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2020年5月22日
一般社団法人  軽金属溶接協会
環境安全委員会
事務局

「溶接ヒューム等に関する特化測等の改正について」

この度、2020年4月17日付けで、厚生労働省より、金属の溶接、溶断で発生する「塩基性酸化マンガン」と「溶接ヒューム」について、政令（労働安全衛生法施工令）と省令（特定化学物質障害予防規則）が公布されました。これまで、環境安全委員会、事務局で逐次フォローしておりましたが、これに至る経緯と当該法令の改正の概要についてお知らせします。
[bookmark: _GoBack]
１．経緯

厚生労働省によりますと、欧州で始まった塩基性酸化マンガンヒュームの人体への影響の調査研究の結果を受けて2017年にはEU委員会指令公布などの世界的な動きがありました。それに対して、同省では、2018年8月より「化学物質による労働者の健康障害防止措置に係る検討会」を組織して国内対応の検討に入りました。対象となる作業者への健康障害のリスクが高いと認められる「塩基性酸化マンガン」と「溶接ヒューム」について、ばく露防止措置等の健康障害防止処置の検討を行い、2月10日付で検討結果の報告書を公表しました。厚生労働省は、同報告書の提言を踏まえて法令化の準備を進め、2020年4月17日に政令（労働安全衛生法施工令）省令（特定化学物質障害予防規則）を公布しました。施行は2021年4月1日を予定し、その間、所要の経過措置期間が設けられました。

２．改正の概要

今回の改正では、人体に有害とされる「塩基性酸化マンガン」と独立して「溶接ヒューム」が第2類特定化学物質に指定されます。従来の「マンガン及びその化合物（塩基性酸化マンガンを除く。）」が「マンガン及びその化合物」に改正され、管理濃度が0.05mg/m3（レスビラブル粒子）に引き下げられ厳しくなります。
事業者へは、溶接事業所毎に、個人サンプリング（作業に従事する者の身体に試料採取機器を装着し空気の採取を行う測定）による空気中の溶接ヒュームなどに含まれるマンガン濃度測定が義務化されます。基準を超えた場合、測定結果に応じた環境改善処置の実施と有効な呼吸用保護具の選定・使用・効果確認などの対応が要求されます。また、すべての金属アーク溶接作業事業場では、常時作業者の特殊健康診断の実施と特定化合物質作業主任者の選任が義務付けられます。特定化合物質作業主任者の選任には2021年4月の施行から1年間の猶予が設けられています。
一方、「溶接ヒュームに係わる業務」については、独立して作業環境測定の適用が除外されますが、従来の規程に従った保護具などの処置、特殊健康診断が要求されます。
変更管理についても要求されており、例えば、屋内で継続的に行う金属アーク溶接の作業で新たな手法を採用したり、変更したりした場合には、上述の個人サンプリング測定が必要になります。軽合金の溶接施工事業者も、本法令の改正施行後に、一度は上述の個人サンプリングによるマンガン濃度測定（事業所毎に2人の測定）が必要です。その測定値が基準内の場合、その後、大きな溶接方法の変更や材料の大幅な変更が無い限り、個別の測定は不要になります。
当協会は、同省開催の関連団体への説明会等に参加してきており、同省に対して「アルミニウム、チタン、マグネシウムの場合、マンガンを含む材料は希少であるため測定除外も可能ではないか」と質問しました。同省の見解は、「実態調査の結果によると、溶接ヒューム中のマンガン元素の割合は、母材や溶接材料の組成と一致せず、アーク溶接の条件、作業環境に大きく影響されるので、除外にはならない」とのことです。
厚生労働省の要請により、当協会の会員企業２社に個人サンプリングによる測定に協力いただきましたが、どちらも、余裕をもって基準内だったとのことです。また、実態調査の結果によると、鉄鋼の溶接現場の測定では、職場により、かなり高いマンガン濃度の数値も検出されたとのことでした。

以上

＜参考資料＞









経済産業省は「化学物質による労働者の健康障害防止措置に係る検討会」の報告書を公表しています。概要版もありますのでご参考ください。
https://www.mhlw.go.jp/stf/newpage_09323.html

「化学物質による労働者の健康障害防止措置に係る検討会」の報告内容は、一般社団法人日本溶接協会「溶接技術」2020年4月号に解説されています。ご参考ください。
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ACGIHQ013)IZ LAUT. Bt 7 ca~> b 2 — AT, XEFSHEIC
%%®%m77ﬁy(ﬂ\m)#éiﬂéoik\MmV/ﬁ/GW(MMM%ﬁﬁ
HCHINENT A L, Ea—AREREIND E LTS, i, —lNic, Bk~
# v (1, M) (MnO, Mn20s) (THEEVERRY. Bt~ T (V) (MnOg) i3 i L1k,
W, Bt~ (VD) (Mn207) IFERIERRIEIC S D,
Villaume 5197 LD & @b~ H v (IV) (MnOz) 1%, ¥ —/v K7 — 7 ¥tk
DA—=T 47T Ty AFE LTHERSh, BOG&TRE LTHEHINT
FY . Moreton (197TDIC LD &, Bk = — AT, SREOR{L~ T (V)
(MnOgz) BFEL TS & LTb\éo
RS (1983) 1E. XHBREHTIEIC X
BT — 7 st 2 — L OFE R m&%.
SR L2 MnOs ZIEBAROWEM & L
THHLTWEHADOE 2 — LD FERK
31E. MnFesO04 Th 0 | KK RIS
NHDOE 22— AIZiE, MnFesO4 DT>,
b~ iy () (MngOs) O E—7Z7 3
iR s (Fig.5), 728, flﬁiﬂ’*ﬂ
RRICIE Si02 EFN DA, FidmE s
1 (SiO) I H S AL TV 2RV,
(IAR (2006) 12 LAV, EHie =2 — A
D~ A YAOTEROMEME Wl e % e »
MECCIER) 13, FeOs 72 & ZHD Fig. 5 X-ray diffaction pattern of the fume |
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&
LR | BEMEOMEE PIESMY | FeaOs | Si0: | MnO | TiOs | Al:Os | CaO | MgO | BaO | Na:O | KO | F
mm
Yaw11
Hany ot 1.2 | 280A30V | 755 [105 | 151 |037| — - - - - -
My
COg T-I U8
YFW-C50DR
1.2 | 280A31V | B4.7 (106 | 161 |6.74 | 055 |071| 242 | — | 517 | 2.27 | 2.55
7210 94%)
Iy T | YFW-S500G I
- 24 | 300428V | 254 |125| 310 | — | 157 |207| 278 | — |283 | 1.55 |9.84
i 7972 A D 74%)
D4301
40 | 170A | 525 |166| 122 [231 | 042 [210| 051 | — | 557 | 497 | —
UVFALR)
D4303
40 | 170A | 483 |21.2| 618 |1.87| 043 |147| 132 | — | 573 | 765 | —
(401924 F)
BT DL 40 | 170A | 418 |295| 538 [340( 052 [095| 032 | — | 560 | 756 | —
(TR | ) ] ) ] ) ’ ) ] )
Tale 40 | 170A 168 |6.20 | 506 |045| 031 |14.1| 0.35 | 3.44 | 102 | 196 |17.1
P Y ! ! : . ! ; . i ; ]
D527 40 | 170A | 472 |316| 7.84 [120| 027 |1.17] 0.22 465 | 8.25
(B | ' ' ’ ) ’ ) ’ ' ’

