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(p<0.05), WAIS-IVO WI (V—F 7 A€ U —ff) ME->7- (p€0.05), IR ETITAE
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4. IEHER
el EEMOC~DDBEL-ERET(EHE)DLEE
FHRBEICHDDIEETANEA - 2YELY -WMD SR LMY H VB E DR
kT AT RE I B KT T BB THY, £, M~ T AT TR TOXMLEH TSz,
FoT ARFHI~ L B TORTHIZEET D,

Table 1. BiET - FEBFETLILRAR CANKREOELXEMN =

25 (N=189) JEAREL BEL

(N=95) (N=94) P value
Fin 40.6 (12.9) 40.2 (12.4) 41.1(13.3)  0.810*
BMI 24.4 (3.5) 25.1(3.8) 23.8(3.0) 0.019*
B 4E T
BIH7EL N 08T 103 (55%) 57 (60%) 46 (49%) 0.145"
B25 86 (45%) 38 (40%) 48 (51%)
HEEE
{0 90 (48%) 54 (57%) 36 (38%) 0.287"
Y 99 (52%) 41 (43%) 58 (62%)
BEEEREEH 10.6 (13.9) 2.0(6.8) 19.2(13.9) <0.001*
HRPNRROEE!
mL 137 (72%) 69 (73%) 68 (72%) 1.000"
'Y 52 (28%) 26 (27%) 26 (28%)
R BRI D S
ML 126 (67%) 68 (72%) 58 (62%) 0.167"
Y 63 (33%) 27 (28%) 36 (38%)
FBHEORFERELH FYIIVXFROT
0-4 0 (0%) 0 (0%) 0 (0%) 0.546"
5-10 0 (0%) 0 (0%) 0 (0%)
11-20 121 (64%) 63 (66%) 58 (62%)
21- 68 (36%) 32 (34%) 36 (26%)
7H (Kg)
FEF 45.5(7.7) 43.8 (6.9) 47.2(8.1) 0.009*
JEH| = FI 43.3 (7.6) 41.7 (6.4) 44.9 (8.3) 0.002*
avEVY
MEF 37.6 (10.1) 40.5(8.7) 34.6(10.5) <0.001*
FEFEF 36.5 (9.0) 38.8(7.9) 34.1(9.4)  <0.001*
WAIS-IV
Working Memory Index!! 92.9 (15.4) 97.6 (15.8) 88.0(13.5)  <0.001*

49 (SD) % 7214 A2 (%),
*: Mann-Whitney U test .
T: Fisher's exact test.

BN, BROITLUAA, FROLUNY S TE, BEDVFKT
§ %, BUnh, 8K &273FY. W A
Il A%k=92

*Tsuji M et al. Associations betw een w elding fume exposure and neurological function in Japanese male w elders
and non-w elders. J Occup Health 65(1): 12393, 2023
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Table2-1.#h (FIZF) LMmEMnEE (Tertile : 391) DER.

Eh(Kg FEF

Cit
£8 JERIET wiET

fn#& Mn - _ N

(ug/dL) =455 <455 =455 <455 =455 <45.5
T1(0.5-0.8) 3 2 1 > > 5
T2(09-1.1) 1 4 1 2 o )
T3(1.2-2.8) 1 1 0 0 1 .

D+t
£8 JERIET WET

fn#& Mn - _ ~

(ug/dL) =455 <455 =455 <455 =455 <45.5
T1(0.5-0.8) 2 7 2 7 5 5
T2(0.9-1.1) 2 6 0 5 ) )
T3(1.2-2.8) 10 5 3 0 7 .

Ett
£8 JERiET WiET

& Mn - _ N

(ug/dL) =455 <455 =455 <455 =455 <45.5
T1(05-0.8) 7 2 I 7 3 >
T2(09-1.1) 8 5 3 4 . )
T3(1.2-2.8) 6 5 3 3 3 )

Ft
£8 JERIET WiET

& Mn - _ ~

(ug/dL) =455 <455 =455 <455 =455 <45.5
T1(0.5-08) 6 7 5 5 ) >
T2(09-1.1) 4 4 0 3 A )
T3(1.2-2.8) 4 7 2 0 ’ ;

Gt
£8 JERET wiET

m#& Mn _ _ N

(ug/dL) =455 <455 =455 <455 =455 <455
T1(05-0.8) 5 2 3 > > 5
T2(0.9-1.1) 7 10 2 5 . .
T3(1.2-2.8) 1 6 0 3 1 3

H#t
£8 JERET wiET

& Mn - _ _

(ug/dL) =455 <455 =455 <455 =455 <455
T1(05-0.8) 1 3 T 5 > -
T2(09-1.1) 4 1 3 ; . 0
T3(1.2-2.8) 5 4 1 1 4 3

14t
£8 JERIET RET

fn#& Mn - _ _

(ug/dL) =455 <455 =455 <455 =455 <45.5
T1(05-0.8) 5 2 3 3 T -
T2(09-1.1) 4 7 2 4 ) 3
T3(1.2-2.8) 8 4 2 1 6 3
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Table2-2. #8H (FEFMIZF) LMBEMnRE (Tertile : 34+i) DEE.

Bh(Kg) FEMEF

C#t
28 FEBRET BEL

& Mn = = =

(ug/dL) =433 <433 =433 <433 =433 <433
T1(0.5-0.8) 3 2 1 2 2 0
T2(0.9-1.1) 2 3 2 1 0 2
T3(1.2-2.8) 0 2 0 0 0 2

Dt
28 FEEET BET

(ug/dL) =433 <433 =433 <433 =433 <433
T1(0.5-0.8) 3 6 3 6 0 0
T2(0.9-1.1) 2 6 0 5 2 1
T3(1.2-2.8) 10 5 3 0 7 5

Ett
£8 FRET BET

(ug/dL) =433 <433 =433 <433 =433 <43.3
T1(0.5-0.8) 3 5 1 2 2 3
T2(0.9-1.1) 8 5 2 5 6 0
T3(1.2-2.8) 9 4 2 5 0

Ftt
28 FEBRET BEL

1mi%& Mn - - -

(ug/dL) =433 <43.3 =433 <43.3 433 <43.3
T1(0.5-0.8) 7 6 6 5 1
T2(0.9-1.1) 3 5 0 3 3
T3(1.2-2.8) 4 7 1 1 3 6

Gt
28 FEBET BET

% Mn . - .

(ug/dL) =433 <433 =433 <433 =433 <433
T1(0.5-0.8) 3 4 1 4 2 0
T2(0.9-1.1) 10 7 1 6 9 1
T3(1.2-2.8) 4 3 1 2 3 1

Htt
28 FEEET BET

(ug/dL) =433 <433 =433 <433 =433 <43.3
T1(0.5-0.8) 2 1 2 0 0
T2(0.9-1.1) 3 2 2 1 0
T3(1.2-2.8) 6 3 0 2 6 1

Fad
£8 FRET BET

& Mn - . -

(ng/dL) =433 <433 =433 <43.3 =433 <43.3
T1(0.5-0.8) 5 4 4 3 1
T2(0.9-1.1) 4 7 2 4 2
T3(1.2-2.8) 8 3 2 1 6 2
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Table3-1. 2 vy > L MBEMnEE (Tertile : 393i) DER.

2yEvy FEF

Cit
£8 FEBET WET
& Mn _ _ N
(ug/dL) =376 <376 =376 <376 =376 <376
T1(0.5-0.8) 5 0 3 0 2 0
T2(0.9-1.1) 5 0 2
T3(1.2-2.8) 2 0 5
D4t
£8 FEBET BiET
& Mn _ _ N
(ug/dL) =376 <376 =376 <376 =376 <376
T1(0.5-0.8) 4 4 5 1 >
T2(0.9-1.1) 3 2 3 2 10
T3(1.2-2.8) 4 11 2 1 0 0
Ett
28 EET BET
& Mn _ _
(ug/dL) =376 <376 =376 <376 =376 <376
T1(0.5-0.8) 4 4 1 2
T2(0.9-1.1) 9 4 6 1 3 3
T3(1.2-2.8) 6 5 4 4 1
Ftt
) RET BET
& Mn
(ug/dL) =37.6 <37.6 =37.6 <376 =376 <376
T1(0.5-0.8) 9 4 7 4 2
T2(0.9-1.1) 4 4 1 2
T3(1.2-2.8) 3 8 0 1
Gft
Eaal BT BET
& Mn
(ug/dL) =376 <376 =376 <376 =376 <376
T1(0.5-0.8) 4 3 2 1 1
T2(0.9-1.1) 9 2 4
T3(1.2-2.8) 3 4 2 1 1 3
H#t
28 EBET SET
& Mn - _ N
(ug/dL) =376 <376 =376 <376 =376 <376
T1(0.5-0.8) 3 1 0 0 1
T2(0.9-1.1) 3 2 1 0 1
T3(1.2-2.8) 6 1 1 5 ’
b
28 SERET wET
& Mn
(ug/dL) =376 <376 =376 <376 =376 <376
T1(0.5-0.8) 5 5 2 0 >
T2(0.9-1.1) 4 2 0 5
T3(1.2-2.8) 6 0 3 6
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Table3-2. &y E> s L MBEMnEE (Tertile : 3541 DR,

ZyEvy FHEF

Cit
£8 JERET BET

& Mn _ _ _

(ug/dL) =365 <365 =365 <365 =365 <365
T1(0.5-0.8) 0 3 0 5 0
T2(0.9-1.1) 1 ) )
T3(1.2-2.8) 0 0 0 )

D#t
£8 FEBRET RET

% Mn - _ _

(ug/dL) =365 <3656 =365 <3656 =365 <3656
T1(0.5-0.8) 4 5 4 0
T2(0.9-1.1) 5 ) 3 1
T3(1.2-2.8) 10 2 1 3 9
Ett

28 ERET T

& Mn _ _ _

(ug/dL) =365 <3656 =365 <3656 =365 <3656
T1(0.5-0.8) 4 4 2 2 3
T2(0.9-1.1) 10 3 5 2 5 1
T3(1.2-2.8) 8 3 4 2 A 1
F#t

£8 IERET ET

m#& Mn _ _ _

(ug/dL) =36.5 <36.5 =36.5 <36.5 =36.5 <36.5
T1(0.5-0.8) 8 5 7 4 1 1
72(0.9-1.1) 5 0 3
T3(1.2-2.8) 9 1 1 .

Gt
28 EEET o

M Mn - _ N

(ug/dL) =36.5 <36.5 =36.5 <36.5 =36.5 <36.5
T1(0.5-0.8) 1 6 1 0 >
T2(0.9-1.1) 9 5 3
T3(1.2-2.8) 4 2 1 1
Htt

28 EBET o

& Mn _ _ _

ey 535 <35 =365 <365 =365 <365
T1(05-0.8) 1 3 5 5 -
T2(09-1.1) 2 3 1 0 .
T3(1.2-2.8) 6 3 1 1 5 2
14

24 BET mET

& Mn _ _ N

(ug/dL) =365 <365 =365 <365 =365 <365
T1(0.5-0.8) 3 6 1 0 >
T2(0.9-1.1) 5 A 2 )
T3(1.2-2.8) 5 3 0 A 6
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Table4-1. WMI & iEMniRE (Tertile : 35%i1) DREAE.

WMI
Cit
28 FERIET BET

Mm#& Mn _ _ _

(ug/dL) 2929 <929 2929 <929 =929 <929
T1(0.5-0.8) 2 5 1 1 T
T2(0.9-1.1) 2 2 ’ 0
T3(1.2-2.8) 1 1 0 0 1 1

D#t
28 JEEET BET

& Mn _ _ N

(ug/dL) 2929 <929 2929 <929 =929 <929
T1(0.5-0.8) 4 5 7 0 5
T2(0.9-1.1) 5 3 5 0 3
T3(1.2-2.8) 3 12 1 2 2 10

Ett
£8 FEBET WET

Mmi#E Mn _ _ N

(ug/dL) 2929 <929 2929 <929 =929 <929
T1(0.5-0.8) 1 3 0 2 .
T2(0.9-1.1) 5 5 5 .
T3(1.2-2.8) 7 4 4 2 3 5

F1t
28 FEEET BET

M7 Mn _ _ _

(ugdy) 029 <929 =929 <929 2929 <929
T1(0.5-0.8) 6 6 5 1 :
T2(0.9-1.1) 5 1 5 1 3
T3(1.2-2.8) 3 7 1 1 5 6

Gtt
£8 FERET WET

M Mn _ _ _

(ug/dy =029 <929 2929 <929 2929 <929
T1(0.5-0.8) 3 3 > 1 .
T2(0.9-1.1) 9 3 4 5 5
T3(1.2-2.8) 3 1 5 3 )

H#t
28 FERIET SET

% Mn _ _ _

(ug/dL) =929 <92.9 =929 <92.9 =929 <92.9
T1(0.5-0.8) 2 > 1 5 .
72(0.9-1.1) 1 3 1 1 0
T3(1.2-2.8) 7 2 0 0 ;

Fad
28 FERIET SET

MfMm#& Mn _ _ N

(ug/dL) =929 <92.9 =929 <92.9 =929 <92.9
T1(0.5-0.8) 2 6 1 1 N
T2(0.9-1.1) 9 1 5 1 .
T3(1.2-2.8) 10 0 3 5 7
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A% 1 Table1 —4FETOHEER

BT 2 — AIRFEIND Z & T, WL BMET L TWDAEEMEN/RIE X 1T,

IR TIX, WETL LR U LG TEWTWA5EE Th 5, TIHNORE:E o — AORE R IgEEE (
WHEFR) ([CXDHEE ST T, WL 2MEFLTCWARIEEMERH D, Lol b, AR A 77
—IC L DM E L D~ PRI TEE TO R THE L TV D728, FEEEE TLOMIRE DO~ > 77
VIREIIARBTH B,

F7z, TOMBHRLRICEIRT 2 HEK (FE7EE) & W OBREMREI TETEL T, BEE T
VIREE L WL ICEARA D D RO D DI RETH D,
KREOHTIITHNOEHEL 2 — LD RIBFFEOFREMOFBEEAR LD Z LIXTET, 4% 354D
HEBMLETH S,

R 2 TRIOT49bER. BAYLTS—OHR. IhSBREEOBR (IR BEIOH)

s~ U W RF 7 LT F o DI 90%LL EDRI G TRt E T,

L oT, AFHI S~ T ERP 70 L TITH 2 ET 5,

- Aff, BARIE JIS T8150:2021 I XD ~A T 7 4w ET A MEATH TWRWD T, fifTkigest & L,
s JHIIBEAY 7T —DORERERIN A~T tE & B B, fRITRIGSN L LT,
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Table1. %2274 v FTRFEE, BAY Y77 —0ER, IPEEREOBR
C-IitRREDEFENE"

QRRI774y TR

£8 Pass Fail

(N=94) (N=54) (N=40) P value
EHh 41.1 (13.3) 387 (12.6) 44.4 (13.7)  0.042*
BMI 23.8 (3.0) 24.0(3.2) 235(28)  0.511*
BEEE
L TN YoV 46 (49%) 28 (52%) 18 (45%)  0.5387
B2 5 48 (51%) 26 (48%) 22 (55%)
EREEE
L 36 (38%) 18 (33%) 18 (45%)  0.2847
5Y 58 (62%) 36 (67%) 22 (55%)
BEFEREEN 19.2 (13.9) 16.1 (12.4) 235 (14.9)  0.013*
SR EEEEROFE
L 86 (91%) 53 (98%) 33 (83%)
BY 8 (9%) 1%  7017%  0.010°
HRFNFROGE"
#L 68 (72%) 42 (78%) 26 (65%)  0.2437
BY 26 (28%) 12 (22%) 14 (35%)
MR B REIR D
#L 58 (62%) 36 (67%) 22 (55%)  0.287"
BY 36 (38%) 18 (33%) 18 (45%)

15 (SD)  F7-IE A%

*:Mann-Whitney U test .

T :Fisher’s exact test.

I: &7, HRDITUVLNA, FEOLUNC O T, BEDOHRET

§ : ﬂg\ /%\'tjjm\ %7}<\ %O\\i L) Y ufmﬁu’%\ f:/\/

*Tsuji M et al. The effect of mask fit test on the association betw een the concentration of metals in biological
samples and the results of time-w eighted average personal exposure:A study on Japanese male w elders.
J Occup Health 65(1): €12399, 2023
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Table2. TR 74 v FTR L DBERDEWVICEZ £EHENFEBRELAAY Y 75— ACEOBR ™
C-ltt
a) 8hr-TWA of respirable dust

RRI 74y bTRMER

28 (N=94) Pass (N=54) Fail (N=40)
Coefficient SE P value* Coefficient SE P value* Coefficient SE P value*
M&+ Mn 0.033 0.023 0.156 0.022 0.036 0.538 0.066 0.028 0.018
R Cr 0.013 0.049 0.785 -0.007 0.095 0.945 0.03 0.042 0.48

b) TWA of respirable Mn
YRI774v bTRIMER

28 (N=94) Pass (N=54) Fail (N=40)
Coefficient SE P value* Coefficient SE P value* Coefficient SE P value*
&+ Mn 0.03 0.018 0.088 0.021 0.028 0.454 0.048 0.02 0.019
R Cr 0.006 0.037 0.878 -0.019 0.076 0.8 0.023 0.031 0.463

c) 8hr-TWA of respirable Mn
YRI774v bTRIMER

28 (N=94) Pass (N=54) Fail (N=40)
Coefficient SE P value* Coefficient SE P value* Coefficient SE P value*
M&H Mn 0.025 0.018 0.153 0.021 0.028 0.458 0.041 0.02 0.041
R Cr 0.005 0.037 0.9 -0.031 0.076 0.665 0.024 0.03 0.431

*:Coefficients were estimated by a multilevel linear regression model nested with 7 factories, adjusting for age,
BMI, smoking habits, drinking habits, welding exposure-years and Mask fit test result.

Coefficient, regrresion coefficient; SE, standard error.

*Tsuji Met al. The effect of mask fit test on the association betw een the concentration of metals in biological samples and the results of time-w eighted
average personal exposure:A study on Japanese male w elders. J Occup Health 65(1): e12399, 2023

o
v AY 7 4w M7 AN FAIL BEICEBWTOA, HetFlABEIEAY 77 —OEREmny &~ >
HARENE L 72 D@D b,

% 2 Table1,2 NDEE

FHEE OV EIRED X A MR~ U TP FEEL, 22D, YAV N7 4 v b LT RWIBIE 1T
ERIZ~ U TPV IAENTND Z ER ot
FATHFZETIE, ~AZ BT 4 v FLTWARWERIRE LT, ONFRA Y Y ADOFHNETF TV 5,
FLRELL A7 ZHEEFEL TR, v A7 OHELRIRNO—>Th 5,

AVFXRAEZFEHLTWD L, IWWREZL 2D, vAT7 7 4y T A NDAT v 7O GFAILIZ 72
5 Z L FE A OFRENOHIETH LN E 725> TWNDH,
AIFIERIBEZ VAL N A VY AE IO DRV ICH AN E Y T T~ A7 235 LTz, 144 FPassd4 .
FAILLOATH Y | MFHFICA U Y ARLHODE Y DX A /VIE~ A7 7 ¢ N7 A RFAILIZEAfR L Tz
(P=0.037), ¥EANDOHETIZ, VT b~AY 7 4 v T A MFAILORIRIZ /25 LA STV DH 0, Fx
DWFFETIIONT OFEII~ 27 OfFh & \fEZ2BERITRD D TW 2Ry, 2Bz o NFoRER
BENEELZRIFL TS EEZLND,
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80 41 67 L DXREIZ, D~V AT HfA L, SHIZVAZDELWEROHEZEE L%, ~
AT T4 NTANEIToT7e ZOHE. 624N~ AT 7 4 T ARIPASS LTEBD, ~AZRT
4 PLTWARWERRE, v~AZ7Z2ELIEFEL TRV ERKRERFRNTHD Z ENnholz,
2EHDO~AZ 7 4w N7 ANFAIL Tho72 5 4B LTI, FAILIZR>72JRIKIZ A TH 5,

B DORE, SEOPFHETH LA TWRUVERO FUITRRBFEL TVD EHREIh, 5%OERD
WMEPMLEENR D,

B EHS M R HREEO TR T 4 v b T A DB ELNIMR ~&R T — 7 SRR
HI DL EE xR L LIREN D~ FEEESFVYy— T/ 45(5)52-57, 2022

W% 3. A h1 o empvoiViREDORR(C 1)

kMg Mn (ug/dL) J2BE : 0—T1(0.5-0.8), 1—T2(0.9-1.1), 2—T3(1.2-2.8)
1.IL-18
£8 JERET BET

1=} ) 1)
=9 0 © 3

IL-1B
100
IL-1B
100
i
100

IL-18

50
L
o
50
L
50

I i 4l igllz i

0 1 2 0 1 2 o 1 2

ANOVA, p =0.958 ANOVA, p =0.649 ANOVA, p =0.909
2JFN-a 2
28 JEBET BET

2 =
e} <

50
L

o
3

40
L

IFN-a2
30
IFN-a2
20 3
L
IFN-a2
30

20
0
20

ANOVA, p =0.685 ANOVA, p =0.959 ANOVA, p =0.471
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3IFNY
28 JFRET BET

g 8 !
o .
o 3
® . = 5]
8
s s
8 8
> > >
z L4 z z
& & . . &
° °
< . ° <
ol
o | . ° ° ~ ° ° o | )
« ° ' ° . B
H L] l [}
: (S—— == = S—
o = e od == o ——
0 1 2 0 1 2 0

ANOVA, p =0.851 ANOVA, p =0.912 ANOVA, p =0.628

4TNFa
28 JFRET BET

) 2 g
S S S+
5 < . &
.
L]
. 84
& .
o . o
& . ° ° &
. B . °
- L]
L]
e . b e
z H z z
= Fo =
L] S 41 o
= . -~ . o
&9 i H =R
; . ’
|;; Ii- %Ii; ii| i
0 1 2 0 1 2 0

ANOVA, p =0.971 ANOVA, p =0.661 ANOVA, p =0.452

5.mcp1
28 EBEL BEL

° o
3 L4 3 | .
8 8 °
2 S 8
3
L]
° o
8 84
3 . 3 .
L] 87
3
L] o
° °
o+ =5 L]
-3 -3 -
o o o
o S Q8 |
= s 53

200 400
200 400
200

0 1 2 [ 1 2 0

ANOVA, p =0.319 ANOVA, p =0.212 ANOVA, p =0.813
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6.1L—6
28 JFRET BET

8- * 2 . . 2
L]
L]
o ° s |
3 4 3
. @ o o
° L]
L]
© © ©
284 . ° 281 S
.
° . . .
® .
L]
L]
{1 3 2 &1
i é
o i = i -] o i =

ANOVA, p =0.824 ANOVA, p =0.653 ANOVA, p =0.287
71.-8
28 JEBET BET

I
}H.
}I{...
-
|

ANOVA, p =0.442 ANOVA, p =0.599 ANOVA, p =0.320
8IL-10
28 EBET BETL
. 38 :
. .
‘8_7 . : g’ . ' g’

ANOVA, p =0.796 ANOVA, p =0.150 ANOVA, p =0.657
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9.1L-12p70
28

100
L

IL-12p70
50
i

ANOVA, p =0.843

10I1L-17A
28

8
34 )
«
o
8
gl
5
s
g
g8
<
S
20
8
8]
s
s
2
o —e— — e
0 1 2

ANOVA, p =0.500

11.1L-18
£R

)
3
8
5
°
S
3
S
<
s
3
S
©®
)
=9
8
£
<
S .
34 .
N . .
.
— ——
e —— e
0 1 2

ANOVA, p =0.126

JERET

o
®

=
<

30
L

IL-12p70

20
L

BET

100
L

IL-12p70
50
?

= =

ANOVA, p =0.310

JERET

3 ©
0 ° R
N L]
°
8 o |
=g S
«
8
ES 2
<~ <
N N
2 =
S 2 °
. L]
s
4 - L]
3 © ]
o —— — o — —
0 1 0 1 2

ANOVA, p =0.527

BET

ANOVA, p =0.500

Wi
H

;e
Py
k=3 o
2 g
E g .
L ]
- -
S 8
g g
) o
o o L]
g g
S ] )
@® 2"
3 3
o o
3 g
S =g
= g .
o
2 -
84 ° S
: : | mn ==
— : ——
o — —l o
0 1 0 1 2

ANOVA, p =0.142

¥
Wi
H

ANOVA, p =0.391

28

ANOVA, p =0.142



12.1L-23
28

=)
84
3

IL-23
200 300
L

100
L
o

ANOVA, p =0.876

13.1L-33
28

1,000
I

IL-33
500
L

|- -

0

ANOVA, p =0.975

14.1P-10
£R

1)
s .

