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Abstract

Grit blasting operation was one of the most dangerous tasks at shipyard. The
block of a ship was huge and workers must wear respirators during grit blasting. The
purpose of this study is to measure the exposure concentration of total dust and heavy
metal for grit blasting workers and to evaluate the effects of wearing protective
respirators.

The study was carried out in 22 male grit blasters at a shipyard. Personal air
samples outside and inside mask were collected by using a pair of air sampling pumps
with PVC filters. Urine samples of participants before and after work were collected.
Airborne particulate and urine samples were analyzed for 24 metals with inductively
coupled plasma spectrometry.

Results showed the main metals of total dust were Fe, Zn, Al, Mn, Cu and Cr.
The concentrations of Fe, Zn, Al, Mn, Cu, Cr and total dust inside masks conformed
to the permissible exposure limit. The concentration of total dust outside mask was
eight times higher in grit blasting blocks than out of blocks. The total dust was
reduced 97.5% by respirators. The heavy metal concentrations of urine samples did
not exceed the proposal values of ACGIH biological exposure indices.

The present study suggests that the wearing time of repirators for shipyard grit
blasting workers was too long. Grit blasting workers should check out the function of
mask before the grit blasting operation and have regular training of industrial health to

reduce the health risk in workplace.

Keywords: grit blasting operation, heavy metals, respiratory protection
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<0.001) -

Fed [P N (R PTG (mg/m?®)

PRl | PEEEREE | PTEERREE | p value®
38 162.6+38.0° 46+1.6 <0.001
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(3.4-933.8) (0.2-43.9)
>2 [ (n=4) 103.9 +35.1 7.8+72 <0.001
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P [ 55428 37415 0.589

mean+SE
bstudent t test

RBRE AT @%ﬁﬁﬁ%ﬁwmh LAY AT
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0.00123 mg/m’ ~ 0.00013 mg/m’ + 0.00055 mg/m’ (% 7)
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AT PR

][7

SRR 12 T 5 IR (mg/n)

R K
= i Al 5l ot AL
PG 9f (n=38)
iyl 27.83072 15.67269 0.41888  0.37823  0.11825  0.10710
ISl 0.14653  0.06530  0.00283  0.00162  0.00002  0.00162
TISEC 6.61991 290249 0.09335  0.08544  0.01217  0.00972
PEIRIHRES ] (n=38)
iyl 1.98818  0.65000  0.02328  0.01906  0.00240  0.00159
IS 0.00106  0.00033  0.00001  <0.00001  0.00001  0.00004
TISEF 0.14917  0.05180  0.00145  0.00123  0.00013  0.00055
OSH AR 84 > B % T S5 fL) 1/2*LOD 15T =
EFHEEE ) ~ T2 Rk B l B2 gl '/*E‘%EHfk
F_Fﬂy[ﬁgny *ﬁ* F;m;f;; :Z> gjv »;i,]J a“';x"ll]_ljbl'ﬁ-‘ r/” [/;Ef;g[: , 7 S
?rfﬂ/ﬁ'?ﬁ‘l‘%ﬁ& (#8) -
F8 PR HRES ]~ AR R f‘,g@’%ﬁﬁ%@wﬁ'ﬁﬁi‘% (n=38)
P RS [ A B £ R
T R AR S o i G ot ﬁ“méﬁ
B EEREE | r=-0.162 | r=-0.155 | r=-0.150 | r=-0.132 | r=-0.084 | r=-0.204
p=0.331 | p=0.354 | p=0.370 | p=0.429 | p=0.617 | p=0.219
6-?%'? BB P RS MR-
IR PR E P GRS 7 Y 38 A2 2 il iR 1%&%@@[%*
ST BRI 3 2di e SR TR L L U R e LT S S LT
B U RIS o 3\ N FHRE TR o PR e B B U R T
5518 (bR - AEIfE-23.3-205.8 (5725 153 ME=ST 75 Fio /Er)
FFEEe R PIR RS SR B I AL R 1R 97,5 ((lifb ) o dSlR R

