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Abstract

In the chemical industry, the mainly used aldehydes and ketones were
formaldehyde, acetaldehyde, and acetone and methyl isobutyl ketone. Formaldehyde
(FA) is the most common aldehyde in the environment and mainly used to
manmufacture resin, plywood, adhesives, insulating materials, chemical fiber and
textile. Acetaldehyde (AA) is primarily used for the manufacture of acetic acid or
acetic anhydride, butyraldehyde, vinyl acetate (ethylene vinyl acetate), resins and
pyridineintermediate derivatives. In addition, AA is also used in the preservation of
fish or fruit, alcohol denaturants, fuel composition, resin solidification agents,
antifungal leather and used as solvent of rubber and paper industry. Acetone is
colorless liquid with mint flavor, common used for the manufacture of plastics, fibers,
drugs and other chemicals and also used as a solvent to dissolve other substances.
Methyl isobutyl ketone (MiBK) is mainly used to manufactoure paints and varnishes,
denatured alcohol and methyl amyl alcohol agent. According to the Toxicity
substance databank in Environmental Protection Administration, the production and
use quantities of FA, AA and MiBK are 55,497, 1,500, 1,172 and 2,448, 115, 358
tons in 2011, respectively. Occupational epidemiologic researches reported that the
incidence of leukemia, nasopharyngeal carcinoma and chronic pharyngitis were raised
in workers who highly exposed to FA. Exposure to AA may occurred the skin mucous
membrane irritation, pulmonary edema, and exposed to MiBK and acetone may
induced liver and kidney toxicity, perception nerve damage and skin irritation. Lots of
literatures reported that aldehydes and ketones were measured in the working
environment, and the epidemiological studies reported that aldehydes and ketones

may cause the adverse effects of human. But, little is known for the concurrent



exposure to aldehydes and ketones. Therefore, it is important to explore the
association between adverse health effects and concurrent exposure to aldehydes and
ketones. The objectives in present research are to investigate the exposure profile of
aldehydes and ketones manufacturing and operating workers, and to explore the
association between aldehydes and ketones concurrent exposure and adverse health
effects.

Up to now, we have finished the works including (1) to walk-through of 4
aldehydes and ketones operated plants, (2) to recruit 69 workers from two plants and
to examine the blood biochemistry, liver function test , insulin resistance,
questionnaire, nerve capability test, (3) to sample and analyze the personal exposure
levels of formaldehyde, acetaldehyde, and acetone and methyl isobutyl ketone for 69
workers, (4) to complete the interview of questionnaire and time activity pattern for
69 workers. The personal exposure levels of formaldehyde, acetaldehyde, acetone and
methyl isobutyl ketone were ranged from 2.0-38.67 pg/m®, 5.4-4116.46 ug/m?,
115.0-6255.11 pg/m® and ND-74.84 pg/m?®, respectively. All the personal exposure
levels of formaldehyde and acetone in 31 workers were lower than permissible
exposure limit — time weighted average (PEL-TWA). In present study, we divide all
the workers to high- and low- exposure groups by the time of workers entering the
manufactural process, and compare the demographic data, airborne exposure levels of
aldehyde and ketone and blood routine examination index. The airborne exposure
levels of formaldehyde in high exposure group was significant higher than low
exposure group (p=0.032) was found. It means that the higher staying time in
manufactural the airborne exposure levels of formaldehyde was found, but, the
airborne exposure levels of acetaldehyde and methyl isobutyl ketone were not.
Furthermore, we divide the high- and low- exposure groups by job title, we found the

abnormal rate of GPT and r-GT in high exposure group were significant higher than



low exposure group (p=0.017. 0.022). It means high exposure level of aldehyde and
ketone may cause liver dysfunction. Otherwise, the insulin resistance index,
HOMA-IR, in high exposure group was also significant higher than low exposure
group (p=0.016). We also found the blood urea nitrogen in high exposure group was
significant lower than low exposure group, it means kidney injury may occur in high
formaldehyde exposure group. In addition, we found white blood corpuscles and red
blood corpuscles in high methyl isobutyl ketone exposure group were significant
lower than low exposure group (p=0.006, 0.044), mean corpuscular volume (MCV)
and mean corpuscular hemoglobin (MCH) in high methyl isobutyl ketone exposure
group were significant higher than low exposure group (p=0.034, 0.017), it means that
hematopoietic disorders may exist in high methyl isobutyl ketone exposure group.
However, it may be explained as general physiological variation, not due to exposure
to these four chemicals.

The results of health risk assessment of aldehyde and ketone exposure showed
that all hazard index (HI) of workers were lower than 1, the carcinogenic risk of
formaldehyde and acetaldehyde exposure in all workers were lower than acceptable
risk (107%). In present study, the concurrent exposure index was used to evaluate the
relationship between of health outcome and airborne exposure levels. The concurrent
exposure index was calculated by sum of each chemical exposure concentration
divided by the permissible concentration respectively. The results showed that urea
nitrogen concentrations in high concurrent exposure index exposure group were lower
than low concurrent exposure index exposure group, it means concurrent exposure of
aldehyde and ketone may cause kidney damage. Finally, we found that preferred hand
finger flexibility in high concurrent exposure index exposure group was significantly
lower than the low concurrent exposure index exposure group. It means that

concurrent exposure of aldehyde and ketone may cause adverse effect of

vi



neurobehavioral performance. The exposure of formaldehyde, acetaldehyde, acetone
and methyl isobutyl ketone should be strengthened management in order to protect the

health and safety of workers in the future.
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B T3 E S A 2 B s e S TS ~ 28 ~ PFEREE AL R TR -
i ( Formaldehyde, FA) EIRE T sV L &) » HIE EVEZRARE
fillis ~ BBE -~ RS BGRB8 - LB (Acetaldehyde, AA) T32
PR SSRGS RERT ~ T - ZB8 2 %S (Ethylene Vinyl Acetate) ~ faffis K2t
g (Pyridine) $TEYIHY TRV - TREEFIHY/KRECEIHRIORTT ~ HERHY SR ~ A
HHEEC ~ BEEER] - fRP BRI AR SUSACERARE - WA — e R
SR 2R A > H AR R EUE IS - A - Y R BALERYE - e HIEE
H AP 2] o FALF THI (Methy isobutyl ketone, MiBK ) [y 22 IR Ry 2
BLfZ (Varnish) ~ SEMPRE 2 SVEREL FREL R AR SIS S - BN H Al £ 2 B
FMEHEGERSE 3 [ (REBRREF R LEYE BRERTR » 2012 FHEERY
B SR 2 I 55,497 F1 1,500,303 N 5 ZEEAI A 1,172 1 2,448 /N
FRL B T R B BRI 820 Bl B 115 ANEEL 358 \E (FB{RBHE M LEE T

240 NEHRVER R 99 B4 (B2 mBlUERs k) - sfll 2 EFERIR

=1

~

W= 1 s -
= BENHEE - 28 - N - FAR TESEIER/EHE (A)
il PR i RLE TR
THRE
A T 27,911/18,821 554.5/1,516 30,000/- /-
B i 14,100/9,252 /- 187,500/- /-
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E i -/4,289 -/932.7 /- -1
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WA SRR > R EE S T 2 Slf% (Nasopharyngeal Cancer, NPC) fEAESET
2% ( Standardized Mortality Ratios, SMR ) %% 4.43 (7 AZET, 95%CI=1.78-9.13) &
1.71 (16 AZET, 95% CI=1.01-2.72) » H NPC L (Odds Ratios, OR ) 5 14.41
(95% CI=1.08-82.1 ) &5 & EAth F A H#( All Other Pharyngeal Cancers combined,
AOPC) OR % 1.40 (95% CI1=0.31-5.1) [3] o BRIPUEERSN - RS SRR 2

B R U B HCA MR fiE A MHRBAME [4] 0 F Meta-analysis 1 » SFF A FFE
Bz AR ER TR 1.54 (95%CI1=1.18-2.00) - ZF4fi5tT EEIZEES [5]-
PEEEY NBURA TR TE MG SR EE A PN K R AR DR 2 24 B
E o [T R - BT ARAE RERY - SRR - B - OREL - BT
s ~ TEME - IR - Bk EREREKIRGER (6] 0 HHAATE IS
PEEHRAE [7] ~ S FOGERERL R & 5 EERRNBERIALBERT R EIE A [8.9] - ZBEAY
FERBARFZE T 7 2011 AR PHBE I AT 2 BT - SEERBE BB AT 2 R SR
5.206-30.582 ppm [10] > FHEIA 2013 4F Ho % A fIURFSC45 . > 4.1 (EBEE T L) -87.3
ppbv (HHEZEEELER ) KyS (1] TR RESRUR TR 7E » BB 5 0.7-7.6
mg/m?* [12] iR L8 » G2 A LS ( Spermine Oxidase ,SMO )7E HepG2
AHREAYEEERAR R - AEM SRR s I I [13] - ZRER AR RREFASITTEETR - B
i FIgRs E 2 2l E » ERA LB 1520 pg/m’® 2R » HEUS R &
3.5x107°-4.0x107 [14] - 85 F AL T2 SR B L SR S 8 =Y 2R
PR ELZE SR P AR B T IR REE Ay 1,517-11,324 pg/m? - 1E5 LR BTN A5
YR TER - HORREEE Fy 12-72 pg/m® [15]  MAHBIRAZCME B R T A Z P4
FEFRRE s 76 ppm (8-369 ppm)  [16] » BEORZS TRIRE(AE AR FE b - HAthof
FUHSHI R T 2 ARG REHY) Fs B » 41 4-methyl-2-pentanol (4MPOL ) Ei
4-hydroxymethyl isobutyl ketone (4-OHMIBK) - [-#ft4)/e € sk AT idse i -
W54 R 5 [17] > i H MRS G5B 88 (U4ma
ife taurolithocholic )  [18,19,20] - $R#E 1975 £ Allen % AWF5esH, > 1,157 155k

RGRIROERIS T > 206 86 455 THE2E BT BB S s 211



SRR B A EEMEEENE  ( Peripheral neuropathy ) ZEBiHidy » SRFTHEGHIR
N B N B FR BRI RO MR B 2 B o > HAlal 2 AEmn N & A AR T
B ~ ik E b e PaREE i E Y [22,23]
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B8 VbR - RRRNE

S Ry A R Sk 2 SR - (E222( CH2O » 737 & 30.03 > FEHR
HEET % LURREF RN Z2 A Wb BhEY F-19.5 °Co &RE&Y Fy-92 °Co 2K RBE T 3,890
mmHg ° 28 RO A RIBUKRRAYRES - E5250 CHaO > 7378 44.05 > 1£F
UL B T 2 DURRRIFAE » HhAE&Y Ry 20.1 °C » JERELY £5-123.37 °C » ZERBR Ky 902
mmHg - ERIE O 755 RIRHY SiEsiRRe - {E5250 CHeO » 7315 58.08 -
FEFRE BE T % LURREFE - WhBLEY Ky 56.05°C » JERELY f5-94.7°C » ZK5RBE Ky 6.4
mmHg » FHALSL T i o fifh (77 A AR A SRR YIRS » {E22 20 CeH2O > 7378 100.16
FEFORE B T % LURRRFAE » HhREEY Ry 116.5°C » JERE4Y R-84°C » ZKRBE Sy 19.9

mmHg SV ERFER 2 B

* 2 HEE -~ LB~ NI - AR TP bRt

o . N o ZEREE KHAREE (25
S Gl TR HBEI(C) . T T Log Kow
(25C) C)
. 1 4x10°
w3003 o195 3890 mmHg ol 0.35
& )L 44.05 20.1 902 mmHg 1x10°mg/L  -0.34
H4C H
P 58.08 56.05 231 mmH - -0.24
HECJJ\CH3 g
ERT 9x10°
i - 7 AU j0006 1165 199 mmHg  OX1O 1.31
fil] HiC cHy mg/L
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B P& e ERT 2228 (International Agency for Research on Cancer, IARC ) ££ 2006
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NEZZgEra [25] 0 ZBER AR THNRITREERA 2 - BEEEY)
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ER B4 B A JEREES ( The Department of Health and Human Services, DHHS ) -
SREEERIZE 10 (The International Agency for Research on Cancer, IARC) 2%
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Environmental Protection Agency, US-EPA ) SR/ TRk K B B B
GEER - Sy RIRFFREES 1 By Class Bl HEESIEEYIE (28] ZBESI Ky Class B2 fEE
Y BUEYE [29] 0 NEI%] B Class D ( Not classifiable as to human
carcinogenicity ) R & LAFEIH Ay N HEUEY)(30] ~ FELSE T MR EBIERRE R H
I B R I EOR R B i #4355 (Inadequate information to assess carcinogenic
potential ) [31] - FEHERCRE H AT FEEY K56 A ML E KB =05
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carcinogenic
potential
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IRIBER IR B LB EDRIE » 2012 FERAY LS S AIE B35 5 ¢ 55,497
11,500,303 5 ZEE5y R R 1,172 1 2,448 /N 5 FRELFL T EAY A A 114 F1 358 A
g [1] - MR GE LR BSR4 8% - NERRYEERE K 99 BN - 5% b FRREAE
e (SR/88+ sEEENEIEY)) RE s R LS LB EE - 7T DAEEH
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ZEENBIFHE =R EZITE 3Rl IIGRALE - ZPvKEE - TR
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2CH,CHO

2. ZWOKEE
(i ZIAEREEOMEAL N BRI G - TR B - 8 2R DHRE 5 = Al R
= 0 BRT NB A S EAR T - BAEERIFR Z A LREURE - I
CHUS IR -

Hgs0,
HC=CH + H. 0 — CH,CHOH — CH;CHO
3. THEMZBEL
LR LR T PR iEERN S LR T2 -

#

Ag/Cu
2 CH3CH,0H + Oy

2 CH3CHO + H,0

PIBAB S RY 5 S B U RSO - Rt 2 A
B IR (RIS TORAT 20K DURSHIA RN 5 (RIS o] fF At
A MEFIRBREE A - ML - OKEE - RS - B - IR T 24] - KL
E TR BRI E S0 (KaCOr) S5 REa HE40 (KMnOs)
RELL ~ 28 (Cab) FEEALERR LA RS KRR A i - RS
BHGES 135 R IERAT:

1. AL EESEEST (KoCr2Or) AR EGE#EL#T (KMnOs) &AL

K 7] BMne
€, H,0 2207 STRMR0: b o

2. ZWt (CoHa) fESRAEFHEER_EBUK 2R S e A B P B

Znd 10070
20, H; + 3H,0 —— CH;COCH; + CO, + H,

3. ERFE(LERIA



PO TR i RN AR BRI T ez SR A LR - BIEY) R
By o BEOTAR HAT SRR EE 05 -

OH
O
(>+./~‘~~a§= + O=0 — )|\+ @

RS T LR R EEUER - SRR 2 2 MR R SR R RS
% HEBIE AR o AN ERAE ST CRIF A MRS - A g s
& [36]

NE R P ERAE S R P ERET . P EREERR K A R R aE PN AR B Ea A
Befna o2 AR T R EHY AR -

.-"'lelU' H
condensation Dehvdration H-
X 2
> = Pd

Acetone Diacetone alcohol Mesityl oxide MIBK

A

T R A NN

OSHA Ji% 1990 &5 > FEERFE AR EEIEBP T+ (—) FERH
RERGIREREIAE AL (SRR RHEZGR () ZER RIS DU M
REFERUEHAVERY) T (=) [EaH PEMEREHE R BT IS R - 20
JeriTh > HEE L RSARRIDA - 2RI - REEGRL FAEE A 2 R BUE RifE

