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Hazard identification of exposure to heated Chinese cooking oils
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Abstract

Having low tobacco smoking,



Chinese women’s lung most

differentiated as adenocarcinoma, has top

cancer,

rate in the world. Epidemiological studies
point to oil smoke from Chinese cook.
Therefore, soybean oil, peanut oil and lard,
the three commomly used cooking oil in
Taiwan, were subject to study. Pollutants
both in gas phase and particulate phase
from heating oil at 250 Cwere collected
by using three methods with several types
of collection media and analyzed by HPLC
and GC-MS
comprehensive identification of chemical

in order to conducting a

species. Among them, the probable
carcinogenic species were examined by
following information in three

toxicological databases, and the cancer
risk under the default exposure scenario
was estimated. Furthermore, Salmonella
bioassay for the condensates from the oil
smoke bubbled water solution was carried
out. A total of 134 chemicals in the classes
of fatty acid, ester, aliphatic alcohol,
aldehyde and long-chain alkane were
identified. The hazardous effect of these
chemicals were examined according to
three toxicological databases, provided
online by U.S. National Library of
Medicine. Among those chemicals in
smoke, only formaldehyde, acetaldehyde
and DEHP were weighed as the suspected
(probable or possible) human carcinogens
and genotoxins, according to the IARC
classification. The yields of formaldehyde,
acetaldehyde and acrolein, respectively,
were 0.150 = 0.025 ppm, 0.767 + 0,196 ppm,
and 0.677 = 0.186 ppm for soybean oil;
0.543 % 0.038 ppm, 2.818 + 0.328 ppm, and
2415 + 0.308 ppm for peanut oil; and

0.141 % 0.022 ppm, 0.690 + 0.127 ppm, and
0.581 + 0.140 ppm for lard. Based on these
yields of both formaldehyde and
acetaldehyde, we use the U.S. EPA derived
cancer slope factors to estimate the
potential cancer risk for women at kitchen,
In a kitchen with the volume of 10.30 to
47.60 m* and air exchange rate of 24.31 o
27.96 per hour, the exposured women with
body weight of 35.7 to 73.3 kg, regularly
taking the contaminated air at the rate of
19L/min for 1.5 hours per day, 350 days
per year, in 30 years, would have the
estimated cancer potency between
8.63x10°® and 5.52x10°%, For most exposure
levels, these estimates would not bhe
significantly higher than the acceptable
cancer risk (10°%). Thus, it is concluded
that the possible carcinogenic hazard due
to Chinese cooking may only partially be
attributable to the formaldehyde and
smoke from

acetaldehyde contained

heating cooking oil alone.

Keyword: lung cancer, cooking oil smoke,
chemical species identification, hazard
identification, risk assessment
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Carbopack Y * Carbopack B »
Carboxen-1003 & 34K - 4k £
% 0.05L/min » 4%y 85/ 5 60
48 AR A 3L BRHHKE
BiEAR—BEEGHR -

HASWZ AR (BB EIGELE &

HALH )

P B FL34 K Akt 4 & (MOUDI™)

ZHERAMBMESGETH SES

(SMPS) ##hz st ez A o34

THEMERKBBEMAFELEZARS

X

1~ % HPLC 547 B (&% GC/MS 547 H )
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BLAE o oA 2ml SALTFH B
—aFE o UREERER— g F
RlE8R 15 44K —R-2 1810045
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MBS B 1.8mL #9432 &4 LR
$ SN ImL FE£ - A4 TAE
B— e 2400 0.45um 2 448
RBBITIRE FHAB  F GCOMS
TH e

4~ BERBHEZRHE - EAHRBMH
HBK 0 8 GC B HE A MS @Rl 4



oo BRI AR MM EEM SR
1l 1000pg/mL P #% d6-benzene
( Ultra Scientific, U.S.A) » ##A1K
HAERAT (40C) EAREE
B % 30mL/min &5 4 SA » 300
CTHE 10 548 - BB LU AL MR
¥ 2z % K EFHE (tap, -140
°C ,10min ) ; B & B K ( 300
C,10min )’ ¥ F N GCEHFLE =
#ig2 (focus,-140°C,10min): %14
B 300°CHMEA GC Z B #E4r
# 47 GC/MS 545 «
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Eaatz eEEEMAER RE &
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BILH K AHANTEE (MOUDI™)
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-5.018~+5.088 g » A B E —th ALK A
hppEHEEHARL OSHERERARNE
S ERELRETY FAENHE -

PhEEEEZHEANWT !
_(Ws-Wsf)- (Ws - Wbf)
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Wsf : R RBHEKHAEE (mg)
Ws ' R EHNREBETF (mg)
Wb : ZaR&KENTEEF (mg)
Ws: 2B EE (mg)
F: #4#4#% (L/min)

T #A% e (min)

2~ #A T K 212 B (Scanning
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ZR-BRELFEFLHOuL FHER A
45 o8 - HRBHELMARNS
{ fluorescence detector )« 447 14 #& PAHs
AR EERF G MERREHEERR
AT ER AR HRESZERAE - K



# & PAH R ERAFRAHEHEF LR -
FHFvPAHs 2 L R AR 2 A F G
& 95% 5 E Mt 4 - 2L i€ PAHs -
ik A A 14 4 PAHs Z 4 B85 5 K
d R E - & K FE B BT
benzo(g,h,i)perylene % 0.9942 2z 5+ K4k
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s > (AR R & A A acenaphthene &
4064 ngmlL  ®F & X &
benzo(b)fluoranthene &5 0.190 ng/mL -
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SRS AR AENTREZ
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1. Eii BT & 2B ATl PTFE B & & XAD-2 &
HE R AREEREIRE - R GC/MS
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. TED L
GC & HP5890 %% - 4& A T4 5 RTX-S

(30m,0.25mm id,0.25 ;2 m coated ) * & #F
BFHRHA i B A0 C 4T 3 odE
B4 10CHRE290C » 4L
290°C189 17 448 SR A4S oéE -
HREFHAFX ) RRFTREA

(splitless injection) * 5 48 Z 14 M % &
# A0 (injector) B A & 300C - &
WA A e A AR A A RA (ultra
high-purity nitrogen) » ik %8 14
L/min * {47 8B (detector) i# 4 Mass 1§
B4R BAE A 300C -

MS 2% HPS971A #1355 » 3k MIF b X

( scan mode ) » {R 8] m/z 35~350 » 3£ 3B 1}
# (solvent delay) 8§25 6 4% ° 4 #f
£ m/z g8 8,4 - 4 B $93k 5 (autointegrate )
A& library search 47 & 4% -

B  REAHK T
A EHDRE AN 0.1
AT A (BB A% 70~100 18
EE) BHREFTARYEASEAGRT
WE ZHHBR T HEERLEE
EETHAH  ETBEHLF (library
search) tb¥ - FIEP A Bfk o R B B4E
BEFziik RBHRATHLHELER
HEAEREERREE RYUT=H
vk s F P

(1)~ B R F b4z Quality i 90
gt AR BRLEHERERE -

(2) BEHFZ ¥ = Quality &% 90
AL @ik Bt AR MRE .

(3)~ B A F b8z Quality fi £ 90
KT {eg A RILHFREHFHLESY
%

2.2-HMP # @R R 322 A GC

B #7124 MS 18R] 545 » GC/MS 045 &

R
B E4E DB-5 (30m x 0.32mm x 1
pm, J&W Scientific, U.S.A ) 3 A g9 7R
B iR AL TOCHE 1 24 BFE
S 6CHREI00C T 2454 K
48 30CHRE 280TC - 129 10 &
8 2R 24 54 - HRIEAZRA
%A 1l AEARSFEA 0B
ok EAURELE20T - RAAH
L5 8 KEA ImL/min o RS

( detector ) i# & Mass AR|#K B A % 280
C .

MS A FasE K - A3 mz
35~350 > 238 188 (solvent delay ) #§ R &
3 448 - A E miz Mtk 0 SHEEEERST
4 Mz 5 miz R AT EE - B8R
#5-21IMP 74 472 K% (base peak ) &5 %
M (m/z) AEXEA97T R 126 B4 4
£ 25 A B 4% € 2§ 45 b ( characteristic ions
m/z) » #] Fl MS ChemStation # % P 2



Extract Ion Chromatograms %4 $& * 4% &8 H
BT AaH 97126 & 192 &4k % > 324
R rgaafgn s T 12 488
BTG MG EER - MR LM E T8
EAATE B 2 EREFHBRE UK
BRI FRERSEEATHETE
BEz o RGEAAMEZRGRN M
Stk AABERNENELERF -

3. $REHBRRERELIHL £
MMz ik ey GOMS o4 BAERA
DB-1 (60m x 0.25mmx 0.25um, J&W
Scientific, US.A) » R# &3 E KIS
37TCHIA 54 REELHEI0CCARE
100°C » BI04 15CHBE220C ' &
#% 24 30°C/min #8 £ 300CHG 1 4548
SR 26 4 ANV HBHARS
R 03 ez BMESR EAURAS
280°C - BRAFAERAGBRAARAGHLA
£ > A#®A 09mL/min - 4R E (detector)
1% 4% Mass A RE + B A 5 2807C -

MS 3% A 45 s 4t 58, (scanmode ) » {73
m/z 35~350 » 34 & $5# 4 (autointegrate )
& library search & 47 & & -

41 B bk #F 7 &7 i NIOSH 5515 # %
2 G BESKRIREFFE -

MIEF IR AFER
KA AR R REEEKE (US.