IP-10
300
L

200
L

100
L

0

ANOVA, p =0.975

JERET

IL-23
100 150

50
L

ANOVA, p =0.202

=)
8
«

BET

IL-23

o
3
B3
.
Q
S
&
o
S
S
o
8+
.
o ; ;

JERET

IL-33
500
L

ANOVA, p =0.890

1,000
L

ANOVA, p =0.618

BET

IL-33
400
L

800
L

600
L

-

EBET

IP-10
300
L

200
L

100
L

ANOVA, p =0.890

400
L

-

0 1

ANOVA, p =0.945

BET

IP-10

100 150 200 250
L L L L

50
L

[

0 1

ANOVA, p =0.945



15.Eotaxin
£8 JERET BET

° ° °
g1 g4 8]
3 3 2
. .
L]
° °
84 8
S < s
g
.
L]
° °
84 g
£ ° £° ® £ .
3 S 5 &
I.IJD LIJD w
4 . g
5 5
°
8 ; 8 | i
o o oA
0 1 2 0 1 2 0 1

ANOVA, p =0.630 ANOVA, p =0.198 ANOVA, p =0.703

16.TARC
28 JFRET BET

° °
8 8 3
24 24 84
~ L] ~ . © .
° °
=8 8-
o ~ 3 | o [}
3
5 g
o~ @ 0o
g . g . g8
Fe Fe =
2 ° ° 2] ¢ .
s .
. ] o 8
° ° 5
84 g
) ; ; ) ; % ;
oA o °
0 1 2 [} 1 2 0 1

ANOVA, p =0.484 ANOVA, p =0.455 ANOVA, p =0.870
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ANOVA, p =0.484 ANOVA, p =0.455 ANOVA, p =0.870
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ANOVA, p =0.908 ANOVA, p =0.298 ANOVA, p =0.801
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ANOVA, p =0.278 ANOVA, p =0.229 ANOVA, p =0.357
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ANOVA, p =0.535 ANOVA, p =0.323 ANOVA, p =0.560
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21. GRO

28 JEBET BET
ANOVA, p =0.291 ANOVA, p =0.093 ANOVA, p =0.719
221-TAC
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& ; . : A . . 5| ;
ANOVA, p =0.956 ANOVA, p =0.576 ANOVA, p =0.120
23.MIP-1
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ANOVA, p =0.455 ANOVA, p =0.420 ANOVA, p =0.436
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EFR EEAGRBUERICEICBERN D D0 G, SBROBRBNLETH DL EEZ D,
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s0d . IR Db
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©7 | ° o ¢ o > >
1 T T T I —1‘0 J5 6
-10 -5 0 Inhmn
Bt ° InlL1p InIL1B
o L1 Fitedvalues| [ Fitted values — —- Fitted values

coefficient, 0.035; standard error (SE), 0.084;

P=0.680
2IFN-a 2
2R
7 °
° °
N °
°
o o °° % °
™ ¢ ®ome®e,” %° o :.
. o o % o
o 8 ,°°° o
»® Se ° 'S o ® Se
o .. ° . [ ) p .
° [ ] °
[ ] [ ] [ ]
10 5 0
Inhmn
@ InlFNa2 Fitted values |

coefficient, 0.029; standard error (SE), 0.057;
P=0.614

PASS: coefficient, —0.144; standard error (SE),

0.137; P=0.296
FAIL : coefficient, 0.161; standard error (SE),
0.117; P=0.178
TR 7490T A DFERH
o ° oders,® M ::—
N e ° [ 3 .,: < 'S o 9%
*° R
I 10 5 5
Inhmn
L4 InIFNa2 InIFNa2
"""""" Fitted values — —- Fitted values

PASS: coefficient, —0.157; standard error (SE),
0.101; P=0.127

FAIL: coefficient, 0.115; standard error (SE),
0.074; P=0.129
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T T T

-5
Inhmn

‘0 InIFNy Fitted values ‘

coefficient, 0.051; standard error (SE), 0.077;
P=0.510

4TNFa
28

‘0 InTNFa Fitted values ‘

coefficient, 0.035; standard error (SE), 0.076;
P=0.643
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~~~~~~~~~~~ Fitted values — —- Fitted values

PASS: coefficient, —0.029; standard error (SE),

0.131; P=0.828
FAIL : coefficient, 0.136; standard error (SE),
0.106; P=0.210
TR 74T AEDEER A
| < [ o0
gt y é
Inhmn
° InTNFa INTNFa
"""""" Fitted values — —- Fitted values

PASS: coefficient, —0.181; standard error (SE),
0.130; P=0.170

FAIL: coefficient, 0.128; standard error (SE),
0.097; P=0.196
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‘0 Inmcp1 Fitted values ‘ ~~~~~~~~~~~ Fitted values — —- Fitted values
coefficient, — 0.033; standard error (SE), 0.037; PASS: coefficient, 0.028; standard error (SE),
P=0.372 0.049; P=0.570
FAIL: coefficient,— 0.058; standard error (SE),
0.064; P=0.419
6.JL—6
£8 TRIT1YTAEDOFERF
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IR ® Inils Inile
‘0 Inilé Fitted values ‘ ~~~~~~~~~~~ Fitted values — —- Fitted values
coefficient, — 0.011; standard error (SE), 0.060; PASS: coefficient,— 0.199; standard error (SE),
P=0.857 0.112; P=0.083
FAIL : coefficient,0.073; standard error (SE),
0.072; P=0.316
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coefficient,0.042; standard error (SE), 0.074;
P=0.572

8.IL-10

Inhmn

‘0 Inil10 Fitted values ‘

coefficient,0.029; standard error (SE), 0.062;
P=0.643
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PASS: coefficient,— 0.024; standard error (SE),

0.144; P=0.868
FAIL: coefficient,0.119; standard error (SE),
0.089; P=0.188
TR 7490T A DEER A
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**** FEET TR 8 bas,
e
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Inhmn
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PASS: coefficient,— 0.150; standard error (SE),
0.114; P=0.194

FAIL : coefficient,0.079; standard error (SE),
0.077; P=0.312
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9.IL-12p70

@ nil12p70 Fitted values |

coefficient,0.038; standard error (SE), 0.059;
P=0.522

10. IL-17A
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‘0 Inil17a Fitted values ‘

coefficient,0.105; standard error (SE), 0.059;
P=0.080
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~~~~~~~~~~~ Fitted values — —- Fitted values

PASS: coefficient, —0.092; standard error (SE),

0.106; P=0.386
FAIL : coefficient,0.099; standard error (SE),
0.080; P=0.224
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PASS: coefficient, 0.007; standard error (SE),
0.108; P=0.948

FAIL : coefficient,0.157; standard error (SE),
0.080; P=0.057
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coefficient, —0.007; standard error (SE), 0.039;

P=0.852
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‘0 Ini23 Fitted values ‘

coefficient,0.025; standard error (SE), 0.077;
P=0.744
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~~~~~~~~~~~ Fitted values — —- Fitted values

PASS: coefficient, —0.060; standard error (SE),

0.068; P=0.387
FAIL: coefficient,0.051; standard error (SE),
0.054; P=0.344
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PASS: coefficient, —0.097; standard error (SE),
0.137; P=0.479

FAIL: coefficient,0.115; standard error (SE),
0.109; P=0.297
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‘0 Inil33 Fitted values ‘ ~~~~~~~~~~~ Fitted values — —- Fitted values
coefficient,0.032; standard error (SE), 0.064; PASS: coefficient, —0.122; standard error (SE),
P=0.615 0.121; P=0.316
FAIL : coefficient,0.137; standard error (SE),
0.076; P=0.080
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‘0 Inip10 Fitted values ‘ ~~~~~~~~~~~ Fitted values — —- Fitted values
coefficient, —0.036; standard error (SE), 0.027; PASS: coefficient, —0.081; standard error (SE),
P=0.198 0.051; P=0.121
FAIL : coefficient,0.009; standard error (SE), 0.029;
P=0.755
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15.Eotaxin
£8

‘0 Ineotaxin Fitted values ‘

coefficient, =0.027; standard error (SE), 0.036;

P=0.454
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coefficient, —0.044; standard error (SE), 0.038;
P=0.240
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PASS: coefficient, —0.067; standard error (SE),

0.667; P=0.318
FAIL: coefficient,0.022; standard error (SE), 0.045;
P=0.624
TR T4 ybT RO FER
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° Intarc Intarc
~~~~~~~~~~~ Fitted values — —- Fitted values

PASS: coefficient, —0.011; standard error (SE),
0.067; P=0.865

FAIL : coefficient,~0.053; standard error (SE),
0.052; P=0.319
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coefficient,0.014; standard error (SE), 0.056;

coefficient,—0.009; standard error (SE), 0.027;
P=0.744
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~~~~~~~~~~~ Fitted values — —- Fitted values

PASS: coefficient, —0.089; standard error (SE),

0.103; P=0.395
FAIL: coefficient,0.083; standard error (SE),
0.068; P=0.231
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PASS: coefficient, —0.096; standard error (SE),
0.045; P=0.037

FAIL : coefficient,0.050; standard error (SE),
0.036; P=0.174
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coefficient,0.013; standard error (SE), 0.027;
P=0.620

20. MIP3 &
28

@ InMIP3a
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coefficient, -0.051; standard error (SE), 0.027;

P=0.067
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PASS: coefficient, 0.055; standard error (SE),

0.045; P=0.228
FAIL: coefficient,—0.021; standard error (SE),
0.036; P=0.560
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PASS: coefficient, —0.158; standard error (SE),
0.053; P=0.005

FAIL : coefficient,0.003; standard error (SE),
0.025; P=0.902
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coefficient,0.064; standard error (SE), 0.027;
P=0.022
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Fitted values ‘

coefficient, —0.307; standard error (SE), 0.029;

P=0.298
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PASS:coefficient, 0.059; standard error (SE),

0.049; P=0.236
FAIL: coefficient,0.004; standard error (SE),
0.037; P=0.906
TR 74T ADFERA
________ ®y__o %6 n~ ° °
~~~~~~~~~~~~~~~~~~ el
. ° . ’o . °® s Qe
% 5 0
Inhmn
° Initac Initac
........... Fitted values — —- Fitted values

PASS:coefficient, =0.074; standard error (SE),
0.052; P=0.159

FAIL : coefficient,0.004; standard error (SE),
0.037; P=0.906
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Fitted values ‘

coefficient,~0.129; standard error (SE), 0.478;
P=0.008
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Fitted values ‘

PASS: coefficient, —0.281; standard error (SE),
0.087; P=0.002

FAIL: coefficient,~0.094; standard error (SE),
0.055; P=0.095
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(Mizutani N, et al. J Immunol. 2014 Feb 15;192(4) :1372-84)
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FXRFAT A(BBESER)

RER:20208 A5 AN .8 A28 H(®).8 A2 H(L)

RETEICRETI0E
< EPEHRE>
RIGH DOUSBNEERERH L 2> b — O NIRRT 1) .

=1 AEE
BAN)
BEEENSEE 3
avka—)iL 7

D, BML, ISREEEIE B DFEARNE WA R T (3 2) . BMI 258 ONFIX] (Excel MEHERY 2 - 28 12O (1K
1o PIBET ~TORTONT BURBRICA R,

K2 MFEER EXIFH

T I E () avka—)L(n=7)
Fi4iE T RE F4iE B RE
FEER) 363 12 36.1 14
BMI 255 39 215 19
BEERNEEEH 157 21 64 83

oo hO—)L 7 &5 3 BITILBEI SHEEERERSDY

E1 BMI

FEIRIS O BMIZI TR EENEEE L, Lo ha— U O] T B2 RO LIV 7z (Mann-Whitney U test),
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< FEIRHERERRE >
P A RERR AT | 3% EUFVO) B L O REEVL.00Z G xR E LT, D FEUEECREVC : 80%, FEVL.0%:
T EFBR HDE D FHTLT= (X 10, 11),
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OsvELY

MEFLIFREFTORE 30 BRIOEFEE M Mann-Whitney U test (ZCRHliL7, TR FEEEFERELa Pa—
IO TH B TZROLIV TG 3, 1), IERVEEICRE L= Mo — VORISR S FO AT EE R~

(1212, 13),

x3 AEVY FEF

=/ 25% thfiE 75% =X oliE
T 1260 1335 1410 1420 1430 0267
aka—IL 1150 1165 1200 1390 1490
(Mann-Whitney U test)
x4 ZEVT EREF
=/ 25% PRiE 75% =K A
N e 1140 1165 1190 1280 1370 0552
aka—IL 940 1040 1160 1225 1490
(Mann-Whitney U test)
E12 #vEVY FEF R H13 2vErY EMEF Rig
160 160
140 S - 140 T
X =
120 3 120 D -
100 100 _:F_
80 80
60 60
40 40
20 20
0 0
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OWAIS—IV WM (Working Memory Index: 7—3- 4 A E! ) —I51E)
CHOE | T O A A EH IO TEEEL T VD Mann-Whitney U test Tl I EERE R ERE o Pa— LR
O CH BRSO DIV T2 (G 5), IR EEM R br— VR R ONT IS ORT (X 14),

£5 WAS—IV WMI(T—F> % A J—FEHE)

=/ 25% R R{E 75% =N olE
AEEEREE 830 895 910 1025 1140 0819
avkaE—iL 790 940 1030 1090 1120
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TR 757 ROWE SO E

RN HIET, W AMERL 1~ (Respirable particles) X OV A [14467 - (Inhalable particles) 2 L7, F7=. ¥rLADFE
IR EIHE TS UMT 270 K (METTLER TOLEDO) T 7572, @it/ HBREENE 1ug Téhro7e,

&1 BAEICERALAERS

(1) AR SRR (EAIS<ER)

W T T DT O AirChek 2000

TIREEE DA RN OV NWPS-254 77— LEHEE (BR)
W5 | i 2.5L/%%

LT PTFE NA 4 —74V3— TFI8 (P25 mm)

RIFOE A e OV GEiBRAE)

UMT 272 KFF (METTLER TOLEDO) : 1ng

@) AR ISR (ERGBI OV Ny 7 TV B )

fof R AR S ORI AirChek 2000

IPRIEE DA TR O GS3 YA 75— (SKC)

W5 | 2.75L/%%

LT PTFE NA 4 =7 4V3— TFI8 (P25 mm)

RIFORE i e OV GEiPRAE)

UMT 272 KFE (METTLER TOLEDO) : 1ng

(3) W5 Mt T EESEE (B ISR, 1EER R LUV w77V N )

W T T DT ORI AirChek 2000

PR DA R OV IOM Yo 75—

W5 | 2.0 L/min

AHEA TR PTFE NAVA =7 408— TFI8 (P 25 mm)

RIFOR A M O GEiRAE)
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@3RI B RIE
VEREERBEIE SR 216D,
e FRRERR - X AR HTEE UltimalV (Rigaku)

HRERER
1. (ERETREREFRRUEEER
OFE2E TR R Bl TR SR AT s
ORI (ABESIVDERR) - Hign A PSRBT SHGA270C-45, SCGA207C-45, SPC270C
ORI A7 —: /1 3F Y =y s Z~e— T 77 N =) 23 g ARG B O 490MPa #Rgi8f 1 AL — LS 7 — ¥t
YV RY A SDC
R OFEDOEREEN=5% AR OZEDILEY =1%
OFE - 11, WS
O34
R E A~ L AYN, =)0 BCA~AY (7= DDIIV-S2-2) 48, =7 2245 H

2. ERE
KBRS R BAE TR R T DAk 3
202048 H 25 H 6HE0045~16 E 1045 610 45fH Wz 34

3. BLAEE
VEEBRIEIE B L OME R HIE KO EE U la it o — 2R B L B B SR A ROT-LZAFR2D IO

o7,
R N . . N N . =N
R2 BHEEL—LIHEEAK 74 OB A ERIF (Respirable particles) B U 14 $iF (Inhalable particles) DB Ei=E
Ea-mEtak | pmaro o |P5B lpammon| maro | LTEER e lomss o | PEE mmmmon | ke @ [T EER |y,
= BE(mg/m®) =5 BE(mg/m®)
H1_ AM P1 1 222 555 2.37066 | , .o 11 11 222 444 5.32481 [, oo
H1_PM P5 5 240 600 214342 : 14 14 240 480 3.86955 |
H2_AM P2 2 233 582.5 154000 [ 0 2 12 233 466 3.00860 [, .
H2_ PM P6 6 224 560 1.77092 : 15 15 176 352 432472 | >
H3 AM P3 3 193 482.5 161210 [ oo 13 13 193 386 287146 |, o
H3_PM P7 7 247 6175 0.39414 : 16 16 247 494 1.86245 :
BGI1(E4}) c1 61 248 682 0.00887 117 27 248 496 0.02900
BG2(FKX) c2 62 232 638 0.00269 118 28 232 464 0.01663
BG3 (&%) c3 63 233 640.75 001673 119 29 233 466 0.03373
S10GE 5@#&1) c4 64 420 1155 0.31029 116 26 420 840 0.85919
ci1 71 190 5225 0.17171 121 31 190 380 0.78610
S3CE A ES-1) Ci15 75 120 330 0.10722 130 40 120 240 0.64882
(avko—iL)
C158H % c7 67 262 7205 0.07502 112 22 262 524 0.09170
c2)FRF— c9 69 225 618.75 0.08520 115 25 225 450 0.10826
c3yy—>7 c5 65 222 6105 0.10928 111 21 222 444 0.15327
CATARIL TR cs 68 222 610.5 0.11747 n3 23 222 444 0.15552
C6RT—FEL C6 66 271 745.25 0.08058 114 24 271 542 0.07943
HEXEIBABIE)
1 c19 79 90 2475 0.26013 1-27(-21) | 37 90 180 1.10954
2 Cc17 77 90 2475 0.26687 125 35 90 180 1.82065
3 C18 78 92 253 0.28215 126 36 92 184 1.37310
4 c28 88 60 165 0.37808 138 48 60 120 1.12264
5 c21 81 110 3025 0.21725 129 39 110 220 055023
6 c22 82 110 3025 0.21835 132 42 110 220 0.85818
7 Cl4 74 93 25575 0.28661 124 34 93 186 1.33943
8 c27 87 60 165 0.24475 137 47 60 120 0.40319
9 C20 80 112 308 0.16575 128 38 112 224 0.68028
10 Cl6 76 95 261.25 0.33959 131 41 95 190 416518
11 c10 70 91 250.25 0.14006 120 30 91 182 0.32628
12 Cc29 89 60 165 0.27101 139 49 60 120 050319
13 c23 83 136 374 0.14853 133 43 139 278 0.35989
14 C13 73 108 297 0.09220 123 33 108 216 024715
15 Cc12 72 80 220 0.11083 122 32 80 160 0.26906
16 C30 90 60 165 0.24677 140 50 60 120 050042
17 C24 84 66 1815 012149 135 45 66 132 0.48270
18 C26 86 70 1925 0.09377 134 44 70 140 0.25750
19 C25(26) 85 70 1925 013186 136 46 70 140 0.14321
20 C31 91 60 165 0.09727 141 51 60 120 0.01153
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&3 HLAERFBAERR

i M1 =019 mg/m® M2 = — mg/m’ M =019 mg/m?
BMEERE o1=157 02=— 0 =224
551 5B EA1 =071 mg/m®
SE25THhE EA2 =026 mg/m®
B AIZE(E CB=0310 mg/m®

OfE AII<EAIE

ENE L FRIE TIE, WAPEMTA (8 REFIINE MR 13 2 4478 Img/m* (A APESERTAE TS0 (6 2 TR U A R
(B8R FFAPRED) . WA~ A7 (8 RTINS PR EE) 133 44 1 2 4478 0.02mg/m® (AR o— A KR FE D FEUEf)
TRz Qe (R4)

#&4 ENIEREERR

B NE 8 BRI INE Y SN E T 8 I NE Y
NO AEMCARE IWAEMCAEE AMT AV EE RAMT AV EE
(mg/m°) (mg/m°)* (mg/m? (mg/m®)*
H-1 - 216814 - 006377
H-2 - 157397 - 005777
H-3 - 085106 - 003566

*HAREEFEZR HFERE G 2 EMCA)BRIESE 1mg/m®
T — A R LI TR AR — LOSTEEDOEEE (M ELT) 005mg/m®
R EREEGEEFIREE (ACGH) (E<EERFE (2013 F/E) 002mg/m’

EAY Y FS—8B8I0R FESLUEHE
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KRR ILIYNT AR

SEMAMY: MASK FITTING TESTER MT-03 Z VN, HAST 24844 (JIS T8150(2000)% 2 Fsd& , KM A Z ikl
ATV EUTHOWSIRHHERRIE O LTI To72 (R 1), AR, WA EENCEE DMEL QO o~A1T, 258
VEEATST AT, IR REL ERF228378K BIZ 74 NU QOB EHINTCED, BAEEBD~AI DR,

ARSI RATE NS,
®1 IRV I9MTAMNER
TRy R B EECHEES ~ | o
s | 07 | @ERRy wE | RER | O | o | ®E | T
H1 E-LVN DD11V-S2-2 420 9.30 1360 1150 1250 1022
H2 EX YN DD11V-S2-2 10.70 1040 950 530 310 780
H3 PN DD11V-S2-2 6.30 520 750 5.70 1030 700
RO T4y TR JIS T8150(2006)
O RIMGERE

BN EEER B ORISR T 2 |\ O, 7088, 38 2 1 ORI B#EERE0 T JIS T8150(2006) DELENZE S Tl
FEUTZLDTHY, 7ANA—DBBRA NN Z Tl T, LT3 C B0 4 DS BRSNS T EDUIE JIS T8150 (2
AT 4 T 772 | L3 E 2D,

K2 BIRRERNEEE DOEEMERIES TR

=S RRYA—h— ERATRY TRIEMEERE BhEEREC
H-1 LA DD11V-52-2 10 98
H-2 LA DD11V-52-2 10 128
H-3 LA DD11V-52-2 10 143
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R B(EE-HEHEMIER)

FA&ER:20204E 12 A 10 B (K)

RETEICRETI0E
< EPEHRE>
RIGH DOUSBNEERERH L 2> b — O NIRRT 1) .

=1 AEE
B(N)
BEEENEEE 5
avka—)L 5

HEin, BML S HEEG RO FEARIE AT (3% 2) . BMIZFE ONF X (Excel MafBAY72 HP A 2 12O d (K
1)0

K2 MFEER EXIFH

BIRIEENESEE (D) a2 kEa—)L(n=5)
FHME ERE FEE ERE
5 (%) 428 155 324 115
BMI 232 40 229 42
REETEEEE 222 164 30 33

oo hO—)L 5 &0 3 BITILBEI SHEEERERDY

E1 BMI

oX
%o X o

I LU BMLIZ R TR S e b — VIO T E A IRE0O SV 72 (Mann-Whitney U test).,
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BEITRROLIVR) 7= (Fisher FiTE),

E8 ®FDER BERERUESE

121459 %

Ny

BEHEMEL

2E:

Bohigziy

RANEN
MEITEFTELL
FTHIEITHEVDNZ L
HEd, ROEEICEDNDS
PELEMNHAL

ANEANETE

FCEREE, TR LRI ERLS
LIRTRUIEN ST LY
BERENT D

BAHEN

o

1
BFEALERLY nBLHD nLLHD

N
w
E~N
>_U'I

H9 EFHFDOER avrO—IL

121459 %

Ny

BHEBEMNIL

281

Ebnily

{REAAEL
MBIZEDTEGL
FTHIELICHEENAZLY
= EBIERICEDND
PEHRM AN

NEANETEE

RCEREF, T v LI-ENE LD
LRETEY RN AT LY
BERENT D

BAMAEL

o

1
BFEAERL KR HD nk{HD

N
w
N
(3]

62



< IFIRASEEERRE >
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< FHIREHIRE >
oLy

FIEFLIFETFORAR 30 BHIOEF VY Mann-Whitney U test (ZCRHIILT-, TEEEIERERELa Po—
IO CHEATZRDOON-TAGR 3, 4, B L= b — VORI R FLIREFOEF R~
(B4 12, 13),

x3 AEVY FEF

=/ 25% PR{E 75% SO ol
RIEELIEEE 1000 1030 1150 1220 1440 069
avko—)L 670 760 1090 1310 1350

(Mann-Whitney U test)
x4 2EVT FEFEF

=/ 25% hRE 75% =K ol
RIEEEEEE 990 1000 1040 1350 1480 0206
avka—iL 610 840 920 1130 1320

(Mann-Whitney U test)
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OfeA

MEFLIFREFORI)Z 2 [RIELTZ Gz IV Mann-Whitney U test (ZCRHILTZ, TR ERIE AR
P—/UFOR CHEZETRRO LIV 5, 6), TR he— ORI FOIRE FO G5

Y (4 14, 15),

=5 EH FEF
=/ 25% hRE 75% =K oliE
BEEEREE 425 437 500 503 562 0095
avkE—)L 372 382 406 407 521
(Mann-Whitney U test)
=6 EH FEMEF
=/ 25% hRE 75% =K ol
BEEENEE 372 374 481 520 533 0.151
avkE—)L 289 337 341 362 593
(Mann-Whitney U test)
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60 60
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50 2 T 50 ©
. < X
40 o 40 X
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BIEREEFESE avko—)L Rt EE RS avka—)L
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OWAIS—IV WM (Working Memory Index: 7—32% A& ) —612)
B | TR ORI AFHIIE SO TR EL T VD, Mann-Whitney U test Tl A EEIE AR L hr— /LR
O CHBEZATRROLIVD T G' 1), IR EENC R o hr— VR EE T ONT IS TR (1X] 16),

£ 7 WAS—IV WMI(T—F> % A J—FEHE)

=/ 25% R {E 75% =KX olE
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100
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H3 1EER R, 77— 12
HA VB3 IRHEE3E VoA — 1

H5 VR IR EERNESE TARI T T A 5 — 1R

OHLAFE

W AR~ (Respirable particles) & O 5| #4871 (Inhalable particles) ZfHEE L7~ £7-. HUA DO EIIE
SRR BIHE LB O X UMT 2278 K (METTLER TOLEDO) TfTo72, Zt A BVIREIT 1ng Th-7=, Ml

TENE U7 255 13 A FEFTEFRIL TH D,



HHMERHR
1. FEIRLRERRUVEEER
OFEZE TR Sl -2 7 A SO AL C TREC BT DIasEE2E
ORI (T o8ii)
AF S L—b AR EMT JETFHC T SM570., {B2R845) Mn 1.7%, Si 0.55%, C 0.18%,
HEV T =7 B SMA90YB., {LFh%45> Mn 1.65%, Si 0.55%, C 0.20%.
OFEBEIAY—:
«SM-1F, 3 M FE%E JIS Z 3313 T49JOT1-0CA-UH5
Mn 1.68%, Si 0.61%, Cu 0.35%, C 0.06%, P 0.015%, S 0.012%
- SF-60. 1 A FEEE JIS Z 3313 T59J1T1-1CA-N2M1-UH5
Mn 1.45%, Si 0.53%, Cu 0.27%, Ni 0.51%, C 0.05%, P 0.009%, S 0.005%
OFEATR - V8, WSS
OffE# 54
R B~ Ay EEHTIIR, W EA . FR AR = T — L= PiCA~AT
1005RR-05 % RL2 (BLEFFRER4E) | Bk m | Bzl 40

2. EERA
SHGEE: 27 A NORMANL T LRI B DIa B
G212 H10 H 9 EE00 4r~16 BF 00 4y 9 360 43 [H]
E<SBENEEES 54

3. MLARE
VESEBR B I E s
TEERENEICIVHE LA — 22 E L, b FEERE A ROTEIARIDINNT I oT,

K1 AREICETHBFEEA—LPOBLARERR

BAMHTFEOMLAE B EE(Mmg/m®) WEIHFEOBLALBEE(Mmg/m®)

GS-3Y > 75— (FE2.75L/min) IOMY> 75— (R &E2.0L/min)

101 A-1 120 330 0.9400 126 A-1 120 240 0.4189
102 A-2 120 330 1.3360 127 A-2 120 240 2.9286
103 A-3 120 330 1.5804 128 A-3 120 240 2.8911
104 A-4 120 330 0.8996 129 A-4 120 240 1.2758
105 A-5 120 330 0.7632 130 A-5 120 240 1.6147
106 A-6 120 330 1.3582 131 A-6 120 240 1.7047

T MEREREREORRZE 2 BIOE 3 IR,
x2 RAMMCAEERRRAERR

4o 1yl M1 =1.11 mg/m? M2 = — mg/m? M =111 mg/m®
BRAMEERE 01=133 02=— o= 207
515l E EA1 = 3.66 mg/m°

25 HHE EA2 = 1.44 mg/m®
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*& 3 WEIMMCAERRRAERR

I E M1 =152 mg/m?® M2 = — mg/m?® M =152 mg/m?®
ROMEERE o1=204 0c2=— o =266
15 M {iE EA1 = 7.60 mg/m?®
25 {iE EA2 = 2.45 mg/m®

O ANIEEAE

WHAEENEER 5 4 O NISBERERER L (MTA) 2R 4 1TRT,
B NIEEERE TIX WAER T A (8 RpIINE AR 1X. 5 4Lt 1mg/m* (A AEEFAETFSD (G 2
T U A FRLER) FFARIREE) 2 WAV~ AT (RN ESEEREE) 1% 5 4 &% 0.05mg/m® (b2 —
LORPIREOFEEAE) 282, WAVE~ T (8 REIINEFEIREE) 1L 5 &b 0.02mg/m* (ACGIH @
TLV-TWA(Z B IR FUE) 2 2 Tz, (F4),

* 4 AANSCERENEHR

RN E T 8 BFEIMMETH EFfE N E T 15 8 BFEIMMETH
NO WAERCARE IRAEMCARE WAMERVAVEE | RAMIVAVEE
(mg/m®) (mg/m?®) * (mg/m?)* (mg/m?®) =
H-1 11.29236 7.05772 1.51677 0.94798
H-2 598115 4.46094 0.79768 0.59494
H-3 5.12822 3.56839 0.70482 0.49044
H-4 8.78670 6.64494 1.25061 0.94577
H-5 6.93516 5.05689 0.97260 0.70919

"EBAEXFARR FBRREGE 2EBMLA)BRILLE 1me/m?

