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5. SYSTEMS AND
EQUIPMENT

Ventilation Air Distribution
Exhaust Duct Location
Ventilation System Controls
Airstream Surfaces
Outdoor Air Intakes

Local Capture of
Contaminants
Combustion Air.
Particulate Matter
Removal
Dehumidification Systems
Drain Pans

Finned-Tube Coils and Heat
Exchangers

Humidifiers and Water-Spray Systems
Access for Inspection, Cleaning, and
Maintenance

Building Envelope and Interior Surfaces

Buildings with Attached
Parking Garages

Air Classification and
Recirculation.
Requirements for Buildings
Containing ETS Areas



Air Intake Minimum Separation
Istance

(Relief Air) 91

(Relief Air) 91013

Nnaaan (Relief Air) 91 K
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Dehumidification Systems

5.9.1 Relative Humidity. Occupied-space
relative humidity shall be limited to 65%
or less when system performance Is
analyzed with outdoor air at the
dehumidification design condition and
with the space Interior loads (both
sensible and latent) at cooling design
values and space solar loads at zero.




Air Classifications

Class 1

Examples: mall common areas,
supermarket, spectator areas,
theater, classroom

Recirculation
within same
space

~

Class 1

Examples (cont.): guard station,
residence, casino, office, etc.

Class 3

Examples: refrigeration
machinery room, soiled laundry
storage, chem/bio lab, autopsy
room, janitor closet, trashroom,
etc.

ONLY IF—
SIMILAR
{_~POLLUTANTS

Class 2

Examples: retail store, pool
& gym floor, transportation
platform, printing, college lab

2N
ONLY IF SIMILAR

POLLUTANTS
i

Class 2

Examples (cont.): locker room,
prison cell, commercial laundry,
dining, kitchen, bar, enclosed
garage, bath, etc.

Class 4

Examples: chemical storage,
paint spray booth, kitchen hood
exhaust, etc.
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1. Ventilation Rate Procedure (VRP)

2. |1AQ Procedure (IAQP)

3. Natural Ventilation Procedure
(NVP)

4. Exhaust Ventilation






Concept for Calculation of
Design Ventilation Rate

People Component Building Component

Breathing
one
Outdoor
Air Flow =




VRP Flow Chart

Does
Outdoor air meet
national standard

for PM,
9

Provide ozone
e non-attainment air cleaner with 40%

“serious” or worse as = efficiency unless
exceptions
defined by EPA

apply
Select occupancy category and fine Rp and R from Table 2

Determine occupan nd floor area and calculate
breathing zone outdoor air rate (V,, Equation 1)

zones on this
system
I3

Single Zone Multi-Zone Recirculating

Determine ventilation efficiency (E' Table 4) Determine
ventilation efficiency

" " " (E, Appendix A).
Determine occupant div v (D Equation 7) M

Calculate uncorrected outdoor air rate {\-'““ Equation 6)

Sum (\'m)
ation 4)




People Area Default Values

Outdoor | Outdoor Occupant Combined

Air Rate | Air Rate Density Outdoor Air

iszammisldau Notes
R, R, (see Note 4) | Air Rate | (lass
(see Note 5)
I cfm/p | cfm/ft’ I I #100m’ I cfm/p |
FOUANY (Educational Facilities)

ﬂ’uETU%U'IﬁLﬁﬂtaﬂ (5-3 4 971) (Daycare (through age 4)) 10 0.18 25 17 2
vouanholugudusunadnidn (Daycare sickroom) 10 0.18 25 17 3
Wodsou (97g 5-8 ?J) (Classrooms (ages 5-8)) 10 0.12 25 15 1
oo (mqé’«wi 9 %u‘lﬂ) (Classrooms (age 9 plus)) 10 0.12 35 13 1
Nodd o Tony (Lecture classroom) 7.5 0.06 65 8 1
noilszyuussenevialng (Lecture hall (fixed seats)) 7.5 0.06 150 8 1
Woalsufalz (Art classroom) 10 0.18 20 19 2
Wouliiansn1einemand (Science laboratories) 10 0.18 25 17 2
Woal{1ians luum1Ine1ds (University/college laboratories) 10 0.18 25 17 2
woalfiiamsanlifanTaneg (Wood/metal shop) 10 0.18 20 19 2
wealfiiemsneuiune? (Computer lab) 10 0.12 25 15 1
ﬂ'ugﬁi)mi (Media center) 10 0.12 A 25 15 1
WosaunAs/azAsARUS1 (Music/theater/dance) 10 0.06 35 12 1
ﬁ'ﬂqﬂw‘qumunﬂisz{ (Multiuse assembly) 7.5 0.06 100 8 1







JAQP Flow Chart

Start )

Identify COC (§ 6.3.1.1).
oabid Al il

Identify indoor and cutdoor sources (§ 6.3.1.1). |
s " s

Determine source strengths (§ 6.3.1.1). |
h |

Set target concentration limit, its corresponding exposure period
and a reference to a cognizant authority for each COC (§ 6.3.1.2).
Specify perceived IAQ in 1emls of occupants andlor |
visitors expressing satisfaction (§ 6.3.1.3).