National Library of Medicine, NLM ) 3% %
ZH TR EAMELTREBARE
(Toxicology Data Network, TOXNET®) - i&
ARV ZEBRERMANRLLRNHEH
B AARESWMELATHEAE  FHE !
e Hazardous Substances Data Bank,

HSDB®
o Integrated Risk Information System, IRIS
e Chemical Carcinogenesis Research
Information System, CCRIS®
3 GCMS L HWBE TR - B~
NERERHE  whE¥RL LR
HEEN - BREPMNREREMENZE
Mo RS =mELTREMLEEEN
MRS hE N RTERE Pl

1. LS R 2 IARC 2 B& 58 >

2. EPA 2 Bk 43R

. ABEYBREILAMEMRELAENREM

B (unit risk ) »

4, ABETHELZ sk THTEHEER

g ’

5. AR FHAAME R

3. Mz ENRRaEREl BREXY
T~ 4R BE A v R A ] R A R 2 A
R4 -

MET PR LERAAKRBEOHEE
LTHRAERRERVAELETHTE
LER Fhs - T EE > LEMBKE
oo 3EHE F F 05 NIOSH ik 2539 - iy
o3 B L) TR GE
0.02L/min ~ £ 4 i 0.03L/min - #d
0.05L/min » =& & 2539 FikEE X
0.01~0.05L/min &9 3EH /A )+ RAMRMKIR
£ BB ARANRESRE S8
mHARE -
TR~ B B ERERS A
0.25ug/sample + 0.31pg/sample &
0.11pg/sample = i F 8 ~ L& ~ AWNEZ
BT RILRBRETH A
2.49ug/sample ~ 3.07ug/sample &
1.09pg/sample °

s P RS B BRI A AE
AHERESUTRIEEFHRETRES

HEEETR - LERAKSHAEN

%

1. BEZMzZME%: RERE Anad
ZBREZ R NBE LA
43m>~19.8m> (1.3 36 1) 2B
AT RE ke s RE 2 aRE
BA— B Z KT B8 ik R 2431
£~27.96 % ' BB 5 A2 Baey
M#AE (Q) = (BEEH) x (R
BRI A AR E ) HUBRERM
10.3m°~47.63m® (& 2.4m) > £ F
24.31~27.96 (R/hr) HEAEE - HE
#f, & 2 250.4 m*/hr~1331.7 m*/hr



2.

MIEPRMAL 2 REEERE T A
IR A £ @ Rz R
BAARXEREEMALE A
HRATERZBEABERBESE
frefPiss a2 £ & £ - R AR
RRWEZ A HREZER
X WRARREAARN - HRAEFN]  ATAFED
AN TZaEELR(G)-12 4
RAKREREITEREAOHE &
s EaRi L2 P RHE
o R EEAL MBS
HeoHRZATESHEIT 2 G0
ARFARE  EMEGHTELME=S
2z # B 14 # (coefficient of variance,
CV) o3l Bibiih 4.57% ~ 64 4
5.28% ~ B #kih 13.70% - JEAT g Y
BEALE BRAEREEEMES
YouagTEA2XREARE TE
SRR RERE (C
pg/m’y
G [1-e?YV)]
C=

Q

B G #Mz 54 % (mghr)
Q: MEZIHBRAE (mhr)
V:EERHK (m*)

t A ESA (hr)

EEHMMIER | AR UF LS
FENHRBERA BRERETRESOHREBNE
e REFE AAF LB
VMG E 1S hiF (Z£458H ) KR
BlzAZM B YL LEeRE &
T rRATERE LA BT LETAN
BN ITERB2YERARRLE
BoEBRANERIGZIAELS
£8 3Kk (415 085) 845350
B HABNSF AL EL %R
B -
RELHAAHNHIZEL L FE 2
EEE, B 19-44 Bz FIE
EHBSS LT BRAEATESA
kol RRG B REHHEREE

( International Commission on

Radiological Protection, ICRP )z g A 2%
#4% {4 (standard values for adults ) 2
BHRBERAGSE 190 (HAEA -
BEHEA) ¥ e bk 1.5 et
BREFEAXEFEBALEESL
171m° » Bt 2 34 R Al sA i 4
BHIZ M FHESTE F A%
(47wl Bp 78 x 365=28470 8 « Lifi~§
RELZBRBAAAME f2dn s
Bz EEENE N EENENTEE
Z¥ZBMALE AAREUELFHAE
HAER R E LR - sbsh o B A
TRERITE i1 BEEEAEAN
ZRHMRTF R R LY
FEE -

A LEBRROREEH B THEBER
e aABRARAGZARBPESE > F R
B EORERY  LHARFEREY
BT TEARERRES - BEAR
(target cancer risk, TR)é #+ K X 4 F :
Cx JRAx EF x
TR ED = CPSi
= BW x AT = 1000
pg/mg
EPC BB TP MERE
(ug/m*)
RA: &8 XHESIRE
(m*/day)
EF : £ &4% (day/year)
ED : £ &#30 (year)
CPSi: BAMZELEREFAEH
# (risk per mg/kg/day )
BW . #¥& (kg)
AT D #4 n % (day)-28470 B

FAMEREEAMN - B ERT
BHERTRROEE - UEBEAERL
Bl EMBZEEERAG AR MR
F AN 10.3m ) i B R (38 £ % 2431
fMr) ARRBELRARERis D EH
T ThZ BB {E e & 5% k2 308 AR
i R2R AR Ny RARE - £+ dreg
HALRREESBRHBER LY R



S MR OSYIEREM LT
M (upper & lower limit of 95% CI) #& f4&
il 0 R 6 ALSASHZ AN -
H—F@ MAREFEEENE
B4 Crystal Ball ( Decisioneering , US.A.) #
MATHR > MRS F A A BERASHR
EETEAHMRHE  BFRHEIMNZS
WohFEREHELRBRAREEZS
SHBAHTHER  AHEBROFTXASE
oA P fritk (0=10,000) 5 LR
1 » F:A (forecast) B &y REM 24 7 >
33 F 8 E 5% (sensitivity analysis) 3t X
EEBAHABAB RO ARHALE - LR
FHERASAF R R Rk 6 A -

MK ERREBROBRRERE
EEhEg APTFEEAEFHRALK
10mL 3% 7% 38 /K &9 [~ B 487 % 35 (impinger) -
pi g & SO mL/min k4 )2 30-35 448 -
PTFE ;B & A # B K E M2 1% 8 B R
MBIk EZ KRR THARS
1-0.001 4& &) — A 5l K5 ik » #R 4% 4T Ames
#em o Uy m > $46 % Salmonella
typhimurium TA 98 % TA 100 « £ E#E 5
TA 98 5 NQNO (4-nitroquinoline-N-oxide )
% 4 positive a3 RE; ¥ H4EH TA 100 8F
NaN; ¥ 1k positive #9418 » prifsb2 4 -
FHBAFETEREBERETRR -

[

* AESR R

2

s 4B 5 18 PR A4S A H1

bz §FERESF

i M A ERAE G
R 056pm~032um~ 018 ym
EHER RERKETENS%-F
&R 2 459 & 3.494 mg/m’ ~ 2.723
mg/m’ ~ 2.987 mg/m’ < (B 1) -

A GHEMR T EREEEHE
B f@ A 1uym~0564m-032m EA7
ARk BERHRETEN899%  HEIR
A4 %A 3.893 mg/m® ~ 9.774 mg/m’ -
2925 mg/m’ » R ¥ 0.56 um ehihE R
ERS HRHRET T 529%-(H 2)-

EREEHEMRETERENES
A RS 056m~032m -~ 0.18
umERER T 898% HF
HE % A 8.184 mym’ ~ 2.914 mg/m®
2367 mg/m’ + £ P 056 pm ehikE g
FR5 GRBREYF 54.0%-(H 3)-

e A RN ERREGEE
RE - BRUAEA B E LB E
ERERS (18465 mym’); sk z

(15.164 mg/m’) 5 #hfr sk B 1% (10.288
mglm3) °

LR A RAREAR] o Rk AT AR
KA 55%~60%2 [ 0 f£ 60 448 6y 3R AR B
2 BERNER £ 60 SHERE
b & 10% ; SRARE B AR R A R
A 22C~26C2 R HRBEF - RELE
BEAZO0NMMEBETEIAHSC

