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~— Abstract —

Relationship between Environmental Exposure and Biological
Monitoring Values in Workers Exposed to Styrene

Jong-Min Paik, Jong-Yung Lee*, Jung-Man Kim**

Dep. of Industrial Hygiene, Jisan Juntor College,
Department of Preventive Medicine, Kvungpook National University*
Department of Freventive Medecine, Dong-A Universitv**

This is an effort o confirm changes biological nionitoring according to changes in levels of exposure
to styrene for industrial workers. This study was conducted on 108 workers, including male of 64 and
female 44 who were working at factories of FRP, dipping, and coating. An improved passive monitor
method(organic vapor monitor; OVM) was emplayed to determine levels of exposure. The biological
monitoring include blood styrene concentration, urinary mandelic acid(MA), and unnary phenylgly-
oxylic acid(PGA). Biological monitoring were made through the collection of blood and urine.

The mean value of exposure to styrene was 21.(ippm, which is measured by organic vapor monitor.
one of improved passive monitors. The highest exposure level was observed among workers in boat
faciories, laminating procedure workers. procesiing workers, respectively(p<(.01). For exposure
level, 11% of subjects under study showed over Soppm which is time weighted averagetTWA).

The correlation coefficient between hiolegical specimens and the exposure level was 0.62 for
blood styrene concentration, 0.58 for M A corrected by creatinine. and 0.70 for PGA corrected by cre-
atirine, respectively(p<0.07). The regression analyses found exposure level relative importance n
explaining variance in biological monitoring. In widitional o that, gender was a significant factor in
explaining vartance of MA and MA+PCA. Almost half of variance( »I‘)‘i") in biood styrene concentri-
tion was explained by predictors, including expoare level, age. genuder. duration, and drinking vol-
ume during the last week(p<0.011

The very lgh correlationsthigher than 0.9 wa- tound when o comparison was made among three
types of corrected methods. including uncorrected specific gravity and creatimne.
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In conclusion, these findings suggest OVM to represent levels of exposure to styrene for industrial
workers. A discussion was made on possible use of specific gravity sample for biological monitoring.
Exposure level may be predicted on MA, PGA in urine, which could be applied to represent biologi-

cal monitoring.

Key Words : Styrene, Biological monitoring, Fiber glass reinforced plastics(FRP),
Organic vapor monitor(OVM), Mandelic acid
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2elol@l e FMo gre dA2 vinylbenzene
E & phenylethylenec]etn® 88 F7]¢He 15T
JdA 4, 3mmHg, 30.8CIA 10mmHgels e
ol AR IEHE A7 v Bl B A ¥e
P £ FAE v AT (LO, 1983).

2Eto]d& butadieneolt acrylnitrate 3 22
GEA (monomer) 3 44 FF & FHEE= A
A &l 192530 A& AdH oz AHEE ¥ P4
1R dus ¥FAE, {AXE, 8, 7H, A
7, RE, A R AP 58 Bued AME
g 19508l e R3] (fiber glass
reinforced plastics; FRP)E& A4 #
(Tossavainen, 1978)el weh H<- 2003t 1 48
7t §53k 19800 Fuelle oF HUES AJAsiar
glen (Pfaffli®t Saamanen, 1993) ERI2AT
oF 30vtHolAte] sl How HuHn Uk (Pierce
o} Tozer, 1992). <eflol &4 feivEl= 4% 4
APER Ax 53 RelAEA4A (FRP) & ol
T SFEZR Pz, AFA HE )Y ikl =
ojidel wizl AEjeldle] Aol FrlEtn Sl FA
ol {o]AlF, 1986), 2EloldAR] L oA 7R] AF3t
ok #2319 gExr) o ®& Holn, iMER
Z AAS e glong AYHoE XElold
of E25= 2EAKE] tS goid & Y glol &
A AL 7HHI e dFolh

2ElolA2 WHE: Gl FolA AHad st
71 e BRERoleg x4 (high lipid 2 €
A7 Hell Al AFHAGT QA" e #7184
olt}((Korpelast Thahti, 1986).