(6) HABEH=QOIMCLD &, 3FHELGOREEEEX AT —7, 7<=V 7 —
7 WRET — 7 D 3L L MBI OMAAEDRIC L D 5 ) Ik o TRAEL
7ot 22— HIZHOWT, XBREHT O ORER, & = — AP OREEAAIMIFIE L A 53 FesOa
5V E MnFe0O4 Th -

e LTWD, £, Xk

BAOEERNTEEE s M) + Ml

b a—LRD AR F L /

I AR % s T3
(Mn(I) & Mn(IIDIZ2T 3000
I Mn3O4 By R, Mn(IV)iZ->

DT MnO2 yR) D AR
Mzt Lo Z A, B 1000
o — LB CIE SR B —

7 HB3FH AT Mn OffiifE 64 652 650 645 646 644 642 640 635 636 634
DI HHEIZ DV T EFEMED s

EMUVMEZGL 2 LIETER

Polol LT (X320 2/,

6000

Mn(Iv)

B 3.20 R B L OERERE O XPS R<2 b/ (Narrow scan)

2 HHEva-—LCEINE VA VICX BHEEZEICOWT

(1) e 2—LDE< B XL DEFEFEIZ OV T, ACGIH(2013) M MERETIRILE L
THIRERZ: 4 >0 (Bowler 5(2007), Ellingsen ©(2008). Laohaudomchok
5(2011), Sen 5(2011)) # Lt =—L7=,

(2) Bowler ©(2007)i%, PASHZEM CraBA 1T > TV e 43 ADOUER: TORHFEE O~ H
VIEE (BB UTA) 230.11-0.46mg/m3 TH Y | v H O REIE < FEIEE (CED &
PRREEREAE A & O, FEEHAICHE e, X BRGHER S o7z L HE L TWD,
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VAR TER 2 7o AR REVE ) D JEIR & L ik, B X (tremors, 41.9%) . FCH [EE
(numbness, 60.5%) . F L W\ ¥ 57 % . (excessive fatigue, 65.1%) . A M (sleep
disturbance, 79.1%). E A GE(sexual dysfunction, 58.1%). %)’ (toxic hallucinations,
18.6%), 9 >(depression, 53.5%), % (anxiety, 39.5%)2° LI 1T\ 5H, 2D H b,
PERAE(p<0.05), J%55(p<0.05). 5 >(p<0.01), FEJE(p<0.0)IZ >V T, BEIEL #E
fE1% (CED Lt EAERBEENH o7, ZOWEICHE L, ACGIH(2013)i%
DI N—TDIEL LIV PERINTEN T2 X BIRA AWML T DI i&itﬁ
WE LoD, 10.2mgMn/m3 2 EED XL & J:BE% I, YU U OREFEERNGEEEE
(L RETDIIRETELZLIFHATH S, ] L LTS,

(3) Ellingsen 5(2008)i%, v ¥ 7 OEMM T3 L EMEICBIT D 96 ADIRPHEEH

(0.007-2.23 mgMn/m3, (T V¥ 0.12mgMn/m?3 (LA E T 7)) & REKOxt

PR R (AR DR R E A LT 2 A, 24 v H—F oL TIZON T, ~
VA ELE &f(&ﬁ¥ﬂ)k@ﬁfﬁiﬁi<%ﬁ5@%ﬂﬁﬁéht@g%

(4) Laohaudomchok ©(2011)i%, 46 NDOEHEAEER ZXIRIC, WE 12 7 H LiEoa
TO= o BREIEL E EW(MhCM)%W”¢®v/ﬁ/%fﬂm%¢%£ﬁf
FHE L. EEMRREEEIER OT X MERZHI LTz, 512, 24 ADIEEEITOW
T, fEERTE B TOT A MERZ R LTz, X<KERE (LAEZ 7)) OFRAE
(3 0.012mg/m3 T ¥ . Mn-CEI & A E7RBHEN & - T- M REE I O B I, e
/X7 4 —=~ AT A h(continuous performance test, CPT)IZ331F % SRR DK T

B IR BE (profile of mood state, POMS) D% (JREL. JEH ) OBELTH -7,
u%lZ#H®Mw@ﬂk@%%%%@@%m; F IE LS BRUSBRATRD BTz,
BN U AL BB o TG OIFERTR DTl SOSRFROIR FICH B2
NI o7,

(5) Sen H(2011)E, 7 NDEHAEFEF & 7 NORIREERE (23 LT, MRL 2% ¥ 2 K
DN D~ T DPRAETBALOFHE & . HEATEI PR A 21T > 72, TORMRK, v H
FRER (OB), ATEEEAE (FWM) ., #G3(GPIIHERE L TV e, BHEIEZERE OB
1EH)7 X k(grooved pegboard test) DfE FILA B IH & F L IER & F Ol 7 THL
FEFOAATIZIFWM,GP O~ I o EMEAZERBEERH Y | ERIEFORaT
X FWM & HEREEN S 7o, ZOREIT ~ T DINOILFE P IEEEREIZ 5
Bhb525ZLETRBELTVD, F<HEICONTE, BE SN TWD R &
L ~1(0.88 £ 0.57mgMn/m? E)%:Iifj IE< BHERE (24.1£15.5 4E) T &,
0.037mgMn/ m3 (LAY F 7)) 725,