88.8-99.6 (Y25 F153 HE=8Y 75 F157 )

SIS 32 R (one-way ANOVA test »
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o T [Fil Py R Pl PR B .
e p=0.892 5 4 &5k p=




0.865) -

RO AP~ TR IER ] - P SRl

TR . [ ok

AR fe] Bt He WE-400 S
<1 /][ 5 13.8° 92.7
(5.54~835.7) (69.3~97.2)
1~2 /] [f 29 48.2 97.9
(10.5~335.1) (90.1~99.7)
>2 /| 4 107.9 97.7
(5.73~162.2) (76.0~99.3)
Fiat 38 51.8 97.5
(23.3~205.8) (88.8~99.6)

*Median (25th-75th percentiles; Qos- Q75)
O ETTEr= Co/C; o Co [N T i

CHEE (%) = (C,-C) /C, ><100%

ST A 4 PoTH)

PV PRSI 22

(i e
PO T

o FTETR  AFS
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SRR G RRPTEHES

AR 4 7 S MO
FURII R B F) 7 [0 T (i gtk 2 88 il (ERL »
SR N (R
A 60 fld ~ 7 (B 56 > HSTAET (] ESNRERE o IR 9 o pliE
FPRE AR PR AR PR
R o [N R 1S R A N ORI £ S1AT T 1
i VAN

SRR

T A S R o

e

N I&Fﬁiffz



PR 22 & AR
B (A 47
|
P P SR

TR

. e

v v N

[ (e kA HISES STy R B (et
&l 60 [ E= ) &l 56

]
S ekt )

O R A 2.5 B

me:*wmgswg@

T iz s R o R F R S b~ S ﬁﬂ &t ?Fii%[
TR i—gqyppﬁqﬁ OB K 679.1 ng/g or. o AT 115.8-3166.6
ug/g cr. ; EﬁFIlﬁifi’%" £ 538.3 pg/g cr. o Rl f§-74.5~1768.2 pgl/g cr ; 7ILF lﬂiﬁifi’%"
£h 40.2 pg/g cr. » FEEI1E-0.1~275.5 pg/g cr. 5 Tl B KL 3.6 pg/g cr. - AlRITE-
<0.1~20.4 pg/g cr. 3 HIERNRE EE 2.7 pg/g cr. > FEAIE<0.1~31.4 pg/g cr. 3 Gl

1\wH?Ef*" £%, 2.6 pg/g cr. » FElEI1$<0.1~25.4 pug/g cr. (% 10)

#10 b S AR B2 B (ng/ger)

& ok Eid & it RS

fir AW | 31666 | 1768.2 275.5 20.4 31.4 254
B 1158 74.5 0.1 <0.1 <0.1 <0.1

T | 679.1 | 5383 40.2 3.6 2.7 2.6
ERAEE | 102 102 102 102 102 102
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2.2 5]~ &mHHRE 2 TR
SEARIETDT ~ 95 LRI (o » A0 & R AR 11 - (el
SRS LY 731.8 £ 1872 ng/ger. 0 7 (B Bl 767.1 £ 123.4 pg/g cr. > A [ il

35.3+221.8 pg/ger. (p=0.876) = T [HjFRE LE 649.4 £ 78.3 pg/ger. 0

e 9
A EL 381+ 7.5 pg/ger. > T (B 51.4 8.0 pg/g er. o A fifi £ 13.3+12.0 pg/g
er. AT FEIEE B (p=0282) - T [EE

cr. > T {EEEE 2.2+1.1 pg/gcr. > (™ fifiKE-1.5£1.8 pg/g cr. (p = 0.420) |

[ £

546.9+51.9 pg/g cr. » A [~ £E-102.5+82.4 pg/g cr. (p=0.234) = 7

1 3.7+ 1.3 pglg
i

W EL 3.1+£09 pg/ger. > 7 (B 3.2+ 1.1 ug/ger. > @[l £ 0.1+1.4 pg/g cr.

