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Abstract

According to the report of the Chinese National Federation of Industries in 2008,
Taiwan's annual luxury yacht orders was ranked the fifth or sixth in the world. Most
of yacht body is made of FRP (Fiberglass Reinforced Plastics), containing mainly the
glass fiber and unsaturated polyester resin (styrene resin). The preparation of the
styrene resin requires the deployment of the accelerator, promoting additives, and
curing agents. The outside-in manufacturing process, a highly manual dependent
operation, is used in the industry for yacht construction, by applying a layer of glass
fiber and then a layer of unsaturated polyester resin until the desired thickness of the
ship body. According to the overseas report, there are several health hazards
associated with FRP processing, including acute irritation on respiratory tract -~ hearing
impairment ~ suppression on central and peripheral neural systems ~ and skin problems
etc.. This study aimed to evaluate the existing and potential boat building related
chemical hazardous exposures and health problems, in order to improve the health

and safety of the industrial process.

Purpose: To conduct health risk assessment and epidemiologic survey on yachat
workers, in order to lay the foundation of health prevention in yachat industry and to

provide information on occupational health and disease prevention.

Methods: (1) The PID (Photo Ionization Detectors) was used to monitor the
concentrations of total volatile organic compounds, (TVOCs) and followed by the
canister sampling in the yacht manufacturing work environment.Near field and far
field model were applied in this study to estimate the workers’ exposure. (2) We try to
apply quantitative structure-activity relationship modeling to assess the asthmatic

hazard index of low molecular chemicals used in FRP process. (3) Questionnaire was



designed and applied to collected demographic data, job contents, occupational
history, and health conditions. (4) Biomarker measurement: Urine and blood sampling,
function measurement, sputum induction, neurobehavioral testing, and color

discrimination testing were planned to collect health outcome parameters.

Results: (1) The results showed the concentration of TVOCs in the resin
injection process was the highest (4.01X104ppb), following the reinforcement process
(2.88x104ppb). Acetone and styrene have the highest concentrations during surface
layering, resin injection process, disassembling, reinforcement and cabin
manufacturing processes. Statistically association was found between Near field and
Far field models’ results and analytical results by linear regression analysis.(2)
According to the information on business website and literatures, there are 118
chemicals used as additives of polyester resin processing. Among the 118 chemicals,
12 without adequate MOL files, one with molecular more than 1000, 105 were put
into quantitative structure-activity relationship modeling. 43 chemicals were predicted
as high risk asthmagens (hazard index greater than 0.5) and most of them are
materials of cross-linking agents and light stabilizers. (3) We collected pre-shift urine
and blood samples of 132 workers in the Friday morning. 43 of the 132 workers are
laminators of FRP process. After adjustment of gender, there were no significant
difference of hemogram, total immunoglobulin E level, and the level of high
sensitivity C-reactive protein, across various working groups. (4) We conducted
second wave of field studies on 45 worker, 23 of them being laminators. Besides of
health outcomes, their exposure to total VOCs on the day of examination and
cumulated working hours of different job contents were assessed and analyzed
simutaneously with health outcomes. Averaged daily TVOCs exposure was associated

negatively associated with short-term memory. Cumulative working hours of



laminating was associated with short-term memory and intension ability. Furthermore,
several health effects were with borderline significance of correlation with laminating,
including color vision, symptoms of respiratory, allergy, and peripheral nerve

diseases.

Conclusions: The PID measurement is applicable to estimate the workers’
occupational exposure in yacht industry.The 43 potential asthmagens identified by the
structure-activity relationship modeling need further studies to evaluate their potential
exposures and health hazards in human. Potential health effects identified in this study,
including neurohehavior ability, color vision, lung function, symptoms of respiratory,

allergy, and peripheral nerve diseases, needs better mornitoring in yachat industry.
Suggestions:

1. Additives are widely used in plastic manufacturing, but rarely have been mentioned
in material safety data sheets. Our study showed that many of them are potential
hazardous, including allergenic. Therefore, we suggest that stuff supply companies

should list the details of additives within material safety data sheets.

