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1000 - —

500 -

(=]

voC sfejzfo} 20| ojAtgiets  HHAMET|
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Z 89 : Mann-Whitney p(0.05EA X2 F2l&l), a,ab,bc,c : Tukey Grouping(Multiple comparison)
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Z,jj: 3~4= 175 0 00| 2 11 31 177 96 549 46 263 41 8,167
ST 5~155 387 3 08| 8 21| 52 134 | 199| 514 125 | 323 | 4.1
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66m 0|2 283 2 07| 10 | 35| 72 | 2564 | 133| 470 | 66 233 | 39
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(E 4-2) Indoor airPLUS QIZ #|32|AE

o
-

SEPA

United States
Environmental Protection

Indoor airPLUS Verification Checklist

Address or Div/Loti#:
City/State/Zip Date : Verified by
Section Requirements(see Indoor airPLUS Construction for details) [ N/A Builder Rater
Water-Managed Site and Foundation
11 Site & foundation drainage : sloped grade, protected drain tile, & foundation floor o o
: drains
Capillary break below concrete slabs & in crawlspaces(Exception - see
12 . m] [m] [m]
specification)
Foundation wall damp-proofed or water-proofed(Except fir homes without
13 o o o
below-grade walls)
14 Basements/crawlspaces insulated & conditioned(Exceptions — see specification) [m] [m] [m]
Water-Managed Wall Assemblies
= 15 Continuous drainage plane behind exterior cladding, properly flashed to foundation [m] [m]
g 16 Window & door openings fully flashed u] u]
3 Water-Managed Roof Assemblies
g 17 Gutters/downspouts direct water a minimum of 5" from foundation(Except in dry o o o
3 : climates)
18 Fully flashed roof/wall intersections(step & kick-out flashing) & roof Penetrations u] u]
19 Bituminous membrane installed at valleys & penetrations(Except in dry climates) a a a
110 | Ice flashing installed at eaves(Except in Climate Zones 1 - 4) a a a
Interior Water Management
111 Moisture-resistant materials/protective systems installed(i.e., flooring, tub/shower o
. backing, & piping)
112 No vapor barriers installed on interior side of exterior walls with high condensation o
' potential
113 | No wet or water-damaged materials enclosed in  building assemblies u]
- 21 Approved radon-resistant features installed(Exception — see specification) [m]
§ Two radon test kits & instructions/guidance for follow-up actions provided for
3 22 ) - u]
buyer(Advisory — see specification)
- 3.1 Foundation joints & penetrations sealed, including air-tight sump covers [m]
& Corrosion-proof rodent/bird screen installed at all openings that cannot be fully
@ 32 ) o o
sealed(e.g., attic vents)
41 HVAC room loads calculated, documented; system design documented; coils o
: matched
40 Duct system desing documented & properly installed OR duct system tested o o
’ (check box if tested) O
43 No air handling equipment or ductwork installed in garage; continuous air barrier o
: required in adjacent assemblies
- Rooms pressure balanced(using transfer grills or jump ducts) as required OR tested
z 44 ] u] o
2 (check box if tested) 0
45 Whole house ventilation system installed to meet ASHRAE 622 requirements [m]
46 Local exhaust ventilation to outdoors installed for baths, kitchen, clothes dryers, o
) central vacuum system, etc,
47 Central forced-air HVAC system(s) have minimum, MERV 8 filter, no filter bypass, o
’ & no ozone generators
Additional dehumidification system(s) or central HYAC dehumidification controls
48 . ) m] m]
installed(In warm-humid climates only)
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Indoor airPLUS Verification Checklist

Environmental Frotection
4

Address or Div/Lot#:

City/State/Zip Date : Verified by
Section Requirements(see Indoor airPLUS Construction for details) N/A Builder Rater
Combustion Source Controls
Gas heat direct vented; oil heat & water heaters power vented or direct
51 ) - m] [m]
vented(Exception — see specification)
Fireplaces/heating stoves vented outdoors & meet emissions/efficiency
o 52 I o m]
§ standards/restrictions
3
g 53 Certified CO alarms installed in each sleeping zone(e.g., common hallway) o
=4 : according to NFPA 720
=}
o Smoking prohibited in common areas; outside smoking at least 25 from building
= 54 . A [m] [m] [m]
1= openings(Multi-family homes only)
Qo
El Attached Garage Isolation
Common walls/ceilings (house & garage) air-sealed before insulation installed;
55 . o m]
house doors gasketed & closer installed
Exhaust fan (minimum 70 cfm, rated for continuous use) installed in garage &
56 . m] [m]
vented to outdoors(controls optional)
61 Certified low-fromaldehyde pressed X4 materials used(i.e., plywood, OSB, MDF, o o
= : cabinetry)
Q
<§ 62 Certified low-VOC or no-VOC interior paints & finishes used o
QO
@ 63 Carpet, adhesives, & cushion qualify for CRI Green Label Plus or Green Label o o
) testing program
71 HVAC system & ductwork verified dry, clean, & properly installed [m]
I 70 Home ventilated before occupancy OR initial ventilation instructions provided for o
2 ’ buyer
73 Completed checklist & other required documentation provided for buyer [m] [m]
Rater/Provider : Builder :
Company : Company :
Signature : Signature :
110 M2A| Fejo| AU27IE M4 et




EPA Indoor
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Bullt by:

uality Built Homes

Verified by:

+Healthy Howme Testing, LLC

Date:

New Homas that ars Indoor airPLUS gualified meat U.S. Environmontal
Pratsction Agsncy guidsiines for improved indoor air guality.

wwaw.epa gov/indesrairplus

ENERGY STAR
@ All EPA Indoor airPLUS qualified homes meet strict

guidelines for energy efficiency set by ENERGY STAR,

ENERGYSTAR the nationally-recognized symbol for energy efficiency.

-7 A e ariers |

EPA Indoor

alrPLUs

VAl Safe Combustion

A2 : http://www epa.gov/indoorairplus
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(8) Healthy Indoor Environment Protocol for Home Energy Upgrades

CIE FEHO| JHE)

7= EPASH DOE(CUAI e g Rdd, 59] v gs 7S 540w
she 8] JHEa Al AfE7d B AdgEe) TS B = dle ZRE
L et Algsta )t o] ZREZFE T RSN T
A T3 AYIHA oS HESR= 7 2 EZ(Assessment Protocol), 7H
Haeapgola] ofst e AjZo] BT & e AllE71d B e &4
o that a3k} WLk Minimum Action), 7HEFE S 7]&2] Ae7]1d &
AE MAE 4= = F7H<1 Wl (Expanded Action) o2 FHE3814, 7ho] =2}

2 7)E 55 AlFsta ek o] ZREZE FEAlo], 2hE, HAE, HVAC,
1=, 2E A4 5 77 ZHElaE = F4E o] Sl
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o
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PRIORITY ISSUES ASSESSMENT PROTOCOLS
ENVIRONMENTAL TOBACCO SMOKE (ETS) (continued)

NCHH Fact Sheet: Improving Ventilation in
Existing or New Buildings with Central Roof
Exhaust.

NCHH Fact Sheet: Improving Ventilation in
Multi-Family Buildings That Do Not Have Fan-
Powcred Ventilation Systcms.

NCHH Fact Sheet: Improving Ventilation in
New and Existing Multi-Family Buildings with
Individual Unit Ventilation Systems.

GARAGE AIR POLLUTANTS (CO, BENZENE AND VOCS)

