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XU DIz
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RIS DR EE N RESSMEELL T Th 5 2 L MGl 4 2720 OHIE  (FEZBHIE) 2k
T, VAE T 7IVRA ORBEFRRE D 72 W R EEEE ORI I3 1 D Gekiv- & LT,
W LA LA T TR ORGRE EO X S ITEAS &), £, @AY 77—

EEDLIGERT NS 02T L0, Rz Ea— LT,

1 ISOT708IZ LB AT TI, VT v T, LAY T TR FDER

BURFFEBIBILR LR D L B = —

1) =7 u VR TOfEIZHOWTIE. LA E T 7 LR T-(respirable aerosol fraction)

(B9 2 EE M EFTBMRODEFRE (bum 50% 5 v b4 7) MNEEEHIINZ KO

050 X #1(Orenstein (1960), 1989 H\ZHi7- 72k FR O3 HEIRZE S 1L (Soderholm

(1989)). = ™%, inhalable, thoracic, respirable ® 3 D DR S A E BRI ERE
i, IS0 7708 (1995)IHIE SHiz, ISO 7708 NHET D 3 SDRIBENAAD 9 b,
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Fig. 1 Airborne particles conventions for air samplers
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(2) ISO 7708(1995) Clix. A »»~7 7 )Lki+(inhalable fraction)if., ECHONBMA S

N5 22K D2 T DR 1 (total airborne particles) D& 5

4y (Mass fraction of

total airborne particles which is inhaled though the nose and mouth) & & 31 C
B, MR EIC K D ELROBEHE R O AT T 5 & LT\ % (para 2.2),
ISO 7708 (1995)Ci%, A > »~7 7 /L(inhalable) & \» 5 fFEZERH L7-#EH & LT,
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A U NT T NRIADEFE (nhale) & b BARICFHIB L T O HFETH L7 & LT
%, “inhalable”iZ DWW TIHEEDOMHEHAGIEITIRELA & D . 1970 AR H ORI D5
Biam L ESIL, “inhalable”7s ISO DEFK & [F LEK E L T Tniz—,
B# T (EPA) TlX, Wb PMio % ”inhalable” & L CW /2728, IRELZ#ET 5
7= ISO/TR 7708 (1983) TiX inspirable” & 5 AFEZ M L T iz, Z Dk, EPA
23’ inhalable” % % D L 9 7 BRE TIIfE D7 < 72 57272 "inhalable” &\ 9 HFEZ £
FAL7=& LT b(Annex A),

3 AT 7L REG(nhalable convention)ld, 1 /T TVKI - AHIEL X D &
T HEE DY 77 — DOk (specification) THh 5 & Si(para 2.4). T DI HEIDJE
S dm/s K OB EITHE SN F D% & LT IROXNTEREND, 22T,
DFZER IV FRRIRAED) Th Y . ElE, Fi R I L D% n i Th b, ERT —ZIT
v, B 4m/s Kl TiE 100um LY BRI RORZ WA T T VR 1317
ELIW D, A 2T 7 VEREE 100um K D KEVEICIEGEA Ly, & &
N CuWb(para 5),

Er=50 (1+exp [-0.06 D)

(4)  FUED 4 m/s U EDOHEFROXPEERICHE SN TS, 22T, wdEET

HY.D>90um XiF u>9m/s DEAEIZITEA L7z E L% (para 5, NOTE 4),
Er=50 (1+exp [-0.06D)) + 1031273 exp [0.055 Dl

(5) V7w 7iERE (thoracic convention) [d. HILfE2Y 11.64pm TR/ F2E (R
220 1.6 DRRERMEH DA CERIND, ZONM TIEEFHRIFD 50%ITRi1£8
28 10um iI2H% (10um50% 4 v A7 BV H,) (para 6),