_ = -

¥

Design

approach to
detarrnlna airflow
,_rates?

Combination of methods
with VRP (§ 6.3.1.4d)
1

I S companion design
. approach

mass balance successful contaminant

analysis design monitoring &
(§6.3.1.4a) approaches occupant survey |
I : 8.3 (§ 6.3.1.4c) =

Monitor COC. Survey occupants.
Identify I e
similar buildings v
with proven "
acceptable 1AQ. coc

Go to Start. ) Satisfaction
. sta;gat m Go to Start. ) i
¥ ? . ar :

coc
less than

or equal to . & .
Nokoar 5 subs "W Go to Start. )
-

Go to Start. )

Document compliance (§ 6.3.2 and § 6.4).
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TABLE C-1 Comparison of Regulations and Guidelines Pertinent to Indoor Environments ?
(The user of any value in this table should take into account the purpose for which it was adopted and the means by which it was developed.)

Enforceable and/or Regulatory Levels

Nonenforced Guidelines and Reference Levels

NAAQS/EPA (Ref. C-4)

OSHA (Ref. C-5)

MAK (Ref. C-2)

Canadian (Ref, C-8)

WHO/Europe (Ref, C-11)

NIOSH (Ref. C-13)

ACGIH (Ref. C-1)

Carbon dioxide

Carbon monoxide ©

Formaldehyde »
Lead
Nitrogen dioxide

Ozone

Particles ©
<2.5 um MMAD ¢

Particles ©

<10 pm MMAD ¢
Radon

Sulfur dioxide

Total particles

9 ppm £
35ppm [1h] 8

1.5 _ug.e"m3 [3 months]
0.05 ppm [1 yr]

0.12 ppm [1 h] ¥
0.08 ppm

15 pg/m3[1 yr] ©
35 pg/m” [24 h]*

150 pg/m’* [24 h] ©

0.03 ppm [1 yr]
0.14 ppm [24 h] &

5000 ppm

50 ppm

0.75 ppm

2 ppm [15 min]

0.05 mg:“m}

5ppm [C]

0.1 ppm

fand
5 mg/m’

5 ppm

15 mg/m3

5000 ppm
10,000 ppm [1 h]

30 ppm
60 ppm [30 min]

0.3 ppm
1 ppm'

0.1 mg/m3
1 mg/m’ [30 min]

5 ppm
10 ppm [5 min]

i

1.5 mgfm3 for <4 ym

feand
4 mg/m”

0.5 ppm
1 ppm*

3500 ppm [L]

11 ppm [8 h]
25 ppm [1 h]

0.1 ppm [L]
0.05 ppm [L] B

Minimize exposure

0.05 ppm
0.25 ppm [1 1]

0.12 ppm [1 h]

0.1 mg/m? [1 h]
0.040 mg/m® [L]

800 Bqg/m3 [1 yr]

0.38 ppm [5 min]
0.019 ppm

90 ppm [15 min]
50 ppm [30 min]
25 ppm [1 h]
10 ppm [8 h]

0.1 mg/m? (0.081 ppm)
[30 min] P

0.5 pg;’m'ﬂ’ [1yr]

0.1 ppm[1 h]
0.02 ppm [1 yr]

0.064 ppm
(120 pg/m™) [8 h]

0.048 ppm [24 h]
0.012 ppm [1 yr]

5000 ppm
30,000 ppm [15 min]

35 ppm
200 ppm [C]

0.016 ppm
0.1 ppm [15 min]
0.050 mge'm1

1 ppm [15 min]

0.1 ppm [C]

2 ppm
5 ppm [15 min]

5000 ppm
30,000 ppm [15 min]

25 ppm

0.3 ppm [C]
0.05 mg,’m3

3 ppm
5 ppm [15 min]

0.05 ppmk
0.08 ppml
0.1 ppm ™
02 ppm"

3 mg/m? [C]
10 mg/m® [C]

2 ppm
5 ppm [15 min]

. Numbers in brackets [ ] refer to either a ceiling or (0 averaging times ol less than or greater than eight hours (min = minutes; h = hours; y = year; C = ceiling, L = long-term). Where no time is specified, the averaging time is eight hours.

Targel level is 0.05 ppm because of ils polential carcinogenic ellects. Total aldehydes limited to 1 ppm. Although the epidemiological studies conducted to date provide little convineing evidence that formaldehyde is carcinogenic in human populations,

because of this potential, indoor levels should be reduced as much as possible.

. As one example regarding the use ol values in this table, readers should consider he applicability of carbon monoxide concentrations. The concentrations considered acceptable for nonindustrial, as opposed to industrial, exposure are substantially lower,

These lower concentrations (in other words, the ambient air quality standards, which are required to consider populations at highest risk) are set to protect the most sensitive subpopulation, individuals with pre-existing heart conditions.
. MMAD = mass median acrodynamic diameter in microns (micrometers). Less than 3.0 pm is considered respirable: less than 10 pm is considered inhalable.