AR Az B B R

Ml A e B BF ) B 0~6 54F >
30~36 448 ~ 54~60 4 BEAT A L 0 ihIR
pd - RS ERENH S 1.631x 10°
count/cm® ~ 1.608x 10* count / cm® -
1.520x 10%count/cm® » My £.8 A&
#40124m~0.19m~020gm - 34
B E BN RN MBE
RAFERHES (B4)-

LA R R B 0~6 44F
30~36 448 ~ 54~60 443050 £ A &Y MIE
o RSB BIRESHA 9.170x 10°
count / cm’+9.161x 10° count / cm® - 8,940

x 100 count/em’ » HEMHEGH ALY E



025um-~026um~027 ym- kML
B urf] 60 4587 hIEE MR
A BHBILR I RBIATRES K
EhoB iRl in REEAEB X HHE
REE ey % (BS5)-

b o MEFR S 0~6 548-30-36
748 ~ 54~60 S 4ReE AT E & oh i E Rk
BEEHBRAESHS 1.194x 10* count /
cm’ ~ 9.883x 10° count / cm® ~ 9.154x 10°
count/cm’ » HAMAB AL M A 021
m~0264m-029gme THBALE
B ey 38 he i B AR A ML TR A IS
#HAEY (B6)-

ALY R R e o B 0~6 548 -
30~36 48 &, S4~60 4885 S lrdibie
WP GHAGA=HZ R MALRRE
e BT RA E 0~6 A
30~36 4488F LA IEMA eI B %
bl § ~ M AR ' EL B b ) | {24 o B
54~60 44814 > A Bfo g IERE 2
BERARESHAELEAL RESHE
BrELE (B7-B9)-

iRz RS EFRCAHAEER
Ang & A& (toxic equivalency
concentration )

&3 PAHs £ = #88 A i 2P F
HRZLEXRHE -
benz(a)anthracene (BaA) i3 b8 %%
kg Tt F 5 103010/ -
chrysene (Chr) fEibdisd ~ JE4 0 ~ #3d
MEE 4%l A 0.059 yg/g » 0.057 glg > 0.215

rg/g e
benzo(b)fluoranthene (BbFL) f&#bHr s

10

BB A 0164 1 g/g 0 0599 ng/g -
anthracene (Ant) A # b HIEsEER S -
50346 ng/g -

benzo{k)fluoranthene ( BKFL) 4 § it ids)®
B R B 0264 pglor Rk Bk
5 0.070 12 g/g B itk b & 0.052 1 /g -
benzo(a)pyrene (BaP) feit 4 ihibiEay iR
BB 0273 uge £RAWHbey 0.18] »
glg e 0.097 pglg -
dibenz(a,h)anthrene (DBA) & 343 ~ 3t
AhBer e ER 5% A 0.833 g/
0.157 g gfe -

&1 B4R R 248 F PAHs
ZHEMRERE - £ 4 EPA R Z @A K
Pt PAHs #4448 § B F (toxic
equivalency factors » TEFs) &F#4™ » +t
¥ 464 b2 fdke F PAHs g9 $ 141
ERE - BRARHRETHE TEFs » v d i
WbiE PAHs M EREARE - 254
EPA (1984 ) # Niabet and Lagoy ( 1992)
2 TEFs pi45 2 PAHs M4 ERE - )
BaAf % RARRK EFL54
Chu and Chen (1984 ) : Clemens (1986 ) -
Thorslund (1990 ) = TEFs frif a4 && 3 8]
EUEESLEE % > HhRE -

{2 t#& PAH 8943 » £ TH A
GC/MS 7% #7 8% » PAHs £ 3548 & £ 4 F &
RITERLTETER BN L4 ERY
MR AERM TR EmAS  mAHH
Atk d R -

fue E A a8 b4 2 GC/MS 4547
- ZAEFESH RS HIE T

P& = A7 R,

NIOSH # 3% 5515 pris R 2 4 £ 4%



% PTFE B # A XAD-2 AR E S M -
EETERXTTHA PIFERAKEIRKEE
BForERS RAMETHRE LY
KM XAD2 2 ERELE G TERE
S UEFHRFEEER I AN Y
BE - FZUFTEHMRAEL  BE LY
AEEIS32 548 mBRME L2
A HRGBT(~25 588 -

PTFE A&k ek b » HEL N
49 HILEME - AP — LB REHY
RKeERHE$ » X E0iziMEE (palmitic
acid) ~ A #HEE (linoleic acid ) ~ R 5 &k

(stearic acid ) ¥ B5 AV B R L &51bdrim B BL
% B P 85(9,12-octadecadienoic acid, methyl
ester ) » My — b AR GDIQHE ~ BRHR - & - B
LEALAFRE BT HR A TRHER
Boobth RARNEH RS PAHs - # 4
bz amBkA T ER I ENE

{ Naphthalene, Nap ) -

ZHEh R RIE P ATER N
Mt dmELT LSRR S TR
HER)  HYRFHRE-MbS 2
1= &y i 6,9-heptadecadiene ~
tetradecanal ~ 7 8L « ZRHEE - LA
1,2-benzenedicarboxylic acid,
bis(2-ethylhexyl) ester ¥4 % : 5 & ¥ @M
HEFGFLRARSEOL T « IFFE
RAAFEhGEEFIILEHE Ko F
EEEF BRAL GBI LEIR R
wAR Y

FEl% PTFE R & 2% % » XAD-2 #
HERTTEMS T ERBGCEHE
S REZHHARBBLRRREAHORFY
E NGB P EE S 69 M4k
H-AvBHeERiuhish kittiet
%A MELER - 6.4% 2,4-decadienal ~
3-dodecen-1-al ~ 2-decenal A& nonanal ¥ -
AT Sk e b Rz KA - AR
£ XAD-2 31 448 42 88 i b 18 b o 40 B W
d3 - AN PTFE B &Ei BT &R -
PRl ik — b H Ak 69 I8 B2 o - XAD-2 4,
TR EHRENBEPIREDHMEEN
#ag BAbS4h - FBBIE - UATHE
48 - BB X -

11

L Z k2R T LAY
RO HM GBSO R nsEaYy
B EOHRE - GBRYE 0 BB RER
R RER—RHOER - =B+ R
i e B AN 0 A RAB B A
RS -Ex80k:

Fo bt 0y )8 8 (6-dodecene -~ tetradecane ~
pentadecane - hexadecane -
6,9-heptadecadiene B 8-heptadecene )~ &5
# 658 %A ( 2-octenal * nonanal ~ 2-nonenal -
decanal ~ 2-decenal ~ undecanal -
2,4-decadienal ~ 3-dodecen-1-al ~ dodecanal ~
tridecanal } B — a3 %

( 1,2-benzenedicarboxylic acid,
butyl-phenylmethyl ester -
1,2-benzenedicarboxylic acid,
bis(2-ethylhexyl) ester ) -
tdh B AL A kiR ¢ 38 BHT

( butylated hydroxy toluene ) » % —# % A
o3 AL -

NIOSH i 2539 48 @ A+ —#
B BB B - BEHE R L 2T
Fe T furfural 2 44 L ARMESHA I R THE
( Isobutyraldehyde } ~ B /% &
(Isovaleraldehyde ) & AR 2]z b » H 4k
ABBEEHENEBS2ZHET T
B LB MBS RMREE - TR
( butyraldehyde ) - &=, 7 B¢
( crotonaldehyde ) ~ s% & ( valeraldehyde) ~
B (hexanal ) ~ & (heptanal ) - {2 % >
A REEREN T ¥ ARE 2 2-HMP 47
ARMEBERT R TR BN LEBR
Bt REHBARTHEA - bhdRN A
TREIZAHEN  RIWOANBELELAELE
o BiBHEELSBAMAlaE R85
HoEERALAE - FHEELH
Rz ELTHE LY Z BB TR
£ o

LA S R B R Y B AT 4R
W TURBEEER TS TER N EFH
WE - SHEE L eH IS BB
BE RS STHALEY Kbt sEd
4 4o — 2L BE BF % 8% ( 1-pentanol -
1-octen-3-0] ~ 1-hexanol, 2-ethyl ) ~ B5 A% ¥ 5%



(2,4-heptadienal - 2-heptenal & A7 3 2 7%
& ~ 788 - /&8 ~nonanal & 2,4-decadienal )
£E - MBFHETE PTFE B & - XAD-2
BMEZMAL ERBEMEREIRAL
ETHESHBOHFEHEDT  mIZATAE
S E - BB PERBERE LY
$b e

LHBMETIREET L > REMSA
ArxsyiEvET AR ioits o ®
T 48 & B i B i 2 P 2 dihydro-2
(3H)-furanone* A AR ELLH FPHEEZ
2-octene ¥+ —# L R4 sh Kipinit 5 R
FHRAAGER RS Z BT -