ST — RS ELICBIT AR EEA—LDR T EEOELEE(Mh ELT) 0.05mg/m?
R EEEFEEMKREE (ACGH) (XERFRE (2013 F£/E) 0.02mg/m’

BAT > TS5 —EERR

FEDLUEH
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LKRRYT4YMT AR

LEMAE MASK FITTING TESTER MT-03 Z Fvy, H AR TZEHHS (JIS T8150(2006) % )23 K5k
CAZRBHa 237V ELTHWAIRHEBRED FIETITo72 (8 1), FIEEEFIEEE ORLERIL,
Y 1.44~4.360) & BIF7 @l 72 o7, ML QWD A7 DR EF#EREIL, 3~10 THD, IR LKRD
DIVDBLEMRENT, T ZEI 22.9~69.4 THY, IEEM#EMREE KE LRIDFER TH T, LFLORERND,
B FAEEFDERAL QD AL, FIMEERITo7256 T, IRNVENRES B THZ81372<
W74 L TWAEHIB XD, BAEEBO~AZOEIR  FARIT BRI ThHLEEDbNS,

K1 YRIT49MTAMER B LU FLEZRI

K4 EA L7 . . ERUR IR

No <2584 MERSR | EE | R x| e
CL) - MF T &S = - ER | P "~
" WAE (%) | 100 | 1.60 | 1.80 | 140 | 140 | 1.44
1

BhsERE| 69.4
) Ho FhE (%) | 2.20 | 5.60 | 2.50 | 2.40 | 5.70 3.68
BLA AT ibataMASK FITTING Phllfes) 272
] s 1005RR-05% RL2 | “‘TESTER FhE (%) | 1.20 | 7.30 | 1.30 | 2.10 | 062 | 250
(B2 05 ] 399
, o EhE (%) | 048 | 4.60 | 7.10 | 2.60 | 140 | 324
BrsEfRE| 30.9
] Hs mnsE (%) | 450 | 190 | 220 [ 680 | 640 | 436
BrsEfRE| 229

¥JIS T8150(2006) FEIZEIGAIE

=
(=

RZHT4v TR JIS 18150(2006)]
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EX C(BRITEXRSH)

& R:2021 £4 A 22 HKIER. 6 A 16 H/KIER

BRI Ry DEAE
<HBRZHE>
XIGEDOEHEEECEE L= bu— O N EMZR~T (R1) .

=1 XNRE
FN)
S R N 6
avka—)L 6

D, BML IEHEEBSIER RO BANE @A~ 37 (3% 2) . BMLZFE ONT T (Excel EGAZ RSB A D 12 TRd (K
e

K2 WREHER EXNEH

IBEAEEREEE () 3 k8—JL(n=6)
EHE T RE R S]] TR
85 (B%) 420 89 428 94
BMI 235 21 236 20
BRI EEN 198 89 10 -
oo bhO—) LB (3 1 BIZIFBEIC 6 ERI0DBIEFERERSY
X1 BMI

-

2% X

T

I IO BMLZR R A A R Lo ha— VDR O B2 TR B2 7= (Mann-Whitney U test) ,
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O4FEIE
BRI
VREEVESEPERZRED 66.7% (4 4) . o Na— LBED 50.0% (3 44) HSEEBYEEChh-7- (K 2) .,

K2 BRERiR

* BFIF AR

migex s QN 4
~ro-1 [ 3

0% 50% 100%
gL mBEICHY "HY

- BB
MBUELEA TS | LRI LRI, TRB R AT, = ha—/ LRSS 66.7% (4 40) (4 3),

X3 fRERR
* HFIEAS

BEREEREE

0% 20% 40% 60% 80% 100%

BERFEGLY mLETEERATO . nIRELRATLS

BRI (R ES<EUHRMNIFEILDOEE)
TR ERIEFARET 66.7% (4 44) . 1 h— LT 50.0% (3 41) Thh-7= (K 4)

4 BEFRREGEX)
* HFITAB

BEREREEE

W

0% 20% 40% 60% 80% 100%

niFE WELLALVRITHFE = HFEYIFETIIALY “ R

WRIEIRTL, BRI, FAEIRDL (B30 | 2T BRI E A R L= b — VDR CH B2 RO BV -
7=(Fisher f&7E),
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OB E ek -BRHiE

IR EER (2, R, IR, Btih., £/K- 2 3FVIER) O B EAEIK

TR EENERFBR TR BUK- SSFIER (3 4) K (2 4) . B 44) . = h— VB ETZ (1 44) DRl D -7 (K
5

E5 FERFFR BREER

%
Biyn [y—
SK-2BIFY
7zl — 5
Sepmdiess soroon 0 0

RO BEER
AP EENFEETECIITFREOLUI EVEVE (1 44), 2 hr— LB CIRNETE DL - EVERE (1 4) | fihRISE
T35 (1 4) DEZED T~ (X6)

H6 iR BHREER

FROLUA-LUEYE .

0

BANEIETTD g

+~
xL 4

0 1 2 3 4 5
ARELESE favbO—L A
-BR{ERE
TR EEEFF R QIS - sk (1 4) L = he— VEECIIMZR (1 44) L FERYE (2 46) . FAPNRE (1 44) DI AR
D7 (X7), )
E7 BEERE R E
W%
TEME 22 2
By -
FARE Oy
L 3_
0 1 2 3 4 5
CERFLEREE savbO—)L A
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OEFHDER
VAP EENEEE X 8, 2 h— U3 9 1R T, WO BOIEB B o b — VO TR
B TERDON) o7 (Fisher #7E),

8 RFDEE BEEXUFSE

121459 %
Ny
BHEDELD

w5521

FLERNZELY
RORFHELN
MEICERTEGN
FTHIEICHEENLZL
tEd, BOERICEDND
PBRAHAELY
NENETZGEBNEE R
B, \mEE, CozULRNERLS
LIRTESER T, BNPF L

BERENT D
B&AEL

o
—
N
w
N
ol
(<)

BFEAERLY "KAHD nkHD

X9 EFHNEE avbkA—)L

1214595
R
BHENIL

w5521

F<EENZLY
ROFEFHEL
MEIZERTEGN
THEICHEENSZ L
=+ ROESICEDND
PBRA ALY
ANEANLEZGEENERERC
B, fEEf., ColzYLIERNERLD
LIRTESBAR T RN P LY

BEENT S
BAAEL

o
-
N
w
N
(3]
)

BFEAERL "KRAHD n&HD
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<FRRHERERRE >
PR RERR A TS EOEVOIB L O—Fb=REEVLO0 ARl S L LTz, ZIE D FEHEEUEVC :80%, FEVL.0%:
T X 279D EFHILT=( 10, 11),

F10 FMERMSEERE BEEEREES B REERE avbo—)L
100.0 100.0
80.0 80.0
S 600 S 600
S S
> >
400 I 400
20.0 20.0
0.0 0.0
00 200 400 600 800 1000 120.0 140.0 00 200 400 600 800 1000 120.0 140.0
%FVC %FVC

BB LUEROE
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< HHRPRRE >
OBy

FIEFLIFIEFD 4 30 BHIOGFHE A Mann-Whitney U test | CRiliL7z, TEAEEIEREREL A ha—
IO CHEZATZRO NI 3, K 1), RS L o — VIR ORMS FLHREFO G EE

(12, 13),

=3 AEVY FIEF

=/ 25% hRiE 75% =K Jo [l
Rt EE 1090 1208 1400 1420 1510 0.199
avko—iL 1220 1353 1480 1518 1660
(Mann-Whitney U test)
x4 EVT EFEF
=/ 25% hR{E 75% BK ol
RIS S 1130 1213 1410 1465 1510 0393
avko—iL 980 1155 1320 1380 1440

E12 4vEVYT MEF Rig

200
180
160
140
120
100
80
60
40
20

i

BREENSEE

b e

avko—)L

(Mann-Whitney U test)

E13 2vEVT EMEF T

200
180
160
140
120
100
80
60
40
20
0

b e

BRERKESESE

o e

avkao—)L




Ofeh

FEFLIMEFOR )% 2 BIAELIZE

5 FV Y Mann-Whitney U test |ZCRHlLT7z, ¥aBEEEESEREE B

PO CH BTSN TG 5, 6), ISR HE L2 b — U ORIE FLIRE FO AR

7~ (X 14, 15),
=5 EH FEF
=/ 25% hR{E 75% BK ol
AEEENEEE 397 412 434 458 500 0818
avko—)L 366 390 455 594 729
(Mann-Whitney U test)
=6 BH FEMEF
=/ 25% hR{E 75% BK ol
AEEENEEE 357 403 428 457 470 0937
avko—)L 313 399 411 546 609
(Mann-Whitney U test)
14 #BH FEF 15 #EH FERMEF
80 80
70 T 70
60 60 —5—
50 X 50
8 @ X -
30 30 L
20 20
10 10
0 0
BIEEEREE avka—iL BIEEERESE arka—iv




OWAIS—IV  WMI(Working Memory Index: 7—3-%7 A1 )—IBEE)
PE0E | B OIS A F SN TEA LL TV VD, Mann-Whitney U test Tl B EENE I Lo Pa—/ LR
O THBEEIZROOI )T (37 1), BB EEN R M — VB R ONT NS OR T (X 16),

&7 WAS—IV WMI(T—Fx25 AE)—$81E

=/ 25% Rl 75% =X plE
P 760 838 970 1098 1190 0747
avka—)L 880 918 1000 1105 1140

(Mann-Whitney U test)

E16 WMI
(T—x25 +2F1)—1EE)

140

120 - _([)_

100 < <

=i 8

80 L
60
40
20
0

BEEEREE avka—)L
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<BHEca—LORERE>

DEERBAFRES SWEAY T2 V-HE

O FRRFMEDT Y 1>

B Sy 5B
‘.é |
7» @ ClusEzs m
- W e |
, Y
# P (ﬁlz 7 ]|
H g H ~ 1
3 @"
o fe +
H o I:I
ﬁ\ : D
. CE p
v [ b
B e e,
Y| smmen &
W2 oo
. Zrus— a5 —¥H
i 14.5m
16.7m

(5 @ @ @

CARSES ®: BAES @ IHMTMES K REH

* ) SR S BT SEIR R YT
TR, RIBEOREIR NS RUHRIENE
|REERIILIEEZ DN SBIEDHRE
MEXTRRLEARBRUMEEER

VEETR BURTRIEIEE
T B~ B RO ~FEEFE~ R/
YARRE~TE (RILH A —, FHLT S5
—%)

(LER. COIEEFRRYIRT)

R &R, R \WAlRE, BRSO RN

ETHD
1R 58 (56 2 BB ANSERIERRE.
H1. H2)

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

:

1

| (IR FRRER AR (L METRHILAY RS, £
: JUTWIR 4600DS2) . FhSHEm{EA)
1 (ERiiE. BERZEEOREMAR)
| ANRSEE

| RATSAES

: K3 BEE

1 (F7. ZOREA. SURDIKR)

| RTSyE— R TR Sy a— BB

: 236

: SRR BAY Ay A—hBRTRDR
1
1
1
1
1
1
1
1
1
1
1
1
1
1

S BeRT—F LR —F —  REsE R - ~
@ Lo @ - vme €8 - skt () : mamEin HERHLNT =,
O mrn D R (SRS ORI SD5E)
. L
X1 7 (&I A RS A5 )
HHTEL
BHTAESR &UEB 223°C /R 50% =it 02m/s R
b
HREML RUR 213°CIEE 43% ZY (1140)
K1ABET—2 L
AT E W A U AR 0 5 |14 403 U AUSRR
FA >t = E(cpm) B 9 3 Gk ™ ¥ 3 =
No. (mg/m~) (mg/m°)
1 a7 0.13 0.33
2 53 0.14 0.37
3 53 0.14 0.37
4 62 0.17 0.44
5 35 0.10 0.25
6 31 0.08 0.22
7 LITFsRH LLITFsRH LITFsRH
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R2 AL ARERE (FERIRBAERR

HEEHE M1 =012 mg/m M2 = — mg/m M =012 mg/m
HEERE o1=131 g2=— 0 =205
1 1{H{E EA1 = 040 mg/m
EYE i EA2 = 0.16 mg/m

EHRE 30mg/m*

3 ABIZE R4

f TR HIEER S

=3 RS IMEMCAERERE FEREATERER

LETIIE M1 =032 mg/m M2 = = mg/m M1 =032 mg/m
REERE o1=131 g2=— 0 =205
F15HE{E EA1 = 104 mg/m
YR EA2 = 041 mg/m

2MENGTS5—ERWRIE

H-1, H-2: BIZEISAT 58 2 T35 (1)

N(EARER R

R 2 i D~ E DD ~ - H BNERE ~ A o &
BRE~FE (NP — FRLT T4 —5)
(L. ZOMEZEZARDIK )

AR S VREE, A ABRE | B VERNLE TH
2

NEEBHS 4 O6 2 ADMENIEREXRE

ST U -

S 3 B

(R7 . OB, KO

RT Uy H— KT B Ty — B,
-#2:3 0

SRAROIRDL D O o =D BE RO TEADS

HI, H2) BB,
*IEI (R B35 ) (TR LA~ 22, b WEESGFTO R0 b2
T I A 4600DS2) . FREHIEEE HIfl H BRI L

(i . HE IS E ORRMRR L) (FFEC )

A RHAS R <RRIZHEL

EAY Y TS—8500 FRSLUEH
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H-3: RIS 5 2 Ti5(X2)

aHE=ER II' l:l
AR
é sHEER
eh -3 -
(]
| | = |
A

[fs) O @ @ CTARES B BEES @ HHTHRE X B4E

ATBORT-F AR TF o RESE B S
@ e @: Fes &+ O T
YR ) IFEEEBBMIE | SRR omE

00 #aR D R

X2 A
(MEZE TREE AN K O 85 480
ARZET R AR T HI (90cm X 70cm., JEE 2.3mm
~3.2mm) (2, WA 2 AT T DA ESE

H-4, H-5: B 5T 5 4 T35 (X3)

3.0m ? 5.6m
20em B B 20emBE "
I il e —
AR
N S
| H5
LTS IX H4 n
REREREE & ?J
X3
ko 2 .y [] .
} ‘ 7.5m
i [ BRAERE —
E !
. =
(- . =
L]
/ n
/om»_{
F7HE
(328 @ Q. @ ABMES B BUES @ WSS ®: Rdw
Ay EemT-F A AHHTRT—F - RRES AR
@ s @ res Gy - AR O =
O O ERESREE | SEESRomm
o4 [== ]t

X3 71
(EZE TRRER AR M OV 85 450
RN Bl A A RSP R RS, 1R
BT EAT VAR OB EL T, (HS

81

R T AR 2 DT A G~ ) TRy b
~TIG B~ TR I/ —~ BB~ fHTe
(EFE. ZOMEEZHRDIKT)

FEAENR ST WHEEVEZENLE THD
AEEEHC1 4

I R B H (R TP LA~ 227 |V
T w7 A 4600DS2)  FRFOLIEHE L

(B HF RS E O BEIR L)

[# 2 T8N

R UL

< SRR R

K 3 BB

(F7, ZOB., KD RD)

[ 2 THN]

R7 v H— KT, vy s ——H
<73

SRR N [ S =D DK DFEAD

FMDBILTZ,
WEZELFTORIDNLORE) <R L
(RFRo s IH]) -HrICHEL

TEBEAEEORNTE S R OWFEEERE AT > T
%)

TR, Wikt i 523 1 A ThitT

A%

AR TR, RIVHEEREALE THD
AVEREH 2 4

IR R B G (W E TR LA~ A2 BV
T w7 A 4600DS2) | T (LAY NEAT)
(R HERE E ORI
JRPTHEREEE L — A=A ()3 A
18

(R7, ZDOBHA, KPR

F7: 2B, #:10~20 cmfH
IO BB DK IR D FEANLTRD A7)

27,
R =2 GRS % Y = dhek 1)
(RFFLEFIA) - RFICIEL



H-6: BIFE ST 56 4 T15(X4)

m

\ 7.3
B }_7 4.0m 4,|
==

LRSI
bl
BEVEE
Er = EWD
5 X
Q: P e
';‘iﬂ:gﬁﬁ AEHER
SEORABY T4 —HE
£ Vo B N
0 e A
=
#

@3 @ @ @ ABEA B BEEE @ GTEES B R
SAEvET—F L HHRT-F  — Raam £ S

©: tasin Rl @ mihans () aewERs
VFhmnE 7 REERDNE | SUERSRoRE
od: #5H < - FE

X4 FHA
(VRS TR R AR K OV B 45
VEZE TR Bl S ERUC DI EZE Ry N
BEOBRME
Bl BB AL DA b D AT L AR A FE
(70cm X 100cm X 40cm) (TR AL CTHIEZE
AEEEE T, OELEE LD 5 D AT LA
WAL SE T I TR IESD S5, R IED DEEEATT
Yo @QEARY NEHECIEEEEIT), (ZORMEEBITIR

BEEOITEEN TR IXE TV @uiRy MNEE
B A~BEISHE DR 07 AT IS A
179, BEEOBNI Y & — %N T 5, O T
a2 2%,

(EF, @~@%#0i LT , )

AT R, U —EENE T D
VEEEHC1 4

IR it B H A T LA~ 22 (2L
T w7 A 4600DS2) | FEHEH (LAY N AT)
*(DOVEERE, AT UL AR AN~ — Tl &M%
Hez ABIIA Y —~ TR EA LT,

(B . HERZEE OB@R L)
SRR E A T LR T AE IR 1 B
Ry NEBES O R IFICH L7 — RHRAR 1 B8
18

(R7 . ZBOBRAMA, KR

N7 PR, AR PA

CRIEOIRL : ML

WEZES AT O JE0 60 %)

CRRIZIEL (B TITh QO el y NEBEEE D
WA T2 T)

(RFRC )

R HEL

EAY Y TS—8500 FRSLUEH




O AIF<ERRE

HRIERENE S 64 OE NITBEIREHIERR (LA 2K 4 17T,
TN IE<SEEHE TIE WAMER CA (8 I RIINE THA3R ) 13, FEhE# 6 4 Lb 1mg/m? (B AREREMAEFRO
(55 2 MR C A BRALER) AR L) LUT L WA~ 0 (R RTINE SR ) 13 6 4055 1 44 (|IE 2 [\l
55 1 [8]) 2% 0.05mg/m® (Fa L2 — LD PR E O RUEE) 282, WANE~ 772 (8 IpfAINE )R ) 1%

6 4 D55 1 475 0.02mg/m* (ACGIH @ TLV-TWA(TL E IR FUE)) ZHB2 7-. (F4).,

* 4 AANIERENERR

REFfE N E F 1y 8 BFfEMEF1Y EFfE N E F 15 8 BFfEMEF 1Y
NO WAERCARE WAERCARE RAERUHVRE IWAERUHVREE
(mg/m?®) (mg/m?) * (mg/m3) ** (mg/m3)
H-1 0.73147 0.49069 0.04561 0.03059
H-2 0.39894 0.26181 0.01323 0.00868
H-3 1.32542 0.22090 0.10548 0.01758
<0.005 <0.002
H-4 0.12667 0.05146 (0.0013) (0.0005)
<0.005 <0.002
= 005895 002812 (0.0001) (0.00007)
<0.005 <0.002
H-6 0.07348 0.01424 (0.0016) (0.0003)
"HAEEXERAERR HRRE (F 2@ MLA)BIESE 1mg/m®
BT —UBREERECBTAAEE A —LDRTEEDOELEE (Mn £LT) 0.05mg/m?
“REFEEFEEFRSE (ACGH) (E<EEFE (2013 £H/E) 0.02mg/m’
O RIVEKRHERE

BIREIERIE E A OEKRYTEREEZR 5 ([ TRT, IWERIEEIEHH O ZRY#ERBUEE R R sz
EREZ DT 1A bR T,

R5 BRENEEEFEDEEMERBESERIGERY

MNEEH TR A—H— RS 1EERhERE EORBAEZRE
H-1 EILTVIR 4600DS2 10 0.9
H-2 EILTYIR 4600DS2 10 0.9
H-3 EILTYIR 4600DS2 10 2.1
H-4 EILTYIR 4600DS2 10 0.1
H-5 EILTVIR 4600DS2 10 0.1
H-6 EILTVIR 4600DS2 10 0.1
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LKRRITLINTARD>

REIEEMCEE I, FMX~RT T 49T 40 7T AH—MT-05U Bla T, E&NT 1> b7 AR]IS
T8150:2021) #1T>7z, TDOFERZEFR 1 (-7, F/2 1 [BIH, 2 [BIHO FAIL, PASS O#E|I&%#X 1, K212R-7,
1 [ BT FAIL &ZeoTo S BEENEFH ITIEL WS FIEOMB 88 21T 2l H 2 To7282A, 1 [\IH
FAIL T 7254 DHHA4 75 PASS L7z,

R1 RRIT4INTAMER

WNRE 1[EH 2EEB
H-1 FAIL PASS
H-2 PASS
H-3 FAIL FAIL
H-4 FAIL PASS
H-5 FAIL PASS
H-6 FAIL PASS
PASS &&t 1 4
Bl <RX9274yb7TARREE (n=6) ®2 <RI 71vbTAF2[E H(n=5)

PASS
80%

RROT1YRTZH
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XM D(EFETEXRF)

PEAavMa—ILEE 2021 425 A 27 H(K)~28 H(®)
BIEFEREER 2021 £7TA1B(R)~28 &)

IRy SERE
<HBRIRHE>
RIGEDEBHEERERS L 2 Fr— VO NEEMRIE RS (K1) |

=1 AEE
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VEBAEEVEEE 154 O NIFERENERE R ML) A& 4187,
E N E<ERE T WAMER CA (8 FREINE LR 1X 156 AD2B 740 Img/m® 22 TWe, A
Mo (BRI EE) L 15 4095 12 41% 0.05mg/m® LL_ETdh-o7-, W AP~ 77 (8 BRI E
IR FE) 1X 15 4 DHH 13 4403 0.02me/m® ZH82 Tz (34)

*& 4 AANIERENERR

R INEF1Y 8 BFfEIMNET Y B INEF1Y 8 BFfEI N E 15
NO BAEMCARE BAMEMCARE MAMTUAVEE | RAMIVAVEE
(mg/m?) (mg/m®) * (mg/m?®)** (mg/m3) =
H-1 8.58924 4.07989 1.18487 0.56281
H-2 3.28289 1.40891 0.43058 0.18479
H-3 6.93470 2.90391 0.91592 0.38354
H-4 4.64793 2.06252 0.57563 0.25544
H-5 0.57545 0.22419 0.06117 0.02383
H-6 0.66107 0.29335 0.06387 0.02834
H-7 5.54138 2.30891 0.60785 0.25327
H-8 4.84561 2.00891 0.65362 0.27098
H-9 12.55507 5.46669 1.44234 0.62802
H-10 1.34592 0.56641 0.18381 0.07735
H-11 0.75442 0.23419 0.08434 0.02618
H-12 0.30177 0.11002 0.02545 0.00928
H-13 0.79653 0.34682 0.04957 0.02158
H-14 0.80823 0.27446 0.09232 0.03135
H-15 0.97611 0.36807 0.04122 0.01554