6) LAY T 7IHERE (respirable convention) (3. 2FEER SN TEY ., AR
FOoFHHT R Ui, B2’ 2.6nm CTHEAEVE(FE2Y 1.6 O BFRE(ER A T
ERIND (WbpD PMas) (para 7.1), HEEZRRAZRSRE LZER T, PREN
4.25nm CRATEEMER AN 1.6 O REERMTER DA CERSND, I DA TIEAF
BT D 50% TR TN dum I2H D 4pm 50%H ~ A7 E B9 ,) (para 7.2),
IR, ARTIE, BERRAMTOEREL LAY T 7 /UERMEE LT 5,

2 KENZRT DRAIRE DIX < BRIRE CORRIZET 2 HE

(1) >k[E OSHA 1] CFR 29.1910.1000 @ Table Z-1 (Limits for Air Contaminants)
IRV WEINCREMEPEL 25 L, 209 6, W DD OWEIZ DWW T,
LAY T 7 ki+ (respirable fraction) J8¥ UA (total dust) OEYEEZHE L.
FNENORBROREEIZOW T, FEE DI BRIV 5L EH ZOREMA
A TR BRWEHEINTWD, £ T TR OFEEEDSPURINCHE S
TV DWEIE eV, K E 57 8 72 4 4 AR iF 28 5T NTOSH) A HESE U T 2 1 < @R (R &
RELIZEVWTSH, FEETH D,

(2) ACGIH(2018)I%. “inhalable, thoracic, XX respirable i7" & V> 5 Fhaknd Zev E
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< EBHRE (TIV) 12290\ TE, #8 U A (total particulate matter) & U THE X
NTW5S, ELTW5S, &5HIi1Z, ACGIH OEXE LTIE, BB LAICES TIV %
inhalable, thoracic /* respirable ® TLV |[Z{E & #izx T <, E LTW5(p.72), 7272
L. AT TIVEWVIRIRDOIETLRDH D TLV DR E SN TV SWE IR, £ 30 WE
IR BAL, YTy 7 &) IR W(ACGIH 2021),

(3) ACGIH(2018)® Appendix C (23 TlL, inhalable fraction, thoracic fraction,
respirable fraction OHFEFEDER P /R I TWDH A, Tk, ISO7708:1995 &
[ L HDTH5(pp.80-83),

(4)  KEZ@ZeAANSEET (NIOSH) X, #7~ == 7 /L NIOSH 0500 (1994|235
W BB CAZIET S HEE LT, 3Tmm V> 77— 2R ke =1 PV0O) 7
ANBHEITO—ART =2—ARIT 4V E Iy MCFOWCHER L THERT 2 HiEEE
DTN, ZANEYUSND & v BNBEIATE T DR 23272 HIERS RN
MaHiE D Z EABRBEE 722V, 2015 41 NIOSH 0501 & LT, Ay hoHic”
A NVE I T (Accu Pad) HHFAT 5 HEFRE LT, LAY T TR0 7Y
> T HEIZOWTIE, NIOSH 0600(1998) THE ST\ 5,

(5) NIOSH 0501 i, #¥ CADORIEE L L TIRE STV 5 A%, O’Connor et al (2015)
I%. NIOSH 0501 ®»/Xv 75 —4 L L, 37mm CFC %> 7 —I(Z Accu Pad 7%
L7ebD e IOM Y 77— D=8 $:) T8 T _>O% 77 — % HTHIE
L7=fE R . Accu-Cap/IOM OEH D Hnid 89%(+9%) TdH Y . NIOSH 0501 & IOM &
DHEMBPED RSNz, L LTW5D,

3 HEEZRHAET (HSE) (BT DR -IRWEOIL < BIRE TORBIZET o8&

(1) EEZS2HEATT (HSE (2020) TiE, A > ~7 7/ {-(inhalable dust)id, FEJL
RRC& & OB AY  PERERIZIEE T 5 22K OB OE )y (fraction) & 1Ll L7z & O
ThsHELTWDH(p.25 para 43),

