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ABSTRACT

ABSTRACT

Keywords : Phthalates, Building Material, Risk assessment

With the high airtightness of modern houses and energy-saving buildings
and insufficient ventilation, it is easy to form the accumulation of indoor chemical
pollutants, which will cause harm to human health, resulting in sick buildings
(SBS), sick houses (SHS) and buildings. Associated disease (BRI). The
Construction Research Institute of the Ministry of the Interior has promoted the
"Green Building Materials Mark-GBML" since 2004, and has established a
complete policy to control green building materials. So far, the overall effect has
been good. Among them, the number of healthy green building materials labels
accounts for the majority..

Our "Innovative Circular Green Building Environmental Technology
Plan" will focus on the innovation and recycling-related issues of the construction
industry. This research intends to collect and analyze related promotion for
full-scale building materials/furniture fugitive formaldehyde and TVOC and the
US GREENGUARD label. The current situation and the evaluation of the
differences in the test standards, and the development strategies for the
improvement of the feasibility assessment of the test standards based on this.

This research project expects target as follows:

1. Completion of investigation and analysis of domestic building
materials/furniture and American GREENGUARD label documents and
formaldehyde TVOC emission test standards

2.  Carry out domestic building materials/furniture emission formaldehyde and
TVOC test standard method improvement

3. Completed the performance verification of the fugitive test of 2 pieces of
full-size furniture, and analyzed the applicability evaluation of the US
GREENGUARD mark for future reference for the application of the green
building materials mark
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Flow chart for the evaluation of VOC* and SVOC*
emissions from building products /ZB%\

Ausschuss zur  (Committee for
gesundheitichen  Health-related
Bewartung von Evaluation of

Test1 Tobe checked: Bavprodukten  Building Products]
after 3 days No
TVOC; < 10 mg/m?®? Reject
Yes 1
Carcinogenic;VOCs of EU cat. 1and 2! or ~—°—p Reject

1A and 1B2< 0.01 mg/m?®?

Yes l

Test2 No
altar 25 o TVOC, < 1.0 mg/im*? ——» Reject
Yes
% SVOCy; < 0.1 mg/m*? N Reject
Yes
Carcinogenic; VOCs of EU cat. 1and 2! or No Reject
1A and 1B2< 0.001 mg/m??

Assessable compounds:
all VOCs with an LCI [N, Reject

R=XC/LCI™ <12

Yes 4
Non-assessable compounds: K&
sum of VOC with unknown LCI** ——» Reject

2 VOCy < 0.1 mgim*?

Yes

Product is suitable for indoor use

) See notes in the text

* VOC, TVOC: Retention range C¢= C;;, SVOC: Retention range Ci; = Cz;
** LCI: Lowest Concentration of Interest (German: NIK)
European Emission Test Standard prEN ISO 16000-9 to -11
1 Classification according to Directive 67/548/EEC Appendix | respectively Regulation (EC)
No 1272/2008 Appendix VI Table 3.2
2 Classification according to Regulation (EC) No 1272/2008 Appendix VI Table 3.1

W23 MNERAEASRETHLE € (AgBB)E H iRk infR
(F# %k : AgBB, 2014)
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222 WAL RESEETH LR § (ABB)E Hik4i=R

¥
Day 3 Day 28
R Ve e
(ng/m”) (ng/m”)
TVOC 4454 t 4 & 10000 1000
FEYS LERESFFE S 2
10 1
R
SVOC & T3 M4 - 100
R+ & =XVOCs/LCI - 1
LCI *h & A3 & F e - 100
(34 %k : AgBB, 2014)
- IS i‘é ﬁ]
2004-2008 = R R 3.8 & ~ B T 45 & #2 % (the French
Agency for Food, Environmental and Occupational Health

Safety)(AFSSET) B 4pi& 7 T2 H k47 3t & | > T B 4% F 2
FREARY 0 R 2 FZ AR VOC @t 2§ I A &2 F 3
Bl g g Sk b b IR RBITE G B L
(TVOC) 82 10 - gy (A9 237 m)
S8 % 22 2P EET VOC cht 2z A 53 4 &% & E4rg

2-4 o

14



$ % RP b2t RE RARE AR
223 F RS BRBEYFFFLIFEZHEAILSEE
Tk 3

List of substances and emission classes for mandeatory labelling (units: pg/m?® after 28 days).

emission classes
Substances CAS standard C B A A+
formaldehyde 50-00-0 1ISO 16000-3 >120 <120 < 60 <10
acetaldehyde 75-07-0 1ISO 16000-3 > 400 < 400 < 300 < 200
toluene 108-88-3 1ISO 16000-6 > 600 < 600 < 450 < 300
tetrachlorethylene 127-18-4 1ISO 16000-6 > 500 < 500 < 350 < 250
xylene 1330-20-7 1ISO 16000-6 > 400 < 400 < 300 < 200
1,2,4-trimethylbenzene 95-63-6 1ISO 16000-6 > 2000 < 2000 < 1500 < 1000
1,4-dichlorobenzene 106-46-7 ISO 16000-6 >120 <120 <90 < 60
ethylbenzene 100-41-4 1ISO 16000-6 > 1500 < 1500 < 1000 < 750
2-butoxyethanol 111-76-2 1ISO 16000-6 > 2000 < 2000 < 1500 < 1000
styrene 100-42-5 1ISO 16000-6 > 500 < 500 < 350 < 250
TVOC 1ISO 16000-6 > 2000 < 2000 < 1500 < 1000

EMISSIONS DANS L’AIR INTERIEUR*

-

LUXENS

WULEYR
WTER!EUF{Eg
TQUTES PIECES

W\\
R BOISERIE,

. R
%\w
I

W24 2RARRS&E BEEYSFLFE2HEILSBET X
i

(F A4 %k : AFSSET, 2013)
- % ® GREENGUARD/UL

I

2011 # % B GREENGUARD +# % ¥ UL (Underwriters
Laboratories)4-® 2-5 ¥ Bl ' F §F & £-A &% 2REWHEE 7
ERdpd T MgirEHLr a%FEH AR, - GREENGUARD H_2 &