(p=0.966) °

Ei-1.4+ 1.1 pg/g cr. (p=10.201) °

ES Py

RN LS

ST S TR (ngfg cr)

AR FE 2.6 £ 0.8 pg/g er. > T [RAEE 0.8+ 0.4 B [

BAg | e TfeE | T fEET(E | p i’

2] 15 731.8+187.2% | 767.1 £ 123.4 |  35.3+221.8 0.876

o 15 649.4+78.3 | 546.9+51.9 -102.5+82.4 0.234

éﬂ 15 38.1+7.5 51.4+8.0 13.3+12.0 0.282

& 15 3.7+13 2.2+1.1 -1.5+1.8 0.420

o 15 3.1+0.9 32+ 1.1 0.1+1.4 0.966
AR 15 2.6+0.8 0.8+0.4 -1.4+1.1 0.201

aMeanli S.E

b fﬁl H'| Wilcoxon sign rank test

AR f T2 1
B

372.7£191.1 pg/g cr. (p =0.077) °

Sl

T E BRR AR YA 12 0 T [ D
£5591.9+£743 ng/ger. » 7 [k Bl 964.6 = 170.7 pg/g cr. » A= fifi 1

= EEREA £ 600.1 £46.3 pg/ger. T [Eix
ikl

VB EL 57.4+£20.1 pg/ger. » 77 [k b 45.4 £8.47 pg/g cr. > AR [~ EE-12.0+£14.8

£l 549.0+114.3 pg/g cr. » i@k {™ i F5-51.1£88.5 pg/g cr. (p = 0.576) « |

20



ng/ger. (p=0.433) o 7 (SRS EL 0.9 0.5 pg/ger. » 7[R E) 2.9+ 1.8
ng/ger. » A EL-1.6£1.6 (0= 0.312) » 7 (B SRS £ 2.7 £ 1.5 pg/ger. > T &
% Fh 1.0 £ 0.6 pg/g cr. » A [~ fifi £%-1.6+1.6 pg/g cr. (p =0.324) - ["pH'JmF‘iJH?Eﬁ"
03+03 pg/ger. > 7 [ExE) 1.6+ 1.1 pg/g cr. > Adh{™fifi i-1.3+£1.2 ug/g cr. (p

=0.309) -

FA2 [EFPT M ET2 PIIT{E]  mTEE R (ng/ger)

Bbge | e TEE | T (EE-T R | p @

o 12 591.9+74.3% | 964.6 +170.7 | 372.7£191.1 0.077

3 12 600.1 +46.3 | 549.0+114.3 -51.1488.5 0.576

5 12 57.4+20.1 454 +£8.5 12.0+14.8 0.433

& 12 0.9+ 0.5 2.9+ 1.8 2.1+ 1.9 0.312

o 12 27+1.5 1.0+ 0.6 -1.6+1.6 0.324
AR 12 0.3+0.3 1.6+ 1.1 1.3£1.2 0.309

aMeanli S.E

b fﬁl H'| Wilcoxon sign rank test

iﬁﬁ‘ﬁl@’ﬂ): S T3P (R R S TR AR O3 13 o T (R
SR LT 447.8 £104.9 ng/ger. 0 T (B Bl 403.4 + 59.6 ug/g cr. 0 (™ fifi £1-44.4
+128.0 pg/g er. (p=0.734) o 7 (B FRIRE EL 411.2 £ 50.5 pg/ger. > 7 [ EL
387.3+59.4 pg/g cr. » A (™ fifl £-23.9+48.4 pg/g cr. (p=0.629) = = [=fi"pl I%FH%@
5209+ 59 pg/ger. » T [ 25.0 £ 5.4 pg/g er. o W[ fili 1 4.147.3 pg/g cr. (p
=0.586) = 7 (Bt L KL 8.0 £ 1.1 pg/ger. » T Bk 6.8+ 1.3 pg/g cr. »
(i £%-1.1£1.4 pg/g cr. (p =0.436) o 7 (SIS 1L 3.4 £0.7 pg/ger. » 7 (55
FL4.7+2.2 pg/g or. AR fifi £ 1.4£2.0 pg/g er. (p=0.498) « = =il h}%i%i%@
F5 6405 pg/ger. > 7 [EXEL 6.7+ 1.7 pg/ger. » A [k} 0.4+1.8 ug/g cr. (p =