. Nuisance particles not otherwise classified (PNOC), not known Lo contain significant amounts of asbestos, lead, crystalline silica, known carcinogens, or other particles known Lo cause signilicant adverse health effects.

(. Sec Table C-2 for the U.S. EPA guideline.
. Not to be exceeded more than once per year

. The U.S. Department of Housing and Urban Development adopted regulations concerning formaldehyde emissions from plywood and particleboard intended to limit the airborne concentration of formaldehyde in manufactured homes to 0.4 ppm. (24
CFR Part 3280, HUD Manufactured Home Construction and Safety Standards). In addition, California Air Resources Board Regulation §93120, entitled *Airborne Toxic Control Measure to Reduce Formaldchyde Emissions from Composite Wood Prod-
ucts™ has specilic chamber-based requirements for composite wood products sold in California

1. Never to be exceeded

j. Carcinogen, no maximum valucs cstablished

. TLV for heavy work
TLV for moderate work
. TLV for light work

. TLV for heavy, moderate, or light workloads (less than or cqual to twa hours)
62FR38652 - 38760, July 16, 1997

. Epidemiological studies suggest a causal relationship between exposure o formaldehyde and nasopharyngeal cancer. although the conclusion is tempered by the small numbers of observed and expected cases. There are also epidemiological observations

C-47

of an association between relatively high occupational exposures to formaldehyde and sinonasal cancer,
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TABLE C-2 Concentration of Interest for Selected Contaminants (Continued)
(Note: References numbers that are followed by [c] and [m)] list the concentrations of interest [c] and measurement methods [m]. The user of any value in this table should take into account the purpose
for which it was adopted and the means by which it was developed.)

Contaminant

Sources

Concentrations
of Interest

Comments

References

Lead (Pb)

Nitrogen
Dioxide (NO,)

QOdors

Qzone (03)

Particles (PM> 5)

Paint dust
Qutdoor arr

Leaking vented combustion
appliances

Unvented combustion appliances

Qutdoor air
Parking garages

Occupants

VOC sources (including fungal
sources such as mold)

Cooking, food processing,
sewage, biowaste facilities, etc.

Electrostatic appliances
Office machines
Ozone generators
Outdoor air

Combustion products, cooking,
candles, incense, resuspension,
outdoor air, diesel exhaust, and
parking garages

1.5 ug/m?

100 pg/m?

470 pgfm’

Predicted

{or measured) acceptability
10 80% or more

of occupants

or visitors

100 pg/m?

(50 ppb)

Based on adverse effects on neuropsychological functioning of children, average exposure for three months (WHO:
0.5-1 ‘ng.'mj’ for 1 year).

Sources—leaded gasoline (being phased out), paint (houses, cars), smelters (metal refineries), manufacture of lead
storage batteries,

Health effects—brain and other nervous system damage; children are at special risk. Some lead-containing chemicals
cause cancer in animals. Lead causes digestive and other health problems.

Environmental effects—Lead can harm wildlife.

Based on providing protection against adverse respiratory effects, average exposure for one year.

Sources—burning of gasoline, natural gas, coal, oil, etc. Cars are an important source of NO, outdoors and cooking
and water- and space-heating devices are important sources indoors.

Health effects—lung damage, illnesses of breathing passages and lungs (respiratory system).

Environmental effects—Nitrogen dioxide is a component of acid rain (acid aerosols), which can damage trees and
lakes. Acid aerosols can reduce visibility

Property damage—Acid aerosols can eat away stone used on buildings, statues, monuments, etc.

24-hour average to prevent high exposures during use of combustion appliances such as space-heating devices and gas
stoves.

(O, concentration can be used as a surrogate for occupant odors (odorous bioeffluents). See Informative Appendix D
for a discussion of indoor CO, levels and ventilation rates. For sources other than people, source control is
recommended.

Based on 25% mncrease in symptom exacerbations among adults or asthmatics (normal activity). eight-hour exposure
(WHO); continuous exposure (FDA).

Ozone present at levels below the concentration of interest may contribute to the degradation of indoor air quality
directly and by reacting with other contaminants in the indoor space.

Ground-level ozone is the principal component of smog.

Sources—outdoors, from chemical reaction of pollutants, VOCs, and NO,; indoors, from photocopiers, laser printers,
ozone generators, electrostatic precipitators, and some other air cleaners.

Health effects—breathing problems, reduced lung function, asthma, irritated eyes, stuffy nose, reduced resistance to
colds and other infections. May speed up aging of lung tissue.

Environmental effects—Outdoors, ozone can damage plants and trees; smog can cause reduced visibility,

Property damage—Indoors and outdoors. ozone damages natural and synthetic rubbers, plastics, fabrics, etc

C-4c]
C-4 [m]
C-18

C-41

C-12,24,29,
30 [c]
C-9(CO,),
C-15 (odor)
[m]

C-6, 11 [¢]
C-6 |m]
C-18

—
a. USEPA has promulgated a guideline value of 4 pCi/L indoor concentration. This is not a regulatory valuc but an action level where mitigation is recommended if the value is cxceeded in long-term tests.