)RR EIZ BT 205 01X < RIREE (WEL) 1%, BVt A v NT 7 VhL
FEFETELTWDH(P9paral6)F/- WEL O HHZEF 2. €D bz FiEMDHS
14/DIZHE > THRGE L 7ZBRICHiE Sh DR PR A1F, VAE T T NRIFLA T
Ik CThH D, & LTWAHHSE (2020) p.8, para 13),

(3)  MDHS 14/4 (HSE 014)IZH W\ TIE, A T 7K OEFE L LT IS0 7708
ST 5E L H12(. 1, parad), [TEEIZBWT, A NTFTNVRFDOH T T —
L LT IOM @QL/min), =2 =)L+ AL T T )L+ %75 —(CIS, 3.5L.min). Button
Y77 —(4L/min) & multi-orifice sampler QL/min) 23 HAA2 b DL LT 5 (p.9,
Appendix paral), €D E T IOM B> 77— A L oNT 7))V D EFE GlEHIE)
CROEET L2V T I7—ThHY), RBHFELVWYH T IT—THLHL LTS (.9
para2), 7272 L. HIEIZBWT, AT 7k TldRwn e b 100pm B2
HLRFDHESINDGERHY , DL D 2 T NVOZUVEZ Tl ~Z & LT
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% (para 44, 64)

4 A Y ORI & 8 IR AEDBILR

(1) A VR (DFG (202D)) 238 L TV 2 s O K& (MAK) Tid, v
A ¥ F 7 VKL F(respirable fraction) & A > 2~7 7 )Lk (nhalable fraction) D E
& LT, EN481 (SO 7708 LRI D)ERLTWD, (p.179).

(2) DFG 02DIZB W T, —HOMEIZDOWT, A /"7 7 /LRI T (inhalable
fraction), L A "7 7 /LRI {-(respirable fractio’)|Zf9 5 MAK Z /R L T\ %, £~
T T VRIAO MAK 3. 9 20 MEDRS LTV DS, BARIZ LAY T 7Lk
L OB LERGEIZROENT WD, THUNOWE D MAK (213, KR DRE
By ONCAYN AR

(3) DFG 2B\ Tik, #¥ U A (total deposited fraction) W5l &i, HEH Sz
* 7 11 Y )Lk +(aerosol fraction which is inhaled but then not exhaled) & &7 L T
W5 (p.182), =D ET, 4277 7 /LHiF (inhalable fraction) & LAY T 7 /LK
(respirable fraction) DEFIL, 1996 FF THEH I Tz, B U Altotal dust),
Pk +(fine dust Ik g2 & L, 1996 fE 6, EERICRO N TV DO A T T
JURi{- (inhalable fraction) & L A &7 7 /Ui f-(respirable fraction) D EFE 2 L
TWV5ELTW5(p.183), — T, DFG M\ #H#) U Altotal dust fraction) & 1 >
/N7 7 VHif-(inhalable fraction)ld, &M SCERCIRASHEH I L TWD THREB CA
(total dust)] E1IMT LH—HL2WAREERH Y | Yo7 ) v THERE T 5 2
ENRMETHD, ELTND,

(4) DFG X, > 77 —Z 20Tk, EN481 Ok F-HHEICHET 5 b DERO TN D
», BRI v 77 —OfEOFEIT RV (p.183),

F2 BRIESSE
1 VEEBREEINE Ve J OMEZEBR S ST A S B
(1) EERBEIMIANED B 2 B BRI 23 R ZIEE LEEHBEE IHESh T
TRV VFZEBREEIE Y (WIFn 51 9788 57~ 5E 46 5) Tl LA~ v
R EDO—IOWEITHONWT, hiEE A VD SlE S EARE L TRY, ok
EOMEREIEL, ISO 7708 TEDDH LAY T T IVKFICHAE T H b DEREL T D,
ZDMORL IR E OFFELFTIEIT, AEETEL BIE SN TWDH DA T, KifEDHR
R ECANAN
(2) VEERBGRHMMEED T2 SOET 2 HFHEOMITHICOWT (CERk 21 4F 3 A 31 H
R 3% 0331024 ) | IZBWTIE, = v 7 UEEMIZONWT, [H—T > 7 = — R [H
B 19em/BP TOME LT 5,1 LW IHIRENRH LN, ZhuE, EEXOHEE (A B
HIE) ZRMHEICLIZEOTHY , AT 7Y o ZE~OBEMAITEEL TW2R0,
2 VEZEBREEE O BELR SR




