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day » SLYVEEREVIIARST AN RIVERRZ S - 2BRERTBPANYTE K & 194F =& 400 B L1
o e ROE B R R e iR =5 o AW S e B I BPARHRA (F 85 55 LHY
DIV RS - A F R fE R 2% -

AR ERNAG A2 TG T B S BR i PR AR B R IS » RO BPAYESE ~ PVCIRIEIRELIL
AN TR » HEHCER 1208 A - HA IR 17 A » BERHR 103N o DI= g IR AR E N
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EERR A (bisphenol A ; 2,2-bis (4-hydroxyphenol)
propane * BPA) » NAAAN ) ~ ZEyEARE 0 o7
T 5R5228.29 g/mole » {LEAEREANE R -

CHs

1 BPA(LE

T2 EBPA T ZEHA AR FE /M = 0 1
Kt - A BREERS (polycarbonate » PC) ~ B4R
fE(epoxy resin) » T g (polyarylate » PAR) »
B B4 5 (phenolic resin) ~ A EEATE R G
(unsaturated polyester resin)f » 512 FN &
ZMi(polyvinyl chloride » PVC)ZZz ] ~ BB
PrEaALA ~ BRI ~ s B EALE ~ 281k
Bl ~ SRAMRIRIOR] ~ R~ DUR R EEERGHIL
TEENL © 20082 ERBPAFE H3#469 B - 2010
FRBRBPATE K& IES00ENA[1] - £JHT70%HY
BPA 2 F i SLETRKEERR - 25% & Bhd B A
g » HAEERINES% o BuKER S 22 B 5 A
B 0 IR - PUEE - B EE HEERNE
It - FHEMHERR - HEEFEEH ZRLAS
INE GG ~ SEEKERER ~ Wi 8 T
0 B R HE[2-6] -

19934FKrishnanZ A [7]#5 31 BPA & 1 ff EL It
WRIEHZALE2YE - St % (estradiol »
E2)5 S it 32 52 i (estrogen receptor » ER) » H
A FIHIMEERTE M (activity) - HBPABRHE
e E e R 2 R B T2 FREA By 2,000
N g a3 NI i3 E S (R YN
I s it » IS ATH ~ BEMIT R
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EEERYE ZNIES

ARWFFEE B C A TR E£55
T T HAEZEHIEIA Z BPAZREE Z2 R 8%
% ° Z2RHBPAZ HIE & 25 EFEOSHA
P& CAM 333[11]EA LS5 e HUBPA
PREIINTJTIA[12] » 37 mmAy B FE A
JEAREE B = IR PR ik A5 (3-piece filter
cassette)[A] » WSHEFEEREEE(2.0 L/min) »
MEFTHER BEER R - PR DA TEA A E
AR - WA E HE R B - ER-20°C
IR 5T HT -
ik ke

M cNE » FTEEFEEAELZELRE
B~ BE2E - MHE R - [MAEEEE
(R A B E IR ) ~ fERREE ~ EXRH
B~ BYIIRAEE - REEEEESE > L
AT FEAS IR TR 72 04T - WF9EIRE
A TAERG AR - — OB SR8 < &
SERRFREI LB ~ AR B TEE - 7F R
R EMEARBE R LSS -

3. 5t Uitk
(1) ZERBAHIE

2

IR PR AR 2 1Y B B A A - TR A
B R EN4 mLEREIBEEEH - fIA2 mL
HlE - DS B ey s B304 g T
ff » FHRABE L HEALL3,000 rpm » BELS
SreEt% o ELL mL BYEWESATE 0 L
HPLCHETT 2T
HPLCI 464

RERFR AT o B IR A E Ry 275
nm > BRI R F300nm o 5 T BEE
#E B Phenomenex @ 250x4.6mm * 5 micron
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3)