Conversion Factors

C-17

Parts per million and mass per unit volume:
Measurements of indoor airborne concentrations of substances are generally converted to standard conditions of 77°F (25°C) and 29.92 in. Hg (101.325 kPa) pressure. Vapors or gases are often expressed in parts per million (ppm) by volume or in
mass per unit volume, Concentrations in ppm by volume can be converted to mass per unit volume values as follows:

ppm * molecular weight/24,450 = mgL

ppm * molecular weight/

2445 = pg/m’

ppm * molccular weight/24 45 = mg/m”
ppm = molecular weight = 28.3/24, 450 = mg/lt"







Floor Area to Be Ventilated

~loor area to be naturally ventilated shall be
ocated within a distance based on the ceiling
neight (H) as follow;

* Single Side Opening, 2H, A, >= 4%A,
 Double Side Opening, 5H, A, >= 4%A,
e Corner Openings, 5H, A, >= 4%A,
« Adjoining Rooms, A, >= 2.3 m? or 8%A,

A, = Opening Area, A, = Occupiable Floor Area






TABLE 6.5 Minimum Exhaust Rates

Exhaust Rate, Exhaust Rate, Exhaust Rate, Exhaust Rate, Air

Occupancy Category cfm/unit cfm/ft? Notes L/s-unit L/s'm? Class
Arenas — 0.50 B — — 1
Art classrooms — 0.70 — 3.5 2
Auto repair rooms — 1.50 A — 7.5 2
Barber shops — 0.50 — 2.5 2
Beauty and nail salons — 0.60 — 3.0 2
Cells with toilet — 1.00 — 5.0 2
Copy, printing rooms — 0.50 — 2.5 2
Darkrooms — 1.00 — 5.0 2
Educational science laboratories — 1.00 — 5.0 2
Janitor closets, trash rooms, recycling — 1.00 — 5.0 3
Kitchenettes — 0.30 — 1.5 2
Kitchens—commercial — 0.70 — 3.5 2
Locker/dressing rooms — 0.25 — 1.25 2
Locker rooms — 0.50 — 2.5 2
Paint spray booths — — F — — -+
Parking garages — 0.75 C — 3.7 2
Pet shops (animal areas) — 0.90 — 4.5 2
Refrigerating machinery rooms — — F — — 3
Residential kitchens 50/100 - G 25/50 - i






Scope of Construction

7.1 Construction Phase 7.2 System Start-Up

7.1.1 Application 7.2.1 Application

7.1.2 Filters 7.2.2 Air Balancing

7.1.3 Protection of Materials 7.2.3 Testing of Drain Pans

7.1.4 Protection of Occupied 7.2.4 Ventilation System Start-Up
Areas 7.2.5 Outdoor Air Dampers
7.1.4.1 Application 7.2.6 Documentation

7.1.4.2 Protective Measures.
7.1.5 Air Duct System

Construction






Scope of O&M

8.1 General

8.1.1 Application

8.1.2 Building Alterations or Change of Use
8.2 Operations and Maintenance Manual
8.3 Ventilation System Operation

8.4 Ventilation System Maintenance
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TABLE 8.2 Minimum Activity and Freq y for
Ventilation System Equipment and Associated Components

Inspection/Maintenance Task

Frequeney*

4. Investigate system for water intrusion or accumulation. Rectify as necess:

Verify that the space provided for routine mainrenance and inspection of apen cooling rower water systems, closed
cooling tower water systems, and evaporative condensers is unobstmered.

Open cooling tower water sysiems, closed cooling tower water systems, and evaporative condensers shall be
treated to limit the growth of micrabiological contaminants, including legionelia sp.

Verify (hat the space provided for royting maintenance and inspection ol equipmeni and companents is
unabstructed.

Cheek pressure drop and scheduled replacement date of [iliers and air-cleaning deviees. Clean or replace as
DCECSSAry L0 CNSUIE Proper operation,

Cheek ulraviolet lamp, Clean or replace as needed (o ensure proper operalion.

Visually inspect dehumidification and humidification devices. Clean and maintain to limit fouling and microbial
erowth. Measure relative humidity and adjust system controls as necessary.

Maintain floor drains and trap primer located in air plenums or rooms that serve as air plenums to prevent
transport of contaminants from the floor drain to the plenum.

Check ventilation and indoor air quality related control systems and devices for proper operation, Clean, lubricate,
repair, adjust, or replace as needed to ensure proper operation.

Cheek P-traps in Mloor drains located in plenums or roems (hat serve as air plenums, Prime as needed 1o ensure
proper operation,

Check fan belt iension. Cheek for belt wear and ieplace il necessary o ensure propet operation, Cheek sheaves [or
evidence of improper alignment or evidence of wear and correct as needed.

Check variable-frequency drive for proper operation. Corvect as needed.