Po gt 7 B 3RAK - #T SR AT A iR P AL

L3 F =T

AIEBZRREEENTT(ARBEE
XAD-2 & K& ~ PTFE R &) #R B &
HIEPAHECHEBZHAERHRLL - KA
EaFEADHATR - hBZFA A
BREDBZETER  FRAKREH X
Btk a TR BB RTR AR
M ~ XAD-2 & £ & PTFE B &A71%
25 BARABNEIFZE  BRERKRS
— BB E  ABRAN BEMEEE
HEB s (C4~Cl2) &84 » XAD-2
BHMERELS T A ERUAE
(C7~C18) - PTFE & 5 £X 10 484 2 L
ahEtss (C10~Cl8) B x  MmIsH ~ B4
BREIEE Mg S H B AY -

o o+ X kAR ] AL E R B 4
AN EEENR LR LRAERRAGTH
Bt o m KBRS Y K S 0H 5 XAD-2 48
Lo-RAiELdhhETEERS  BA TR
mEvEiadsEns  mibddkdal
BRAEMD  SMHEBRFEBRHEEREHEEL
ETHZHEERARERENTTRY
% MERRERHEAESRR © A%
— b AR E e E AR ACH
( 2-ethyl furan ~ 2-pentyl furan + 2-octyl
furan) EH e E - WEZHHALTRE
HHEhBERFENE ¢ -

12

HMEVILEhET L EER

FE 7% GC/MS 4 % o 130 3104
BRF BT HESKT LY EF
S50 LGP EMEARETHES &
EF 46 HILEMEABREN REENR
AR FHEAARE -

(4 BCEEILED T2 ERETHE
SR - BB BERBES R T v (JARC)
2RA HMEXZHBRTBENARBRES
& 1,3 B JE 4 458 2A (probable human
carcinogen) #) ¥ 8 » 448 2B (possible
human carcinogen) #) .8 » AR
1,2-benzenedicarboxylic acid,
bis(2-ethylhexyl) ester ( 3].& DEHP ) :; ¥ =
# 4 USEPA 9 BB M 42 5B 7 B

( probable human carcinogen) @ P& 4
Bl: Z. &8 % DEHP % B2 - #8444 IARC 48
A48 3+ (notclassifiable) Z L% 4o
A &L - B 88 - hexanedioic acid, dioctyl
ester{ %] & DEHA ) 1,2-benzenedicarboxylic
acid, butyl- phenylmethyl ester % + 4& EPA
Bk 4 #8.% C (possible human
carcinogen ) * M AB AT AL PAHs T4 %

(naphthalene) 778 #ob#d - £ H b1t
EihtE DIBANASBEIEARET &8
MER -

4 USEPA iRt 64 IRIS T B+ -
Fe T8 ARS8t B aiEEMA
B R B ERRAIERTREEYE
Hile ok 41 A7 FTRRRILBZRAN
B4 R A 450 B 1.3x 107 per ug/m® &
22x 10%perug/m® » MA@ L EE 2
RTRER 0 RBREZEZATZREES
% % 8.0x 107 ug/m® & 5.0x 107 ug/m’
DEHP st B ABRB B - R AR
BEEARAN REMBETRERABRA
MAEMRRAER PIRAME - 2L
USEPA #4548 C-D R A RR MBI
A Loy B A2 e -

R4FNRPBELHZLPHEL
HSDB®E# A v mey AR EHE
Heo-FEAAREDNABEAEEEE

(cross-link) 4 7 B AR R RBH -



LEAENFSENGERERTEANILER
B B DNARSRSGH - Lo
Wik Ek HESMN  MEENR
HEAERLESR - ANBA-LENAR
REBBTIAGHEE - CifgR
DNA S ESBENA T AR HENHEE
4 ( DNA adducts ) «

S ALY P8 Lol P
3-octanone A& 2-butanone % 8540 H 8 2K
LS ARESMTIRAGHOER 2
WEHBARTAREBN AHBBBE -
1,2-benzenedicarboxylic acid A& B4 &
MM RS FREMAREARE -
BAHRERHBEYE - M
2-(1,1-dimethylethyl)-1,4-benzenedio! R] &
JR1E ~ ¥4 DNA » 6% DNA s28k4h - &
Bkt EH BB TR SR ES
G RS ST - R
% RN - L 4der HSDBY L H & ¢
oMz ABELTR-

CCRIS®F # M ri 832 2 F 12 R 557
RHEEXETH AN RAEMN - RS
T~ R R PR AR L - R 42 P
T PEEZBEMBBRERAH THELIR
i -4EEHRBN - L8R DEHP 23
BUVRBGHEERI AL 2R 104 B
HERELEE - R T X BEEER
3 EREHARMNELR— ABHE
Rz EEHRSARABEANEHZERY -
LAHREPHERIAS;  HRPELGHEEX
B AREEAER (39 :31) 5 Hipdh
HAFPELHEERHERABAINHHER
o — b B TR - TH - ORER
W BALEMIHEES  KBRA
HAesmyai )l #MmAEAESZHEHE
Bit— PR ARTEEM -

1% RE 5 M B e ) B M 2 % W A A
HigV o BB BHT £
MR 2 R ER (n=6) Hépthigx
RBEBYESETHERRET - miphRe
Bz ESA RN AUBHT 5% &
EHAE S BN ZH R LT 2648 &
HLERBEER AT S € ERNL
thintEr s Ml ks P2 st 0 BRAHKH
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BB EAFLAREY - A CCRIS®E
HEFALEHEehEY  FHENGB
4 9-octadecenoic acid, methyl ester ( 1985
F)BFN ABMEZTREN 1992 £
BHERER -

WIE P PRILERAME NS E

EEZHERRHE PRI RED
2S5 R PuieAdmETaRigEER
BoPBM L8 FHERAESE TN E 0543
ppm ~ 2.818 ppm ~ 2415 ppm ; R HE &V
bz ale - £ FeHRA 0150 ppm -~ T8
0.767 ppm ~ A 8% 0.677 ppm » 5 693K
K &6 935 P8 0.14] ppm- L8 0.690
ppm ~ F5EE 0.581 ppm - £ = HH B A
o SRR LEGRERS (0.690~2.818
ppm ) AMHESeh R E w4 (0.581~2.415
ppm): PREBREAZHHETEYAEESE
#h 85 4R (0.141~0.543 ppm ) - BEEAMR A 2 4%
BERESARBEABRTEZ 10%  #AF
Bz EBEL -

Bz 45

ot RN E P A 0 BRI Pk
AXEsHARE  ALERRITEEHEK
Efwk 6 AREARBERET &7
HEHHELEETER LB ZBE AR
RER - AREAEERET (rBH4L
ARERE BELATREISRET) =
HhLmEPPHACRSHEEI RS
BB Bt e 5.52¢10% ~ i ed
1.54x10°% & b ey 1.65x10° » Fax An+T
B %z ed #EAMRE (105U.S EPA)
e B PHGRERRT 0 ZHBEZE
BRI N 3] B it A sy 1.32x10° ~ i
e 3.60x107 ~ by 3.30x107 5 it 4
AT 10° . ERNEFEEBKAT =48
MIEZ A ERRE S IR TESHRRE
i SR EEE Rz 4335107 ~ sk
1.18x107 ~ s 2 8.63x10°% - 2 ihie &
2 PRERLEISINRE  RIERIL LN
BERBORESRT  FRACLSKESH
A 228x10°324x10° 2 BB AR - £



BEFEATEAHTHREAERH -

ASERI0ABEAEEFT R R
HE2RBER - A2 8% ugg
A bhIER T FHARLE Y BEAR{E
BR ERASHBARRERHEZRE -
Rz RETHATES-ESOREIEH
R ¥ 5] By R 4 2.41x107 -
4.01x107~6.51x107 » 1t 4 sh &b 8.89x107 -
1.46x10% ~ 2.40x10° + £3589 2.16x107
3.63x107~6.11x107 - b U B B 4 b
BB ARARS  ARKRSH AL
GRBTHLTZHERERREA REE
P BLEE O B 2 B0 AR RO 4R B B %
B0 B4 - BI~12F7248F
HETHER L UNBRBR2EX T
BAUSEABEOBHK > Q5B EE
6y 60% » MR Fr R eI B E &4
30% Rk ERERAEZRBBEL
REELE - AHEAARRRESAZBR
Heuy -

MIEABERRYZ B ERIRTELER

ok 11 PR S48 (i~ fL4
o Bl ) Z i - R R impinger JH
£.48 M 49 KRR R SRR B M B K
X HEBEATRAHRERTN -
BRASIHBERUTARE-UERE 12
HiEH R EARHNIRIGE G ~ negative
control A MEA Kehin SR L REFE D
3 fo o