0.841) -
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FA3 ERPT M A3 P IEp s BRI E R (pg/ger)

BAg | e TfEE | T fEET(E | p i

2] 14 4478 +104.9 | 403.4+59.6 | -44.4+128.0 0.734

i 14 4112+50.5 | 387.3+59.4 -23.9+48.4 0.629

Sid| 14 20.9+5.9 250+54 4.1+7.3 0.586

& 14 8.0+ 1.1 6.8+ 1.3 -1.1+1.4 0.436

o 14 3.4+0.7 47422 1.4+2.0 0.498
e 14 6.4+0.5 6.7+1.7 0.4+1.8 0.841

aMeanli S.E

b iﬁl H'| Wilcoxon sign rank test

SEARIEL T S Y4 LTI S R AR (Y 14 o T
SRR £ 574.3 £ 87.4 pg/ger. > T [EE Y 761.7 + 194.4 pg/g cr. > R[4
187.4+197.3 pg/g cr. (p = 0.360) = = {F] FHIEE £ 520.3 £47.0 pg/ger. - T [Fix
£} 553.8494.5 pg/g cr. » A [~ i1} 33.5+77.4 pg/g cr. (p=0.672) - = {5 lﬁﬁ%
B EL 302+ 5.1 pg/ger. T [EREL 40.1£9.1 pg/g er. v B[l EL 9.9+9.3 ng/g cr.
(p=0.306) - f*ﬁj%ﬁ“‘%?%@ By 3.2+ 1.1 pg/ger. » 7 (B EL 2.3 +0.8 ug/g
cr. - AA{*fifi£3-0.9+1.1 pg/g cr. (p=0.455) o T [E AR £ 1.8 £ 0.5 ng/ger.
TR 0.8 0.4 ng/g er. o i@ (™ il £1-0.9+0.5 pg/g cr. (p =0.096) ¢ f‘ETqﬁﬁm%ﬂ?%

BEL29+ 1.0 ug/ger. » 7 Bk Bl 1.5+ 0.6 ug/g cr. » g™ fifi £1-1.5+0.8 ug/g cr. (p

=0.071)
F 14 [P M B4 P (EY - mHIE S EREE (ng/ger)
Bep e ~H T B CoEE-T | pif®
SRl 10 5743 +£87.4% | 761.7+£194.4 | 187.4+197.3 0.360
o 10 520.3+47.0 | 553.8494.5 33.5+77.4 0.672
éﬁ 10 302 +5.1 40.1 +9.1 9.949.3 0.306
h 10 32+1.1 23+08 -0.9+1.1 0.455
o 10 1.8+0.5 0.8 +0.4 -0.9+0.5 0.096
5 10 29+ 1.0 1.5+ 0.6 -1.5+0.8 0.071
aMeanli S.E

b "] Wilcoxon sign rank test
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)4 VTG (] BRI £ R RS (T AR 1S -

(ST H RS G 612.7 + 67.4 pg/g cr. > 7 (B Kl 745.5 £ 79.5 pg/g cr. » AR (™l
£5-132.8 + 101.8 pg/gor. (0 =0.198) > 7 [EETIAUES F5k 57%(29/51) » (&
TR £ 552.8 £ 33.2 pg/g er. » 71 [Bix k) 523.8 + 42.6 pg/g cr. » A [~ fifi£5-30.0
e
W EL 37.7 £ 5.7 pg/g er. > T [ EL 42.7 £ 4.2 pg/g cr. > B[l EL 5.0+5.9 pg/g
,J #HI A EL 3.9 +

3.4£0.7 pg/g cr. > @ (i £5-0.5 £ 0.9 pg/g cr. (p =

+39.5 ng/g cr. (p = 0.467) > T [ERIFFIIPUEA B 51%((26/51) -

cr. (p=0.400) - T [EEIECIAVEE Fus 67%(34/51) ©
0.7 ng/g cr.» 7 [E LY
0.576) > I [ IETIIEVECE ok 519%(26/51) » T (B SR EL 2.8 £ 0.5 pglg
cr.o T [EHEL 2.5+ 0.7 ng/g or. > A [l £5-0.3 + 0.8 pg/g cr. (p =0.745) >
TR S 2.8 £ 0.5 pg/g cr.