15
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B P FEFRACRERE  FREASAD ¢ EEH  KH
P e e H R G MR WA F R 2d
A &% 20 5354 % - GREENGUARD #- 2 5@ 47 (7 A % » ®
¥ £5(Cold) s - A% - URBISHTLELAR
R A S GRE GRELAP AS DR LERER S K
Bt cnit B 471- % ; GREENGUARD £ %z Bl ¥ B Il ac g B
W (rRifrt ) X 2F% N2 AEALST LERFFRB
HERE &Y o
A%t LEEDE Rk 452 B M & R CHPS ;% i@
o B3 IE p oA~ 5 TVOC -~ 7 fF ~ 4-PC ~ & i3k PM10 ~ 33
fAE - VOCs & » A % ~» A % (Gold~ - ) 40 2-3-

(¥ # % & : GREENGUARD/UL, 2021)
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# 2-4 ¥ F] GREEN GUARD/UL £ #/%E& & 374 &%\ R

Maximum Allowable Predicted Concentrations
GREENGUARD Tier Compliance Criteria

Criteria CAS Numbers Certified Gold Units
TvOoC* - 500 220 pg/m?
Formaldehyde 50-00-0 61.3 (50 ppb) 9 (7.3 ppb) pg/md
Total Aldehydes® - 100 43 ppb
Individual VOCs* - 1/10th TLV 1/100th TLV
4-Phenylcyclohexene 4994-16-5 6.5 6.5 pg/md
Particle Matter less than 10 pm® - 50 20 ug/ms3
Individual VOC Criteria®
Acetaldehyde 75-07-0 - 70 He/m?
Benzene 71-43-2 = 16" He/m?
Carbon disulfide 75-15-0 - 310 He/m?
Carbon tetrachloride 56-23-5 - 20 He/m?
Chlorobenzene 108-90-7 - 4607 Ke/m?
Chloroform 67-66-3 - 150 pe/ms
Dichlorobenzene (1,4-) 106-46-7 400 pg/m?
Dichloroethylene (1,7) 75-35-4 35 pg/m?
Dimethylformamide (N,N-) 68-12-2 40 pg/ms
Dioxane (1,4-) 123-9141 720 pg/m?
Epichlorohydrin 106-89-8 15 pg/m?
Ethylbenzene 100-41-4 1,000 pg/m?
Ethylene glycol 107-211 200 pg/m?
Ethylene glycol monoethyl ether no-8o-5 35 pg/m?
Ethylene glycol monoethyl ether acetate m-15-g 150 pg/m?
Ethylene glycol monomethyl ether 109-86-4 30 pg/m?
Ethylene glycol monomethyl ether acetate 10-49-6 - 45 pe/ms
Hexane (n-) 10-54-3 - 1,760° He/m?
Isophorone 78-59-1 - 280° He/m?
Isopropanol 67-63-0 - 3,500 pe/m:
Methyl chloroform 71-55-6 - 500 He/m?
Methylene chloride 75-09-2 - 200 He/m?
Methyl t-butyl ether 1634-04-4 - 1,800" He/m?
Naphthalene 91-20-3 - 4.5 He/m?
Phenol 108-95-2 - 100 He/m?
Propylene glycol monomethyl ether 107-98-2 - 3,500 pe/ms
Styrene 100-42-5 - 450 pe/ms
Tetrachloroethylene 127-18-4 - 17.5 He/m?
Toluene 108-88-3 - 150 He/m?
Trichloroethylene 79-01-6 - 300 He/m?
Vinyl acetate 108-05-4 - 100 pe/m:
Xylenes (m-, o-, p- combined) - - 350 He/m?
1-Methyl-2-pyrrolidinone® 872-50-4 - 160 pe/m:

(F# %k : GREENGUAL/UL, 2021)

= ~ % B ANSI/BIFMA %K # #
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2FRF FBIERE % i¢ ¥ ¢ (The Business and Institutional
Furniture Manufacture’s Association , BIFMA)&_d 2> % 42§
80%A B R EHREFEIERF LS ABH N I HETER
FEE RSP 3T F TREAR ZLHAR ) > MiFRERRE
B HiEs 4 2 A M o

B BIFMA )37 e p % % 0 % 2 4 (safe) ~ 474 |+
(Comfort) 2 i & |+ (Health) 5 i & 7 &0 > 7|37 iR & £ 16
fAoHdy O FErEHFECL A ¢ (ANSIR T 4 &
ARPENFEFAS CRMFECF CE2AFEHR KT H L
A& B A D AP R RIS R S 4
W1 Fips ~PREFE - FdRT &F IR E -

[ T

INTERNATIONAL

The Industry Voice for Workplace Solutions

W26 %R BIFMA &% W27 BIFMA 322 942 1 E
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I ~ % RA-HEALTH BUILDING MATERIAL (HB)

HBi & & A ks > Tid 58 W3 § 7% % ¢ (Korea Air
Cleaning Association, KACA) v 4e B 2-647 7 0 KACAH 5 R p ¢h
1 ¥ Ao AR FTRE  KACAREZ AP I s d
ERFR ARLAMp A P AFRAPELBET B L2
ZAMKE B o

®*e
e

Korea Air Cleaning Association

¥y \\.0\‘\
mz§gm@&$¢ﬁﬁi
(F# %k : KACA, 2021)

BHB% 2 HIER =2 P NEF G £ FTVOCE ° gFik
FHw i 24 RT Ry AEEREAZY o feAEAR 0 A"
THAE ) GRERESEHET T A5dR > B A LS 85 R
A2 BREZF RS AHIRASHEYIE D H ARG 4p
oo Eimde T 4 2-447 %

%
* &
%
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225 R KACA R 2 HEZ LA 5IR 4

7P S =¥ A B 43 A
TVOC <0.10 <0.10 <0.25
_ 5vOoC < 0.03 < 0.03 < 0.075
Outstanding
HCHO < 0.015 < 0.015 < 0.015
CH3CHO < 0.015 < 0.015 < 0.015
TVOC 0.1~0.2 0.1~0.3 0.25~0.75
5vOoC < 0.06 < 0.09 <0.22
Excellent
HCHO 0.015~0.05 0.015~0.05 | 0.015~0.05
CH3CHO 0.015~0.05 0.015~0.05 | 0.015~0.05
TVOC 0.02~0.40 0.30~0.60 0.75~2.5
5vOoC <0.12 <0.18 <0.75
Very Good
HCHO 0.05~0.12 0.05~0.12 0.05~0.12
CH3CHO 0.05~0.12 0.05~0.12 0.05~0.12