9 - BHEREEF

AMEAEITZHRRBFEAEIE LS
BB BREZEARE  ABETHRE
B FEHE2TH BRTEAEHZ
FMRESh ) AR EaRAZRE
EEEy o« HREBANIFHBEET  ThHA
PE VT RICRMEGLA BEARE
EXzHRPEGHREARRGTR
BT RAOETHER -

I T AT S fEle BN e
WL =R TR ER #5130
BEEXEALRHERETHETHR

ERbEREABBLEHIATELRER
R BRETHHYE  BATEFES &
HERBEF - AARBUZMTE %
KT EH-RERAHBITHRIHER 2
HH—LEMERRER LAY GRS T
R OB EKR - RMmA T EE
WEREPILEHTAAEN 4
WHFASHEME— SR -
Henderson % A 84 250°C Ao 2k 25 Bf b &5
REBL A NEE > BRM DAL — b
BEMAME - AP ERHBIHAER
B OB BBE -2 B ~ 2, 4-decadienal ~
2-pentyl furan - butyl benzene ¥4 B #F % 8535
HED BRRKEBRANDRABEL
LU 88 L R EBEE
ma f.8 9% (alkoxyradical)» Hdy—
BREHREMAR - L BMEH T B AH
RZEBEERIRME 0 — K AT
FERA D PARtafolshrEs e BRL - A
MR h & PSR SARS AES
HHNEER TSRz Mg ML
g B — SR M MaREA ReE
EEX -
HRATEEETHREEZLEZHHE
BYBEHAR PAHs » LERH R Y » BH W
HREFIOERANRE RS BEY  $
AP L8 SHE-EMNTEESY
HAESH - M T — B Emux R
B o 4w AT AR 0 AFT AR M AE T
BN OMERE  BAMMFRER-R
aER - ENMM LARE 0 KX %A
RzRmERBEREREN L FARRER
Bl » {2 HmibdEit 0 AR B T
MEAARZIER BT HAAEERE
o REEd RS ERREZ 2-HMP £ 4
BRR e AR EGEED T
Fl7 R TREER = LB EHMU
& —H - s » NIOSH # & 2539

LIS UL I EX T PR TN 5 1

SHzZAEEL M- FTHEETITFTER
‘gg%‘iﬂﬁﬁb'—iﬁﬁg ¢

AREHPAHs S 4248 % I T HE
T EGI Nap 2 4h » R4 FHEASANET
% #ey PAHs A R itk mig &)



EREmE PAHs ey ETiABHBI MRS
4% - NIOSH #:: 5515 s X E AR
H$BHESH 17 % B2 PAHs - & X BT
PAHs # » B ¥ 42 XAD-2 Bt B #8
PTFE Bt TR EI S EER L £§
FHAERBYE  c MNEBELERPREMN
#3R% ¥4 PAHs » T A & # PAHs
FHUBRD TR HBAIFRE - R EE
ZAATEAGSEREME > UEHKE
#& 48 & 4718, (High Performance Liquid
Chromatography, HPLC ) :£ 47 & ¥ PAHs =
oW BRI EATHAPAHS REH L
Song/m® s F™ S @ Li % Adup b i id &
1% + 2143 69.4 ng/m’ z BaP & 758.8 ng/m’
2 DBA® . kiR B AR R Z IR
+ > a4 NIOSH # 3 5515 st F ik
184 (0.3~0.5 pg/sample ) » #IEH &
AR ZHIEE L BRJRERSWHESFT
PAHs Tt A E M EMR H T - ER A
MIE Y2 PAHs RE R E A AT E41¥
EEASRAMRE —HBSZ RSN
# ik« NIOSH # 3k 5515 %% PAHs £ %
Ve EE38 (eg. 3~150 pg/m’ BaP) # % :&
A 328N AR R FER AR
%2

VOCs 247 89 #4% 54 5% NIOSH %
2549 B47 » I T o4 1R LS L5 IE 2L
o R P RE R ES - TR
BEHARERE A TER L RG4S
iR AmEsTEh Tz
BE » MFHFEDTHERE AR
B B S RBRMB BN E LR
SL¥EA -

ShIEPAE T 4 i SihiEaiaE %
BREFAHZ LM BEEBHERLAR
Fraedn A PAFRER  BRE
SRR R R SRR RES—
;]\:‘}p,;} a

IARC % BB EHE $ R L2hHE
ZHREMEATHE R PABDHTRI G
BEAoBRERE ERABTEEES
RzBBEEXAMZETHE  78A2A
A$5 3% ¥ ( probable human carcinogen ) »
AARGBERERZILEHBTERT

BEEMEE - MEABRTDAAARZIE
FEBLABHTRARATBERT - £
AESHTRAASERALE — it b
RAtE B 2B ASMES Y (possible
human carcinogen) » AH RE LM ¥ 2
Zi % DEHP % B 70 ebff - EAhiE P&
ERzhedhie AEANERETRZ3
#8 (not classifiable) H A B P RIER 2
g .

US.EPA #iL2# K rr i T 8B 1%
435 (weight of evidence )} #£3i# IARC -
A P& JARC 314 2A ik EPA 5% %
Bl 2 ASREEY  — A X ER¥K 5
EABRY QBREEEER - 2F LANHS
HRB G- L8 A DEHP 8] % B2 2 A %5
BES BAATZIEHBTXREMN 24
ABRF BREHERIABGAZER - £ib
EPA 48 B1 2 B2 5f 4 8 "TRARERE
4" ( probable human carcinogen )« % #M 5%
{5t ABEE A& 4 (possible human carcinogen )
HMEPASBECH HTABEAHBRE
ERABHTRARNERAERZ A 4&W
BrELERETENCHE2IhMEOIE B
&L ~ & 58 - hexanedioic acid, dioctyl
ester » 1,2-benzenedicarboxylic acid, butyl-
phenylmethyl ester * naphthalene » {2 & i¥ &
g IARC OB P BN R IR 8y
SRS o REVEMES  — A BRBEEN
MEHEHELEEEEZFE  HRE
KRB IHOMETTFERALCEEE
tE 494 #& + 4o t-butyl hydro-quinone
(TBHQ) ~ 1,2-benzenedicarboxylic acid &
benzyl alcohol ¥ 4 & -

IRIS &M & + 2 B 4d B 2 R T
AUEABEHTHEZBRERRARAE
TEEHEBEEFRAME - A MIBEUR
NAEREXZRERE > RAAREERY
EBANAAMZEN  — L HEp
DEHP » DEHA s #i st i B R BAE M 26
RREERLEIEZHRA RRAETTR
ReimAtz “BEaRE” & “EAT
FHEEM O B Fitwaghk
B2 BERBREFRFHA -

HEPRELIMERRERIES



EHEALHEEAREN X 0H4L
BhE 2 RERETHL - THFR—%
RRBURB Y hiE oMo ¥

( Benzene ) #j benzyl acetate -
1,2-benzenedicarboxylic acid - benzaldehyde
FEAXRR2 LG ELpMER A
EHMARE ) BRABEZATRHF
ER— Sy EETRERE A Ao RE
%o M Ak B4k g (furan ) ~ & (phenol )
¥ BB M th dhr 48 6145 2-ethyl furan
2-pentyl furan ~ 2-octyl furan ~ dihydro-
2(3H)-furanone A benzenemethanol ~
2-(1,1-dimethylethyl)- 1,4-benzenediol % 4%
R FTREHEERLICAHRE -

T RBERAGREARTEETDE
EHBZ WREEHERARLDHETSE
BATHREEJMENHEMARSKEZIOLRS
HE A BEAEMZETN —FAENE
ABZEBRATERL » THRERAMBMS
AR - tboh HEOMHETRETHAL
HOSERTURER  BETHRAESE
PHESARBAHRBEAEN  m—2AYy
FRBAEFLERENRER LN HER
MBRHBRALE - BRABEMRE
FHFEZEBREFRFEFTET » BB
B4 PRATH2 PAHs ABEHTHE
BEMGEZS BAEARITEHRE
i -

H - AR

AARN MRS TEEE 130 424
Ief it X2 IR LE1LY
BEAN Y5 BE -~ Baliakst - R— S e0g
HihE - BhELTHRGLHHER - B
FE F& - ZEE DEHP ¥ 5814 &8
Vet E c EEHHTREEmEESE
BT R eh R - R IR BE
M5 PAHs Tt B &4 8 A& RiEE &
IS RUELRE Lo E 1 S RN
HERE X FEEBBRTPRRALBAE
HREERE  EAHBESHTELZIRE

16

B (10%) AR ELE > BRER
AERGGAA RREMARIREAET
REE R -
RAMEAIRZEIEE LG4 RD
BEEFHS  XHEFX - B
A~ XENARRMETRA S ES LA
BHEAREER S AT AL E L
BUEBRGRTHRBREL B M iwE
KR ABRRTHRER - 22 EFRY
HEHAABZASERY  TREAH2
FRTMA R ZREHKIE A4 KE 1
L% A ER 2 HBREREEDE
HNEEAEOTRYE  DRESABE
FEENHBERNF LR -BITETS -