B o BRI T ORI
A. Column: Phenomenex » 250*4.6mm » 5
micron
B. Mobile phase: 55% acetonitrile and 45%
D.I. water
C. Flow-rate: ImL/min
D. Fluorescence detector: excitation wavelength-
275 nm ; emission wavelength- 300 nm
E. Injection volume: 20uL
QAEZQC
A. BPAREIRA R Il E
DA A7 3R V- PR B P A AR HE iy
0.100 mg - AR EHEEF - EREG
% DI EREZE100 mL - BIREE
F51,000 pg/mLAZHEREGIATR » 74" CUk
PRI -
B. SRR
DAFHPEE S BPA G (R A E VA W e
1000 ~ 500 ~ 100 ~ 50 ~ 25 ~ 10 ng/mL
RYNEREVSTR - #EITHPLCOMAT - 1L
RYEEHE VAR I i B P 5 BPATHI AR fEL
SEATIHER AT - BB R E L
0.9951 I -
C. ZZH 53
TR A RBA IR AR 22 AR AR R T
TR - (F2E T - AR
{EE R EHERR LN (N.D.) -
Winlipyes
0.1 ppm ~ 0.5 ppm 2 1.0 ppmiy
B PAREAE {748 T B e ik |
TR BB DA Vortex 2 8h6043-§# M5t
Wft% » 1B ER 73 AR 93.7%
78.4% 5 86.8% » 1.2 B SR S
75%LLE -
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E. {eHlkRfR
AHFFEBPAZZ SR Tk A RS FR Fy
5.18 ng/mL » #E 2 RIRE(25°C - 1
atm)$50.01 ng/m’ °

4. R JmLBE

AWFFE ARG 55 T A 22 R B R At
BESESS TR TARERST MG R m s -

BPAZE B AE W 52 (IARC) R K R E
Fo o = RAEEY) - BURHE B R AR
TR A a8 o Wk - ARWTFeE—5 DU
REm\s ATl T PV CIREER < 1F 357 TRYFEEL
R - DT HBEEERE - aH N
(Hazard index » HI) st #R A R 125 5.2 [E
{H > EREFHEENAR - RIERERRETEE
FEREREUE 5 AeFHEBONR] - AIFoRAT6E
R T RO R A

I
R

HI=

[ =@ Fil & (mg/kg/day)

Ry =%k (mg/kg/day)

%#US EPA » Rp}550 ug/kg/day

TERER BB A g RN E
SIEF R KT AR FNBAFAE - KL 7?
= 2R TIEFE AR A SN - mTLL
ISR L E T A E AT - 523t
REER S DA R R AR B G 2
72 P o A B REAY - Ry RET B SERTE A
— (A2 TR E RV R SRR
DIEEEIT 000X R A REFEE A R HTREA - L
FFE B TR E 0 A7 BU RE Bt 14 e A HE
PEAR SR R R HE - L95% F 40 U Ry
ot A THE -
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5. #ET ST

FEA [ (S BR T P R 2 BPATR
B DA P 8O ARG » 225 AR 2
B R P HIARER - AU/ 2 A A R G
B o LISPSS 15.0ffat g1 Tt oA Bl i
o

eSS

1L HFSE S B A TORHIL

AT 20125 51 5 BPAYEZE ~ PVCIR
e~ R MUHERE SE 4R TR EATIFSE - Hop
BB - BREMABFI10307 - Gt
12007 » SEHIER 4 B E43.18 + 10,108
43.65+£8.44% ; GHEE RIEHBMIESD 1k
24.40+3.09 kg/m’Hi124.85+3.52 kg/m” ; TAE
BRI R 17.48 +10.51 4R/ 15.82 + 7.964F
i FHStudent’s t testbbER2FHAYEE; ~ BMI ~ T
B - fE RN AR B Mg E
EMAT LR A o [ AETREE A o B
(p=0.012)fE2/1 &M LR 22 5 - WIFR1AT
7~ 0 Bt B B H R B A R R A LR e
TR -

EREEE T iA - A U YA A
B12 K (70.6%) ~ HBEHIEB82A (79.6%) ; &
0 A P EAE S R R 8 AL (47.1%) ~ B
FoS1N(49.5%) 5 HE IR 7K F AT E H0H Ry
14 A(82.4%) ~ BBHIE6TA(65.0%) ; i
HU 7K fe R AE B IR Ry 12 A.(70.6%) ~ 2 FEfH
Fy63 N(61.2%) 5 5 fi Ml B S I By
10 A(58.8%) ~ BETHIE54 A (52.4%) ; HiE
AT IR Ry 13 A(76.5%) ~ BEHH Ry
80N(77.7%) 3 B R %A B IR R 11 A
(64.7%) ~ F A Fy55 A(53.4%) ; AL
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o R AE B IR O N (52.9%) ~ FBRAHL R4S A
(43.7%) ; A1 HUE)Y) A SR A R R 8 A
(47.1%) ~ BT 38 A(36.9%) » LIChi-squre
testFlIFisher’s Exact test [bia B HEAH Bl % 58 AH AR
REE - DRSS ERET g E
5o KL W REHREEEZRE N

