BOC 1005 Indoor Environmental Quality
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BOC 1005 Indoor Environmental Quality

Absorption

ACGIH

Acute effects
AHERA
AHU

Allergen

Animal dander

ASHRAE

ASTM
Bioeffluent

Building-related illness

CFM

Chronic effects

coO

CO;

Constant volume systems

Glossary

The process by which pollutants enter the bloodstream or
other body components from the site of exposure.

American Conference of Governmental Industrial
Hygienists.

Those effects that occur immediately on exposure.
Asbestos Hazard Emergency Response Act.
Air handling unit.

A substance capable of causing an allergic reaction
because of an individual’s sensitivity to that substance.

Tiny scales of animal skin.

American Society of Heating, Refrigeration and Air-
conditioning Engineers.

American Society for Testing and Materials.
Volatile compound given off by living organisms.

A discrete, identifiable disease or illness that can be traced
to a specific pollutant or source within a building.

Cubic feet per minute. Used to describe volumetric flow
of a substance. The CFM attributed to a blower or fan
indicates how much air it can mover per minute.

Those effects that occur after repeated long-term exposure
and are seen months or years after initiation of exposure.

Carbon monoxide. Byproduct of incomplete combustion

Carbon dioxide. By-product of combustion and
respiration.

HVAC systems that are designed to provide a constant
airflow and vary air temperature to meet heating and
cooling loads.
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Cyclic pattern of symptoms One or more symptoms which occur at regular interval

Diffusion

Dose

EPA

Epidemiology

ETS
Exposure

False negative

False positive

Flow hood

HEPA

HVAC

Indicator compounds

IPM
MMMEF
NIOSH
NIST

Off-gassing

(e.g. early morning).

Movement of molecules (gases and some liquids) from a
region of higher concentration to a region of lower
concentration.

The amount of a pollutant absorbed by the body, usually
expressed as an amount per unit of body weight.

The federal Environmental Protection Agency.

The study of incidence, distribution, and control of
disease in a population.

Environmental tobacco smoke.
Contact of an organism with a substance.

Test or investigation results that indicate a particular
condition does not exist when it actually does exist.

Test or investigation results that incorrectly indicate the
existence of a particular condition.

A device that easily measures airflow quantity, typically
up to 2,500 cfm.

High efficiency particulate air filters.
Heating, ventilation, and air conditioning

Substances (such as carbon dioxide) which, when present
in unusually large concentrations, indicate possible
underlying causes.

Integrated pest management program.

Man-made mineral fibers.

National Institute of Occupational Safety and Health.
National Institute of Standards and Technology.

The production of gases from the chemical deterioration
of a substance over time.
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Organic compounds

OSHA

Pathogens

pCi/L

ppm

Pulmonary

Radon progeny

RSP

Sick Building Syndrome

Soil gases

Stack effect

Threshold Limit Value

TSP

UFFI

Chemicals that contain carbon. Volatile organic
compounds vaporize at room temperature and pressure
and are found in many indoor sources, including many
household products and building materials.

Occupational Safety and Health Administration.
Disease-producing microorganisms or materials.

Picocuries per liter. A measurement of radioactive
emissions, such as radon.

Parts per million.
Relating to the lungs.

Radon particles that can be breathed into the lung, where
they continue to release radiation as they further decay.
Also known as radon decay products or radon daughters.

Respirable suspended particulates.

A set of symptoms that affect a number of building
occupants during the time they spend in the building and
diminish or go away during periods when they leave the
building. Cannot be traced to specific pollutants or
sources.

Gases that enter a building from the surrounding ground
(e.g. radon, volatile organic compounds, and pesticides).

The air flow that results from warm air rising, creating a
positive pressure in the higher areas of a building and a
lower pressure lower areas of the building. This effect can
overpower mechanical ventilation systems and disrupt
ventilation and air circulation in a building.

The level of exposure to a substance (usually a chemical)
that is believed to not cause adverse effects to an
individual exposed during a lifetime.

Total suspended particulates.

Urea formaldehyde foam insulation.
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Exercise 1 - Pollutant Sources and Locations

Think about your building(s),and start to make a list of any potential pollutant sources

and their locations.