(1D EAS TV A TEOMEFELZFTHR L TV D ARMEERENE SO~ =27
v (A AREERENERS(2020)) 12 L, EAE < BRIE OFEFIEIZOWT,
SIRIEETE DFRE D IR W AR T IEORBHRIWERR & LT, MR THRRICAY 5 5
BFRORFE TN THET DA AT ITNVOEEEET D2 77— LT &
PEE 2 S VEREHBER SR A EH T 5, LS Tnd, 77—, 3Tmm &
25mm DL ONREL  MEE L TIE, Bre—2RBEZATFALMCE) AT T 7 4L
A —NEIHEHAIND E LTS (p.46), FIRE STV W, BE(p.44) TRIT S
TWb ki EED RN 7T — 1 F, 74V Z Tty b (CFC) 77 —Th
ol

2 ERQOIME, AT ITNY LT FT—L L Tho b bEFEHEINTVE LD L
LCTIOM %> 7 F—% kL., 25mm D7 4 /L& ZH, 2L/min THiETH L L
TWb, ZHUCKY, 74 0¥ FORMEZEL[OERITK 19ecm/s L7725 L L TWD,
TERTDA L NT TNRAOREIZOWTIL, IOM ¥ 77 — L [ O f#H 19em/s
LA =T T2 —AY T T —TAUNTTNFYEDY TV T T T
WhHELTWS, £72, TOMOEAY > 7F7—L L TT 4% & v FCFC)Y
7T —EREIA L TN D,

H3 PSSR L E 2 ——
1 AN TTNVRADIZODY T T —ZONT
1) ZERPRFOV T T =1L T 22 KO LEOUE AT B o —G
(Hanlon et al (2021)) (2 XiuX, £ T TR FOREICHN OGN T T —
ELTTE I FEAN A STV DB I0OM % 7 F —28 15 KD SCERTHW B,
Button %> 77— 5 &, 37TmmCFC %> 77— (ACCU CAP £ &) 78 2 A, GSP
YT T =R 2RO THWOLLTW =L LTW5D,
Q) LAY T T7—=IZ oWt 37mm CFC 2% 12 &, Dual IOM¥> 7 F —»
AROLELTHW SN TV =& LT A(Hanlon et al (2021)),

2 IOM %> 77 —¢& 37mm CFC %> 77 — D ik
(1) H8sEy T, A CRGE T $hinasRIn, sndEm ) 1 7 VT8 HiEs 1Y%
BT 288 LAz T, Chisholm et al (2012)23, IOM & 37TmmCFC THHT
BELTHE LY 7T —DONBEL 7 4 V¥ O R 2 8 XE T BMEE (SEM)
THEEMERBES AT L TR L= Z2A, T2 T ADH B 37z
DHEFHI 72BN B o 72, IOM & 37Tmm CFC 227 T L7z 33 ¥ 7 v
DHLH, AT DHEHMICHEEREVDRRD LN E LTS, I HIZ, Rty
il KD 20 m LA FThiE, IOM & 3TmmCFC ONEE, 7 4 L Z DUV
IZOWVWTH, RIRSAICABEIEW T2V & LT 5 (Fig.2 27),
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FIG.2. Example of normalized mass distributions of an [OM and CFC filter pair that were nof significantly different (according to Mann-Whitney statistical
analysis.)