REPHIRA > BUEE PR IAEA S0 £ [37] -
PRI A AR A ~ 8 A DUR R AR ASIRE UL = 83 950 IR A8 A LU ERKY
1 PR G S8 o AR B RSO S PG T AR o B FR S A sl — bk >
L R PIRITE R T PR [38] - SRAUERICAE | s © RN
bgerh > SEPRRRCEREE R LA - HOME ARk e LR R I BT =



DU g3 I RIEL GRS - BUR R R S RO AP A R 2 [39] -
SHMVERSEY RN FIE G RN S AN 2 SNRIEHEE GSTMI BL GSTTI
1 DNA {&415§HE§ ERCC1 ~ ERCC4 ~ ERCC5-2 ~ ERCCS5-5 [y;EEERZ F5 2 » &
R TR M AR ok s O RS B, B R R i R R FE4E. (p<0.001)
[40] ©

PR TR BRI R A > ANFS— HIRUCNER - B0E AN - 15 - FE

E o NG EHIPRETL - G B REZEE I EFEA

(Gluconeogenesis ) {3 Ry EEEL A bhix (HEEREIEIR 2 EY)) -~ HER&H
P AT [41] o SRAIAHIRICE 2 Frm o BERTFSHIE AR ER A
ER#EM: - HAHRE SRR T4 R 03 4 A -

% 4 W Z Re N BN ST

Vit CHIEN 4R B2 BE GEE SRR
H & B Az 4L 4 - [42]
- fi&s 52 4R > 4T R
W e - [43,44]
=8 FL[RZe g - [45]

- REEFIEAERSR




RS T e £ R R IR TR R ~ R SURIA R 2 - FREL SR T A B
W& > RER T G HATHHBE A ElF R (Monoxygenase) S (BATEHRL 4-£L-4-FHAL
-f%Ef  ( 4-hydroxy-4-methyl-2-pentanone, HMP ) » /INER5 - € sl 2 G e
FEE B Ry 4-H5-2-JKFF  ( 4-methyl-2-pentanol ) - iffi #E — 20 B b ik
( Sulfate ) BifKHEE ( Glucuronic acid ) FEAGGRE > A HPRIKHREEES
[46] » BRAIMUEHIRTRANE 3 Fn - RSB T - SBUREAT R BN R
AR FRER RS TR - WA G AR BIRE47] - SS—Rstilisd - &
HERTHEECHERZRZEZERT  GELEBEREN  EXCHL2
(Phenobarbital ) ¥4l - [fiah S LEREEEIE NN (p<0.05) - FEIREFEL R HAL S
) 2,5-C.fH (2,5-hexanedione) [48] - i FHEFERARCBRAKLEA » HE
B Z T HEY) - BRI JREREE 2 HRETETRE > 2B
ZAHIB I HETT L 755 2 ACHIPRIIEHE - SRR Ry ZBEE h SRR B S
(B Z AL FEH AR N49] - HafaiCHthaniE 4 Fror - BEENEMTEE
t o RSN FLEYIAHAE 7R LR A AR N ZE 8~ B S R E I LR R
B ISSTHA[50,51] - S5 TR e R 5 88 £ B A BORL N 28 8 2 M R 1
(Sex-linked recessive lethals) [52] » {EAE 2B IR ALEIVIAIAE T A1 A3 R It 4
H[53]-

ET% F“a
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Mitochondrial and
cytosolicaldehyde
dehydrogenases

Direct reaction with
biological molecules

Hydroxymethyl glutathione |

NAD*
Formaldehyde dehydrogenase
(alcohol dehydrogenaseclass Ill)
NADH+H*

‘(L\/I\’T. \/& /\.F

=

| S-Formylglutathione |

| Glutathione | S-Formylglutathione hydrolase

=0

= el

/N

One-carbon pool, CO,+H,0
purine synthesis

1 P A E AL B [38]

11

H.0,

Peroxisomal
catalase

H,O



0

X

H,C CH,
Acetone
acetone
monooxygenase
CYP2E1
9} acetol kinase, L1,2 propanediol E no system O
HC™ B _OH HC
)L OH dehydrogenase, glycerol P phosphatase 3 OHC identified |
He™ B H, 0
o T'z L-1,2-Propanediol Formic acid
cetol
alcohol
lactaldehyde dehydrogenase,
acetol reductase 0
monooxygenase
CYP 2E1 )L
o EI P & H.C OH
7 L
H methylglyoxal reductase He” o Acetic acid
H,C il
3 =
Lactaldehyde
(0]
Methylglyoxal lactaldehyde
dehydrogenase
methyl
glyoxalase | 2%{%1:
GSH alpha-oxoaldehyde (thiokinase)
dehydrogenase E OH
H ey
C— OH
g | e o)
OH L-lactic acid
D-Lactoylglutathione L-lactate
dehydrogenase
methyl 0
glyoxalase Il /H\“/OH o
H,C
i e JL
OH Pyruvic acid H,C CoA
| OH pyruvate dehydrogenase acetyl-CoA
/ﬁ : complex
H.C D-2-hydroxyacid
A dehydrogenase
o}
D lactic acid
” Citrate
o
HO )-L

c OH TCA cycle
gluconeogenesis H,

Glucose [e)]

Oxaloacetic acid

[l 2 PR R AL B [41]
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Methylisobutyl ketone

Alcohol dehydrogenase

ketone reductase Monoxygenase
H.C s
CH; OH i N Y
H CHy
H3C CH3 O OH
4-methyl-2-pentanol 4-hydroxy-4-methyl-2-pentanone

[ 3 PR T WS (R = [46]

+ Ethanol Retinoic acid — Polar metabolites
NAD i Pro-carcinogens -+ Carcinogens
Microbes
[Oral cavity and
large intestine) ——mH—___ 2
; ________E___-——-—-'* ADH ———— | +—— C(CYP2E1 <—— Polymorphism
Tissue /
Polymorphism L J
ADHIBADHIC
{ A ) Acetaldehyde ROS
MNADH+ H* \ \
(ALDH2)
l DMA adducts
ALDH ——m——
<+ ROS
Reoxidation in + Acetate
mitochondria i

[ 4 LR RS AL [49]
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0 BYEEELHR

BEBYIE TS IR A RIS S SR B - BRI I - TR B
A AR AR PRI PR G AN 54,55,56] « K BB = BRI ESERIE (LDso) 53751 £ 800
11 260 mg/kg [57] » & Wistar rat ZEE 2 HEE Z 8XHKF - FEAEEKIE (0, S,
25,125 mg/kg) TR EARENT - HFRERET  RBEERSHE
<~ Wistar rat » HEVIFUKGRBIER/V » B34 H80REATE - (M Wistar
rat 7R B4R I EBUE E AN E R - HERERET  BHERETENE
(NOAEL )5 25 mg/kg [58]- KE & A 0, 50, 100,125 mg/kg HYEIEELEE A 0, 50,
75,100 mg/kg HYRIE 91 KAETTEIHRFEIII - HIARAREUR » RERTEMUR -

ERPRIASE ~ PRIB T B AR/ SR SR A B 22 oh FH R  N E  HLE Rl 28 59] - H

BN ~ R BBV T MR R YR R Aa A 552 (A 1 1.9 ppm, 40 77
#0OKE 144 ppm, 2 /NKF 3 JET 6 ppm, 4 2H) 12BN - MR TR
NS FR AT A A e 45 R s N 1 2.61/2.77 gl s KB 1 2.24/2.25 pglg s T 1 2.42/1.84
ng/g [60] o ¥ifeEELMEN: >~ Wistar rat SEEEHA & RS BRF/Ke > R E IR (b
10, 1.2, 15, 82 mg/kg HilltfEi4:0, 1.8, 21, 109 mg/kg) T HE(TRIE-E IR RIS -
HIHZEESIRETR » EER e B ERER TS5 RERENE - AEaYEUK
AU AV ~ REEE RS ~ 5 4H AR P i B A B b [ S B 52 - M Wistar rat BB
P B SR A S G TSI 2 B 0 e 1 P 4 T L TESE LR 81 = I > EHEBRE S
HUR > U EEE L ERE (NOAEL ) f 15 mg/kg [61] - 55— iHFT/K: Wistar rat
el 2 K fERERIE (0, 10, 50, 300 mg/kg) NAHETT 12 (B H £HY
BT - HFFCAE BT o M BLEM: . Wistar rat fEfz =& T oI BEH SIS
B~ BB - BRI AR KR R b R B AR A o 8 — S Tk Bl AL B
TEH R R 3 AR ARG [62,63] -

B IR [E)iE L (Arion hortensis 81 Agriolimax reticulatus ) #1772,

FERBEE R 0 7288 96 /NIF{EETE LFERY LCso > Arion hortensis £ Agriolimax
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reticulatus 22 96-hr LCso 53511 5y 8.91 ¥ 7.96 mg/L [64] » SHAMNRA L ERfER

[EfF & (Myzus persicae Eil Acythosiphon kondai ) #EfTE RS - 25HHEE 3,600 5

4,500 mg/m’® 7 7 fi#E5@r{di Myzus persicae Eil Acythosiphon kondai %] 100% . 3E
CH65] - MFFBRFEZINE\ Ffk - STENS K485 > LCso 57 5,000 £ 808 ppm

[66] - ZEEBNYIE i 2 EERIENTFTERAFE 5 Fon:
RS LIEENYE i 2 R ETST

/MR | FREERIG I o . \
675 mg/kg/day
. /R EEliEE
Wistar j( DH& ( ﬁ?\ﬁﬁ7ﬁ ) , 0, 2657,;25, ﬁﬁ ﬁﬁ EEU )?EE?BLE@“: [58]
B/ T 4 8 ,
mg/kg/day | LOAEL: 675 mg/kg/day
NOAEL: 125 mg/kg/day
40 mg/kg/day
AR CBRAZK) 0, 40 TN -
B b s ,}Q I} P :[:
KER 6 [ mg/kg/day HH@ZH/J?B ﬁE E=ye [67]
0,324
R 324 mg/m’
ICR/MGER | BASHL | mem e o s | (o8]
SR\ 3R (O U0 T s
ppm) "
K FRAR S TR, 24-26 SENIRRES 54 E 2R [69]
P 20 H mg/kg/day i3
i 437 mg/m?
if - e s -
Wistar 4 fﬁﬂﬂi /Ef 0437 | sgpiarsom Lkl | [70)
/12 & N s BLEAL - BEhN R R

B ZETE CH MR B EE PR /N eI/ N2 LCso 73 Al B 21,091 ppm B
31,994 ppm [71] » ZRCRESET Z R HE £y 16,000-50,600 ppm [72,73] < ¥ K EE,
Fo/NERHET = FE 2 B/ K N B 2 2
mg/kg-day > LOAEL {f% 1,700 mg/kg-day - i NOAEL Hi[ 900 mg/kg-day »
£ 1,700 mg/kg-day Fil & & BB 224 52 HBRESTE Bl 3% R BT - T4 R fa
AN = QN NS ) a U A= I R s b i 7 S 2 SN =9
TERIEHIESE » WIFEaEREEIRAE 3,400 mg/kg-day FE T - 5 TEEN /T M HLHIR
AT 2 LLBER 74,751 - 55— R 90 K2 NEHZEEITZE - RELUES YT

& 47 Al B 0, 200, 400, 900, 1,700 57z 3,400
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LTRSS - HIE 5751 0, 100, 500 k2 2,500 mg/kg-day > £ 500 mg/kg-day
B REHB2E5REHEE NEURERER B - R amEEYb
B3t - (B BURES A IR AVRe T & B Mpm < B8 S ERAA([76] -
FRRL S | B aH 4 BA R SRRV E T - AT 5 [RE e DA sl Bl S 2
G SRR R N SR TSR 2 B HERET 24 /NFERFERY 100 ppm
FRESRTHET » #HREENERESNI > BERSREER
(Kidney-to-body-weight ratio) #5515 % Z&Ea I =R 200 ppm B » = EAJHT
il 5 B R EE RIS 0 > HAS B ¥IGELEA  (Organ-to-body-weight ratio ) 534 -
0 R 99 DA (Rhesue monkeys ) #4890 KFEFEHY 100 ppm HYI=
FER » S8 AR E A HERER PRERIIL 7 TR ZE © B2 BRI B R B i E &=
AN H AT/ ]VE ( Proximal renaltubules ) HHERBHEARVERHIRIG 4= (Hyaline
droplet generation ) EISISESEIR - MacEwen FIIRY K B/ IVE Y LS 8 245 H 7]
WPETT]  Geller M HEREENL 20-40 ppm T - A G HIRIT Ry Rac B THIZ R
(78] {E#H4E 7 KFFEHL 50 ppm I > RIS TIFEfT REVAEEMEIEE  (Accuracy
of performance of task ) - {H#41E2 100 ppm " Fil[FJiF R FEHT > AISR IR ELEIR[79] -
HES T HRBLECKOR S - iTREE IS RHAEFE M - Abou-Dona i FEHEHI4E 90
REEFEAE 1,000 ppm [ECHERAEDRE (250, 500, 1,000 ppm ) HELS T HEE -
SRR E A (WIS S ) o BB ER T AR AR - 55
— A HEAE RN EEEY 1,000 ppm 2 IECHE K 100 ppm HYFH RS T NS - Al
ST A B R EIR R LR AR S AT IE O R AR R T R &
ORI R R R HEE > SRS i ZE AR - A RE e E FOE S A R RS
{EANR L E H AR B AR | N - R ERAH S A A A Al Zc R R 52
7AE R ER S T BRwea0 Fy & 8 (E P Rl 2 HES S M E R [80] « e 8
It SD KE# 30 ELIEA MiBK AYFKHVE & » B K 0 (FE/FI4H ) ~ 50~ 250 »
1,000 mg/kg-day » F7EEFFE 13 BN Wl R ESL  YRIE - e T
ERAIEAR ~ (NS BPUERE CLlg - PR - Aol ~ A6 - Bhe - MR - B BAR
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FIRBRBLET FIRAR ) RS - S EREE UG A R AR A HHER AT G 1E
AR R TEHARERAYET AL - PR B SR 88 R BV B b At & T4 H AR SRR T
fl > AR ~ BEPRIEE: ~ PRI ITELGR G A TR RS A (Bt
1) BRI TRFG » £ 1,000 mg/kg-day JRIE T - ATA HREEEREE - €95
VIR A HIRAGE NI - HIBRG G EREEER - 5501 > A 6%
8% Wfe Bl A R M AT & A A AR EE AR s T (81] -

G LY EERGER - FI S NI R AR T S REH & 240 48
FOFR B T B & (o S Aa A AR (F F - i AR 1 B a1 e AR i
& - SrEPYERVGER - BIRERBRNENEYET o AREE IR R - IR
B~ BT - B S S AT -
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U ABRITREER

BRSBTS » SRR ARRZER - GEERS WERE > &k
JEEFREE P 5 BRI R ~ BigfRs ~ SZRVE 3R~ Bf7KBE (BUNRHRHHIRIEIR ) ~ Bl =
SEC ° 1MTE R Re i | ARy - s pioRl - 5 R ~ 5201 ~ FOE 88l -
& RS E R SRR R - ESE LU A BT AR - B T RE G S R R
BRHH - B ESR AR - ISR ~ W~ 'E -~ BRI - 1
EHRRUT B R S B PR RS - S AR SRS R - JHEE R - B
ARSI e ~ Rm (R ~ QR IERE g KK -

SN MR RSEIT = - i F 55 S S A RIEL ~ Sl S AT RE o
g9[118,119] - [ &L 2 R RS IRl 1% - IREZIERES TR E R
[120,121] > (NRFHERIGRCEE 0B S - HEUSEFIE R e EBRIE - fRIZSUR
fa i R MR R B PTG R 52 B FE S B S RS A 22

