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ABSTRACT

Keywords: Healthy green building material, Performance of

mold-resistance, Fungi

Taiwan is located in the humid subtropical climate zone and surrounded
by the sea. The indoor environment of buildings is typically prone to being
moist. It can also be easier for the fungus to grow in the condition of
leakiness and stuffiness, accompanied with inappropriate use and poor
maintenance of buildings. If the fungus spores spread out in the air to fall on
building materials and grow on their surfaces, the materials and furnishings
would be damaged and the skin disease possibly occurred. Therefore, the
purpose of this study is to strengthen the assessment of mold-resistance
performance of building materials and to preserve the human health in

indoor environment.

The study first reviewed the references including regulations,
management systems, and measure methods on mold-resistance performance
of building materials, and then compared the measure method of fungi
growth in different materials, followed by the feasibility of mold-resistance
assessment analyzed. Second, the mold-resistance performance of building
materials was used to assess the feasibility under the humid subtropical
climate. Finally, a series of fungi growth experiments based on the
experiment design method to assess the mold-resistance performance of
different building materials were performed.

The health issue of mold-resistance performance has already been one
of the urgent issues for evaluating living environment in Taiwan. Based on
the above analysis results, the important findings of this study are concluded

as follows:
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1.

The assessment of mold-resistance performance is an objective method.
So, such an evaluation item can be further incorporated in healthy green

building materials label voluntarily.

. The Penicillium can be used to be an indicator to measure the

mold-resistance performance of building materials and proves to be

feasible.

. The mold-resistance performance of wood boards and silica is less than

that of other inorganic building materials. These building materials can be

involved in the pilot mold-resistance assessment.

The immediate and long-term suggestions of this study are proposed as

follows:

1.

For immediate suggestion: Planning to increase the item of
mold-resistance assessment should be incorporated in healthy green
building materials label voluntarily by the Architecture and Building
Research Institute, Ministry of the interior (ABRI, MOI).

. For long-term suggestion:

a. Planning to establish the CNS standards of test method and measure
assessment of different building materials conducted by the Bureau of
Standards, Metrology & Inspection, Ministry of Economic Affairs.

b. Planning to carry out the integrated research of the microorganism
growth, control principle and the effect of fungi growth on human
health conducted by the ABRI, MOI.
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#3898 10.3 12.8 16.4 19.2 219 23.2 226 208 178 145 11.3 16.7 1971-2000
=4 158 16.0 18.0 21.8 24.7 27.4 29.3 289 27.1 244 20.9 17.5 22.7 1971-2000
H3% 117 12.2 146 18.1 209 235 248 245 22.7 198 16.4 13.3 18.51971-2000
A% 158 158 17.6 21.1 242 27.1 29.0 28.6 26.8 24.0 20.8 17.6 22.4 1971-2000
#5124 15.6 15,5 17.3 20.4 23.3 26.1 28.1 27.8 26.3 23.7 204 17.4 21.8 1971-2000
i 17.8 18.0 20.1 22.7 249 27.1 28.4 28.0 26.7 246 219 19.2 23.3 1971-2000
F® 163 165 187 21.4 242 269 285 28.1 26.4 23.7 20.8 17.6 22.4 1971-2000
W 16.0 16.4 187 21.6 24.2 26.7 28.4 28.0 26.2 23.4 20.2 17.3 22.3 1971-2000
L4 174 177 201 23.1 254 27.2 28.1 27.8 27.0 251 222 19.2 23.4 1971-2000
##  16.7 16.8 19.4 23.0 25.6 27.6 28.7 28,5 27.7 254 221  18.7 23.4 1971-2000
~@ 17.3 18.2 21.0 245 27.1 28.4 29.0 28.4 28.0 258 22.3 18.7 24.1 1971-1998
® s 188 197 223 252 27.2 28.4 289 28.3 27.9 264 234  20.2 24.7 1971-2000
£#% 16.1 16.8 19.4 229 255 27.6 28.4 27.8 26.7 243 209 17.4 22.8 1971-2000
~ 7 16.2 16.8 19.4 23.0 25.7 27.5 28,5 28.0 27.2 249 21.4 17.8 23.0 1971-2000
2. 57 6.7 90 11.1 126 14.0 14.2 14.0 13.3 12.0 9.8 7.1 10.8 1971-2000
+~# 201 20.6 22.6 24.7 265 28.0 28.6 28.1 27.2 26.0 23.7 21.3 24.8 1971-2000
x4 -15 -11 10 33 55 70 77 75 7.0 6.3 3.9 0.7 3.9 1971-2000
#+# 153 15.3 17.6 21.5 24.4 27.4 28.7 28.3 26.6 23.8 21.0 17.8 22.3 1991-2000
FE% 206 21.1 23.1 252 26.9 27.9 28.3 27.9 27.4 26.3 240 21.6 25.0 1971-2000
=¥ 188 19.1 21.0 23.2 25.2 27.1 28.1 27.8 26.8 25.0 225 19.9 23.7 1971-2000
B 18.4 18.8 20.4 22.4 24.2 256 26.2 25.9 252 23.7 215 19.3 22.6 1971-2000
p 3% 141 147 16.9 19.3 21.0 22.2 22.9 225 22.1 20.8 18.2 153 19.2 1971-2000
oK 192 196 21.7 24.0 26.0 27.7 28.7 28.4 27.3 256 23.0 20.4 24.3 1971-2000
{4 159 158 18.4 22.3 25.3 27.8 29.0 28.7 27.3 244 211 17.6 22.8 1971-2000