38 mg/m?hr

5VOC ¢ 7 toluene, benzene, ethylbenzene, xylene, styrene

(78 % ik : KACA,2016)
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$o % EP b2 RE RIS 8%
Y-8 AR EH/IREEREEHFERFA

Pﬁ%éﬁﬂ*@ﬁﬂﬁﬂ&éﬁﬁi$@q v B AR 88 & A= ik (A
HEHAKA AT I AR EHRRAFRIESE > FEr %2 1A
FreEFi  wARN2EFREd o FoEd %i%a’&ﬁﬁé%w
Y4 o BEHERTHIESAROIE T PN R R TR
S TR B2 HaFEFFLERTRE - ° HIFINHE A
g Ty wz T ~ T4, ~ a4, ~ T3Py, S
GEHFIALE AR MY EL 2B EEHET > B @Y ;ﬁ—’]‘i’;%
BEIAEFEEHETY v g 7 3 278 R

P
"
3
(\x
A4
=

ARERESEHRT AWK AT BT 0 p 2004 &£ BAF 5 0 A
BERAPRR L BEH R FRA A F ARG RED A -
HED BRI FEFEITHERE S H T LD 125

2004 2011 2013

EftEEN EzENE PR B

BERE M BREE HPLCEIRRE | \\\
Liom 2004 2006 2009 " 2012 %, 2014 .a':20-17 2018
: _ - = - M 5/
L . .

2001
AFE TR
mEE BRE

2006 2009 2017
BERNH-GE || BEEGE-GR | EeBRREZRNERM
MERZES% MERE30% BEEEZHIE12EY
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F=8§ APREPEFSFEHA P

AREERRRELY I F ST 2 5v100£ 11
23p Brad > #0101&119 23p 2R PR RFEF TR
ﬁi%%@%ﬂ%ﬁﬁ@mJ\riﬁiﬁ%?%ﬁj\riﬁ
ZASTREFREFARREFEMEE ) ~ TER 3§ SRR
ﬂi%ﬂ%%JﬂHEEEWi%&?%;%aﬁﬁaﬁaﬁmJ
%538 4p B2 . -

(7R TR R F 301032017 23p 24 TRFPEEN T 5
FEILE2 & - P20 o AN APt 4 s FIE AR
At 104£127 3lp iR E PN T F &

*105#67 300 HF % TP EP 24 ST RER T, 2 (2
H ¢

Bl % (A e, o 2 riﬁi%%?%fjfﬁﬁ

CREN I L #TVOC*?#lZﬁVOCS(%’ - F YR ~F P~ 1,2-
;§§\1’4_;§§\:§9{%\a%’”\‘ga{fﬁ\mga{% ~Z oz

9?5:9“—;‘)0

o
P

L26MPEPZFATEFAS

5P B © ¥

- § i (COp) ~lpEi | =000 ppm (REAER T A2 - )
- § it (CO) A pETE 1 ppm (R LR 8 A2 - )
v fg (HCHO) - PEE 0«0~ ppm (REFFERT § 42— )
REFHT B . . s
(TVOC’ é”z‘ :J—:fé JEE'E_ 0.1 7 ppm ('ngﬁl};)iﬂ 13'4’ )
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ZF RP 2GRS AR AR

o [t ¥ i
LG 2 o)
‘m #)(Bacteria) 5% B -700 CFU/m? (Bt 2 0)
-000-
LB FER F ,
% A(Fungi) b aﬂﬁégi CRUIM® ( Fjislid = = 2 ¢ )
3 —e= K7
b !
NN
(pm) 2 BFor| o = pgh® (il 2 %)
(PMy) -
%’;4’; ‘“Ef:%“'-m,ﬂg( g
(PMz.s) -
£% (09 ~hEE 0007 ppm (RAEER T F A2~ )
=
- - PPEE g L PEN BRIEL B RTIOEA - ) R R R R
& o
RPN - 37 a‘ﬂﬁ.ég,\ PR LR B2 B AET EaE N N ] R R 2
RIE o
oo tu s e R BT EEA - L
PR SRR R 2R o
o B E gk kD F M SRR TR D 2 L B
A AT E e
TR B £ F (TVOC, & 1 - AT {25 4 2 2 fe)

ARG B &5 AR TR F (Benzene) ~ v & 1R
(Carbon tetrachloride) ~ # # (= # ? *%)(Chloroform) ~ 1,2-= % ¥

(1,2-Dichlorobenzene) ~ 1,4-= % % (1,4-Dichlorobenzene) ~ = # # *

&

(Dichloromethane) ~ ¢ ¥ (Ethyl Benzene) ~ % ¢ i (Styrene) ~ = & 2 %
(Tetrachloroethylene) ~ = & ¢ % (Trichloroethylene) ~

TE (R

7 % (Toluene) %

A ) (Xylenes) & - = f&it & 4 2. )k & P

L -
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PP H R AT 1L B £ PR R e

AR FREREMNE CREPEFRRAGTHNE NI FRR L E
HEP 232 BEAAHEEREINTF ST iRFR Ty LIR2

S LI

=

(FH %R 7Ry R $ ,2012)
A0 ERFAIRALR A0

R B pIRE FTVOCZ ¥ gtz TF EFXIER T
ARd HEFPZAMPE I BRE S RA LAY RHPEEASKS o A
FrEHER od il BT 20 R F AR AP
REFE: 2R 30 L3EFH5 1 &4 (Semi-volatile
organic compounds » f§ ftSVOC) /7 % k€ B84 MUt o
SVOC# 3% % =5 ~ #8F¥ - 7 pafipsg 3 % & (Phthalate Esters >
M APAE) o % 5B F RAFIE VR E 5 5 AR e 45 ok
PM25 ¢ e % 4841 B 47 3 30 1 oA 8 Ml ~ 9 D3 o8 o K BB g
FEAA LA ERPM AR TR o
AT 5 24 (Persistent Organic Pollutants » #§ #POPs)

