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Variation of Temperature and CO measured by sensor # 3
Garage-B June 24th, 1997
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Figure 3.1(e): Time variation of CO level in Garage A. The minimum and maximum

outdoor ambient air temperatures for the day are 65 °F and 77 °F, respectively.
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CO amount in level 1, White Plains, NY. Garage E
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Figure 3.6(c): Time variation of CO level in Garage E. The minimum and maximum
outdoor ambient air temperatures for the day are 66 °F and 74 °F, respectively.

Ayari, Arselene Mohamed, “Ventilation rate requirements for enclosed motor vehicle
facilities,” PhD Thesis, UNIVERSITY OF COLORADO AT BOULDER, 1999.



Table 4 provides a summary of existing codes and standards for ventilating enck

f:}% _gi iﬁk%& Unites States, and other countries.

Table 2.4: Summary of all standards in the US and around the world

Time [hrs| ppm Ventilation
ASHRAE 8 9 1.5 cfm/ft
1 35
ICBO 8 50
1 200
NIOSH/ 8 335
OSHA ceiling 200
NFPA 6 ACH
ACGIH g 25
Canada 8 11413
1 25/30
Finland 8 30 0.53 efm/ft
15 minuics 75
France ceiling 200 350 cfmy car
20 minutes 100
Germany 0.66 cfm/fi”
Japan/ 1.25-1.50 cfm/ft
S. Korea
MNetherlands | 0.5 200
Sweden 0.18 chm/ft”
U.K. 8 50 6-10 ACH
1 5 minutes 300

Ayari, Arselene Mohamed, Ventilation rate requirements for enclosed
motor vehicle facilities, PhD Thesis, UNIVERSITY OF COLORADO AT
BOULDER, 1999. p.34
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Figure 1. Mass concentration of particulate matter and ozone after
addition of a solid air freshener (at time zero) into an experimental
chamber. The solid air freshener emitted several terpenes and was
approximately the size of a 3.5-in. computer floppy disk.
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8 liters per second per person of fresh air must be
brought into buildings to replace stale indoor air and
maintain air quality (ASHRAE, 1989).
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B % 787
m WASHINGTON, DC, January 15, 2003 (ENS) - About one
home in 15 across the U.S. contains too much radon, making

the invisible gas one of the nation's leading causes of lung
cancer.

m |n some areas of the country, as many as one out of two homes
has high levels or indoor radon. U.S. EPA Administrator urged
Americansto test their homes for radon gas in January, which
has been designated as National Radon Action Month.

m "Asmany as 22,000 people die from lung cancer each year in
the United States from exposure to indoor radon,” Whitman
said. "Americans could help prevent these deaths and protect
their families by testing their homes for radon as soon as
possible. Not only is radon testing a sound investment in the
long term health of your family, but it could also be a good
Investment in terms of the resale value of your home. In many
areas, radon testing is arequired part of real estate
transactions."



=

=

P\

% 3 AR

A& Rp g

FRF 4 (F ARZ MK
£)

5 A
3

kv B F

THERP T (Ra - F
b~ 3k

2D

B~ F P

B~ 4R

oy

B~ G B FF ~Particle
board

ﬁ\é{?\ﬁj\g

1R 1R R

PR

T T e &

3 i

EE

T B

e g

SRR

F P RIRERS

s

AR E A BB S B AE

5

NOy

R P R

CO

S SR P

B 7%

VRS R F AR Mokl

i

B A~ d R~ K EUR R T
A~ 7 FLAkaUR

Lp S REES
Ly Ed Rk

GRS R~ BT A
M EE L E

\—f};ﬁﬁ

FERE

LA #A

B (5 W) b
R O S A N AL S




:L}%E’ngi

m Pulmonary edema
bronchoconstriction
Increased infection rates

Formaldehyde:

m |ower respiratory irritation
pulmonary edema #* -k #&
Increased anxiety
Changes in short-term
memory

Tobacco smoke:

m |ung cancer, 3000 lung
cancer deathsin US.

Asbestosfibers:

= Lung cancer
pleural and peritoneal
mesotheliomas
B9 R N VEVERY A
gastrointestinal tract
cancers

Radon and itsairborne
decay products:

= |ung cancer caused by solid
decay products,
7000~30000 lung cancer
deathsin US.



|AQ Modelling

The mathematical model is based on the following mass-balance equation:

dC = PaC _dt+ S/ Vdt - (a+ k)Cdt

C:  spatial average indoor pollutant concentration, (ppm);

C,: outdoor pollutant concentration, (ppm);

P: fraction of the sutdoor pollutant level that penetrates the building shell, {-):
a:  air exchange rate, (1/ hr);

S:  indoor pollutant source strength, (g/hr);

V:  building volume, (m*);

k:  net rate of removal processes other than air exchange, (-).

m Dhaliwal, Baljit Singh; “Alternative fuel effects on vehicle emissions and indoor air quality,” MSc
Thesis, UNIVERSITY OF ALBERTA (CANADA), 2000

104



|AQ Modelling

Alr
Exchange Uniformly
Rate
Miixed I
Other
— Removal
Outdoor Processes
FPenewaton

Figure 4,1: Schematic of a Well Mixed Volume with an Emission Source and Key
Parameters.



|AQ Modelling

The spatial average concentration as a function of time 1s shown below fort<t,  andt =
tauor Where the variable t, .- represents the time the forklift unit is shut off i.e. the source

termn becomes zero: 5= 0 g/h.