(FH KBk # & F % & http://www.cwb.gov.tw/)
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12-THEB SEH TP FE AL

- ~ " @r (HCHO)

RS e
I S -
AEER % (<0.08 Mg / Wik oA R TR ¢ RS Ml
e BRIV IEERAEEORER
#iz;\?‘ e hr 7\1@%/{:% °
- ~REFE BFF (TVOC)
4 (ENTIY @ @S £ s
paags | “4{;‘%5 B P
A <019 mg /W gk B R Y R i
£ 5 BRI B b 7 (TVOO)
g e hr e R AR UK P2 AT -
BRSNS EHFRALAERT 2R AT

AR EIE G

LRI GE S o R N o n A Lk R i > 3 Al R
MOIS901014ipl:#pF i if 48 ] Pt e E 13 m A B E( 7 AE<0.08
mg / m'ehr B3 EF 5 E<0.19mg / ' hr) FwE i
R

2.0 BF PRI WP EFESFITRIF T FHC

2.4.3 ZH 2 iR

e ALTEAFBERRFEFET PRI EBAREES X
BEHZ WAL EFEp TR P L AR HIN ABHFELPRK
P EiRE s pagy g 5 grnrgpsaz 2952 C0NS
269019 B a@l St tesk2 HisEHy &1 RN RKR2
23 A% o CNS 2690(1975) 7% 2 Ffe e 45 7 A%
(Penicillium) ~ o # @ ¥ 7T#8ATCC (American Type Culture
Collection) f °

2R (2003) pAEBEH Y OEFAg E2- BHFORT
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ES ™ FAT, MRS i e

I8 R2RERIPERERTRZFEMR

EHAPMAEF 4o ¢ S 4% % (Enission Class for Building
material) ~ =+ % 0% p 5 %% (Indoor Climate Label) ~ 4% Bk
FEEH R A ERERT TR AR ERSEE TN
BB P ARERTE AT ARl —TIS JAS HiEH T @
ERZEIBERT S EARELEE P R Y RESEERE o
FL AR AN 2 EHFRAD o A TR EHRE SRR

o

-

FERPIRG RFEEIRFE Y > FakEH A 50
3 RE 2TRE Fiad 2 w5 % (EUFlower) ~ # %1 W% ke
2. % #84 % (Nordic Environment Label) ~ e BRI E = &% ~ F g 2
EHEEE - YRERFRFRBRTEINFER? 2 B RESEHE
FIED 3G R TR F LK € (SEND) ~ me  E 2 Eia g
(NHO) ~ 7 B B4k 2 @ (Five Winds) B4 2 7 % Gof 23f 4%

T Bee s (GEDNet) g ) » ¥ E s B2 H A FHRBE T 2 APM 2
PR SWEAT AL € RTS) 2 RRE e 5 (AFNOR) ~ i g % 3t

AASFEORPD ~ 5L ez fr s € (SIA) ~ #RE R
MRS F 5 (BRE)# -

FHEPN KRR R = R A3 B R
A% > p oA £ ® Greenguard #% ¢ F S FREA S AEFH 2 F
FRASTOPRELFTHRAR HTE P ATEFE M EEN TR L
ip B A
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l. 2%

FHAZHEL R FEEREE 2R g R g g
FREFE WR2 b #od =5 0 F RRIEEHEE € ASTM G21
1% & (Standard Practice for Determining Resistance of Synthetic

Polymeric Materials to Fungi) > #* =3t 5 2 fgivz 2Ly ke
% WFfak s ? o« ATCC (American Type Culture Collection)