*EAEERAEYS HRREEE 2EMLA)EIESE 1mg/m®
H BT — RS EEICB TR EEA—LADRPEEDOEEME (M ELT) 005mg/m®
R EEEFEEMRESE (ACGIH) (FERFRE (2013 FHE) 0.02mg/m’
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H-9 PASS
H-10 FAIL FAIL
H-11 PASS
H-12 PASS
H-13 PASS
H-14 FAIL FAIL
H-15 PASS

PASS &3t 9 3
B1 <R 74vbTAMMEH (n=15) B2 <RYI71vbTAR2[EIH (n=6)

L

100




RRIT1YET RN

BEYBDOIRI T IMNTFRR
B BFLATRY Hht 1006RR-05 BiA{FALI-IES

101



F KT E(RE R ES)

FIER RESEICETIRE 2021 £7 H8H(K)~9 H(®)
Z19hTAR 2021 58 A 26 H(K)~27 H(&)

RRREICEEI SRR
<HERERE>
KRB OIS &L 20 b r— A0 N MRIZ RS 1) ,

®1 XMRE
BN
BRIERREEE 16
avbE—)L 16

AR, BML, IR PO B T4 <9 (£ 2) . BMI 288 ONTT (Excel SR/ 2 Juil ) 2B 12 Od= (1M
1),

K2 WNREER EXNEHR
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E1 BMI
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AR T R OFVO)F5 L Ot D SREV L OW A ARG L, 22 B HERVC : 80%, FEV.0h:
0242 5 AL 7=(% 10, 11),

B10 FRIRBEEIRE BEAEXESRE R11 FFR#EERERE 2 bEa—)L
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<HIRFHIEE>
OoavEY

FlEFLIFREFOREG 30 BRIOAFEZE UV Mann-Whitney U test (2GRl -, A ERIEEE R L ha—
LD CHEZEDRBD LIV T (3R 3, D, WHEIEEIEFRE L M — VEFORIEF LIRS FOGFHE R
T (X 12, 13),

&3 HVEVT FIEF

=/ 25% hR{E 75% BK olE
AEEENEEE 640 998 1110 1310 1570 0534
avko—)L 520 9438 1270 1390 1680

(Mann-Whitney U test)

&4 2EVT FERIEF

=N 25% thRfiE 7% =K oliE
BEEEREE 640 1028 1215 1323 1490 0696
avkE—)L 580 1065 1220 1315 1560

(Mann-Whitney U test)

B12 4vEVY FEF R E13 2vErY EHMEF RiE
180 180
160 160
140 j{ ;3{ 140 1 T
120 % 2 120 § %
100 S : 100 % BS
80 i 80 j
60 :|L 60 o
40 40
20 20
0 0
BEERNSEE avka—)L LR EE S kO—)L

FRERERE
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Ofeh

FIEFLIERIEF OIS 1% 2 [BIE L= G518 IV Mann-Whitney U test (& CrAtiL 7=, TSB 3N EREE T
/ORI CH BRI TG 5, 6), I ERE T L hr— U ORE FLIRE FO AR

79 (2 14, 15),

=5 EH FEF
=/ 25% hR{E 75% BK ol
BEEEREE 353 445 498 542 632 0086
avka—)L 343 389 422 502 59.1
(Mann-Whitney U test)
=6 EH ERESF
=/ 25% hR{E 75% BK ol
BEEENEEE 34.1 438 451 537 596 0086
avka—)L 312 353 416 497 56.1
(Mann-Whitney U test)
14 #H FEF 15 #Hh FEMEF
70 70
60 EY 60
I 1 T
50 ,3 )g( 50 ™ 3
40 o 40 j ?
L S
30 30 _l_
20 20
10 10
0 0
REEEREE avko—iL BEEERES avka—iL

SRERERE
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OWAIS—IV  WMI(Working Memory Index: 7—3-%7 A1 )—IBEE)
T8 | B ORI S EH IS TEA B TV VD, Mann-Whitney U test Gl A EENC L RE s Pa—/LEE
DO CHBZEDRROLIZ (570.033, 37 7), I EENCEE L ha— VAR ONT IS OR T (X 16),

=7 WAS—IV WMI(T—F> 4 A 518

= 25% th R {E 75% =X pfE
BEEENEEE 760 843 940 1023 1340 0033
avko—)L 830 933 1090 1170 1250
(Mann-Whitney U test)
E16 WMI
(T—x25 +2F1)—1EEE)
140
120 1; _§_
100 3 g
° -
80 _§_
60
40
20
0
REELEtEE avkO—)L
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K1ARET—R
AET i - BRAMBLARE | REIEMCARE
xR E (cpm) 5 2
No. (mg/m") (mg/m*)
1 91 0.64 0.82
2 141 0.99 1.27
3 197 1.38 1.77
4 539 3.77 4.85
5 236 1.65 212
6 158 1.11 1.42
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&2 WAL ARERIE FRREAERR

B M1 =1.35 mg/m® M2 = — mg/m’ M=1.35mg/m’
RITRERE o1=182 02=— 0 =245
5B 15 HEfE EA1 =590 mg/m’
2B EA2 =201 mg/m®
EIEE 30mg/m®
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OB AIF<EEAIE

B EEIEFE 1640 DI NIFERREIERR TA) 2R 4 1R T,
TE N BEIETIE, WA U A (8 RERTINE R ED 1 LIS 16 £ 09D 6 4473 Img/m* ZHEX QU Ve, A~
AT (REEINER AR 1%, F2hiEE 16 445 14 441 0.05mg/m® P E Tz, WA~ 1 (8 I )
REDIX 16 Z4D55 15 441 0.02mg/m’ A Z TV =,

F& 4 EANIEREAERER

R INE T 8 BFfEINNE Ty R INE T 8 BfEIINE Y
XRE WAMMCARE WAMMCARE WA A RE WA A iRE
(mg/m®) (mg/m®)* (mg/m*)™ (mg/m*)™
H-1 1.77950 096389 009031 004892
H-2 068851 036577 005558 002953
H-3 247560 146473 0.19206 0.11364
H-4 534365 309487 045725 026482
H-5 1.77727 095528 0.16471 008853
H-6 1.13528 057000 007580 003806
H-7 243469 124778 0.18642 009554
H-8 163361 085084 0.10694 005570
H-9 1.36940 080167 009547 005589
H-10 861385 466583 0.77485 041971
H-11 0.19921 0.10500 001205 000635
H-12 080680 042861 006115 003249
H-13 146620 087056 004459 002647
H-14 183235 103833 0.13460 007627
H-15 1.13871 058833 008694 004492
H-16 160088 101056 0.12604 007956

HBAERFEFR FEREGE 2FBMLA) B 1mg/m®
BTV BAEEER IR AR — LR PIREOEEE M &LT) 005meg/m’
REEFRE TR S (ACGH) [F<EERFE (2013 FE&E) 002meg/m’
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OV RIERIHEFRE
TRV F R OERYERECE LR 5 1O T, WA HEHEE OZORYG#ERE AR EV e Sz ERISbo
338177 (K1),

RO BIRENEEEREDOEENEFRRESERIEREY

XRE IR A—H— R EENERE EORIERE
H-1 LN DR28SU2W 10 27
H-2 B DR28SU2W 10 91
H-3 LN DR28SU2W 10 9.1
H-4 B DR28SU2W 10 9.1
H-5 B DR28SU2W 10 155
H-6 B DR28SU2W 10 37
H-7 LN DR28SU2W 10 37
H-8 B DR28SU2W 10 27
H-9 B DR28SU2W 10 9.1
H-10 B DR28SU2W 10 155
H-11 EEN DR28SU2W 10 155
H-12 B DR28SU2W 10 37
H-13 B DR28SU2W 10 27
H-14 B DR28SU2W 10 27
H-15 B DR28SU2W 10 25
H-16 B DR28SU2W 10 25

1 <RIEEHBFRHLE

REME
RELT
81%
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KRR ILINTARD>

R EEIEEE ., RS AT T 4T 7T A —MT-05U Bl T BRI b7 AR]IS T8150:2021) 24T
ST, TORERAE S 1T, T2 1RH, 2 [A1HO FAIL, PASS OEIGEX1, K20~ 1[I EIZ FAIL Seo7-iapz
VEEENEE TIE L A - FRE AT To7- L2 A, 1A H FAIL Tho7-84 428728 PASS L=,

=1 YRIIINTANMER

ARE 1[EE 2EEB "%

H-1 FAIL PASS

H-2 FAIL PASS

H-3 FAIL PASS

H-4 FAIL PASS

H-5 FAIL PASS

H-6 PASS PASS (2 [a1B £.3E/)
H-7 PASS PASS(2 [B1 B 3,5 /)
H-8 PASS PASS(2 [B1 B 3.5/)
H-9 PASS

H-10 PASS

H-11 FAIL PASS

H-12 PASS PASS(2 [B1 B 3.5/)
H-13 PASS PASS(2 [B1 B 3,5 /)
H-14 FAIL PASS

H-15 FAIL PASS

H-16 PASS PASS (2 [B1B £,3E/)

PASS &3t 8 8
1 <R974yb7TAMEIB (n=16) B2 <RH714vbTAM2[E B (n=8)

FAIL
0%
PASS
50%
PASS

100%
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FX F(RERAKEMIF)

FER:2021 £10 A5 B(K)~8 B(®)

IR HHRE
<EMZHEE>
RIGH OEBNEINEFH & o b — O N EMRIZ TR (#1) .

=1 WMERE
BN
BEEEEEE 16
avkA—JL 16

R, BML VSRR IE RO ARG A7~ (38 2) , BMI 257 ONTF X (Excel [ aLERO72 Hp il | 28 ) 12O
T (X1),

K2 WNREER EAXER

BEEREREE (0=16) arka—)L (n=16)
THE ZERE TiE T RE
F# () 492 113 453 115
BMI 233 21 254 33
BRI EL-HREE) 249 160 167 6.0
1 BMI

}oo— ogXo o—oo—‘

frolot dol

AR IO BMI B TR EENC AR Lo P — VO T B2 35D i) 7= (Mann-Whitney U
test),
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0% 50% 100%
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F3 #EEE

* BF XA

REEEREE . 14

0% 50% 100%

EERFEGLY mLIETEERA T nRELRATLS

BEFERR (T EECETHRNMFEIEDOREE)
AR EENEE AT 43.8% (740) . 2o hr— /LRI 50.0% (8 44) Th-7= (K4 4),

R4 FROFEH

* BFIT AR

BRERNSESE 5 0

0% 50% 100%

niFE mELLMNEVNZITIFE " HEYFETEGLY = 5

BRI BT IR B EENC RS R o N — VRO B T B 20380 BV (p=0.00131) , BRI B4R
PRI (B BN TR EENEEE R e P — VLD R CH B A IERD B0 T (Fisher B 7E),
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<R RERRE >

AT B | BEEROHE DT80 | AREROBEREER A4 :11-9, H-10, H-11, H-12, H-13, H-14, H-15, H-16, C-5,
C-17,C-9, C-10, C-11, C-13, C-14, C-15, C-16

IR RERR A | XU ATTE B UFVO) B LR FEVL.0WEZ Ikt R E LTz, 7275, 2 ha— D55 —Fba
(FEV1.0%) 723 10 LA F 044413 KEIEE L TR ~T, ZAE O FEAEEEVC :80%, FEVL.0%: T0%)Z 8.2 573897
ZEHIL7=(X 10, 11)

B10 FERMEERE HEELREE B11 REERE 2vb0—L
(n=12)
120.0 120.0
100.0 .
o i P~ ° 100.0 ‘
®q0 ® [
80.0 ° L) ® 80.0 .. o .. .
X & e . X @
< 600 < 600
o w
L [
40.0 40.0
20.0 20.0
0.0 0.0
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 00 200 400 60.0 80.0 100.0 120.0 140.0
%FVC %FVC

FIRRAER

I
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< HHEFHIRE >
OavELY

FlEFLIERE TR 30 BRI DOAFEA AV Y Mann-Whitney U test (Z TRz, B EENE A #EEa b
— VRO CHBZDTRODIVRN-TZ (R 3, 4), THEEEIEFE R L M — VORI FLIFRIEFOGFEL
g (412, 13),

&3 HELT REF

=/ 25% hR{E 75% SPN ofE
BEEERSEE 350 710 860 1150 1630 0.141
avka—)L 480 910 1160 1258 1700

(Mann—Whitney U test)

&4 AVEVYT FERIEF

=/ 25% Rl 75% BK Joul
BEEERSEE 370 67.8 955 109.0 1630 0473
avka—iL 470 923 1045 128.3 1490
(Mann—Whitney U test)
K12 4yEVYy MZEF R 13 #vyE>sy FEFEF i
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R s
100 o 5 100 § £
X
80 J j 80
o
° .
60 60 :TL
40 I 40 JL
20 20
0 0

LS avkE—IL SRR SokO—




OiEh

FIEFLIERIE TR % 2 [ L7=E2 A FU Mann-Whitney U test (2 CEEIIL 7=, VRSt R Lo
AP AR CH B AT DI TR 5, 6), WHEIEREI#RE s bo— A REOR I FLIFRIE FOE

R (X 14, 15),
=5 EH FEF
=/ 25% Rl 75% BK Joul
BEEERSEE 360 393 438 472 61.6 0624
avka—)L 303 395 453 489 626
(Mann-Whitney U test)
=6 EH FEREF
=/ 25% Rl 75% BK olE
BEEERSEE 325 374 407 470 547 0.665
avko—)L 278 390 427 473 60.7
(Mann-Whitney U test)
14 #BH FEF 15 #EHh FEFEF
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OWAIS—IV WMI(Working Memory Index: 7—3%4 A1) —5EE)
[ ) [ | DR A 2T EE DWW TS B L T VD, Mann-Whitney U test Tl IIEEEN S E L2 ho—
NABEDOM CH BZEITRO LI T GR 1), W EENEFEREE o P— VBEE R ONT IS OR T (K 16),

£7T WAS—IV WMI(T—F2 T AE)—481E)

=/ 25% hR{E 75% =R plE
BEEEREEN=14) 740 7638 805 933 940 0076
O ka—)L(n=16) 710 81.3 940 102.3 1410

(Mann-Whitney U test)

B16 WMI(n=30)
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&2 MAMHCARERE FRREAEHR

BTEE M1 = 0.50 mg/m?® M2 = — mg/m?® M = 0.50 mg/m?®
BIAMEERE o1=111 02=— o =196
%151l {E EA1 = 1.50 mg/m?
25T EA2 = 0.62 mg/m?
EERE 3.0mg/m?®
| ARIE X7 1
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AT EE M1 = 0.72 mg/m® M2 = — mg/m° M1 = 0.72 mg/m®
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%151l {E EA1 = 2.18 mg/m?
25T {E EA2 = 0.90 mg/m?
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OFAIE<ERIE

WHAEENEF 164 O NI BERERER R MTA) ZFE 4 1TRT,
E N E<ETRE T WAMER CA (8 IEEINE LR ) 13 16 4 DOH 5 4% 1mg/m’ ZH X 7o, WA~
VAT (RERE NS FE) 12 16 4 D95, 10 41 0.05mg/m® LA ETdh o7, W AVE~ 2 A (8 eI &
PIEIE) 1T 16 D95 11 441% 0.02mg/m® #8272,

*& 4 AANIERENERR

FrEMNET 8 BFfEI N E 15 B INEF1Y 8 FFfEI N E 15
NERE JAMERCARE WAMEMCARE WMAMIVAVEE | RAMIVAVERE
(mg/m°®) (mg/m?®) * (mg/m®)** (mg/m?3) ***
H-1 5.78403 3.47042 0.75795 0.45477
H-2 3.15587 1.84750 0.47507 0.27811
H-3 0.01800 0.01125 0.00322 0.00201
H-4 0.28013 0.17917 0.02575 0.01647
H-5 0.03444 0.02375 0.00297 0.00205
H-6 0.08855 0.06125 0.00342 0.00236
H-7 0.49210 0.29833 0.05151 0.03123
H-8 0.65034 0.39833 0.09563 0.05858
H-9 1.40383 0.91542 0.20302 0.13238
H-10 0.17467 0.10917 0.02104 0.01315
H-11 0.67153 0.38333 011171 0.06377
H-12 0.35509 0.21083 0.03756 0.02230
H-13 3.26160 1.78708 0.47992 0.26296
H-14 1.24191 0.70375 0.16263 0.09216
H-15 2.16351 1.33417 0.22030 0.13585
H-16 2.98442 1.91500 0.40950 0.26276

*HAEERAERS HAREE (F2EMLA)BBIEHE 1meg/m®
BT —UBREERECBTA A —LDORTEEDOELEE (Mn £LT) 0.05mg/m?
o REEEFEEFEMRSE (ACGIH) (F<ERRE (2013 £5%%E) 0.02mg/m?
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O RIVEKRERE
BV EENE T E OB RPGERIELR 5 (TR T, IWEEEEIESE OB REGEREITR ERER L
EEZH D324 12%)72~7= (K1),

RS BRENEEEFEDOEEMERBESERGERIY

XRE IR A—H— S EERAERE ERBAERE
H-1 izt 1005RR-05 10 15.2
H-2 iz 1005RR-05 10 15.2
H-3 st 1005RR-05 10 0.5
H-4 XS 1005RR-05 10 0.5
H-5 XS 1005RR-05 10 0.1
H-6 st 1005RR-05 10 0.1
H-7 XS 1005RR-05 10 1.9
H-8 izt 1005RR-05 10 1.9
H-9 st 1005RR-05 10 4.1
H-10 izt 1005RR-05 10 4.1
H-11 izt 1005RR-05 10 2.2
H-12 st 1005RR-01 10 2.2
H-13 izt 1005RR-03 10 9.6
H-14 izt 1005RR-05 10 9.6
H-15 st 1005RR-05 10 8.2
H-16 izt 1005RR-05 10 8.2

1 <RVIEEMHBERHL

RERE
BREUT
88%
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LKRRIILINTRED>

WHEEEEER I, FHX~ AT T 40T 4 7T AZ—MT-05U Bl& AT, BRI T 4> b7 ARIS
T8150:2021) AT o7z, TDRERZFR 1 1T~ T, F2 1 [FIH, 2 [EIHO FAIL, PASS OEI&A1, K227,
1 [EBHIZ FAIL &2 FREIE R ITIELWEEE FIEOBM - 158217, 2 H &217-72224 1 [HIH
FAIL Tého7-8%4 4875 PASS LT,

R1 YRIT4MTRAMER

HRE 1[EE 2 [EH w&

H-1 FAIL PASS

H-2 FAIL PASS

H-3 FAIL PASS

H-4 FAIL PASS

H-5 FAIL PASS

H-6 PASS PASS(2 [E1H ¥.%7#)
H-7 PASS PASS(2 [E1B ¥.%7#)
H-8 PASS PASS (2 BB %)
H-9 PASS

H-10 PASS

H-11 FAIL PASS

H-12 PASS PASS (2 BB %)
H-13 PASS PASS (2 BB %)
H-14 FAIL PASS

H-15 FAIL PASS

H-16 PASS PASS(2 [E1H .3 7#)

PASS &5t 8 8
B1 <RIy TANMEHE (n=16) B2 TR971vbTAR2[EH (n=8)

FAIL
0%
PASS
50%
PASS
100%
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EXT GIRRER. KE-HHEER)

FAZER:2021 &£ 11 A 24 H(K)~26 B (&)

BRI Ry DEAE
<HBRZHE>
XIGEDOEHEEECEE L= bu— O N EMZR~T (R1) .

=1 XNRE
FN)
S R N 16
avka—)L 16

D, BML IEHEEBSIER RO BANE @A~ 37 (3% 2) . BMLZFE ONT T (Excel EGAZ RSB A D 12 TRd (K
e

K2 WREHER EXNEH

BEEEMEE (n=16) o ka—)L(n=16)
EHE T RE F5iE TR
5 %) 419 113 404 125
BMI 249 32 255 48
BEICREEL-HRE 199 122 49 115
E1 BMI

L

X X

T =S

RIS IO BMIIZEB YOS R A R Lo M — VRO CF B2 IO Heh 7= (Mann-Whitney U test)
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H2 EREEE
* B (T A8
0% 20% 40% 60% 80% 100%
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VAP EENEEE T L 50.0% (84) . = h—/ U3 43.8% (744) Toh-o7= (X 4),

M4 FFROFEHERL

* MFIEAR

0% 50% 100%
BFE WELLANEVZITIFE mHEYIFETITELY = 5L
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AT (K 14, 15),
=5 EH FEF
=/ 25% hR{E 75% BK ol
AEEENEEE 393 439 455 522 579 0110
avko—)L 343 378 436 489 56.1
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< FRIEFHIRE >

OBy

VA EEIERERE 2 M — Uit R B LB 05T, FIETFLIERIE TS 30 M OA 71 IV Mann-
Whitney U test (Z CRHlLT=, TR EENEFEREE T M—/VEED R CH EZED RO LIV T (7 3~ 6), IRHEE
HENEFE e M — WV EORIE REIERIE FOAHEE R T (X 12, 13),

&3 HEVT FIEF(2E)

=/ 25% B 75% =X PlE
BEEERSEE 450 838 1365 1520 0289
avka—)L 850 1080 1408 1700
(Mann-Whitney U test)
F4 2EVT FEF(EHEOH)
=/ 25% FhRiE 7% =X oliE
BEREERSEE 450 890 1410 1520 0353
avka—)L 850 1230 1410 1700
(Mann-Whitney U test)
£5 AEVYT EMEF(2B)
=00 25% FhoiE 7% =K HlE
BEEERSEE 520 1033 1383 1470 0172
avka—)L 930 1170 1470 1590
(Mann-Whitney U test)
F6 2vELYT FMEFEMDH)
=/ 25% FhaRfiE 7% =X oliE
ST Ny 520 1070 1410 1470 0272
avka—)L 930 1200 1530 1590
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TR T M — VIR BB L RO TN o3 IR FLIENEFOR % 2 BIRELZEFHEE
Mann-Whitney U test | & CRHTIL7=( T~ 10), I ERIE AR Ma— VOIS T (BMED L) THEZEN
FROBIIZ (p<0.05) (32 10), BRI EENESHRE L= Po— UEORIE FLIERIE FO ARz (X 14, 15),

xR EH FEF(EE)

=/ 25% rhR{E 75% >IN ol
BERERREEE 247 411 498 582 595 0290
avka—)L 288 399 441 484 516
(Mann-Whitney U test)
=8 BH FEFEMHDH)
=/ 25% hR{E 75% I Al
SRR tEE 379 424 553 585 595 0200
avka—)L 387 406 473 484 516
(Mann-Whitney U test)
%9 EH FEMEF(2H)
=/ 25% rhR{E 75% >IN ol
IR tEE 230 448 518 536 579 0079
avka—)L 279 386 421 442 476
(Mann-Whitney U test)
#10 #8h FEFEF(EtEDH)
=/ 25% hR{E 75% I Al
SRR tEE 337 450 523 537 579 0027
avka—)L 368 399 422 445 476
(Mann-Whitney U test)
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OWAIS-IV WM (Working Memory Index: 7—32%7 A E1 ) —+51E)

THO8 | T ORI S FHI ISV TEABL QWD IR EENE A T - o be— Ui 2 B LB 3T,
Mann-Whitney U test |Z CEHlL7=22A, AEZENEE (p<0.05GE 11) RO (570.009GE 12) Eb3RDHIE), 155

VEENEEE R L da— VR R ONT BRI OR Y (X 16, 17),
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=/ 25% o fE 75% =A plE
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£ 12 WAIS-IV WMI(T—24 AE)—461E) (BHEDH.)
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Offl AIF<EERIE

TBHEVESEIESA 102 O NFERRZIER R (CA) 22 41T
TE I EEEIE Tl WAV C A (8 IRFRTINEE S IIRED) 13104 28 Img/m® BB 7o, WA~ 7 (RN
BIREDH104 4258 0.05mg/m* LA EChotz, WA~ 7 (8 REEINEE FHRRED) H 104 2B 0.02mg/m* Z#8% 7=,

* 4 EANIEREAERR

B REINE Y 8 BHfEIINE 1 B REINE Y 8 BFfEINETH
XEE WAMCARE WAMEMCARE WA AViRE WA AViRE
(mg/m°) (mg/m®)* (mg/m)~ (mg/m®)™
H-1 1742165 704125 162268 065583
H-2 7.15034 443917 090826 0.56388
H-3 18.75649 1023792 281756 153792
H-4 421979 248792 060320 035564
H-5 7.77860 439167 093624 052858
H-6 254202 1.26042 0.19723 009779
H-7 211311 1.17542 028408 0.15802
H-8 302721 1.71542 043864 0.24856
H-9 191655 1.11000 028291 0.16385
H-10 450727 271375 058685 035333

*HAERFERR A EE G 21 8CA) BMESE 1me/m
BT — AR IR T AAEE 1 — LDREEDOEAEE (Mn &L T) 005me/m?