3 VA VEESEEFICB T~y VI X B EEREIC O T
ACGIH(2013) DR ELETHRILL LTI HINT WS, = v HrvadtlhE, ~v vk
BEHXFICE T~V A VIBEIC X 2R BEREERZHME L w3l or)bERDd D
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BUTDEEY,

(1) Iregren(1990)i%. AV =—Fr ® 2 >O§kiEr(foundry) D57 E1# 30 A% L7~
(E#4 0.25 mg Mn/m3 ; 1 9fE 0.14 mg Mn/m3, #iPH : 0.02-1.40 mg Mn/m3, 9§
b R . (X< TSI 1-835 4 (CEH9.91F)), ZORER., MEATEIEREO[H

U 3 DOFMiRFED, (E< TEI7E# & xR @& O TH#ie o> Tz, (p.13-14)

(2) Mergler © (1994) 1%, ~ W AeORIENERIBIE 74 &4 & xR EFE &2 5~
TREREME LT, = V777 =2 HOW R < EEEIE, 0.035 mg
Mn/m3 (LA EZ70) (%P : 0.001-1.27 mg Mn/m3) 72 5 TNC 0.225 mg Mn/m3

(K EE) (#iPH : 0.014-11.48mg Mn/m3) Th o7, MHRRAITENVFHRAE DR R 5
X, v U U AEEFEE T, MRS @ & BRI ORI IREE . RRE O EENEEE
FORFEME, RE, GO R TR - Tz, 2 OWFED EILE L0 2
¥)Z&A#i - T, U.S. EPA(1993)iZ LOAEL L1 0.035 mg Mn/m3 (FRW = 7 7 >/
V) EEEMHLE, (p.14-15)

(3) Bouchard © (2007)i%, Mergler © (1994) 23HA K IG: L L=, 1990 42 PASH
SN B EEEDORET T N OTEFBEIZ OV THAE Lz, EFL TV
BREERED 78% . XMHED 67% 723 2004 FIZHME L =TT, T ORS, A~
T TIE R BE & i L C O D E RO R TR —E L TED o7z,
PR~ AT BLAVE =S ETHE L, IR & i 5 &0 X<
EOGEBIRA, 5o, R7E, 1 HELOFERICE L TR bitkz, b7
— 1%, v AR B ES T, E OB TEI A B LA D BRI 2R A
AU, 205 HbO—EE, BEMZBEIKT UCEERR L CHAkET 25480
HHZEERLTND, (p.15)

(4) Young %(2005)TiL, M7 #1. PRI T B (mg Mn/m®) TEE L FH < > 4 i3 < BHE(NT)
X M, BT 7Y ORESEBE COE < B ERR
S D H R SPEMTE BT DRSS COE BB

(smelter) {f % i 3 # T o
509 A & REHOIEIEL R e
BT 67 NOHT AT I BAEEE, THR2T | 156 33.8 49.4 266.4 | 59.4 54.6 337.1
> 77:’_0 310 )\@M RE R vs AR -2.1§ 2.1+ 4.3§ 10.3 -3.6% -1.9.% 14.1%
IV CABIE, 98 AL 0 O B REvs NE A R 11f | 15 0.2 70 18t 1a* 81%

2D LS F 4.5§ 8.41 4.5% 35.2% 11.8f | 8.91f 46.07

AEZ T CAMIE., 34

H{BEENT ) —
iotN SH|| == ¥
O)Eﬁﬁ(ﬁum@ﬁ%ﬁ)%\ % 0<INT < 0.01 (N=115) 1.4t 12 4.2% 5.3 2.4% 1.0 8.6

NENDOIEETOEEE 0.01 <INT <0.04 (N=108) | -1.9% -2.2% 4.6§ 12.9¢ | -3.4% 1.7 13.1
QBITHERL I HEE L= 0.04 < INT < 0.1 (N=117) 27§ 2.0 401 104 4.0t 2.3+ 17.3%

- o — N 0.1 <INT < 0.2 (N=86) 2.3§ 3.2¢ 4.2% 11.5% 4.3% 2.6% 17.5¢
Mz’ T LAET L
INTZ0.2 (N=86) 3.0§ -3.9% 4.6% 19.9¢ -1.2§ 4.6% 27.0%

W\ T B ) Sl =i
B T A0 REUE < SRR Young et al. (2005)DF —# % 6 & Iz LI b0, EIZZHFH, T BHREOER A 2
(CED) #EE L7 (Fg TEDEERLTVS, “HE 20 Ly R EXEYTHT I —ORFERIL
ShEtER & el L7e 40 :% 0.1=P=0.05:7 0.05 > P=0.01;30.01 > P=0.001;§ P< 0.001
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{if : 0.92mgMn 4£/m3, #ilH : 0.015-13.26), & 5\2, CEI Z 4t 3y Hif T L T,
VAE T 78 U A DR IR EIE < E %ﬁ(mw)%ﬁ L7z (o

0.058mgMn/m3, #i[ffl : 0.003-0.51), ZDOL AT 7K LAD INT &, #hEITHE)
i?xbﬁ%(@w\ﬁ%mﬁ@\&mmAm.?ﬂﬁmﬁﬁ\&yﬁyﬁ\%ﬁﬁ)
ZiE, eEE B E AR BRUGSBRARD b (1), . BEREE L O I RS
FMATHHE VDo | BRRERSE) IZH8WVTH | iﬁm@%#mb%hﬁo@wm
5, (p.18-19)

Table 5
Sclected dichotomous test results panels for exposure intensity (IN)*

Analysis Sex less Irritation Clinical test Luria—Nebraskz
frequently than test IR
peers
Unexpased referents Proportion abnormal 0412 0.21 0.02 0.30
OR P OR P OR P OR p
Dichotomaous caomparisons All exposed vs. 3610 8401 2.5 0.009 38 0.23 0.9 0.73
external referents
Rest of exposed vs. 1.8 .03 1.7 .05 5.1 0.03 24 0.001
intermal referents®
Overail irend INT* 14 <{.001 1.01 0.02 i5 0.001 I4 <0001
Exposure-response hy 0 < INT < 0.01 234 0.003 1.7 0.21 09 0.93 05 007
INT categories® 0.01 < INT < 0.04 28.8 0.001 FAY (.008 2.5 0.43 0.7 0.34
004 <INT < 0.1 45.5 <0.001 24 (.03 53 0ts 09 0.87
0.1 <INT <02 41.8 <0.001 3.2 0.005 24 0.46 L.5 0.36
INT > 0.2 61.8 <0.001 3.3 0.005 10.8 004 25 0.03
*In the table, row onc shows the proportion abnormal For the bascline external refi The column headings in row two are the (adjasiced) exposere odds miios

(OR) for the group in that row compared with the baseline, and the level of significance (p) of this change from baseline (OR = 1).
* Comparison of the rest of the exposed vs. the first exposed group in Table 2 (i.e. the exposed internal referents).
“ OR for g 0.1 mg/m® change.
4 Comparison for each gory of expasure intensity is relative to external referents a8 bascline.