Sources:

Locations:
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Accepted set by Administrator

Administrator
Sticky Note
Unmarked set by Administrator

Administrator
Sticky Note
Accepted set by Administrator

Administrator
Sticky Note
Marked set by Administrator


BOC 1005 Indoor Environmental Quality

Exercise 2:
Temperature and Humidity Exercise

1. Use the TSI Q-Trak (or similar instrument) to measure the dry bulb temperature and relative humidity
in the room.

Dry bulb temperature

Relative humidity

2. Use the psychrometric chart (page C-5) to determine the dew point. (See example on next page.)

Dew point (saturation temperature)

3. Using the psychrometric chart, find the relative humidity assuming:
¢ Dry bulb temperature is 70°F.
¢ Wet bulb temperature is 60°F.
Relative humidity
4. Using the psychrometric chart, find the dew point temperature assuming:
¢ Dry bulb temperature is 70°F
¢ Wet bulb temperature is 60°F

Dew point temperature

Terminology:

Dew Point Temperature — the temperature at which humid air becomes saturated and the water vapor
begins to condense to liquid water; also the temperature at which condensation first occurs.

Water Vapor Pressure — the pressure of water vapor at a given temperature; also the component of air
pressure contributed by the presence of water vapor.

Relative Humidity — amount of moisture contained in a volume of air, relative to the maximum amount
of moisture the air can hold at that same temperature; also, the ratio of the water vapor pressure to the
maximum possible water vapor pressure at that same temperature.

© 1999-2024 NEEC ¢1
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Relative Humidity %

(Curved Ilne)
2. Example: If dry bulb temperature

is 72° and relative humidity is 80%,
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Relative Humidity

3. If dry bulb temperature is 70° and wet
bulb is 600, what is the relative humidity?

~We | ba
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Dry Bulb Temperature °F
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BOC 1005 Indoor Environmental Quality

Relative Humidity
4, If dry bulb temperature is 70° and |
wet bulb is 60°, what is the dew point?

Dew Point / Saturation S0 L
Temperature 4 % S

Dry Bulb Temperature °F

© 1999 - 2022 NEEC Northwest Energy Efficiency Council
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BOC 1005 Indoor Environmental Quality

Exercise 3 | CO; Case Study
DIRECTIONS:

Your chief building engineer is investigating an IAQ complaint in your school building.
She has already taken carbon dioxide measurements. She says readings below 1000
ppm mean that everything is all right. Is that true?  Yes or No.

Fig 1. Relationship between CO; and Outdoor Air Ventilation Rates at Steady State

35 Results
c 30
% - Class Room Room CO»
! Number m
£ (ppm)
3 1 725
= 15
< 10 2 650
o
8 \'\\0\ 3 950
0 5 575
2 8 8 8 8 8 8 8 8 8 6 900
~8 BREEBEEE S , 650
CO2 (ppm) 8 575

NOTE: This graph assumes outdoor CO: levels of 330 ppm and sedentary adult
populations.

1. Refer to Figure 1 (above).
The curve on the chart shows the outdoor air ventilation rate for a given
concentration of COz. ( Example = 1,000 ppm equals 15 cfm)

2 Let’s assume the CO2 measurements listed above show the steady state
concentration of carbon dioxide: (Use the ASHRAE Standard 62-2004 62n
recommendation of 14.8 cfm/person, classroom, ages 5-8)

List class rooms that need more outside air:

3. Can you tell whether or not these CO> measurements were taken at steady state?
(circle)
Yes No
(Please do not turn the page until instructed to do so.)
4. After further discussion, the building engineer reveals that additional CO:

measurements were taken and shows you the following results:

© 1999-2024 NEEC CO; Case Study D-1
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Class Room Room Carbon Dioxide Measurements (ppm)
Number 8:30 AM  10:00 AM  11:30 AM
1 725 950 970
2 650 850 825
3 950 1400 900
4 875 1300 850
5 575 975 900
6 900 1050 1225
7 650 950 1175
8 575 725 1880
9 650 1310 1975

Based on this new information, which classrooms, if any, need more outdoor ventilation
air? List:

5. Which rooms, if any, appear to have reached steady state based on these COz
measurements? List:

6. Are the carbon dioxide levels in any of the rooms dangerously high? (That is,
should you advise the administration to evacuate any of these rooms?) If so, list
the rooms:

7. After obtaining her BOC Certificate, a building engineer working in a high school
receives an air quality complaint from one of the teachers. The teacher purchased a
personal CO2 monitor meter for $99 off the internet. She has taken some readings
and found they are much higher in her “team” class, with readings leveling off in the
afternoon at almost 1500. She is very upset because the meter is coded Green <
800ppm, Yellow 800-1400ppm, Red > 1400ppm, with green=good, yellow=caution, and
red=audible alarm; and the alarm went off. She points out that 1500 is almost twice
800! The building engineer checks everything out to see if it agrees with what she
learned in her 1005 BOC course. What should she check? Hint: at least 8 or more
things.

céz 26t
.-B céz ol ‘

330
PR 1000 ppm .
g FEP'-' - ‘- ds
in out

| ’
1
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BOC 1005 Indoor Environmental Quality

. After reviewing her 1005 handbook again, the building engineer gets the building
drawings to examine the original design. It was designed to ASHRAE 2004 with
addendum 62n. She also sees that the team class is a large class because it is team
taught by three teachers in a college lecture style. It is in a large classroom that has
density equal to a lecture room of 62n. She also finds that the outdoor CO2 level at the
High School is higher than 330, it is 430. And she checks the internet to find that the
$99 meter has a reading accuracy of only 7%. Does the 1500 reading meet ASHRAE 62
2004 with addendum 62n?

Design O.A. Ventilation Rates set from per Person

PLUS per Space Area SF (sample)

62n set from 62, 2001
62n People 62n Space Default People+Space Set from
O.A.Rate O.A.Rate #P @defaultoccupancy People only

Space cfm/p cfm/SF /1000 SF cfm/p cfm/p

Offices 5 0.06 L 17 20

Classroom:

Ages5-8 10 0.12 25 14.8 15
Ages9+ 10 0.12 35 13.4 15
Lecture 7.5 0.06 65 384 15

Conference 5 0.06 50 6.2 20
Auditorium 5 0.06 150 54 15

. After showing the teacher the slides in her BOC 1005 Handbook and having lunch
together, the teacher says she still thinks the ventilation should be increased, because
what prompted her to buy the meter was a chemical smell that comes and goes. She
also says that Green buildings can have 30% more outside air, and that would fix the
problem. What should the building engineer do? Would increasing the outside air
by 30% significantly reduce the smell?

Starting at Starting at 62n

Low O.A. Uunitsof Percent ‘Office’0.A.
cfm/p Pollution Reduction cfm/p

3 100 base 17

6 50 -50% 34 *see notes
12 25 -75% 68 *only on
24 12.5 -87.5% economizer, see notes

Doubling ventilation is effective if initial O.A. is low.
Problematic if initial O.A. is at ASHRAE 62n levels,
except for ‘economizer free-cooling’ in mild weather.

© 1999-2024 NEEC CO; Case Study D-3
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Exercise 4, Part 1:
Establishing Communications Case Study

Because of your outstanding reputation as a facility manager, you have been asked by
the Mayor to facilitate an IAQ investigation of complaints in the city hall building.

In recent months, employees have reported two miscarriages and three cases of cancer.
Respiratory infections have apparently increased as well. The facility has often been
said to be too warm or too cool and a number of symptoms resembling those of Sick
Building Syndrome have been alleged from time to time.

Many employees were upset about the inconvenience of temporary moves associated
with ongoing renovations. The last meeting between management and employees to
discuss the building conditions and grievances was two years ago. A pervasive
atmosphere of mistrust is apparent on both sides.

Claims that the office building was a “sick building” and “haunted house” have been
dismissed by management as “frivolous” for the past year. Currently, a sickout is being
organized.

The mayor makes is a point to remind you that city management came under heavy
criticism when they built the costly new city hall three years ago. They want no adverse
publicity and certainly no new building-related costs.

1. How could the current state of communications affect your investigation?

2. What specific actions could you, as the facilitator, take to establish a more
cooperative atmosphere as you proceed with your investigation?