K E LR EMIREAE (ACGH) (F<ERFE (2013 ££5%7F) 002mg/m®

IEAY > TFS5—52
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OV RIERIHEFRE
BRI FE OERYGERECE 2R 5 (TR T, TR EE IR OZORYGER B I E e Eobo
M8A (80N 7= (K1),

5 BIRENEEEREDOIEENERRESERIEREY

XMERE YR A—F1— oS tEEhERE EORIhRERE
H-1 izt 1005RR-05 10 325
H-2 R 1005RR-05 10 325
H-3 izt 1005RR-05 10 564
H-4 Bt 1005RR-05 10 564
H-5 R 1005RR-05 10 325
H-6 BT 1005RR-05 10 325
H-7 FH 1005RR-05 10 88
H-8 ks 1005RR-05 10 88
H-9 Bt 1005RR-05 10 117
H-10 izt 1005RR-05 10 117

X1 TRAVIEEMHERELE
BERHHERK
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KRR ILINTARD>

TR EENEEE N, I~ AT T 4T 4 7T AZ—MT-06U Bl FC L BRI o b7 AR(IS T8150:2021) 22
B 7ol ZOfERAFR 11T, F7- 1[EH, 2 8 H O FAIL, PASS OFEIEZX1, K212+, 1 [ HIZ FAIL &72-72
VRBHEENEFF N ELN S LD - F88 A T 2[RI H 24 To728 24, 1 [H1H FAIL Tého7-44 0953473 PASS
L7z,

1 IRTI9hTAMER

ARE 1[EE 2[EH "%
H-1 FAIL PASS
H-2 FAIL PASS
H-3 FAIL PASS
H-4 PASS PASS(2 [E1 B £3EH#)
H-5 PASS PASS (2 [a1 B £.3E/)
H-6 FAIL FAIL &t
H-7 PASS PASS (2 [a1 B £.3E/)
H-8 PASS PASS(2 [E1 B £3EH#)
H-9 PASS PASS(2 [E1 B £3EH#)
H-10 PASS PASS (2 [a1 B £,3E/)

PASS &% 6 4
B1 RRIT74ybTAFEA (n=10) B2 TR 74vhFR2E E(N=10)

PASS
60%
PASS
90%
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RIGH OEBNEINEFH & o b — O N EMRIZ TR (#1) .

=1 WMERE
BN
BEEEEEE 16
avkA—JL 16

R, BML VSRR IE RO ARG A7~ (38 2) , BMI 257 ONTF X (Excel [ aLERO72 Hp il | 28 ) 12O
T (X1),

K2 WNREER EAXER

BEEEREE (0=16) arka—)L (n=16)
THE T RE TiE T mE
F# () 353 117 35.1 118
BMI 239 37 254 118
BRI EL-HREE) 136 104 03 13

XaUbA—LEDSE 1 KIXBEIC 5 FRIOBEEZELHT-

E1 BMI

00

|
+

BRI O BMI B TR EENC AR Lo P — VOB T B2 35D i) 7= (Mann-Whitney U
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* MF(E A
0% 50% 100%
5L =BECHY =HY
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[BTELERA TN LRI UT-EI AL, TR EEE A BT 62.5% (10 44) . o h—/LREIE 43.8% (7 44) (K4 3),
K3 #EER
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0% 50% 100%
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< FEIRBERERRE >
I K RE o A | X TS B (UFVO) B L OV — T SR (FEVL.00) Z 2 E A 6 S & LT-, T Z 10D ELYEfE CFVC : 80%,
FEV1.0%: 700 %82 57 E D0 Rt L 7=(X 10, 11)
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< HRFHIRE >
OavEVY

TRBHEENCFERE -2 M — VAR FLIERIE FORTE 30 BREIOE % VY Mann-Whitney U test 12T
LT, B EREE R REE 2 M — VD CH B DR DIV -T2 (3R 4, 3 5), B EEIE AR
= BEOREFLIEFIEFOEEEE T (X 12, 13),

x4 BEVT MEF(RB)

=&/ 25% Rl 75% SON B
BEEERSEE 440 68.3 815 1053 1530 <0001
avka—)L 730 1310 1415 1488 1700

(Mann—Whitney U test)
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=/ 25% Rl 75% O olE
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(Mann-Whitney U test)
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OiEh

PRV ERIE RN - = b — VI ZRS FLHRESTOR % 2 [BEL7ZG 7 55% VY Mann-Whitney U test
(CCRHIEL72(3R 6, 3 1), I EREIEREER L b — UREORIE FLIFEFOGFHE =T (X 14, 15),

x6 BN FIEF(EEH)

=/ 25% Rl 75% =X olE
BEEERSEE 338 3638 474 518 592 0734
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(Mann—Whitney U test)
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(Mann—Whitney U test)
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OWAIS—IV WMI(Working Memory Index: 7—3->/4 A1 )—$51E)

EE ) TR OFHl AR A FHIEE DN TR RIEL QDo IR EENE R H I - 2 b — VR 2 B E B ISy
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ER TN ORY (X 16),

£ 8 WAIS—IV WMI(T—F2 T AE)—481E)
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(Mann-Whitney U test)
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ZIROARDL > F— | BT DNV
ALTWW=
(WEZEGFT O JE0 70 D 528

cTHNTIE, BHLIATRIEEEMTOATEY,

VESETE Y 7T a— AR HIAD TV,

H-15, H-16 : £~ THAN D B E/E X5 (H5)

15m
H15 > 0.3~0.8m/s
-
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24m
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&
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ET (é 4 02~04m/s
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(RL2) (HLfF#E )
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OB AIFEAE

WEBAEEIEERE 16 £ O NITERERERE L MUA) 2R 1ITRT,
BN IESBEHE Tl W AR C A (8 I IINE SR ED) 13 16 44 D955 12 478 1mg/m? 8 2 TV, A
Mo (BRI HEE) L 16 £ D95 14 41% 0.05mg/m® LL_ETdh-o7-, W At~ 77 (8 BRI E
SEHPREE) X 16 £ D55 15 4413 0.02mg/m® 2 2. TV,

&1 AANIERENERR

FrEINE T 8 Rl INE T 15 FrEINE T 8 Rl INE TS
XNRE WMAMMLARE WMAMMLARE MAMTUAVIRE | RAMIUAVRE
(mg/m®) (mg/m?) * (mg/m?) ™ (mg/m®) ™
H-1 1.11268 0.51925 0.17096 0.07978
H-2 5.34202 2.64875 0.83338 0.41322
H-3 0.74480 0.38792 0.09559 0.04979
H-4 4.65120 2.42250 0.89752 0.46746
H-5 8.35934 419708 1.24539 0.62529
H-6 2.01069 1.09750 0.27263 0.14881
H-7 0.57109 0.30458 0.04371 0.02331
H-8 4.46973 2.43042 0.34866 0.18958
H-9 4.61939 1.88625 0.62658 0.25585
H-10 5.97430 3.09917 0.84859 0.44021
H-11 0.31630 0.14958 0.02399 0.01135
H-12 9.74000 4.87000 1.70646 0.85323
H-13 4.69125 257042 0.64300 0.35231
H-14 2.09647 1.11375 0.30964 0.16450
H-15 2.41481 1.22250 0.30329 0.15354
H-16 9.39149 5.51750 1.21950 0.71646

"HAEXRGAZR HFRREGE 2ERCA)BESE 1me/m?
CERT—UBEFERICEBTABRBREA—LOKHREDOEEBEMn ELT) 0.05mg/m?
CREEEFEEMRRE (ACGH) [F<EHERFE (2013 £ TE
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O RIVEKRERE
BURANEENCFH OB RPGERBEL R 2 (TR T, WEAEE IS OB RYGERBITTREREREE
ERBHEDD 14 487072 -7=(1X1),

K2 BRENREEEFEDEEMERBESERERIY

ARE TR A—H— mE e TEPAERY BERIAERY
H-1 ks 1005-R-RA-08 10 24.9
H-2 b 1005-R-RA-08 10 249
H-3 ks 1005-R-RA-08 10 18
H-4 ks 1005-R-RA-08 10 18
H-5 ks 1005-R-RA-08 10 249
H-6 ks 1005-R-RA-08 10 24.9
H-7 ZER o 1005-R-RA-08 10 7
H-8 ks 1005-R-RA-08 10 7
H-9 ks 1005-R-RA-08 10 34.1
H-10 ks 1005-R-RA-08 10 34.1
H-11 ks 1005-R-RA-08 10 34.1
H-12 ks 1005-R-RA-08 10 34.1
H-13 ks 1005-R-RA-08 10 34.1
H-14 ks 1005-R-RA-08 10 34.1
H-15 ks 1005-R-RA-08 10 24.4
H-16 ks 1005-R-RA-08 10 24.4

1 <RIVEEMERHLE
ERPERE
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KRR I1YNTAR>

RBEERENEZ I, BR~RAI T 49T 4 7 F A% —MT-05U BAERWT, &N 1> M AR(]IS
T8150:2021) 2l T o7z, ZDOFEREFR 1 [T, 2 1 [BIH (RA~R2), 2 [BH Frdh~A27) D FAIL,
PASS OEIEZX1, K21277, 1 [a1HIZ FAIL Elpo TR B FH I IE LW AR - Fe 8 21T
W, 2[E B A2 T o728 24 1 [l H FAIL Th-o7-44 05653475 PASS L7~

R1 YRIT4MTAMER

1 2 3
vas | NN
H-1 PASS PASS
H-2 PASS PASS
H-3 PASS PASS
H-4 PASS PASS
H-5 FAIL PASS
H-6 FAIL PASS
H-7 FAIL FAIL FAIL
H-8 PASS PASS
H-9 PASS PASS
H-10 PASS PASS
H-11 PASS PASS
H-12 PASS PASS
H-13 PASS PASS
H-14 PASS PASS
H-15 PASS PASS
H-16 FAIL PASS
PASS &3t 12 15
B1 RRX974vbTAMEH B2 XUy TAR2[EH

PASS
75% PASS

94%
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EXF J(BBIERYLAY 4 —LBGER)

PR 20247 A 27 HOK)~2 B (%)

R RS HRE
<ErZHEE>
RIGHE OIS EEERE Loy hr— o S EMRIZRT (K1) ,

=1 WNEE
EZ[ON)
BEEERSEE 2
avka—jL 20

A, BMI, IRBEEH E AR D FAE A1 (3% 2) . BV A48 ONTIX] (Bxcel MEERY 2 HIUE | 2R I ORT (K
D,

*®2 MNFERER EXER

RS (72 I MI—)L(nF20)
FiE A RE Ti4E TR
T () 385 21 401 95
BMI 256 12 236 95
B R EL-HAREE 65 78 02 07

KOO —ILEDSE 1 BILBEIC 5 FRIDBEIEEENGH T

X1 BMI
. -
=

FEB IO BMZRB AR EEN TR o M — VO R O B2 TRB0O BN o7~ (Mann-Whitney U test).,
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O&EEIR

BRI
R EEENEFETED 50.0% (1 44) . o ha— LR 55.0% (11 44) H3BRAEIEEE-Coho7- (X 2).
2 mEREEE
* BF(FAH
REREREE - 1
0% 50% 100%
aiL =BEICHY - BHY
BB

TRAELERA TS ) HRIE LT EIAT T, R EENEFE T 50.0% (1 44) . = hr— VB 50.0% (10 44) (1X] 3)

E3 fEER

* BF XA

BEREEREE

avka—iL 10

—_

0% 50% 100%

BERFEGLY mLETEERATO . nRELRATLS

“BEERR (TA S EUHRMN17E IEDEIE)
VPR FRENE T L 50.0% (1 44) . = h— LR T 40.0% (8 44) ThooT= (X 4).,

B4 EFFROFEHL

* HFIEAE
e

arvka—JL
0% 50% 100%
BifE a EELMEVAEFE s HFEYIFSTIEARL =R

WRIEIRTL, PRI, BATE IR (B30 | T IR e R L= b — VIO CHEZE IR0 bV -
7z (Fisher #87E),
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OBTHER - BiHE
PRIRERFR (K. BE. RS, BElh., S/K- R OFVER) O BREK
HAENERETAC SR B OFN (L 4) | o b= VBT R0K - 5D FED (1 40) DIRIE )87 (415).,

®5 FEkaRR BREER
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sK-80FY
1

N
L
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RBEERESEE ravbO—L A

FHERDBERIER
SHEVEERERE, o h— LB B 377> 7= (1X16)
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OEFDEE
VAR EENEFETAIX 8, =2 hr— /W I 9 1™, W DT B IRER EEE A oo ha— VDR
BEITRDLI) 7= (Fisher F7E),

K8 |HFIDER BEMERNEESE
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EHENEL

281

Eonigy

RIRHEN
MEIZEPTEGN
FTHIEITEENAZLY
HEd, BOERICEDND
PLRH L

ANEALTE

REREF, Vv LIENERELS
LRTE YR DT L
BERENT D

B

o

1
BFEAERLY nBLHD nLLHD

>.|\3

H9 EFOER abOo—

121459 %
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<MRIRHEREIRE >

PR RERR AL JUTE EOUEVO) B L O PR EEVL.0E R ikt R E LTz, ZAVENDFEUEEURVC :80%, FEVL.0%:
T BZ DD EDD R HtiL7-(X] 10, 11)

10 FREIRBEREIRE BIEERMSSE

11 FrRsRERE avba—L

120 120
100 100
80 80
S X
S 60 < 60
& I
40 40
20 20
0 0
0.0 200 400 600 80.0 100.0 120.0 140.0 0.0 200 400 600 80.0 100.0 120.0 140.0
%FVC %FVC
AR AR KRTPEHY | PERERRE | X&E | d8E | NEE | dRE HAENE
R4.7.27 15:00 15:40 305 H-1 H-2 - - |[EBRREE-TRIT4URTRE
8:30 9:20 504 c-1 c-2 c-3 C-4  |AEHRA-AEZ-BEE-WAS-2yELT B H
9:30 10:20 505 c-5 c-6 c-7 C-8 |ATHH-FEE-BEE-WAS-2uELY BN
— 10:30 11:20 504 c-9 c-10 c-11 C-12 |ABEHE -FAEZ-EHE-WAS-2yE LY B A
h 15:20 15:40 204 c-1 c-2 c-3 C-4  |Bm-RR-BALBHEL
15:40 16:00 205 C-5 C-6 c-7 C-8 |Fm-iER—BALZITEL
16:00 16:20 205 C-9 c-10 C-11 C-12  |Hm-FR-#HALZITEL
830 9:20 405 H-1 H-2 = - |BEE-RA-WAS- RSB 2yEL T BRERT R —-B ATV TR
930 10:20 509 c-13 c-14 C-15 C-16 |AESHA-FRES-BHE-WAS-2vELY B A
10:30 11:20 507 c-17 c-18 c-19 C-20 |EHHA-FAES-BHE-WAS-2uELY B H
R4.7.29 12:00 12:05 54 H-1 H-2 = - |REEEATLIS-RYSL
15:20 15:40 205 c-13 c-14 c-15 C-16 |fRm-FR—-#ALZIEL
15:40 16:00 2053 c-17 c-18 G-19 C-20 |#REm-ER—HLZIFEL
16:00 16:20 2053 H-1 H-2 = = BATLTIF—RYsSLE, Fn - RR—BHALZ T EL

FRERT 1R\ —I3)
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< HEFINEE>
OorvELT

VAR EENE R 2 N — VAR & FLIERIE TR 30 OO A F 2 AV Mann-Whitney U test |2 CRHTL
oo TRBHESENEFHREL 2 N — VDR CA BN TROLIN -T2 (3, 4, TAREEENC FE it da—/ LRt
DREFLIFEFOEF =T (X 12, 13),

=3 AELY FIEF(£B)

U 25% rhR{E 75% U oliE
BEEEREE 1200 1305 1410 1515 1620 0493
avka—)L 500 1058 1265 1370 1670

&4 BEVT FREF(£H)

U 25% rhR{E 75% SO oliE
BEEEREE 1170 1263 1355 1448 1540 0618
avka—)L 570 1140 1350 1440 1560

(Mann-Whitney U test)

12 SyELY FEF wiE 13 SyEvY EHEF T
180 180
160 - - 160
140 8 140 9
120 & 120 a
100 $ 100
80 80
60 — 60 o
40 : 40
20 20
0 0
BRERRES avka—iL BIEEERSES avka—iL

BRARSVEIERS
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Ot

TR A = b — VRS FLIRRIE T 1% 2 [AAE Lo B3t Hd v Mann-Whitney U test (ZC
FHIliL72GE 5, 6), TeR AT A — VIO FLIFRE FO ARG R I (X 14, 15),

x5 BN FEF=EEH)

=/ 25% rhR{E 75% SN oliE
BEEEREE 478 487 495 504 512 0059
avka—iL 312 404 423 44 503
(Mann-Whitney U test)
=6 EH EFEF(EE)
=/ 25% rhR{E 75% SN oliE
BEEEREE 445 458 471 483 496 0189
avka—)L 268 317 395 4611 505
(Mann-Whitney U test)
14 #H FEF 15 #AHh FEFEF
60 70
60
0 = T
) 50
40 ° —<—] i
}L 40 X
30 o
30 i
20
20
10 10
0 0
RIEELRtEE avka—iL RIEELRtEE avka—iL

TAKEI PHYSICAL FITNESS TEST

RIP

FUILE
TH

IP STRENG]

| = Phiroand
B 3 A B T AR EE

pYNAmMOMETER ERTITHETIEN GRI

P-D

5
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OWAIS—IV WMI(Working Memory Index: 7—3->%" A& )—B1D)
CEOE | T ORI S AEHI A TS EL T VD Mannm-Whitney U test Tl ABHESERE RS 2 Mr—/L
DM CHBZEN RO 1= (3 7. X 16),

£ 7 WAS—IV WMI(T—F>4 AE—IEIE)

=/ 25% B 75% =X olE
AR EE 880 933 985 1038 1090 0605
avko—)L 790 873 970 1030 1120
(Mann-Whitney U test)
B16 WMI
(T—F25 +2F1)—IEEE)
120
T
100
-
80 RS
60
40
20
0
AL EE =) S [y

FAEICBERL ToFBEEL

1.3 &%FEIZDULT
2. B AEBHICEL T
3.AFTICHELEEEICBEEL T
I s e R
OB EIFRERES
20 EDBIE 2£81BE
@—MFEE (CREFREICHEINTULiIWLEA)
20U EDBE 20212E
2. HEAEHICELT
SiNagE7 B LIE~
FAED : REQ - €0 %= : AKEQ
3. @AEICHELRIEEICEHAL T
RAEXITSHE ITE

1IRBRBHHDEHOMWE L ZOEL LS F528E
Kb A LA L EIROBRIS Y £,

EEEEAINSEAL
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69 BB RHE oz

B G mrte comismmsemr

®1ABET—H

g

BT T

(T a TR G

1

:

|

LU, BROBEBIRRS R UREE SRR
| LB SN BIEDE |
| (R TRREEERRUEEER !
| ERTIRE XU TISTNIEREREETEMG BE.
| NS S BTEES) —HEE -l :
| RERMG IBERERRUANIN DS —I SRR |
g, .
| R 28 (B METHILAR AR, |
| (B, RSB ORISR :
| SR 120508, !
| A FLE i
RO —— Tl :
| CI7VEE :
| (K7, BOBIE. SADKR) !
: 2B, :
1 EZ—Ivh—7r:F. :
LSRRI : AR — ST A AR T |
| 780, —HBDRER T EDOREHLTADEEN TS |
! hf:o 1
| RIS ORI > D5E) :
| AL .
| (AIE A RS SR |
1 L :
| HVRLEUE 2085°C SREE 68% RE(10 ) !
! I
|

AR b I—5—

al i .
BIB -t cemmmme st

No FEXFIREE (com) BERE (mg/m’)
1 416 0832
2 354 0708
3 1010 202
4 711 142
5 203 0406
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&2 WAMEICAREAIE (EERETAIERER

B S(E M1 =093 mg/m? M2 = — mg/m® M =093 mg/m®
BRERE o1=187 02=— 0 =249
A EA1=416mg/ m®
25 B EA2=141 mg/ m®
EHERE 221mg/m®
A BIZE X432
i | spifsas % 2 BERS
2)EANYT5—EFAV-RIE
H-1, H-2: A 72 (1)
WERTRREHRERRUFEER) -3 BE(REGHR) B B) EEFH(TILTVHR)

AEETIE: X0 T7ITT IR B ARY 8
BEIARE (R R -7 ILOUAHR)) >R SaRFs R
I (AL A—EF)

-FER BIET— B EE

VEEER 24
AR FARERER L METRIFLA YRS 9106J DS2
(M #t&Y)

(B, BERERE DB
-EHRSR: 1. 250508

- FREWE: (FLE (PRI —ARiRfED
"I7 A RN —5— 158

O ) e

-TIG A (1 £5) fF1E

(r7. BDORF. KRR
-E=—Li—T B E— BRI

-Z2: B

-SRI : —BRD AR YN — o B EE B 2]
(T THHEISE U=, BRI RAIE TITEDWERL
SURDFENRONT -

WERSSFORE AN -NDEE)

HE AL

(HEE1E)

HH AL

HEAT > o535
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OB AIIEAIE

TR EREEFE 220 O NI E<BEIREIERE R (B UA) 23 31T T
TENIESEERIE Tl WA~ 7 (RERETINE PR ED) 13, 2 4448 0.06mg/m?® LA FChhoT, W AME~=L A7 (8 I
[EIINEE PR 13 2 44 % 0.02mg/m’ LT Crote,

& 3 EANIEREAERR

SR IER DS 8 BRI INE TS B NE T 8 FEINNET
NRE IAHEMCAEE IAHEMCAEE AR HVEE AR HVEE
(mg/m°) (mg/m°)* (mg/m*)™ (mg/m?)*™
H-1 - - <0005 <0005
H-2 - - 000700 <0.005

*HAREEFEPS HRREEGE 21 EMCA) LS 1meg/m®
R T — AR TR AR 1 — LS TEEDOEAEE (Mn ELT) 005me/m®
Rk EREEFEEFIREE (ACGH) (F<EEMRFE (2013 F/E) 002mg/m®
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O RIERIERK
BRI EE OELRIGERE AR 4 \ORT, IR EEERE 2 A LbOERIHEREN R e gt tis
[BEH5737 7= (X1),

R4 BIRENEEEEREDOEENEFRRESERIERIY

RE YR A—F1— LS fRERTER ERBER
9105J-DS2
H-1 M L5 10 013
9105J-DS2
- - 1 1
H-2 M L5 0 013

B <RAVEEMERKRE

tREPE
RELE
0%

REME
RELT
100%

AR AR
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LKRRTILINT AR

R EEREEE I, RS AT T 4T A 7T 2F—MT-05U FilZe VT, BT 4o b7 ANJIS T8150:2021) A2
B 7ol ZOfERAFR 11T, F7- 1[EH, 2 8 H O FAIL, PASS OFEIEZX1, K212+, 1 [ HIZ FAIL &72-72
TR EENE R | IE L S VORI -84 T\ 28] H 24 To7208 FAIL CToholz, FAIL L2142, 5%~ A2
DIFSEAT, S AT T AT ANATI T IE T,

R1 IRTI9bTAMER

XRE 1[EH 2[E18

H-1 PASS

H-2 FAIL FAIL
PASS &5t 1 0

1 RRO749+TAMEIH(=2)

PASS
50%

=FAIL = PASS
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FREFERAREREMBIE
SHEMRBES

b —ARBICESMBIANIA BIOT TN BDEAL

WHIEs s A R IRBRFRFEGER G EaREIER AaERTT e ST 4

HEHd%

MAEHER

b a— ARBICEDMIEY A N IA BT EDA BEOELZ LLTIZERET,

I. Fif

BT — VROV E T OB — A
(—MXAIC R F 28 lum BL T ORI ) 13, K
2 Te> TR B T2 & il KLk oD i K b <0 5 e 2
Al RIEIREZREFHETHCAMDIAT L7125,
REIZR MR, Il DA PHEICRE TS
ZEHHY, ba— LADREFELD THIER IS
1T9%, =, BUTE, CAMIOIBFRIEIIAFIELZR W,
WoT ba— L~ DOIREFERNZEEL, FEER
REWETDLIRE, THICEOLZENEE THD,
Wit — NI 3F 4 A 1 HEVRELTY
B(E2EWE) IBINSNDRE | B DS ED
HEA TN,

ta— AFEERTAE L2 I 2l Icm H S
HZELILESTALD, BBELEOFED 1lum LL T O
BROR F7203 88 R oMok - Th D, T2 — A
DERZITEETHY, LBt~ T %
2L G T (W28 15(7):7, 2006) , IR FEE =
—AE, FOREICIVRIEL G| SR T ZEnH
HENTWA (Toxicol Appl Pharmacol 223(3):234,
2007; Exp Lung Res. 23(3):205, 1997), ficit. %
ALEBRL -3 il ~on 77 —VIc& RS,
IL-1a Ot ZR A — &L CTHRIE MM LA i 2
R 52D RS 72 (Immunity 45(6):1299,
2016) , it > T, ba—LDBRFEICLIVETDLRIE
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BRI OBEEIZB > T E LR,

AW FERE T, WHAF R Do — LIRERIC
L DMERE B A SR 272012, fiE F O AR A
ALl IA % WET D, LEGENDplex 1245
P ARIAL  TEHAL D —FERIELTESLL,
P ArH A2 10 FE(IL-1 B8 . IFN-a 2, I[FN-y |
TNF-a ., IL-6, IL-10, IL-12p70, IL-17A, IL-18,
IL-23,IL-3) , 7€ B A 12 Ff (IL-8, CCL2,
CCL3, CCL4, CCL11, CCL17, CCL20, CXCLI1,
CXCL5, CXCL9, CXCL10, CXCL11) ®Ff 22 F#
DIy FDOERET-, THMNEB (FHKA. A
BRAEENEER) 2 ER R LU, £o, FEPTH
ETIZOWVWTE NAR)2a— LT —H T F—(C
FOREE TH N O PM2.5 ZERBLL , ICP-MS 12V
BB EATOZLICE> T, THND PM2.5 A&
SRR ZFRAT LT, THFEBHEDHDVITRE DZE
IR EEHHIE L 0 IR L2 R L7z,

