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Abstract

Key words: Formaldehyde Concentration, Healthy Green Building
Materials

Since the living space of most people in this country generally have
phenomenon of frequent and excessive decoration, and the paint of the
decoration building materials and sheets may contain formaldehyde and
other carcinogens. In order to explore the impact of building materials
have on indoor formaldehyde concentrations, in this study we built six
identical full-size experimental houses, and each experimental house
were placed in eight E1 grade green building materials, the gypsum
board. Then, on the gypsum board of different experimental houses
were brushed on E1, E2, E3 and non-green building materials, which
were four levels of paint, and make the relevant changes in the coating
area, then measure the difference of formaldehyde concentration
between each experimental house. Measurement results showed that
when the painting was in progress, the experimental house with
non-green building materials had a significantly higher formaldehyde
concentration than the experimental house with green building materials,
and formaldehyde concentration was in the high state indoor on the
brushing day. The measurement results one month after the brushing
showed that there are five experimental houses with lower
formaldehyde concentration than the one of the brushing day, but the
experimental house with the largest area of (the ratio of brushing area is
46%), even with E1 green building materials, the concentration has
already been higher than that of the brushing day. The measurement
results of formaldehyde concentration two months after the brushing

showed that the formaldehyde concentration in six experimental houses

XI



were all higher than that of one month after the brushing. In particular,
the larger the coating area was, the increase was greater, showing that in
this period of time, formaldehyde concentrations continue to
accumulate. Overall, on the brushing day and within a few days, the
escape rate of the paint itself had a higher influence on the indoor
formaldehyde concentration, but as time went by, the impact of
brushing area on indoor formaldehyde concentration became more
obvious. As for the different levels of green building materials, at
different points in time, the impact on indoor formaldehyde

concentrations was not significant.
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2R ATE -

CRITFPF I ELHF(TVOC, # 7 F - AEFHF BF 28

fo) TR RIEFE MG B EP 2 1‘@1—3 & 2 4% 3+ ¥ (Benzene) -
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2 % it g (Carbon tetrachloride) ~ # # (= % ®
'z )(Chloroform) ~ 1, 2-= % % (1, 2-Dichlorobenzene) -
1,4-= &% ¥(1,4-Dichlorobenzene) ~ = & 7 *
(Dichloromethane) - ¢ % (Ethyl Benzene) - ¥ ¢ %
(Styrene) ~ = & ¢ % (Tetrachloroethylene) ~ = &% ¢ %
(Trichloroethylene) ~ ® ¥ (Toluene)% = @ ¥ (¥~ & ~
#) (Xylenes)® =+ = &1 & 4 2 )k &Pl 380 -
*‘Eﬁkﬁiﬁﬂ“ﬁiﬁiﬁﬂmkﬁ%uuﬂﬁﬁkgi
WECHZFPREFUZRBEPHCERZEPZF ST RE
B EE TR R PR o
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2.2.3MNEP LA ST REHE

AP REEARGENFE E A LRSS EAEPRRST
gg»t~a¢mawwﬁﬁwgil&@mﬁﬁ AL P A
ZETERFIRPRRZE > FP O R BRBESTE 25 5F 0 &
%Q{ﬁrﬁﬁﬁj%iﬁﬁﬁ FRFEFFp 1993 #4807 % 5
"EATEN AR BASE) , Yo AR KR 2 F EpD
BRZEPEZFET O BAFEE RY Fu R G NIRERR

(U.S. EPA 2003) - p A fis 2 (Sick house) K 42 > RId Bl 23

g o %i%@“~£§%§%ﬁ@ﬁ§ﬂ’j$€%?@@#kﬁ
BRI R AR A AR EH TR 2P
FEAAMARL MBRAFPAIFHET 5L FE G AT FE NG
EF TR EPGFLAPERAREE O OTREFEN AR RDEL -
FPAAPFEREEMG PP FRACR TS 22 JISHRE IS0 i+ -
Pld Sda ¥4 i F-2WpBEA2LPe2 2R 7 L3208 B
BRAZTHELI0E | T2 B ¥4 A2 (L 5H 4 {o 2006) o