©1999-2024 NEEC E-1
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Exercise 4, Part-2:
Characterizing IAQ Complaints Case Study

Because of your outstanding reputation as a facility manager, you have been asked by
the mayor to facilitate an IAQ investigation of complaints in the city hall building.

A questionnaire was administered to the building occupants. The results are
summarized below:

e 20% of the cases were reported to physicians, half of whom suspect the building
was the source of the problem but had no specific diagnosis.

e Symptoms are generally worse in the afternoon, with no other pattern in regard
to timing.

e Frequency varies by individual and relief usually occurs overnight.

e More serious IAQ syndromes are not suggested.

e Zones 1 & 3 have a relatively “typical” amount of complaints about building
conditions.

e Zone 2 occupants reported high rates of dissatisfaction with thermal conditions
and ventilation.

e Most symptoms in Zone 2 appear to date back to the respondents’ first
employment in the building.

e Zones 1 & 3 had a small number of building-related complaints (less than 10%).
This percentage would be considered “typical background” for facilities in
general.

e 60% of Zone 2 respondents claimed building related symptoms. This percentage
is higher than “typical”.

e 55% of the respondents from Zone 2 had a symptom pattern suggesting their
complaints were building related. 22% claiming to have pre-existing allergies.

1. What hypothesis (or hypotheses) could account for the reported problem?

2. What further action is needed to resolve the problem?

© 1999-2024 NEEC E-2



INDOOR AIR QUALITY INCIDENT REPORT FORM

(sample)

DATE:

TO: Safety Officer

FROM:

SUBJECT: Air Quality Incident Report

This is to inform your office of another occurrence of poor air quality:
This is a confirmation of our telephone conversation.
We were unable to reach you by telephone.

The air quality incident occurred at approximately am/pm.

At that time the air quality could be described as:

| had the following symptoms:

| did __ did not have to vacate the area.

If vacancy was necessary, it was for minutes.

The location in the building where my symptoms started or were most severe:

The indoor temperature was (estimate).
The outdoor temperature was (estimate).

F-1



Pollutant Pathway Form For Investigations

Building Name: File Number:

Address: Completed by:

This form should be used in combination with a floor plan such as a fire evacuation plan.

Building areas that appear isolated from each other may be connected by airflow passages such as air
distribution zones, utility tunnels or chases, party walls, spaces above suspended ceilings (whether or not
those spaces are serving as air plenums), elevator shafts, and crawl spaces.

Describe the complaint area in the space below and mark it on your floor plan. Then list rooms or zones
connected to the complaint area by airflow pathways. Use the form to record the direction of air flow
between the complaint area and the connected rooms/zones, including the date and time. (Airflow
patterns generally change over time.) Mark the floor plan with arrows or plus (+) and minus (-) signs to
map out the airflow patterns you observe, using chemical smoke or a micromanometer. The “Comments”
column can be used to note pollutant sources that merit further attention.

Rooms or zones included in the complaint area:

Rooms or Zones Pressure Relative to Comments (e.g., potential pollutant sources)
Connected to the Complaint Area
Complaint Area By Use
Pathways
+/- date/time

G-1
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Indoor Air Quality Complaint Form

This form can be filled out by the building occupant or by a member of the building staff.

Occupant Name: Date:
Department/Location in Building; Phone:
Completed by: Title: Phone:

This form should be used if your complaint may be related to indoor air quality. Indoor air quality
problems include concerns with temperature control, ventilation, and air pollutants. Your observations
can help to resolve the problem as quickly as possible. Please use the space below to describe the
nature of the complaint and any potential causes.

We may need to contact you to discuss your complaint. What is the best time to reach you?

So that we can respond promptly, please return this form to:

IAQ Manager or Contact Person

Room, Building, Mail Code

OFFICE USE ONLY
File Number: Received By: Date Received:
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IEQ Resources

U.S. Environmental Protection Agency (EPA)

IAQ Hotline: 1-800-438-4318

IAQ Hotline (in Spanish): 1-800-725-8312

IAQ Technical Hotline for Schools: 1-866-837-3721 Central Time)
“Tools for Schools” email address: tfs_help@epa.gov

Website: epa.gov

Building Air Quality, IBEAM, Tools for Schools, and more.
https:/ /www.epa.gov/indoor-air-quality-iaq

American Society of Heating, Refrigeration and Air-Conditioning Engineers
(ASHRAE) local chapters offer resources. Visit www.ashrae.org for local chapter
contact information.