. Check for proper operation of coaling or heating coil for damage or evidence of leaks. Clean, restore, or replace as
required.

Visually inspect outdoor air intake louvers, bird sereens, mist eliminators, and adjacent areas for cleanliness and
integrity; clean as needed; remove all visible debris ar visible binlogical material observed and repair physical
damage to louvers, screens, or mist eliminators if such damage impairs the item from providing the required
outdaor air entry.

Visually inspect natural ventilation openings and adjacent areas for cleanliness and integrity: clean as needed.
Remove all visible debris or visible biological material observed and repair physical damage (o louvers, and
sereens il such damage impairs the item [rom providing the required outdoor air eniry. Manual and/or aulemalic
opening apparatus shall be physically tested Tor proper operation and repaired or replaced as necessary,

Verily the operation ol the outdoor air ventilation system and any dynamic minimuin outdoer air controls.
Check air filter fit and housing seal integrity. Correct as needed.

Check control box for dirt, debris, and/or loose terminations. Clean and tighten as needed.

Check motor contactor for pitting or ather signs of damage. Repair or replace as needed.

Check fan blades and fan housing. Clean. repair, or replace as needed to ensure proper operation.

Check integrity of all panels on equipment, Replace fasteners as needed (o ensure proper integrity and fii/finish of
equipment,

Assess lield serviceable bearings. Lubricate il necessary.

Check drain pans, drain lines, and coils for biological growth. Check adjaccnt arcas for evidence of unintended
wetting. Repair and clean as needed.

X Check for evidence of buildup ot fouling on heat exchange surfaces. Restore as needed to ensure proper operation.

As necessary

Monthly

Monthly

Quarierly

Quartcrly

Quarterly

Quarterly

Semiannually

Semiannually

Semiannually

Semiannually

Semiannually

Semiannually

Semiannually

Semiannually

Amually
Annually
Anmnually
Annually
Annnally

Annually

Annually

Amually

Annually

* Minimun fequencics may be

# National Institute ol Sandards a

ar desrensed if indicated in the OdM manual.
marlogy, U5, Depariment of Cammence, Gaithersburg, MD.

ANSFASIRAE Standard 62.1-2016

TABLE 8.2 Minimum Maintenance Activity and Frequency for

v

System i tand A

iated Components (Continued)

Inspection/Maintenance Task

Frequeney*

¥

Inspect unit for evidence of maisture carryover from cooling coils beyond the drain pan_ Make corrections or ~ Annually

repairs as necessary

Check for proper damper operation. Clean, lubricate, repair, replace, or adjust as needed to ensure praper Annually

aperation

. Visually inspect areas of moisture accumulation for biolagical growth, If present, clean or disinfect as needed. Annually

Cheek condensate pump. Clean or replace as needed.

Annually

. Visually inspeet exposed duclwork and exlernal piping [or insulation and vapor barrier Lor inlegrily. Correetas Annually

needed,

. Verify the accuraey of permanently mounted sensors whose prima

ouldoor air deliv

v function 1s outdoor air delivery monitoring,
fication, or dynamic minimum outdoor air control, such as How stations al an air handler

and those used for demand-control ventilation. A sensor failing to meet the accuracy specified in the Q&M
manual shall be recalibrated or replaced. Performance verification shall include output comparison to a
meusurement reference standard consistent with those specified for similar devices in ASHRAE Standard 41.2 or

ASHRAE Stndard 111 1.

. Verify the total quantity of outdoor air delivered by air handlers set to minimum outdoor air mode. If measured
minimum airflow rates are less than the design minimum rate documented in the O&M manual, + a 10%
balancing tolerance, (1} confirm the measured rate does not conform with the provisions of this standard and (2)
adjust or modify the air-handler components ta correct the airtlow deficiency, Ventilation systems shall be
balanced in accordance with ASIRAE Standard 111 ' or its equivalent, at least to the extent necessary to verify
conformance with the total eutdoor airflow and space supply airflow requirements of this standard

Exception: Units uncer 2000 cfin (1000 Lis) of supply air are exempt from this requirement.

Minimuon frecuencies may be mereased o decteased if indicared (o the O&M manual

*% National Instite of Standards and Technology. US. Department of Commeree, Gaithersbury, MIy

ASTM 327312, Standurd Test Method for Resisiance to
Growth of Mold on the Surfuce of interior Coatings in
an Environmental Chamber. West Conshohocken, PA:
American Society for Testing and Materals.

ANSFAIHA 79.5-2013, Standerd for Labovatory Ventilu-
rien. Fairfax, VA: American Tndustrial Hygiene Associa-
tion,

ANSE 7223 1NFPA-54-201 3, National Fuel Gas Code,
Quincy, MA: National Fire Protection Association,

NFPA-31-2011, Standard for the Insiatiation of Oil-
Burning Lyuipment. Quincy, MA: National Fire Pro-
tection Association.