I. A&

1. BEIBAPM25 DHUT)VT
FRTANE—THEEZ LT AR 2 — LT —

P 77— (HV-500R, 42 H B} 5%) 2 A B2 814500

fHICF%E L, 500L/min OW A\ & TIEH: THHNO

PM2.5 74— FIZERILTZ, 7235, 2 Rk

ANTHEERNECTZ2D, 1 K 0 BRE Lz,



1. BEIIBICETS PM25 BRI FRF
BTV H = PM2.5 i L7Z, 74 ZHWTTZ4AZ—Z2EVERVZ, 20,000 g T5 4
N —Z I THNSEBTL, AR KEZIRINLZ,  BELODBEZITV, BNtk awms THN
10W T 1 ;B ERABEZ T 1% By RERHPO PM2.5 LLT,

2. BRIANA—EICHESN-BEIIZERAN PM25

2. RKEPHAFREEDRE 3. PM25 [CEFEFNFEECBDEE
KEHFWRL TIREEZ =TIV T H— HEEBOEEIL, ICP-MS ZH W TIT-7-, Hl

(KC-51, UA L) #HWTHlIE L, 0.3um~  EIIWTHHRASHICEFE LIz, 3K 0.0085mg
0.5um. 0.5um~b5um DRI 1DV T, 2] W27 kK FEEe 3SmL KOS SmL 2L, <
PP LR 1 O 55 B (R AV HB T PM2.5 %5 B A7 RN LD IMBINE 73 fR 24T > 72, RIS, 18
1.60 g/cm?, Environ Sci Technol 42:5087, 2008) {bAKFE /K ImL 2@, Ay b7 —k ETHELL
KA EERE (ng/m*) 2R H LT, T KRBBERE L% WIEEEY E iK%

INZ MK T 10mL I ER L, a5 RETT

W ICP-MS TRIELZ, ERIE, WIEHEE TT

77,
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% 1. ICP-MS I &4

ICP-MS (Agilent 7900, Agilent Technologies -

EE BT 1,550W

Carrier Gas Jii e : 1.05 L/min
Make Up Gas jiifi : 0.10 L/min
Spray Chanber /% : 2 °C

MBS/ T A - He 4.5 mL/min (T, V, Cr, Mn, Co, Ni, Cu, As,7n)
H; 6.0 mL/min (K, Ca, Fe, Se, Cd)

H, 8.0 mL/min (S)

TR S0 (/)

Mg (24), Al (27), S (33), K (39),

[P AE]
Ge (/' ~v=m2L) (72)

Ca (40), Ti (47), V (51), Cr (52),
Mn (55), Fe (36), Co (59), Ni (60),
Cu (63), Zn (66), As (75), Se (78)

Cd : 111

Pb : 208

In (> 27 4) (115

Tb (772 (159)

K2 RUMRARELVEORL -EETRIE

Mg 0.9 3 Fe 40 200
Al 20 40 Co 0.004 0.02
5 20 70 Ni 0.3 0.7
K 6 20 Cu 0.04 0.2
Ca 20 40 n 1 4
Ti 4 20 As 0.03 0.09
A% 0.02 0.04 Se 0.004 0.02
Cr 0.04 0.2 cd 0.005 0.02
Mn 0.7 3 Pb 0.06 0.2

4. EbMLERG

eI EVINCDNE S Ss 0 Rk o = EN()
PR ERCEAT LI (RFRTH 249 H 3 H,
PR S E-2181 5, KRR H 12022 4 2 A 21
H, A% 5 :B-1440-2) , bh LG (F#E TH %
BEBXOEHENE S ) 13 EER R P E
2 R LR A S T JIE £ T-80°C TR
fFLTZ, PIER T Ok mE L, EEERK
S AR R A L RGE LT

5. 70—HAbA—S—ZRAVMAER Y AbhA
D TENA DRBRRMNT

fEMT 121X LEGENDplex Human Inflammation
Panel 1 (13-plex) with Filter Plate (Bio Legend,
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740808 ) ¥ X 8 LEGENDple HU Proinflam.
Chemokine Panel 1 (12-plex) with Filter Plate
(Bio Legend, 741080) Z{#H H L7=, Il EITIRAT~
=a T VIR > TUT o Te, T4V E—T L —FDIR
WOWB| FREICIT~VFAZY—2 HTS NFa—
L~ =R —/LK (MSVMHTS00, IUKRT) 2 f L
Too Ny~ ea— g —lar Ry 7n—%
A" A—H—CytoFLEX S(488nm, 561nm L —#—
B#) Il —Xoa ot A HllE Lz, B E%F v
(Z XD IIEME Sy F E BITIE, 2 Tl HE S o [R] B
ENNETHD, PE & PerCP, PE & PE-Cy7 BX&
'PE & PC5.5 OF ¥ R/ ONTH DRI
HaPELIZLZA, RS VIADMIELZ LTz b
T PE & PE-Cy7 OF ¥ XN ZM I § 24, #lo



RS VIA 7 AR FRIZ 36 & 2 TR BE 23 i3 Wl E fiE
EHBDHIENTEHZEN Do 72 (Data not
shown) , #ZC, PE & PE-Cy7 F ¥ R/WZLDHA
NIAvZEETHIEELTZ, VTR —ZAD R
#r >~ 7 b ( https://www.biolegend.com/en—

us/legendplex) Z V>, IML{F FIZEH ENLHHALA
ArEHEM LT, H RHRALL T Cholo B a
Xybh~v=a 7 VICRE STV DR H RS o
1/2 Z#fH AW,

6. ¥t AEAT

e &t i AT
(GraphPad Software) Zfifi F L7, “F¥JfE | f2 %
FREZE L £/ Mann-Whitney U test {240
RESEM O A g LTz,

/¥ GraphPad Prism version 9

. #&R

. BEFEEMANORBERNKPHMAFHE
/\—747»77&/&—%%b\f$%%§iootm@
2 T35 N OWORL - D 272 M i BE 2 8 LTz, 0.
I E R G ILELAE 0.3~5pum DKL 1 Th b, H #
AR TN (2022 4 4 A 21 B 10 FF) Ok 1
BEEEIL 112pg/m® Thotz, — )7 H AL FHB TN
(2022 45 4 A 21 H 16 ) OfCkr -8 X

IRTZEFTRENDZETHLN, HHEHTANIC

VT PM2.5 BREE L UE (35pg/m? uT)ot%mb\
72 W8 FE 3 R &7z, E72, TAICB W CRER O
BEZLIZEZA, WHETHN (2022426 A 10 H
10 W¢) T 8lug/m’, FHFTW (2022 £ 6 A 9 A
12 B§) T 83pg/m® DZERIRE TH o7, LLEDfE
RIV, EEZTOFRER BV TUL, THAR

TTREBEFETHEWERIRESRLIEN
B GMNEI2 ST,

WEETH H 4 1 2BV TSN T PM2.5
ZINEL, PM2.5 I2HEND 18 HEOEEE
ICP-MS IZ&VE&ELIZ(F 3), Ea—LD 5T
HOFRR~T T INELEEND— T AN T L
pEba— LEITEERELR2VEELZ RS
Nize o H AT 7 20 2040, dsh 2R3 %<
EENDHRE FEFBOBENRH SN, -,
INLOE&RET XTRELEDETH, PM2.5 ©
BEOYSITH LR, BREH O PM2.5 %0
ORL F- DR AVA AN Z T, LHRNIZIETT 41—
JVIS TR E R A YR T MR N SRR IE
ENTNDED, ZRHNLOHEHEK b F 5L
TWLHEBEZRBND, B~ T plea—AIT
R e BEta— bl REZZTELTH, A
B T8N PM2.5 O/ Ca— AR 5% 51X

62ug/m’ Tholz, WHETIHN TEWEMIREZ  30~40%fE TIIRW L THISND,
%3 BEIBANPM25 ICEFNISRERE
H %t [#
Mg 25000 1600
Al 22000 17000
S 1200 740
K 7800 5200
Ca 46000 21000
Ti 20000 7200
\Y 87 22
Cr 400 240
Mn 68000 34000
Fe 220000 230000
Co 15 15
Ni 1200 220
Cu 3800 650
Zn 27000 5000
As 64 19
Se 9.3 0.35
Cd 24 0.41
Pb 200 120 (ng metal/mg PM2.5)
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https://www.biolegend.com/en-us/legendplex
https://www.biolegend.com/en-us/legendplex

2. BERAERXNEEE. EHROLAFHR YA DA
U TEMUBREDRIE

PEEE B R 7 E i AR el PR K e e e 2
F 10 1 (A-) ) O1EE B O MG (FB AR 129
K, ISBEEENE TS 105 MR Otz 17,
INHOMEFIZEHEENDI A IA 10 FE (IL-
18 .IFN-a2, IFN-y . TNF-« . IL-6. IL-10,
IL-12p70, IL-17A, IL-18, IL-23, IL-3) . 7 &4
(> 12 #(IL-8, CCL2, CCL3, CCL4, CCL11,
CCL17 ., CCL20, CXCL1, CXCL5, CXCL9 .
CXCL10, CXCL11) ®Ff 22 fiA & & UHE [ Hig
BATol-, ML) AEEEE 1 REIZ OV TiLE F
IL-17A 28I 1,000 £ &I 512 @ O HE fiE
NELNTZT-0 S EE LTI E BRI TR RE

fRHT 24T o7z, ZDOMRIE IR ONTIE, T
TOBARLVAFSAVT BN E B IO Tt FH R AT 2
117,

FTHAAL 10 FEEARIE L, IL-18 %
ELIEZA R EFT R B LI LT, ik
FERFEZ BTG TIRENSAEIZIETL
TW= (X 3A), £7-. TNF . IL-10, IL-12p70,
[L-17A BEOIL-33 122\ T, IL-1 8 LFEBED
Em AR5 (K 3B-E, G), Blbh, iwiEdE
AT #85 B O 8 TR BRI B e 3 S
LTHEIZEW, IL-23 2B\ ThH, IS EEE
FHEOIMAF IR E DB T MmN H o708, 2 B
W CH B ZIIHFONR) -7 (K 3F),

=0. p =0.0015
A oo p=ooiss B s, p=0o0t0 C 5 P=00003 D, b <0.0001 E ..
—_ ) —
= 15+ = 30 - 15 2 6 5
£ E E E E 24
=) =) =) a o
2 104 2 20 £ 10 > 4 s
2
E’ E =4 (% ™~ 1
- = A o - 1
= 5 = 104 = 54 4 2 =
0- 0- 0 0 0
L £y oY L A L 0y A 0
& o & & g
; G q:‘\a (P@o 6&q\o dﬁ\o ‘Z::\o e.:\_o* .f\a ‘P*\a e:‘\o
& & @ & & x &
& & < & S & & & &
F 25 G 200, P=001%8 H 400- | 150 J 200~ K 800
p =0.0673 p=0.0164 p=0.0033 p =0.0087
20 p=0.0016 —_
I I 1507 = 300- g 2 150+ £ 8004
E E E £ 100 E E
5 151 ) 5 ) ) ]
=] a o
= 2 100 2 200 = = 100-| o 400+
i - =
& 10 @ g D 504 3] é
B 5 = 50 S 1004 5] 3 s0- O 200+
0- 0- o4 0- 0- 0-
& Gy ¢ Gy 5 £ o < & & o et
& N @ & R R R &
Q\o’* o 4;0* {\o& & ‘t\o\" Q\e* 4\& 4@* & @d' &
& & & & & pm 6\& & & & (\\rﬁ r )
& & & & & ¢ & ¢ &«

3. BEMEH R (Office Worker) B&U B EIEEMEEE (Fume Worker) [ZHI1TD
mEbPSA DAY TEDAVEDLE

HEMFHEEB L OBEEELEEND
Bzt FLVHEIC W T LEGENDplex v == 7
MZHE> TE—=XB X OB PR THLLE L,
7 —H%A b A—H—CytoFLEX S |2 XV &
MM A ME Lz, MEMR LD, MiEHF A &
A EBIRNTFrEOA VREZREB L, AN
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—ITEHEREZETH Y . BT D% IZ Mann-
Whitney U test Z{7T-o7-, FEFTFHE
N=129, HAFHEAEEH N=105 Th 528, IL-
LTAIEIZ 3BT O HRAMVE % B CH T
FHE N=128 THEEL T\ 5,



WIZ, 7 ERA 12 FEZRPE LT, CCL2 2| E
LIclZAh WHEFEMEHRICRBWT, BHE
FEFE IO ME T RENAZIETLTWE
(X 3H), CCL3 i S CCL2 LIAAR DM
MZd o7z (¥ 31), — 7 WHEE (I FFH O M
1 H CXCL1 BX N CXCLS # 1T, FHEMFE
B L LR EICEINL Tz (X 3], K) , fiE-

T RIEVEF AR AL FITHONTIL, I T
FHBLIEL T WS EERLFE TSV T
TE IR E A BT 3280 ) RO M 23
RBOLITEI, RIEME T EHA L ~DEEIIZD
I Lo CTHRARDZENH B LIRS T,

V. &R
WEERCH @Rt — L~ DRET&EE
2= LBE G| ZEZTZENIERALNTND, &
Bea—A BT, g, v A . = h
RIT L TAI=TLREDER AL DO NIZ
S THELD A _J:<U7‘:b\29@éﬁﬁk¥‘f$ﬁﬁf‘
Y, b Hfhta— A BRIEHE2—AIZLDBO
MNENESLD, ba—MTBREE LI B E 1TLIT
U PR 0 &5 5RO R P 4 B R E R 2 oR T
(American Welding Society. Metal fume fever.
Safety and Health Fact Sheet No. 25), &Et=
—LEL, BEBER AL WRIER THDHE
FADN TV, Ak 2 REFIFRICIV & RE =
— LR ~DOREAMER G2 E KRR BT
AW 7R ER Z S E LB BT D
2% 5 (] Thorac Imaging. 25:W27-29, 2010;
Emerg Med (Fremantle) 13:373-375, 2001), il %
TVEZRIRLD, BiEta— 2O W AL DR
FEWR, O I L, 38 XY 7 v — A #) R A AL iE
22E D L E A RSO FEE RO EGINE 0 B E )
REN T (Environ Health Perspect 115:1046-
1051, 2007; Br J Ind Med. 47:83-90, 1990),
Cavallari BT, RAT—RIEFHEFFIZHE TS
SB N — 2 PM2.5 ([ZBREET 5 &, D
BN EAL T 52 &% R L7z (Environ Health 7:36,
2008) , 72, &Bba— LA ~ORYIREZEICL0 0
BLESCRIRNELLIZERESINTHEY (J
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Occup Environ Med 58:227-231, 2016) . & @t~
—ASOURFE L, P g R 72 CTRIAEERZ R~

WETLHEEZOND, Bt — AL E R E
DHEEEBENAK[ELTEENTEY, & =
— 2 ADERN A7 ZEIELAEIE T 5720121%, 2
ookl _iwé{dimfébé@%%%k%z
HZEIFmBD CEHETHD,

SEIOFIERY | THEAFEIEFH L LT,
HEFEHBBICBONTUMET IL-18 BHERIC
EAL TV, IL-1 B TR A E L TR S, A
V7T —IMIZERBWT Caspase—1 (ZX->THIWr
THZLIZIVR AT DRIEEY AN A L THD,
Mo T, FEPTFHBITEEIEENLFE LK
LTCEHMHORIENTLEL TNDEEZLND,
DZEIX, INFa Z2E MO ANTAL O il H
REIZOWTS, B ENEFEH LHLRL TEE
FTEBETRWIENDLXFISND, FETF
W55 N O 22 [ 0RL 18 B 1T BR BE SR HE L LRl L C
FEFITEWMAETH ST, - T, FEFNHFHED
IL-18 MEfElE, ZOZEMBRELZ LML TNDHEE
Z2OND, —J7 W TN EFHPTN O 22 K
R 1R EIXIZIE R —ThDd, 1EoT, FHEFHFE
BLnBEE(EREFOME R ANIABED
HEEUMEZE R 7R E D DILF I TE R, ¥
BEEMNE T ITMEERIITBE R RED R
Eek#EE2H I 0D — T, i EIdan
FTHOYT, v AZITEFEH L TWDD, & E 2R R E
HAEH T T, 5T, 22 RIfohL 1 8
MERETHLLL b, R B o F HEHGE &,
OWTIF RSO JIERBBIZEARL THD D0
LIV, it a— AR OV A7 27 L TV
DRI T, I EIEENE T (welders) &5

% B (office workers) Z lL# L7253 LI % »
( Chem Res Toxicol. 25:676-686, 2012;

Ecotoxicol Environ Safe. 215:112144, 2021), L
AL, DDA, {Nﬁfﬁ%ﬁ%k%%%
SR ANEAETDHITNICBITH%EM PM2.5
EDOREN 2SN TELT, fr% CHB R ORI
MDD, ba— LBREFMICI VT, F3E
TN R 2 O J& PH D PM 2.5 5 B2 S0 1l 43 L Al % 1 i



ICHEARE L, PhaEgs ANk L7z | Ol &% A
o VAV EREITOLEN DD, £/2, ba—
NE 34 ’BE%?F%%%%%%W@#%H%KM\
T.HEMTBESEENEG A OBERE
JTRL FEHMPOHBEN L —RERDE D
TAAF~—h—%JEL, BRI AT NGl S
HRXENH LR,

Fine DI, fHE R AN ICK L CRBL HighE = — A
(2.5 mg/m* B 5mg/m®) & 2 FE[E W ABRFEL
OB EE T TS (JOEM 39:722-726,
1997) . WM O FEDOIRFEIZ K> THIRIEA L
AL, MmAEF IL-6 BEN EF L, 2O—J T,
it fdnbo— 2R FR X, MAEH TNFa #EIC
&i%’g&biﬁ?ﬁ)oﬁo *7-.5 mg/m® DIEFE LY 1%,

BEK. BRR RSO IER N LT, £2.
Luo %imﬁﬁbii E T BT AR Y MNAEE
XTI BEIEFTONEBEFEHEAEDOR Y

BIEEN—T— o FHBEL, HEA IL-6
GSH &AL, 2% GSH MBI 2285205
MZL72 (JOEM 51:95-103, 2009) , ZAHDHF5E
T, it — L0 IZEY iR B LR
o IL-6 JREN EFLTEY, Mg TNF o #
VIR B A S T I ole, — 7 L RAFFE CIL Mk
1 IL-6 IREICH BRZITRL FETFER
IZBWTHIEF TNF « R ENE -T2, FTl2HE

L=, BEH T i%%}iﬁ%a‘%a%xﬂ@ﬁ}:
HAWTHLTWANR, B ORER T

E Y A QAVA IS f%%%ﬁ@%ﬁﬁ@?ﬁﬁ%%e
DTWEEMIZEHLTHDENIZE>THIGE N
BbobEBEZHLND, £o, HE&BOFEHIZE-T
HRIETHERRIT R R D, HEBIREICL-oTAL
DIEVERE FFE (ROS) I, AR A TEIAY
HHOVAZ—L X2l —F—Ths NF-kB %%
PAL B2 LR MBN TS (Cell Res. 21:103-15,
2011), E&RBOTTHLER 2 DLl EORKIR
RBZEDEBITT 2 PRGN — N =T A A7
JEEN LTSRN EWI P LR THDHER aF
UNTUANELELDIENMOITEY, FFIZEk

RENCBNTT = P RISBEZDRT W, Fiz,

EE'

g kR 2 2l R OIEME L 7o TEY,
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BRI T HIERAHETHY . NF-kB DiF
R BT L2 HmE IR TV
(Inflammopharmacology. 25(1):11-24, 2017), =
NODZELEW HDE, W2 —LH O 4 @KLK
DRELT D ANDA L BB ETLHES
ABND, Eiz, IEHEIEEFTNTREH LY PM2.5
LT DL, Wt — AN HHE T RS
Eﬁiﬂlaiﬂéfhiwgﬁﬁﬁéﬂéo nooik

FWEOHIZ yf)%%*ﬁ%ﬁkﬁ??%lﬂ*‘l\
ﬂ?//fotckﬂﬁb\/‘fh RExh T oL MELE

FNAHTENSG (] Toxicol Sci. 47:201-210, 2022) |
FEERECHELLEE 2 —LMRELE D50
e 2— D LLS O §E Rl 5y EERETD
VBELHDHEE Z DD, Flo, ABFFETIE, RIE
PET BT A PR FE DAL EERNC Lo TG MR
ENT | RN EERE CHALTLrEDA
W7 ENAL DRITINRBO LIV, AR
AL WL T | A DR B B AR DR 5T
IXHEA TV, IR R X9, e — A
IXESBEUMCORE Y RME PG E T
BT ZNHDTENALFHEA~DOREDVIZOWN
THl LU ERDHD,

WESEMEE BT, INEH AT H— 2
ELFREELTET LN TNDD, ZOH THIEHE
Ea—AIKGE B A~ORWRIE S Z 5 EE S
9 (J Allergy Clin Immunol 148:1072-1080, 2021),
Kuo BITIE A EIEFE DR DO AZ RN — Lt
ATV WHEEEMREER BTV ZT)
REAY RV ANV AT A BRI, T
NALTR VT F = BROT BN R EN A
T IVTFRENED T LI RS,
= A A 2 A T QYN i N 3P
72 (Chem Res Toxicol. 25:676-686, 2012), F£7-.

El/ 21
‘?1/ gE

Lai DIZE L2 —LDOREEIZED | R o=LF
V= VISR T HZ BN L B OB

RAEEZTRBEL TS, Wb — AR IX, W
W g RI2T Clalkk 2 7o/, s B ISR BT 52
ERHALDNI IR > TETND,

SD ZyMIBWT, it a— L&+ 5LUR
TUT < F YA N R ARG R O fifi i A (R )



DA BITHEKRTHIEATRL, ba— ARG S
Pk zg| &l 32L& R L7 (Toxicol Appl
Pharmacol 200:206-218, 2004) , ZO{EH Xt 2 —
AR BAENRBHY B IZAT L A2 — AT D
G BN E R & 5 R R B AR iR S
% (Toxicol Appl Pharmacol 223:234-45, 2007),
WHEM ORBBESL, HWIXEZTELDIE2— 2D
KA B E  RUFEFT Cho THIEETL
WAV R0 B2 OND, Wit —ADY A
ZEHlNZ BV TR, ZO/E B BEOB i g B

DOHMREEIAEENBELIMK T OB ERDHY, T
BAREED RO OND,

IV. #&0%

ABFIETIE, WHFEFT OB KA ks
FHLR B IOV B W HEAE R FE O MG T
YANTIAL TEIA B"EE R LT, FHETF
BRLEEEEEEET LR T, BETFE
BETEHFORIERENE > TNDIENHL
mElgole, IEMERFEBR RO LIRE & OH
EN, ba—LE RO ELTMR - DU A7 & BRIC
BNRLTHA),

NRY 21— AIT7—Y2T5—THERNRE
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FRRIRR IR B R B S
SETRBEE

b 2 — LBRERIC X ARREIRE B L CHURE~ D&

WHE I T ERY KBRS e e RS R A SRR EEE  RHTBh2E

WRkER
b o— ABREEEIC K DRRREE RS L ONLREE~ DB A LU IZEET,

(#

USBAFEERR A U T 28RN 28 K CHRRE L 7= B D RL - (RIS 0.1~1 umREE) OFR Ch DR 2 — AT, fR %
TRBERED TREMEDS RIS TUND, D H CREIREEICEAL CIIHEVBHEHSIN TORNS DD SR HEED S
SENERDlfdR T D B G~ DI B G DB D HEB 2 D, FATHIFRICE T, v R IRE D 15
T2 PM2.5 D3 IR SN D MU CATE LTc e NS AT L T2 L 2 A, B NI T BEREBEHIA - 2M 9722
LISHESHLTIY (Byung Eui Kim et al., 2021) | ¥t 2 — LG FRRIZNLA~RIES N D 2L &> T U T HEREZ 1
Uk 7250 52 D REMDN D D EABE LT, 22T R EEIEFE B L O LG5 B OAREEIC OV T, B
Ji& - RSO R e L DOFIA FEHEL | IR EEENEEE S T EONUREBIZ BT MR a 57, Fio.
YT REREE R C& 57 7T /9 A Milllaa: 2 b S B 7o Pl =R OeR T T LV LU REET W) W T, &
(BT OB EOZAIT OV TIREH D2 e LT,

(5]

L. K& TR OHIE

LTSN | T35 KO L3R TN O R IR A, /X —T 7V 3w 5 — (KC-51, VA7)
ROV JIELTZ, /ST A I N B —NDOEY A ZRLF420.3 pm~0.5 um, 0.5 pm~5 um) DL
PRI DEEFE (KA EBHTHE PM2.5 8 1.60 g/cm®, Environ Sci Technol 42:5087, 2008) 22452, K5 B BT
(ug/m®) % FReDAE HWTHEHLE,

PM R (u g/m?) =

(0.3-0.5 pm ORI FH0x1.6x4/3 7 (0.39/2)° +(0.5-5.0 p m DRI FH0x1.6x 4/3 7 (1.58/2)°

2. EMIHIE SR

2-1. fAE
fzE (CM-700d : 2= A3 V28 % I 305, SEEONOILE, JRuk, sz sHllL7z,
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2-2. HME (LR -3

F o —RA—4— (MPA580D : Courage+Khazaka) 2 FH\ N C, SO MR 72, 2> T r—7 OB
INOEEA RS |/ FEFEIC LT SRRL BRSO BOHEE N ORI AL 72, BERZ O, RE4E 6 mm
%, FEOFHHZIE, O£& 2 mm O7v—7 % iz,

3. REEET WA EA~ORTT
371 AT TAYP =IO KAHIREE

FI4¥— F34%-

EC et

N=T 42

SHHIREE S 2 7 Lol (22 A4 A=, £ @ EEEORKT)

KEET VOBEBAN DD GRS NDINA L — Ny T HBEEIC NI Ay = VEFRIE L, T 7UNT F o3
—WNTEERRAIR T T4 —I2I0FE LT PM2.5 it INFRREE L 7212, 23 IR 37°Ch% COp A2 Fa—4
—NTHESET,