4 e 2 —LOREBAIMEICONT
EBR2s AT 7esRE (JARC) 1. 2017 4, e a—2 %270 —71 (e PT3535
D AME) ICHEL 72 (TARC (2017)), 20 FEEE O FEFINIERTZE, 30 FRE O a2 & — MFZEIC
BT, BEFEETFRE e 2 — L2 EETH2EDOMBADY RN ER LTS C
ERHEINTV L, REIFCFEICBET 2 I BERICERD . W <00 0 KREUEITSE ChifE
BENE LTS (tMannetje 5 (2012), Matrat 5 (2016), Sorensen & (2007), Siew
5(2008)), 7272L. ba—A~DF L FEIT, BENRHEIC X 2 (RETRESCMEL %
T, WA, FMROFHE I FERRE) . FERYESCRERT IO TomE Tk,

5 FEREREZEHREIIC O W T
(1) = B ROZOEY CEEMERb~ > o Z2BR< ) ORGEUIEY o ERBIC
DNTIE, FHEANC £ Y R O ERE N FTE T b Tns, £z, EENE
Bt~ o HAZOWTIE, BRI O A RS ST b, 2 OEE
X, EBREORFAEL, TE, A, REHEE, TR ORKRSE O IEH O F
BT 22 CTh D, BEEZOAPTREIT 0.8% (H30, 42,843 N%2). f5EHE)
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(2)

6 EEK

(1)

(2)

(3

(4)

7 B

(1)

REZ O AP R 2.4%H30, 910 AZR) Th-o7= (EAEH#4(2019)),
AE7—&@&¢%£_owfm CAMMETHET 2 CAMEEICHEYS L, LA
Jitife 2 D FEhs (3 I BH2 L 3FFELE) BEBEMFTONTND, HIC
U A BtifeR2 ﬁ%%ﬁ@o% RS DB BHEIC )2 TVD VDR H D FE IOV
TE, MRACBET 2 MAEATT S (CANRES 3 55 1 T 3 KL OV C ANMGEMAT
BRI 75%), BHEEEMEEE N2V E RIAEN 2 BEEOER (SRR, — i
W, EESUHAR EL . 3, ol B R B 1Zd5 1 DA T RIS 117 A
(%284 150,208 \) &L7e->TW\b,

(EEMER L~ v vy o EENE)
W7 za~rHy b a—A2id, 2RO~ (1, IDAE £ (ACGIH
(2013)) . BT — 7 WD B 20— A1Z1E, MnFe:04 DI, Wb~ A2 (1) »
HEND UMD (1983), FaLdCik (HAEEH(2019) b, I bRERET
JELZW, UEND, B 2 — L RN 7V za~ o H B a—2D00TIZ
SR~ T nEEND EHIEIS D,
A 2 — DZEEND Y T DK REX, WEEEY . BHEIEMAS 0.2mg/
mg/m3 (LAEZ 7)) PLEOHEMIEESE N 454 5D, 1lmg/m3 (LA T 7))
(ETDHEMEES D (PR @REN LS 2019), v 5877 b
ENIRBIT D~ DOZERFREE L, T 0.03mg/m3 (L A EZ 7)L)  0.30mg/m3
(L2 "TT)) THDH) (Bast-Pettersen 5(2004)) . 15 >E N A& <, 1mg/m3
(LRAEZTN) (Z#ET 586655 (Ellingsen(2003))
COEOBRBEO~ T AT TELITTBHE L, BEta—b W7o~
YHE 2= LNTRICOWT S, MREREEAA MG S, £0% <, I
< BUGEIRAFED 5 7= (Bowler ©(2007) . Young 5(2005). Myers ©(2003b)
78, bl EAMRb~ I AT D RNV T, —EDH PR
FQ.A%VPEHO LD,
UL b, SRR b~ i, o~ o mE A & FeE, 1IE<BEICE D
MRS EH A S S - T BZNNRBO LD, I HIC, EEERIL~ T DR
EMEEZBET LHREDRDONR, ZO7®, 1EkOR b GE28) LT
[~ T ROMEAY GEEER L~ T %2R ) o _[OERERb~ Y v
ZBR) ] LT ARBERBIBRL, [~ B ROZOEY] L L ESTSZ L
MWEYThH D,

(ABfEe 2 — LOFFELFYE & L COfLE R T)
B 2 — DXL BT 2 5 E OMBRSEEER & L ClE, =~ BT X D 0hiie
BEERDRSEHRE SN TWES, —FH T, 50 REORHREICB T, BEFEE 2 —A12F
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KBETHEHEOHBADI AT N ERLTWDHZ s, REII<ECETD
R BEOCBAR D . W< OO RPN TR I N7- & LTV 5 (tMannetje &
(2012), Matrat ©(2016), Sorensen ©(2007), Siew ©(2008)), 7272 L., Zi ¥
EE, B BEMSEHERICEVHETEL 0D, iR ADFRKYWEIXREE ST
BOF, BAEERTFOAATHL, Lonl, v~ T XTI K M3 A DFAIT#H
XN TRV LG, w2 Bl L BB OBERAHEE S5,

(2 —FHT, LAMOHIRENGFMEMBADNRBETD2BENRHDH Z LITIA A
LN TEY ., CAMBREZENZIBW T, FELS OB OHED RV & 2 I I3iH
ABREDERNFEL T ST D (CAMIES 3 556 1 T 3 EX VU AL
ITHIRNEE 7 55), 7 — 7 HEZEIL, By CAMEE L LT LAMREZW OXI5R & 7e -
TWa,

@) Uik, [BEHEea—2L] & (= B ROZOEY | OEHECREER T2
DAEEMEREWZ NG e o — A ) 2T L EREb P WE GE28) &L
EAA T DT EBRYTH D,

(4) FEDAANETAE D BRI E Y E~ O EFIZ OV T, e = — A%, P
IZE o T MTHT DDA DRP AN oD Z LRI, EORKNE T
BEShTELY, £/, iR CAMZHT &3 2 FMMA A L ORI D
WTWRYY, ZO7, Y, FRlEHEYE L LU THESES BRAORKYES
DFNELBHA LTI o TeRf R T, BEBGNZITI ZLBRETH D,