3. In this study, we found that 43 chemicals were predicted as high risk asthmagens.
We strongly suggest that the employers should enforce the engineering control for

asthmagens and provide efficient personal protection equipment to workers.

4. We suggest that lung function test should be listed in the health examination in

workers.

Key Words: Yacht, fiber glass reinforced plastics, hazardous chemicals, volatile
organic compounds, concentrations, emission rate, near/far field modela,

epidemiology, lung function
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P S B95 5 B 2 IO R T ﬁﬁg\ ZY B E VR R R
PIFFRPZ LTI 5 KR YRR RS 5 o R R R 7
e o G AT EOTERERER B T IR AR S A L PR [ (S
BRI L E BRI NG RR  [™ [BH ORI (ELRLE e i o
ooy IR I8 P AT A - ST F153 908 vl
fj ™= ATt o 7SR R R RS ST RS PR 1
BRI S IR - R (=T %@gﬁ?fﬂ.ﬂ%@ A AR [ SPPT 1 o A
¥ * (laminator)~ ' FJ5F15T FREE T (qunner)Z25TT T (roller) » FEVET T (jIH [FEAE
(chopper gun) » KfLRGERERIRE T 2 EL A ST (RLEH] > [ Hiafs > b i

FIF R B0 HEEEARR SUR AR TR I A e Wi o S
PR SO IUGRIATRE » ST AR TRV 2 ¢ Sh(styrene) LR R
N o EERE AR 700.22~160.14 ppm > < EEE [][£128.54 ppm > 59F[17.98%
[t~ SR QS BRI E TP FIRE (SO ppm) o FLATREET T f
R0 T SR LA BRI T R R (L E 4R
3]

917 & TPy
R B EERIE R V FRP SRS SR 7T Ry

I T S PR RS AT « 4
ig fib ]ﬁk@ﬁ{ﬁfﬁg‘i‘ —SL‘:FT\T—T—’I@%U—J F[I’ﬁjﬂ NEISA [7[&5[%{



=18 2 — ’l R é‘;ﬁ:l:ll

57— &y @ﬁaﬁz%ﬁ i [ BLESETE (FRP) QIR (=K
RS HF

A A S0 d ¢ LSRR~ e~ L~ RS S A
AR N PSRRI £ 8T ARRERSTE A A [BE
TR~ FRUWSBS S PSR G - AT ) R EEL 'pf;ffiﬁ%‘e\ S L
PGS » B A 7~ TS RIS KT WG
W INSEIEV R34 H 0 twjfl% RS PSR ST R
TR SRR A T SRR BT RRIT (BRI R
FRP (Fiberglass Resinforced Plastics, &1 {~ZLgaai = » #2519} iy 5
% (outside in)> I Jﬂém]a@wfﬂﬂ'mfﬁﬂw e T L?U%ﬁ?%ﬁfrﬁﬁl@oml’
T P £ I R - B
ISR L E A - ﬁﬁﬁf% (07 IR > e P RTIR T F o R -
CRHRES 2 RRERIEE o FRP I 3R M RS B & 55 (Cobalt
Naphtenate) - 71 { 2]} \53E 3 (= Jiif (Methyl Ethyl Ketone Peroxide ; M.E.K.P.O)
[4] -

F R PR R R FRP PR ) K AR (R 4)% 6 B A A

(' 5 ) o = YRehE R TRI= ~ Ui s> 1) ﬁ%ﬁﬁpﬁ%fﬁﬁ?%mﬁ%ﬁ »
AL o (AR e = F’%‘ﬁ%l T Tl R UBTIRGR T - i) Ak
FUSIAN 59 iy o S B RIS 0 R s DRl S RIRH -
A R SRR ISR gt e e B BT
IR RRTIR F R o A R A ) SRR Y ST R
el oot e Iﬁ P PO RS R T A S
AR T ORI PR ] S 2 Sl 2 Se e R S YRR A o