[FJY

-

FYIRER2 -

K1 TR A SR fGE
A A LN
BHIE n=17 n=103 n=120 p-value
Mean=SD  Mean+SD  Mean+SD
FEEGR) 43.18+10.10 43.65+8.44 43.58+8.65  0.839
BMI(kg/m’)* 2440+3.09 24.85+3.52 2478+345  0.591
TR 17.484+10.51 15824796 16.06+8.34  0.542
n(%) n(%) n(%)
il
5 14 (82.4%) 100 (97.1%) 114(95.0%)  0.037*
g 3(17.6%) 3 (2.9%) 6 (5.0%)
WFE
5 11(64.7%)  37(35.9%) 48 (40%) 0.225
= 6(35.3%) 66 (64.1%) 72 (60%)
o PR A
& 15(882%)  59(57.3%)  74(61.7%)  0.017*
= 2(11.8%) 43 (41.7%)  45(37.5%)
e
& 13(76.5%) 54 (52.4%) 67 (55.8%) 0.064
= 4(23.5%) 49 (47.6%) 53 (44.2%)
IR
= 17(100%) 98 (95.1%) 115 (95.8%) 1
E 0(0%) 5 (4.9%) 5 (4.2%)
T
&S 17(100.%)  75(72.8%)  92(76.7%)  0.012*
= 0(0%) 28(27.2%)  28(23.3%)

* DUStudent’s t testEER MR 2 p-value
b LAChi-squre testLt# AT TS p-value
¢ DIFisher’s Exact testtbig 04 {5 p-value

*p<0.05
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BRI H60-72H

K2 WHEEHREREE

R B A
AHTH n=17 n=103 n=120 p-value
(14.2%) (85.8%) (100%)
PR
& 5(29.4%) 20 (19.4%)  25(20.8%)  0.349
2 12 (70.6%) 82 (79.6%) 94 (78.3%)
TR B
& 9 (52.9%) 51(49.5%)  60(50.0%)  0.822
E 8 (47.1%) 51 (49.5%) 59 (49.2%)
YK R
& 3 (17.6%) 35(34.0%)  38(31.7%)  0.172
72 14 (82.4%)  67(65.0%) 81 (67.5%)
YK R
& 5(29.4%) 39(37.9%)  44(36.7%)  0.485
=2 12(70.6%) 63 (61.2%) 75 (62.5%)
ey EUSE
= 7 (41.2%) 48 (46.6%) 55 (45.8%) 0.652
E 10 (58.8%) 54 (52.4%) 64 (53.3%)
EAER
& 4(23.5%) 22(21.4%)  26(21.7%)  0.856
7 13(76.5%)  80(77.7%) 93 (77.5%)
AR
& 6 (35.3%) 47 (45.6%) 53 (442%)  0.408
=2 11(64.7%)  55(53.4%) 66 (55.0%)
BTSRRI
= 8 (47.1%) 57 (55.3%) 65 (54.2%) 0.499
T 9 (52.9%) 45 (43.7%) 54 (45.0%)
BYIREI
& 9 (52.9%) 64 (62.1%)  73(60.8%)  0.442
7 8 (47.1%) 38(36.9%) 46 (38.3%)

* LIFisher’s Exact testtLig 204 fir{5 < p-value
® PIChi-squre testELE ST TS p-value

2. BPA L 22 K T BPAIRESE

(1) BB TR 2 5 - BPATRE

AT N RE R BB - BRARSD -
B+ CLL R DI BPAJIZE 4 B AL R A -
BURTE ~ M © M6 BT B &
YR AMEIARRR(0.01 ng/m’) » FEFAARE -
ARREHGFLE « THE - HEE
DUB A e 4L A3 ST 22 AR A+ &1
72 R T BPAE S 3 RUES - B