NFPA-211-2013, Srandard for Chimnevs, Fireplaces,
Vents, and Solid Fuel-Burning Appliances. Quincy,
MA: National Firc Protection Association

U 1993, Heating end Coaling Fguipment, 4th Edition,
2011. Northbrook, IL: Underwriters Laboratories.

o AMCA 500-L-12, Laboratory Methods of Testing Lowvers

for Ruating. Arlington Heights, IL: Air Movement and
Control Association International, Inc

- ANSEASHRAL Standard 52.2-2012, Method of Testing

General Ventitation Air-Cleaning Devices for Removal
Tifficiency by Particle Size. Atlanta: ASTIRATL.

ANSLIASIIRAE Standard 62.

. NSF/ANSI 60-2013, Drimking Water Treatment Chemi-

cals  Health Effects, Ann Arbor, MLt NSF International.

4. Secondery Direct Food Additives Permitted In Food For

Human Consumpiion. Code of Federal Regulations,
Title 21 Part 173.310 (21 CFR 173.310), Bofler Water
Additives. 11.5. Tood and Drug Administration, 2012.
ANSEASHRAE Staandard 111-2008, Measurement, Test-
ing, Adjusting, and Batuncing of Buitding HVAC Sys-

fems. Atlanta: ASHRAE.,

. ASHRAL Standurd 129-1997 (RA 02), Measuring Air

Change Effectiveness. Allanta: ASHRAE.

- ANSISMACNA 006-2006 HVAC Duct Construction

Stemtdards - Metal and Flexible, 3rd Edition, 2005,
Chantilly, VA: Sheet Metal and Air Conditioning Con-
tractors’ National Association, Inc. (SMACNA).

. Fibrous Glass Duct Construciion Siandards, Tth Edition,

2003. Chantilly, ¥A: Sheet Metal and Air Conditioning
Contractors’ National Association, Inc. (SMACNA),

TA-! 2012, Standard for the Instaflion of Air-
Conditioning and Ventilwing Systems. Quincy, MA:
National Tire Protection Association.

TA-O0B-2012, Standard for the Installation of Warin
Air Heating and Air-Conditioning Systems. Quincy,
MA: National Fire Protection Association
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Preventive Maintenance Guidance

Introduction

You can prevent many issues from becoming costly problems through preventive maintenance with
thoughtful planning and regular maintenance for your buildings and facilities. This guide will walk you
through straightforward steps to develop and implement a sustainable indoor air quality (1ACG)
preventive maintenance plan for your school district (see Graphic 1). On the following pages, you will
find powerful information to help you make the case for your plan and gain the buy-in you need from
your school community. You alse will find detailed guidance on walkthroughs and assessments of your
facilities and how to address commen IAQ issues by implementing |AQ Technical Solutions, including
integrated pest management (IPM); green cleaning; heating, ventilating and air conditioning (HVAC)
and eguipment upkeep; mold and moisture prevention; and other pollutant source control activities.
Finally, you'll find tips on staffing and communication, as well as evaluating your activities to make
your |AQ preventive maintenance plan a success.

Preventive Maintenance and IAQ in Schools:
Piecing the Puzzle Together

-
A

/.ﬁ

Making the Case

Developing Your Plan

Walkthrough & 1AQ Technical Staffing &
Assessment Solutions Communication

Braphic 1. [hese topics am cov ance to help you develop an [A0 preventive

www.epa_goviiag-schools I Indoor Air Quality (IAG) @;

Preventive Maintenance Guidance

Usa this valuntary guide' to gat started or enhance your own |1AQ preventive maintenance activities.
This guide, along with EPA’s |AQ Preventive Maintenance Checklist and templates, can help you build
a thorough program for keeping your school buildings healthy, reliable and efficient.? Even though this
guide is focused on |AQ preventive maintenance, you can use the tools, tips and strategies found here
in a more general preventive maintenance plan or your overall IAQ management program. EPA's JAQ
Tools for Scheols suite of guidance, including the / r Air Quality Tools for S Is Action Kit and
the Framework for Effective Scheo agement, provide additional proven and widely adopted
guidance to help you create, adopt and sustain an |AQ preventive maintenance plan.

There are four important steps to take to develop an |AQ preventive maintenance plan (ses Graphic 2).
These steps can be followed in any order that fits your situation. Depending on the steps a school district
has already taken to implemant |AQ preventive maintenance best practices, the staff could start at any
of these steps. For example, a school district might already have a committed team in place, as well as
buy-in from the superintendent and staff, and therefore could start at Develop Your Plan.