BEMABESFHIEL CEP T R EDAARERY 0 4
d AP S H AR BT o T RREARLF #2688
POPs7| 5 g B X 3B F'E > (TP E A ) & RE
BRI BB d o BB ZEFT2ATERFEE 2 0 2426
F#aPOPs & 4% F7 4% & (Aldrin) ~ ¥ % = (Chlordane) ~ /# /¥ i#(DDT) -
¥ ¥ % (Dieldrin) ~ % ¥ & (Endrin) ~  i# :£ (Heptachlor) ~ = # ¥
(Hexachlorobenzene) ~ j=* i% 2t (Mirex) ~ & * %-(Toxaphene) ~ a-= #
% ¢ = (a-HCH) ~ B-= # & ¢ *=(B-HCH) ~ - # fr (Chlordecone) ~ &
4 (Lindane) ~ 7 # ¥ (Pentachlorobenzene) ~ & ¥4 (Endosulfan) ~ £t

# % (Dioxin) ~ #%ra (Furans) ~ % # 5 % (PCBs) ~ = 4= ¥ fidr— /%
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= ¥ f(HexaBDE & HeptaBDE) ~ = 4= ¥ pidcd j&.- F @
(TetraBDE & PentaBDE) ~ = ;4.5% ¥ (Hexabromobiphenyl) ~ > & *
Y fe(PFOS) 2 H @ #f4r > 4 % »=2 & fis4 (PFOSF) » % 2015#5
FRETRS G X EFHINE 2P T 2 &7 2
(Hexachlorobutadiene) ~ % it %z (Chlorinated naphthalenes) * 7 % p»
1R ke
B8 0 % (1S0)16814-3 % F & F ki

%wﬁﬁﬂfWQMM4ﬁﬁ%?£€iﬁiﬁ%?%
IF R i#(2008 )R8 > SRR F N REZ P
F’T?@E“Q%ﬂﬁ EofFErmmleiye Ttk
(Health) ~ T 4%:f |, (Comfort)z T 24 # »z% | (Productivity) » 1 %
FEEESI IR ARSI EFRIFSTEATOE KPR
B~ {582 BoREgEp > P 2" g

(1).2 3§ 5 % kA& 4] (Sources and control of indoor

(Pentachlorophenol) 2 #

FER
ER

air pollution)
(2).Z M 7 # & 2 % 7 (Methods of expressing IAQ)
(3)-7 # & F i B A % 4p 51 (Air quality guidelines)
(4).2= 44 i 4z (Emissions from building materials)
(5).7 # 7 % % & (Air cleaning devices)
(6).i5 4 ¥ X R-HVAC % »e(HVAC equipment as a source of

pollution)
(7).18 B »x 2 (Ventilation effectiveness)
EREASFEERTADFL ARG LERIL TS
FAYIER > E R Ep i HE R SR E 2 kT

R e s & 5 7 8B
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2Ot E R RS RAGDE ] BRI e

<Step2> _Léﬁﬁﬁi‘l]ﬁjiy L) é’ éig /J( ;j—um;mé'[g—‘;&F N i
AR M oIRIA (TR Y 22 v LR BA

/F //
gt~ pRERE i’lté’giz;h—‘,‘;o
(Step3) —E#/ 3 5 f &R > L 1TRP oemim e

(Step4d) —i7 &4 kiR sy %Hﬂ EEE ST
<$w5%—ﬁ4#?%vﬁ’ﬁ4#@%Kﬂﬁﬁﬁﬂﬁ°
(Step6) — 37T HFu g £ F g R

(Step 7)—EH{HFP 2 F & Fehd 732 o Fd b F F

BAFFRIGHE STRAENLF TS o

Aot AR AT, PEFIIE P 0 1SO 16814 1R 4 ik PR
PEFSFTRITARERS O B TR PV E ] Tt
] %L'Jf”m/}i%@i C BEP RIS A RFE T E 2 EHRAT R
B2 it et 2 T2 2 R FdicE adrz ﬁ—ﬁﬁ
B B gk AR A AR E
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=% % A GREENGUARD & ¥ & %
¥ - & % ® GREENGUARD f§ 4
GREENGUARD ;i

A UL BB - 304 > UL B E_UL
( Underwriters Laboratories ) e 73385 - UL — B 4z:% 120 &

2HEEF UL 2R oiphl 5 & > Fes 4P 548 feens

Fgit ULMFEFAEM LRI ZiE aﬂwfr#\imﬁsw‘
ESTR %ﬂfrﬁ'll\rﬁmm@' AR RESELE
AAPFRTIZX2N{TESDE R ‘PRZZ“%_Q:%‘ff'IﬁL’ ﬁ
e TR 9\&+m§i&1 #3 { 42 % - GREENGUARD
T A A T GG R i e
A e MJ L ASERY DT FTE o AT

GREENGUARD 3 2 53971 e UL SPOT X 2 & #icdy & o

{

GREENGUARD #_Z & % p 14 8408 fn aniim H 48 -
HASED e N~ RFEHR - RIEF 6 - &G Hﬁi .
WOk oA R R 2 23 2 5% 20 § 38 4 %] - GREENGUARD
T8 ®A s . GREENGUARD :n# - GREENGUARD 4
Miu% ) GREENGUARD :n ¥ % - B4-¥H 22 A4 5ap
FRM A AR E  RELAN A RO R RSP E RERD

2@ 28

it 8 gl 8 GREENGUARD £ Wiz RS g T ac R B4 (4e

DLk ) 2FIR R BEAST 1A RICFR P

F%k B¢ ¢ * c.GREENGUARD i3 4 5 7 B A &89 ¢ 35

@%ﬁﬁ%%ﬁééﬂﬁﬁﬁﬁﬁéé§%ﬁﬁuﬁ¢m§@
%’H‘#'J?T/?'J;é ’f‘—"li*n{ g o
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GREENGUARD #3#
FEREAIARE AT A EHINTFALRRE

4 B¥ 8% - GREENGUARD 2% iha ‘,frf;zg FMERZFIAR

£W§#?%%m&% o B s B £33 HE PN TRE 2R

e i & o

¥ ks %iuzE - GREENGUARD %3 - GREENGUARD £
MERE o T SERE A SO F A RA N FRES A
FE B4 )N TRB R 8% 3 &M - GREENGUARD .z i 12
SRR RN ERFP AT o B ire 508 ook
PR B Mo A B N EAH R A e 0 TP O RE
FFRAST T RAE o ZREE 2 0EAR > FRPIED L
FRACE R 0 A SRR B oA 0 BRI oA X LR RS
Bt AT F U ek ® o