)
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MR R BE AR I @ p oG D APIRRT Y e a8ai o i E]
FIRIBLSY 2 (s BEAIEG L » AR5 Rt o d A e i S LB i
VB YRR NE] S PEIVRRHER T SRR - RS - T S e
B (BRI ST R R AT R VAT AT AR A
PR RS o S PR Py o PESRTR R 4 A
PV Ry e [5] -

AR % (M FRP (Fiberglass Reinforced Plastics,%i r%%%%ﬁ%)ﬁﬂiﬁﬂ/
TR BT RO T A R TS RO
WILEE ' EN e VR L S KR 'f%ﬁ%l?‘ﬁ% TR (RS
RS~ REIRIRRE H 5
It FOEAELE R (B RS ﬁi*%*? G PSS B ff

M o

frfﬂ I/ ?EJI/ HJ 2 VAN !%*J[S«L [

Dry Reinforcement Optional

Fabric Gel Coat
\ Consolidation
Roller ~\

Mould Tool

4 = A



Sealant Tape

*__ ToVacuum

Resin drawn across and through
Pump

reinforcements by vacuum

Vacuum Bag
f Peel Ply and/or Resin

Distribution Fabric

Resin

Reinforcement Stack

Mould Tool

il 5 4 A

- e N O ALY I 1 B W
[ RSB - (SR CRURI PR T R R -
LA ORRED > i P R R S R R R T
TR0 BRI SEUSE < 1) P P 2

[546,7] -

i T BRAR PR (S B2 R I 2V I BRI W] - PR RS
LS SRR B o S A BRSBTS
Ff5i = (Time-activity pattern, TAPW%E‘, T J/ﬁfla%%/. [ [8] « FIH = E
[EARE LS & SIS D eV S CLINE - 2 i T AR TS v
TR BEEFF R 2l IR - ) R -
BRER P I H AR FURN T S5 A TR )0 2 U - e
(P AR VL Pl P SRR - NI B M A BRI R
VR SR BRI - TEERE -

AEF e E PR PR A S S R Y ERe - LR
B |ﬁ[m,ﬂ L/jA \E#ﬁ’ﬁﬁﬁnﬁa%m;& (constant rate and variable rate) + Well-Mixed
Room model * Near field and far field model %7 [9,10] FIJ" |G S5 214 o

FINS Sl SUERE > T Tt (A BB o O gl Bl 2



Pri o RIE (TR B G B Y R T
IR ALY B s WA R T <

ST A SRR YUY O IR (FRP) R

215 1 VA B (somi-custom) ™ W 7 V3P i AL )

~ “¥(one-off) » FRP EFFAVELE &1 i FERA 1At - BUAL (i) Vi

FIV IS o SRR Y 9h 900 W] LU JARBLERYE o BTRULR RS~ gt

AR T PR T T R B R R e T A

S BRI FICTIRE A I PR - e - Y
B RIS SER PRI ) R R - R -

-

Funf

FRP B 7 [P PAE %, o 607 © TGt (fiberglass) ~ 1
(resin) ~ & "&5% T 73'/iﬁ&"J[V,_’_Y’?‘J(additives) 1’PEI [“(catalyst) ~ [ElaEH|(promoter) ~ [E-
1£ 57K (accelerator) ~ EI}EJ [ (plasticizer) ~ [ #K|(~ 25 9 A& K] > UV stabilizer
or photoinhibitor)Z™ o [RERH “4A0 7 ?faﬁFﬂfﬁ [IEILJ B ’J‘ 40~50% > %~ FRP
%!@H'TEUE'JEWE'}’* >y BRSO O RIS 2 i IR