S
R
=

W
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BT Ep 24 P2 >3 2004850 F% g4l 178

S
avs
T\
N
&

19



B SEHHEN T EERE P

EH2 RPN EF ST OCIEOA TSGRy, 2 AT 2RSS
Ap 5 T EFIEHE BFHL T FEE VOCs 5 B kAR o 4 R
d R T B A SR eTR R A 0 2003 & O F B i ¥ AT fovk
DERP O TEN L F SFERE o Vb fpd 1098 &2 - B
BHRPOIPZF TR e BE2 EFEMp s O
2000 # &R F 2 SRS HF AR IR 2 F ST RE
PR OB EIRIEARP IS ST A5 FHI12 P
ZFEFER
R T AR ) A5 T SR T S

2003 7T» 1pgAaFS T2p EFLBHE LT THFUE
RpdR®H R FRE2 B EZ 0 AR FEEDE SR 210578
SR FIRE L 0 (P EFESHE CEr AAES g

T E ) (GB 18580-2001) ~(F P E& KB 1AL B & A A EB%
Ae 5 T IR ) (GB 18581-2001) ~(F p a5 H4L R
gAY 3 T HFUE ) (GB18582-2001) ~ (F p E&FEXLB H4L B

}\_

ki

KA Y F FHFTE) (GB 18583-2001) ~ (& M 4w 18 HE

FE P 3 R ) (CB 18584-2001) ~ (& P EAEB HAL B
4

WP 4 T HFrIR) (GB 18585-2001) ~ (3 M EAF £ HE R4
e e 25 R ) (GB18586-2001) ~( % P 4w #

PR s AR ek ALRY 5 2 TR ) (GB

18587-2001) ~(z P &AL HAL RS o 4@ F2xg TR )
(GB 18588-2001) ~ (Z P A& L H#L & A AL stiiinF ©
) (GB 6566-2001) r2+ 10 5 M pIEE A A P 71 3P L4 %
BHALY £ T EE B A NO0)  F T Ffes T
MEE R AR EG T AR R e d

3
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52 & 5% RRATHR

B4 RERATHCN - 4 2 5% (Empirical model) » # 5%

Slcd F BBy o & A F B iE42(Mass transfer process)
Z_ % 7 H°;\ & it (Huang and Haghighat, 2002) o & A S5k 4 -
Fe % R3¢ (First-order decay model ) 2 % @_iE=(Power—law model )

¢ (Zhu et al., 2001) c 2> 2 H 82 3 813 %5 = > (DH#H#

Bz bRk ~BRA CZERPAREZFPICEY > QOB EEZF R

2_F o HATIE® > &R EF CHIL Y 2 J{IE

é’—’bfﬁ—'—\:‘ " Fick law % = T_{EF i #%f(ﬁ 5 0 /4’ i é_] 2R g7\

Had & b H PR Gl iAo L_NE'&‘F‘F[ Podom i ATERE 2 iF

VOC @ﬂi%](Tichenor et al.,
éf_ﬁbk\"hlfl vz ;y%ﬁ"('—

° ¥ L2 03 Rk

Arfwit o BY Rz 2 1993; Zhang
and Niu, 2003; Zhang and Zhang, 2007) -

AL B3R VA £ 9% (Huang and Haghighat, 2002)

RN

1. - P& % RN
75 A RikdTid X % 2 Dunn 2 Clausen 2. — P+ % B #2784 7 (Guo,

2002) :

Dunn model  E(t)=Ewe—kt (1la)

Clausen model E(t)=Mike-kt (1b)

D Azdoikdtid F(mgmh )
K- FEFpE ¥
s K # 3tk

#¢ oE(t) ! @sv:s\—y(mgmh) )
Mo: 8 2% i ff 242425 4 78 (mgm”) -
Bt BFRF()  MidFdEzHz it BFHER G2
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R I N T

N

b

RO VAR Sk d B R A 4T 2 T o ARG
A AEAR A PR 2 i did 5 (Zhu et al., 2001) > %
¥ 4 ag %2 A4+ (Huang and Haghighat, 2002) -