8 B (K¥iv o — LRSS HOIEE)

(1) e 2 — NI RHEFEEL UL, v WAL FEIC K DB RREH 23 s
EhTnb ((Bowler 5(2007). Ellingsen ©(2008). Lachaudomchok %(2011),
Sen ©(2011)), #EHEREIEHICOWTIE, BATORHMBAID [~ T ROZE DA
Y GEIEMER b~ T 2 B< ) | SR 2 Bk EE 2 B H 2552241 5,

Q) E6ic, WRACHTHY A7 Z2HFEICERSES L LT, IARCQOINDIC L v I7EE
ba—AF 7N —71 (& MIHTDEPAME) IZHEINTHDR, TOHRKY
BRI OV TUIHAREIZ 22 > TRV, 2B, 7 — 7 IEEEEIC OV T,
CABEIZ LD CAMBEREZBA RS T b TB 0, LSO A HEIC o
TWABZENDOH HEITH L TE, AT mENMTHOIL TS (L AGE
W 3RE 1 THE STEL O U AMHEMAT AN 7 2%),

(B) BA LD, M, Wit 2 — 2O WNMEEIZHOWTIE, Bl &k CAMIEZ O
XNBETHE LI, BEAIORBRERDZE & LT, kD~ T R OZE Dk
BWEAEROEB A FEM L, 5%, B 2 —AIEENLFHEOFEMEICD
W 2R BN 22 o 1235810 RERIHAZBINT 528 & 500 %
BThd,
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A2 TUoHURVZEDELEYDIE BREMEICET HRERFROMEIZRE

1
(6)

(7

¥ D XHF

ACGIHERH Ic B 322V v D TLVEEDF 21

ACGIH(2013)Ti%, TLV-TWA0.02mg/m3 (L AT 7Vkiv) B~ By K OFED
LS U THESRE L TW5, Z OfEil. Bast-Pettersen(2004), Luchini &
(1999). Mergler ©(1994), Roels ©(1992)D# 5751 57z LOAEL {4 0.03-
0.04mg/m3 (LA BT 7 pi1) OFFATEL —HLTWLHZ LEZFFL TS,
Young ©(2005)X° Park ©(2006)D7 —# HRRE THo7=L LT 5,

Z OfEIE, BlE SN TW5 LOAEL @ 1/1.5~1/2 T% Y . Young 5(2005)43 7~ L= F
FRAE(ZITVY, Roels ©(1992) D#titEF Mz L5 &, TLV-TWA0.02mg/m3 (L A &5
TARLT) X, FEE D 2.5%IC FORENRE (FUR2i B TRt S s 23, Kk
OFTRIERW) DELDL~LTHD,

2 ACGIH#ZEEIcBIFE2A4 v "I Tk Ictgd TLVREDE 2

(1

(2)

3

ACGIH(2013) Cid, NEELTO~ U B W, Hli OB A A HEEIN 75 L 7 bL
THORINENL] L, TRBBESNDR A Ml AT T AR+ Thd (1F
EAENR<4pm)] LTS, —H T, ACGIH(2013)Tl, {LEEDD OWRULRC 5
WHEEIZ A8 L 72 I D m WAL A0 b OWRIN OB —T 1 — ROBUE S 4pmD X
Db RERKFOHFEDTRINDEHETIE, LT T AR+ O TLV-
TWA(Q.1mgMn/m?®) H HEE X5 & LT b,

ZOfE, LAY T 7L TIV-TWA (0.02Mn/m3) (2, £ > N\TFT)NVELVAETT
NOHDOIFELSE (1:1 (&), 10: 10 E (7xu7u/ %)) oFfEG:1) %
FA2,LVAETTNRFOTIV 25 L0 E LTND,

ACGIH(2013) Tl A > /T T AKIFD TV ZHWAEA1F. LAY T T VRIFO
TLV L FETHWORERH D L LTEY, 4T T ARAO TLV % Bl Tl ]
T2 2 LIFERH TRV,

(4) ACGIH(013)Tlix., A > T T NRiFE LAY T TR AL DIELS BAFTML T

WaAEkE L, F<ERFIZVAY T T IVR O 2t 5 I ES I < &R
(INT) ZHw5 &, L0 A EICERRPREO LN E LTS (F1),
PRIE < B (CED TRaLdA T T VR OfE R (Myers et al., 2003) & INT
TREND LAY T TR DT —4%Youngetal.,, 2005) (£ 1) 2T+ sL, %
FDIEHIN, FVAEKRENE B LZFEICEBEFREZ NS OPRLTWES Z

ERDrolz LTS,
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F1. PEIEARR T B(mg Mn/m3) CHREL L 72 )~ o 4 13 < BETREE(INT)
LEEMNT =, BT 7 U U OEG@E ToX < BISEMER

¥orE #5it |Santa |FEHIK | Fot | Fut | gk
o Ana JEEERR YT (& 7K
(ms) frflF) | ZHOF)
I BAtREE, TR aT 15.6 33.8 49.4 266.4 59.4 54.6 3371
SR ve o EEE 2.1§ 2.17 4.3§ 10.3 3.61 19.* 14.1%
0 ORBERvs NHIRHE 1.1% LG* 0.2 7.0 1.8% 1:4% 8.1%
2ED LY F 45§ 84t 15% | 35.2% 118t | 8.9 | -46.07
B IEBEATIY —:
0<INT<0.01 (N=115) 1.4% 1.2 4.21 5.3 2.4* 1.0 -8.6
0.01 < INT < 0.04 (N=108) 1.9% 2.0% 4.6§ 12.9* 3.4f 1.7 131
0.04 <INT = 0.1 (N=117) 27§ 20 4.0% 10.4 4.0% 2.3* 17.3*
0.1 < INT < 0.2 (N=86) 2.3§ 3.2% 4.21 11.5% 4.31 2.6* 17.5%
INT=0.2 (N=86) 3.0§ 3.7 4.6% 19.9+ 7.2§ 4.6% 27.0f