S ERY o

NS

FRP 192 15553 EL 7S >~ 7 ER% {428 (Reinforcement) » = o1l H] (7817
FOFOTLRE o 71 PRI © bl FEE LR (Matrix) » 1]
?{iﬂﬂF,(resm)i’!‘ﬂ[Tﬁ’ﬁF{ e AT (= f/—\l ’

I { “‘?’J’?"T(Reinforcement)Elfﬂﬁﬂ 73 B ?(f@e]é m;{rgﬂ SE LRl J%Efj sl
LRV R IS E (continuous fiber) - iﬁﬂlg |#* glass-reinforced cement gl
P OHIAREGE 10~50mm) T [l SEARIERRERS T FRP JEAAY 20~60% 137 ([EL
2 ‘j”‘{‘\?ggf:]%ﬁ%“i SPEPFERE R SRR g g AT ﬁ%lﬁ
QFI I & FET11,12] - f& '?’4 172 FRP AY 594?%’@5% E-glass(electrical glass;

borosilicate glass) » & JF 1% ﬁlJ TS [*(electrical resistance) » W VEREF A IS | 59T
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lopm - & f9pa> %%m Y[ C-glass (corrosion resistant or alkaline resistant glass)=!
gﬁfﬁjr @l@fgﬁﬁ?&[iﬁiﬁﬁuf Jo R PSR o PIYEEE - #E S-glass(high
strength glass)= folffli = 42 = 2 p[1 o EL 9= [FS FRP flIpy T [ﬁj?@%%%@frpﬂ
AHEZED» FERER I 5 6.5~20um . [13] -
91 {77 (Reinforcement) (A E T RAIFVH 2 > 8 T IRIFVETRE > 2 folil i

SRR R B ) o A FRP I AR [ P T R A

[14,15] - Chopped strand Mat ELAZfHIF 2~/ J—&Fﬁ:@:ﬂlﬁ ;é%“p JFB i
HIvDEri ﬁ%’J(binder)ﬁ’% Fﬁ' fips% o Roving LA - @?ﬁ%ﬁﬁ%%ﬁ%'ﬁj = P[5

FL\ & /é};&/lﬂ J?f‘”%%f'l\%l‘ﬁﬁ\[ Woven rov1ng 15 }I—]?F'rg&%'l%'ﬁ% IWIEI”}"F‘IJ# r \%S\'
Eilﬁ?yf@va &k & o Chopped strand mat [l o~ 2] ELEEAS - P00 IR FRP
F[Jﬁ:;ﬁg#ﬁjrlﬁdj TH fyut Spuj‘ oo Z=EPIEY woven roving T@ﬁ[ﬁl E'JFIJ P

FRP [ R

ﬁlﬁ?”r(Matrlx)jFk i 2 Eli_lj‘*ﬁﬁgzﬂ*r’?@“ Ukﬁlj il lJﬁﬂF[(resm) [16] > &

FIIJ =] Edﬁfﬁﬂﬁ polyester resin, vinylester resin, epoxy resin, = phenolic resin ° j‘f*

BT LR AR 9 S VR U o] S R

(thermosetting temperature) > }H 5 F IE.P"EI NE &?[f'rl} (glass){EisYy i’ E;'.EJ #] FAR IR R

(rubber) » [RIF= s [FEIRRHE < FE EREGR AT (thermosetting resin) » EIH; %55 7 g0+
f f

[17-19]:

Polyester resin £} E’z?&’?[ﬁ/ o™ 1p JWF[ » < 75 B isophthalic polyester resin ==
orthophthalic polyester resin ; isophthalic polyester | ﬂﬁfj BPREEE PSPt
”Eﬁiﬁ,ﬂjﬁ%?'ﬁﬂ??FﬂF;@“ﬁI orthophthalic polyester i > [N isophthalic
polyester % {fi™ K {sk Jt "IV R (Gel coat)ffi '] » [fi] orthophthalic polyester [1[|&"]
H+ FL gt (53 (laminating) Eﬁ o Polyester ffi "] styrene £} iﬁ 4, FEK (reactive
diluents) - styrene w‘l’;"ﬁﬁ‘ﬁ“& | &l JI?E‘% it 20~60% &0 18 IEI[ SRIEF R R