ASHRAE Technical Resources:
https:/ /www.ashrae.org/technical-resources/resources

American Lung Association of California

National Institute of Occupational Safety and Health (NIOSH): Website
contains table of pollutants and exposure limits.

Pandemic/Epidemic Related:

ASHRAE - Practical Guidance for Epidemic Operation of ERVs

https:/ /www.ashrae.org/ file % 20library / technical % 20resources/covid-
19/ practical-guidance-for-epidemic-operation-of-ervs.pdf
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Airborne Infectious Particles BiTiimmm

COVID-19 prompted new focus on airborne
infectious particles and aerosols

Epidemic/pandemic events:
Not new, not going away
HVAC strategies can help minimize risk

* Follow guidelines from ASHRAE etc.
» Stay up-to-date

Other tools: face coverings, social distancing,
surface cleaning, handwashing

The COVID-19 global pandemic that severely impacted the U.S. beginning
in 2020 prompted a new focus on airborne infectious particle control in
buildings. It was determined that the highly infectious SARS-CoV-2 virus
responsible for COVID-19 spreads easily through aerosols generated from
an infected person, who may or may not be exhibiting symptoms of illness.
These aerosols can be spread by coughing, sneezing, talking, or merely
breathing.

The required procedures for facility operation and maintenance in general,
and the HVAC system in particular, changed in response to the COVID-19
threat. The Centers for Disease Control and Prevention (CDC) as well as
several organizations that have jurisdiction over the O&M of buildings
including ASHRAE, OSHA and BOMA have developed various related
guidelines.

These guidelines can inform strategies in the case of similar future events.
Epidemic events have occurred before COVID, and will likely continue to
occur. Building operators should stay informed and up-to-date on the latest
guidelines from professional bodies such as ASHRAE, as recommendations
may change with updated research.

Requiring occupants to wear a face covering for their nose and mouth has
been found to be one of the biggest keys to minimizing spread of the virus,
in addition to basic principles of social distancing, surface cleaning and
disinfection, handwashing and other strategies. These can be paired with
various HVAC strategies such as ventilation and filtration to minimize the
risk, which we’ll discuss in more detail.

© 1999 - 2024 NEEC Northwest Energy Efficiency Council
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ASHRAE Epidemic SR
Task Force CERTIFICATION

The American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) has formulated
guidance to help designers retrofit and plan for the
improvement of indoor air quality and to slow the
transmission of viruses via the HVAC systems.

https://www.ashrae.org/technical-resources/resources

© 1999 - 2024 NEEC Northwest Energy Efficiency Council
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ASHRAE Guidelines
(Epidemic Conditions)
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Two Key HVAC Parameters:

* Ventilation with outside air to reduce concentration of
harmful particles

* Reduction and filtration of recirculated air
Important considerations:

* First step: ensure existing systems are running properly

» Consult an HVAC professional familiar with your system
before making major changes

Transmission of SARS-CoV-2 through the air is sufficiently likely that airborne
exposure to the virus should be controlled. Changes to building operations,
including the operation of HVAC systems, can reduce airborne exposures.

Ventilation and filtration provided HVAC systems can reduce the airborne
concentration of SARS-CoV-2 and thus the risk of transmission through the air.

The ASHRAE Building Guidance clearly encourages building operators to
increase their systems’ outdoor air ventilation and reduce the recirculation air
back to the space, and to increase the filtration efficiency of recirculated air.
The guidance indicates that this must be done as much as the system and or
space conditions will allow.

The first step is to make sure your existing HVAC systems are running
properly as designed. Certain strategies such as increased ventilation flows and
filtration can put more strain on systems, which can be exacerbated by deferred
maintenance or other repair issues such as:

* Operation of dampers and actuators

+ Adjustment of fan belts

 Blocked, closed or disconnected air ducts and registers
* Dirty heating and cooling coils

» (Obstructions of outside air intakes

© 1999 - 2024 NEEC Northwest Energy Efficiency Council
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BOC 1005 Indoor Environmental Quality

Actual conditions at any specific building will vary, and the adjustments that should
be made will depend on many factors such as local climate, complexity of systems
involved and the use, occupancy and activities that occur in and around your
building. HVAC design professionals familiar with your building’s systems should
be consulted before making major changes to control settings or equipment, to make
sure modifications do not create additional safety issues.