2R & Ff e

2004 # ® Greenguard B 447 7 2 41 % 14 (82 P I F1E
fe 0 BlE > 2 00 ASTM D 6329-98 ( 2003 ) # i EkB fai2 = 0
Hiklz ped # 4 £ iv 4 (Standard Guide for Developing
Methodology for Evaluating the Ability of Indoor Materials to
Support Microbial Growth Using Static Environmental
Chambers ) = Greenguard & {7 & B ¢ B ihl I~ 1 0 % - BIFE
SR > penfBE LA FOF % AR (baseline) » £ *

E

‘2% 5 # F(Penicillium brevicompactum) ¥ - A » &AL & 2

=

TEHA B D WS BRERET FASE Y 10 Bk

x
P

-~

7]
BRERERBEAIFR P RTRE - EE SRR OR
7 > Greenguard 2 =2 % 5 < %o
2. W B

FREBZGFAP TR, 2 TG B LS ED
B2 gt 2542 T E o w2 % K Centre
Scientifique et Technique du Batiment (CSTB)z #= 3 w2 &+ 2
G R TeEE 2 THEFEG B AL b A5 s
2.5 4P 7 & & F1F (Maupetit et al.) -

FRHEABHFE LRI RER 2 P BRI ApMARE
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BES ™ HAT B (P

Z B CSTB A 2 itk = 2 2. 425 > #* EN IS0 846 %" 2 fic 2
=2 315 (Plastics-Evaluation of the action of micro organisms,
1997) - FAEE#EEF 7 % F(Penicillium brevicompactum) -
Cladosporium sphaerospermum ~ 2. # # (Aspergillus niger) ¥ 3 f&
A U R R
3. B~

p &2z # 77 #7 (Building Research Institute) it {74t
2R P AR RREN T YR EAR BRE T FRiAT
EE2FRFETFT > BBEEH AE2C7 FIRAE 995%™ KA F

FE S Bz e A R 4 s
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Juy

3. 1.1 B ilGRosRiRlE 2 1 i

FiRILE LS E R e dpiiz - 0 B2 APM aEsR D 239
AL R i“r’ﬂ“%k PITE R ERGEE NS 2 ERIRET
RGBT FIEARL o MRS E Y o FERE DI P A rE R
B RAEY o R EE RE RERRE Rei B R 4R
&% > (AATCC , American Association of
Textile Chemists and Colorists)frp A1 (485 ¢ B+ B
*01992# sp 7 0 B F FARFFZ/T01021-1992 (5 4~ fu it i 85
&) 1996 % 5 # 7 B 73R EGB15979-2002 (- =i * frd * LG
DR o AR R e 2 et B R FE A S
e FHAFRAP RSO TR frA RRFRFFIFET P
FEo Fa R II M E e g iR o o FHRN Y Rtz
5 CNS 2690 (@l & p it B2 ) JIS-Z22911 (1 frcs 3=
5 )~ ASTM-G21 (£ R & HEF RPN E) £/ 2 EKERS %=
B~ BRECRE GG AR oA R3 132 o o
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BE S 5 AT e

£ 3.1 2 Bk 2 PRERE R
il a BA XK BR B
CNS 2690 . o
SRS R R 2812C  RART
J1S-72911
kot 2R 14 = 28+2°C % 95-999%
(2 gk B & it )
ASTM-G21
& HALE R

28 % 28-30C < *+ 85

% 3.2 2 P RER> Z LB FER

i Y Hib
CNS 2690 LN T
Faglep itk E 3%
JIS-72911 0-2 10 27
7 i £ 3=
ASTN-G21 0-4 b 85

ERREHBEBREMNT. £ 5%

3.1.2 Wik#F=m ez E#

d 3t p AR icd F (microorganism) fEsE 22 F %

A
&9y
P
AN
ot
3

Bed 44 ek it L g o 45 £

2
f
BRSO T 0L R e g s T - F1A B R D

A

e FRTERL L PE R A BF
TEHAAFANLORE AT F IR A 23
B~-RESERP S EBRERLT R JIRZZFZ > ¥ LR
FRR S FoFEF e Y L&
(Staphylococcus aureus, ATCC 6538 )~ = % 1% F(Escherichia coli,
ATCC 8739 ~ATCC 11229) ~ %%k +% 7] (Pseudomonas aeruginosa, ATCC
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FZ % RPN HEH b R R A 4
9027) ~ ¥ ¢ 43k f (Candida albicans , ATCC 10231) -~ * X
(Klebsiella pneumoniae, ATCC4352) % ; &2 /¢ i & * #F(2
39 # 7 Aspergillus niger, ATCC 6275) ~ z¢ =< # f#% (Chaetomium
globosum, ATCC 6205)% - CNS 2690 ~ JIS-Z2911 ~ ASTM-G21 > # #&

Y2 AR LT B R R E 3.3 AT
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43,3 % 7 RERE R