66

HrHE

72 vdd

W

( Eur_.-‘??n}'

oo REE - BRI B R AR R
TR - ZERBEARBLET 2218 - ARIE[E3
SR Bl 22 R P BPAJR 4 B
Bk SEHEEEE52.81+138.80 ug/m’
i #0R7.04 pg/m® « Hrfr > $TEE (n=4)
ZVHIREER0.51 ug/m’ - EBFE (n=6)F
0.26 ug/m’ » BEHEE (n=3)0.25 ug/m’ » 3
B2 72 R BPAYR S ZEBE A K » 3
F S 22 R HP BPAJR & IS = A A
=W (p=0.003) » FERF3 -

*%
L]
G
40000
20000
.
-
0 == —_ —_ _
BB TTBE i ez
(n-22) (n=4) (1=6) (n=3)

i

B3 ARGSERF 425 R HIBPAREE (** p <0.01)

K3 FEMTERARA T BPAREE L

B ug/m’

il n CEGEAEEE Pl B/ME-BAE  pvaluea

WEEEE 22 52.81+138.80 7.04 0.01-652.02

1T 4 0.5140.85 0.11 0.02-1.78

0.003%*
= 6 0.26+0.35 0.07 N.D.-0.72
figpee 3 0.25+0.20 0.30 0.03-0.41

HEF 35 3332411208 1.50 N.D.-652.02

' B2 R HBPAIREE LUK ruskal-Wallis test bt SIS plH
#* p<0.01

(2) ARg5s TN ZER P BPATRIE
TEARE » H 166755 L5 FECEIE AR
ke UHUE B A MESER 225 T BPAZ 2
B (£4) - HVPIGRER12.18 ug/
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m’ > R 1.99 ug/m’ > di MEBURA
{E43 1 E50.04F181.97 pg/m’ o

24 AR TIAAZSIRRER R

BT ,ug/m3
n S + e TR e/ IMA-FR A E
16 12.18£24.14 1.99 0.04-81.97

3. 53 T BPAZ: 85 .2 B R B i

(1) FIHZ T&HZE R PBPAZRZE RIS HEN
e a4 i o
BHERIZZ R BPATRRIRE - B
SSRGS RIS 0
HEBELHZS TS AR (g EIR) &
BT 152,18 ug/m’ » Bil{HE 2 BPALE
#E — TLV=10 mg/m fHLL » 1521 EHEE
A1 » SIEBREE S B0 e BEOTE - 4 -

SE oA B

=
Aousnbesy

=]

R

o oo W00 ) 5100 B0

14 ARET THSHZE S P BPARFEIRIEHEM
f R\ (n=22)

(2) RS TIIES N » 4SO A
LA S BPA R LIRS Bo58 (TR

b
RS EIRSHIR A 2 BPA 100% 1
I - TSR R AN R 2 1
ZORIPIEEL12.7 miiday3t - JSAREEE
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AR ASRERSE THYZE R BPAZR B R A
SRS TN s H TR EE 25
B RRISH SRR RS - RS
TS L 8/ MR LA R 1 3.22
pg/kglday o FHER R ARk L B & -50
pglkg/daytiLt - faFEHBUINAL - JREED]
B FFBURAEREURE - 4nES -

A
&
F
gn.nz- F |s-§
E 123
Lo
0.0 L=
s
L ‘Yo
oo D40 060 120 160 200 40 180 3m 360 400
dary
S FRIIRGER AFSEER IR 2256 i BPARE &

Al TIERFEARER R (n=22)

jm

anp
ou

1. W9 G TR 57 T RFEBPALZTHIE

ARG REUR - 4R TP AR BR5E
725 B A 22 SRR AR IS BPA » SEEIRE 73 1
$533.32+112.08ug/m’Bil12.18 +24.14 ug/m’ »
B ~ C ~ DRgZ2 5% HBPAIR KA EHI FR R
(0.01 ng/m’) » BESR » 4% TP UE ARSS TAS
5 H a5 35 B AL s BPARY IS 22 BT IR -
B~ C - DRgHIFEBPAZ I B RET - HPA
WAt ABRBRES (WR3FR) - FH
EHRARE S HTE 55 TAE SR NI THE
&Rt BRI A B Y - B TR
RHBPAIRE IR A Z AL > IRATRERSFHES
TER ~ AR A RSN - FIRFHT 2t s
o HAAREBPAEZE A S EAHE - B
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C ~ DigHIZPVCIR MR B Sdd: TRk » &
T 2 Ao B 03 i oz SR R 2 b NI
SRS A NS -