(secondary sterility ) [122] - [ELFAEEVEGEMEN S @ EEERIREZRHERST Bl
(probable human carcinogen) - 52/% MR BLEWE P FERT 2 8 A4 A HHRA TR 123] -

T T PP S R A PRI L B A R 3R 2 U - RN B K P R
s [82] - (NI - FHEEEE IR AR TS HE A NBG AT R BUR I E - AR T
TAERHVIL T RIFEBUR > TR T AR ] R Y e B 1 1 SR A A i s 3 iR
[83] + & A SRR 5 AR A< T » (LB PR 8 ] M AR BRI T [84] - S HE—2DAYRA
Feiat - B RTRES EEATE B s B R RO B0 JEU B - DARTRE 5 TREIREE M B s
[85] » PREFIRE RS - FHEE 258 Sl i A I e H At I ReRe fiE B A R
[4] » Meta-analysis H > SCk B FHEE T RE ST B B8 A EREF RIS & > B 1R EHR
ST ATEER MR ECERNE - MRITEZERE - R H MR - RS
AN - ZMBERPERER L AMAHS GRS 1.54 (95%CI
=1.18-2.00) - ZEFILGT EAAEZRS]

Gre A ESR » BRI R R n] e B I A MHRR - T EREAY B 23 Al R



HE - BUEBA MUK E R Eie GNP R EILRE T - HH{ERERE R -
FATRERIBICRUR - R B E E R AN RIS BCE =T - (52
FEN LR T Ao B S - 2R - ATy RS is a8 A e -
PRI - AREE TR 2 ARSI R RS i S B0 B2 [80] - A A A5RE
Bt 14,014 A HEEBUE BT A 2 B2 T e as S i iE a5
E300 (SMR=1.1, 95% CI= 1.04-1.16 ) HYTETE » SRAHERET SR fE SR SMR > &5
REFRIFESAIMER (Non-Hodgkin lymphoma ) SMR AIE(RAVIET - (HARZELT
:t FAYEFE  (SMR=0.98,95% CI=0.67-1.39) - [CIfZ4E (Mouth) SMR FF 5
HITEIE - (ERESET FAYES (SMR=1.28,95% CI=0.48-2.78) - K
(Leukaemia ) BAFEZANKIRE (Hodgkin lymphoma ) =5&F84H 7 SMR #45 &
FEIE% > SMR (& (M5 :SMR=0.91, 95% CI= 0.47-1.59, SMR=0.71, 95%
CI=0.31-1.39 ; ZESAHKEE:SMR= 0.70, 95% CI= 0.26-1.53, SMR= 0.36, 95% CI=
0.01-2.01) - {HItEPRESET EEEER - K2 - ZRMWEERINSREH
SMR ¥ 45 ST SEIE% 2~ SMR B ( SMR=0.86, 95% CI= 0.48-1.41, SMR=0.89,
95% CI=0.41-1.70 ) - {HLIE AR ZES G LR 2 R(87] - A HAM A A BB
PRS2 5E 55 T 4% (Nasopharyngeal Cancer, NPC) FEIET "% ( Standardized
Mortality Ratios, SMR )£y 4.43( 7 deaths, 95%CI=1.78-9.13 )% 1.71 (16 deaths, 95%
CI=1.01-2.72) » H NPC [5Eitt ( Odds Ratios, OR ) 5 14.41(95% CI =1.08-82.1) »
S HA BT ATRERE ( All Other Pharyngeal Cancers combined, AOPC ) OR % 1.40
(95% CI=0.31-5.1) [3] - Olsen 5 \#22 839 {[EFEE L1 £ 5% (nasal cavity
and sinuses ) HYRRAF55 B 2,465 {EFEE R A ¥ HR4H - MR 1M 0 88 FH BR O AE 3 T e
£y 2.8 (95%CL5M::1.8-4.3,2014:0.5-14.3 ) - &EREURAET FAVEE EfE - &
SRR EEFRER IR BB R - WOE R R FIEA S E R AIFE(E 2 1.6 (95% CI
=1.0-2.7) -~ REWGET EAR88] » BURERREHEERNE 25T - BRI
MR bR MR — AR Rt o BRITIRGE BRSNS B BT 3 i 11 T
HA g i B A AHRME (4] > £ Meta-analysis 41 > 25830 FHEERRFEH 2 A A
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SRR 154 (95%CI—1.18-2.00) - HEEIGE FEHEER [5] -

EFFERHET R AR » LU 50 ppm ¥ ZESEARE 15 548
% » BRSBTS E NI EIRERIREI] - A st RS » &
BT B 18-45 5% > LUBTE 134 ppm = ZESFE AR 30 25k - HIHAWTH
IR FI90] = 1L 20.6 - 82.4 me/min BEARAFAR LA ML B 5% 2.
B SESHA 36 DRIBETRERI  HILLBEER - R S A
BT » Bt — LR BRI - DA R A 2 REAR G M
| ( ALDH-inhibitor) 7% » EEZBIEHER [91] -

DGR (T2 A 2 7 — W A 2 = A 2P TR L —
S AIGEE 2 B RS IRER N S RS SET % Hobrg
SEVRERIEITIRR - (R SR (ELLPIIE B TRE(E R
Pl > WIE TR A BB - B — R AREE - 12 1954 B &
1977 . — FHET Rt IR - o B AR R S REE BRI
REFEY - DHEREERREA U REIERIEL - SRE R
Fy 3 {528 23 4 » BN B A R 2 380-1,070 ppm o ZEASHSE 1 »
S 948 LTk NRBAE  WNAEIFET A SRR SRt
T4 ARy 24 SRR 3 200 » TAESREEALE - S (TR R 3BT % - B
PR > MR B2 > SR H By 5% ~ 2% [92,93] « TAFAIEHELLR
A RFE AN RS BB 37.6 BELLR: 14.9 42 » 365 67 ZoRREIIT Akt
AN ARTZE > Satoh %5 ATIZE 110 S IR AEAE R T (EHISBE T A SREE A
WA B M - RBERTERI I 7 S TR O LI R L B e
SZHERE SR AR R R R B R TR
PR 75 By B A R4 (500 ppm) ~ cPRFEAH (250-500 ppm ) DR fE 5%
B4l (<200 ppm) - PIRFREE RIS BT B ERRENZE R - KT B Rerh P
fiE 2 TEAERA » BT R P B O A 11 2GR B » (2T
IEHAREIRISALAE ~ JOOR - ISR B O SRR AR S T (5 13.7-45.1% »
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FERHPZERISHS TR 3.9~23.5% > BENEAN > A 23.6~25.8%HIRFES TH
REHAECE SR ~ B0~ IREREEERY - RIS TR 2.9~9.8% » iELEE
IR IR R SR (7 - TFEHEN > ‘B AT RE S — RN R R SR TS V&R
[94] -

Hjelm 3% \fesUinE &2 2 /NRF(E 2.4~48.8 ppm FIELEL T HH{% - Fijifi
BT AR R UK (Uptake rate)  §ERFAE 60 % 724(95] » HRERIZ
RN ARHHRSRIB I K25 THYEENE - —44 16 sy BMEEAZERE A & H
AR AL R T AAEME R /S - 23R 3R B VUBRIIEN ~ BE
o (AL BRI AR 2~ SRR MERR BB [ 96] » /N EEEE B
S HEH = SRR 0.402-0.915~1.393+1.68~2.301 DL Fz 2.827 mg/L(402~915~1,393 ~
1,680~ 2,301 DL R 2,827 mg/m?) fY MiBK 7 434 » Wi E & FF 57 7555 0.845 ~ 1.493
LRz 2.066 mg/L (845 ~ 1493 DL K, 2,066 mg/m®) fy MiBK 7 47 - HFEETEH
FEFRFR R TPHREE ~ S BRI R EIR R RS 1R IR 5% - S fe (e — (Y
EFRFEHBRBEHETERE - BERRET -~ IR GRS S R 2
BT S - EORBLRDHHI R E R 2 (E R B RS HIAE R P s tE > Hop il Ry 402 B

1,393 mg/m®[97,98] -
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FHE BIFREGEBEREHE
EFIE L 254 2 ( Occupational Safety and Health Administration , OSHA )

RESZ T RBERE Y ) UNGFEF B (Permit Exposure Level-Time Weighted
Average, PEL-TWA) % 0.75 ppm (0.9 mg/m®) » 2> PEL-TWA R{5:#45 200
ppm (360 mg/m®) » FHELETEH PEL-TWA % 100 ppm (410 mg/m®) - PN
<~ TWA J5 1,000 ppm ( 2,400 mg/m? ) - SEE T 2E# A=Al € ( American Conference
of Governmental Industrial Hygienists , ACGIH ) ¥ ~ FHECE T HE K N> )N
HEBE(E ( Threshold Limit Value- Time Weighted Average, TLV-TWA ) 435l B
0.016 ppm (0.02 mg/m*) ~ 50 ppm (205 mg/m*) K 250 ppm (600 mg/m*) -
WA ZREHEITHIED - IRESZ S i NI B T S PR

(PEL-TWA) % 1 ppm (1.2mg/m?) » Z,f%> J\/NIG PEL-TWA % 100 ppm (180
mg/m*) - FEE THEZ /N PEL-TWA %5 50 ppm - (205 mg/m®) > PAEEZ /\
/NI PEL-TWA 75 750 ppm (1,780 mg/m®)  [99] o S EH¥IHAHEE « 28 - AR
1A R BV YR E AR ERE AR 6 P o

% 6 HEMERFERENE (ppm (mg/m’)

FAHEISATH FARE ZEE FHAES TR R
=L e PEL-TWA 1 (1.2) 100 (180) 50 (205) 70
(1,780)
EEBEL 2MEE PEL-TWA 0.75 (0.9) 200 (360) 100 (410) (;’Zgg)
FER I REZ 2 AR REL-TWA  0.016(0.02) - 50 (205) 250 (600)
ERBUN TEA AR TLV-TWA 0.3 (0.37) 25 (45 50 (205) 500 (1,200)
HA OEL-TWA 0.1 (0.12) 0.5 (0.61) 50 (205) 200 (475)
B MEL-TWA 2 (2.45) 2(25) 50 (205) 500 (1,200)
JIEwN OEL-TWA - ; - -

OEL (Occupational Exposure Limit ) % R{E ; MEL (Maximum exposure limit) :
mAREIRE
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2013 S 14 RIS 2 BUSE TGRS » 343057 TRERAE K 8.6 O
SEEUERT) -101.2 (PEZREUER) ppbvl11] o FRIFHIEIEE LR - HEEZ2 R T
& 1.4-5.5 ppm [100] -

TEEF S ARMBIZHY T (BIAN=2EM - SR - RIT SR B RyELESE ) &

A G R RS A (LAY - Makinen 52 ATE 1999 FFERAZFRIFTHAIHT
RIE R =GN TMEE TN HRENREE  HERBURE AR T HZ
fé: R AEHEF (drying and patching ) HYSF39FFRRE K 0.07mg/m’ 5 5 AL (finishing )
PR R R Ky 0.09mg/m’ 5 SRR EHFEIFT (scaring of veneers ) HY3F35
TR L 0.14mg/m® 5 S RPNEE (assembly and pressing ) HYSF3 R ER RIS
55 0.19mg/m’ » SSYMREEEREE T = PR RE AR 0.05 - 0.11 - 0.14 -
0.21mg/m’ o PRI A] A0 T A F RS S B R P i s Y& 3 F B8 & (assembly ) Rz 4
2 (hot pressing ) FYERFI[124] » thEE/RH B T B T 2R AR Ry il Lisfe
(processtype ) » MiFEHE/EMEFE (manual type) (Kalliokoski 1990) © Vinzents %
NIAFHEARM Bl B TR IR RS BB TAE SRR E I - R0V RER N
0.15mg/m’ ; 53— 7 AE ST A AZRE P Ay R FE e Al By 0.20mg/m’ - 3 H
ST FTAS AR = R B R B BT R A LRSS IR 125] - S54h
Herbert % A HI[#F Oriented Strand Board (OSB) #Y S T H: FAES 5255 & i = Y &h
PR INEART (pre-heat) MVFZST » JRFE A= S 0.32mg/m’[126] -
ZIERIAERAR ST - 0 2011 R PEERRBE TS S EERIE AT 2 SR
J& By 5.206-30.582 ppm [101] > AL 2013 4 Ho %2 ARYIAZEAESR - 4.1 (BEHE LhR)
-87.3ppbv ( PRIZEEIER) KE(l1] - EYMEHE FEEREEY > 1979 4
Covino & B8 P fift | %8 RS S HAR AR BLAF 255 LHV(E N\ SRR = i 4.8
ppm © B S EHERIZ AT Z FHEEREE 0.8 ppm [102] < 1982 4 Elliott FHE &L
PEE 22 A R E RO E SR R HEEE 0.04~0.5 ppm 7 [H[103] -
Pryor 1983 fFFH#&H B[ 5% T (8 \ 2R RS #iE/E 0.18~1.45 mg/m’ - 1984
A —RBAAHAEE (Histology) BT ~ HHHEEE (Cytology ) #FT ~ JMEF
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B (Surgical pathology ) LUz S i 5t 25 222 5, o 27 {16 A 5 B8 FH B R &
Fo(ER AR R 22 1.6 ppm Zf# [104,105] = Sz R EERME T > 1990 4
Binding JIELL 0.5%HEZRGEST TlT o K FHlot& oM a2 A B T IFHIRE V1 5
( Operating theatres ) > FT{SFREIRIEEE (Peakconcentration) £y 0.43 ppm ; 5
AR FEE 8 /NEFPHIRIE Ry 0.18 ppm + EIFERR 3%HE; > HIEEZEANR
Y FH BT Fp P SRl R FE U 22 5.1 ppm o OF 5 AR RO~ PH R By 1.3 ppm > T
F H BB Ry 0.8 ppm > [ %5 0.1 ppm [106] © 1995 4= Gannon £R% 13
{EE&FE AR #i % (Endoscopy units) » k30 fir 55 T 7 (B ABREE » Hrp 12 (¢S
NTIOHE - I ORI R 0.16 mg/m’ » {IE A FHEE 8 /NIFIG &2 H90E 0.041
mg/m?* > TE BT RE FRFEEE R 0.16 mg/m® [107] -
TEZF BRSO TREIFZE - ZBERE Fy 7.6-0.7 mg/m?® [12] » T FFEN L8
G B G EEBE (Spermine Oxidase ,SMO ) £ HepG2 HlAEHVEEEHIESE - HE(fIiE
FRARREZEERE N [13] - MAE SEE A 2 Bg s R - SR ER
o WAZBEE R 15-20pg/m’ FR T > HEEER F 3.5-4.0x10° » FRIEILF£FE
BT AR TTEEZAVEUEER (>10°) [108] - EINHYFEERES Tt
55 1555 A T AR R 1R MR 035 (Formalin) SR TG VURE T35
(Pentaerythritol ) » ZHY F FEANG £y FE K IURE T35 (Pentaerythritol) » EIHH
FSAYIRE NEE B o P HEE RS ERE (0.001~0.698 ppm) EEFR(E
fEZERF (0.008~0.942 ppm) B/ » (HEFFEA ARG F)25 THYRFHIRN - FEE T
NIRRT BRI HE F 0.03-1.30 ppm > “FH{E R 0.21 ppm > FHIfE
s S BB E A [F LRI R » HORE ARy (0.13£0.07) ppm £
(0.58+0.53 ) ppm ©
HERERBV R L = S E R 2 RN B2 R AR T R
HE Ky 1517-11 324 g/’ » TR ZIGH BRI NG RE ) pa HEw RS HIE Fy 12-72
pg/m? [109] A AHRABFFEINE HIUEZ T 2 S92 E5 R Fy 76 ppm( 8-369 ppm )
[110] » BURSS LATREfFAEA A2 2 R - HRIE 1975 4 Allen et al. BH5EHS
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t o 1,157 2 ¥ERER GRS GEIRIZS T - 32 86 455 Tt B A EH) Bl
FEAEOpsE [21] > SO LY AEEMLEEM:  ( Peripheral neuropathy ) ZE{IfH;
& TRITHEURIFER Ry A\ B G BRI SO RER 2 B o > HL il e i
NEARERTE - iRELEVIBHIE S HEEY[22,23] -