2.5+0.7 pg/g cr. » 7@ [~ £5-0.3 £ 0.7 pg/g cr. (p = 0.644) » 7 (BT IIpUARE A
[

=

WrppuRA Pk 41%(21/51) - B =ER

5 49%(25/51) -

FAS [ETPT * e 4 T m Y S IR (ng/ger)

BARr | e CfEE | eS| e’

2] 51 612.7+67.4% | 7455+79.5 | -132.8+101.8 | 0.198

o 51 552.8+33.2 | 523.8+42.6 -30.0+39.5 0.467

A 51 37.7+5.7 427+4.2 5.0+5.9 0.400

& 51 3.9+0.7 3.440.7 -0.5+0.9 0.576

o 51 2.8+0.5 25+0.7 -0.3+0.8 0.745
AREE 51 2.8+0.5 2.5+0.7 -0.3+0.7 0.644

aMeanli S.E

®Paired t-test

3P 1 1 £ RS AP
R A R AT O 16 ¢ AT ALY 1 8
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R R = 0.340) ~ FUFEEAK( = -0.404) ~ RUGES (= -0.362) -

S (r=0932) -

F 16 [EThT * T EbREA HIﬁﬁ’%ﬁ%@ J/ﬁ'%%l’@’r (n=51)
2] o Sal & g AR
5 1 | r=0.185 | r=0217 | r=0.189 | r=-0.193 [ r=-0.110
p=0.193 | p=0.126 | p=0.184 | p=0.174 | p=0.441
= 1 r=0.199 | r=-0.340** | r=0.105 | r=-0.404%*
p=0.162 | p=0.015 | p=0.463 | p=0.003
51 1 r=-0203 | r=-0.086 | r=-0.362**
p=0.153 | p=0.550 | p=0.009
o 1 r=0.034 | 1=0.932%*
p=0.810 | p<0.001
2 1 r=0.054
p =0.704
T 1
**p <0.05

= (e bRt fﬁ*’é% TR ﬁ'%%’[‘iﬁilﬂ?w 17 « F 7RG HREH, ﬁ‘%%;'/ &
g SRR B(=0.318) » SIEH(=0.317) ~ HIFHH(=0.450) » HfF S

(1=0.349) ~ g

BE(=-0.304) ~ FUEHEH(—0.728) ~ FMFEH(—0.333) -

A7 fEfb 2 ER SR S S R A (8 (n=51)

2] s & & gl s
5 1 | r=0318** | r=0317** | r=0.229 | r=0.019 r=-0.022
p =0.023 p=0.023 | p=0.105 | p=0.897 p =0.880
= 1 r=0.450** | r=-0.198 | r=0.175 | r=-0.304**
p=0.001 | p=0.163 | p=0.220 p =0.030
51 1 r=-0.110 | r=-0.174 | r=-0.181
p=0.442 | p=0.223 p =0.203
o 1 r=0.349%* | 1=0.728%%*
p=0.012 p <0.001
2 1 r=0.333%x*
p=0.017
S 1
**p <0.05
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SIPMET 5 FARIRREE 2 PofaE N ’F‘E‘E’fi‘l&’:

T (e R S R PRI SIS TR 1 & R
IR 18 o ST S B i s 91 Sk SR ot
Dt 0302 - LS IO =0.073) - 5 1S LA -