(polymerization) Eﬁ Fropt gpaé‘ [ 7] (peroxide) ?YEI}J FH‘FE[E JETH lﬁl%ﬁéf"[ ™k
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(free-radical chain polymerization) ° Fﬂj,fr%éf"[ T el |7 23R {E[&i_ﬁﬁ TR N
o AR TR Fﬁ[ A pJSi%?[f]F;: polyester resin | §6€ fy 4 <L BT
(thermosetting temperature) o Polyester resin E YA RLETT dibasic or polybasic
organic acid, anhydride, == polyhydric alcohol 3£/~ ﬁF[ [~ (esterification) % 5y > FIIJ
H]fiv dibasic organic acid J[! maleic acid or maleic anhydride > £ 55 =" [* J#'F1=" [H]pY
T BRI FIIR A% T BRI SR Tl YRS (] E,;;F*[ > ke
1201 Polyester resin f1 {5 » A1) VR “HRES ¥ LR 57
B s 1 -

Epoxy resin £Lf'1 bisphenol A= epichlorohydrin ™~ j[f|55 » %] §Eiﬁlfif|!ﬁ\§k ' F
IR ISR [’“‘E?j (o =] o Eepl P Rl =] (hardener) £ 1 % (amine) i [ [I-4 (acid
anhydride) 7 }{‘5]’ IPETEE e ’—‘[ > T%Eﬁ » 21 expoxy resin =R | 2~3:1 pu=FT[
I'I3E L‘I j‘H;"r[l polyester resin =% vinylester resin 7 fr[ G “Ej[ﬁ ’El RGeS J,quﬁjp LA
F{AT 1%) - Epoxy resin [V {&: El!r‘ bR Errféf/‘[’f'r‘ [E(Curing reaction) % » JE“EE'
%Tﬁ%%wEWﬁﬂﬂﬁWﬁ%’ﬂﬁﬁlﬁﬁ@[NP

L‘

Vinylester resin £5— #Ei5d i polyester resin == epoxy resin Elfiﬁfﬂﬁ » Fl1 epoxy
A1 acrylic acid EFfFEE’ ’J:Ef,’?‘/ » I polyester — %ii?fﬁféﬁ? iﬁ‘l@%%ﬁﬂ styrene [ 1> %
FEEEI Iﬁl%ﬂ%ﬁﬁ ~~ E(free-radical chain polymerization)Eﬁ R TR 1%V
SR~ - El%f‘]ﬁ[’%]‘%ﬁ polyester resin ?ﬁiﬁgj » {ELRLF % vinylester resin J?FEIEI'I’
AR SR B V=0 - 2T PEE A polyester resin — BT VIR
o EsEAE o PIFEREREY X polyester resin o {EIRL vinylester resin Eler’,\?&’!ﬁl‘iﬁj‘ﬁ? =9
A AR - &Fk ph PN B2 ANy o B 1 OR[N i o PN
PR AEST -