2etoldle] AARR] e F2 TH7E B4
o|FojAm AFo] M2 FLErH Dutkie-wiczsh

Tyras, 1968). £28 ¥ ®35A] k& Az oF
3%7t &2 WS % 90%7} mandelic
acid(MA) % phenylglyoxylic acid (PGA) %= &
vj4d =) =) (Bardodej®t Bardodejova, 1970), °l&
MAZ dAlH e Fe oF 56.9%, PGA: < 33%
B EoltHGuillemind}t Bauer, 1979).

2]z} e {7 8A] 2 ¥ dAHA
A vehte 3 ol&skd FmaA ME
Rol YERH EZA H(biological exposure
indices; BEIs) ©|tHACGIH, 1986). 2Elol&le]
AETE Z2IAFIA BRAUUE ¥ Ae8e
ANEe 3713 9 ¥F 2ElllEE, 83 MA ¥
PGA%®=E7} o] 853 itk

2Elo]A & o] 83te AEL Eolvbm, oldf wet
Ao godshe 22A £5 AHo s ZEr)En
AA R 1 FF SEvEe] Aeloldl HFTE2 A
Z2359 AELH RUEHHA dig A7st A
glo] E228ate] dido] ot

B d7e 2zegoldE HIshe 2EAEY 22
A& 8 detsty] 93 A ¥AERSF
¥3 2eloldlFE, 85 MA 3 PGARSEE B4
a1 olE7tY] AL Hdsien, FRoes
o] AR d%E Fe Aoz Hm © Ay,
e, T27]%, BMIL #4, 368 Fo) E22
2ate] dqialitge Aot I F= A8 stetst
Az AEEg

I. che sl Uy
1. edTichat

i A astn AeleldE FHFde
10782] FRPAIZAA, 5708 AAREFAA, 1749
FaagdHd 9 o] dEE AxGAe 8 2
25 Aeloldld] Eg2Ew e 22A4E F AR
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SE2A 4% &
of

B8 1388 AT FH22A 643 44
FARGLE st} B8 Ee FR
doll zAlSIRTE A, 44, 74, {99,
7% T2 AEAE ol83iglen, %, AFe
AAAG71 5L o183 Th. TAF 9 AlgRA
2 19954 69 159 FE 949 304720

2. A=A Y 2oy
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#71% ABRAFHE vF IMARS B4ake 237
(Organic Vapor Monitor #3500)) & +}&3t92
W SKCAe] SARE-E R22 g4l 3glaz
HE 222 FE7hged] dol oF AYFE 2
Q1 8F 4A]-5A] Alelel #4alH T}, B4 FA] ice
boxel] W] HEAHE &AH 10Ty WA 2o
3 & gas chromatography(Hewlett Packard
5890) 2 #AslHd,

"= F7IA8 8422t Heparinized
Vacutainer (Becton Dickinson)oll sl¥@sis w4
Basie] dE4R §7 F ¥F ~Eelde Head-
space® & ©]€3% gas chromatographv (GC;
Hewlett Packard 2293A) & £4] “4“1'5‘}?315}‘

BAIE B TR §lAl el dlkadlel 238
{creatinine % Y% B384 3 .RER"H‘H%‘(man-
delic acid(MA) 2 phenylglyoxylic acid PGA))
Bagog 717 rol 10T WEAYE HEs &