Younget al. (2005)DF —# &4 LIZ L2 0, HIZZAL ., X ESREEOFEH A o
TLOEERLTCND, “HE, £E0 Ly R EKET AT S Y —oftih R,
SRR L 8 L7 6% 0.1>P20.05;4 0.05 > P=0.01;} 0.01 > P=0.001;§ P< 0.001
4 EHIREFICONT
(D EHERET, ERRENERS RN L, FHEX D ZRET D70 DEEETH
%5, BHEXSOMRIZLY, FEFHIES LOBEREERT O THLD, £
DEFPRE D F L, FEFIZL > TONDRTWNE D TRIFIITR LR,
2) PEXR, Rl — DB DN T, IR D BRIR B 2= L7l v, 2 AU,
BEOEHRE 2R LTche, BEROREME AR L 2 EBEX 2N —H L2 &
DPREESNDN, DX ) REMREAA 2 RIREETHLHET L LTHRET S Z
ENEF LW EZEZLND, £z, ZOOK T & RIFHIHIE T 2 729121,
Y77 — BB OLENRDY . FEEOABZEST I L BRI ND,
(3 k. VAV T TR OWTIE, TEROE) CARE T 3 2 sk 2
HT 52 THERRETH D, £ T TNRFICHOWTE, EFTED LIS
RIAEE N 2N hEEE OIE T REDOMN NV E L 72 5,

5 FHHE (WENROKFICOWT)

(1) ACGIH /%, TLV OFEICBWT, FMEOEFEEAICESE, LAY T 7k
FICBAT 5 LOAEL 2 LBl LTWD, 2D A T TR0 TLV I,
VAT TNARIFOTIV OS5 5L LTHEINTWS, ZO5{FEWIEIX, 1~
NTTN T LAEZZAHDIELSE (Tl 1, 7=u7rA%T10:1) O
HEEE SILTWD, D7D, A T TR0 TLV (X, EHEICB W TIRmE
WKEEL . 7z a7 A 5E8RESICE O QTR ICE LWIREE L 705, b0
Bmns, ACGIH X, £ "F 7 NRi{O TILV ZBMCTHEHT 5 Z & 20D T
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AN

(2) 2, BEORRIZOWTERRE LR T T 256, 50N EHORERRERIC
DEIX IS —E LW GE . BAEES O ERE 4 ﬂﬁﬁéﬁ%:omf\E
K& U CHEME R A L 70 D, FTo, AN TITNRAZRET DT
DIPIEEEDOERE S VB L 72 5,

() LiEnd, BHEREDOKEETH DL~ T ROZOILAWICET 2 EHEEL LT
X, L VMERBIEZRSOLVAE T T NVR T ORZRERNRETDH I ENERHETH
Do

(4) 7%, BRITHRCRE LI~ T OBE2 R TRETH S CEL L0 b2k iy #iH
DFEENEL BOWELEZRTIRETH D INT OFPNHIERBRSEBRERT D & W
DT LT, Aty MM CIREERE L & bIT, Aubrr I O < RO DS Y
BICEET A EERLTWVD, 2O LT, FEFEMAEMO TS LICE s T
VAV ORBEEZHDSETH, BEOEHBRENSTE, vtk
TR B DB I DD R FIAD N & ZoRIB LT D,
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Fig. 1 The association between Mn in the respirable
and the inhalable aerosol fractions (n = 153; Pearson's
r=0.70; p<0.001).
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BOBENITE —Th oL HAENLEE CLTF X< EEE Lo,
FRUEHALE LTWDN, BHEE =2 — 2AOREIEOS AT, B, B%iEL
BUEELFRERMNETHENBZETHD,

() RIEIEAETIT, EERERAY 2 R 2B 2 D58 TRV IR LIEEDR ® 25413,
2 W[ 2 Tl & 22 O EaPH CRIERFR OBAEZ RO T\ D, 2L, [ UIEES
TYEERENTE A 6 HIC 1 MRS Z L 2L LTWAH70, B 2 —
L OWPERTE DG AT EMEZ RO RN ERRYTH D,

(7)  WPEREAETIE, BIEHREAFHAE U, 51 aHiE, % 2 fFlfEs HEd 5
B, WHE 2 — AOREREOLGIX, ERGEREEZRET B0, ¥
SIEBELEIIBITDMEMD O LERERKOHOEFHIMEL T2 Z ERRYTH
%,

(=) WEREAETIE, BRI BEECB T 2 MEMREORIL, #Ye ASizo
WTAT O S, WEHLEZAT S Z L ZRHRIC S A& TEl-> Tidblewvnek L, T
[0 2 S AR ER R 2 085 & LTWnb, UL, L 2 — A ADREERE
DA, BEHLEI T DRV e BRI BIERICEFT 55O O bt
BOZEIZKH L THEZIT) ZENZUTHDL, L, MEDOKEZMLRT S
BN, EEANTH LT EEEN 1 ADBEAIE, MgE I+ 2 E 42 E
BE) WEEERTD L2 ETI0ERDD,

(10)  FEHRBUL O Hr B, JIE IS E D 5 ik GREHREU I © AiilieE ik,
GINT T WS AT 5 1SR S BT E) LAk D ik L 3 _& Th .,

1) ZhboBENEESE 2, WEFEOFEMIZOWTIREIZIT O RE Th 5,

Z R

AT EE (2019) (EERBGHIEHREF O —H A2 WET 2 HREICHT 257 Y v 7 a
v b

JIS Z 3950 VAEAFERRERIC 51 2 1%k U ARESANE 75 ik
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AAR7 MFRAREREOIEEDERRICET S XF

1 PR AR R BT D RE RS 1T 1T 2 HE

(1) BiCA~A7 ORI (HEFN 63 F57@A &ora 19 5) Tk, $65% (HEREICETS
RER) DR THENRRBR ORI L LT, B B2 funEsTlzhshic
DNT, VAT OFENFE D%k % RS1/DS1/RL1/DL1 : 80. 0%, RS2/DS2/RL2/DL2 :
95. 0%, RS3/DS3/RL3/DL3 : 99. 9% 3 4R ICX 5 LTV 5,

(2) BEBYZ 7 &R ARE R ORI (AL 26 FIRA 7 E 55 455 5) Tid, &
65 (MEERICRES 23BR) ORFHEFRRBROREBREME L LT, 74 ¥ Offife
R DA, % PS1/PL1 : 95. 0%, PS2/PL2 : 99. 0%, PS3/PL3 : 99. 97 @ 3 Z&fkiZ X5y
LTW5, I5IT, [F%HE6 &%, BE 7 7 o & WER AR B O ER5 O R
SMEE LT HRED T ANAEREE LT~ AT DD ORNEREERT LI SH:0. 1%,
ARk 2 1.0% Bk : 5. 0%D 3 ZHRITXS LTV D,