ASTM
G21

B we (Aspergillus Niger) ATCC 9642 v

4> % (Penicillium Pinophilum) v

k2 g (Chaetomium globosum) V
S 4LF ¥ (Gliocladium Virens) \

M5 el (Aureobasidium Pullulans) V
2 491 A (Aspergillus niger )ATCC 6275
kX B (Chaetomium globosum)

Jk ¥ R 3L R (Myrothecium verrucaria)

¢ A (Trichoderma 1ignorum)

W 7 #® (Penicillium citrinum)

T1 2 # g7 (Memnoniella. echinata)

Bk 87 (dspergillus clavatus)

CNS 2690 JIS z2911

\% V
V \Y
V \Y
V
V \Y
V
V
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N
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P R BEALE Y MO R S B A R R RERE
B EEL B E Y A S IR - RENR U &R i iRl
THERZERLG Ffend i ftom 2 2 Nk gt AP R T A
HAEF T PLF R B g
1. AATCC-90 5% i

AATCC-90 ki ~ FL 8 Blisk 2 > &% T FUFH i i fn
J%ﬂ%&ﬂ?@ﬁiLﬁﬂﬁ%épﬁﬁé%m#T%
T 3TCTH % 24h 4 > * A HRBFFM T AR EY FA

-*ET

]

FeE B (M 3.1) 2 SRR TR oo 2k - SRR
WA F g TR E CEFE. e B A
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AR 5 FT B = i ke

W 3.1 BB ks
FAL KR ¢ 2 s gEaR > 2006 0 (3):50-59

2. AATCC-90 # 5k 2c 232

AATCC-90 22 e 22 - (FEHF2 )AL B 8 dd i - T

B OINT 28] 0 ¢ P gsstt )} Fend B o 28 ¢ RIL 5 INT ;&

FlRS% Fp R g feenitr B R > 4 A2 ed d Fa ke

§ 0 A I GRS e AR B R LR e R LT
FATREA A PRI wEL & o e RN

3. AATCC-100 3#5% i
AATCC-100 - % € =8 » 477 32 > i * SRy LRt
RIE G

_:‘_%:

i< EY-

SRl o Bom AR R YRR LAFILRIRE 2 - 0 %2R
BERFRACH B BRRER A Y s - TR iR R
FFRFED R ERER > BREBRA I ERE D wER
H A o
4. AATCC-30

AATCC-30 R B F il AT i it o e o FE 7

Bt A AR ) fodd BRI R > MR R E AR S R R R
5 18] e A 5 2 B2 s TR E 2 RRIZE 2 o
5. AATCC-147
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FEAPRIRF R L LR AT o AATCC-147 2 8- T & 9 &
B(p - 2P LTS FERAT wFAFE I )F L E T F R

X
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BT ardrd o R H AR LGN T ET FAER RIS
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3.2.1 ASTM D 6329-98
g3t — B r g o3
Pk o TE B E "E??Efé—ii’ ARBRERE 0 » VoA AiR LR
FERF DT I o FP > AR EMAAMNEH A S R R R
AR RE P EdE R AL o ASTM D 6329-98 (Standard Guide

=
D

gl
A
IR
<l

'ﬁ%%’a%ﬁ%ﬁiﬁi

for Developing Methodology for Evaluating the Ability of Indoor
Materials to Support Microbial Growth Using Static
Environmental Chambers > 2003) § & - B * k=% F P ZH B s
A HRREER D B 2 AR ZEOE L EH a0 @ T
ERERAPBTRENRERFARG L AR DT AR S L R
(reproducibility)e wpéf%"izlﬁﬂiﬁié%ffﬁl#5ﬁ Ao A (Whatman
Filter paper)ie » 5t & chif ffie + > A3 T8 * dre F B>
7?“?,’ /b2 % 7 #k (Penicillium brevicompactum) - #¥R§3.2#f
T RART AN RERRIEAS ZP o

B dedpih- BE% s HRE > UERRR S - B N DR
LR o ¥ el BB R S A% R R R 20 C TR A FY
S 2R ATR U REAR A ﬁxai&? M- TR AR S B o
FLlcnE Bos 2T B E s & s A 4 > TS R REA
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FI3.2 F W %

F L %R : Final Report on the Greenguard Pilot Study of Microbal
Resistance > Greenguard 2006

3. 2.2 % WGreenguardiE # 7 i 3= 2

Greenguardé-$ti2 41 5 i » 2 FES BRI > - B
FAE R0 > P e B> LA Fenf % AR (baseline) &
I EFBFRFAL RFORAE CRFPS RS R TR B
B 3 E By - PR RS LR S M - R
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