7N~ BER
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1 ®ABRBEMM Y PAHs iR A

N PAHs $+:48 % & (ng/m’)
BiEREE T THAK b & & b . %
EPA (1984) 31.711 5.271 9.801
Chu and Chen (1984 ) 10.619 2.839 2.226
Clemens (1986 ) 17.810 6.280 3.893
Thorslund ( 1990) 17.348 3.330 2.494
Nisbet and Lagoy (1992) 15.500 2.328 2.554

*PAHs BMAHERE (ng/m”) = ) HRBEZERFEPAHSEE (ng/m’)x SHRMEAALEERT

"% # 2 : Chemosphere 1996, 32: 639-648 144
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&2 BB-2HMP st 2 BB R PR BE TR

2-HMP #1744 B R

BEELER (L5 0 -8)

S GC/MS W #% G i on
R -y Rty min waw Ak b

Formaldehyde C7H|3NO 97 126,127* 3.820 + + +
Acetaldehyde CsHsNO 126 140,141* 8.710 + + +
Propionaldehyde CoH7NO 126 154,155*% 10.060 + - -
Acrolein CoHsNO 126 152,153* 9818 + + +
Butyraldehyde CioHisNO 126 168,169* 11.082 + + +
Isobutyraldehyde CyoH;sNO 126 168,169* - - - -
Crotonaldehyde CioHysNO 126 166,167+ 11.450 + + +
Valeraldehyde CuHz;NO 126 182,183* 11.879 + + +
Isovaleraldehyde CnHNO 126 182,183* - - - -
Hexanal Ci2HxNO 126 196,197* 12.564 + + +
Heptanal Ci3HzsNO 126 210,211* 13.156 + + +
Furfural CiHsNO; 192 95,163,193* - - - -

* molecularion : 38 HEF= 4 FEETH:

22

H
t
3
3



3 FRAHBZHBRZMBRENEREZ BHEELHER

BHILS Y
GC/MS 5 & @A™

e 218 g R iR Bl
heptane 0.07 68.61 42.12
2-octene 9.96
octane 13.41 24.83 37.38
3,4-octadiene, 7-methyl- 42.93
1,5-cyclodecadiene 1.79
spiro[4,5]decane 4.62
cyclodecene 78.10 20.13
undecane 0.33 2.08 1.89
3,9-dodecadiene 4.62

*REEHHZRBEGHE/ AIRLR EHR

** OABKEER PR (D6-Benzene,1000pg/mL) R E B BN E A A 214 (p-terphenyl40pg/mL) ; R GHH AL G RHZNERE
A8 FRXREERBESEGRE MR eE -
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]R3
BEAH (%)

GC/MS R R @itk
. ~ — - a - >
AF&&& 7 i B
XAD-2 PTFE XAD-2 PTFE XAD-2 PTFE
MRME  ame  ome  PRET Lun mw MRMT N
3-ethyl-5-methyl-1-propyl-
6.41
cyclohexene

6-dodecene 31.89 8.65 14.96
1-isobutyl-2,5-dimethyl cyclohexane 35.93
dodecane 4.47 13.10 8.33
tetradecane 3.29 21.34 549 8.05 4.84 18.16
cyclopentane, decyl- 26.98
cyclopentadecane 57.87
pentadecane 9.41 5.94 7.60 11.30 53.17 0.88
7-hexadecyne 6.41
cyclopentane,undecyl- 6.11 6.94
3-hexadecene 7.73 3.74
pentadecane, 2-methyl- 4.17
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fx3
ERiLEYH (K)

GC/MS R B @k th

XAD-2 PTFE XAD-2 PTFE XAD-2 PTFE
1 A 2 -
RIMT  ame  mw MRMT Gay gw BRME Y Gk

hexadecane 491 3.07 9.54 2.38 69.46
6,9-heptadecadiene 27.68 0.66 15.36 0.44 6.67 0.64
8-heptadecene 8.14 6.86 11.22 1.23
heptadecane 8.29 1.07
9-octadecyne 17.28
7,11,15-trimethyl-3-methylene-

hexadeca-1,6,10,14-tetraene 1.74 313 0.52
9-eicosyne 0.45
heptadecane,2,6,10,14- tetramethyl- 5.20
2,6,10,14,18,22-tetracosahexaene 2.30
cyclopentane, heneicosyl- 3.52
2,6,10,14,18,22-tetracosahexaene, 0.53

2,6,10,15,19,23-hexamethyl-
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&3

EEBb Y
GC/MS BB & 7k ik
L% 416 b ¥ioY- Bl
XAD-2 XAD-2 PTFE XAD-2 PTFE
) : -
Ty AREE gme  oam UMY gas aw
benzene, 1-ethenyl-3-ethyl 22.36
benezene,l-ethenyl-3-ethyl
mixt. With 1- ethenyl-
4-e¢thylbenzene 12.08 70.00
and P-ethyl styrene)
benzene, 1,3,5-triethyl 11.93 6.14
benzene, butyl- 2.24 11.63
BHT (butylated hydroxy
toluene) 12.08
benzene, 1,3-bis(1,1-dimethyl- 16.70 534

ethyl-)




H&3

L2l
GC/MS B oo #k th

224 iR id i R B i
prop-2-en-1-ol 4.2]
propanol 2.62
1-butanol 5.00 18.94
1-penten-3-ol 19.33 4.00
1-pentanol 63.41 98.15 19.49
1-hexanol 4.08 12.54 _ 2.24
benzenemethanol 13.77
1-hexanol, 2-ethyl 9.70 76.50 9.77
1-heptanol 3.98 16.45 12.86
1-octen-3-ol 28.16 10.26 127.94 14.16 25.39 8.02
1-octanol 7.38 12.43 16.24
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$#a3
B SLA S (4K)

GC/MS B & @ #kte
- — k) - 'a
L 2 15 P B4 b
XAD-2 PTFE XAD-2 PTFE XAD-2 PTFE
REME gme me PEMT gus gk BREMT e gk
1,4-benzenediol, 0.58
2-(1,1-dimethylethyl)- )
1-tertradecanol 3.13
ionol 2 (phenol,2,6-bis(1,1-
dimethylethyl)- 4-ethyl-) 15.50 307
2-hexadecen-1-ol,
3,7,11,15-tetramethyl- 3.07 4.92 113
9,12-octadecadien-1-ol 3.43
1-eicosanol 1.03
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$x3

3R (e
GC/MS R & &@ 8 o
{24 kR e & i ]

2-butenal 20.16

butanal 4.04

butanal, 2-methyl 6.81

2-pentenal 3.26 7.88

pentanal 25.01 146.11 24.65
benzaldehyde 9.19 8.28 3.96

2-hexenal 11.90 27.14

hexanal 100.69 546.53 85.54
2,4-heptadienal 53.39 3.79 215.73 17.44 23.76

2-heptenal 93.85 240.56 16.25 46.43 15.23
heptanal 9.67 46.87 2.39 29.44 427
2-octenal 19.75 8.43 77.98 11.63 9.17 11.49
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K&3
BELAY (%)

GC/MS B R &KL

YT Wi 64 3 b
octanal . 4.62 9.09
2,4-nonadienal 3.06 8.09 3.58 1.75
2-nonenal 7.19 8.58 47.24 7.30 21.59 13.89
nonanal 2245 17.70 221.99 44.72 79.64 96.98
2,4-decadienal 24.6 483.66 0.40 217.59 447.0% 0.49 26.70 128.50
2-decenal 25.71 48.18 54.90 56.20 45.53 95.10
2-furanacetaldehyde, 051
alpha-propyl- '
decanal 11.16 7.44 41.23 9.54 23.15 18.98
undecanal | 19.66 44.28 9.89
2,4-dodecadienal 3.06 16.26 6.11

2-dodecenal 20.84 45.43 27.41
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H&3
BHtSH (%K)

GC/MS R & & # th
T Wi & 7 ok

st wr mw ommws G000 ommet G0y G
3-dodecen-1-al 81.47 77.22 0.49 121.82
tridecanal 3.09 3.88 10.42
13-tetradecenal 1.39 1.27
tetradecanal 0.59 0.86 11.22 245
hexadecanal 26.72 3.46
9,17-octadecadienal 0.67
9-octadecenal 0.34 17.63 1.58
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##&3

HH4 Y
GC/MS R & &kt
= — » - L]
XAD-2 PTFE XAD-2 PTFE XAD-2 PTFE
REEE  ame  ae MMT aps oaw RRMT e g
2-butanone 3.79
1-penten-3-one 4.00
2(3H)-furanone, dihydro- 1.19
2-heptanone 408 7.40 0.59
ethanone, 1-(2-pyridinyl) 6.56
4-methyl-3-heptanone 56.65
3-octanone 0.37
2-cyclopenten-1-one,
2-pentyl- 20.50 48.87
3-nonen-2-one 2.83
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$&3
MBS (&)