A8 T R LS TR PRI~ VR R TR AR

R £ R

! 2t i 5 St A5
P e [ S 9 AL | r=0.302% | r=-0.145 | r=-0.060 | r=0.080 | r=-0.086 | r=-0.109
o & T p=0.073 | p=0.398 | p=0.726 | p=0.643 | p=0.617 | p=0.526
B R [ TS PR | r=-0.147 | r=0.023 | r=-0.060 | r=-0.037 | r=-0.022 | r=0.140
B 2 p=0.392 | p=0.893 | p=0.729 | p=0.833 | p=0.899 | p=0.416
*Pearson correlation > 0.05<p <0.10
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'i‘ﬂp?E‘[ ﬁ% SRR YT ﬁ?}%@lézfﬁgﬂg‘“@a# % FY R | S
FFEPRE S E S IER) » Hg Ry PP IS 19tV SR BRaTE Berk - Bphoh o
A PITh o PIRSEARRIET (SST T (R R @ I 2 A
PR = (s e fhates! ~ PR M A2 [ TRY) o s & P i =
P12 AR o PUEERE S e e RS ]~ PR R RO L T Y
ReHESTRNITE AL Sl S IR S G2 S bt Eal My
PP SRR PR [ -

B ézTﬁ %‘%&‘Tﬁﬁﬁﬂﬁ

12 50 B R
BT FI RIS AR SR 1T 10 mg/m’ [11] < 5
T (3 4) o G ARRe D (550 e PRI Y 2 0B AR B (4.6
mg/m’ ) [SFZ B A -
(75E) 8% (3/38) s B IV b h Qg sy BURYE » 1 =)
Tt PESPEIR RS S R~ R RS PRI IR AR e i e
ﬁiﬂj%gi ’ WJM'E%S?EPJ%B (B 557 F R SRR SRS S - R
LR -SNAIE 3 4
FRS A AP U8 1R B8 s e B I 2 50l 2R i Rpspie o
R YIRS T AR I R fape fip BT 50T @R F S T
EJ%%%%V%LTT*F—PB% D) fhREEET D ERR R R € (SO A
TR o I S5 ATk BIRESIRE (3 ACGIH ERRASE SR R (i
PAFIRRY £ PRS- YR RS V0P O - RS DfEd
5 PR RTHIRE -

26



2. (B PR T 7 il AR B R

BB AR R AR © 2
Lt SUIGIRES S I NN NG RPNl B =it I

BRI R PR~ S RIS R - A g e PR UL

IS 5 R P BRI P91 5 s
agats St iin iy e He B [ RS S [V B Pdﬁg"iﬁﬂgﬁag
WY PERRREE T - SRR IR o ) @O E TR LR AR E
Bl

it TS 24 (R T [0 IR R
(K S A 1 TR 1120 B PR AT K - (e
HFIIEE | LIRS 87% (33/38) - RS RARIEY A A
RO R e s IR T S O (e
B U R 1 - RN BRI B e
CCTY

3. (B T i [l VA B
APHRPVAR NG T N AR SRR PRI AR
PR 9L 2917 mg/m’ 3 E AR IS R > PRI I A RS
F9EE 33.5 mg/m® (R 6) o [ AR I 7 (R PR Rk SR A9
ARPHAREY 9 1 I R ST RD AT Y S BLE R PR - SRR
HUE (5 WA R A - sk ARERIC D > PR
P RS AR R 0 L SRR B R S R R R P R A
TE oz e (LRL - ARPR R SRS T D (OB ORI ML
F/J,Jrﬁﬂfﬂ GPHN S T R BRI T N e VIR TR
S PR U R ROPRERE S TR~ S RS R e
G~ TETER

e
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FREGEET] ICPIMS &7 24 FEE 7 F50 87 SR LSRN R )
YD 2R LS L B g G 5 MRS 6 [WAPET e IS
o T (EHCRURAVHET (PR IGREETIE) - PSR i ) (6.61991 mg/m’) ~
S0 1(2.90249 mg/m’) 5 i [ Ga s [ SR B Jp»ﬂﬁ[jj (PpefhEs *) > * T
SRIOILE ) 0.14917 mg/m’) ~ SV 1(0.05180 mg/m’) (F 7)o BT
OB BT T BRI RN T > ISR AR (AP
i R G S P AR R BRI 19)