Raleigh k& McGee > 1972 4 » FESU5 THFRFZER 901 ppm NfH 8
INEF > EEEIREE 2~3 K B LHRET RGEEEREY - IRENEDREE 1,006
ppm - HEUERER 7 KIF » (ZHIARE T KRR [127] - Matsushita #5388
FEESZEERY 100 ppm PN 6 /N > FARE T ~ R R @S I H R BE e rE g
HORPEAEZ A0 [128] » Ross i 1973 4 » {55 TorplFEEH 12000
ppm PNEE 2 738 4 /NEEREE > 55 TERARIRES RATRERDE [129] - Stewart A
1975 FYFEEFRAERLRFER = 1,250 ppm FETE - & EEE SMEHERE
[130] « Raleigh fz McGee FES1LA1%5 THFRZEFEN 901 ppm NEE 8 /NIF » 24
EFE 2 ~3 K% AETEREELCHEN( Romberg test ) ~ F-F5-%f- SR ( finger-to-nose
test) MHRBREEGRERZZ (observation for nystagmus) - &5 AH LT R ITIH 2
A EE - HENTRERIIZE 1,006 ppm K - Kb 3 {7255 TH KGR &
PR EPHRTEAVIEAR[127] - Ross HIFE 7 125 T RI%E = 12,000 ppm NEH 2 47
R 4 NEARE - 5 TEHRER - IXE ISR [129] - 55 Haggard
7Y 1944 RS RRE FEET SRS NET (21,049 ppm) 3 ~ 6 /N BIIEE A ik
BEER G - FAFE 8 /NIFE A IEMENISZSTENIE [131] - Matsushita 3G FHEFRFER
250 ppm PEH 6 /NIFEGHEERFE 6 K& - GHEAEZIES - BREEST - R
FENFETERE (delayed visual reaction time ) JzFHJEE[132,128] - Dick RIFEGEEE
FEEENY 237 ppm NET 4 /NEF o QISR HEE S SRR E A B AE - HEK
KRS [133] - Seeber ETFAEFFE 1,000 ppm AEE 4 ~ 8 /NRfR - #IA%
RN - BIRFEETIER [134] - Stewart AREEFAEEARRZER 1,250 ppm
PEE 1~ 7.5 /NEf - —RHIREE 2 ~ 5 K HEERE o EIFEEmET;
M2 28 » ERHG e 2 S FEMERE N (increased visual evoked response )

25



DL\ R Ea L )\ LI R B 55 AT ST » BRI R > 38
BIUERIER T - R AT SR T2 S AR S48 - AR
PRERIEHEMDT FESS L HNEIE & PRy 1,150 ppm > i —HZ
PRTEIERE B SF-R E By 725 ppm - (i BV TG RIAC 8% 2 5l BRI 6 > AR BRIR
& - AEEEEEN - RASEIEHEENTRES - 2B REamELE L
KRBT IREE . BTN 11] - SSARFFEsT S ENRI TR RERSR RS Tkt Thi
7% H 71 AR 1 86 LIFREBEH L TRl E TR 36 5% 0 HIFHE
Fy 14 FrAZal EATREEREE  HNSE 20U EEETIENES Bk
ST TR A (R E RI AR T Ry 2RI, o BASeAE S L/ N 2 RSP
f& Ry 500 mg/m® > BIERCUEE - T HASEE 2 S TAEILE - #EATE T EEEAE
GBI YE [11,52] -

R 19 {155 T RERFE 20~30 478 500 ppm FHECEL T HH - HAMERRHI 5
80 ppm - &EERAFHLL FARETT - JF O - TEE - IR - S - e
VR o Eorh iy A RFBEAS SRR > 7S AB SRS R - DB I B SR ARAY A Bl ~
AR - B B SEE A ST o (ALERIR (LR - FrA S TSR EE
Bg - BEFERRIERP UGS 5 T RS RERESy 100~ 105 ppm » AR
FIYEREAE 50 ppm /oA o BR T /DEMAHI AR A R I R AR £ 07 THIEI
B N NYERFRER R RE AN - SR AR HA YRR [135]

TRIZER R E F LB - 2012 F RS LS ST = 575 5y ¢ 55,497
11,500,303 ; ZEE5y BB 1,172 F1 2,448 /N 5 FHECE TEASHI R 114 F1 358 24
WA[1] - MR G L2 G RG 2ER2] - PEHRYEERE fs 99 I - fi5 1S TUTEY)
BET 3 R o Msta LA LRI ZeAS A5 > BBEN PR - 28 - W
B B AR R T B 2 25 1 S E R BEES AT AR IR AR - BRI E
B TUTE LB E SR TR S ETAS - pAL - BRI LY E R
HE 2 (R A RS - RILA B TR E 2 F BE T o o B (i e it
1 > DABHRERN > FREE ~ 28§ ~ OB & FHARE T B E RS LIRS -
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Ap

=% TIERHEKITE

—#i TFEE
PR - 2B - P - LS T MRS R IR P T

ur

W

N

(—) BEHUEEPY W R E R s R FE ~ 28 - PR~ FRERSE T Y
SR (o P MR TS > A58 VYR TRBRIS A -

() Z/DHE5 60 i FEE - Z8% - PIER - FRELER T RS SR (F 2 B F S
T I TREERHS -

(=) $tEZE/D 60 i FEE - Z8% - NERE - FRES T ERELSE s BB EES T
AETTIE 22 R P B Y R RS 2 FRER B3 AT -

(M9) LlHEHE 2D 60 ir55 L - faE HFHEIEEMHE - (RS - BEEL - 1)
st ELACEGINY ~ il BRI E e

(F1) FAERTT 55 TAEST T Ry R B2 R AR I ) W & TRl -
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T BHEREE - 2B - I - AR TS EREE S T (R FHIR R IR R
()78 60 fir FHEE ~ 28 ~ PN - FRELRR T LS SR lE 2 B EE ST T IURAT
TheE ~ ke KRR AEHRE -

1. HFDhREHIEAAEAE « A RERREREES  (GOT) ~ BANFREE NS (GPT) »
NEEEAEAEIAREZR (v-GT) ~ imlhwiieRs (ALK-P) ~ ZEHELIE (Total
bilirubin, TB ) ~ H #7412 ( Direct bilirubin ) ~ 442 ( Total Protein ) ~
H#&EH (Albumin) -

2. BIIREMETEE  JREE (BUN) -~ MEHIEEET ( Creatinine ) ~ /% (Uric
Acid) -

3. MR—MRE - Jifnsk (WBC) ~ &Lk (RBC) ~ iz (Hb) ~ 4L
BRAEFEEE (Het) ~ BLIMERERT (MCV )~ SPHIALMBKIMATZR & (MCH) »
SPEALMER AL ZRREE (MCHC )~ [fii/ )Mz ( Platelet )~ Bk& [ ( Globulin ) ~
EE G BEIERE (S ( Albumin-Globulin in ratio , A/G ratio ) o

4. BERE QSRR ROH] © AT A & BRI (Glucose A.C)  ~ =F&H S

(Triglyceride ) ~ FE 2% (Insulin) ~ AEH#ZE (Adiponectin) ~ JEEGZR
(Leptin) - 257 Bta B T DhRE R B AR A A+ -
(BT ZER P R ~ 28 - WEE - RS T AR SR 4T ~ FFDDAE - Ml R

RER R S Fa A  ARRR I -

()BTRS ~ ZF% - TIFF - FRELR T BRBLE SR E B E R 55 T T E0E Kk

B 2 MR A o
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Bf Tl

e S

AbtgezalE B AR - FSLEYIFERSE B E 2 55 T 258 REF
G B EEE DR A S > WACEE A\ ZE AR AR SR I - 2%
POl ~ FRALE TSR ERIRIE - HUIURAR A I AT T B DO RE R THAETE 1R
PRIRBEAS - R RER AL R B PR A VITEAT - M0 S22 SR P BE AR UR R A TR R M
PR - A HAHEAEE - BEE (e - L8 - B - AR TH) PREZEGER
P55 T2 (AR - = 0 b R I RSk R b A » 5o/ NA TR BRSO »
EIIHEEALS T T AR P22 R PRIV R I SRR AE IR =
[EIHRATE - BESATRRIVEER I DRI o] TRFS TREEERE > MR IRIER S
FRITAHRATME - HEFE2RREANE 5 For -

%
£

>R

Aldehyde & Ketone product/ material plants

i
v
Calculating sample size Walk through and select
i manufacturing and operation plants

Sampling strategy design
|

y ) v v ) l
. ; u . -

Blood sample ‘ | Personal aithorne | | Nerve | v . Urinary Aldehyde "
analysis level of aldehyde capability | Questionnaire and ketone
and ketone. test ' . metabolites levels |

1. To estimate the exposure profile for formaldehyde, acetaldehyde, acetone and methyl isobutyl ‘|
ketone manufacturing and operating workers. :
2. To explore the correlation between health outcome and airborne concentration of compounds. |

Collecting personal exposure data and time activity pattern with questionnaire to carry out the :
health risk assessment. :
4. To establish the urinary biomarker for workers who concurrent exposure to aldehyde and 1
ketone, and explore their exposure profile. ,'

o
tn

5 e AR EE
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T RGBSR SR

KIFEAPARE AN BT S » BAREEE ZF5 LT (55
20 FELA B ) o AWHTE B ERORE ] T8 )5 SR BN e A 2 Y [F A R ~ B L&
Yz Th > FEEEE R R (OEIFE RS #EITERE N AR TR &%t
TR S T B SGR IR - SR AR T s A B L
PR E H HEtE R NGRS 1B - ERESEEE
HEITEREE » RSB 25 TR AT 7T -

BRI B F Y E B M A4 BlE e 5 4R &R AR NES - BPEY)
B (R 28~ P~ FRERS TR ) (8 R S 7 SRR - LA e B bR an
AER P Ak AR B S (RS - 28 - IR - AR TE) 8hE RN
B PRI REXEFGATE - BUEYE (HEE - 28 - WE - AR T
i) 2R - ERUEFREERN HAHEERE 2 TR T AR5 o R — P
g B2 5o 55 TR EEYYE 2 T53 - RET TS EE - W DAH FREE
#f (Similar exposure group, SEG) 197772 » $T¥EAREEE S ABREEE 2T
EoraHA - DIpHElE - BSE (B - 28 - W - AR TE) SR
TAFERREE ~ [Bg - FREEH - RERS - RS 2 B RS TR A2
SRR o DUE TR iR 25T (R = - /s - R8T = -
HAYpRERE ~ iE KR FEES T > #y AP EREH - &% > DT
REEEE - S E (R - 28 - NEE - R T #9551 AfTECERAL
EHEFT 255 T 0 Bl RAT 2 RFEEAH - 1IN KT IR S-S RGPS
B AECE  RERME ABUERIIGEL > AP r o SRR B4 - tH9E 2/ DEEHL
60 fir 25 THEATHEE - FrATHSE R EVAK E B A E R FE AR RE R
= T TR ERIRTT -

T >
=

g8

il
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= (@ eGSR A

MG RARE T > Al REABE - TIERCAETEEE - LA
FHL ~ P S BRI S R DS ENE S © BB RAEAE R > TEE A
L2 ~ e e EEEAER > B R TIEIR R AEEEE - TR
SUE A T H RIHIRL - S8 - TIFANE ~ B RN TR FE LIEHEE A -
AEEBAVEL o AE A A Z TR (E R B0 ~ fhft ~ B R s HESI
FrRe B 2 A2EEE - = Bt E ARV T REE TR E > &
T8 H Z AR ~ BB RAIRE I8 5 > e = 5 Z e efial ~ fg
THIRRE B ZHREE A - SBUUE S B E A REGIROGE THE - &R
BRIRSE ~ SUREOA S ~ BRI B Z (ERHIRDC ~ AFBRA LA iR - BRI
AR RSB - A TEREAT 24 /NRFELERERE H ZEEhiR0 - PR IESS T&
HEIEE ~ BSE (FHEE - 8% - A - AR T ) FERNSE - SRR S5 TE
SEHVERFIERAL ~ TIFAA
o~ AR
(MR AU

AHTE £ PR B F R B HIE N T B g R R EIE T
[FEITEF  (EMEFEEEAVE > IR (AR - lElER - BEE - ik -
RS ZIHHT HOMA-IR %) ~ IO (FREE - MUBHLERET » M REE) - FFIhsE

(GOT » GPT %) - MK Mite @ A EHCERE T DA ARG aBEER
BRI TR BB o8 > S AR Mk - DUt ERIRE Z HAth )
BAEIREER T - AEFEETEE AL -

MR EREHIER 57 > eS8 8 TR 2 E I - Wi AR 2
MBS RZERE - FRG 8 TEE REAE G ETHN > sz AEEAR
s te N8B - S TR 20 mL © Sy RILIATBISR RIS (& gel ekt
Rl ) WU - BEE 30 738#1& DL 3200 BEEEC 20 7088 - DUIIZR AR BLER B N 2
NI G BN IE - BE ORI BRI T8 - R AR BRI

=
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Mtz g T FRF IR /KA i 2SR oA o RERRIIE - IKERER
& (& NaF/K3EDTA $iAeR|) BATBARIER (RS EmHuseEE ) SR eE UL
K BEARBREERERMEZ E D - ERIUREEFR KT 2 2R E
TRBRPTErT AT AT Zat 2 e Sn sl il i 2 BlElEE A2 ® (Taiwan
Accreditation Foundation, TAF ) (ZEEHFHEERTEZ @ (College of American
Pathologists, CAP) 5056 &8 2 BFIeEREEAr - oIraEEAR MHIIUAE ) |
1. FFOhRERERIEAE - BAETEIREES  (GOT) ~ ZkNIRRZ#EES (GPT) ~ I
BBk AR 2R ( v -GT )~ ek EERE( ALK-P )~ F8HELT Z2( Total bilirubin,
TB) ~ H#EiE4LZ (Direct bilirubin ) ~ 48%& [ ( Total Protein ) ~ H&
(Albumin) -
2. BIIREMEHEE © FRESE (B.UN) ~ MUEHIEERET (Creatinine ) ~ fREZ (Uric
Acid) o
3. MR—fEtea - JimEk (WBC) -~ 4LifmEK (RBC) ~ 2 (Hb) ~ &L1MEK
AHEEE (Het) ~ $S5ALMERER (MCV) ~ SPHEALMERIMALEE (MCH)
SPHELLMBRIMALZRE (MCHC) ~ [fIv]Miz (Platelet) ~ BKE&EH (Globulin) ~
A& O EEREHEE{E (Albumin-Globulin in ratio , A/G ratio ) °
4. BERGACE EE R BiiE @A R (Glucose A.C)  ~ =REH S
( Triglyceride )~ f B 2% (Insulin )~ A5 2% ( Adiponectin )~ 52X (Leptin ) °
() ZERBAEE
KIRTE ZENBRER T A2 2% EEERR IREEE 1999 ~ 2004 -2 FHEE N Eit
A5 7A—Compendium Method TO-11A; Determination Of Formaldehyde And Other
Aldehydes In Indoor Air[113,114] o KNG FFEZ RS e 2,4 - —HHERPT
(2,4 - dinitrophenylhydrazine - DNPH ) ZW/B%& (SKC 226-119) ; NIEEFTTWIEE
#H2,4 - DNPH ZH[E (300 mg/150 mg) » PRELAVEESETHR Ry 100 mL/min > £%
RIFTE] Ky 6-8 /INIF o BRARRATSG DAATA MR EVEE T B — SR E SR HET TR -
FREARAVAREEAL 5 X BUE RGP B R R PR AT Z BRARTCR - AHIEEEE
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—PREREFE OB APRERBCRCE M S S FE 157 THCRG - BT — SR - 45
SRS TN EY (22 51.6% » R » AT S — KRR TR B I E 5%
LAWK 48 2 B D) 2s VIBAER R 7 T E Wil > ER I N SCER R B TR FE o 8 A\ BRER L BCZR R
S S HEAT T35 TRCEL > #8 2,4 - DNPH Z WY BB E RIEC BN 55 TR T - 155
SRR LB S ENE » W LLAEUERE (Parafilm) fEf - WEEFIS 4 C /KRS
EINTHT © BRERIRIRLALLS MR BT B — AR E S TR IR - BREE
HYRARERAL 5 K » BUEECEIER BERER 2R - SRR R AR EZ R A
fSHEEEH T 2T e