AIFEEEE ARG F 655 1A MERCET
Wi BT AT - AR R R
1) » SRS T35 ARCER % B ERE R BPARY
FiE o HRBBIGEIR N - 55 TAERE
B R BN S B R A N
H o HKIR Pk B B DR - O A 2%
FAHSs LEITEA B H I ERIBPARER -
Bt ARCE DB B B T RE IR o Tk
R R SR VGRS e = A ST N
AR EIRER - R E RS T
BPAZ F5% -

FUBBCHE R R[13] » BPATEPVC T3
HEIF S LERRERE - (DIEPVCAERRE
& B R TR B A5 Y0 E (killing agent) 5
(2)FEPVC N THIAE Ry Hi A AL (anti-
oxidant) ; (3)fZHEECRHRBE I 1F Ry PV CERIF]
i #7 (additive package)Z J5F} » B EEPVCHI
THEGEHIEDBPA HTSAALH  (DIFRAEPVC
AR TR LB L (plasticiser) AYHTEEALH -
1T B 4h 92 38 25 R AR PV C AR i i i 5k
FsBPARYH& 2 — » HA] R OREERRZE o il 15
BPA [7] - 2R1T » IREBARMHTECAETER » £ 5
18 PV ORI B W < SR RTREAR RN
BPA » Ry /Kiff5tc EHELEEHL - [KIIL » PVCIRfEE
R B R A IR B 2255 TR S 42 L BPA
LI
2. B Y SRR ELEE BPA (2 ik 2% 5%

He b AR M A B T2
BPARYSE TR 45 T2 BPARRE Y - Wi

RHIRABIEREM T TEHRFERZ
SPEIE F492 ug/m’(A7$17.89 ug/m’) » BPA

68

BUSE A THIES1 ug/m’ (W17 84.72 ug/m’)
[14] «

LiZRRA s — R BPAZE 7 TR B35
RIS BLE TR TIF% TBPA L BB 2T
il » WFFEEEEY » TARARIME L @R Z2 & BPA
IR TR IR S TRt $f]
SPHJAREE15.67 pg/m’ > B TR At
ST AP R S 2 25 T [15] -

TS A BE S8 A {3 BPA -
H DI 2 e s - 152,81
pug/m’ > fEECR7.04 ugim’ WS HATIRI22E
SRR - BER » ARRES TR e B £ 25 6 e
{EFF I -

HEism

ATFFEAE20124F £ B BPAESE TR ~ PVC
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Abstract

Bisphenal A (BPA) has been demonstrated to be both estrogenic and anti-androgenic, leading
to a decrease in sperm production in humans and abnormal development of puberty in experimental
animals. It may also increase carcinogenic risk, prevalence of cardiovascular diseases and diabetes in
humans. As the production and consumption of BPA is growing dramatically around the world, more
and more workers expose to BPA in workplace. Given the potential adverse effects of BPA on human
health, it is necessary to assess the occupational exposure levels of workers and establish exposure
limits to protect them. The purposes of this study are to determine the ambient BPA levels for workers
in PVC film manufacturing industry and to evaluate the workers’ health risk.

Four plants were chosen as sampling sites, and 120 workers were invited to participate in the
study. A structured questionnaire was distributed to collect demographic and exposure data. All
workers were divided into BPA-exposure group and control group, containing 103 and 17 workers
respectively. Air samples were collected by using 3-piece filter cassettes, which loaded glass-fiber
fibers. BPA were measured by means of HPLC with fluorescence detector. The results showed that

the possibility of exposing BPA occupationally could be excluded in PVC film plants (B, C, and D)
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in this study. Nevertheless, we also found that the workers in plant A exposed high level of BPA.
The mean concentration in operation area was 52.814138.80 ,ug/m3, with concentrations ranging
from0.01 to 652.02 ug/m’, while the levels of other areas were N.D.-1.78 yg/m’. Furthermore, the BPA
concentrations in plant A were also much higher than those in previous studies. We recommend that
occupational permissible exposure limit and effective prevention measures should be established to

protect the health of workers.

Keywords: Bisphenal A, Personal exposure level, Exposure assessment, Health risk
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