P If there is an attached garage (i.c., sharing at lcast o minimize the movement of air and Steps that can reduce air pressurc in the garage
onc wall, ceiling, ductwork, ctc.), identify the contaminants from the attached garage to the and minimize flow from the garage to the house
location of any air leaks from the garage to the house, air scal walls and ceilings separating the include the following:
occupicd spaccs that may provide pathways for  garage from the living spaces. 703 o If occupants spend significant time in the
hazardous cmissions to enter the occupicd spaces. garage (c.g., the garage is used as a workshop
Look for leaks around walls, doors, ccilings, At a minimum, air scal thes locations (if present): or playroom), at a minimum, install local
ductwork, air conditioners, furnaces, chimneys « Doors (ensure tight closure AND install exhaust fan(s) rated for continuous operation
and clectrical and pipe penetrations. weather-stripping). and vented outdoors in attached garages in
o Electrical, plumbing and duct penctrations. accordance with scction 5.6 of EPA's Indoor
Determine (visual inspection and/or occupant * Cracks between mud sil, rim joists, subfloars airPLUS Construction Specifications or 2009
inquiry) if there arc unvented combustion and/or bottom of gypsum board. Intcrnational Mcchanical Code, table 403.3.
appliances or hobby cquipment that may be used o Leaks in the ductwork and air handlers and o Relocate the air handling equipment and
in the garage. gaps around the ductwork penctrating from associated ductwork from the garage to an arca
Note the garage to the occupicd space. within a conditioned space.
If combustion appliances are present, see Carbon . : o liezeeite et il Ao
Monaside (CO) and Other Consbtion Appliance 10 ke<P garage air from being drawn into the o assist with air sealing between the garage
Emissions (page 6), Vented Combustion Appliances home eliminate or disconnct supply diffusers and living space in homes that have a room
(page 18) and Unvented Combustion Appliances 21 return gilles in the garage that connect to air above the garage.
T — o handlers scrving the occupicd spacc. o Use advanced blower door techniques (sec
o — guidance listed below) to identify air leakage
Relevant Guidance/Standards If heat is needed in the garae, usc 2 properly pathways between the house and parage and
Carbon Monoxide (CO) and Other Combustion  installed supplemental heating system to verify the cffectivencss of air scaling.
Appliance Emissions (page ). i i
Relevant Guidance/Standards Relevant Guidance/Standards
Energy Conservatory: Blower Deor. ACCA 5 QI-2010. EPA Indoor airPLUS Specification 5.6.
Unvented Combustion Appliances (page 20). ASHRAE 62.2-2010. Home Energy, Advanced Blower Door
Vented Combustion Appliances (page 18). Techniques.

Intcrnational Mechanical Code, 2009.
X2 : http://www epa gov/iag/homs/retrofits html
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(4) Healthy Home Program

nl=re] FEIEAINEHHUD)E 19999 ) #3217 2 <kd
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University of WA

Comell University/NY
State Dept. of Health

o
Iniversi 00 ice
Advanc rgy (NC)/NC State University (NC)/
Guilford County Health Dept. (NC)/UNC at Chapel
Hill (NC)/Greenville Technical College (SC)
University of GA

University
Crse Florida Dept. of Health
Universi

City of Houston Health Dept./University
of TX School of Public Health
Legend
States covered
*Pending partners See www.nchh.ora/Training/National-Healthy-Homes Training-Centeraspx B States not covered

A2 : http://www epa.gov/iag/homs/retrofits html

(3% 4-3) NCHH uS4H ¥ HEL3

M4 shelAl ¥ MuUZVIE MM vl sy 113



(5) &letd HE QIEH|=(LEED)

20003 USGBC(US Green Building Council)ol| 4] 7l LEED(leadership in
energy environmental design)= AlAloA] 71 Ho] &7 218 A& Q1A
T2 AL A BHAA S-S Hrleln AEAA SA3E 16
st AldEan QT A, 2008).

LEED= A& E, 7|47, Y8 o], Foiet HEe]y], A7,
SRR TN 6714 SE U oE &b FAAE, Akl Be
ozl g ti7], A 5 AR, A e] A, vl g BritEeR
Fekm 450 Wrkshn Yk

Aarel A WRE 5 29A BAG AREIL W5
QU7 91 B 3 ), C0x 2 A £, 7186,
AF AT A 1AQ #EAE
2 oA #E7F EFFETHES 2006).

LEEDZ 2002348 AldstaL 3
HlwahH, A5 F7RHE gl g Sl Zol7h v, Aol tigk =
FASAET T R F6ka vk A7 A SRt F <l
A =S Hlwehd, LEEDE B Al5-2%] P7ieka< vidsie] 371git) o
=4, Tyt 251%73212” AA = A7 o
F7E A e, A2, WA e] A8 E (A
70% V< X1H SRR = A 0T<>ﬂ S HJ*—‘IO o} Whi, LEED=
ANEE(H
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W, LEED ASHRAE 87458 158 g=e] 97 44 4938 453
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AR o7 AA Y55 gree otk tiEo], 97] 7 - w7l A
Aol M= LEED= AX|of -1t 48k 3lo] ol ASHRAE 87-FF7H]
AT E5 she A4 WIS Algstal Sl Aol 2 Afolo|thH Fset
o]d-f, 2012).
Indoor airPLUS Q155 & 53+ 8- LEEDS] A3 %715 A7
slod LEED 15 Al 3l % A

(6) Zletd A=A A HF USHE

Greenguard, Green Label, Green Label Plus®} 22 7152141, 2 2kA], uhetal,
W), =g, GG, SRR, ARHE B 7170, AR, s 5 A
5l thell AR 29 AlFe] A=A FAA = 2FEH L v

nl=re] 4 21873 gy A =9l Greenguard QI SA| == B2 @A 01

Greenguard Environmental Institute] 4] +J3kaL it} QST A E-S Aol
A AR E e Al SR 12709 AFTeR FdE] vk S8
S AlFTEE IELUS| s, AR R7ISRHE, °F, vAIRIAL Tl At
ol FaL th#H&Al, 2010).