ARWFEZ PREERFE Ry 6-8 /NIF » B3z5l 3 2 BRG] » MZEREARE
TR DA AGTR » B 2ilE 2 BRI BB AT R 4G TAE -

AT EEEIRIRE NS 2 BRSO 775 » %07 BERCT A LA e
TR AR AYERINERERE » 1Y 4CIREE TEFE 8 /NEF - A
N EWEEZ ZREREHT 1 /NG R o FE 75 R B R A SR AU~ 4R
INIIEPREE R - HAS R B TRV & -

ARV 2R ER - EERES W HETEED
M~ i ES PR iR E SN - R HER - JT TR o AR
THARSZBER R TTE TR » RAGRF AP OT A LR i T
TTERSE o PTAELRCRIRIB A ARG - ZBECTA(LRE Ry 84.3-86.5% ~ PN £y
95.8-97.2%[116] » FHELE 90-96%[117] °
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T~ BRI
(MBS
LR £t (1000 pg/ml JBFYFEEE ) i Uni-onward (1) -
2. ZBEREAEAL (1000 pg/ml A HIEE) @ [l E Uni-onward (&ZF1) -
3. B (1000 pg/ml A FEE) * B%H Uni-onward (ZF1) -
4 LS TR (1000 pg/ml EFYFHES ) ¢ i E Uni-onward (&A1) -

5.5 (HRFE)) : BEE Merck  (Darmstadt, Germany ) e

(COMENZ AR ~ 28 - WEREBL R AL T B A
1. s

a. S 4REE © HEER 2GRS HEIE L ¢ 0.005 ng/mL - 1 pg/mL ~ 2R &
AR EHE[E Ry © 0.005 pg/mL - 1 pg/mL ~ PR g B 4R R R #E[E fy ¢ 1.6 - 15.69
ng/mL ~ FRECER T Hafe S SRS #EE Sy ¢ 0.005 pg/mL - 1 png/mL o FEAE Ry
1,000 pg/mL EFEE ~ ZB% - PNER ~ RS T AEAR A -
b. RHEEAE Sy I DL L AR 22 0 RS 48H8HE 1 mL -
c. {REG EACTERR RS ~ 28 - N ~ AR T HfEE g2 0102
05~1~2~4~6~8~10" 1520 ug/mL - FRAIACELITIELMZER 7 B -
d. 1%L HPLC-UV #Ef7o04 » DURIERTE (B0sE) HamPnvRE -

SRR - SR 8 T -
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R 7 HEE - ZEE - NEREA AR T Hite B 4RACE R

BEERE BREIRTE CHICNIRINE  FCaRE

(ng/mL) (uL) (uL) (pg/mL)
20 5 995 0.1
20 10 990 0.2
20 20 980 0.5
100 10 990 1
100 20 980 2
100 40 960 4
100 60 940 6
100 80 920 8
100 100 900 10
100 150 850 15

100 200 800 20
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7 8 HPLC fo 8 4 R[5

e

e B AR EEE

FHEE

TR RIRE

20000

y =510122x+ 5329.7
R*=0.9983

F0000

>

SO000

0.005-0.1 60000

50000

e
HE AN .
20000
10000 | ¢

V]

0.000 0.050

0.100 0.150 0.200

===
IEJ/}%);

W4T

T SHRE

y = 444427x + 14624
R?=0.9996

LO0L0D
450000
400000

0 1_1 350000

300000
250000

Mg/mL ZOON0N0

150000 <

NN 3
50000
0
0.000 0.200 0.400

0.600 0800 1.000 1.200

N
i

50000

LB RIRE

y=274219x + 4628
R?=0.9987

45000

41000

0.005-0.1  |[2s000

30000

25000 ,e/

pg/mL

20000 <
r

15000

10000
&

5000
a

0.000 0.050

0.100 0.150 0.200
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=R

w47

0.1-1
ug/mL

300000

250000

200000

LE HRE

y=270216x+9320.9
RZ=0.9982

P

-

15INNND

pa

100000

*

50000

R

L

0
0.000

0.200 0.400

0.600

0.800 1.000 1.200

Iy
o=
p=n|

1-6.28

ug/mL

A& IR E

2000000

y=221857x + 36986
R?=0.9992

1800000
1600000

&

1400000

1200000

1000000
ROOO00

600000
ADDOOD

200000
4]

0.00 2.0

A.00

6.00 R0 10.00

6.28-15.69
pg/mL

AER &HiRE

ADOOO00

y=215572x+ 81671
R?=0.998

3200000

3000000

2500000
2000000

1500000

1000000
500000

.00 5.00

10,00

1500 20000

0.005-0.1

pug/mL

PTRETA I&EE v=92763x+4353.8

25000

R?=0.9998

20000

A

15000

Pl

g

0.000

0.050  0.100

0.150  0.200 0.250
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PAETH kg V= 112328x+369.81

120000 R2=0.9999
100000
EEE 0.1-1 80000
T 4R pg/mL P
40000
20000

0
0.000 0.200 0.400 0.600 0.800 1.000 1.200

9.58 min 10.48 min 11.37 min 15.13 min

2. ImE&REH
a. fa R AREIE - fe B REIEITEOE R 0.5 ng/mL -20 ug/mL -
b. LIE VISR ] - 8k 2,4 - DNPH > By i > WadwtIIRe » VIR = /)

BB -
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c. DAEES a3 BUE E Y oI ARRE 2,4 - DNPH Z BB E HY Al - 7%
At TRV BRI EN o i EW AL L - Rk 2,4 - DNPH 2
WIRE LB EEL  WEAORBAIIES -
d. SR ATRIE Rt B AR S RRIE - R ARG 20 pL -
Eom i Bt B AR EE - ELLFERE -
e. fIBHZET > RIAIwHVRIEMR RS - FAllmH IR ERRLEI A 8 mL &Y vial
R A S mL HY ZRE -
f. Et&E D& Ua R IIES -
g & 60 71 - MAHFHEEZ -
(& DL HPLC #EfT 34 » DU (i) BomnviR - i
S ZN:[if AL
a. IFA#EHE 2,4 - DNPH ZWBEHEE - Rl VIR - (EF BB
K Al Z SRR B3 - gIEYE Z W BRI 2B EIA 8mL HIBE /N
R RESE ZWIBH = EA S —(E 8 mL HYIEE/ IV -
b, F—IE/NEIIARGIE (285, CH3CN)  SmL - WiIZBIE B -

c. JE 60 733 - (HMHFESENILLL HPLC AT -
4. BEAIIMT © LUHPLC AT IR0 9 -
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R 9 ERURAHEAT LRI N A S AT ReE

HH e
Column Discovery HS C18
(4.6 mmx25 cm, S5um )
EHIES R & Ultraviolet (UV 360 nm )
Acacetonitrile
B CRZE) B: water
(1.8 mL/min)
TEAE 5uL
TR LR E
Time Milli Q water (%) Acetonitrile (%) Flow rate (mL/min)
0 80 20 1.8
10 25 75 1.8
21 22 78 1.8
27 80 20 1.8
30 80 20 1.8

o

2RI AR ST 2 B
(1) B2 AR
IS B 2T SR T SRR ED A 10% 508 DT
B 72 TR -
(2) Bz A

BT AR IO —(EEURZE B ik ah > HIVER R EZ MR Z e R
ZIGAE AR o HZE BRI A S M T AR E R - Al
MR Z AT EER A RE 2T e TR - FRfk SR s B R N
FETE T -

(3) BRIz BRI
BT R IR —(EER 2 B L - BV EN R EZ MR Z o2 s
ZITAENE - B AR SRR A E AR R E Y 65 > Al
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AR Z AT EER AT RE T T FRfk s Iis R R N
BT TEN AT

(4) BEHR

RIS ENE ATt 2 BEEERAR 705 » B HUAEUE A RS E 1R BOETTHR

by > ERITIR - ERECREENINATEREZ 10% - R Rl -
(5) tmELR

wEGCEEE > HlE - 28 - AEHSERER THSFEZEVICE 7 @2
ERTERRER - B AT IIATR S AR (R R AL 0.995 - BFETRE

& ZTEYE SHCE R e E R T R AT [F AR S 1T A 0 Sl

SRR - HIEMCER M 100£20% -
(6) s

ANEIRIE (C) BLE(EIRIE (Co) BETMIIESE - K E AR RIERE LN

EUHIEE T - ETREEESTE - HERERT N 100£20% 2 A -
HEREE= Ci/ Cox100%

(7) I

fE—HEAESITAERHETTAVEE - ICEa B8R TRIRERAE i T =
REE T DUINE Z B R ZE (CV) FonZ > CV HFR/NR 15% -

) 1 n ) (ZX|)2
Sl X
S = (s2)7

Ty R R —(E AR 0 DU B AR R e Ao AT
dt > NI AL

Brp o ARSI ATAE R Z B - ISR A A
FALAEE e RN BEESECRFRTEAE 100£20% 2 1 °
(9) FAEMARR

[a] EFEHEE - LFE - ARRELFFAL SR T BiEEnn - Ao iR B AR (RIRERS
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iy

[b] EHE T TR WETRGEREERE (S)-

[c] HRFFTAVREE SR L= » DIk MDL -

[d] SSEE - (RERES - HaEFzE e MDL -

[e] BCE i MDL JREAVER AL MHETTEE R0 sTREERIEAEZ(S ).

[f] FIFI%E—ZX MDL 73Sy 2E (S*) DRSS R MDL 4347 fifs
Y EBUEITEERS » BEREE R T (SA%) BUNETER T (SB?) -
WE MR > HAETE/INA 3.05 © 35 Sa¥ Se?/INFA 3.05 > HILURFI A G
HALEHEAEfRZ=  (Pooled standard deviation, Spool ) :

i 8 3142
Spans = lwl
12
[g] FIFHETERTSZ Speol » AN AHGET R A& Z MDL {H :

MDL=2.681x Spool
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FH=E LT REE ST

AW e FRER KRB WA T REETRBILTE  EITZEE TR
Bk - IYeRiEE 2 SRR KA TR E 88 ~ FE SR A R (> SR
FEFEEMEAT RAEDMFEIT A - BT AR 25 UET - I H WA
TREFELS R - SE H AT [ AN S e - (R 2 sl T EA N T4
REFRE2EERE > BEFMHRIR - FEEEENEAR LIS E

MO NRE— TR RAE > DL 10 BD Ry BEAL > (2503 Bt H Pt DL a5 3 AR 8
5 o eI EE 10 PR A BETHE=
> FHEBE N
A5 F AU L DUAIGUE S 2 R ey TR > (R — el
B ML B SR M e R TR A RS - B S 2R &
e H Dt S AT A B SR E 10 (B E S #EE 2 IRER T
BERE AR & TAESETT 3 20 SCaE BT A A B R = A REEE R
HUPHE - AR P RS AM - RfeA MEE I b
Dl e AR s -
= EV)

AWFEEE 25 B AU E AR A R B AT LA D ER TR - 5
Grip strength dynamometer®¥2 JJ5 LURIEIFE S AR TT AV » ki > ~Zal &
R IR TR EEER AT EEHIRE > RMEAFDTRHEE > BEEEIL > W
HIE AR (FIER) - SEEATE Bl - FEAIEE BN RIER
T = BN IR HUEAE - SeRkATT e R BRAL - PREE/ NGRS —(r - T AR P ke
AR AN > ZRIE RS - N EGRHE DEH R S A AR S A
AHETF - EF MR -

ll
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SEVUGH fRREE b
KIRFE ST ERCE R RS - BOSE (HEE - 28 - NEH ~ BRESR TE) 25T
TR R RIS SE B T B RS B 2 B S R R AR 4
(Integrated Risk Information System, IRIS ) FpHEfit = RfD &5 7 BL8l FH AL T H
ZIFEE N - 5SS AR HRE SRR T R B E e - R JE b 2Bk 10
AR - SEECENEN Y » 8 AR ERE2E 68 R R RE 2 BRI EE -
(e B 57 TP T0F 30 45 MR IEZRIGHR Ry UNE; > B TIES 219 K> &5
Zan L ERIESH 2012 FENBESE R iRt 2 Bk - B R 75.96 5% 0 MR
82.47 5% ©
B kRS | =5 8 AT IS TAVE A 22 RO T R TS - IRIS £2 4k
YRR ~ 2B BT B E e DL A AFETR
Risk = LADD x Slope factor = Ctw xUnit Risk correction ( mg/m?) !
Slope factor : A% (mg/kg-day) !
Cu 25 T8 N F8E 2 I R ZBE R (mg/m?)
Unit Risk correction * 1 1EF=FERFE 2 B AR (mg/m®)
AU SRS Ry T552 - B AR IERTER G (5 H 28 8 /N - 34
T2 219 0 582 30 /) 20 2012 HRERZBSET 2B A HEZaER > 2
WA Ry 82.47 BR 0 BMEE 75.96 5% - (BIER AT ¢
Cow XUnit RisK correction  (mMg/m3) x (8/24) x (219/365) x (30/75.96) (&
M) x (30/8247) (=f4)
FEEURERRETAL - BB E RIS TR - 28 - W - A
T2 G EFSHE  (Hazard Index, HI) » AZATH
HI=ADDyot /RfDnoaeL= Ctw/RfC
DUEABRER 3% < Pl ~ BRE (HEE - Z8% ~ T~ FARSR TR

RS R H B E A E (Average daily dose, ADD ) Bk 55 HE
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& (Lifetime average daily dose, LADD ) » /A A0T ¢
‘j_DD c K IRLHFEEI.'J.IIG.I‘! X 4Fmﬁ!.ﬂiﬂ.ﬂ‘.&ﬂ
< inhaladion —

BW

ADDinnalation * T AR Z P FHREKE (mg/keg/day)

Cw: FFRKAPREHRLCEYE ZFHEFHIRE (mg/m’)

[Rinhalation © & H FEI & > B {7 © Nm®/day

AFinhalation * T AR Z & EWALEZEWERK TR (%) » &
PLVELEE| & ( Potential Dose) 51 & » Rl AF=1

BW : A#E P HE (kg)

ED @ A B8 F 19 5 52 I R

AT @ F 535 4 0 F I iR
LADDInhaIaﬂon = C X IRlﬂhalatlon AI:inhalation ED
BW AT

LADDinhalation - [ﬁ /\ 1'<« Z ZQ ?f: SIZ i/j EI Eg ’”‘U %

(mg/kg/day)
Cw: FAAKRAPEEELCEYEZEE LY RE (ng/m’)
IRinhatation © & H FEIE & » B @ Nm®/day
AFinhalation * T AR Z fE EEACEYE R K 3 (%) &
ZAE Bl &= (Potential Dose) & » H] AF=1
BW: A FHEEGE (kg)
ED : A #5139 2 85 1 [
AT @ FFE AN VIR
RfDnoaeL @ 2°5RI&E (mg/kg-year) > DA IRIS $£ft 2 NOAEL 1% 2 RfD
RfC : 2% (mg/m’)
HN AT e s T#Fe > BULAMIERFENRH (B H2REE 8 /N - B4
FEE 219 0 FFE30F)  BEERATT

HI=Cuwx (8/24) x (219/365) x (30/75.96 ) (E&4:) or x (30/82.47) (Z1E:) IRfC
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% 10 Bee i &R Rt 2 e b 28 E

HH

2

R ZBK

& A~ NOAEL

% A2~ NOAEL

BAZAMEEREL
(UF)

e A Z AN TEAREL
(UF)

RfDnoaEL

RfCnoaeL
RfCrwa
s N =R VA
(HFERE~L
KGTE)

R N Z RN T
(Slope Factor)

15 mg/kg-day -

- 273 mg/m?