GREENGUARD J *

GREENGUARD uig 57 UE$ * » B4~ & US EPA 1 2 Z g
AR EfeE FER AR m&?&*ﬁ,% o p 2002 # 4= 5 M PR
2 % LEED iz 1 £ iz 957~ 5 GREENGUARD 2# &% - b B
518 GREENGUARD iuEewsa ik A &+ # £ BIFMAX7.1
% 1{c BIFMAe3 % 7.6.1 ifend 2o

GREENGUARD 3%

% GREENGUARD 238 % fve 35 1 - SFE 2 £ MnE 0 4oF
“r7 » GREENGUARD £ #3028 Pl 4% & { Bt @it & (o g
#% GREENGUARD 2% fef i) » Y R¥ 2 F1F MY gt
BBA (o2 fekr ) » TREEE ST * N ERIcFEL FizX
oo vALE M BRI ® (CHPS) feic AE B KA EA

(LEED) # #A3%% 4 59751 * - GREENGUARD £ su L1t
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% =% 4% W GREENGUARD % » 45

R Y 4 S - Rl SN R AN
VOC #2cik i » MAE A &7 % 50 8 R fe o ik 06 ¥ R
,ﬁ%“l%d 360 %4 VOC sty 2 @i B4 Fak4get > EX
GREENGUARD 4 M :u% g B & 5 & 401 2 2 74 20
(CDPH) =7 i& * BB 4gRIRIi =R 3 p KR b3 8- 8 4
TR = 32512 5K (2017) 5% en® f (AL 5 T4 01350
BBEE R, ) o ¥ 5iE GREENGUARD & M ius ek 78
PP %4 BIFMA X7.1 #%4c BIFMAe3 % 7.6.1-7.6.24-7.6.3

GREENGUARD GREENGUARD

PRODUCT CERTIFIED FOR
LOW CHEMICAL EMISSIONS ULCOM MGG
ULCOM/GG L 288

FREODUCT CERTIFIED FOHE
LOWY CHEMICAL EMISSIOMNS

UL 2818

MARES SHOWN ARE FOR ILLUSTRATIVE PURPOSES OMLY
WE AL E_ o
B 3-1 GREENGUARD - 423z 2 § £ 2 uHFEF

PO PR

(F# % kH:GREENGUARD, 2021)
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¥ = % GREENGUARD £ # ik 37 38 15 18

’N #w

wwgw i F AT
FE & A4 % £1# Adhesives and Sealants ~ 7 5 &g B Air Filters ~
i 3 44+ Building Materials ~ #% Cabinetry ~ = =45 i st Ceiling
Systems ~ ¥2& * 5 Children’s Products ~ % fo ik & &fr & 5t
Cleaning and Maintenance Products and Systems ~ 7 ¥ 7%= RE
Commercial Office Furniture~#:-% Countertops~ F* §=# 1 Doors and
Millwork ~ %% %2 Educational Furniture ~ %% * & Educational
Supplles ~ & &+ 7| & &£ ¥ Electronics-Print device ~ ¥+ i} ¥ ﬂﬂfrﬁz
> % Electronics - Consumer and Office~ 7 & - ?5)% % Electronics -
Medical Devices ~ # 4= Flooring ~ = 4= 2512 Floor Finish ~ & % &t
#4144 Insulation ~ % % Lighting ~ & . {c & + * 5 Mattresses and
Bedding ~ ;¢ ;4 =% #! Paints and Coatings ~ # #1-#b > ;5 frifg &
Panels- Free Standing and Wall ~ iz R.E Residential Furniture ~ **
S & Textiles ~ 4.7 & 7+ A & Visual Display Products ~ A fo 4 &
E22 Wallcoverings and Finish~ % = * & % & )Window Treatments

L Rk R R T

EH AP A SR R UL 22 G382 2 Ad LR B 457 (7R
;‘°*»7&fﬁﬂﬁf"?ff@%mfﬂ'ﬂﬁﬁé*m~iﬁ%?ﬁﬂ@%
BERE TR >$€L+vfnki ) A G e R i R R S G o
THRFFHFAST * 2 # 4 2 GREENGUARD 3% =
2 - GREENGUARD uggzr3lie * 222 His 272 > 32 & & ]
ASTM D-5116 §- D-6670 # % ~ % Rk B %#EF (USEPA) %L
RIFEGR ~ R 3 ) RG ez ARk - R ES
T @] Ao o X JRFEI% (CDPH) *Pwpa‘*fi/\ﬁ?i%“ﬁ LA
01350 F+ ISO 16000 & 5t |38 & 71 A& SR & i §F fopiok 2 > 7]
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PP ERE R B AR Y o R SR AR &
s 7.—_L 14 % p etk T o Hid g mfel £ 2 PR ITT 3
Fefr kS BRSO AR L R E T iF R

W

[ = e

UL * & BB 2RFE U2 EEENfor 1702 0 KBIRRRIE
FHF &P (TVOC) » HiBp VOC» " fiF > L3 frilF =
Ffia e AP A 5 o $#300 wd T R g S T it
WS LY > PO LFRITER » S8 F 7 ¥
F e An K AT & (HPLC) fof #a/F# & (GC/MS) &= 4
Fro MAFTLP* TEDRPERBRE - 0BAE SR YL IR
WIeskE A o FIFREF T .

WOk 2 A& kg4 01350 ¢ Standard method for the testing and

evaluation of volatile organic chemical emission from indoor source
using environmental chamber
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¥ = & GREENGUARD 2 #f &4

% GREENGUARD i 4¢3 435 6 % & #°5% 2 Model 7] £

RICERSH T TR AGE AL - BAF IR §FER
TLERARBASDIED* 2 A FHE > W1 ER{frEpE
AIECmRs R CAMMBIITHE L F AT o d HEIERE
> g SAAH O TS a—,ﬁl’ﬁ ANSI / ASHRAE 1% # 62.1-2007
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Maimuam Miowable Predicied Concentrathons
GRETNGUARD Tier Compliance Criteria