8% creatinine BA & Jaffey] o8, ¥l5 BH.o
AOAYe]l Refractometer® ¥AMatgden, MA 2

PGA< high performance liquid chromatogra
phy (HPLC; Waters) 2 ¥4}l

3. A 24 Yy

2347 % Wel snoldE2YEE e
HESGA QAIE(EE 2By, 8% MA %
PGA)ol dabr EFetion §atia, Ao
9 ojAArRe] JBg plAk W4T HeE) 8
o %‘—ﬁlﬂ %’—éi-a— gl ERer gapnbee o
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Table 1. Generul characteristics ot subjects
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unit: No. 4y
Parameter Male Female Total
Age (vears;
- 29 26 (40.0) 1(2.3) 27425 0y
20 -39 13(20.3) 6 (13.6) 19017 6
40 - 49 TTO17.2) 14308 25(23.1
50 - 14(21“)) 23(52.3)y 3724
Mean=SD 36.7613.5 489285 dl.6x13
Work duration (vears)
<1 170267 10227y 274250
]2 50125 316.8) FLolG. )
2.3 SC7H) 0 T80 RORNE
3-5 5234y 1242737 2742500
=5 U297y 1202731 30287
Mean=SD 342301 4.0£4.3 RIPEXNQ
BMI (kg/orei
<25 60 (V3.7) TR 0T (NO
=25 4163 T30 Hheto 2
MeanxSD 20722 227423 U T
Smoking (crgarettes/day)
No 1702600 41¢93.2) 38837
Yeos o < U RERWE GRS (37
1019 19 (20.m 2 S HER R
220 2508 MARVAR)) YRR
Drinking alcohel (Soqu bottles{ 370ce, 23 v/w ek
No To 25 37 8b S5 du
Yoo < 42 iGN [
| -2 152500 O0Mm IS 0i3
> 2 19¢29.7 40 RIS RS
Totad 040503 44 (-1“ 7
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Z255E 23 A9 HF £2¥: € 21.0ppm
(0.2-165.9ppm) ©13ch. el S FHEdhe A
g Zexie AugdAdA 22271 36. 1ppm
o2 7 A ER2HUL, &= F& Ax3e At
A3 27 26.0ppm, Tl H=E g3le &
2A1E°] 1.4ppmo® 7HF HA E=ZEHen #
o3t apol7} UAUTHPC0.01). AP HE HAE=R
58 H23Rjol 26.6ppm, TAZA 6.6ppm,
5e2b2te] 1. 4ppme] €22 #F 2ol YU
(p<0.01). 2ElelNE HF3le 22AE FAY
oz 33, FA]] FHANM 1R 4FF e &
de FHFger BRI, ARAFHe F
ARy FEAYAL =oFe JFE BRAYes
FRet] B An F249 23 4ppm, FHEA
18.5ppm, HZZ}] 12, 1ppme €22 fof&
ol7F AU (p<0. 01) (E 2).

ACGIH®] 2Eloldl 387]F 50ppmelde] %

2 EZ2d Z24€ 1L 1%A29 3878 1/2
Q1 25ppm*E 50ppmuiTe] Ez@ LA
14.8% 9 2™ 25ppmP|Rte] ZE2E T2abe
74.2% 2 thR-Fo] 50ppmritte] AsTo Zzg
SEAAHE 2).

td2gate] el EZ] wE ¥F ¢ 835
gAHE weEs B 85 el BiEsTe
513.3ue/1, B+ 20.8-3262.8ue/19th. 88
creatinine2 @ BEAF thAl4LE 9 HAEL e
mandelic acid(MA)® phenylglyoxylic
acid (PGA) Z+z} 544. 3mg/g cre} 220. 1mg/g cre
HTHE 3).

F715 2go)ldl E2x 5o aAMIEES A
A= MAZE 0.579, PGAZ} 0.703, MA+PGA
7F 0.653°1928 MASt PGAZ A#dAE
0.6912 EAM o2 $9895H(pd0.01) (X 4).

85 UARIEES vHEA BMAe HYXNE 3T

Table 2. Means of environmental styrene concentration (ppm)
No.  Geometric mean(GM)  SD of GM Arithmetic mean Range
Types of manufacture™
Boat 36 20.4 3.1 36.1 2.3-1659
Septic tank 19 11.0 2.1 135 2.8- 240
Bathtub 13 20.7 22 26.0 44- 594
Bumper of vehicles 11 10.3 3.4 17.8 1.6- 358
Tent pole 18 58 2.1 79 24- 36.1
Dipping of transformer 7 2.3 3.2 3.3 02- 6.6
Coating of veneer 4 1.2 1 1.4 0.7- 2.8
Main production methods**
lLamination 79 16.0 2.8 26.6 1.6 - 165.9
Dippic:g 25 44 2.6 6.6 0.2- 362
Coating 4 1.2 1.9 1.4 07- 28
Work categories
Process workers 72 12.6 3.4 234 0.2-1497
Nonprocess workers 22 8.1 3.5 18.5 0.7-165.9
Nonspecified workers 14 7.1 2.8 12.1 1.1- 594
Total 108 10.8 37 21.0 0.2-1659
Environmental concentration by TLV (ppm) Total (%)
<25 80 (74.2)
25-50 16 (14.8)
> 50 12 (1L