GC/MS B& & #k th

2 > : :
XAD-2 PTFE XAD-2 PTFE XAD-2 PTFE
MRME  ame  am MAMT Gos aw BRMT LY 4k
2(3H)-furanone,
5-butyldihydro- 5.09 1.15 0.91
2-decanone 2.33 4.86 4.20
2-dodecanone 12.29
2-pentadecanone 1.39
2-heptadecanone 3.20
2-pentadecanone,
6,10,14-trimethyl- 062 0.57
2(3H)-furanone, 4.54

dihydro-5-tetradecyl-
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H&3

M4
GC/MS R & & 5% it
I 248 i v L ik
1,2-benzenedicarboxylic acid 6.94 13.10
decanoic acid 0.40

propanoic acid, 2-methyl,
1-(1,1-dimethylethyl-2- 8.14 4.03 9.34
methyl-1,3-propandiyl-ethyl)

.mﬂ....:_anane# acid (myristic 5.62 437
acid)

9-hexadecanoic acid 7.25

hexadecanoic acid  (palmitic 26.18 492 1048 M2 7877
acid)

wLu..o&wn%na.EEn acid (linoleic 67.97 24.60 877 6.42 7701
acid)

9-octadecenoic acid (oleic acid) 673.55

octadecanoic acid (stearic acid) 4.85 144.53 27.58
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&3
BRLA Y

L& 28

GC/MS R & @kt

P ik

vio R

ik

XAD-2

BRHET s

PTFE
8

XAD-2

PTFE
%HE RK

XAD-2

PTFE
o

benzyl acetate

1,2,3-propanetriol,triacetate

hexadecanoic acid,
ester

methyl

9,12-octadecadienoic acid

(Z,Z)-,methyl ester

9,15-octadecadienoic acid

(Z,Z)-,methyl ester

9-octadecenoic acid (Z)-,methyl

ester

tetradecanoic acid, trimethylsilyl

ester

ethyl linoleate

7.19

0.27

1.90

242.99

3.60
149.38

0.28

14.88

1.15

21.59

8.02

7.49

17.90

21.38

0.45

1.30

2.10
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K& 3
ERtdd (&)

(¥

GC/MS B8 % Fk b

2 B ik

164 i

B

XAD-2

BEmE

PTFE XAD-2
R, PEREE s

PTFE
i 4

XAD-2

w8

PTFE
i, 45,

1,2-benzenedicarboxylic acid,
butyl-phenylmethyl ester

hexadecanoic acid, trimethylsilyl
ester

9,12-octadecadienoic acid
(Z,Z)-,2-hydroxy-1-
(hydromethyl) ethyl ester

hexanedioic acid, dioctyl
ester

1,2-benzenedicarboxylic acid,
bis(2-ethylhexyl) ester

octanoic acid, 1,2,3-propanetriyl
ester

phosphonic acid, dioctadecyl
ester

57.46

5.06

39.80

0.46 5.67

3.04

1.89

0.99

1.40

104.19

22.70

10.42

1.42

0.91
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B3

Hegiedh
GC/MS B & @kt

1% 2 4% i i Jed # b
furan, 2-ethyl 5.36 3.51
naphthalene 2.92 22.23 22.36 0.02 5.56
furan, 2-pentyl 10.12 7.02 8.6] 10.14 0.39 31.69 3.20
furan,2-octyl 4.11 16.26 0.19 6.11
naphthalene, 355

2-butyldecahydro-

4-octylbutan-4-olide 3.04
4,8,12,16-tetramethylheptadeca 138

n-4-olide
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#4 LEHEERTHELHGER

i do fE XA BN
. oot IARC U.S.EPA HSDB
fo4 2 44 " n — Rpe sk B EMHE e
T N R AR
woowm BRI ERBA
formaldehyde + + + 2A Bl 1.3x10° 8.0x10% BEEM
acetaldehyde + + + 2B B2 2.2x10%¢ 5.0x10™ W DNA J815 - .02
Gk L2 N
W MERMN RS
RV RN Y g L RS
BRI
1,2-benzenedicarboxylic +  + o+ 2B B2 N.A ** N.A. - di(2-ethylhexyl)
acid, bis(2-ethylhexyl) phthalate;
ester DEHP
acrolein + + 4+ 3 C N.A. N.A. e
crotonaldehyde + +  + 3 C N.A. N.A. B REBNR BB 2-butenal
MEH 2 DNA s24t4p
hexanedioic acid, dioctyl + 3 C N.A. N.A. - bis(2-ethyl- hexyl)
ester adipate; DEHA

* M AM BB C perug/m’

* BEEARELRE  (um’) @ 10°

**i*NA CUS.EPAFS# SRS EmERRANTE S
+I LR BB THR
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k4

h o FE 8 BEE
NS roode IARC U.S. EPA HSDB _
w o B h — SRR £ E R 2
* - pan AR S BN R
o PaRR  EfRA
1,2-benzenedicarboxylic + o+ o+ 3 C N.A. N.A. - butyl benzyl
acid, butyl- phenylmethyl phthalate
ester
BHT (butylated hydroxy + 3 - - - - 2,6-di-t-butyl-
toluene) p-cresol
benzyl acetate +  + 4+ 3 - - - -
3-octanone + - - - - Sl.— B AR R IG &)
R ERFHRBARR
AEBBMRARREM
naphthalene + o+ o+ - C N.A. N.A -
1-butanot + o+ - D - - -
heptane + + o+ - D - - -
2-butanone + - D - - — A RERIEH G methy! ethyl
E-E@¥#gmatra  keton; MEK
BREMRABRAN
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& & 4

yd7 o ummﬂm Hﬁwﬁ T 3
o IARC U.S. EPA HSDB _
k¥em w o4 B — LA AR F 0 F HE
. S R % BANE R
m oA PRRR ERAA
1,2-benzenedicarboxylic + + - - - - R A BB phthalic acid
acid (Jha et al, 1998). 2% & s
AR ARE R T
B tmia B %
1,4-benzenediol, + - - - - DNA ## - ¥4 » % t-butyl hydro-
2-(1,1-dimethylethyl)- DNA §té4% » g4 478 quinone; TBHQ
R - of SLAA R bm 0 3R
REHEGHhRomE
HoERRRBERRE
A A M
benzenemethanol + - - - - LA ENRAFARNS benzyl alcohol
HE
hexadecanoic acid +  + o+ - - - - - palmitic acid
pentanal + + o+ - - - - - valeraldehyde
2(3H)-furanone, dihydro- + - - - - - butyrol actone
linoleic acid + o+ o+ - - - - - epsilon amino

caproic acid
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B &4

(% F

A

tetradecane
undecane

benzaldehyde
propanol
decanoic acid
dodecane
tetradecanoic acid
I-hexanol, 2-ethyl
hexadecane
heptanal
butyraldehyde
hexanal

propionaldehyde

9-octadecenoic acid,

methyl ester

+ o+

+ o+ + + o+ + o+

+

+ + + + +

+ + + 4+ + + o+

U.S. EPA
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capric acid

myristic acid

butanal

methyl oleate
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£S5 ZHARBSETRHEZREAE

#FHEETELRE (ppm)

B3

e i L it
L3 0.150 = 0.025 0.543 + 0.038 0.141 £ 0.022
& 0.767 £ 0.196 2.818+0.328 0.690 + 0.127
7 M & 0.677 +0.186 2.415+0.308 0.581+0.140
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26 B riwnsd

2% TR E SRR EME
Bag a5 i EAR
AR BR 344 B £ > Fimm BREE e

R (Comgm’)

iy b F RS 0.167 0.184 0.201 Normal 0.184 0.008

i 8 1.254 1.380 1.506 Normal 1.380 0.063

T4 5 PRt 0.656 0.667 0.678 Normal 0.667 0.005

ek b L 4.544 5.080 5.616 Normal 5.080 0.268

b V& 0.126 0.173 0.220 Normal 0.173 0.024

b B 0.899 1.240 1.581 Normal 1.240 0.170
RiEEERK (Vo,m’)
HHFR (to, br)
mmELE (G) Co x Vo / 1 W ¥
BEEA (Vo) 47.60 24.70 1031 Fxtreme mode=20. 7
#: 4% (ACH, Air Change / hr) 24.3] 26.14 27.96 Uniform 24.31~27.96
#AF (Qm’/hr) 1330.99 645.49 250.74 #w it
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#x6 ARtz imed (5)

R Rk 1A

E ¥ 53 A% 1A 1S KT R

wEAR R FiHE # &R oA i Figa REEZ

£ EHH (t,hr)

BIEE (C) G x [1-Y Y]/ Q B o® 4 X
£ ESRE (EF, day/ year) .