2. BB

g B (Double-exponential model) % 7+ % p 4142
TVOCs 2. i4zi# F (Guo et al., 2003; Kwok et al., 2003) :

E(t)= Ei+ E==Ene-k1t+ Ene-k2t (2)
¢ 5 E(t) F TVOC shiddgi# F (mgmh') » Ev 2 B @ Azdpiddcid §
(mgnh) > k%2 k:-fFfrdFit t: BFFG)  -BELEH ¢
PR RACE T BRI BRI R L KAGE S 0 AR
Bt G447 0T -

3. R % RN

FERERFES D g et R B Sl 2

PRIA

E(t)=at-b (3)
He 5 E(D) - @iz F(mgn'h) > at ffk(ngnh’) > b fd
t: R (h)ca%® bd Hedps 47 KE o AP FF R R g
WA E AT 2L VOC e Atad 5 ety i o
RS

2R R AR o 23 B3 (Constant model) = 465 > 5 3
faspdl

EEIR R(t)=Rs (4a)
225 R R RS R(H)=QC (4b)
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ERSEHHIN "EEALPLFY

§ ARSI R(D=AR (4¢)
B¢ o R(E) Ft R 2 kA F 55 (ngh') » R Asda i e 5 7]
F(mgh) > Q:#EmEEFmh') CrinB¥ 2325 kR
(mgm’) »A: A% kafH (n) B Zipdkscid F(mgn’h) o

2.3. 1 BB fipldis Lk AcE §

R SEHARR e P Mgy 2 MG BT AP
2_ iR 5 (ng[ll h )F“FI":'#FI*ﬂ i 322 ﬂ ﬂi}"h”ﬁi L5 ’;;t‘i:
AR G HE N RSN A YT B R B2 LR 357
S ATER S 2 R AR 0 T R S HRREERY >N B

e AHE TR A AR A A e R o

POFCIRE AT L T2 AT G B TIRERRE S 22 £
ASTM(American Society for Testing and Material )D5116-97 #+
g2 ARy AgREE - Btk A RE L o BA T B
(HCHO) % #4253 3  E4H#(TVOC: F ~ 7 F ~H- 7 3 ~ F =
TE IV EZCE)ERRS AP RGEE L 200 - H R
iR M] S FEHERS AR BRHRGY T EHER
BAECHFF ZRGEETFF A EH o ASRIEL MR
Btk Pump #-5p cn{F Rl F R &P D o T 5D BRFRE > B
GC/MS 22 GC/FID ik seqt=rx 2 § » 4 B & 747 VOCs 2 Tt &2

iﬁ‘gé‘}*%’ﬂ f[ﬂﬁ L b#’ﬂ7%§ -‘;‘1@5{%0

WRB fAREE R LA F o - RS EHF R RE

ik 47i# & (Area specific emission rate, SERi) :

SER=QC/A (5)
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R I N T

HeY SERv;: BB T EHSTLRE 2 f i# % (mgmn’h') >
Q: ZBEHzFHMrERIM h) C: &E iy‘}élii(mg/m?’) ,
AtZEH 4w ) e
223.23P 2 FFLHFE T HFHS

Pal X Mo it F 2 Ay RN 2 A A
BHEZZP 24 ST GUTETHERILE & 5 fFEA0EF

2 NEF L2 TR D LR RAT

SRR o M1 MR 2 TVOC ikt
hD#EH#2E R E N k2 TVOC kA& - [AQmodel 4875 % i
WRCUEREFEFPEIEA LD L - RERFZFEFLH T
£ T 58 (Guo et al., 2003; Hakkarainen, 2006)% 7747 :

)
ol
W
(o
(.
(=
=
i
.