© 1999 - 2024 NEEC Northwest Energy Efficiency Council
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Ventilation Strategies for
Airborne Disease CERTIFICATION

Supply as much outside air as possible

* May be limited by system capacity to adequately condition more
outside air

» Disable/minimize recirculation
* Disable or adjust demand-controlled ventilation (DCV).

Flush the building: pre- and post- occupancy hours

* Flush the building for a duration sufficient to reduce concentration
of airborne infectious particles by 95%.

» Typically, three air changes of outside air

When thinking about ventilation as a strategy for mitigating the spread of airborne

infectious disease, the most important recommendation is to supply as much outdoor

air as is reasonably possible. Close or minimize recirculation dampers manually or
adjust via the building automation system (and verify). Turn demand-controlled
ventilation off or set it to operate near outdoor air concentrations (typically around
400 ppm).

Flushing the building pre- and post-occupancy (including hours after janitorial staff)
can help prepare the building for safer occupancy. Flush the building for a duration
sufficient to reduce concentration of airborne infectious particles by 95%. For a well-
mixed space, this would require three air changes of outside air (or three equivalent

air changes including the effect of filtration and air cleaners).

© 1999 - 2024 NEEC Northwest Energy Efficiency Council
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Filtration Strategies for
Airborne Disease CERTIFICATION

Focus on return/recirculation filters

» Upgrade to MERV-13 or HEPA

» Seal edges of filters

* No increase to filter replacement schedule
« Use PPE when changing filters

Disinfection strategies

 Portable air cleaners - limited application in commercial
buildings

« UV-C light — safety precautions must be taken

« Electronic (lonizer) air cleaners

With all air cleaners it is important to follow the
application guidelines and effectiveness limitations.

Virus-contaminated outside air is rare, and standard outdoor air filters typically
provide effective fine-particle protection (as opposed to common
return/recirculation air filters, which are designed primarily for dust and do not
normally filter out particles with viruses effectively).

Research has shown that the particle size of the SARS-CoV-2 virus that causes the
COVID-19 disease is around 0.1 pm (micron or micrometer). However, the virus
does not travel through the air by itself. Since it is human generated, the virus is
trapped in respiratory droplets and droplet nuclei (dried respiratory droplets) that
are around 1.0 pm or larger. To filter out these droplet particles, upgrading
return/recirculation filters to at least MERV-13 (or highest compatible with the filter
rack) is recommended. HEPA-rated filters are also able to filter out these particles.
Seal the edges of the filters to limit bypass.

Keep in mind that, generally, increasing filter efficiency leads to increased pressure
drop which can result in reduced airflow through the HVAC system and increased
fan energy.

© 1999 - 2024 NEEC Northwest Energy Efficiency Council M-6
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There is no need to increase or alter the normal schedule of changing these filters.
But personal protective equipment (PPE) such as gloves, goggles, and respiratory
protection should always be worn by technicians when changing any filters,
especially return or exhaust filters. To be safe, technicians should operate under the
assumption that filters contain active microbiological material, including viruses.
Turn the system off while changing the filter(s) and dispose of used filters in a sealed

bag.

Air disinfection strategies such as portable air cleaners (with at least HEPA filter
efficiency) have limited commercial building application, but they can be effective at

removing virus particles in smaller spaces.

There is evidence that UV-C lamps (also known as germicidal lamps) may be
effective at destroying some viruses in addition to other microorganisms such as
bacteria, mold, fungi. But they can also be very dangerous to humans, animals, and
plants, with the ability to alter DNA. More research on potential safe applications of
UV-C is needed.

Do not deploy high-dose UV in occupied spaces!

UV may be used in contained areas maintained by trained professionals.

UV may be used in AHUs to keep coils clean. It does not effectively disinfect
the air due to insufficient dwell time (air moves through the AHU too
quickly).

© 1999 - 2024 NEEC Northwest Energy Efficiency Council M-7
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