Phenolic resin §ifisi} #Lffi = [#" FRP J@ﬁﬁﬂﬂi . i[@g’igg'JElfJ’FLWﬂﬁ,j@
F“F”T}f‘ [EEE o o (ELRLE S B S ARGk R, ”j % il IE[[F' HH
BRIt [P BRAT R {0 O R RL I - £ OFTET
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BT bl N ol PO 34" [ (additives) [Pﬂzfpf}ﬂ@ﬁuf? HEENE
BEIRT % - (BRI s & ﬁ‘ﬁ# PR = R A e E ] S
[t A e IR A ﬁfJ’FlE'ijf‘ FRP UiV 53000 - k]
(filler) ~ B {™/](catalyst)~" 5 ﬁ%’](curing agents)ﬁ‘)ﬁ{l [“7%|(hardener) ~ (L&
(accelerator) ~ F V| (pigment) ~ 2 9} AAE LA (ultraviolet stabilizer) ~ [ (fire
retardant) ~ EERPK|(mold releasing agent) ~ 3% 5] (foaming agent) - E"‘?E_:LEJ el
(plasticizer)=~ o (& [“H]H | EA’?T&F[%F’]@VE , ﬁ Tk (= (] E) 0 Ketone
peroxide (J|I MEKP) + cobalt accelerator ﬁ‘/}c Benzoyl peroxide (BP) + amino
acceleratore @lﬁ‘@ﬁ [ p B f“‘/}ﬁ‘Jﬁf’%%Eﬂ‘ phthalate ZfFTEIfJEEJ [l 1o [RL2 5] (accelerator)
= I T SR - HPOPIRTES A F) Cobalt PR » 4 LAY
phthalate FHFVE] [H[f[1 o b~ HIFYRLEH]EL Dimethylanilline » M [FT2V S cobalt
IR+ ORI 5 SRS TR TR A T - 0 08
mjg'ﬁ;liﬁf‘j’ﬁ%%ﬁﬁﬁzy [ o ﬁ‘J [V 2L 9 B R B Benzophenone
benzoates ~ benzotriazole ~ cyanoacryate ~ == hindered amine - %] [“#[}i" 57 i i7E -
— 7215 phthalate % : 7|1 Diallyl phthalate » §J— %% non-phthalate % : ]! triethyl
phosphate + FE1AH= 1[0 |19 F b FR 1078 3 RGBT o o
Silicone stabilizer =* Azodicarbonamide < 5 Fuff|= fol £i— ESTASAUMTEY » B[ sels
I /\?Jﬂ J’Fﬁ PR (RS A ﬁ HIpuiEA#EE kaolin clay (aluminum silicate),
calcium carbonate, == alumina trihydrate ° %(XX)WT BRI Fﬁﬂﬂﬂ(unsaturated
polyester resin) i’ fj= ffl E'JElfJi?J\"\"J[@F?‘JﬁﬁT [22] - ﬁ?ﬁ"{@?ﬂﬁlfﬁﬁﬁﬁﬁ[f?ﬁ”@?‘? EJFE TR
SIS NEFTE [ﬂ FV [ SPP s PR T g — R (S ERRY ST I EL
| ;‘J'EJ%FRP o F' {%Q‘ﬂpﬂr ]EHH;—JF o

B! [ iﬂpﬁjpbu e ’EF?}% T F 7 (ISSC, International ship and offshore
structures congress committee) [*Ef N [HFIARIS Eﬂ?}i"g‘ﬂ G STl 'ITFU’ ffi*' [#* FRP
Wpﬁlﬁpﬁ FIPIET - [23] ngsl FK Y FRP A > A= ] Jé@qfﬁ‘ﬁn FolkL
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F!%m]%%?ﬁ%(glass fiber) » {EI-7E | "D Rl ™ [#h2E4E(Carbon ﬁber){;[&f\_ﬁ IETEI 1
fra8ae (Kevlar fiber ) - [fi Jﬁ?ﬁﬁﬁﬂ 73 iﬁﬁf’l’ﬁlg'ﬁl@ﬂj\ BfIA lﬂ?f?ﬁfﬁ ((unsaturated
polyester resin) » & I%FT' HE T I%i;tﬁﬂﬂﬂ(epoxy resin) ~ 4*¥£LfﬁﬂF[(vmyl ester
resin) P?f[nfﬁﬁ?]‘ﬁ i(phenolic resin) o [F=f * [F5]7] JFFH;FL FUAg S PIET cp}} : PVC

foam ~ PU foam - EG Balsa ~ Plywood * Honeycomb =™ »