100 -

- 1000

2 x 10" mg/kg-day -

- 9 x 10 mg/m’

1.2 mg/m? 180 mg/m?

1.3 x 103 (ug/m®) ' 2.2x10° (ug/m?) !

1.3 x10° (ug/m®) ' 22x10° (ug/m?®) !

900 mg/kg-day -

- 1,026 mg/m?

1000 -

- 300

9 x 10!
mg/kg-day

- 3 mg/m?

205 mg/m?

USEPA-
IRIS
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FOEN Gatoath

AW EC IR S PR LT (E RV RP IS - MR A7 el (SR B AR B {5
SRR FEE I - FFZSRBEA TS 4% - DIZE A RS Z TP i B E Ry DR -
sy R M TARE T RS -

AW FEAEI TR Se A Z s B AR S R R 0 - DURRRE N B BB
B4l > R HEIE A B s Rl - B DI EE AT R AYRE
& > DUREZ I BrE VIR - srplE R EE AL T - AWTF s s R R
ANBBERZHA T AW ASMEZERIHETHRET -

AWFEE TR - 55 THVZSRBEA T RE R e B R R (K
B RS M EARR R A - DL 12 iR R R RRERET R RIRE - B
Z IR AR EHIRRR - DA 172 AYRAISRIRRE S TR . (2 s Tae/E oA
SPSS Statistics 17.0 fiETT /34T - AR EREE LSPHIEEUE B e EAZE
REE - BEYYE (FEE - 28 - IR - AR TE) B - MUK AR KATIIRERS
TR T I BZoR > Al 2 BRhR U Ref e SHE B 34 35 a2 AR
Z{EEEORTL 50 > AIELL Kolmogorov-Smimov #3%E BRI ARG » 4 2]
L{E(EEUINGS 50 RIJZ LA Shapiro-Wilk i@ & & AR - 5 RIS Z Bk R AR
TIARAILL t-Test Geatoatf » 35 RIRHRE AT Z ERIAILL Wilcoxon Rank Sum &5t
Tt > BOtEER R EE RN ZRNE > SRR EIIEEAR 5 AZELL Chi
square test &EEt 0T I (EAVIHE E/NFY 5 A2 LA Fisher FEhfEtaE st oot -
FHRAMEZLL Spearman Correlation &ea TAHEHTE ©

oaw
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Vv =r 2= LA
]E \\‘l:[ 'Eb.il_:i\ BHH

£—&1 A~ B~ C K D MG TEAER I
AETE PR LR BRI RANTR 11 For > AWTe 3t st 69 #1255 T2 8

A T AN MHRERIMTAREREEATRE - Ll BB EEETaE 6 s - 4

SERGERBEREA 68 {1y » 88531 » ZERBEA Z IR 73 3 2 (o BRI IR 52 ~ 2%

V3Bt ~ PO 16 3B ~ FREEE TR 1 fobit > S0 PAMER o SREAEA

B PRAR ST BRLE 1A T

* 11 ZIHEHE TR Kot Z 8 H

T A A g B i C D Ji&g
. 2014/ 6/ 6 2014/7/29 2014/ 6/ 13
s H HA 2014/ 6/ 6 10:00
14:00 14:00 10:00
LA — Pt VOB = Hif VO = di VO =t
P HEA 2014/6/25 2014/8/13 BEEHEIRE | FSEAHTE
HEER AR N\ H 31 37 - -
EE] 0 SR YN 30 36 - i
CEEERREA Y - 36 - -
PR A © 15 i - i
PR R T A oA b - 36 - -
HETESERTEREAREZ S T AE
PEREEEA IS 2 55T
2%, 1%
; m T &
6% ' m fTEC ALB
. . = Fk AT B
- LA B
= B EE TR

m ] 4578 FHE
f“E FE
Fc
Jf%t & afe 1%

N

6 Z & I ST S BB
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A Zhem T ADREARER
1. EARANOZER

Abgedt 68 #1551 NOEERIIIRERATR 12 For » 2ZalE S L h Ltk
63 fiL R B - P 1y 38.9 5 R PR R 11.6 5 5519 170.7 257
S EE YT 74.7 N T 0 BEENAYS 86.7 41 0 #RAE~F1E 100.7 » BMI 3455 25.5 < 68
frETH - 48 LET (70.1%) EABFEARAVERAEE - At EENE
T3 207 (29.4%)  HIEHEEIE T 81 (11.8 %) o {E AL SLHIEL ST -
FEE B RUAF SRV B T3 8 i (11.8%) - BAEAIATHYE T 16 iz (23.5%) > &
a9 i (13.2%) > BAES=FEMEEZL 21 (29%) > BAEEM

eSS 1L (1.5%) -

W2y T2 NSRBI 13 Frs > A B3R 31 #4255 T2 BUATE 2 5k -
HAVHIEES 38.96 5% > FEE Y 11.57 4> BE e 170.65 A\ 57 - BEE 15 74.68
T BREY 86.74 oy > HEhE- 24.01% - BMI ~-35) 25.54 - {ii A E1HAVHE]
7y 0 A 37 R A TEAMEREESRENERAEE - 20 HE TAMPEVEE >
ANGEEBENATA 8 4 » EALBIRLITH > R B RIFTRAYS TI 8 fir - &
AERGATHYSY T3 16 fir > BB S MARERYS T3 1 7 > S S =B H A ER Y2y
2 fir > B S MEARYZ T4 9 fir -

A FEZ iRE o SR IR RS S A i AR B i A SRR P H 3
TE Ry > LUE ABUE HE BV HEE 3 H (&) M EREhSREH -
HepHRBFEM > 2GR ANFR 14 For > SREE I 42 7 - [RRFEHIL 26 i
Hagsat o &Rk 1S Fos - SR A TPEFE K 40.10 5% - FE 19 12.6
o BE 171.95 A5y » 881 75.95 AT FERESEYY 87.91 ANy » Beia~F
$423.69% > BMI *¥-#5 25.61 - 55 T{H N EEHIES T H7 24 A T ARRE R
FoR g BAVEE - 1S B TAEMPHVEE > AEEEENETE 3% - HAR
ST - FEE B BT R VS T 4 fir - FESEAEHGATRYZS T3k 12 i - s

49



AERERYZy T3 0 (i - S =B M ARER Y2y T3t 1 A - R mERAy 55 T4k 7
fir - RFREEHS TR R 37.12 5% > &R 9.9 F > 5P 168.56 14
g1 BB R 72.64 N T 0 FEREINEES 84.85 N4y 0 BaFE S 24.54 % - BMI 241
25.42 - 255 T{E NEERTE /7 - 47 13 (L 8 T ABUEARCRE RV EE - 5
HETHMFYEE - 5 8 TAEEEE - 8GR ITH S B B REYZS
T4k 4 {i - FEBASALATHYSS T3 4 fr - RS =B H RAEERYS 138 1 1 > P
EMMARERY S T3t 1 - e S MRS T3 2 fir - &E&RETIiTiR > WsH A ISR

ARSI E R T R R -

BESE > ARFEIR ST HIIRZS SR R ~ 8 ~ FEER Tl 2 28 - PR & 7y
R FERIH - TR Z SRR RS > SRR 15 B3R 1T > GEREH
KRR BT 2 B R FE R B SRR - SHANSEERNI AR AR
AR AR | R B R e & oy S (OB A - S s Rl PR T BLE
HBE e RN - RN TR BEETE MRS - S0s R R
W78 BAARAR L i © AT ZE i P ERSRA O A BURy 15 A &SP R &l
AR > SEABEIR 10 A S TRETHRERET -
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12 68 (i35 T.Z NI R EARET

THH (n=68) ErE (A=)
Ffg (5%) 38.96 (8.93)
FE () 11.57 (9.72)

Bim (A7)
AR (A7)

170.65 (6.86)

74.68 (12.05)

HEE (A251) 86.74 (9.04)
#alE (%) 24.01 (3.92)
BMI 25.54 (3.13)
HE (n=68) AL (H5Eh)
FoEpiE R

= 37/68 (54.4%)
I 31/68 (45.6%)
FHFS

H 20/68 (29.4%)
etz 48/68 (70.1%)
Lg%

H 8/68 (11.8%)
i 60/68  (88.2%)
(EINS =R

B AURT % 8/68 (11.8%)
AEHTAT 16/68 (23.5%)
T 1T BR 9/68 (13.2%)

e =B H HAEE
= [THE

2/68 (2.9%)

1/68 (1.5%)
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%13 A~ BRES T2 A IS s

HH A i B i
e (%) 358 (7.9)° 41.59 (8.97)
FE (4F) 57 (6.2) 1645 (9.51)
55 (A5) 172 (6.8) 169.77 (6.88)
BE (AT 788 (11.2) 7121 (11.78)
BEE (A5 90.6 (8.4) 83.46 (8.35)
BEAE (%) 248 (39) 23.38 (3.86)
BMI 26.7 (3.0) 24.59 (2.97)
HhcEPER
= 25/31 (80.6%) ° 12/37 (32.4%)
4 6/31 (19.4%) 25/37 (67.6%)
RS
P 9/31 (29.0%) 1137 (29.7%)
7 22/31 (71.0%) 26537 (70.3%)
Uzl
H 331 (9.7%) 537 (13.5%)
P 28/31 (90.3%) 3237 (86.5%)
([ERNREES
B HIFF % 6/31 (19.4%) 2/37 (5.4%)
HSHHT 7/31 (22.6% ) 9/37 (24.3%)
il 531 (16.1%) 4/37 (10.8%)
& =R HS 231 (6.5%) 037 (0%)
= S 1/31 (3.2%) 0/37 (0%)

S (RS ) 0 ABEE (ESE)
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% 14 gl o 2 SRR EE A 2 N EFUARER

HH EEEad (n=42) [RFEFELH (n=26) p-valuesd
FE (F) 12.60 (9.97)°* 9.90 (9.24) 0.316
FE (BR) 40.10 (8.85) 37.12 (8.93) 0.218
e (NT) 171.95 (6.29) 168.56 (7.34) 0.560
BE (ANT) 7595 (11.34) 72.64 (13.09) 2.930
BMI 25.61 (3.07) 2542 (3.29) 8.170
HEE (N9T) 8791 (8.76) 84.85 (9.34) 4310
BEEC (o)) 23.69 (3.32) 2454 (4.77) 0.316
Hhi#E A 24 (64.9%) ° 13 (35.1%) 0311
Sk 15 (75.0%) 5 (25.0%) 0.089
= [ 7 (16.70%) 2 (7.70%) 0.249
B EIFF % 4 (9.50%) 4 (15.40%) 0.359
HSHTHT 12 (28.60%) 4 (15.40%) 0.171
= RS 0 (0.00% ) 1 (3.80%) 0.382
= = R E S 1 (2.40%) 1 (3.80%) 0.622

CPEE (R ) ;0 AL (500

CE R E R ARILUBIEA thee oot > 5 RIEFERE i Al 2L Wilcoxon rank

sum test 7347

HHSE (>5 L) Chi square test 4347 » BASZ{E<S AIILL Fisher &M E &R0
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* 155 ~ (RFEREH 2 NSRRI

HH SHEREH (EEEREH  p-valuesd
(n=37) (n=29)
FE () 10.96 (10.87)* 12.42 (8.34) 0.266
Fit (5% 38.35 (9.87) 39.48 (7.49) 0.501
B (A45) 171.01 (7.33) 169.81 (6.34) 0.478
BE (N T) 75.75 (11.70) 72.06 (11.73) 0.208
BEE (A5 87.62 (8.46) 84.66 (9.14) 0.182
B (%) 2431 (3.72) 2322 (3.97) 0.263
BMI 2579 (2.85) 2492 (3.34) 0.268
A EA 23 (63.9%)° 13 (36.1%) 0.124
HhFx 14 (73.7%) 5 (263%) 0.058
g7 4 (57.1%) 3 (42.9%) 0.637
e [T R 2 (12.50%) 3 (20.00%) 0.654
B FURF % 2 (1250%) 4 (26.67%) 0.394
RS Hp BT 2 (1250%) 5 (33.33%) 0.22
= [ RS E 0 (0.00%) 1 (6.67%) 0.484
= =R E RS E 0 (0.00%) 2 (13.33%) 0.226

A () AL (EAYEL)

CE R E R ARILUBILEA ¢ faE oot

sum test 7347

5 FIEH RE o3 i A LA Wilcoxon rank

HAEE(H>5 LA Chi square test 5347 » IS (<S5 HIILL Fisher fEHEMG ESET T
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% 16 5 ~ (RARREH 2 NOEEARE R

HH SRR ([RABSAEL4H p-values!
(n=12) (n=24)
FE (F) 13.47 (10.70)* 17.91 (8.94) 0.231
FE (55 38.17 (991) 42.83 (8.11) 0.174
55 (A5 169.83 (7.82) 169.54 (6.63) 0.913
BE (ANT) 72.30 (12.54) 6994 (11.27) 0.588
FEE (9T 83.79 (9.54) 82.73 (7.54) 0.740
BEES (%) 2258 (2.81) 2348 (4.13) 0.447
BMI 2492 (3.02) 2423 (2.90) 0.521
HEcEPER 6 (31.6%)° 13 (68.4%) 0.546
HhEE 2 (28.6%) 5 (71.4%) 0.571
] 1 (25.0%) 3 (75.0%) 0.593
= ({11 JEE 1 (8.30%) 2 (8.30%) 0.717
B HIFF % 1 (8.30%) 1 (4.20%) 0.562
BB AT 2 (1670%) 6 (25.00%) 0.46
= S 0 (0.00%) 0 (0.00%)
= = HHAEE 0 (0.00% ) 0 (0.00% ) -

CSEPgE () AL (HER)

R E BRIV R A t B E i 45 Ry R BB i AT 2L Wilcoxon rank sum
test 734

YA {H>5 LA Chi square test 4347 - HESZ{E <5 LA Fisher fETEM E LT 40T
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F N7~ RFEE T HDRE A 2 A\ CIBEAE R

HH SHEETH  REEETE  p-valuesd
RS (n=18) JEfEAH (n=18)
FE (F) 18.09 (7.03) % 15.63 (11.19) 0.436
Fs (5 4328 (7.47) 40.67 (10.00) 0.381
55 (A5) 16933 (7.69) 169.94 (6.30) 0.796
BE (ANT) 72.39 (12.53) 69.42 (11.19) 0.458
FEE (N5 8425 (8.44) 82.75 (8.66) 0.602
BEES (%) 2445 (4.64) 2246 (2.73) 0.127
BMI 25.13 (3.15) 23.92 (2.77) 0.230
HhC# R 13 (684%)° 6 (31.6%) 0.022%*
7 5% 5% 0.345
FhFE 5 (62.5%) 3 (37.5%)
2 0% 0% 0.500
Uz 2 (40.0%) 3 (60.0%)
= 1R 3 (16.70%) 1 (5.60%) 0.301
B RIFT % 0 (0.00%) 2 (11.10%) 0.06
BB AT 2 (11.10%) 7 (38.90%) 0.243
= R 0 (0.00%) 0 (0.00%)
= = HHAEE 0 (0.00% ) 0 (0.00%) -