2 HAARITEBKICHITOHES

(1) JIS T8150:2006 DAFZ 2 1%, FREM#EMRE Gl S L7z EHE N, EFITHET S
FERAREREZIELS ERA LG AIC, 2R b BonsThA D EHIFFEND
Bisfesh) 2o\ T, AKX OB )7 LR AR#EORE#ERKT, PP
234 ~50, Bt 4~100 Lo TEY ., AEROB) )& O HRER O
TER RS, I T4 ~50, BRIFTA4~100, 7— R T4~25, T Ay
— LRI T4 ~25 L LTW5, 5T, (R 2DETIE, ABXNOPEAEIE, @
EEOPAE [Ln (%) |7 4 NV Z OFEEE[LE %) 1526, 100/ (LntLf) IZ & - THH
THEHBEL TN,

(2) JIS T8150:2006 DFEFTIX, 15 21TR LBk, KEEZHE (ANST) &
UK EGEZZ A AEAFJERT (NTOSH) . JEEZ A (HSE) R S e
R E SR L, FHEOMERHRHEROREICHE L - BEIC OV TEEMEEE L
TRDT-LDOTHDLE LTS, SHIT, A TIE. BCKOFRER#RE ORI
X, FEREICBWTHBRE DR ARER A FEERICEH L, —EOBEIER I F %
Tolc EDFEAMEELEIF L, TORKMEE LTRMLIZETHY . FEHEMOIX
HOXIIK L TLBMIIRE LIETHD &L LTS,

3 CREOBEAZITEBT B HE
(1) KEZAMET (USOSHA) LRI (29 CFR 1910, 134(d)) (PR T3 BLORIR 1o
BT, AREEO AR R o DR (assigned protection factor) %
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(2)

Table 1 IZBWTHE

Table I: Assigned Protection Factors®

2 N > N Type of Respirator'.2 Quarter  Half Full Helmet/Hood Loose-fitting
l/ ‘( j;‘) D A 6 ]@ KO) IJ? mask mask facepiece facepiece
%z );H 11% g% /E\ i: S .( 1. Air-Purifying Respirator 5 108 50 o —
2. Powered Air-Purifying Respirator (PAPR) — 50 1,000 25/1,0004 25
L A 7 = s
Ix. ﬂ:ﬁﬂ:}'@ 10, /j:}‘ﬁ 3. Supplied-Air Respirator (SAR)
or Airline Respirator
A + Demand mode - 10 50 - -
> AY .
M—‘SO & é j/l/‘( % 5 o « Continuous flow mode - 50 1,000 25/1,0004 25
+ Pressure-demand or other — 50 1,000 — —
BE) T 7 T E R positive-pressure mode
- 4. Self-Contained Breathing Apparatus (SCBA)
R 5 (PAPR) |2 DWW\ T - Demand mode = 10 50 50 =
» Pressure-demand or other positive- — . 10,000 10,000 —
/. P < Ko i i
@i\ gi:ﬁﬂ:;vc: 50\ éﬁ pressure mode (e.g., open/closed circuit)
Notes:
A . - .
= AN N ' Employers may select respirators assigned for use in higher workplace concentrations of a hazardous substance for
ﬂi/*’( 1’ OOO‘ /1/ )( D4 I\ use at lower concentrations of that substance, or when required respirator use is independent of concentration.

- ol 2 The assigned protection factors in Table | are only effective when the employer implements a continuing, effective
ﬂ:j "G‘ 25 N 7 — }‘ ﬂ:} "G‘ respirator program as required by this section (29 CFR 1910.134), including training, fit testing, maintenance, and use

requirements.

1000, W—RXT7 4 T

3 This APF category includes filtering facepieces, and half masks with elastomeric facepieces.
+The employer must have evidence provided by the respirator manufacturer that testing of these respirators demonstrates

. performance at a level of protection of 1,000 or greater to receive an APF of 1,000. This level of performance can best be
N F S TS Y demonstrated by performing a WPF or SWPF study or equivalent testing. Absent such testing, all other PAPRs and
Lm CE 1/ T I/ SARs with helmets/hoods are to be treated as loose-fitting facepiece respirators, and receive an APF of 25.
& These APFs do not apply to respirators used solely for escape. For escape respirators used in association with specific
6 substances covered by 29 CFR 1910 subpart Z, employers must refer to the appropriate substance-specific standards in
© that subpart. Escape respirators for other IDLH atmospheres are specified by 29 CFR 1910.134(d)(2)(ii).

OSHA @ 45 7& By i #R 5k

I%. KEPESEHIFE (ANST) 788. 2:1992 D
FREB R ARILD—D & LTV D
(Steelnack (2007), ANSI DR ZEAERRZ
BT, EEVREREOMRM L LT
WL OMDXLHRE &H1F T D (Nelson
(1996) ), #MHTE PAPR I DWW TIE, 3
WRREEZ 31 B EtEsE 7 « V& (HEPA)
AT EE PAPR &1 LI-1E%
B O ERE R FEIN LR R, Ptk
BB 431, 5%/ —k &
AIVOHEEED 58 Thol-Z L%+
ZRFRMLE L T 5 (Lenhart and
Campgell (1990)), 4/ PAPR (Z-D\
TIE SRTARLF 23 1T 2 21 PAPR %
ERUIAEESE (EEN 7 4y b T A
FOFER, AND 7 4 v MEEIE 500
Thole,) ORIEREAE IR L 7=
F. 5% =k B A INDBEERED
1400 T & » 7= Z & (Colton et
al. (1990)), ~v A >k« 7— KED
PAPR D BhERREERIE D 5 %N —F
v ZANVDOYTEGRES 1470 Th o7z
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TABLE IHl. Workplace Protection Factors—Powered Air
Purifying Respirators '

Geometric  Best
Geometric Standard  Estimate
Studies N Mean  Deviation 5th Perct.
Half mask
Lenhart2® 25 431 34 58
Myers & Peach® 7 49 2.5 1

daRoza (simulated work data)"® — 5000 — —
Skaggs (simulated work data)("’— 14300-20000 — -
Full facepiece