£ &E#N (ED, year)

F AL e
(IRA,, m* / min)

B8 LHgeRE
(IRA, m’/ day)

BAEARET
( CPSi, mg/kg/day )

#E (BW, kg) 73.3 54.5 35.7 Normal 54.5 9.4

#4 8 ¥ (AT, day) 28470
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27 BRGE4EBESBRBEERTEIER

we KA BB AR #ﬁﬁtﬁ ﬁﬁ.?s%ﬁ 2|

% (Gmghr) (Qm/h) (mg/m’) REREE

ik &E OFE 0213 25074 8.50x10*  6.76x107

Z8  1.600 25074  6.38x10°  8.68x107

F3 FEE 0195 64549 3.03x10*  1.58x107

B 1466 64549  227x107°  2.02x107

B4 F& 0178 133099 1.33x10*  5.17x10°

ZE 1332 133099 1.00x10°  6.63x10°
itAddm J|E OFH 0720 25074  2.87x107
ZES 5964 25074 2.38x107

T3y PEE 0708 64549  1.10x107 5.71x10

Z#t 5395 64549  836x10°  745x10”

B4 F& 0697 133099  5.24x107  2.03x107

LB 4826 133099  3.63x10°  2.40x107

s SE O OFE 0234 25074 934x10% 7.42x107

zE 1679 25074  6.69x10°  9.11x107

¥ PEE 0184 64549  2.85x107  1.48x107

TEE 1317 64549  2.04x10°  1.82x107

&4 F& 0133 133099 Looxi0t  3.88x10%

ZE 0955 133099  7.18x10*  4.75x10°

8B
e a >

3.60x107

1.18x107

4.43x107

3.30x107

8.63x10®

* UM ARBTESERME (1x10°) &

AR EREE-TEIRERRELEZBERRAE
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28 BT FHALKARERARI BT RYRLER
Forecast: Soybean Total Risk

Summary:
Display Range is from 1.52E-7 to 7.43E-7
Entire Range is from 1.38E-7 to 1.25E-6
After 10,000 Trials, the Std. Error of the Mean is 1.28E-9

Statistics: Value
Trials 10000
Mean 4.17E-07
Median 4.01E-07
Mode -
Standard Deviation 1.29E-07
Variance 1.66E-14
Skewness 1.01
Kurtosis 5.06
Coeff. of Variability ' 0.31
Range Minimum 1.38E-07
Range Maximum 1.26E-06
Range Width 1.12E-06
Mean Std. Error 1.29E-09

Forecast: Total Risk
10,000 Trials Frequency Chart 208 Qutliers
023 ]’ 234
08 = - e oo~ _____) 1755
B I .3
= [l 8
8 02 4---=---- MR - - - - - - - =~ - - - —. - 117 &
: R e .3
[-] ‘ ]
o 06 L ---- AR T L 585 od
- H\HHHHHHHHHHHH e
15267 59657 TA3ET

Percentiles:

Percentile Value
0.0% 1.38E-07

2.5%

100.0% 1.26E-06

End of Forecast
* RS- RBSORBS ELAMEARRIEGAE FHARKSMA
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£9 HihmET TERCEREEIRRBRIESTESBER

Forecast: Peanut Total Risk

Summary:

Display Range is from 5.67E-7 to 2.77E-6
Entire Range is from 4.74E-7 to 6.06E-6

After 10,000 Trials, the Std. Error of the Mean is 4.74E-9

Statistics: >3 Value
Trials 10000
Mean 1.53E-06
Median 1.46E-06
Mode --
Standard Deviation 4 74E-07
Variance 2.25E-13
Skewness 1.11
Kurtosis 6.33
Coeff. of Variability 0.31
Range Minimum 4.74E-07
Range Maximum 6.06E-06
Range Width 5.59E-06
Mean Std. Error 4.74E-09

Forecast: Total Risk
10,000 Trials Frequency Chart 185 Outliers
024 'il - 237
]
o3 J AN [ |11 (1);1] |11 | | A 7.7
2l ;
- i [y}
D 2 - - = = = = = JHREH R - - - - - 185 =
3 T :
= ‘ =
S IHIHHHI'IHH'HHIHHIH """"""" a
| il ,
| 567E-7 111E8 1E7ES 225 27TES
| -

Percentiles:

Percentile Value
(0.0% 4.74E-Q7
2.5% 8.01E-07

End of Forecast

97.5
100.0%

2.63E-06
6.06E-06

*p#E S5
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210 g BETTRHALEARRRRIELTRE

HEEX

Forecast: Lard Total Risk

Summary:

Display Range is from 1.27E-7 to 7.07E-7
Entire Range is from 1.16E-7 to 1.48E-6
After 10,000 Trials, the Std. Error of the Mean is 1.24E-9

Statistics: Value
Trials 10000
Mean 3.82E-07
Median 3.63E-07
Mode —
Standard Deviation 1.24E-07
Variance 1.54E-14
Skewness 1.24
Kurtosis 7.07
Coeff. Of Variability 0.32
Range Minimum 1.16E-07
Range Maximum 1.48E-06
Range Width 1.37E-06
Mean Std. Error 1.24E-09

Forecast: Total Risk

10,000 Trials Frequency Chart 175 Outliers

024 A - 235

i ol f---—---—--~JHHMHEHIE 4 - - ---- -~ - ===~ ==~ 1762

i ;
— 3]
.g M2 - m—— = o mMdG----——--"-""-1 117.5 'E
1 :
Q1 il - °

w Ly I I y

12767 417ET 56267 7.07E7

Percentiles:

Percentile Value
0.0% 1.16E-07
a

End of Forecast

97.5%
100.0%

6.67E-07
1.48E-06

* LUESBSORE S BB AERKRZRMAMA - FHHEARSAE
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211 ZHAABBEAEROBEEREILR

BEETY +t REL

WY& - Impinger W HEAER EEGEABERBHZARKER
i (n=3) & #H (n=3) #ih (n=3) ik (n=3) A (n=3) i (n=3)
TA100* TA98* TA98* TA100* TA98* TA98*

G TE atkdh 377 + 20 251 + 92 364 + A7 376 + 61 187 + 22 295 + 36
RIBRR L RIF
0.001 392 + 2.5 167 + 11 313 £ 27 404 + 34 159 + 30 403 + 60
0.002 358 + 27 184 + 7.9 298 £ 5 379 + 38 164 + 19 395 + 49
0.01 401 + 35 - - 375 + 62 - -
0.1 407 + 61 208 + 27 398 + 12 376 + 12 172 + 16 347 + 76
0.2 - 176 + 21 364 + 46 - 173 + 16 313 + 38
1 361 + 46 207 + 7.8 292 + 34 403 + 18 182 + 15 320 + 18
e
Positive* 1671 + 447 1433 + 906 918 + 121 1671 + 447 1433 + 906 018 + 121
Negative 295 + 16 428 + 55 278 + 5l 295 + 16 428 + bh 278 + bl
HERESAK 291 + 38 379 + 18 338 + 21 291 + 38 379 + 18 338 + 21

+ % #&4% A TA98 8% positive control & NQNO (4-nitroquinoline-N-oxide); # £ M TA100 &% positive control % NaN3
. RRERAE R
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Mass Concentration, (mg/m®) / ALogd

el

0.01 01 018 032 0% 1 10

Particle Diameter, £ m

M1 RdhERt @z BERESA
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Mass Concentration, (mg/m®) / ALogd

—
2

oM 01 018 032 085 1 10

Particle Diameter, # m

M2 LEdbEResr Bz TERERESH
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Mass Concentration, (mg/m®) / ALogd

32.50 A

11.99

9.47

OO
838

0.01 ) 18 032 056 1

Particle Diameter, ¢z m

B3 EbdEMasRftzTEEESH
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Number Concentration, count / cm’
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Number Concentration, count / cm’
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Number Concentration, count / cm®
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Number Concentration, count / cm®
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Number Concentration, count / cm’
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Number Concentration, count / cm®
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Sensltivity Chart

Target Forecast: Total Risk

Kitchen Valumn {m3) 82 1% :
. ]

body weight (kg) ns% 2 X X

Ach (1t} 2.1% ! ! !

Acetaldehyde Conc. 0.8% : | X
i |

Fomaidehyde Core. 0.5% X | ,‘

1 | |

1 1 |

1 | |

1 1 i

] 1 |

] 1 |

1 1 i

] ] 1

! ] 1

] ] 1

0% 25% 0% 75% 100%

Measured by Contribution to Variance

B 10 RERFBFEEB RGOSR ARBRE LB ZEHEN T

Sensitivity Chart

Target Forecast: Total Risk

1
Kitchen Volumn (m3) B3.6% !
. I 1
body weight (kg) 3.7% ; l
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| | I
| | ]
| | 1
| | F
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Measwed by Contibulion o Variance

B 1l UEMTEIESBILA WL BRI N X ERE o
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Sensltivity Chart

Target Forecast: Total Risk

r Kitchen Volurn (m3) 58.0% :
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