SR (RS P AL (EATEL)
3 B BRI LUBILEEA CRE AT » 2 BIERRESHEHILL Wilcoxon rank

sum test 7747

THA{H>5 DL Chi square test 7347 » HISZ{E <5 DL Fisher #HERE ST

st EREEEE S p <0.05
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F=61 FLEAZRTE - 28 - A - FER THRE

Ak
— ZEREA DT Z B RS/ mEE S (QA/QC)

AAHFEHEU SR 68 fir55 T2 (B N2 RBFEEA » 22 REEAZ DL SKC-226-119 #%
# 2,4-DNPH 2 W B TURER » BRAEE 68 {i#l - 22 MR Z i 774 2 AR in
B RS/ E B AR EGIVEE - 35 - R R ZE RS - AR SEIIL
o AR - ZIEME RS/ WEEE (QA/QC) ZHIHEIAIFR 18 ik
mnE CReE/EEE (QA/QC) Z&E5UIFR 19 ~ 20 fiR » FTASESIIRFEHIH -

R 18 ZERBA T Z A E PReg/ on E B

an bR/ E T H FENE
feE 4R HEE - LB PIEE - R TR - BireESRE
D S (A RIRYRERTEILIMAR » SRV EIER AT
7> 80-120%
ZE (A ZE ABASTRIE /NS 2 B 5 7R HMAR R
EEN AT BN Z BB AL B R S /1Y 80-120%

R 19 ZEREA T Z A E PRes/ o B BRI TR

Ze HiEA o T3 AR R (DUE
\ T AR [ ER \ M | A E AR \ B
(&7 FERE | EieEREERN)
(%) AEHERE( %) (pg/mL)
(ug/mL) (ug/m’)  (ppb)
RS 88.0-104.4 ND 91.2-98.9 0.005 0.001 (0.427)
s 91.0-105.1 ND 89.2-105.5 0.007 0.001 (0.407)
A B 95.1-102.1 ND 106.9-108.5 0.431 0.045 (18.925)
FH BB T 97.7-103.4 ND 102.1-103.4 0.013 0.001 (0.331)
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R 20 H\GZEHZHEE - 28 - WEEPER THRE
B | SRR AR | RS ZEARARL IRGZEHRE (pg/mL)
HEE | LB | AEE | FHEETEE

A 31 3 ND | ND ND ND

B 37 5 ND | ND ND ND
ND: JRE/NRTTAE SRR

- B AZE R AR ~ 28 ~ B ~ FESR T RS AT

A FESLTERR 68 i85 T I A Z2REREE T - &803HT1% > ZE R Z SR

oyt 2 (IR IR SR ~ LB 1 (gt ~ PR 16 (3Bt ~ FRERS TR 1 (ot -
50T DA © 25 A\ Z2 SR P EEER R PR RS A & SR AR 21 Fos > 25 T2 (B A
ZE A AR R R R 172 2.0-38.67 pg/m® (2-31 ppb) > iz 8 Ry 15.45 pg/m’(13
ppb) » HEATPIIH Ry 14.42 pg/m’(11 ppb) & {8 A 225 LIS FE R HIE /10
5.4-4116.46 png/m’ (3-2290 ppb) » {7 EELE(AT S ETH Sy 27.13 pg/m’ (15 ppb) ; {H

N 22 G N B R T FE #E Y 115.0-6255.11 pg/m? (50 — 2640 ppb) » i # kil sk

(A PH%0 R 895.06 pg/m’ (380 ppb) & (A ZE 5 o FHAEL T i %55

L EEIS

ND-74.84 pg/m’ (ND-18 ppb) » P {ir SEL (A FETH R 6.57 pg/m’ (2 ppb) = 255

T2 FHEE ~ 2B~ NBREL RS T B R FE R

e R

ZE SR R e LA

21 (E AR R - 28 - NET - AR T BRI 040
FHEE L P PRSI
. 15.45 ug/m? 27.13 pg/m? 895.06 pg/m? 6.57 ug/m?
(13 ppb) (15 ppb) (380 ppb) (2 ppb)
. 14.42 ug/m? 27.13 pg/m? 895.06 pg/m’ 6.57 ug/m?
T £ (T T He he ke hg
(11 ppb) (15 ppb) (380 ppb) (2 ppb)
3 3 3 3
S g 2.0-38.67 ug/m’ | 5.4-4116.46 pg/m’ | 115.0-6255.11pg/m ND-74.84 pg/m
(2-31 ppb) (3-2290 ppb) (50 - 2640 ppb) (ND-18 ppb)
TEEIREZZ R T | 1.2x10° pg/m? 1.8x10° pg/m? 1.78x10° pg/m? 2.05x10° ug/m?
BRI (10° ppb) (10° ppb) (7.5x10° ppb) (5x10* ppb)
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AIRFE A B RSB 15 A SRR 40 - S4HA
B/ DI 10 A BOR TETHRE TR - ISR RSB AC Sk 2 BREEE H i A%
RREEFR » DUNHECRAIETE - Dl P B 4558 R R ER4H - (R iz
BRIE oy Ry(RSRERAH > FESLERST AR RS R R G AR - SRR 2R - &
FERMHE T2 B A ZE R R EE R 1.9-38.7 pg/m® (2-31 ppb) » JEE L
8% 19.8 ug/m’ (20 ppb) - {KFETELH B T2 (B A2 R F RS EE 7L 2.7-38.0
pg/m* (2.2 — 30 ppb) » JFRAEFIH Sy 14.6 pg/m’ (11 ppb) § mFEFEA B T2 (8 AZE
AP ZREREHREE TR 6-207 pg/m® (3.3 -115 ppb) » R A ES 17.0 pg/m’ (9.4
ppb) » {RFFELH B T2 (A ZE F i BB EE 7 10-411 pg/m? (5.5-228 ppb)
TS FP AL BURy 20 pg/m? (1.1 ppb) » = FFEAH A T2 {8 A\ 22 WA AR T B &
B4 2-74 ng/m? (0.4 -18 ppb) » {7 H s 4.50 pg/m’® (1.1 ppb) - (KFEFELHE
T2 B N2 R A AR T B R &R M7 3-25 pg/m’ (0.7- 6.1 ppb) - R i 8505
7.65 pg/m® (1.9 ppb) « HFHEERET  mREGH Y FEREEZE SRR EE £
PR 2 FRIRERIE ATRERARE - B0y T3 BE R M s R S 0 -
M ZEE SRR T R 7y - RIS R Hi o 4E R EE LIE B
R TEZ 2T fE ABGRR AR A T 2 ARFZBERENEE - JME A5
REE PR B IR AR & DI VA TBERY LB B PR T WA FR B2 -

FH% 22 7 FRORR BT W o 4ER S Hh A B mT A - (RS RSB A E 7 = R
H o s REETHASERENER -

F“[

%1
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* 22 S REHAERFEEEAZ R TR - JRERE

ST BRI S AT (L

H(EE))
HH SEEEEsH (n=42) {KZEFE2H (n=24) p-value®
19.8 ng/m?* (1.9-38.7 pg/m? 14.6 ng/m*® (2.7-38.0 pg/m*
I ng/m’ ( ng/m’) ng/m’ ( ng/m’) 0.032°
20 ppb (2-31 ppb) 11 ppb (2.2 — 30 ppb)
TEH SRFEH (n=17) {KFZFE4H (n=36) p-value
. 17.0 pg/m*® (6-207 pg/m*) 20 ug/m* (10-411 pg/m?®)
L 0.573
9.4 ppb (3.3 -115 ppb) 11.1 ppb (5.5-228 ppb)
HH =g (n=18) {RZFEA (n=36) p-value
4.50 pg/m? (2-74 pg/m?) 7.65 pg/m3 (3-25.0 pg/m?)
FRELS TR He He he He 0.839
1.1 ppb (0.4 -18 ppb) 1.9 ppb (0.7- 6.1 ppb)
VE Ry R AT AILIEN LA tiRE b » S R ERRE I HI LA Wilcoxon rank sum test 5347
*EGET LR ERR: p<0.05
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VIR MRER - FFIIRE ~ BUIReia R KA A 2 E
A

MVREM ~ FFThRE ~ B ThREFEIE S AR (RS S B A G SR A% 23 o > 1M1
REHREEEAMmER (WBC) - 4Lif1Ek (RBC) -~ ez (Hb) ~ 4LMmBKAREEL
(Het) ~ HALAMBRATE (MCV) ~ SPHALIMERMATZE (MCH) ~ ST IMER M
KLZRE (MCHC) ~ [fii/Miz (Platelet) ~ BREH (Globulin) ~ HEH BEREHLE
{E (Albumin-Globulin in ratio , A/G ratio ) - FFLIRETEIRE 22k REREE T
(GOT) ~ ZNEAlLEEES (GPT) ~ ISR EEHARE R (v-GT) ~ ligtEBiEERS
(ALK-P) ~ 4847 2 ( Total bilirubin, TB) ~ E#HE4TZ ( Direct bilirubin ) ~ 4875
H (Total Protein ) ~ HZEH (Albumin) - ETHEEFfEEE SR ZE (B.UN) ~ V5
HLEEHT (Creatinine ) ~ R (Uric Acid) » BRI 525 feofl 60 & 8R A 0% g & 1
#efE (Glucose A.C) ~ =E&H S (Triglyceride) ~ fEEZ% (Insulin) ~ AEHHEER
(Adiponectin) ~ G2 (Leptin)  AHHFE LIS THYRE S 2 R BRATIIEE AL RS
Z[HH145H HOMA-IR ( Homestasis Model Assessment-Insulin Resistance ) [115] »
(REAE/AE Insulin (pU/mL) xA.C Glucose (mg/dL) /405 (mmol/L) =& » i
LKL 2.5 HRIREZRIADL © 59 Rty TR ABERE RREERZHE - &
bHFE LIRS R EL H EE A ELEEURaLTEIE(136] - FARAEE Ry N7t 0.3 5 BFThRETR
BHER ST A2 R e AR (R AP B B SR B R R IEI » Hat
=iy (B 186x (MUBMBEET) > () 2% » (Zik) 186x (MU
BF) WP (FEER ) 02%0.742 0 SEELIKR 60 (mL/min/1.73 m*) Ry EHAE -
(5% 23 R TIERRE R E RS 0 SEE 48.53% 0 HURIREE (41.18%) LUK

=B HHHAE (39.71%)
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R 23 55 L2 MR ~ BIEIRE ~ BOIRefatt s Aaii M Bt il R

IHH (n=68) Il R R SE(H
BREERA RS (GOT) (units) 2603 795  7.35% 8-38
RN EARE RS (GPT ) (units) 31.97 2138 17.65% 4-44
IS RAEMEEZ( v -GT) (UL) 3907 3591 22.06% 9-40

fn MEREIEES (ALK-P) (U/L) 219.76 5792  4.41% 104-338
Zlﬁizii (Total bilirubin, TB ) 100 040  19.12% 0.1-1.4
E(iﬁ%il)% (Direct bilirubin ) 025 013  14.71% 0-0.4
44 (Total Protein) (g/dL) 7.82 037  11.76% 6.7-8.3
HE&EH (Albumin) (g/dL) 4.52 0.18  0.00% 3.8-5.3
ﬁ%ﬂﬁiﬁjﬁﬁ*@%g (Glucose AC) o0 1147 23.53% 70-100
HOMA-IR 2.63 3.01  27.94% 2.5

=B HHEE (Triglyceride) (mg/dL)  156.41 103.88 39.71% 42-150
fEE 2 (Insulin) (ulU/mL) 1029 848  10.29% 1.5-17
PRZ % (B.UN) (mg/dL) 13.54 295  1.47% 5.0-20
MEALELET (Creatinine) (mg/dL)  1.10 0.13  2.94% 0.7-1.3
PRI% (Uric Acid) (mg/dL) 6.26 122 41.18%  59:1.6-7,20:1.6-6.0
HimEk (WBC) (x10°/cumm ) 7.45 1.94  4.41% 4.0-11.0

£l fnEk (RBC) (x10%cumm) 5.19 0.51 8.82%  :4.2-6.2,2:3.7-5.5
Mmez (Hb) (g/dL) 15.02 1.10  4.41% 5:12.3-18.3 #:11.3-16
&LimBRAREEL (Het) (%) 4594 357  11.76% 59:39-54,7:33-47
HEALMERAERR (MCV) (Cuu) 89.05 749  10.29% 80-99
LT ERIMATZEE (MCH) (rr) 29.16  2.76  8.82% 26-34
Tfjfmufﬁuél%%rg (MCHC) 3271 0.67  0.00% 30-36
[m/M& (Platelet) (x10°/ul) 262.66  59.13  1.47% 120-400
BkEH (Globulin) (g/dL) 3.30 028  19.12% 2.4-3.5
HEHBIRKEALE

( Albumin-Globulin in ratio , A/G 1.38 0.11  0.00% 1.1-2.5
ratio )

AEliZ (Adiponectin) (pg/mL ) 7.98 495  1.47% 5:>2.0,2:> 4.6
fEEGE (Leptin) (pg/mL) 8.71 6.58  48.53% 5:<7.0,2:<16.5
Y22 PkiE R (estimated Glomerular

Filtration Rate, eGFR ) ( mL/min/1.73 74.59 9.10 4.41% >60

m?)