STEP 1
Make the Case to Gain Buy-In

STEP 2

Develop Your Plan

STEP 3

Form a Committed Team and
Communicate for Success

STEP 4

Evaluate for Continued Improvement

Graphic 2. Take these importa to develop an 1A p

www.epa_goviiag-schools I Indoor Air Quality (IAG) @;
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C. Walkthroughs and Assessments
The facility walkthrough and assessment can help you develop your |AG preventive maintenance plan
(i.e., taking inventory of your equipment and preparing checklists and schedules). You should conduct
facility walkthroughs and assessments at least once per year to evaluate your plan and to make sure
your plan is up to date. Inspecting your facilities during a walkthrough combined with an in-depth
aﬂel,rsuq of your inventary and equipment conditions will give you a full picture of needed and ntial

enance and repairs to reduce or avoid future problems.”* Use what you learn during a walkthrough

your |AQ preventive maintenance program for your schoal district’s specific needs. Learn more
n the webinar “From Roof aking a
App A ement T

The Framework for Effective 1AQ
Several tools are available for your use when assessing Management in Schools

your facilities:

* Appendix A: entive Maintzna Checklist
Once you have developed your
use it to assess your activities and take notes o
items to update or add during a walkthrough of your

) \pp: In addition to
asswssmg |AQ pre'.entnre mamtenance acti S,
you can use this mobile app to assess the |1AQ
management actions taken in your school buildings
during a walkthrough. The app includes a set of
easy-to-follow checklists; all you need is an internet
connection. After your IAG walkthrough, you can
use the mobile app to submit your completed
checklists by email to your school district’s
designated |AQ coordinator or the person who

we IAQ management for review and follow-up
action. You can attach photos and detailed notes in
your completed checklist submission.

During your walkthrough and assessment, you can
gather data on regular performance to identify areas
for improvement and establish metrics to help track
your program's impact over time. See the

section of this document.

a.poviiag-schools | Indoor Air Quality (1AQ)

D. IAG Technical Solutions

Praventive Maintenance Guidance

Each school district will have unique |AQ challenges, but you likely will run into commen IAQ issues

that should be included in your preventive maintenance plan. This section will cover these common [AQ
issues related to preventive maintenance (see Graphic 4) and key resources to address them.

The Components of IAQ Preventive Maintenance

@«1 HVAC and Equipment

’

@' » Mold and Moisture

& Grean Cleaning and Materials Selection
L

Graphic 4. These Technical Salutions can be

@ Integrated Pest Management

‘rj Source Control

Energy Efficiency

hnical Solutions to
ar schools.

Key Technical Solutions for
Common A0 Issues

jac-schools | Indoor Air Quality (IAQ)
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HVAC and Equipment

Manitoring your school's HVAC system using preventive
maintenance is like an early warning system—doing so
will help you find problems before they find you. When Key Resources: HVAC
your HVAC system is working carrectly, your facilities
have better air circulation and odor control, as well

as a reduced level of pollutants. Additionally, a well-
maintained HVAC system can help your school save
money from unexpected repairs. Regular inspection and
keeping the system clean and exhaust systems clear
help prevent problems that could require expensive
repairs. For example, a missing filter could, over time,
lead to plugged coils, reduce your HVAC system's
effectiveness, contribute to poor 1AQ, and result in
substantial repair or replacement costs to HVAC system
companents. Routinely checking vents and HVAC ducts
could reveal izsues before they become problems, such
as pests that can damage HVAC components that require
EXpEnsive repairs.

Mold and Moisture
Conduct routine inspections for moisture. Take actions
to address meld and moisture problems immediately
to protect IAQ. The best way to contral indoor mold
growth is to control moisture. Mold can cause a variety
of health problems, increase allergic reactions and cause
asthma attacks. Mold can grow on any organic surface
if enough moisture and oxygen are available. Facility
neglect often leads to moisture problems, espec allv when
roofs, plumbing or ventilation systems are not routinely
inspected. Mold can discolor surfaces, deteriorate

( o health problems for

Key Resources: Mold and Moisture

students and staff.

Green Cleaning and Materials Selection

Green cleaning products and maintenance practices Key Resources: Green Cleaning and
can increase a school building's life span and cut Materials Selection

unexpected costs. They also can be less harmful to

student and staff health and |1AQ than traditional

products and practices. Choose products with few effects

on human health and the environment and that might

contain recycled content. Also look for products and

services that minimize waste, conserve energy or water,

or reduce the amount of toxics u

selection with building planners and design arc
Making smart choices about materials upfront can have
a big impact on creating healthy indoor environments.

www.epa.poviag-schoals | Indoor Air Quality (1AQ) @
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Integrated Pest Management (IPM)

Pests can be a major, hard-to-manage problem in Key Resources: Integrated Pest
schools. Mot only can they damage scheol facilities, but Management
they also can cause |AQ and health problems for students :

and staff. Deferring maintenance of your building can

cause it to start deteriorating, which gives pests easy

entry points, such as wall cracks, and ideal living

situations, such as leaky areas or poorly cleaned spaces.