i TSR B I BT 5 XY U 7 ABe) DX BOHT D=, Dufresne et al
(2009)1Z. IOM, 37TmmCFC, 8 B¥ Siera H A7 — N A L /37 Z—Zffi o THIE 24T
STe, MR ORI AR DO HIX, IOM (1.00), Sierra (0.56), 37mmCFC (0.35) T
V. Be DIEEDOLHIZ, IOM (1.00), Sierra (0.66), 37mm CFC (0.48) THh -7z & L
TWA,

S PEEITBIT D EE UABIEIZ DUV T, Reynolds et al (2009)723, IOM & 37mm
CFC & Button #tifg L7-& 2 A, IOM 28—&F &< . 37mm CFC, Button DJIE7Z
ofcb Lz, 7272 L, CFCAOM thid, K, . LB TIEL 2N RE <, EA#H O
T, ZN %4 0.59,0.44,048 TH Y, WEHNKEZ 2 HI1co T, CFC/IOM thid
A L7z (KIZ DWW T, 0.9 705 0.13), Button/IOM kb & [RIER O A7~ L, &
WO TENEN 1.09,0.88,0.66 TH Y, KIZOWTi, EHIZ LY Button/IOM kh
1% 1.09 725 0.26 (2 LT,

v A2 s 77~ bk Tid.Noto et al 2016 1L, cyclone (respirable), 37mm CFC (total) ,
IOM(inhalable) # ttig U7= & = A, Inhalable/Total thd I ofEE 2.2 72 - 72 & # 4
LTW5,

H AR T8 ClE, Kriech et al (2004)1%, IOM/37mm CFC Ltik, /EEANRFIC X
STHRRY TAT 7))V MHED FBY TV BV AEYBSM)O b = — 2 (0.68
pm) [FLFEDOr—2TiE, IOM/37mm CFC ki 1.02 T, #gt EOFERE VT
Abniirole (Figd 2, —Ji, SZEORWRI~OT 27 7 /v MMfizko &
N, P BOREWVWF R FOFENHL5E51F, IOM/37mm CFC Fhif, 1.837~
141 720 | #Et EFOFEERH T2 LT 5D,
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Fig. 4 Overlay sight BSM (mg m™?) data. IOM vs. “Total” samplers.
Slope of the line is 1.01 (=~ = 0.86). One outlier is noted and was not
included in this calculation.

(6) Deygout et al (2010)1%, [FIERIC, EEEETE T 95 CTO IOM/37TmmCFV b $faF-%)

(7

®

=%, ¥ U Almineral fraction) Tix 1.82 TH Y . XUEB U A[IEMBSM) & 7KK
(vapor fraction) IO\ CiE, TN, 1.02 & 0.96 TH Y, BSM & ELRDEEHC
SV CE, IOM & 37TmmCFV IZHiGt EOF BT 8- 72 (p=0.92) & LT\ 5,
BEREN A E LT, B CAREICOWTE, 37TmmCFC 1d, ki 7-#872% 20 um % F[A]
ST D& AT TN GEENGGD D & OFLENH Y, IOM & 37TmmCFC
ORI FHEREDEWVT, ZORICHD EHESND,

EFTICB T 2~ T EF AL OHIE TIE, Jeong et al 2016 78, 37mm
CFC(total) & 8 stage impactor I[Z XD A LT 7 )VKIADOIEEE TIE, WEIEE
WHHBIEATR & 7R L (r=0.964)(Fig.2 Z#), 37 mmCFC O A T 7 )Vki{- OIS
%92 86 Y T NETORMPEHMEOLLIZ, 0.59 (108 1 g/m3/196 1 m/m3) TH -
TeeELTWS, 72k, 2ok, IOM & 37Tmm CFC O TIEARu,

5

Log cassette = 1.099 Log inhalable - 0.456
r=0.964, n=_86

Unity line

IS

Steel cutting
Block assembly
Block erection
Outfitting preparation
Qutfitting installation

Log cassette Mn concentration (ug/m®)
N

-1 0 1 2 3 4 5
Log impactor inhalable Mn concentration (ug/m®)

Fig. 2. Airborne manganese concentration measured using 37-mm cassette samplers
relative to the inhalable fraction estimated using impactor samplers.

