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Purpose of this Presentation

ÅUnderstand Test Tools and Procedures for Indoor 
Air Quality Measurements

ÅReview the Basics of Building Environments and Air 
Quality Issues that exist as a function of the HVAC 
Systems. 

ÅIdentify human comfort requirements including 
CO2, O2, ventilation, dust particles, RH, air speed, 
and temperature. 

ÅIdentify Basics of Building Environments

ÅPromote good indoor air quality & reduce liability



Creating Comfortable Environments 
Should Not Be a Complaint From Your 

Customers!



Creating Comfortable Environments Should 
Not Be a Complaint From Anyone



Comfortable Environments Quiz

1. T F BRI Symptoms of diagnosable illness 

are identifiable.

2. T F Humans breathe and exhaust air just 
like apples.

3. T F Productivity increases by up to 5% 
with good air quality.

4. T F House dust is a larger particle than a 
mold spore.  

5. T F Over ventilated environments will have a 
high C02 reading.



Comfortable Environments Quiz

6. T F HVAC Systems cost over 35% of 
the energy in the typical building.

7. T F The minimum CFM requirements for a 
home is based on the number of people.

8. T F According to EPA and WHO, Americans 
spend approximately 90% of their time 
indoors.

9. T F High return air CO2 above 1000 ppm is 
an indication of IAQ problems.

10.T F Vents, chimneys, flues must be at least 
10ô from outside air intakes.



Basic Indoor Air Quality Comfort Principles
Humans Need Oxygen and Controlled 
Temperatures, the same as an Apple

Oxygen (O2) and Temperature is Provided and 

Maintained by the HVAC System to Sustain Life,

And Excess Carbon Dioxide (CO2) 

Should Be Removed from the Building

RH-Relative Humidity is Usually Non-Controlled 

O2 O2

CO2
CO2



What Should We Measure to Determine 
Indoor Air Quality of the Building?

ÅTemperature (Dry Bulb)

ÅRelative Humidity (RH) and WB

ÅCO2

ÅCO

ÅDust Particles

ÅAir Flow-Air Speed



What is the Current IAQ Conditions in this 
room at this Conference?

ÅTemperature (Dry Bulb) ___________

ÅRelative Humidity (RH) and WB _____

ÅCO2 ________

ÅCO ________

ÅDust Particles _________

ÅAir Flow-Air Speed ________



Before We Measure and Get Too Much 
Information (TMI)
We Should Understand the Basics of 
IAQ-Indoor Air Quality and Reasons for it.

If you donôt understand it, you 
canôt Measure It

?



The Reason to Have 
Comfortable IAQ Environments

ÅEnergy savingsnow top of facility ownersô agendas
ÅHVAC system often largest consumer

ÅSaving HVAC energy costs can cause significant IAQ issues

ÅOccupant awareness and avoiding potential 
litigation that is driving the IAQ industry
ÅProductivity affected by poor IAQ

ÅASHRAE establishes the Rules 
ÅBasic standards for temp, humidity, ventilation, CO2 etc



Controlled Environments 
Reduce Energy Costs
Å2004 study indicates 

Å68% of facility managers are tasked with energy 
management to save money, reduce expenses

ÅUp 8% from the previous year

Å58% of facility managers have same or declining 
budgets over the previous year

ÅPer the EPA, 45% of office building energy costs are due 
to space heating/cooling.

ÅEPA studies show that a 15 cfm airflow differential can 
impact annual HVAC energy costs by up to ±8% 

ÅAll in an effort to comply with ASHRAE ventilation 
guidelines



The case for comfort

Å77% of occupant 
environmental complaints 
are due to thermal 
conditions
ÅTechnicians take from 

1.5-2 hours to respond to and 
diagnose those complaints 

ÅStudies indicate appreciable 
gains from improved indoor 
comfort

ÅProductivity may increase by 
0.5% to 5% in comfortable 
indoor environments



Indoor Air Quality Terminology and the 
Basics of IAQ Measurement

ÅSick Building Syndrome (SBS)

ÅBuilding-Related Illness (BRI)

ÅFactors that Affect Building Air Quality

ÅSources of Contamination

ÅThe HVAC System

ÅThe Pollutants Pathways

ÅIAQ Investigations & Measurements

ÅRecognizing IAQ Building Problems and Identifiers



Sick Building Syndrome (SBS)

ÅAcute health and comfort effects linked to the 
time spent in workplace, but no specific illness
or cause can be identified

Å(Upper respiratory complaints, irritation, fatigue)



Building-Related Illness (BRI)

ÅBRI Symptoms of diagnosable illness are 
identified and attributed to environmental 
agents in workplace

Å(Legionnaireôs disease; hypersensitivity 
pneumonitis)



Factors that Affect Building IAQ

ÅSources of Contamination

ÅThe Heating Ventilation, Air Conditioning (HVAC) 
System

ÅPollutant Pathways

ÅBuilding Occupants



Sources of IAQ Contamination

ÅSources Outside Building (nearby factory)

ÅEquipment (photocopier)

ÅHuman Activities (micro-waving popcorn)

ÅBuilding Components and Furnishings (carpets)

ÅOther Sources



Equipment which Impact IAQ

ÅHVAC System (heating, ventilation, air conditioning 
system)

ÅOffice Equipment & Supplies (photocopier)

ÅOther Sources



Human Activities

ÅPersonal Activities (smoking)

ÅHousekeeping Activities (mopping with strong cleaners)

ÅMaintenance Activities (painting)