IPM is environmentally friendly and favors common- sense

actions to prevent using pesticides only as n

IPM strategies remove things that pests need to survive

food, water and shelter—and block possible entry points

to the building. Through routine inspections and keeping

facilities and equipment in good working condition, IPM

can keep pests at bay and prevent possible reentry,

Source Controf
Eliminating or reducing individual pollution sources, such
as chemicals, radon, pesticides, emissions, stc., can
m‘pn..te IAQ and student and staff health. Source contral
al for reducing pellutant exposures and expensive
idents. You can minimize the use of hazardous
chemicals at scheols by using pollution prevention
principles and looking for safer alternatives. Consider the
possible health, safety and environmental consequances
before buying a particular chemical. Create a purchasing
policy that promotes environmentally preferable products,
and conduct periodic inventories of the chemical products
in your school to identify hazards. Use and treat chemicals
properly, including storage, labeling and disposal, and
include that guidance in your |AQ preventive maintenance
program. Place walk-off mats at entrances to prevent dirt and pollutants from being tracked into
the school. Consider implementing tobacco-free and anti-idling school bus policies. Additionzlly,
you can test for certain pollutants (e.g., radon) and mitigate if necessary.

Key Resources: Source Control

Energy Efficiency

Trere is a close connection between |AQ, energy efficiency Key Resources: Energy Efficiency
and preventive maintenance, and how the,r |rr‘pact the schmi

en.rurourn-ﬂ '-m more mfu mation, see o

: .iprl‘mn } Poor energy management
can create AO pru lems and lead to poor ventilation in
occupied spaces. Preventive maintenance plans can include
proactive acticns to improve enargy efficiency while ensuring
that |AQ is protecte bmcol districts also can include
1AQ protections ir 1ergy e[: iency retrofits and

Ens

£
mfo«ma‘mn and guidance for incorporating 1AQ into energy efficiency projects, and you can use the
Air Guality Planner to create a checklist tailored to your school district’s needs.

www.epa.poviag-schoals | Indoor Air Quality (1AQ) @
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EPA does not regulate indoor air, but we do

offer assistance in protecting your indoor air

quality.
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FOREWORD

In modern city . the quality of air in the indoor environment h significant impact on human
health and comfort. People spend most of their time at homes, offi nd other indoor environment.
Poor indoor air quality (1 n lead to discomfon i

absenteeism and lower productivity. Good indoor air qualil

occupants and contributes to their comfort and well-being,

Indoor air pollution has received little attention in the past compared with air pollution in the outdoor
environment. It kas now become a matter of increasing public concern, prompted parily by the
emergence of new indoor air pollutants, by the isolation of the indoor environment from the natural
outdoor environment in well-sealed huilllll gs. and l\\ lhu investigati ¥ led Sick Building

. Syndrome.
Guidance Notes for indoor air pollution as public health risks.
the N‘lanagement 01 ]ndoﬂr Alr Ql allt} The health effects of individual indoor air pollutants are studied extensively. For example, the
i]'] Offices al‘ld Puh]ic P]aceﬁ health impact of formaldehyde is well documented. Two guidelines were published by WHO in

2009 and 2010 respectively on mould and dampness, and selected indoor air pollutants. On the
other hand. the health effec a o inati " indoor air pollutants are much less well

a on the effects on
human health; difficulties in stri ir pollutants at low level ial i i
between pollutants; and wide variations in the degree to which building occupants are susceptible
1o air pollutants. There are also many externs tors which may obscure the relationship between
IAQ and its impact on the building occupants

1AL is not only technically complex, it is also complex from an administrative point of view. The
many factors to be taken into consideration and strategies required to maintain good 1AQ cul across

a variety of disciplines—public health, occupational hygiene, employment i

ards, and government departmental responsibilitie: ilation sy
some other factors affecting TAQ are already subject to legislation. IAQ is also touched on in certain
regulations and ordinances, most noticeably the Smoking ( Public Health) Or wee (Cap. 371) that
prohibits smoking in all indoor workplaces and public places. But Hong Kong does not have, or
The Government of the plan to introduce, legislation specifically addressing the issues of IAQ because it is considered that
Hﬂl'l[,: K(mg S[)eciu] Administrative Regi.," self- rq,ul:m_nn can be effective and mu l_h\ complexities and uncertainties which still surround
Indoor r Qualir\' \lanagument {;r"u]] TAQ, is pref; ‘ le io comp \Im: of ‘I‘L countries/regions uil]u.l‘l\ul with TAG),
i such l]lu United State opted the same
approach. The self- ¥ d 2's ciple of small
E'.II\;'I'I““L'I![.

T'o coordinate the development on the control of IAG in Hong Kong, the Government has set up an
inter-depariment 1AQ Management Group. lis membership comprises representatives from five
government bureaux and fourteen depariments:

January 2019 Civil Service Bur
3 Education Bur
Environment Bureau
Food and Health Bureau
Trunsport and Housing Bureau
Architectural Services Depariment
Buildings Department




ASHRAE IAQ




ﬂ1§<':]}ﬂﬂ15ﬂﬂ!ﬂ1W@1ﬂ1ﬂﬂ1fﬂuﬂ1ﬂ1§

Increasing Cost _
Cost of Action/

Solution

(b}
(]
-
@
3
v
-
y—
@]
(b}
>
(4]
|

Decreasing Influence

Operation

Figure 1.2-C Decreasing Ability to Influence Outcomes and Increasing Cost of Action as Project Proceeds
Adapted from a figure copyright CHZM HILL.
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