FIRFE TSN IRIE L 7= PM2.5 IRIEE 1T TA T 7 L CT o 7 N—PNICE LTI, Fv 7 X—ND PM2.5 %2
[, HORAIE L T b~ R D A (= —RTA) B AUTZHEBR 7 A — 207N =T I Vo o B
—DBFHILT, T S—NKRE P ERREL, FEETO " L Rk FREORIE” Fiie Fkko )7
TR,

3.2 MAERORIE
FfaAEfE#R% Cell Counting Kit-8 (CCK-8,DOJIN)Z W Ty M ED 7 aha— W ZhiE-> CTEREL -,
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D3V Minkyung Kim et al., 2019) , PM2.5 <°ia2
ta— LM S e 52 D ATREMH 3431
FESND, NT FEO n BAEOL ., Brokize
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& 2
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3. ZET AT WEEA~ORR

31 T TAP—IC L DRI

300 u g/ml DL 2 — LiRikA PO Z CIRBE LB DF o /N —PNZEE R L 24T H o TN THIEL-
BRO/S—=T U TN —EETNMETH 72, 300 1 g/ml DFHEE = — LIREHE A SAABREE S AT L TR
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3.2 Al EAFSROE

SHEIREERVEI T T, 300 ug/ml Ziaie il LT 1 BERRFEL . £ 0% wash out 7RL T, 23 BHEIARARA L Fa—
L LTS HREEM I5RD DIV o7=, LI, 300 ug/mL Dt=a—2b% 1 BHEARERNSS R T IA4 T
AT LA AT, RAHIREE L EE T VA VLT, a2,

3.-3 DNA 7L AL D58 a T B3 2 EEr 7 2N BT

MR 2B AR 2 L T RER, =7 — 7 o fiil e o e
MMP9 matrix metallopeptidase 9 <0.001
- IS \ ANXA1 annexin Al <0.001
‘(&é MMP 77 ) (MMP 1 9 10 {Z{%) @Jz})j(%b & ILIR2 interleukin 1 receptor. type II <0.001
> Y % . = - - . ) - MMP1 matrix metallopeptidase 1 <0.001
l/ A 9 ﬁ%( &)’) 71:_ (E ) 0 — D — & 7) > E N =3 A H/%E@ a k—J: D N TM4SF1 transmembrane 4 L six family member 1 <0.05
- o chromosome 15 open reading frame 48;
MMP S ROFFEAN LT T— 5 RS0, Y- | Clsomsmmin A 147
. G protein-coupled receptor, class C, group 5,
» N - Nt . GPRCSA; MIR614 member A; microRNA 614 <001
%éjj 7‘5 ){E—&‘F—é—é‘— & 7,) N uﬁé hf\—o PCBP1 poly(rC) binding protein 1 <0.001
sema domain, immunoglobulin domain (Ig), short

SEMA3C basic domain, secreted, (semaphorin) 3C <0.01
DHRS9 dehydrogenase/reductase (SDR family) member 9  <0.001
4.-4 FEERET R 3B KOV HE YetalZ L OMRIIRZE b LAMB3; MIR4260 T, ba 3, itoRNA, 4260 <0.001
CLDN4 claudin 4 <0.001

Sh X K+ tr ing, b I id .
FHRITERERY 2B 7R A I IRRO DIV o T2, DNA TLAD A A pose Nale fmpartie ben Fpobypeptce =0
EROIA endoplasmic reticulum oxidoreductase alpha <0.05
%%i D N MMP Eg 5‘// A 7?110) %Eﬁ‘iﬂ‘z} K '—“/:Eéj/b ﬁ‘r SKIL SKI-like proto-oncogene <0.001
TR o - = SPRR2A small proline-rich protein 2A <0.01
%&%ﬁ%@% c :c]: D N MMP %\éfﬁé‘f%ﬁ%%@ IOV \VC?E) *ﬁﬁiﬂ/‘(b A RHCG Rh family, C glycoprotein <0.01
N . N HISTIH2AA histone cluster 1. H2aa <0.001
<M‘gz))&)é&%;{éo MMP10 matrix metallopeptidase 10 <0.01
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Results: The odds ratios (ORs) for the Working Memory Index (WMI) scores
were significantly higher among all participants in the low blood Mn concentra-
tion group than those in the high blood Mn concentration group (OR, 2.77; 95%
confidence interval [CI], 1.24, 6.19; P = .013). The association of WMI scores and
blood Mn levels in welders had the highest OR (OR, 3.73; 95% CI, 1.04, 13.38;
P = .043). Although not statistically significant, a mild relationship between WMI
scores and blood Mn levels was observed in non-welders (OR, 2.09; 95% CI, 0.63,
6.94; P = .227).

Conclusions: The results revealed a significant positive relationship between
blood Mn and neurological dysfunction in welders. Furthermore, non-welders
at the same factories may be secondarily exposed to welding fumes. Further re-
search is needed to clarify this possibility.

KEYWORDS

manganese, neurological function, welder, Working Memory Index

group exhibited poorer performance in addition, symbol

Welding is the joining of metallic components by melting
the metals using heat or pressure. Welding fumes contain
various metals that are harmful to health.! In particular,
adverse psychological performance and neurotoxicity
from manganese (Mn) exposure in welders have been re-
ported.””* In Japan, there are approximately 180000 metal
welding and fusion cutting workers, and they account
for 0.3% of the total working population.’ The Japanese
government had announced to partially revise laws and
regulations in 2020 with the aim of strengthening mea-
sures to prevent welders' health hazards related to Mn and
welding fumes.®

Many reports on the toxicity of Mn relate to respira-
tory toxicity and neurotoxicity. Poor ventilation in the
workplace was associated with decreased lung function
among shipyard welders, although there was no relation-
ship between Mn concentrations in the respiratory zone
of the workplace and acute decreases in lung function.’
Respiratory 30630 symptoms such as nasal congestion
and dry cough have been observed in welders.® Studies on
neurotoxicity among those exposed to Mn are much more
numerous than on respiratory toxicity. In a study of male
workers at Korean shipbuilding companies, there was no
relationship between the development of Parkinson's dis-
ease and airborne Mn levels.” However, there are many
reports indicating chronic exposure to Mn is associated
with Parkinsonism.'%*? Park et al.'® reported that a higher
blood level of Mn reduced neurological functions in weld-
ers, such as the Working Memory Index (WMI), and verbal
intelligence quotient. Among alloy manufacturing plant
workers exposed to Mn, the workers in the high-exposure

digit, finger tapping, and digit span tests.

In Japan, a few studies have been conducted on neu-
rotoxicity or respiratory toxicity among welders exposed
to Mn. A 56-year-old welder working for 30years whose
serum and urine Mn levels were high developed postural
instability and writing clumsiness.'* One study investi-
gated the relationship between welding fume exposure
and lung function among 143 male welders."> Another
study investigated the relationship between respirable
dust exposure and pneumoconiosis by examining of 1006
chest X-ray films of workers including shipyard welders.'®
Unfortunately, two of these three studies did not measure
metal concentrations in workers' biological samples but
examined the strength of the residual magnetic field of
externally magnetized lungs or environmental chemical
concentrations and biological effects.

Therefore, this study examined the relationship be-
tween Mn exposure and neurological behavior in welders
and non-welders using biological samples which to date
has not been assessed in Japan.

2 | METHODS
2.1 | Study participants

A total of 94 male welders from 7 factories in Japan were
included in this study. These include one shipbuilding in-
dustry, an automobile manufacturing industry, two facto-
ries for manufacturing construction materials, and three
steel industries. Forty-eight workers treated high-strength
steel, 29 treated mild steel, 15 treated carbon steel, and two
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treated stainless steel as the base material. Three workers
were engaged in Tungsten Inert Gas welding using Argon
(Ar) gas for shielding gas, and 91 in Metal Active Gas
(MAG) welding using CO, gas for shielding gas. Sixteen
workers occasionally engaged in MAG welding using CO,
and Ar gas for shielding gas. The welding wire used was
Japanese Industrial Standards Z 3312 YGW11, YGW12,
and YGW18.

Ninety-five male non-welders who worked in the same
factories were recruited as control participants. Recruited
non-welders were not engaged in welding work at the
time of this study, even if they had previously engaged in
welding work. We recruited until the number of partici-
pants was almost the same as that of the welders. The non-
welders included 77 clerical workers, 6 manufacturing line
workers, 3 product designers, 3 product inspectors, and 6
manufacturing managers. The welders and non-welders
were aged 20years or older and were recruited from April
2021 to June 2022.

2.2 | Questionnaire survey

Data on age, smoking and drinking habits, welding
exposure-years, current neurological findings (drool-
ing, muscle twitching, numbness and tingling in hands
and feet, and excessive sweating), and current respira-
tory symptoms (cough, shortness of breath, rhinorrhea,
nasal congestion, wheezing, and sputum) were obtained
through a self-administered questionnaire. Regarding
welding exposure-years, we ascertained not only current
welding experience, but past welding experience as well
in addition to self-administered questionnaire. Fatigue
symptoms self-awareness scores were determined using
the Workers' Fatigue Accumulation Self-Assessment
Checklist."”

2.3 | Neurological function tests

2.3.1 | Grip strength

Hand grip strength was measured in both the dominant
and non-dominant hands with a digital grip strength dy-
namometer (TKK5401; Takei Scientific Instruments Co.,
Ltd.). After holding the grip strength meter in an upright
position and adjusting the second joint of the index finger
to 90°, the measurement was repeated twice alternately
with the dominant and non-dominant hands. The domi-
nant hand was determined by asking participants if they
were right- or left-handed. The mean value was recorded
in kilograms. A rest period of at least 10 min was provided
between grip strength and finger tapping measurements

: 3o0f11
Journal of ﬂccupatmna._wl LEYJ—
to prevent fatigue affecting the grip strength results.
Abnormalities related to the skeletal muscles of the hands
and arms were confirmed verbally before measuring grip
strength. Two welders responded that there was an abnor-
mality in their non-dominant hands; thus, we assessed the
non-dominant hand grip strength of 92 welders.

2.3.2 | Finger tapping

Finger tapping measures the maximum speed of repetitive
finger movement. The fingers used are the index and mid-
dle fingers of the dominant and non-dominant hands, re-
spectively. Performance is evaluated as the mean number
of taps during three 10-s trails for each hand.'®

2.3.3 | Working Memory Index
The Wechsler Adult intelligence Scale-IV (WAIS-IV) has
subset WMI comprised of digit span forward, digit span
backward, digit span sequencing, and arithmetic sections,
and is recalculated considering the influence of age on
these scores. The arithmetic section requires a participant
to mentally solve arithmetic word problems, presented
orally, within a specific time limit.'**’ Ninety-two welders
underwent WMI because two welders refused to partici-
pate due to lack of time.

Grip strength, finger tapping, and WMI were per-
formed before work to avoid fatigue.

2.4 | Blood and urine sampling

The participants provided 8 mL blood and 10mL urine
samples at the end of their working shifts to medical doc-
tors for measurement of metal concentration. The col-
lected blood and urine were given to the staff of SRL (SRL,
Inc.) within 2h after sampling. Blood cadmium (Cd),
nickel (Ni), Mn, chromium (Cr), and lead (Pb) and urine
Cd, Mn, and Cr concentrations were determined at SRL.
The detection limit for each metal were 0.2, 0.2, 0.2, 0.03,
and 1.1 pg/dL for Cd, Ni, Mn, Cr, and Pb, respectively, and
in the urine samples were 0.5, 1.1, and 0.3pg/L for Cd,
Mn, and Cr, respectively.

2.5 | Breathing air zone sampling using a
personal sampler for welders

Welders' breathing air zone sampling using a personal
sampler was measured by a professional measurer from
an external organization (Japan Industrial Safety & Health
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tortt | V1L ey Jnmal of Occupational Health
Association) in basic accordance with the guidelines for
personal exposure measurements of chemical substances
established by Japan Society for Occupational Health.*
The Air Check 2000 sampler (SKC Inc.), NWPS-254 sam-
pler (Shibata), and TF98R PTFE binding filter (Shibata)
with 2.5L/min air flow rate were used to measure res-
pirable dust concentration and total dust concentration
during work. In order to determine Mn concentrations of
welding fumes, the samples collected on the filters after
extraction were analyzed using Agilent 7800 Quadrupole
ICP-MS (Agilent Technologies). Using the air sampling
data, the 8-h time-weighted average (8 h-TWA) of respir-
able dust, TWA of respirable Mn, and 8 h-TWA of respir-
able Mn were calculated.

2.6 | Statistical analyses

Two-group comparisons were performed using the
Mann-Whitney U test, Fisher's exact test, or multivari-
able logistic regression analyses. When metal concentra-
tion was not detected, we imputed the data by 1/10 for
each detection limit. All participants were automatically
divided into three groups (each containing about a third
of the participants) according to metal concentrations in
their blood and urine using a statistical software. The ter-
tile 1 (T1) group contains participants with low levels of
metal concentration, the tertile 2 (T2) group contains par-
ticipants with intermediate levels of metal concentration,
and the tertile 3 (T3) group contains participants with
high levels of metal concentration. The odds ratio (OR)
for neurological dysfunction risk and the correspond-
ing 95% confidence intervals (CIs) were estimated after
adjusting for the effects of age, body mass index (BMI),
smoking habits, drinking habits, and factory, and welding
exposure-years. All statistical analyses were performed
in STATA (StataCorp. LLC); statistical significance was
P<.05 (two-sided).

3 | RESULTS

Table 1 presents the study population characteristics. The
values are mean (standard deviation) or number (%). The
welders had stronger grips, fewer numbers of finger tap-
ping and lower WMI scores than non-welders. Sixteen of
the non-welders had previous welding experience.

Table 2 shows the distribution of metal concentra-
tions in non-welders and welders. Urine Cd, blood and
urine Mn, and urine Cr and blood Pb concentrations of
the welders were high in our study (urine Cd, P<.001;
blood and urine Mn, P<.001, P<.001, respectively;
urine Cr, P<.001; blood Pb, P = .016). The percentage of

participants having concentrations below the detection
limits for metal concentrations in the biological samples
was 89% for blood Cd, 58% for urine Cd, 79% for blood Ni,
0% for blood Mn, 91% for urine Mn, 93% for blood Cr, 3%
for urine Cr, and 24% for blood Pb.

Tables 3-5 show the results of the multivariable lo-
gistic analyses to estimate the risk of neurological dys-
function, grip strength reduction, the number of finger
tapping, and WMI scores. There was no significant rela-
tionship between grip strength and finger tapping for both
the dominant and non-dominant hands and blood Mn
concentrations (Tables 3 and 4). The OR for lower WMI
scores were significantly higher among all participants in
the high blood Mn group (T3) than those in the low blood
Mn group (T1) (OR, 2.77; 95% CI, 1.24, 6.19; P = .013).
Although not statistically significant, a mild relationship
was observed between low WMI scores and high blood
Mn levels in non-welders (OR, 2.09; 95% CI: 0.63-6.94;
P = .227). The association of WMI scores and blood Mn
levels in welders had the highest OR, and the relation-
ships were statistically significant (OR, 3.73; 95% CI, 1.04,
13.38; P = .043) (Table 5). In addition to blood Mn, urine
Cr, and blood Pb were detectable in many participants,
and a logistic analysis was conducted for these two metal
concentrations. However, there was no statistically signif-
icant relationship between WMI and urine Cr and blood
Pb concentrations (Tables S1 and S2).

The distribution of individual sampler results of me-
dian (min and max) (mg/m?) were 8 h-TWA of respira-
ble dust; 1.02 (0.01, 10.24), TWA of respirable Mn; 0.189
(0.0001, 2.818), 8 h-TWA of respirable Mn; 0.094 (0.00007,
1.538). Figure 1 shows the distribution of 8 h-TWA of re-
spirable dust, TWA of respirable Mn, and 8 h-TWA of re-
spirable Mn by blood Mn concentration among welders.
In the results of all individual sampler results, the respira-
ble dust and Mn concentrations were higher in the group
with high blood Mn concentration (8 h-TWA of respirable
dust, P<.001; TWA of respirable Mn, P<.001; 8 h-TWA of
respirable Mn, P<.001, by covariance analysis after ad-
justing for the effects of age, BMI, smoking habits, drink-
ing habits, factory, and welding exposure-years).

4 | DISCUSSION

Compared to non-welders, welders had higher concen-
trations of urine Cd, blood Mn, urine Mn, urine Cr, and
blood Pb. Lower WMI scores were observed in the high
Mn blood concentration group (T3) than in the low Mn
blood concentration group (T1) in welders. Although
not statistically significant, a mild relationship between
WMI scores and blood Mn concentrations was observed
in non-welders.
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TABLE 1 Study population
characteristics.

Age (years)
Body mass index
Smoking habits
Never/former
Current
Drinking habits
No
Yes

Welding exposure-years

(years)

Neurological findings®

No
Yes

Respiratory symptoms’

No
Yes

i 50f11
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Fatigue symptoms self-awareness score

0-4
5-10
11-20
21-

Hand grip strength (kg)

Dominant hand

Non-dominant hand®

Finger tapping (number/105s)

Dominant hand

Non-dominant hand

Working Memory Index®

Total Non-welders = Welders
(N = 189) (N = 95) (N =94) Pvalue
40.6 (12.9) 40.2 (12.4) 41.1(13.3) .810°
24.4(3.5) 25.1(3.8) 23.8(3.0) .019?
103 (55%) 57 (60%) 46 (49%) .145°
86 (45%) 38 (40%) 48 (51%)
90 (48%) 54 (57%) 36 (38%) 287°
99 (52%) 41 (43%) 58 (62%)
10.6 (13.9) 2.0 (6.8) 19.2 (13.9) <.001?
137 (72%) 69 (73%) 68 (72%) 1.000°
52 (28%) 26 (27%) 26 (28%)
126 (67%) 68 (72%) 58 (62%) 167°
63 (33%) 27 (28%) 36 (38%)
0(0%) 0 (0%) 0(0%) .546°
0 (0%) 0(0%) 0 (0%)
121 (64%) 63 (66%) 58 (62%)
68 (36%) 32 (34%) 36 (26%)
45.5(7.7) 43.8 (6.9) 47.2(8.1) .009?
43.3(7.6) 41.7 (6.4) 44.9 (8.3) .002°
37.6 (10.1) 40.5 (8.7) 34.6 (10.5) <.001°
36.5(9.0) 38.8(7.9) 34.1(9.4) <.001%
92.9 (15.4) 97.6 (15.8) 88.0 (13.5) <.001*

Note: Values are mean (standard deviation) or number (%).

P values were obtained using Mann-Whitney U test.

bP values were obtained using Fisher's exact test.

“Drooling, muscle twitching, numbness and tingling in hands and feet, excessive sweating.

dCough, shortness of breath, rhinorrhea, nasal congestion, wheezing, sputum.

“Number of welders = 92.

Cd, Ni, Mn, Cr, and Pb are well-known metals con-
tained in welding fumes.***** These metals are found in
the blood and urine of welders due to occupational expo-
sure.”*** In this study, urinary Ni concentration was not
greater in welders than in non-welders, and there was
no difference between them. Ni is a metal often used in
welding using stainless steel as a base material.** Since
this time the study was conducted in factories using high-
strength, mild, or carbon steel, whose raw material is iron
as the base metal, it is possible that Ni was not signifi-
cantly detected in the population of welders in this study.

In this study, we found a relationship between weld-
ers with a high blood Mn concentration and a lower WMI

score. Similar to previous studies, there was an association
between blood or urine Mn concentrations and WAIS-
related tests in welders."*'® One study reported 9.6 ug/L
(range 5.1-15.3) for the mean blood Mn of welders and
their WMI scores was reduced by exposure after consid-
ering dilation of employment.”®> Another study demon-
strated blood Mn and urine Mn of workers exposed Mn
ranged from 4 to 18 ug/L and from 0.7 to 7 pg/L, respec-
tively."® The high-concentration exposure group had re-
duced finger tapping and digit span scores.'® Our results
had similar or slightly higher values compared to these
Mn concentrations. Therefore, it would be acceptable to
consider whether there is a relationship between blood
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Median (minimum and maximum) (ug/dL)

TABLE 2 Distribution of metal
concentrations by non-welders and

Non-welders

welders.

Total (N = 189) (N = 95) Welders (N =94) P value®

Cd

Blood  0.02(0.02,0.30) 0.02 (0.02, 0.20) 0.02 (0.02, 0.30) 446

Urine 0.05 (0.05, 5.10) 0.05 (0.05, 2.10) 0.60 (0.05, 5.10) <.001
Ni

Blood  0.02(0.02,0.30) 0.02 (0.02, 0.30) 0.02 (0.02, 0.30) 862
Mn

Blood  1.00(0.40, 2.80) 0.90 (0.40, 1.50) 1.20 (0.60, 2.80) <.001

Urine  0.11(0.11, 4.30) 0.11 (0.11,0.11) 0.11 (0.11, 4.30) <.001
Cr

Blood  0.003(0.003,0.14)  0.003 (0.003,0.12)  0.003 (0.003, 0.14) 801

Urine  0.50 (0.03, 2.70) 0.40 (0.03, 1.30) 0.60 (0.03, 2.70) <.001
Pb

Blood 1.50 (0.11, 3.70) 1.40 (0.11, 2.60) 1.60 (0.11, 3.70) .001

Note: When metal concentration was not detected, we recorded 1/10 of above the detection limits.

Abbreviations: Cd, cadmium; Cr, chromium; Mn, manganese; Ni nickel; Pb, lead.

“P values were obtained using the Mann-Whitney U test.

Mn levels and neurological dysfunction in the welders of
our study.

Although not statistically significant, a mild relation-
ship between WMI scores and blood Mn concentrations
was observed in non-welders that were presumably not
directly occupationally exposed to high Mn levels. The
blood Mn concentration in adult males was 1.3 pg/dL
(median) in Japan in a previous report using general pop-
ulation data,” therefore, the blood Mn concentration of
non-welders was not high in comparison. However, the
effect of Mn exposure on neuronal function cannot be
clarified using its relationship with blood concentrations
of Mn at any time point.13 Mn concentrations in the envi-
ronment, duration of Mn exposure, and usage of personal
protective equipment (PPE) to prevent Mn exposure are
important factors in determining whether Mn exposure
affects neurological function.” In an Italian study target-
ing residents exposed to Mn, the Mn dust concentration
near the ferroalloy industries factories was high, and the
residents living near the factories had a high incidence
of Parkinson's disease.”® In a study of residents near an
Mn manufacturing plant, the group with higher blood
Mn levels (median 7.5pg/L) showed decreased neurolog-
ical function, such as poorer learning and recall.”’ In our
study, non-welders who had been working at the current
factory for 15years (median) and did not wear PPE during
work. Depending on the job, non-welders will also be in
and out of the factory. Concerning these facts, it is consid-
ered that non-welders, like the residents near factories in
previous reports, were in an environment where they were

likely to be secondarily exposed to Mn from factories for
a long period of time. Our findings suggest that second-
ary exposure to Mn from factories may have decreased the
WMI of the non-welders.

In addition to Mn, working memory of the participants
in our study may have been affected by chemical factors,
such as metals and chemical substances®™ ™ and other
factors, such as occupation, task difficulty, fatigue, stress,
and sleep quality® ™ This time the participants work with
high-strength, mild, or carbon steel, with iron as the base
material. Excessive iron in select regions of the brain may
be involved in the etiology of neurodegenerative disorders
and has been reported to be associated with memory im-
pairment.** The aluminum contained in the wire flux
affects memory by modifying hippocampal calcium signal
pathways.28 Long-term exposure to carbon monoxide gen-
erated by carbon dioxide gas arc welding in the welding
process may cause health problems, such as deterioration
of memory in the welders.**° However, our study did not
examine the concentrations of these chemical factors in
biological or environmental samples. We analyzed the
relationship between fatigue symptoms, self-awareness
scores, occupations, and WMI. There was no statistically
significant difference between them and WMI in our
study. However, even among welders in the same factory,
work processes and task difficulty are widely different at
individual levels. These differences might be possibly re-
lated to WMI. In addition, we have not obtained the data
of stress level, sleep quality, and working forms, such as
night shifts. In the future, before concluding that there is
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a relationship between Mn exposure and WM], it is nec-
essary to examine various factors that are related to WMI,
and carefully examine whether there is a relationship be-
tween Mn exposure and WMI.

Blood Mn concentration increased by approximately
1pg/L for each mg/m® x month of (unprotected) cumula-
tive exposure in welders." In the general population, blood
Mn levels are affected by diet, especially tea, nuts, and
vegetables.* According to Figure 1, there was a relation-
ship between the blood Mn concentration and the Mn in
the breathing area of the welders. Therefore, the source of
blood Mn concentrations for welders was likely to be Mn
exposure from factories. However, there was no signifi-
cant difference between the likes and dislikes of vegetables
and blood Mn concentration (P = .934) (data not shown).
Although this was not clear because we did not conduct a
detailed dietary survey, it is possible that the source of Mn
exposure in participants was not due to the diets.

In the Ordinance on Prevention of Hazards Due to
Specified Chemical Substances, doctors can order the
measurement of Mn concentration in urine or other bio-
logical samples of welders for secondary health checkup.
However, the main excretion route of Mn is through the
liver and feces, and excretion into the urine is small.*°
Our study also found few participants had detectable
urine Mn, and participants with high blood Mn did not
necessarily have high urine Mn levels detected. Blood
Mn has been reported to correlate more sensitively with
neurological findings than urine,'® thus when examining
the relationship between Mn and biological effects, blood
concentration should be measured rather than urine.