++: p<0.01 by ANOVA
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o ABAlrE B 0.950014& By on 233X
e thAMIE R vF o2 BAY qAMHEC] 0,975
2 7P} gen BAHoR KosAH(p0.01)
(% 5).

¥5 2Eeldd 8.F dAMIE(8F MAcre.
PGAcre ¥ (MA+ PGA)cre) & FHHSLE 30
Z2wne dutd EAoli B3 H4EQ ,
A, BMI, &<, &5 B¢ SRS 3o 7zt
o} A¥HAYE Faed (F 6), AEe o4 0,
Fah 12 g veA] fes AeE ARy
2Etoldl E2F T W3 EF 2Eeld vR ¥
8F gARME 5 logg 39t

¥F 2Eloldle] HEE dsled fFoF wige
2y E2yxdon @AAS 0.490(p0.01)) %
PHFe A9 49 1%t =3 85 AR
BollA MAcred #2i3t e E2559 AHl

e HAAFE Z+z 0.437(p<0.01),
0.820(p<0.05)9 2 A¥ad & (.310°1Uc}.
PGAcred] W28 Awsted felgh ¥4 £¢ %
2rx2 Jeldon 3AAS 0.529(p<0.01)) A
wYe 0.361°1Ak. (MA+PGA)cre?] H3E A
HBeted FoF Hege ZZE L (HAASF
0.44(p<0.01)) &+ A& (3AASF -0.603(p0.05))
olglem HduyL (. 339HFE 6).

V. 2

M

2go]ldle & F7I4E rIng HFgaEald
A 271382 Y98 & Jod £ 1 g4elne
dieE HREe F54E £ U Bl (Dutkie
wicz® Tyras, 1968), 18|22 Azez Alg
7] NEg 0% F2 FRPAY (Guillemin®

Table 3. Means of concentration by biological specimens (N=108)

biological specimens Geometric mean(GM)  SD of GM Arithmetic mean Range
Blood styrene (ug/l) 2959 29 5133 20.8 - 3262.8
Urinary MA (mg/g,,.) 257.2 4.2 544.3 99-31973
Urinary PGA (mg/g..) 117.9 3.6 220.1 32-13317
Urinary MA+PGA (mg/g...) 419.9 35 764.4 14.0- 452209
Table 4. Correlation coefficients of urinary metabolites
Environmental styrene MA PGA MA+PGA
MA 0.579**
PGA 0.703** 0.691%*
MA+PGA 0.653** 0.978** 0.862%*
Bloodstyrene 0.620%* 0.454%* 0.469%* 0.489%*
correlation coefficients of logarithmic parameters
** 1 n<0.01
Table 5. Correlation coefficients of urinary metabolites among corrected method
MA PGA MA+PGA
Creatinine - Gravity 0.962%* 0.947** 0.955%*
Uncorrected - Creatinine 0.975%> 0.965** 0.970%*
Uncorrected - Gravity 0.975%* 0.970** 0.968**

correlation coefficients of logarithmic parameters
** . p<0.01

— 165 —



Table 6. Multiple regression analysis on biological specimens

BS MA PGA MA+PGA

Environmental styrene (log; ppm) B 0.490** 0.437** 0.529** 0.444%*
(0.556) (0.372) (0.498) (0.436)