C(t) = {; T [1-e @] fOr £ < typyuar (4.2)
and fort =t .
S/V +kn —(a+k)(t-t Pa.‘:ﬂ- -{a+
C(t) = m[l-éa KR 1@~ @RI Lo ) m[l*ﬂt ] (4.3)
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Seven do's

Designing A Sustainable Future (IC#35) Spring 1993, P. 21

1. Do build in aclean location * Selecting asite away from
sources of air pollution isthe first consideration in
healthy house construction.

2. Do build an airtight structure * This not only improves
energy efficiency, but, when coupled with a mechanical
ventilation system, it gives the occupants maximum
control over the indoor air. An airtight structure also
minimizes occupant exposure to insulating materials.

3. Do ingtall aventilation system * Mechanical ventilation
can supply fresh air as needed. Relying on infiltration for
an air supply is unreliable and frequently insufficient.

4. Do install aradon removal system * It isdifficult to
predict if aparticular house will have aradon problem,
but it's easier to take precautions during construction than
to mitigate radon in a completed house.



5. Do use metd or solid wood cabinetry = 1 7 i& * Kitchen and
bathroom cabinets are generally made of manufactured wood
products that contain glues and use finishes high in
formaldehyde. Use solid wood cabinetry with alow-tox finish
or metal cabinetry with a baked-on finish.

6. Do use water-based adhesives, caulks, paints, etc. *
Water-based products are more benign than solvent-based
products because they have lower levels of volatile organic
compounds (VOCs). Nonethel ess, water-based products aren't
perfect, as they contain other ingredients that can cause
negative health effects. Several specialty manufacturers now
offer more benign aternatives.

7. Do test materials with sensitive occupants * Thisis
necessary when ahome is to be occupied by someone with
chemical sensitivities because different people have varying
reactions to the same material. Testing should be done under
the supervision of a physician.



SEVEN DON'TS

1. Don't use carpeting * When it comes to poor indoor air quality, carpeting is
one of the worst offenders. New synthetic carpeting outgasses more than
100 different VOCs. Old carpeting is a haven for microbes, some of which
are highly allergenic. A conventional portable vacuum cleaner blows a
great deal of dust into the air. Shampooing is not totally effective, and it
may contribute to an increase in microbes.

2. Don't use products high in formaldehyde * Of the two primary types of
resins used in manufactured wood products - U-F (ure&formal dehyde)
resins are perhaps 10 times more potent (% % )3 »x< 4 than P-F (phenol-
formaldehyde) resins. P-F resins are used in all constructlon grade products
(interior and exterior plywood; oriented strand board; laminated beams,
fiberglass insulation; etc.). U-F resinsare used in hardwood plywood for
wall paneling and cabinetry, medium-density fiberboard for shelving, and
particle board. No products containing U-F resins should be used within
occupied spaces. P-F resins can be used in the structure, but with sensitive

occupants, they should be well separated from the living space.

3. Don't asphyxiates & the occupants* If aconventionally aspiratedr+ #
combustl on appliance is used, make sure that backdrafting and spillageiz
dwill not occur. Sealed combustlon solar heating, e ectric or heat-pump
furnaces and water heaters are highly recommended alternatives. Gas
ranges are probably not agood idea. Even if backdrafting and spillage are
not serious enough to kill the occupants, they can result in enough low-
level carbon monoxide to result in flu-like symptoms.



|
4. Don't create a depressurized house * Depressurization can
result not only in backdrafting and spillage, but also
Infiltration of pesticides, mold spores, particles of
Insulation, radon, and other soil gases. Depressurization
occurs because of the HVAC system's blower, powerful natural
drafts in chimneys, clothes dryers, central vacuums, etc.
Occupants should open awindow dlightly when using such
exhaust equipment.
5. Don't ignore physics* Moisture migration, wind,
mechanically induced depressurization, and outgassing, all
follow well-defined physical laws. If those laws are properly
understood, healthy, durable houses can be built.
6. Don't believe everything you hear * Thereisan increasing
amount of information available on healthy construction; some
IS better than others. When dealing with sensitive
Individuals, don't believe anyone who tells you that a
product is universally tolerable.
7. Don't panic * If you're apprehensive® g, about healthy
construction, relax. There are many books and periodicals
dealina with the subiect.
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mpREEER S A& P F g 122 (Toxic Substances
Control Act) ~ B =88 & | ~ B A & AR SR 0% B
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