Criteria CAS Numbsers Carlified Cailed Lisilts
v i 130 ngim'
Trin nadddehyide OO0 L [ ppl) ol pphy npm’
Wil Aty (155 il [aad]
Imchivicual VoS whath 1Y whooth T
A Phencycobeyene AT0A M [ g’
Partiche Matier bess than o pm® w0 a ngm'
Insctviddual VO Crberia!
oeialdehyde A 1] nm’
Remrene frda (1] nim
Can bon dbsilfide (8 2] no' ngAm’
Canbon tetwachlnide Wy F1L a0 wm!
Chlmobensene W0E-D0-7 A’ npm'
Chilmolorm -Gl 1o nm!
Dichborobenrene (La-) WAl Y A nim
Dichbomoethybene (1) A " npim
e hyBiomamnide (NN ) ] A nAm’
Dtmiane L4} 1 ' [
I phrhorotyyiiin oy #0 & 1% nm
Ethylbenene Lo L Hgim!
Iehylene gyl wrnd ] nm’
Iehylene gyool monoctiyl ether ni-Bors " npm'
I ehwtene gheel monoetinl ethe setale LIRS o Hpm'
Itehylene ool monomethyl cther o B 4 a0 nim'
hylene gyool monomethyl ether aoctaie - ' nm’
Hexiane () i L nm'
Rophoine T ! nm'
sopeapanol ] L0 npam
Mty chlceniom b [T Him'
Mctheione chlonde o ] ngm'
st - butyd e 16O d Lo’ ngm'
Naphihalene LE ] A% npim
il wol-uk- ] [Tl
Peogrylens: ghyool monometind ether woaly W nm
Styveme oA o] upim’
Tetran Mesoet dene oA e wm'
Takucne o8-HE-a L7 npm!
Trichicencthwlene Mo ] nm
iyl acctate o-05a o nyim’
Rylenes m-, o - combined ) Peld A
ety 2y alidinone® Errsoa (o] nim'

A. Defined to be the total response of measured VOCs falling within the C6 — C16 range, with responses
calibrated to a toluene surrogate.

B. The sum of all measured normal aldehydes from formaldehyde through nonanal, plus benzaldehyde,
individually calibrated to a compound specific standard. Heptanal through nonanal are measured via
TD/GC/MS analysis and the remaining aldehydes are measured using HPLC/UV analysis.

C. Any VOC not listed must produce an air concentration level no greater than the acceptable fraction of the
Threshold Limit Value (TLV) industrial work place standard (Reference: American Conference of
Government Industrial Hygienists, 6500 Glenway, Building D-7, and Cincinnati, OH 45211-4438).

D. Particle emission requirement only applicable to HVAC Duct Products with exposed surface area in air
streams (a forced air test with specific test method) and for wood finishing (sanding) systems.

E. Individual VOC levels derived from the lower of 1/2 the California Office of Environmental Health
Hazard Assessment (OEHHA) Chronic Reference Exposure Level (CREL) as required per the
CDPH/EHLB/Standard Method v1.2.

F. Individual VOC levels for these chemicals are derived from the 1/100th TLV criteria which results in a
lower threshold than the CREL.

G. Based on the CA Prop 65 Maximum Allowable Dose Level for inhalation of 3,200 pg/day and an
inhalation rate of 20 m3/day.
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Maximum Allowable Predicted Concentrations
GREENGIARD Tier Compliance Criteria

Criteria CAS Numbers Certified Gold Uniits
voc S0 o s’
Formaldehre 50000 [ZELAT (1 ppb) Mt
Total Aldehydes* : o IE] o
Inidiviiial VoS whoth T winath Ty
aFhenplicydoheene BB i B !
Indivichsal VOU Crimenla™
Acetabdetyde B0 ] g
Renvens AE? {11 gmt
Carbom disulfide 0 nd’ jm’
Carbom tetrachboride SIS m g
Chiorohennemne wl-Go-T b’ Jem?
Chiorafionm G B |t
Dichlorobenzene fLa Wb ah T ADD e’
Dichloroetirlene (14) a5 % A
Dimetiyytformamide i) BB &0 pEmt
Dhmcane {1.4-§ W i |
Epichiborohydiin M- BorR v (11 i’
Ethylhenpene tooratd oo i’
Eifebeme ghyool W2 00 R
Ethyleme gheool manocthyd ether mo-gos : 1) it
Fiheleme ghyool monocthyl ether acetate mEa Bl Rt
Etbwlene gheool monametiyl ethe ws-BEca g £l g’
Ethbeme ghyool monamethyl ether acetate fio-do-f - a5 |
FHexane n-) o543 g = it
ophonome 50 o' |’
Isoprogancl G630 ' 1500 s’
Methyl chlonoform G 50} !
Methylene chloside 052 : 200 i
Methyl t-butyl ether Mala-oad 1800 et
Maphthalene M3 a5 !
Phenal Wl-5-2 W A
Propylene givwol momomethyl ether wroE2 1500 '’
SlyTene W0l : L] JigAm*
Tetrachinmetiylens nrEa s !
Toluene wl-8-3 - 1] '’
Tiichlomoethrylene o6 ) '
Winyl acetate Tol-0-4 W i’
Xybenes {mr. or, pr combined) o '
+Methyl-2-pymolidinane Brz-to-d L] psm!

A. Defined to be the total response of measured VOCs falling within the C6 — C16 range, with responses
calibrated to a toluene surrogate.

B. The sum of all measured normal aldehydes from formaldehyde through nonanal, plus benzaldehyde,
individually calibrated to a compound specific standard. Heptanal through nonanal are measured via
TD/GC/MS analysis and the remaining aldehydes are measured using HPLC/UV analysis.

C. Any VOC not listed must produce an air concentration level no greater than the acceptable fraction of the
Threshold Limit Value (TLV) industrial work place standard (Reference: American Conference of
Government Industrial Hygienists, 6500 Glenway, Building D-7, and Cincinnati, OH 45211-4438).

D. Individual VOC levels derived from the lower of 1/2 the California Office of Environmental Health
Hazard Assessment (OEHHA) Chronic Reference Exposure Level (CREL) as required per the
CDPH/EHLB/Standard Method v1.2 and BIFMA level credit 7.6.2.

E. Individual VOC levels for these chemicals are derived from the 1/100th TLV criteria which results in a
lower threshold than the CREL.