Age(years) B 0.011 6.4x 10 0.007 9.8%x10*
(0.130) (0.006) (0.069) (0.010)
Gender (female; 0, male; 1) B 0.354 -0.820% -0.329 0.037
(-0.162) (-0.281) (-0.125) (0.069)
BMI (keg/n?) B -0.007 0.004 0.037 0.037
(-0.013) (0.054) (0.067) (0.069)
Smoking (cigarettes/day) B -0.003 0.004 0.002 0.006
(-0.041) (0.054) (0.017) (0.060)
Drinking B 0.007 0.004 0.004 0.003
(total volume/week(Soju jans)) (0.132) (0.054) (0.058) (0.054)
Constant B 4.398 3.571 2.550 4.409
R? 0.491 0.310 0.361 0.339

*: p<0.05, **: p<0.01

BS : blood stylene, MA : mandelic acid, PGA : phenylglyoxylic acid,

MA+PGA : mandelic acid plus phenylglyoxylic acid
B : regression coefficient
() :standardized regression coefficient

Berode, 1988) 3 2®te]dl-Feltidl (styrene-
butadiene) LFAIHAAA AHYH F=2rF Bt
(WHO, 1983).

FNF ALE2FE #% FPFNATE A
WH I 2AdAIZe] WE, AR Fe o 2t
A 9l3, E£F 2 gAol F RKrieAY ¢ T
2 g " g2 F leng e
Z23& FYsiA godsle dle F2rt glol diAl
Ahge] T3 FAYE AUt YEHH HY
biclogical monitoring), #7774 (health sur-
veillance) 39 AAAEFHA Wgoz WAsA
HAok ey AEEA grlek dAAEAl Ateld
3l Faigt AEEA G T 42 Yot
ACGIH(1993-1994) M & F715 AEldsEE
AEEH AT AGF 85 MA
800mg/g creatinine, PGA 240mg/g creatinine,
ZARH 83 MA 300mg/g creatinine, PGA100
mg/g creatinine. 2 71&& MAslpen, $ay
e F7F 28oldF=E ACGIHS
50ppme.2 Fata Aot tiibge] @i vEe
ol 2zt ARGl M MATHE Ailele® oha
9ol (=R, 1989) ol that ZFAF e FaAT

50ppmo. £,

72} ©
&

I P aAde] A3 aFHm Qe ARl

2Eloldlo] Ao F5HE styrene-7, 8-oxide
2 4st¥l &, phenyl ethylene glycol, phenyl
ethylene glycolaldehyde® ®#5o] HFHoz
mandelic acid(MA)$% phenylglyoxylic
acid (PGA) 7t A¥ o wids =), rle E=2
T2 F2U10 & 9% X% (Guillemind}
Berode, 1988) MAE 4417, PGA® 7417 A%
ol (B 7RG o3 9} AJ_AEA V&Y 9
3], 1995) ©1¥ 1A=R T2 AZ#d gastd
oF & zlolth, F Ejolylel] H=2E Z2ale] HA
Al =3 9 FFAEE FgstA etslr] A
e ol2lgk uiAEE e AEHE A7 6 583
g7 " AT, 1995).

FAERE Wdvle oy 2ZA7)7 get wkg
7} #&e 2efelde thg YA (prior to next
shift; F2glel 16A1%e] AAHAE ) 3 A F
8A] (end of shift; &Aie] Erir] 2417 e 2%
Ste® sly Slol (ACGIH, 1993-1994) ¥ 7%
498 250 3 2YUie Bze ddan
Wg olgste FTrE 58 TYSEoH 22 A
ol "otz 4awlg Fysldct,
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WA KA FNF Zreeg 246
BYos HABY, HIZE o) &3 FAEIY
(active charcoal tube), SAEA7|E o] &8 2
¥ (passive monitor; organic vapor monitor)
T O B dpdMe 8RS olesty
o BIEAVE SR 2 e 9
B A oAy 7R AEE AX Agsz glen,
#4t(diffusion) % 4% (permeation) o <l&) &
ol FEHAA g ge why A ale]
e Wwield, & ?1'7}9} Algajael Hete
ot Fhzel Wigt & AEsF BES] oy
= YR T A xﬂ:‘;}a.sz)_sr_ A8k glom (g
TF &, 1994) =EF (19919 A4 A

of ARle]l X o} AR ¥ Yot Apd =
EF R RH 4@ol & Moz ry
ATk, 1994; HFE 5, 1994). 0|
TG IHBAY (OSHA, 1990) A= &l
AABVAEZH A FAHog ALEST Fo|MR 2
ME e HREE AREST glE dhyelnt,

Ong et al. (1994)& &9 3992 oz 9
40ppme| FEFLE Hufled 13 22290
40ppmo.2 7 ®A Ezde AQJolen,
coating#dol A= 27t 2ppm,

p

g

o FA

H1

5o
.