VdC/dt= E(t)A+Q(Cou—C) -R (6)

Hoe Vi g g p 2 FRAM) Cuct % % H TVOCER (ugn”)
C:™m&zp TVOCER (ugn”) Q:zpidpr#xmh) A %
52 RH FM) 0 E(Y) 15 %2k TVOC ¥ =6 # ddgid 5
(pugmh™) » R:TVOC 2 5" (Sink)i# & (pgh') (4o ~ i) o
2F(6) 5 - RS B k- AR R R U T
2H - At Fadice 0N (6) 5 MR L S fRt o o 4
OETEAR (A AR RS Bl o
(Sink) %k » P #-RAEEX L FE - 2XB)E F 40T ¢
VdC/dt= E(t)A +Q(Cou—C) (7
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EEEEHHIN " HEEARTELAY
G AT ERE A TVOC kR 5 %[>t bugn’ > B8t 0 B
Cot 2 F > 258 (DF L 4o
dC/dt = (ECt)A-QO/V (8)
BARTRAET 0 2N BT T
C=E(t)A/(NV)= E(t)L/N (9

A9 oN=t P 5§25 FMON=Q/V) Lt g pte s
(n2m-3) (L =A/V) -

ZHREKE AR FNr R AR R RGP ETF A0
B (k2000 - 3§ 342, md 23 2 HAE
Fpt s 2 F R PR FF Y F g B2 (Mixing factor)K
AF Y '?l“%“ﬂlfﬁr\’fg’ (4c) o F# R TEEH-3S ~
253 (0) %k BlR2 R 2 At F 2 2R EFKE L 740
-
C=E(t)AK/(NV)= E(t)LK/N (10)

FHARSARBTVOC kAR » PTGt iEdo 38 (11)
TP TVOC )k B=XC (1)
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F- & BHRAGE IR

AP TERPFZETRAFLE LS AL (- )R
ASTMD5116-06 ~ ISO 16000-9 ~ %t g #7irl 2 4% & CEN/TS 16516 4= »
CNS 16000-9 2z -] =  TedrfaRlidiZ & TR - (2 ) %3 P T
Rz A7 AT RS > 2 (MOIS901014) 2 2 4 4% 2[R/ 4R o
Bk A 7> 2 Tk ikyy 1S016000-3,6 2 CNS 16000-3, 6 #%# 2 @ g
(HCHO) #& B 2.5 o
3. 1.1 wiRlK A

A E AR LR RBILAEGEIRE N TRBLIE 0 KRR
wauE o o E Y @y BT ¢RIz B4
ek ik > £ 2z Carbotrap 2 Carboxenl000/1003 = #87 Fe v it
wi&w§%Uiﬁiﬁ%%ﬁ’ﬁﬁ%w(mamkwwmﬂm)
EEEBRGE > AuliAr 7R ITEFH &K (GC/MS) 2 F A0k 41 &/

GaEs R E (GC/FID) » A wlieis @ gran b T 3 447 (GF
B 3. 1%r7) » &% 2 4RRIKHE &3
1 BBl i fat@ F # & ASIM D 5116-10 2> F & 7

SRR AR R~ URE B3R E R F I E TRB ORI O R
ZIEBIEE S P IERF L G AR B R ede sk
p A G o Bl FORYERASRE 2L ARG
2SO ) z f ann® R g oD v o 3R v b

2 FERFERCBEDERE RBAEALFIERRE A SR E T
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£0.5°C » 45%6RH » # ¥ k4 Hagmivay (& BFHE 5§ 12
X7 /Lambda 800/900) % 457 $37kiréy (2T IRz 29 ) -

2. WEZF AL pRVED RN FFRRCETRER G
MR B RE B 5§ (blde ! @ * membrane dryer) » %l
BOFET F ERES o Vo X TR R AT 0 G
PR ERNTF - FEZTFTE 2T WP TR H- 244
FHG W TOOC)ERT VAR 2ug/m3 > @ BATF LT
E(TVOC) & A ) # # A3 10 £ g/m3 ©

3. MELAIEY A RFETF TN E S NE RN
FrHl g T e F 5 oo

4. BBt E CERYEE L ARSI E a4 0 23R

BRip#1%E > v Q@41 300210C > XA 7 75 5 F o

b, HEFNF T APPSR R £330 hF I AR

T FARKAT G T LaaS R B R B (& gﬁvﬁ
EE N E)