A BT EHESCEY FRP (B T A Al %{U;”a@t’rﬁlgqﬁfﬁgﬁ’ @?W‘a
= ISR o PR AR B TR I 1 T fg\kyfwjuﬁ%
o ﬁ‘i:% PRy~ EIRYR -
51= & @"pﬁfﬁiﬁi | Ei’iﬂrcj—ﬁ,

51 " AERETI RS Y YR

RPS;T LSRG - F | RpTH] ~ 7 [ (EPPRT SR YRR -
PR TR %QF[WF[HIFIUF]; e [ﬁ |40~50% » HEFRPEIA 11 & E'ﬁlgr*‘\ ’
PP 2 BIHSF F % C 5
FIP}FH kfE - 25 Cﬁﬂjf UZS%VESEL6.2mmHg © % TSR ﬁmum%ﬁr ’ FJJ;;%LHH
PLo ST a2 A I > Rl ] UEARAL R R -
I"‘%’ZFI‘FFE?E%Elfﬂi%{“HﬁP@*“\" AR LGN E=R A wﬂf@lﬂ ’
PRl MR ES o W Scientific Committee on Health and Environmental Risks
(SCHER)#*2008 5 47 ‘Ak%,ﬁfrf‘egfmw RRESNEI J%‘ | folka sy e~ L
] ~ =P B RIS - & B S = lﬁﬁm = fol EPI A 25
FORGRY > AR 2 RYRPECT] ~ S R R ALY R R L) O 1A
fu B Il f< (saccade  test, visual-suppression, Romberg’s test, and
electronystagmography) ~ S 415 i £Lif{i#(neurobehavioral test) 5 M §i 7. 4 -
B BRSO IOZA, > 5L I O IR [24] - SUBIEPA RIS [ S

VLT ARG 5 G0 S5 ] VB A 47 SR IUNOABL 47 22ppm(25] -
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- A,
FIRER AP o Vainio & Hietanen™ * 719874 [26]51 -
A1 ORI 3 500~800 ppmlHf o T ;g;@p@mgfwfﬁq&o Hayes=™ * #*
1991[27)i% B (I L CHARESIOB HERIRIL © - S0BOTRSELS
e s F'l?'[?fif’—‘,% ‘4’5?653}3@5‘ Tl ;?&Pr-j e [e [P e AT R 0 [ o lF%
O o 5 EA R Bl T E T PR o e R S T g
o PRI - K (AL B (5 ROk popp
SPEHRAIE 2 R W TR SRR - T (o
RS (M120% LR TSR AR H B AT 12 ppmfit R TR )
R g A=~ T Fernandez-Nieto™ * 4 20065 [26]8 <)
(I8 OB T S (W 0 SLBRIOBI I * o R A
hexamethylene diisocyanate and polyester resinsfi iﬂli? =S FA[ | styrenefl Vil [H](R
EAT10~25% T8 » 1 ek T R OEAR G0 AR T BEU > PRI RS -
PR o A F lstyreneEJ!— [ e BV R ﬁmﬁJﬁZﬁ?styrene%ﬁ:ﬁ?‘Sféé 1]

FEVI1 ™ [E22%

?J%%EJFRP [ SRR SRR, » Chmielewski and Renke 57~ #71975[29]
MASHD 1 7 (B[ ILEAR SR © o BT 40 (19% )50 (107 g &
PEHI 5 OT #A30] + %A F[Carmelo. Abbate™ * [3115°2006. § #5429
HFRP™ T+ SEE28% PSS BOTY A B
5?‘?"7'«’ e DT e Z Rl R | PIRERY 5T &~ E32] - 1P @ﬁgﬂlﬁi?’\
SRS AT O 1 BT O I (] R
L= F lﬁﬁ o [RaE25%] ¢ cobalt naphthenate > ﬁﬁﬂﬁ‘]@ﬂ : benzophenones)=" ﬁ £,
BT « BESIRFRPC % LR T 350 R B
BB | AR = (0 b a0 e

FIBSFRP