Ayer (simulated work data)1?
Myers & Peach®

Subsequent data
Colton(13}) 55 10300 34 1400

Helmet/hood

Decision based on analogy
to atmosphere supplied
helmet/hood data

Subsequent data
Keys!™ 60 10400 33 1470

66 3.6

w |
[+ -]

Loose-fitting facepiece

Myers (battery)('? 47 127 23 32
Gosselink!'® 7 199 26 4
Myers (smelter)? 43 184 33 27
Que Heel'® — —_ — —
daRoza (simulated work data)'? — — — —
Skaggs (simulated work data)V — — — —
Dixon (program protection

facton)'® — 230 — —_

Subsequent data »

Gaboury 20 1410 25 306
Stokes?? 39 1530 58 85






Z & (Keys et al. (1990)) & F7p4R  TABLEIL Workplace Protection Factors—Negative Pressure

Air Purifying Respirators
L& LT 2 (Table B, fim g Resp A —
B RO AHEA s~ X7 DEERS Geometric Standard  Estimate

Studies Available to Committee N Mean  Deviation  5thPerct.
AL BRI S =k Z AL

o Half mask
DRFERIE DO FRPEIZIE SV TR pigonas 42 3360 48 254
PN Reed@A 19 18 317 27
ESHTNS (Table MZM), Lenhart®2® 25 166 38 18
(3) & B [AHHI1910.134(d) (3) (iv)  Nelson@? 76 258 52 17
. e A e Subsequent data
ZEL : NP £ AN
IS SIANSNE & =2 RE 2 Gosselink28 44 96 23 24
TR (USNTOSH) (ZRERE S L7z mfdi  Gaboury 18 47 25 10
B Colton (welding)#® 32 147 25 33
HE2h=T 1 V2 (HEPA) 7>, 42CFR  myerso 153 346 7.2 14
Johnston®W& 18 448 2.85 8

part 84 (T &5 "CNIOSH 23R8k L7z Colton (brass foundry)528 42 469 3.87 50

- . Colton (Al smelter)G8 38 28.2 2,06 8.6
TANZEHRT I L ERDT Galvin®48 63 75 3.1 1.7

W5, 42CFR part 84 Tik, RERRL  wallisks 70 50 35 7.5
TRNC, A 7 ¢ V& e sh Bl Full facepiece

o I No WPF studies available;
RZED TR, ZDOHEDNHRD  since no new data, no

% 8 13 . NIOO/RI00:  99.97% change from 1980 standard

Subsequent data
N99/R99: 99%, N95/R95: 95% D 3 cokon(?) 32 4790 7 194
B [gléll: s N AYAS) o AANSI and Nelson concluded that sampling bias may have been a factor in

the WPF measured
(4) I:Jﬁau 1910. 134 (f) BT $ BNelson concluded that sampling bias may have been a factor in the WPF

measured
EHI, FHAOMNBEAICNES T
T4 T ANEERTDZ LERBEHTTWD, 74y T 7 78— (A4
DWREZE~ AT NORETHRLZLO) & LT, LA~ A 713100, 2EE~
7 TIE 500 Z3ERTHZ ENKRDOENTWDE, 74 v b T A OEMBEHIT, Hi-
R AV EERT D0, v AT EERT D0, TEEDOT 1 T 4 L TITEENR
HoZ &L (KigREEOHELE) BRALLRICERT L EENTND, 74 vk
TANOFEZ, EEAOT AN WEREFEHLCTZ7 4y N7 7 7 2 —%3HETS
HiE) EEMENT AN GMEOH AR~ AT NIZA> TE 22 & RS TR
L) BV, BT A MI. 74y F 777 Z =73 100 LLFOSGEIZ LG
MTX7pWnWZ LI TWn5D

4 74 v N7 ANMIBET D IS0 DIEE
(1) IS0 16975-3:2017 IZHB W TlE, 74 v FT X %@%bﬁﬁ?ﬁk*ﬁ EEZEDTND,
EREFHNZHONWTIE, FILWS A7 ORI~ A7 OEEOFNIFEMT HZ L &
SNTWVWD, EHIZ, 2 b FE1EFEMTLE &ﬂ%“é HELTWS,
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5 &%

(1) HEERE TRV TIE, DR EEOBUEIZ 2V, OSHA BRI D5 ER#ER I DR
L& 72 5 SRS, ENER, EPERE T 4L Z (HEPA) L. XX, 74 v h7 7
72 —=M500 HDMRE, T4 NED D DOIRNEEIZITIY T X 5 IREETOERE T
2% Z &b, OSHA OIS EPRERENL. HADD DIRNEOME L EX 2 D)%Y
(BHEFTO. 1%, PHIFET2%) THDH, Lo T, ZOIELFEERKD 7
A NVHERRIE CTe 7 4 V2B OJRNEE JIS 18150 D BL#EMREK D FHHE
(100/ (LmtLf)) (ZY TXD TR A G R L2 R 2R 1 KO 21587, 223,
99.9% D7 4 VA INFIZO0 & LTEHERLTWD,

(2) BIfE, JIS T 8150 IFUGTIEETTHY ., Zh Lt d#ELXY >o, FEEPERE LY
MEIZ L T R D D,

(3) 74 v R T ANMIOWTIE, 1K, EEMNT ¢ v b7 A NI X BH#EREOfERR
T 5 2 L BBESEIC Lo THRE L TW5D, B 2— Ao TiE, JFAER
REECLD~ DV BEORBARECHL Z L2 HEX 5 L. BN, i
W7 4> PT AN ZMEREICEMT L2 EBHETH D,

®1 BiCA~R 27 DOPERB DGR

FEME B%D 7 4 2 | HHENE 99.9%D 7 4 L&
(PF,=20) (PF,=1,000)
2K (PF1=50) PFo=14.3 PFiwi=47.6
i (PF1=10) PFiou=6.7 PFow@=9.9

#£2 BHET 7 AR HREEOHERE O EE

W 95% D | HEMFE 99% D | HHERZFE 99.9%

7 4R T A NR DT 4R

(PF,=20) (PF,=100) (PF,=1,000)

4 (PF1=1000) PFwi=19. 6 PFoi=90. 9 PFa=1000
FH% (PF,=50) PFo=14. 3 PFow=33. 3 PF ot =50

PF @ TR & EADRED b OImILRITH)IG 3 5 FiEfREL
PF, : 7 4 V22> b DRI T 5 BirEREL
PFtotal : é’fZ’S@ l%%%{%ik

(Z B3R

29 CFR 1910.134 Respiratory Protection Standard, US OSHA
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