F. Based on the CA Prop 65 Maximum Allowable Dose Level for inhalation of 3,200 pg/day and an
inhalation rate of 20 m3/day.
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Magimum Mlowalde Predicled Concentrations
GREFNGUARD Tier Compliance Criteria
CAS Cartified L]
Colteria Ml Oipan Man | Private Dffice | Dpen Man Pyl D3 ficw [T
o s L] w2 1ok A
Tormaildbrade i (uif) ALl HLj (%] (P EiAm T hi
Tkl Aledetyides® iH L% ] i molim™hi
Indiivideal Vs Wath T ol Y Whoalh Iy Wil TIV
a-Fhenvlopdoheene Avaa- W a5 0.0 uEm
Iniliichaal VO Crimeria®
foctakichyde mora &R ar i
Beneene nar 1 n B
Carbsom disulfide R nr anr i
Carbsom betrachbonide sy " " i i
Chishobemrene w07 ni i A hi
Chicralonm B G 1 L] wa [T
Dichiomobeneene fa) oAl I (1Y) EpAanm e
Dichloneetirlene (1) rsa M " [
Dl theyllermanmide i | [UREE o s B
Domcane: f1.a-) W A 1o i
pchknhyedin oy B 1 1] [
Filvibenrene W A-A [ L i
Dbyl ol L R ol i miAm i
Pibyflene ghyrol manocthyl clber (1% TR M ol BiAm T hi
Pibevbeme el manoethyl eiber poefate LIRS wn W i
Pikyflene gyl monomet byl etho ol B A b ] a3 B hi
Pibevbere ggbpool monomet byl ethin acetale g n ik i
Hexane in-) [ETR Lns s’ i
Isnrhonome s wr aont A
opopancl GrGro LM Al i
el chlorodonm Wb T i A ~hi
ethlene chlorhie P03 (1] m BEAmThi
et tbutyl etthe TR L FESE i
Maplithakcnic @A (] [ EiAam T hi
Phimal wd-ak-2 o T i
Progaiene ghool mosamethd cther ek Lam ARm i
Slyrene Waars 180 &ar i
Tetmachiooetiylene 17rba 1 A i
Il WERE T i M A
Irichiomethrlene oG M FL] A
Wiyl acciale WA hda ] EiAm i
Tvbenes {mv. i e combingd) E0 kT i
1 Methyl 3 pyielidinane BFa-Sid L] i miAm " hi

A. Defined to be the total response of measured VOCs falling within the C6 — C16 range, with responses
calibrated to a toluene surrogate.

B. The sum of all measured normal aldehydes from formaldehyde through nonanal, plus benzaldehyde,
individually calibrated to a compound specific standard. Heptanal through nonanal are measured via
TD/GC/MS analysis and the remaining aldehydes are measured using HPLC/UV analysis.

C. Any VOC not listed must produce an air concentration level no greater than the acceptable fraction of the
Threshold Limit Value (TLV) industrial work place standard (Reference: American Conference of
Government Industrial Hygienists, 6500 Glenway, Building D-7, and Cincinnati, OH 45211-4438).

D. Individual VOC levels derived from the lower of 1/4 the California Office of Environmental Health
Hazard Assessment (OEHHA) Chronic Reference Exposure Level (CREL) as required per the
CDPH/EHLB/Standard Method v1.2 and BIFMA level credit 7.6.2.

E. Individual VOC levels for these chemicals are derived from the 1/100th TLV criteria which results in a
lower threshold than the CREL.

F. Based on the CA Prop 65 Maximum Allowable Dose Level for inhalation of 3,200 pg/day and an
inhalation rate of 20 m3/day
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# 3-5 GREENGUARD 7%= R#.E & #4308

3t

Mazimum Allowahble Predicted Comcentrations
GREENGUWRD Tier C e Criteria

Criteria CAS Numbers Certified Gk LUimits
Vo =0 no i’
Formaldetopde S0H0G-0 w07 (2% ppbl A% [T ppb) |
Total Adehydes® 50 el noh
Individeal VO whoth Tiv winath TIY
aFhenylopdoherene NS 135 g’
Indivichaal VOU Ciifenla®
Aoctakichvde BOT0 i !
Benzene AR om !
Carbon disulfide 1.3 3] 00 R’
Carbsom tetrachbonide S-S w |’
Chiorohennene wl-00T F-1] s’
Chisroform G-hEa [ o L
Dichlorebenzene fla-) W a7 00 '
Dichloreetiylene (1) L ] i1 |’
Dimetiyyformamide (W8} g m A
Dimeane f.a-) W ar o' |’
Epdchiborohydin L] [k e’
Eifwylbennene H0o-at4 ] [
Etheyleme gheool WH-T1H wo '
Fibaybere ghyool monoethl ether - fior-5 5 |’
Etfyyleme ghyool monocthyl ctber acctate mEa .1 s’
Fitwybene gheool monomethed ether I ] .1 o L
Filwlene ghyool monomethy] ether acetate no-as-6 s s’
Hexane fn-) oS3 1750 50
Isophonome TE-5H1 o’ R
Isopropans G630 L0 I
Methyl chiorofom T F-11] '
Methylene dloride 02 L] g
eyl thutyl ether Wa-0d-A 1800¢ i’
Naphthalene o133 L7 i’
Phenol wl7 ] R
Propylene ghool momomethyd ethes wWr-oE-2 L0 i’
Shyrene W00-£15 Py 3 g
Tetrachlomoetiylens jrig ] B i’
Toluene #OR-EE-1 43 gt
nchiometiyiene -6 1] s’
Winyl acetate -4 [73] |’
Tylenes {mr-. o, pr combined) : s g
Myl pyrrolidingns ] ] [T

A. Defined to be the total response of measured VOCs falling within the C6 — C16 range, with responses
calibrated to a toluene surrogate.

B. The sum of all measured normal aldehydes from formaldehyde through nonanal, plus benzaldehyde,
individually calibrated to a compound specific standard. Heptanal through nonanal are measured via
TD/GC/MS analysis and the remaining aldehydes are measured using HPLC/UV analysis.

C. Any VOC not listed must produce an air concentration level no greater than the acceptable fraction of the
Threshold Limit Value (TLV) industrial work place standard (Reference: American Conference of
Government Industrial Hygienists, 6500 Glenway, Building D-7, and Cincinnati, OH 45211-4438).