2) AAEZ FHoUx|g g 7|AIE ) 212 7] =

ul=r AUXFHDOE)IA FHske FEHER|Y 2 713 (Weatherization
Assistance Program ; WAP)-S FE]OUR]| &8 SHIAIA AAE7H9] oy
A H-8-& Agtetar 17 B e 217171 A8l 1976\ 378 AldE 1 9l o
Yz BA|Z2ao|t,

AR5 79 || &n] S w2l 7414 ARIU-8-& Zelditt. <y
Aeto] Pz o2 AP, ofof whe} el Bl o gAL WdhdAld HE
H4% HolME U AHBIIE Y Tl By 115
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T3t WAP 22138 28] Ao EPA7} 713t ‘Healthy Indoor Environment

—_

Protocol for Home Energy Upgrades’E &-8-& 4= It}

Z < 1|5 DOES] 223413}l The National Association for State Community
Services Programs (NASCSP)+= Weatherization Plus Health’ ©|UAE]E.E A|2}
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(E 4-8) WHOQ| AuiZ713 Jlol=atel

512 7to|=2tel ot TEAZE
Gl - LB oS $ES MolK| %2,
(Benzene) - B0l Y| QIS B7| Tug/m © 6x10° Zst
100mg /m' 168
oIAIBIERA 35mg/m' 1Az
(Carbon monoxide) 10ng/m BAIZH
Tng/m' 24A[24
IZEAM|S|=E
= 0.Tng/m 30=2
(Formaldehyde) 1og/m
L}ZEH (Naphthalene) 0.071ng/m izt
0| AtatalA 200ug/m' 1A|ZH
(Nitrogen dioxide) 40ug/m oAzt
CHethets ElsleAR -t AE £ glen, ofmEt & 7T HEE, BlPE PAH
(Polycyclic Aromatic - PAH 23120 B2t B9 2ol BlPl 87x10%g/moz | 5 A
Hydrocarbon, PAHSs) ESsEy s
2l= - QI Eojof| m2H 2f=sEs 1/1002F 1/10002 6724 6.7
(Radon) Ba/m, 31X| E11} HIE0IE 212 16702} 167Bq/m
Eez|Z2220|2d c e s 7
. I_|.o olz| x)é{ 4 1 ;
(Trichloroethylene) # Slole FHA 43107 /m
HEZZZoIZ
0.25 ozt
(Tetrachloroethylene) 2ug/

Z£X : WHO Guideline for Indoor Air Quality: selected chemicals, 2010

5] Ale71d 7152 darlse] deR 1, IR 250 vk A
T 12 A7 w3l = A9l Fels WAl e 7] Fkol
a1, A7) Oe AR 9] 2heba] SA | mep dARE o] 3= <

£
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(Z 4-4) L9 AZ7|A AW|E ¥
=2Y AIT|E 1(ng/m) HAI|FE T (mg/m) Crful
Of| ! eHIHI (Ethylbenzol) 2 02 2012
o2 eI (Alkylbenzol, Co-Cis) 1 0.1 2012
32j|E(Kresole) 0.05 0.005 2012
Hll X 2HH| 5| =(Benzaldehyde) 02 0.02 2010
HIzlok51 2(Benzyl alcohol) 4 0.4 2010
Cl-2|24l (d-Limonene) 10 1 2010
OI—E =zlc= . |
U5 EZ (Aldehydesv, C§ Ciy, 9 02 2009
saturated acyclic aliphatic)
- _olz}
Gy — Cyy— 7} / |soalkanes 5 02 2005
(dearomatized)
LIZEH (Naphthalene) 0.02 0.002 2004
bl (e-Pinen) 2 0.2 2003
TCEP (Tris(2-chlorethyl)phosphate) 0.05 0,005 2002
T2(Hg, E7IHEIZ) 0.00035 0.000035 1999
AE|2|(Styrene) 03 0,03 1998
B 0.35(30=2)
O|AF XI_J‘\_ -
| MR 2(NOy) 0.06(1) 1998
Clo|Z2Z2Zn|E| el
AlZH
(Dichlormethane) 224r 02 1997
= 60(1/2A121) 6(1/2A12H)
Ol ALSIE}A
BsECo) 15(BA12) 1,542 o
HE}IZ 21 =(PCP) 0.001 0.0001 1997
EZ0l(Toluene) 3 03 1996
H|=(Phenol) 02 002 2011
2-Furaldehyd 01 0,01 2011
ZyKlische Dlmethylsnoxane D3-D6 4 04 2011
(Summenrichtwert)