-
=
S|

L)ru

9] polishing,

10ppme.iz & Ao} v2g Z2x w9t [keda
et al. (1982)2 FRP" oA 8WE o m
llppm& Bagtgck 2 dpoMe Mutgaaz

HANA G 36.1ppm.M:v. 7V wetom 3eiut
Meze HFAAPAA 26.6ppm, FHYo)
23. 4ppmo. 2 7} Fol AutgdE AlGAtA] M

AHAE TR she AN B3 2o 2z
T Wy o)k Fo] AFAY Ezew ol
A%, AP, AEE (FRPERS] A B2
ol ), 87182, A0 84, J1As 4% 5
off ZIighela Pzhe o},

371% mElllEne AL ool uEHan, 3

of ofel -, I3 H4A] EAgol sl B ?—xﬂxg
°of slew, 8% ApollEE EH RN, B
71 39 ofEge] sln AFAE 2l c}%w} A
~n% Hols AR Fpwel 4ol Be Re
2 Eado sz 28kn gle) # ARdME
i o}xl egsket.

Karbowski® Braun(1978), Apostoli{1983),

Ong et al (1994)& ~Elojale] P32 A2
A F EF AEolo) 8AE2x5l (.9 o4t
B AL Bole Aoz Busygoy ge a‘?‘
A e £4312] ok tAMHEoQIt T o
R BA mrte] B )
Ao Mgz aol del BeEx ¥
AZolt}, L f et al. (1986)& 147t E.‘éi?— gz
ZElAEns BAZRETo ABNE =0, 712
B33k3, Apostoli et al. (1983)-2 2] oz
2M 7 ER¥el EECl 120-684mg/19) H-g ol A
EF r0.928 £ 49& 8338}t Gobba et

2 107) FRPEFlA 214H< gialo

al. (1993)&
2 o 731 #mol/l 2o HF Pieleldlyw

5.3 mmol/18 A8l m )6‘1}75”4:‘_ O 8R% HI1
stk B AFolME 85 B E2E5E 5100

g/1den, Egyxole] "J"{’}"J—‘% 0.62(p<0. 001)
B oEket dygdTe) vsjde i vkt
© 8% 2EedErt 842 rE wel g2
sl Wil HT ZRo] A AL o) (Wolff,
1976, Bartolucci et al., 1987) sj@A|7t 21z =
BEol #4467 Moz ey AL o
B BF ~Eold vx9 dExg 29
Bartolucei et al. (1987)& 2] % 50ppm £
Al 98lueg/l, Apostoli et al. (1983) ¢ 811w/l
Ong et al. (1994) 2 1370ue/18 Ho] 2 oio
SYUSE BAZ2 2 3 714, 5ug/l Boh v
Eded ol ERFE zlold 71 How A
e, 8% cEoldykEg Fause 3 237
AN ZRemrt ¥F sEoldlg Agsle
oA WA o (FAAS 0,490 (p<0. 01))
w29 AEE- 49 1% (p0.01) Joh,
_AL/}/‘ Eg. 1-1;_9,}_ :xﬁ, )b}“{l'o I,_O]Tﬁ/l.i 9“1.‘]
el ated 71 2@ whE biological monitor
olm 7|Ee] A EE HAo] leE gAatER w
& Q7N 53 MAS PGAE olgst: Ut
# ATINE MAS PGAS ¥Aleko] 341914

o]

Q.
11

2h

1

Ll
9

of mWe} Fz l"ZH Y, el {d9%,
BMI & 7HQA3] §4& F4 22 tipibge) X2
Fxol ojm g o% FEA] delste] e} 2
ZAIA A8 ¢ e ARHER 19 FEg
AlAstaat sgict.