D. Individual VOC levels derived from the lower of 1/4 the California Office of Environmental Health
Hazard Assessment (OEHHA) Chronic Reference Exposure Level (CREL) as required per the
CDPH/EHLB/Standard Method v1.2 and BIFMA level credit 7.6.2.

E. Individual VOC levels for these chemicals are derived from the 1/100th TLV criteria which results in a
lower threshold than the CREL.

F. Based on the CA Prop 65 Maximum Allowable Dose Level for inhalation of 3,200 pg/day and an
inhalation rate of 20 m3/day.
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Process Timeline

Manufacturer Initiates Intent to Certify One day

Certification Plan Developed One-four months

- Planning Meeting

- Manufacturing Review
- Product Evaluations

- Test Groups Established

Certification Compliance Tests Two-three weeks

Final Certification Compliance Package One week

Submitted to UL Environment

- Application
- Certification Plan
- Compliance Path

GREENGUARD Certification Awarded One week

Bl4-1Green Guard:a 78 i 4% 8]
(F#L &k ik :Green Guard, 2021)
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in accordance with internationally recognized
principles on standardization established in
the Decision on Principles for the
Development of International Standards,
Guides and Recommendations issued by the
World Trade Organization Technical Barriers
to Trade (TBT) Committee.
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2.Referenced
Documents

D7706 Practice for Rapid Screening of VOC
Emissions from Products Using Micro-Scale
Chambers

E741 Test Method for Determining Air
Change in a Single Zone by Means of a
Tracer Gas Dilution

3.Terminology

3.2.1 air change rate (1/h)—the flow rate of
air into the chamber divided by the net
chamber volume usually expressed in unites
of 1/h. The clean air flow rate may be
measured directly at the clean air supply duct.
The clean air change rate can also be
determined by conducting a tracer gas test
(for example, a tracer gas decay test) in the
chamber. Note that the air exchange rate (in
units of 1/h) is abbreviated as ACH.
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3.2.2 chamber loading ratio—the total amount
of test specimen exposed in the chamber
divided by the net or corrected internal air
volume of the chamber.
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3.2.3 clean air—defined in this practice as air
that satisfies all of the following criteria:

(3) particle concentrations <35 200
particles/m® of 0.5 um diameter or larger (that

(3) 0.5 Hm 3 % iz o
200 B Mok dm® s H pck kB
<35 (1345 1SO 14644-1:1999
2 1SO 6 &)
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is, the ISO Class 6 according to 1SO
14644-1:1999

3.2.4 dry materials—materials such as
carpets, wood-based products, and polyvinyl
chloride (PVC) floorings, whose emission is
generally controlled by diffusion processes
within the bulk of the material.

JeiEH—# 4 A Eqe

FE % (PVC) ¥ iz

7o B 4 AR
PR ACE AR A

3.2.6 emission rate—see definition of
emission rate in Terminology D1356 — 17.

3.2.7 full-scale chamber—a room-size
chamber that can house the material/product
to be tested in its real dimensions, and provide
the required environmental conditions
(temperature, relative humidity, air exchange,
and air velocity) that are similar to the
material/product use in full-scale room
conditions.

3.2.9 total volatile organic compound
(TVOC)— the sum of the concentrations of
all the individual VOCs captured from air by
a given sorbent, or a given combination of
several sorbents, thermally desorbed into and
eluted from a given gas chromatographic
system, and measured by a given detector. For
VOC definition, see Terminology D1356
(formaldehyde and other very volatile organic
compounds are included in this definition)

3.2.9.1 Discussion—The measured value of
TVOC will depend on the collection and

desorption efficiency of the sorbent trap; the
efficiency of transfer to the GC column; the

2
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type and size of the GC column; the GC
temperature program and other
chromatographic parameters; the type of GC
detector, as well as the calibration method and
peak integration process. Compounds such as
formaldehyde, which are typically monitored
using analytical systems other than GC, are
not included in the TVOC value.
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3.2.11 wet materials—materials such as
paints, stains, and varnishes, whose initial
emission period is primarily controlled by
evaporative mass transfer and therefore
dependent on surface air velocity.
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5. 5.2 R
Significance (5) evaluating the performance of air cleaning | =i 5 &2 “,ért FRTFAL
and Use devices intended to remove contaminants ez F EKG PR o
from indoor air.
TABLE 1 Recommended Control Accuracy A | % 4 1 % 5 &
and Precision A in a 24-Hour Assessment Test
7.Facilities 7.4.2 For materials that can be sampled and AT ) R foip] 3
and tested in small scale, micro-scale chambers as | ev44L > # 2 i@ * F g
Equipment described in Practice D7706 can be used to D7706 ¥ # it ejic ] 45 % -

rapidly generate qualitative and
semi-quantitative VOC emission data.

VOC i ftficdy ©

754.1

Guidance for identification and quantification
of VOCs by GC/MS with thermal desorption
of solid sorbents is provided in U.S. EPA
Method TO-17.

If the number of VOC:s is not too large (for
example, the air contamination is not

% F EPA 22 TO-17 #%
B0 3 1 PR e v A A R v
¢ GCIMS #Ezfrz B
VOC iz 4 o

4% VOCs h#ic® * £.% %
(bldez §F 75 %73 2548
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51




2R/ RS RATEF L P EPRRERFEFY

excessively complex), non-chromatographic
real-time methods such as Fourier-transform
infrared spectroscopy (FTIR) or chemical
ionization mass spectroscopy (CI-MS) can be
used for identification of compounds.

# g4kt k3 (FTIR) &
fL?T‘{;gE’,Fr;—E- (CI-MS) =

R AL =

8.
Performance
Evaluation

8.1.1.3 Particulate <35 200 particles/m3 of 0.5
pum diameter or larger, which is the ISO
14644 clean room requirement for >0.5 um

diameter particles; and

Far 0.5 um & { & e3E
<35200 @ pchks= > K o i
&_1SO 14644 Fx 3 %%

2>0.5 um g £ o

8.1.3 and establishing required maintenance
intervals for air cleaning systems such as
activated carbon filters.

s 3 FEE ER (Pl
BRERSE) &2 F i
E3li

8.2.2.2 Detailed procedures for the tracer gas
method can be found in Test Method E741.
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8.6.1 Damp surfaces, for example, on coiling
coils, may lead to increased losses of polar
compounds.

Blde o B P-AE oo R A
B A f EREMEE D
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