Building Components and Furnishings

ÅLocations that Produce or Collect Dust, Fibers, or Odors 
(bathrooms)

ÅUnsanitary Conditions/Water Damage (faucet drip)

ÅChemicals Released from Building Components or 
Furnishings (roof tarring)



Other Sources of Pollutants

ÅAccidental Events (substance spills)

ÅSpecial Use Areas/Mixed Use Buildings (pantry)

ÅRedecorating, Remodeling, Repair Activities (plumbing)



The HVAC System (air circulation)
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The HVAC System Should Provide:

ÅThermal Comfort (heating and cooling air)

ÅVentilation (circulating fresh air)

ÅOdor and Contaminant Control (filtering air devices)



A Healthy HVAC Building System 
Letôs The  Building Breathe and Exhaust



Methods that Pollutant Pathways  
Move the Contaminants through the 
Building

ÅStack Effect - Pressure by Convection

ÅAir rises when heated and falls when cooled

ÅWind Effect - High to Low Pressure

ÅAir moves from high to low concentrations

ÅForced Air via the Duct System 



Building Occupants

ÅHypersensitive or Susceptible Individuals (people 

who get sick easily)



IAQ Problem Identification Requires:

ÅOnly when you know what you are looking for do 
the measurements become significant

ÅRecognizing a Problem Exists
ÅInvestigating with a Walk-Through
ÅLooking for the Problem with Measurements
ÅControlling the Problem



Recognizing
Building IAQ Problems

ÅKey Questions for IAQ Investigation

ÅLooking for IAQ Problem Identifiers



Key Questions for IAQ 
Investigation

ÅHow Was this Building Originally Supposed to 
Function?

ÅIs the Building Functioning as Designed?

ÅWhat Changes in Building Layout and Use Have 
Occurred Since Original Design and Construction?

ÅWhat Changes May Be Needed to Prevent Future IAQ 
Problems?



Key Questions for Walkthrough

ÅAre There Obvious Pollutant Sources? If so, Are 
They Adequately Controlled?

ÅAre There Any Deficiencies in the HVAC System 
that Serves the Complaint Area?

ÅAre there Pathways and Pressure Differences
Moving Contaminants into Complaint Area(s) from 
Outdoors or from Other Parts of Building?



Initial Walkthrough

ÅCollect Info on History of Building and Complaints

ÅIdentify Known HVAC Zones and Complaint Areas

ÅNotify Building Occupants of Upcoming 
Investigation

ÅIdentify Key People Needed for Access & 
Information



Evaluating
Building IAQ Problems with a Walk Through

ÅKey Questions for Walkthrough

ÅConducting Initial Walkthrough with your 
TOOLS

ÅCollecting Additional Information, Including 
Sampling (If Necessary) 



Collecting Additional Information

ÅOccupant Complaints Data (previous surveys, complaint 

letters)

ÅHVAC System Data (maintenance schedule, standard 

operation)

ÅPollutant Pathways Data (how does the air circulate)

ÅPollutant Sources Data (where is the problem coming from)

ÅAir Sampling for Contaminants & Identifiers

ÅBuilding and Room Occupancy (potential crowding 

issues)

ÅIdentify Complaints Not Caused by Poor Air 
Quality (ergonomic issues ïpoor office furniture or lighting)



Look for IAQ Problem Identifiers

ÅOdors

Åmoldy, chemical, exhaust fume

ÅSigns of Moisture Damage or Accumulation

Ådamp or wet surfaces, puddling of water

ÅStaining or Discoloration

Åñbrownishò or ñyellowishò ceiling or 
carpet tiles

ÅPresence of Hazardous Substances

Åchemical containers, spray bottles, etc.

ÅDirty or Unsanitary Conditions

Åunclean bathroom, dusty storage room, 
etc.



Look for IAQ Problem Identifiers

ÅVisible Fungal/Bacterial Growth

Åmold or slime growth

ÅUnusual Noises from Lights or Machinery

Åmay be caused by loose or broken parts

ÅInadequate Maintenance

Åcracked/peeling walls; equipment poorly taped

ÅSigns of Occupant Discomfort

Åcough, watery and/or ñredò eyes, headache)

ÅOvercrowding

Åtoo many desks, chairs, etc. in room



Look for IAQ Problem Identifiers

ÅBlocked Airflow/Poorly Located Vents, etc.

Åcardboard covering vent; books stacked on 
vent

ÅCeiling Plenums 

Å(space between the ceiling tiles and ceiling)

ÅHeat Sources

Åspace heaters, desk fans

ÅSpecial Use Areas

Åfood pantries, kitchens, copy rooms, 
bathrooms



Look for IAQ Problem Identifiers
with Your TOOLS

ÅCarbon Dioxide (CO2) concentration (ppm*)

Åexhaled air removed from room (stuffiness)

ÅTemperature (0F or 0C)

Åwarmth of room (hot or cold)

ÅRelative Humidity (%)

Åmoisture level in room - dry (5%) or damp (95%)

ÅCarbon Monoxide (CO) concentration (ppm*)

Ågenerated by ñfaultyò burning (stove/heater/car/etc.)

ÅAir Circulation

ÅIs air ñsucked inò (negative pressure) or ñpushed outò 
(positive pressure) of room when door opened?

*ppm = parts per million; measurement of volume



Look for IAQ Problem Identifiers

Indoor Air Quality direct-reading instrument: 

Gives air quality measurements 
instantaneously in the field without having air 

samples sent to a laboratory for analysis

Sampling wand

Computer display screen

Function control board



Whatôs Wrong with this Room?


