling (impacters), static nutrient agar plates, and/or
swab samples – and always collect identical samples outdoors for
reference purposes:
• Keeping in mind that air sampling, only collects airborne microorganisms and their spores, which does not give any indication
of the extent of infestation (they do not shed spores all the
time), and

• Swab sampling on surfaces cannot confirm that there is a
problem with airborne micro-organism exposure.

SURVEY
But, be very careful in interpreting the results:
• There are no limits or standards
• The presence of molds and bacteria alone (quantitatively), is not
indicative of risk
• Identifying the species (most important) is very often impossible,
due to limitations presented by sampling techniques and/or
analyses.

RECOMMENDATIONS
Prevention or rapid response is the best option:
• Where possible, get rid of carpets
• Try and maintain humidity levels between 30 and 50%
• Keep air recirculation percentage rates to the minimum – “fresh air
only” is best
• Prevent or immediately fix any sources of dampness and
decontaminate affected surfaces immediately
• Keep HVAC system components, and return air voids clean from
dust settlements
• Regularly inspect condensate collection and drainage systems and
regularly disinfect them
It is possible to disinfect an entire vent system through biocide
fogging, but, it is a huge process and not without risk to building
occupants.

Discussion and Questions
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