RERIPRER 0.10 0.06  2.94% <0.3

( Insulin-Globulin in ratio, I/G ratio )
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i B AR S A S A SR dsk oy B & (R R BR AH A AT IR AR ~ BT TRE S HE T
(R BB TRIARE T 0 - SERAIFR 24 For - SEREFIRIRIAEE ) & R
> BANARR NS (GPT) BLESBE AR (v-GT) ZE e L
WEE R ElEREBUZEFREESNERELZHY (p=0.017,
p=0.022) » FRFFRE = RIS L BEFAYE AT ThRE T RE &GRS - T ER
RIS - SRS ZRIHPIEIE (HOMA-IR) th 23RS R IR R
E B (p=0.016 ) AbFeiE— D HEPRfEE A 1B RIEH C RIFF RAZ5E
GRS NI (GPT) BIESEARAEHARE R (v-GT) ZHEZR -~ 1
SZRMEIUEE (HOMA-IR) Rt DREFEER -

P HAR I EBEETHIER 77 > SEREAL IR B H REHEAL R KBRS DU
=R B ESRAIE e IBALR R EALMBR BRI ZR ARy
FEY) > WEALZAE MU ZE AT Bt - EEHF RS Ry RES S AIEALZR (unconjugated
bilirubin ) » #E A BT R IHE (2 22 4% FR AT AHARAY (5 I & 2 pss S BUHEST & (conjugated
bilirubin) » M HHEAREE > A& EIETMHT - SRREBEIEERRAT 55
o RERITHINELLZRAERS T E G Al E AR PRAEZR IR (urobilinogen ) » 1SS
HFIHEESG HR = @0 - A7 LIRS 1R - SR (A PR IEA R B E R
AR NEEEE SR EREL f5 D RREAGREE T R e s E B E
ISR

— B EEFREE - OF - AR T Z RIS Al - S5 RNk 25
FEFR 2T R - EFRFIRETRERFEH 2 B EERREE  (GOT) RER (p=
0.033) ~ BNl ISAZES (GPT) FH3 (p=0.038) ~ k& H (Globulin) FH3HR
(p=0.041) BEER S HEEREN > 5N RBREHTEFEIRERBEER -

#E—DPEPRAER A BB RUEH C RURF R 7508 (5 R ST IR RL Mg (GOT)
e

AR (p=0.079 )~ ZEAEEEL A (GPT ) H 5 R (p=0.069 )~ EKE H (Globulin)
FHER (p=0.072) ZEGGETREET > LR AR BN el B A B2 DATEL -
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T EREND > BUnEREE T HE KRR RS MEIRSR > BRE S
R AREFEETREREET  MELE P EREN T AR R4t
TEPEREGGT DREER - 540 RPERE TR B 2B - 5
s R R 2 B IMERET MR RN B EEAH (p=0.006, 0.044) - B AR
TEIRFERIGEIL T > AIRE e SRS D RERRSE « PR (B2 15T - e R a2t
LLMBRARE (MCV) ~ SHHEALMBKIMAL R E (MCH) Al SR RRFEH - EHE
mriEtE R P RSN R ERIEN - AAMAERERAVE Ty > AR S =EE
H R H AR EREGET EEEER (p=0.082) » HNEREHEIE 22K
HAE - SRR — D PR AU EE 25 L - oREgET ERE AR

(p=0.168) -
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o ZHLER BN LI - Ry TR LU E RIS AWT5URI
HHVRERRLIE PEL-TWA 14510 » 7F Ry L ERFHERE (F5RE 1) HAZ T
o L=HEDRE (ppm) /1+ZBERE (ppm) /100+PEEREE (ppm) /750+H
FEETHRE (ppm) /50
F A BRI MEIE 2 FREEAF RIS FHLL - FREGRF IS - 288 - NEREL AL T
RS R H EMR BN HA B R Ry FTREAAAE VBT A Al 32 2 SR BR (R e
RIIE » AHH7E 5538 FH [E] Ay a2 B 52 > Japan Occupational Safety and Health
Resource Center (JOSH) 1F Ry g BaalifyHats (F515 2) SR TR A ATl
& (American Conference of Industrial Hygienists, ACGIH)5% B IR{E (F k-2 545
3 HAFT
o 2=HIEEEE (ppm) /0.1+ ZEERE (ppm) /0.5+NEEME (ppm) /200+H
FETHRE (ppm) /50
5% 3=HEERE (ppm) /0.3+ZFERE (ppm) 25+HNELREE (ppm) /500+H
FETHRE (ppm) /50
RIFFCMAR IR FRIERE | - LR EEHE 2 - HLRFEIRIE 3 2 &M E8E sy

e (BT EEWIRE AT T T Rope T B FR R Z ISt oA SRR AR 32-34 B -
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l]

SRR B IR 2 (VE ) A REH BT FaEE RSN
EILFEIRFEH (p=0.041)  FoRRRERENAYVE Y FE R T Re BT

FyRETIFRE -
2% 28 WA 4H 2 e R B AR AR 1T Ry RE TR I A R
HH (n=66) e B R 4 R4
(n=37) (n=29) p-value®
EE (EEE) Pl (FEEE)
71 (kg) BHHF 44.62 (10.59) 4539 (7.54) 0.73
EEIF 4226 (9.91) 4055 (6.41) 0.399
Fie®EE  EET 68.79 (855)  71.76 (10.30) 0.269
(REI0FD) FEEATF 60.31 (8.30) 61.97 (8.13) 0.418

Y Ry ERE AR RI DB TR thR E A 7 R B RE 3 HI| LA Wilcoxon rank sum test
3t

%29 & - (R EER AT Ry RE s IS SR

HH (n=68) SE K {RFERH
(n=42) (n=26) p-value®
T () P (EEE)
B (ke)  BEHE 46.43 (7.26) 42.82 (7.49) 0.161
S HF 4283 (11.52) 3971 (9.62) 0.165
FEBEE BATF 71.98 (9.77) 6733 (7.79) 0.057
(REN0FD) JEEAF 61.19 (8.84) 60.60 (6.92) 0.761

Ry BRI AT I DAL A thg e oo 5 Ry R RE 3 I LA Wilcoxon rank sum test
/\7[;)_’[.
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% 30 15 ~ (R AFEREAH LT Ry RE Tt ISR

THH (n=36) =Yy dixEl
RZEERELH
(n=12)
(n=24) p-value®
SEgE (A
SEIgE (EEAEE)
=)
B (kg) EIF 4335 (8.82) 4432 (9.46) 0.766
EE T 40.01 (8.97) 4048 (8.60) 0.882
FIE®IE  BET 67.31 (7.86) 67.90 (6.19) 0.821
(REY10F)) JEEHT 61.58 (9.45) 59.39 (7.41) 0.491

Ry AR AT A DB A the 2 ot - 5 Ry R RE M HI L Wilcoxon rank sum test
Tt
315~ (KA TERREH M T RRe It HIaE R

HH (n=36) EEEETEREE (SRR TR
(n=18) (n=18) p-value?

g (ERER) WM (EEE)
& (kg) B+ 43.99 (10.10) 43.64 (8.17) 0.909
JEF T 40.49 (9.66) 40.55 (7.76) 0.983
FeEEE =1 67.56 (6.25) 68.28 (7.32) 0.752
(KEVI0FD) JEEATE  60.04 (655) 59.89 (9.62) 0.957

Ry BRI DB A thg e oo 5 Ry R RE 3 i HI LA Wilcoxon rank sum test
/\7[;)_’[.
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%32 SEREEIERE | 2 R EEH AT T AR il R

HE (n=68) SEHEL e GEEE S
(n=49) (n=19) p-value?

PHE (FEEE)  PEE (FEEEE)
B (kg)  HHF 4442 (9.87) 43.64 (8.17) 0.308
EEHTF 41.62 (9.22) 40.55 (7.76) 0.982
FEEEE  BHF 69.27 (8.85) 68.28 (7.32) 0.201
(REV10FD) JEBAF 60.30 (8.24) 59.89 (9.62) 0.269

Y Ry E R AR RI DB TR thg E AT 7 Ry B RE 43 i Il LA Wilcoxon rank sum test
3t

% 33 SREEETE 2 SRR EEH AT T AR i ISR

HH (n=68) SR et ot
(n=52) (n=16) p-value?

PEE (EI#ERE)  PHOE (EEE)
&)1 (kg) BHIF 4474 (9.78) 46.06 (7.26) 0.525
JEFIF 41.58 (9.21) 41.81 (542) 0.904
FfaEEE =1 68.73 (8.07) 75.00 (11.48) 0.041*
(ZH0 %) JEEFAF 6038 (8.62) 62.88 (6.01) 0.202

B BRI VBB A CRRGE 3BT £ R HES3 I Wilooxon rank surm test
53
"Sist LHEE AR p <0.05
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% 34 HEFERER 3 Z e BB T RRE A IGE R

HH (n=68) SESEE St GEHEE L
(n=39) (n=29) p-value®
PHEE (FEEE) PFEE EER)
&)1 (kg) CSPAES 4431 (10.41) 46.04 (7.38) 0.476
IEEIIF 41.94 (9.77) 41.24 (6.36) 0.072
FiEEEE BHTF 68.75 (8.45) 72.17 (10.13) 0.165
(XKE/10Fb) FEEHF 60.61 (8.33) 61.45 (7.93) 0.631

Ry R AR AR R DA LA the e oA 35 B IR E B 3 M HIJ DL Wilcoxon rank sum test
/\*}fr
Wist FEEE SR p <0.05
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SIS SLE RTINS TR - T HRE (LI B B - At
BTHREIR LA PEL-TWA fRAHH0 - fE R 36 FREERI (GEIR 1) HARWT

fEiE 1=HEERE (ppm) /1+ZEERE (ppm) /100+NEREE (ppm) /750+F %
S THERE (ppm) /50

A B M 2 BRI ASF AL - TR S - 28 - NIRRT
WS PR EAR R EA B R R > FTRE AT B E A AT 852 2 SR B (R e
RIIE » AWHIE 558 A [E] Ry oM 2 B 52 > Japan Occupational Safety and Health
Resource Center (JOSH) 1F Ry L @BalifUHsfE (F51% 2) B TR Al
& (American Conference of Industrial Hygienists, ACGIH) 5 ZE R E by I R4S
3 BAFATE

fEfE 2=HESRE (ppm) /0.1+ ZFRE (ppm) /0.5+AFIRERE (ppm) /200+H
FETHRE (ppm) /50

fEfE S=HEERE (ppm) /0.3+ZFERE (ppm) 25+NELERE (ppm) /500+H
FETHRE (ppm) /50

GEREBUR > 68 5% 1.2 H[EIFFEAENE | AVHiIE F 9.46 x 10°-3.48 x 107 > %
o SEE80R 1.14 x 107 5 JL[EFEEFERE 2 AVHIEF 9.45 x 107°-6.87 » £ fu[ 5%
Fy 113 x 107 IL[EI R FRFEAE 3 (YHIE K 7 x107°-1.4x 107 26a] 580k 5x 1072
Wi < S R AR 35 Fm o
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% 35 MMt A R BRI ST A

WAl HFREEEIE 1 SR EEIEIRE 2 SR FEIEIE 3°
AR 1.07 x 10 1.01 x 10" 4.5x 107
(n=31) (1.7x10%-217x10%) | (635x10%-2.12x10") | (7x103-8.5x107)
B 1.2x 102 1.62 x 10! 54x107?
(n=37) (9.46 x 10°-3.48 x 10%) (9.45x107-6.87) (22x102-1.4x 10)
4

B 1.14x 107 1.13x 10! 5x 1072
(n=68) (9.46 x 10°-3.48 x 107) (9.45x 10°-6.87) (7x1073-1.4x 10™)
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WS ES RS ~ Z8E ~ NEREL R AL T GRS ER 0 BT TIRRR R b
fiti - MRSl PR B R B S MR R &R 2230 (Integrated Risk
Information System, IRIS ) Fifg it RD s EIEEE M - Ay T T
fE 30 £ - FRIEREFE R/ UK > BETLIFH 219 K> stE-PHIBHRENE
ADD - B REEFEIE (Hazard Index ) - GERAIFR 39 An - GRIEHATA
Tz BB R R bt e/ NS 1> Ry rl 32 Z RS EIN - RS sy T2 IE
SRR RAF 2% -

39 B ~ LB - WEB AR TG E faRas R

& ZE$52 (Hazard Index)
il P @ LIE® BLER FRAELSE T i
N 1.54x107-2.09x10°3 NA 6.47x10-3.51x10°3 NA
(n=31) (1.53x10%) (5.57x10*)
B i 5.49x10-3.22x107 | 3.19x107-2.29x102 9.22x10°-3.65x10*
NA
(n=37) (1.19x103) (1.04x10%) (3.71x107)
E =2 -1i 1
1.2 mg/m’ 180 mg/m? 205 mg/m?
(RfC)
“rpfir g (HiE)
NAZ A HZYE
2. 2 bt
KEFELI R I - 28 By B beat E B0 B b - A PR AR

A e R B B - BN TR - UM E bR RIS R A
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40 B2 R - 2R ElmEHE SR

9 R\ b
[l FAE @ ZEe R e J B
JeE FERE AR H %R ~REE -
1.90x107°-2.75x107 1.90x107°-2.75x107
A% (n=31) NA
(1.36x10°) (1.36x107)

B % (n=37)

6.76x107°-3.97x107
(1.57x107)

9.99x107-7.15x10*
(4.68x10°)

9.53x10°%-7.30x10*
(2.31x107)

th g (EEE)
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%ﬁ% \\‘DUHH \@%
—Hi 4hER

~ AL TER 681 55 T 8 N 22 BRI » 55 T2 (B ZE R P R F
FEHEE /1 142.0-38.67 ng/m’ ~ 2% FFE S #1152 5.4-4116.46 pg/m’ ~
SR EAEEIE /A 115.0-6255.11 pg/m® ~ FIELE TR R A HE R
ND-74.84 pg/m’ « 28055 T il ~ ZB% - PNEREL A AR T BB RE
TEEEREE 2 R A PR tE
» MBI RSN A4Sk 2 BREEE H e ASURRATIS[ET > DA 85853 Py e (5%
F4H - BT RE R G G A AR - TSRS - SRR
TR S MR R > RN HEL SR TR E - M TR
TP BRI BB RN - 1 SRE B F AR TRV EL Sy RIsRaEssT b
B B R RS LR AR T2 55 1 i \BURRAISHA T AR
AT R REREREN SR IV AR AR E PR B R AR & DV E

» (RS M R ESR Iy e (R TR BE A AT IR AR~ BT hAE B e (G 2
EEFTIEIEE T AT - SRS IARZ NG (GPT) Edjnifihs= Ak
MR (v-CT) ZBEREGT EHEEER  EHERRH I REREES
PEREHZIER (p=0.017, p=0.022) » FoREREHTFAERTIIREIREGE
1 > IHEEAM AR > #RE RILFTERE (HOMA-IR) L2 E%
Bl B REE SRR (p=0.016) - ZAMAEHEERAT R B TR - AIREE
et EREER > BURIBRE TSN ol B FEEM HER T (A5 fE
SERHR)FTEL -
* EFRERRIE PRy S (KRB DAPRE MUR H AR ~ BFIIRE R HER
REFY - GRBMETRREH B ARRRERE (GOT) BER (p=
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0.033) ~ ZEAHAREER RS (GPT) FHZR (p=0.038) » Ek&EH (Globulin) %
R (p=0.041) BESNEHREREN - BHERREHFE RGN
1 #E— S PEPRRERR ALY - BRIBACHINT R 2 50E » SRR I R i e i
(GOT) HHF=R (p=0.079) ~ ZAEEEEE S (GPT) R (p=0.069)
EKEEH (Globulin) FEZR (p=0.072) ZFETREEES - LER TR HER
T B R AR VRS - THESITERVEND - s BT HERBIRER
FAEBE MEIRE B E RS EEREREHEY S PR
THAFFRAH 2 B M BRERAT M BREEE AR SREE4H (p=0.006, 0.044) > BEURE
A TR FERIEI T AIRe iSRS M IhRe e ~ FrEi b2 05T - e
AL TR FE A 2 PLMERERR (MCV) ~ “PHELMERMATZRE (MCH)
g =N RFRED > EfrfEHEREA e EEmEFER -

 AWTFERESS TR ~ 28 - PIFREL FH AR T IRy R EE R LR DAt B BT RS

(PEL-TWA) 12111 > {E Rt EIFREEET - S PR AR e aIR
R~ FFIDRE BRI AGHIER T ~ 1T Re NRIRB - I ERBEEE R
[EHEES B HGEE T E > R R HAJOSHZ A - 15 =F
FEIACGIHZ FREE - §EREIEIEE— » R _BEE =i e Sk F R ea
Z PRI RS (K AL [F 52 EE 40 (p=0.009, p=0.033, p=0.041) » FRIL[H]
FFe 1 REERE TIREIR - IUAN ) (EREIR =T ol SRS I E RN
SR RS (GOT) i EHEE RV EIE HZEEH (p=0.020), » HE
WA 4H FeT ek B e R AR Tl S RN e T BB A2 5 (p=0.011) » B /RAE L5 4H
o BEEPEY R RS E R T RE I ERT IR RIERERZEE - AT T RBE
NZRAER Gy SR H RISt E RGN - HEM T T E85EH
HEHEILEFHEELL(p=0.041 ) For I [E R EE T RER BT T RREIFRIA -

DA TR A ZE R P R - B - PIFRER FREL R TRt 05 TR U -

(& AHYI 2 & b LA Hazard Index (HI) R > &ERIGHATE T2 BEEHAH
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