9. KAr* A RS EHE

10, A 3g 4 e

11.GC/FID : %% 4= g 1 %5 90325C > p /2% 0.32mm > & &
5 60m> A5 0um &k g
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5 60m WE 2. 0um & F &5
3.1.2 f&irlinfz
l. k&g iFs
LT s B g 25k R R EEG ik 3o
E I RRE: ¥ TRV “,%v](é,\ Jf,ﬁ,}v» %‘r\" BRF F P
R B FARR AT F DR O E o
L2 2HESRE 2 HEST sl xS -Fp e 2
cE- BEPR oD AERP A FRREFRE g EH
FAEGSe BE rEEREY > 232+ 5 300 mmx300 mm -
e BB ACT 2% 4 iRF s g EH AR
BEREE > 4CT 28 EHY A NiEkGF B2 ppEF
AR L
1.3 EHEFFF2EE  EHEEENREHRY Tz R
AP ACTRFEE  EAT FRERFLRE > 2 3Ry
Yy BEERr A R BAREAETRIEHT
B R EHETELRY B INRITHEY BERME
BWIEL PR & o
1.4 29 33% L8FFHRAPTD 0 A2 BRIz INEHZ
FEZFFRFRRFE ) FUF AT RERIRE
RN P ER G 0 AR VA R A
FoARREH LR AS FiGFE A7 5 H-EFMES
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RS EHHEN T BMERD TP

2. M5 MR
FEREEIREME VAGRE LY A upe & 1~300 1 g/mL
F kAR RS VR A RE 2R S L AR
Az R EONEA WH TR R, S SRR
NG EE A SRS R T T S
%ﬁﬁk~%$%%ﬁ

m\

2.1 MBEBZFEF FMARERRE ARG ZIERTET
FUZRERRUMAEHERP 2§ 5 BH 20 BREERp
T R P

zz'wﬁﬁﬁﬁzer%ﬁo
2.2 MpeRidBfEHE SR © el i AR TR IR R
PR R R RS AR AR E PR R R gup R
R AR o
2.3 PHEFHREY PR EFH2Z 2o 2B T R tb AR FE
TR b 20 A MWL ERE G EET koo
24 MG AP ERERMF - B EFZRR
ER(ug /L) = (Va) (CO) x10 -9 / Vf
Ry Va i R AR R TR RO A 0 uL
CO: R aEESER » ng/mL
VE: Btk a4 0 L
3. EHHE APIEA T
3.1 HETHREBIFLHI 2 BB iEE 2 ER 256°C o &R 1 50% -
#F 5 0.5 ACH-
3.2 v Fk: pFEHFR AT RREREIF 40N 0

25 A AR R TR R R
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F 550 mL/min > FREEPFR L - ) PR A SRAME
EoGOMSematr 2w i PAEZ G BT o

3.3 AARE Y FHKRAITR S BPIREH T BB

PR EH Y g g g B F € TRz P VR R

AT U RPN VIR L S RATF PG PP TR
,ju;:%a L T AA °

3.4 a4 raEfAe o 1/ pFELS o 0 E £ 48 50 mL/min i& {7
o FREPER L - )P SEMERRF R > 12 GC/MS &
7 VOCs = |24 47 o

3.0 wERZE: (I HFE(-)REAFFERZFEF M T E
HREF R U gt~ D EARFEE (AoBETT ) 0 R
TirgyFE s GO/FIDEF T2 FE#cs /3 5-2000
ng> £ d 4Rl x% e FEEAAHNEE (g RIKE
Mo B AP BBcR 2R 0.995 1 o

3.6 T B A 2tz VOCs AT §EFAF» TMBFME -
FlO R R R RO S e £ B RATE A R R R e
BT 24 )R > uE 248 50mL/min FHERAESF 5 F 1| PFF
BERE LS FEREER S 1 (FEEE S 3L
FREFT2UPFE BT RPN EAT FRFRE
E QR LS FARERET L 2 (RN
5 6L) > BT 48 | PF2 E5k o