This study has several limitations. First, in this study,
we focused solely on Mn as the metal in welding fumes
that affected WMI. There is a need to measure other fac-
tors, which could be possibly related to WMI. Second,
we did not measure the breathing air zone samples by
personal sampler for non-welders. Factory workers who
work near a welding site may be secondarily exposed to
welding fumes from the welding site. In the future, it will
be necessary to conduct studies in which personal sam-
plers are obtained for welders and non-welders working
near the welding site. Third, we did not conduct detailed
dietary surveys, thus we could not accurately determine
whether there was an effect of Mn oral exposure from
food. Information on dietary Mn concentrations is nec-
essary to determine whether occupational exposure is
involved. Fourth, our study involved a small sample size.
Although not statistically significant, higher Mn concen-
trations may be associated with the lower grip strength of
non-welders. Since skeletal muscle abnormalities affect
grip strength measurements, we verbally confirmed the
absence of skeletal muscle abnormalities among the study
subjects before measuring grip strength in this study.

ournal of Occupational Health_ | oofu
Journal of Occupatio WILEY
However, it is desirable to confirm the absence of skeletal
muscle abnormalities with a specialist. In the future, it is
necessary to increase the sample size and investigate the
effects of secondary exposure in detail.

5 | CONCLUSION

There was a significant relationship between blood
Mn concentrations and lower WMI scores in welders.
Furthermore, non-welders at the same factories may be
secondarily exposed to welding fumes. Further research is
needed to clarify this possibility.
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1 | INTRODUCTION

Welding is a necessary process in the construction and main-
tenance of industries including large structures, vehicles,
ships, and several practices involving metal work practices."
There are more than 5million welders in the world and ap-
proximately 180000 in Japan.>* Welders are at high risk of
being exposed to high concentrations of welding fumes be-
cause they work close to the welding spots. Welding fumes
contain cadmium (Cd), nickel (Ni), manganese (Mn), chro-
mium (Cr), lead (Pb), and other metals depending on the type
of base material>**>° Metals in welding fumes are known to
have health effects upon exposure. Cadmium is known to
cause osteomalacia and osteoporosis by inhibiting calcium
metabolism in the kidney.* Hexavalent Cr and Ni compounds
are causative agents of lung cancer.”® In addition, adverse
psychological effects and neurotoxicity due to Mn exposure
have been reported.” ™ Exposure to Pb causes headaches,
nausea, encephalopathy, anemia, and chronic muscle pain."?
In workplaces where there is a possibility of exposure
to hazardous substances, it is important to implement
fundamental countermeasures to improve the working
environment and work processes. Therefore, it is im-
portant that workers avoid exposure to hazardous sub-
stances. However, if such a drastic method is difficult to
implement, workers must wear suitable personal protec-
tive equipment (PPE) to prevent exposure to hazardous
substances. Respirators, which is a type of PPE, are used
to prevent diseases caused by inhalation of airborne par-
ticulate matter and gases in workplaces. Without proper
wearing of respirators, hazardous substances can enter a
worker's body. A total of 41 incidents resulted in 45 deaths
due to asphyxiation or chemical poisoning while wear-
ing respirators for 12-year period in the United States."®
Similarly, in Japan, occupational diseases occur every year
due to nonwearing or improper wearing of respirators.14
From the viewpoint of proper wearing of respirators, it is
important to determine whether there is fitness between the

positively associated with the results of TWA personal exposure after adjusting
for multivariate factors (8-h TWA of respirable dust; coefficient, 0.066; standard
error (SE), 0.028; P=0.018, TWA of respirable Mn: coefficient, 0.048; SE, 0.020;
P=0.019, 8 h-TWA of respirable Mn: coefficient, 0.041; SE, 0.020; P=0.041).

Conclusions: The results clarify that welders with high concentrations of weld-
ing fumes in their breathing air zone are exposed to dust and Mn if there is leak-
ing air owing to the lack of fitness between respirators and the wearer's face when

using human samples in Japan.

manganese, mask fit test, welder, welding fume

face and the respirators. A higher fit ratio reduces the amount
of ambient contaminants that leaks into respirators.'>'®
With the intention of increasing measures to avoid welders'
health hazards related to welding gases, the Japanese gov-
ernment announced a partial change in the laws and regula-
tions in 2020."” Based on the revised laws, respirators should
be selected according to the results of time-weighted average
(TWA) of respirable Mn. In addition, the mask fit test, which
is a test to confirm the wearing condition of the wearer's face
and facepiece, will be conducted once a year from 2023 on-
wards to check whether the respirators are properly worn by
the welders. To our knowledge, no previous studies in Japan
have investigated the relationship between metal concen-
trations in biological samples, metal concentrations in the
breathing zone, and mask fit test results.

Therefore, this study aimed to examine whether the
results of the mask fit test affect the association between
the concentration of metals related to welding fumes in
biological samples and the results of TWA personal expo-
sures before the mask fit test is implemented by revised
law in 2023 in Japan.

2 | METHODS

2.1 | Study participants

Between April 2021 and June 2022, 94 male welders from
seven factories were recruited. These include one ship-
building industry, three equipment manufacturers, and
three steel industries.

2.2 | Questionnaire survey

Data on age, body mass index (BMI), smoking habits
(never or former/current), drinking habits (No or Yes), and
years of welding exposure; current neurological findings
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(drooling, muscle twitching, numbness and tingling in
hands and feet, and excessive sweating);current respira-
tory symptoms (cough, shortness of breath, rhinorrhea,
nasal congestion, wheezing, and sputum); and fatigue
symptoms that might be related to Mn exposure’ ™ were
collected using a questionnaire. Fatigue symptoms were
estimated using fatigue symptom self-awareness scores,
which were determined using the Workers' Fatigue
Accumulation self-assessment checklist.'"® We asked
whether there were any abnormalities in the previous
chest radiographs (No or Yes).

2.3 | Blood and urine sampling

To measure the metal concentration, 8mL of blood and
10mL of urine samples were obtained from the partici-
pants at the end of their working shifts by medical doctors.
The collected blood and urine samples were provided to
the staff of the SRL (SRL, Inc.) within 2h of sampling. The
samples were used to determine blood Cd, Ni, Mn, Cr, and
Pb and urine Cd, Mn, and Cr concentrations at SRL. In
the blood samples, the detection limit for each metal was
0.2pg/dL, 0.2pg/dL, 0.2pg/dL, 0.03pg/dL, and 1.1pg/dL
for Cd, Ni, Mn, Cr, and Pb, respectively. In the urine
samples, the detection limit for each metal was 0.5pg/L,
1.1pg/L, and 0.3 pg/L for Cd, Mn, and Cr, respectively.

2.4 | Time-weighted average (TWA)
personal exposures

Welders' breathing zones were measured by a professional
measurer from an external organization (Japan Industrial
Safety & Health Association, Tokyo, Japan) using a per-
sonal sampler following the guidelines for personal expo-
sure measurements of chemical substances established
by the Japan Society for Occupational Health.'” The Air
Check 2000 sampler (SKC Inc.), TF98R PTFE binding
filter (Shibata), and NWPS-254 sampler (Sibata) with
2.5L/min air flow rate were used to measure respirable
dust concentration and total dust concentration during
work. To determine the Mn concentrations of the weld-
ing fumes, the samples collected on the filters after ex-
traction were analyzed using an Agilent 7800 Quadrupole
ICP-MS (Agilent Technologies). Using the air sampling
data, the 8-h TWA (8-h TWA) of respirable dust, TWA of
respirable Mn, and 8-h TWA respirable Mn were calcu-
lated. Time-weighted average was calculated as the TWA
concentration for the entire time engaged in work such
as welding. In accordance with the guidelines," the 8-h
TWA was calculated as the 8-h average concentration.
If there was no target work outside the sampling time

: 30f9
Journal of Uccupatlona._WlLEYJ_
period, the exposure concentration during the nontar-
get work period was assumed to be 0pg/L. The specified
values for Mn concentration are as follows: Occupational
exposure limit of Mn and its compounds specified by the
Japan Society for Occupational Health is 0.02mg/m? as
respirable particulate matter.’ Working Environment
Evaluation Standards of Mn and its compounds speci-
fied by the Minister of Health, Labor, and Welfare suggest
0.05mg/m? as respirable particulate matter.*

2.5 | Mask fit test

The examiner instructed the participants to “put on your
respirator as usual” and conducted the test without giving
instructions on how to properly wear the respirator.

The mask fit test was performed using a quantitative
method using MT-05 U (Shibata), which is specified in the
Japanese Industrial Standard T8150:2021.%%%

In the mask fit test, seven types of standard motion (1.
normal breathing, 2. deep breathing, 3. shaking the head
left and right, 4. moving the head up and down, 5. vo-
calization, 6. bending forward, and 7. normal breathing)
were performed. The fit factor of each standard motion
(FF,-FF;) was calculated by dividing the test substance
concentration outside the respirator by that inside the res-
pirator. The total fit factor was calculated using FF,-FF..

Totalfitfactor =

1 1 1

1 1 1 1
FF, ' FF, ' FF; ' FF, ' FFs ' FFg ' FF,

1
Total fit factor was used to pass or fail the mask fit test.
As all participants used half-masks, a total fit factor of 100
or more was judged to be “Pass,” and that of <100 was
judged to be “Fail” in our study.

2.6 | Statistical analyses

Two-group comparisons were performed using the
Mann-Whitney U test or Fisher's exact test. Associations
between metal concentrations in biological samples and
the results of TWA personal exposures; 8-h TWA of res-
pirable dust, TWA of respirable Mn, and 8-h TWA of
respirable Mn, were evaluated by multilevel linear regres-
sion models nested within seven factories. This model
included the following possible confounding factors: age,
BMI, smoking habits, drinking habits, years of welding ex-
posure, and mask fit test results. When the metal concen-
tration was not detected, the data were imputed to 1/10
of each detection limit. The distribution of metal concen-
trations and the results of TWA personal exposures were
skewed. Therefore, natural logarithmic conversions were
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applied to the variables before multilevel linear regression
analysis. All statistical analyses were performed using
STATA15 (StataCorp. LLC), and statistical significance
was set at P<0.05 (two-sided).

3 | RESULTS

Table 1 presents the characteristics of the study popu-
lation. Values are expressed as mean (standard devia-
tion) or number (%). Among the 94 participants, six used
MOLDEX4600DS2(Moldex/Metric,Inc.),40used 1005RR-05
(KOKEN Ltd.), 16 used 1005R-08 (KOKEN LTD.), and 32
used DR28SU2W (SHIGEMATSU WORKS CO., LTD.). Of
the 94 participants, 54 (57%) passed the mask fit test. The

PASS rate for each mask was 17% for MOLDEX4600DS2, 58%
for 1005RR-05, 75% for 1005R-08, and 56% for DR28SU2W.
Only MOLDEX4600DS was a disposable type mask; others
are replaceable type masks. Comparing the PASS rate of
disposable type and replaceable type masks, the PASS rate
of disposable masks was significantly lower (P=0.037). The
Fail group of the mask fit test (Fail group) was older than
the Pass group of the mask fit test (Pass group; Pass group
mean 38.7years, Fail group mean 44.4years), and the weld-
ing exposure-years were longer (Pass group mean 16.1 years,
Fail group mean 23.5years). Abnormal shadows on chest
radiography were previously reported in eight participants.
We confirmed the reasons provided by participants during
face-to-face interviews. Two of them underwent a detailed
examination: One had been treated for tuberculosis and the

TABLE 1 Study population

Mask fit test result characteristics.
Total Pass Fail
(N=94) (N=54) (N=40) Pvalue
Age (years) 41.1(13.3)  38.7(12.6) 44.4(13.7) 0.042*
Body mass index (BMI) 23.8 (3.0) 24.0 (3.2) 23.5(2.8) 0.511*
Smoking habits
Never/Former 46 (49%) 28 (52%) 18 (45%) 0.538"
Current 48 (51%) 26 (48%) 22 (55%)
Drinking habits
No 36 (38%) 18 (33%) 18 (45%) 0.284"
Yes 58 (62%) 36 (67%) 22 (55%)
Welding exposure-years 19.2(13.9) 16.1(12.4) 23.5(14.9) 0.013*
(years)
Abnormalities in previous chest radiographs
No 86 (91%) 53 (98%) 33 (83%)
Yes 8 (9%) 1(2%) 7 (17%) 0.010°
Neurological findings®
No 68 (72%) 42 (78%) 26 (65%) 0.243"
Yes 26 (28%) 12 (22%) 14 (35%)
Respiratory symptoms®
No 58 (62%) 36 (67%) 22 (55%) 0.287°
Yes 36 (38%) 18 (33%) 18 (45%)
Fatigue symptoms self-awareness score
0-4 0(0%) 0 (0%) 0(0%) 0.524"
5-10 0(0%) 0(0%) 0(0%)
11-20 58 (62%) 35 (65%) 23 (58%)
21- 36 (38%) 19 (35%) 17 (42%)

Note: Values are mean (SD) or number (%).
Abbreviation: SD, standard deviation.

“Drooling, muscle twitching, numbness, and tingling in hands and feet, excessive sweating.

°Cough, shortness of breath, rhinorrhea, nasal congestion, wheezing, and sputum.

*P-values were obtained using Fisher's exact test.
"P-values were obtained using Mann-Whitney U test.
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other had been treated for cystic lung disease. None of the
patients required a detailed examination of recent chest ra-
diographs. The remaining six participants did not have ab-
normalities in consecutive years, and no abnormal shadows
were identified on recent chest radiographs.

Table 2 shows the distribution of the results of TWA per-
sonal exposures; 8-h TWA of respirable dust, TWA of respira-
ble Mn, and 8-h TWA of respirable Mn, by the mask fit test.
There was no significant relationship between the results
of the TWA personal exposures and mask fit test results.
Therefore, the concentration of chemical substances around
the breathing zone was similar in the Pass and Fail groups.

Table 3 shows the distribution of the metal concen-
trations based on the mask fit test. There was no signifi-
cant relationship between the metal concentrations and
mask fit test results. However, after adjusting for potential

TABLE 2 Distribution of the results of
TWA personal exposures by mask fit test.

: 50f9
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confounding factors and TWA personal exposure by multi-
level linear regression analysis, blood Mn concentrations,
adjusted values, were significantly higher in the Fail group
than in the Pass group (Table 4). The percentages of par-
ticipants with concentrations below the detection limits
for metal concentrations in the blood samples were 77%,
80%, 0%, 93%, and 27% for Cd, Ni, Mn, Cr, and Pb, respec-
tively, and in the urine samples were 47%, 82%, and 2% for
Cd, Mn, and Cr, respectively. As we observed significantly
higher concentrations of blood Mn in the Fail group after
adjustment, a similar analysis was performed for urine Cr
detected in >90% of the participants. However, there were
no significant differences between adjusted urine Cr con-
centrations and mask fit test results.

Lastly, we investigated the association between blood Mn
and the results of TWA personal exposure using the mask fit

Median (min and max) (mg/m?®)

Total (N=94)

8-h TWA of respirable dust

1.02 (0.01, 10.24)

TWA of respirable Mn
0.189 (0.0001, 2.818)

Mask fit test result
Pass (N=54) Fail (N =40) P value*
1.06 (0.02, 5.47) 1.00 (0.01, 10.24) 0.951

0.195 (0.0030, 1.706) 0.187 (0.0001, 2.818) 0.976

8-h TWA of respirable Mn

0.094 (0.00007, 1.538)

0.114 (0.0020, 0.853) 0.090 (0.00007, 1.538) 0.921

Abbreviation: TWA, time-weighted average.

*P-values were obtained using Mann-Whitney U test.

TABLE 3 Distribution of metal

Median (min and max; pg/dL)

concentrations by mask fit test.

Mask fit test result
Total (N=94) Pass (N=54) Fail (N =40) P value*

Cd

Blood 0.02(0.02,0.30)  0.02(0.02, 0.30) 0.02 (0.02, 0.30) 0.245

Urine  0.60 (0.05,5.10)  0.05 (0.05, 2.50) 0.85 (0.05, 5.10) 0.286
Ni

Blood 0.02(0.02,0.30)  0.02(0.02, 0.20) 0.02 (0.02, 0.30) 0.669
Mn

Blood 1.20(0.60,2.80)  1.10(0.70, 2.50) 1.30 (0.60, 2.80) 0.272

Urine  0.11(0.11,4.30)  0.11(0.11, 2.70) 0.11(0.11, 4.30) 0.909
Cr

Blood  0.003 (0.003, 0.003 (0.003, 0.09) 0.003 (0.003,0.14)  0.369

0.14)

Urine  0.60 (0.03,2.70)  0.60 (0.03, 2.70) 0.60 (0.30, 1.60) 0.799
Pb

Blood 1.60(0.11, 3.70) 1.60 (0.11, 3.70) 1.60 (0.11, 2.60) 0.599

*P values were obtained using Mann-Whitney U test.
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TABLE 4 Adjusted metal concentrations by mask fit test.
Blood Mn Urine Cr
Mean (SE)* Mean (SE)? Mean (SE)* Mean (SE)*
Mask fit test result Mask fit test result
Pass (N=54) Fail (N=40) Pvalue' Pass (N=54) Fail (N=40) Pvalue'
8 h-TWA of respirable dust 0.11 (0.06) 0.24 (0.06) 0.034 —0.58 (0.12) —0.50 (0.13) 0.594
TWA of respirable Mn 0.11 (0.06) 0.24 (0.06) 0.033 —0.58 (0.12) —0.50 (0.13) 0.592
8h-TWA of respirable Mn 0.11 (0.06) 0.25 (0.06) 0.032 —0.58 (0.12) —0.50 (0.13) 0.592

Abbreviation: SE, standard error.

*Mean (SE) were estimated mean after adjustment for age, BMI, smoking habits, drinking habits, welding exposure-years and either of the following three
variables; 8 h-TWA of respirable dust or TWA of respirable Mn or 8 h-TWA of respirable Mn.

"P values were obtained by a multilevel linear regression model nested with 7 factories, adjusting for age, BMI, smoking habits, drinking habits, welding
exposure-years and either of the following three variables; 8h-TWA of respirable dust, TWA of respirable Mn or 8 h-TWA of respirable Mn.

TABLE 5 The association between metal concentrations and the results of TWA personal exposures by mask fit test result.

Mask fit test result
Total (N=94) Pass (N=54) Fail (N=40)
Coefficient SE Pvalue®  Coefficient SE Pvalue®  Coefficient SE Pvalue?
(a) 8h-TWA of respirable dust
Blood Mn 0.033 0.023 0.156 0.022 0.036 0.538 0.066 0.028 0.018
Urine Cr 0.013 0.049 0.785 —0.007 0.095 0.945 0.030 0.042 0.480
(b) TWA of respirable Mn
Blood Mn 0.030 0.018 0.088 0.021 0.028 0.454 0.048 0.020 0.019
Urine Cr 0.006 0.037 0.878 —0.019 0.076 0.800 0.023 0.031 0.463
(c) 8h-TWA of respirable Mn
Blood Mn 0.025 0.018 0.153 0.021 0.028 0.458 0.041 0.020 0.041
Urine Cr 0.005 0.037 0.900 —0.031 0.076 0.665 0.024 0.030 0.431

Note: BMI, smoking habits, drinking habits, welding exposure-years and Mask fit test result. The bold values are P < 0.05.

Abbreviations: Coefficient, regression coefficient; SE, standard error.

Coefficients were estimated by a multilevel linear regression model nested with 7 factories, adjusting for age.

test results (Table 5). Urine Cr was also analyzed for compar-
ison. Only in the Fail group were blood Mn concentrations
positively associated with the results of TWA personal ex-
posures after adjusting for multivariate factors (8-h TWA of
respirable dust: Coefficient, 0.066; SE, 0.028; P=0.018; TWA
of respirable Mn: Coefficient, 0.048; SE, 0.020; P=0.019,
8-h TWA of respirable Mn: Coefficient, 0.041; SE, 0.020;
P=0.041). Conversely, urine Cr was not significantly associ-
ated with the TWA personal exposure results.

4 | DISCUSSION

Our study clarified two points. First, in the Fail group, the
blood Mn concentration was positively associated with the
results of TWA personal exposures. It means that our study is
the first to clarify whether welders with high concentrations

of welding fumes in their breathing air zone were exposed
to dust and Mn, which are related to welding fumes, if there
is leaking air owing to a lack of fitness between respirators
and the wearer's face using human participants in Japan.
Second, the Fail group of the mask fit test contained more
welders who were older and had longer welding exposure-
years than the Pass group did. In other words, experienced
welders were more likely to fail the mask fit test.

We examined three factors: TWA personal exposures,
metal concentrations in biological samples, and mask fit
tests in our study analysis. In Tables 2 and 3, which exam-
ine two factors out of three, no statistically significant re-
lationship is observed. However, as shown in Tables 4 and
5, statistically significant relationships are observed when
all three factors were analyzed simultaneously. These
findings will help our future efforts to prevent the negative
health effects of Mn present in factories welding fumes.
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The mask fit test will be performed annually from April
2023."7 1t is premature to conclude that human exposure
to welding fumes is unaffected by mask fit test alone.
As a result of the health checkup conducted once every
6months, if the doctor deems it necessary, the working
conditions will be investigated, and the Mn concentration
in the biological sample will be measured.'” To determine
whether or not welding fumes in factories affect blood Mn
levels and health conditions in welders, it is important to
comprehensively assess the working environment at fac-
tory by using every opportunity, such as a health checkup.

Numerous studies have already shown that the causes of
lack of fitness between respirators and the wearer's face are
the face shape and the presence or absence of a beard.** 2
In this study, we did not collect face shape data; however,
we checked whether they had beards and used towels
around the mouth and facial knits cover during the mask
fit test. The reason for investigating the use of towels and
facial knits covers is that, as with beards, they are the rea-
son for creating a gap between the respirator and face, and
they are related to increased air leaks. In our study, there
were 80 participants who did not have used towels around
the mouth and facial knits cover (Pass group: N=50, Fail
group: N=30), and 14 participants who had used them (Pass
group: N=4, Fail group: N=10). Those using towels around
the mouth and facial knits significantly failed the mask fit
test (P=0.037). Nineteen participants had beards, and the
presence or absence of a beard was not associated with mask
fit test results (P=0.796). Previous studies have reported that
the length and density of beards are negatively related to the
mask fit.””*® The presence of a towel around the mouth and
the facial knits cover is almost the same as the presence of a
very dense beard. Therefore, similar to previous research, it
is thought that the degree of close contact with the face de-
creased due to the use of towels around the mouth and facial
knits cover this time. Previous studies have found a negative
relationship between beard lengths of about 0.3cm (0.125
inches) or longer and the mask fit test Pass rate.”” We did not
measure the beard length in this study. However, the beard
length of the participants appeared to be shorter than that
of the overseas survey participants.***’ Therefore, the lack
of an association between beards and the mask fit test Pass
rate may be due to the short beard length of our participants.

Lack of fit between respirators and the wearer's face
may be caused not only by towels around the mouth and
facial knit covers, but also by improper wearing and dete-
rioration of the mask. After the mask fit test for our study,
67 workers agreed to undergo a second mask fit test, and
we gave them instructions on how to put on the mask cor-
rectly. New masks were then distributed, and the mask
fit test was conducted after removing towels around the
mouth and facial knit covers. Sixty-two of the 67 partici-
pants passed the second mask fit test. Therefore, it can be

) 70f 9
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inferred that the main reason for failing the mask fit test in
our study was inappropriate mask wearing, towels around
the mouth, and facial knit covers.

In this study, we could not clarify why the experienced
welders were more likely to fail the mask fit test. A previ-
ous study reported that human errors, such as incorrect
use of protective equipment and work tools and incorrect
work methods and actions, may be caused by empirical
assumptions for workers such as lack of attention due to
habituation associated with experience.” To eliminate
human error, it is necessary to systematically and continu-
ously establish preventive measures and risk assessments
in terms of awareness, behavior, and management.29 We
have not investigated the types of human error counter-
measures that are taken at each factory; therefore, further
investigation is necessary.

The correlation between blood Mn and 8-h TWA of
respirable Mn: Coefficient, 0.018; SE, 0.017; P=0.292.
Furthermore, we calculated the approximate exposure
concentration by multiplying the 8h-TWA of respirable
Mn with the mask leakage rate and analyzed the correla-
tion between blood Mn and the approximate 8 h-TWA of
respirable Mn: Coefficient, 0.026; SE, 0.012; P=0.039. A
slightly higher correlation coefficient and a significant
difference were obtained using the approximate 8 h-TWA
of respirable Mn compared to 8 h-TWA of respirable Mn.
Similar results were obtained for 8 h-TWA of respirable
dust and TWA of respirable Mn.

In this study, we focused on the mask fit test results,
Pass or Fail, which were continuously recorded at facto-
ries. However, even if the worker passed the mask fit test,
there were chances of a slight mask leakage. It cannot be
denied that the accumulation of harmful substances in
the body caused by the slightest mask leakage can harm
human health during long-term work. Therefore, instead
of focusing only on the mask fit test results, the risk of
mask leakage should always be kept in mind. It is neces-
sary to make efforts to reduce the concentration of hazard-
ous substances in the work environment.

This study has several limitations. First, we did not in-
vestigate in the causes of the failure of the mask fit testing
detail. In addition to the presence or absence of beards
and the use of towels and facial knife covers, it would
be better to investigate the shape of the face, measures
to prevent human error in each company, and the man-
agement system of workers. Second, we used MT-05 U for
the mask fit test in our study. Recently, equipment that
can perform shortened quantitative mask fit test by con-
densation particle counter is also on the market. It is nec-
essary to consider whether differences in equipment and
methods affect mask fit test results. Third, the target audi-
ence members were male. The number of female welders
is increasing.”**° There was a sex difference in the fit of
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the respirator.”> Future studies including female welders
are required. Fourth, age, gender, and genetics are related
to Mn metabolism.*! In our study, age was used as an ad-
justment factor for multilevel analysis. However, we did
not investigate genetic factors in this study. It is necessary
to increase the number of participants, investigate the
factors involved in Mn metabolism, and perform a more
detailed analysis in the future.

5 | CONCLUSIONS

In the Fail group, the blood Mn concentration was posi-
tively associated with personal exposure to TWA. Wearing
a high-quality respirator equipped with excellent filters is
insufficient to ensure the full protection of workers ex-
posed to hazardous substances. Therefore, improving the
fit of masks would help protect the health of workers.
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