19 SR LA BT S WP TR R (g

&L SRR ACGIH Jf B e
RSB 10 (%) 5 (FrpEp )
BN 5 () 2 (Pt )

& W T P R
EOHER AP (TED | S () 0.2
> KRR AR i

1 0.5 CSRETHE = [ (17D

JI:[ FET([ Jﬂ;l-)

SRTMHTEE! )~ 9 2 R s A 1 F‘, EE R V’FE‘F% £3

e

i’ﬁrﬁé’tﬁfjﬁ%\'@ﬁ PR AR U 2 TR 1 A
tr/ﬂ' Vﬁi¢ - E‘f F,j/ﬁ'%%[‘?ﬁ?j (?\4 8) ° J—Uﬁj‘:ﬂ%ﬁ , PEPE’IH']%;' fﬂ» Elfj:/_li-"
Rl ffﬁﬁlf’:zj’ P RLE SR TS s R T PR P Eiﬁjﬁ:—ﬁ

Ry

A= Rl SE NG ST S S S
FEELE FIRVFERISHRL T~ 379 < g my @B W PV RN SERIF feRl AT

e

[
TR T FIHEE TR J@ﬁﬂﬁ‘%ﬁfl& C & FRE e pPES R
B [N BT SR PRI TS R PTGV 2
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TR -
3 NN I T

FPRAGEN T EARRAE Y R Y ek RS e TR
(PRI Bres 51.8 ~ J PRI el 97.5% (F9) - S USSR « X
BB IR L i PR (NIOSH) S i Bl ;E‘EE' /R TR E
PORTTRED 25[13] » ARy (B 5 P e B ST R
M (DI s

5T AT % PO

LEp R S TR

FPRGOHREET SR S B g 5 SR RERIE T
Sl > STRIET 699.7 ~ 546.9 ~ 43.1 ~ 425252 3.0 pg/g cr. (F 10) o ISR
ALY T PR ALY > I SRR B
RS B T RN 25

Z2HX B ACGIH V& Pl @it ey [10] - ot O S5
SN R ;; B % Yo o R () J*H'wﬂ [l
HE 1 R
#r9E! (Increase during shift) 2 7E4EIYE > BRI ST 4% 25 pg/L & 10 pg/L
(OP13 20) = APEANGIHREERT I g dp e b " A s L it (U
Fe21 WA 22) o FEPETT O SEARRETST 1 BEE 1 RT (E S TR
TRVRTIIED > [I{ﬁzrﬂg@ﬁgl\%iﬁ@%fﬁ °

%w

1=ﬂ’
n

7 [B% (End of shift at end of workweek ) » &) 7 [EFHY

x}«\.
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#.20 EAFUE F%JJ/ R G 2 W P P R AR
A ACGIH HF 15
& —
& _
7 -
& —
oft —
FOVD - TR RR
7}*‘“ ‘ﬂ'\l@vﬂ
| B % 1 4% (End of shift at end of workweek) 25 pg/lL
&) 7 (BT &l (Increase during shift) 10 ng/L

F21 R M 1R AT ["E%ﬁﬁﬂlﬁ}f&ﬁﬁ%@ (ng/L)

s

W

\,

‘*"F[

10

0.17£0.01°

*Mean + S.E

;22 LT BT (ETEHTPL IR RE (/L)

R s A T | RS I | piE”
Jy- 'E ! 15 2.98 +0.92° 1.35+0.70 -1.63+1.37 0.254
93 FI 12 0.67 +0.61 1.91 +1.27 1.24+1.48 0.419
9y= FI 14 8.11 +0.35 10.2 +3.43 2.11 +3.48 0.556
SYPUE! 10 1.55+0.99 0.07+0.01 -1.48+1.00 0.171

Ak 51 2.56+0.55 3.66+1.14 -0.10+1.11 0.928
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