3.7 @ ER I THRITHP N pt&#ﬂ?wi*' SRR
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2.EMEBRBERA A6 BFRERIE LR BRIERRE
PIEfe- BRRRPIE - - BERRPIBHEY - Biasesicitf
Boal e ERRREERERPZLE3E - BRPIE » MR
Sl B V- BHRYEBOERARPIRE O GFFTITLLE
FRIEFIHEPIEENZRER - T F - S AT
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WATCH THE EBDGE

FPOWERED BY TEMPTRAR

loud-haset

- L=
. - 'f-

@
T
8 — -—di
@

#5501 #15500
Fihetmed Godew my — Sl ““I . USB Goleway
(Kl #15001) = | (LU R L]
. - I i - I .
L3 -
. | .
: | —— .
a - L ]

- , WIRELESS SENSDRS MONITOR INVENTORY ENVIRONMENT CONDITIONS,
L DETEGT INCIDENTS APIF EEI"IrD EBEI'TS‘TEH GATEWAYS TO THE
— NOTIFEY

e . f/.,-'

o e Ey

Exti R #5100 Exterids Spmsar Raipd
1IJ|.H m“' Temperature Sensors (4 per kil) (Optishat)

B 3.bOzEp m_,}_}i,?]%&;%
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(Z)F b g Rl R ARG IREERRPIE R+ R FRPIE PR
BORIE fcipiedf M2 APMofe® o H e SR RIE LT R 3.6

Light Sensor Bracket

Includes leveling scm?vi 66 l

" Jht Senso and u-bolts for mast mounting.

Py Bracket
H Solar Radiation Shield

RS3
r Radiat Pre-assembled
for S-THEs. S5-TMBs.
{ inciudes clamp for

mast mounting.
Full Cross Arm

M-CAA
ar Panel 91.5¢em (36in)
4 For use with Onset tripeds or masts, the full cross

arm assures unobstructed wind measurement.

gE

NDVI Light Sensor Bracket
M-NDVI

Used to mount 2 PAR sensors and
2 solar radiation sensors for making
NDVI measurements. Also requires
M-LEB light sensor bracket

Light Sensor Level
M-LLA
Purchase one for use on any number
of light sensors
Smart Sensor Extension Cables
S-EXT-MOxx
2m,5m, 10m,25m
(16f, 33 M1 821
cable lengths available, Use individually or 4

connected together fo optimize sensor
placement. A weatherproof housing is
required for outdoor connections
(Part# S-EXT-CASEZ2).

Network cable length limited to

100 meters per data logger,

$Z & 9 EREE RE
3.3.1 ? gpaid
v @ (Formaldehyde) » + 3% HCHO > % & ¢ 7 itz 5 = §

'
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=. PPM Technology Ltd - htV-m Download Software (v1.0r30)

| Configure | Download Schedule Settings
I

(|
=2 :
technd:l
Auto - °c nTP Ogy

#tl/-« Download Software

Cibyn Ind.Est., Caernarfon. LL55 2BD
+44(0)1286 676 999
support@ppm-technology.com
www. ppm-technology.com

|C\ickherefor the an-

Please select a port to use.

Clack Eror: |Schedule: |Memory Used:
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FERiTER ( | iy (H
= : mg/m®) = : mg/m%h)
P el | pE "
2 0.016 2 0.021
4 0.016 4 0.020
6 0.022 6 0.027
8 0.016 8 0.020
10 - 10 -
12 - 12 -
14 - 14 -
16 - 16 -
18 - 18 -
20 0.012 20 0.015
22 0.016 22 0.020
24 0.016 24 0.020
28 0.014 28 0.018
32 0.012 32 0.014
36 0.011 36 0.014
40 0.012 40 0.015
44 0.014 44 0.017
48 0.014 48 0.018
EA T B R AREURE
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0.045 |
%
D030 ¢
§ .
*
0015 ** o ‘>¢‘¢~ LR JEPOR *
0.000 S S
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Time(h)
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4 0.063 0.005
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6 0.073 0.008
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