( 1,000ppm (Harmless)
0| AISIERNCO,) 1,000~2,000ppm (Elevated) 2008
» 2,000ppm (Unacceptable)

< 03 (3l ; No objections)
» 0.3~1 (No relevant objections)

TVOCs » 1~8 (Hygienic aspects of concern) 2007
y 3~10 (Major objections; )
»10 (Situation not acceptable)

PM2.5 25Ltg/11f(24/\|7,_|’ "_gﬂ‘) 2008

A2 : (http://www umweltbundesamt de/gesundheit-e/innenraumhygiene/richtwerte-irluft htm),  Health  and
Environmental Hygiene Guide values for indoor air quality, 201210
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g, 434 5ol i /13S /R AFS Rolska JrhAH4, 2010)
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schiitzt das

KLIMA

schiitzt UMWELT und

schiltzt die
GESUNDHEIT RESSOURCEN

@ olix|IEAS Sslof 7|2ED0f 7[ofsts AMBo| Roi=l= 013
@ ?li=E sEZ0| Mo HZE0| J|ofsk= HMEZo Fol=l= 0j=
@ ME xS &Eslo] ApED0| 7/0isk= HME0N| 2oi=l= 013

A2 : http://www blauer-engel de/_downloads/publikationen/Der-Blaue-Engel-auf-einen-Blick pdf

(E 4-6) SYO| HHS2t HHIT|of| 2 |
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100ug/m'(0,08ppm)
2604z/m (0.07ppm)
870ug/m'(0.20ppm)
240ug/m'(0,04ppm)
3,800ug/m'(0.88ppm)
20045 /m (0.050pm)

1.0ug/m (0.07ppb) / 0{210] CHAF 0.1ug/m (0.007ppb)

220ug/m'(0,02ppm)
330ug/m'(0,04ppm)

120ug/m (7 6ppb)
0.294g/m'(0,02ppb)
48 /m'(0.03ppm)

33ug/m'(3.8ppb)
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A Study on Improvement of Indoor Air Quality
in Homes

Yu-Jin Choi - Kyung-Jin Ko

While it is well established that outdoor air pollution is harmful to human
health, less attention has been paid to indoor air pollution. Scientific evidences
point out that various indoor air pollutants are responsible for or exacerbate
respiratory diseases, allergies and certain type of cancers. Furthermore, people
spend the vast majority of their time indoors, particularly at home so that the
appropriate management of indoor air quality in homes is essential to live a
healthy life.

The main objective of this study is to investigate ways to maintain healthy
indoor air in homes. In order to achieve this goal, current regulations and
policies for indoor air quality management for homes were analyzed,
compared with those of foreign country, and then the improvement directions

were suggested.

Also, a survey of 1,032 adults living in Seoul was carried out to assess
public perception and management behavior of indoor air pollution at home.
The findings indicate that most people have a great interest in indoor air
quality in homes, but do not know correctly what causes indoor air pollution
at homes and take active, correct actions to remove indoor air pollution.
Moreover, over 40% of participants said that they have used aromatics to
improve indoor air quality. Many of participants selected bad smell and stench
as major sources of indoor air pollution. However, many did not realize that
building materials, furniture and consumer products such as cleaning products,

aromatics and air fresheners can be major sources of indoor air pollution.
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From the survey results, the need for the government to provide public
education programs for indoor air quality management at homes was greatly

raised.

Lastly, considering that indoor air quality of homes of low-income families
is worse than that of average-income families, the home characteristics of
low-income families in Seoul and issues of the home repair program in which
the government has been actively supporting for the well-being of low-income
family were investigated. A revised approach for the home repair program was
suggested in order to improve indoor air quality as well as energy efficiency

in homes of low-income families.
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