AANE Fig 2efoldlo] thalr]o] g



2 W /M e ¥o= dAEE mandelic acid
(MA) & 100ppme L¥E ZE2A] o 57%7} tiA}
¥} (Guillemin® Bauer, 1979). TLV 50ppmell
HAHez Zzd Z2AIME MAZF 580-900me
/g cre3=2 widEtki Bustn lth(lkeda et
al., 1982; Ong et al., 1994). ¥ d31zaxn:s
629mg/g cre® ACGIHS 347152 800me/g cre
2ot Wt ole AF, JF, AW, £349
9 Apole] 7)1 Reoz ztect

2goldle] wizlrle QlFe] wWE MW, v)F,
HFR2EE, T4 59 Aold A gL wo
B2 (Chen et al.,, 1994) fe=e]l AN )
Wt ARhe] egzio B8 w2z} Qojof &
Reg Aztgrct

BHE2 o AYE MAcres 9ol AraaA
= Ikeda et al. (1982)2 0.86, Elia et al.
(1980)2 0.74, Ong et al. (1994) & (.832.2 tj
F8 ATl v gton, B AdME (0,579
2 HIIY & 48E By

2] A7 ({lkeda et al., (1982); Bartolucci
et al., {(1987); De Rosa et al., (1993}, Ong
et al., (1994))olM E2rrele| AT MA7}
PGARTH 4 vl&slgct, B A e PGA
7k MAo] wislal Aa@igol tih &4 vehnged
2 ol PGAZE MARDH 97717 A7) o g
5Tt "y Alzlol MAS: ohe oo 1)
Bge o & olon, MY elME Huxs
o] Al Eg gz2A Jdeldohes AE ¢ 4 sl
gz 2RdAR Alzh, wdA], EREL, AR
el AW, 3, AYAE 59 xolig 22
sHug go A7)t oS Weshdn s

PGAcre® 48R &3 $73E2rer g 9
ez @ AN Jed EErre o 25
© Tkeda et al. (1982)°] 100ppmeol & % s
53 Al&elA 435mg/18, Imbriani et al. (1985)
2 510me/18 <l &3t £% Ong et al. (1994)
50ppm FEA AFE 272mg/]E o 28
ACGIHAIA 3§ 250mg/g credch 9F7h wdch
£ d7dres 50ppm E24 302me/g crei thE
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1982; Gobba et al., 1993). ¥ Chen et al
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MA+PGA 0.653%¢ ot ¥& A@AdL =)
¥3 Bartolucci et al. (1986) & MA+PGAE 7}
Azke] thabgol 2 o, % AP o) B
et A o d@4e) ¥on Bastn 9o,
PGA7} MAKTH ¥kzb7) 7} 7] wf&ol] theg o}
el MA/PGAE 2% %9 v} o} o} Egol
4& otledl %go°l 9 (Guillemin® Berode,
1988) ¥ ®xo ZZoy o] vy} Fylshe Ao
2 213 {Ohtsuji® Tkeda, 1970: Ela et
al.,, 1980; L f et al., 1986). Tkeda et al
(1982)& o] w]7} 5ppm E&A4] 2,51, 50ppm Ei&
Al 3.80, Fedi 224 3,378 Busd B g7

u] g3k,

ninel.2 ke Ag¢ 7I£eg FHsn Yxvt B o
TollMe BAURzie] A4S FHsd. o=
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(Chen et al., 1994) % v} 21=¢) ¥]EZ=}o] ref-
erence value® IWHZ HBalsdle Ralrt glol
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E28 29 4 e Add g7 AFAYo] AlF
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ZAAe FRP3E, 3333, d9xx
AT FA e IR EA 6483 A2 24t
44noln] XA W EAMYIZEE 19959 6¥ 159U ¥+
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Ao E24EE ¢7) At Yoy} g AFe
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