AMINT. Tk, Leeetal 2011 75, 37mm CFC(ACCU CAP #£%). Button, CIP10-

I. GSP & IOM O#t A2 _TIC L T L=/ R A2 KE ot Lz & 2 A, Wino

A7 H#E FAEREFR LN o2 LTWE, TRENOY 7T —DHIE
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fEROFE DA% Fig.3 [ZRT 2, TRENOY 7T —ORIER R K E 7
FRLNARW, o, TRTNDOSTIC L DO % Figd (R, iy
DY 7T —0 IOM IZHT D HOFREZ, WIhdh 1% FEI-TEY, I0M 23
B2TCOY 7T —OHR THMMICR D RERAEFEEZ R L TWD Z ERbhd,

10 b . N 4
. ]
2 ]
*é' . . . ]
- . . L] L b
2 ]
c ]
3 EERTOEEE®-
2 ]
3 4 e ]
123 . 1
. ]
. L] . L]

0.01 T T T T T T T T T T T T T T T

A A A A A B B B B C C C G G |

A B C G | B C G I Cc G | G | |

Pair of samplers

Fig. 4. Box plot of wood dust mass concentration ratios between the pairs of the samplers without outliers. The horizontal lines in

the box plot from bottom to top indicate 10th, 25th, 50th (median), 75th, and 90th percentiles. The circles indicate the Sth (lower

circle) and 95th (upper circle) percentiles. A is ACCU-CAP™, B is Button sampler, C is CIP10-1, G is GSP sampler, and Iis IOM
sampler (total number of pairs is 444).
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Fig. 3. The box plot of wood dust mass concentration (milligrams per cubic meter) by different samplers without outliers. The
horizontal lines in the box plot from bottom to top indicate 10th, 25th, 50th (median), 75th, and 90th percentiles. The circles
indicate the 5th (lower circle) and 95th (upper circle) percentiles. N is the number of samples for each sampler, and the total sample
number is 888 when all samplers combined.

(9) AT IzBW T, Kauffer et al 2010 1%, IOM, CIP 10vl, 37mm CFC (ACCU
CAP) & Button OFHTHIE ATV, EOREREZ I LIz & 2 A, HEHNICH B 72E
WA SN F(ENZEI, 1.12,0.94, 0.80), Button ¥ 7 7 — D53, ACCU-PAD
L1FIER U(0.86) Tdh -7 & LT % (Table4 2/), —J . ACCU-PAD %55 L
TV 37Tmm CFC L 2SOV > 77— %2k L= & 2 A, Z#HMIZ CEFC O
HEMEY § REWVERESNTZE LTWD (CFC Icx4 % HiE, IOM T 2.0, CIP
10-I1vl T 1.84, ACCU-CAP T 1.68, Button < 1.46) (Table 7 &),
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Table 4.

Ratio of sampler-based measured concentration to CALTOOL system mouth-based measured concentration (factories

B, D, E, and F)
Sampler Number of measurements  Ratio R: sampler concentration/CALTOOL mouth concentration

Mean SD Lower limit Upper limit Variation coefficient (%)
IOM 12 1.12 0.17 0.86 1.43 15.3
CIP 10-1 v1 12 0.94 0.11 0.78 1.15 12.2
ACCU-CAP™ 12 0.80 0.14 0.04 1.17 17.1
Button 12 0.86 0.08 0.74 0.97 8.9
CFC 12 0.62 0.13 0.42 0.88 21.5
Table 7. Regression line slope for different sampler and sampling types: combined data, static. and personal samples
Sampler Sampler/CEC regression line slope

All points (CI) Static (Cl) Personal (CI)

10M 2.02 (1.83-2.22) 2.01 (1.78-2.20) 2.09 (1.75-2.47)

CIP 10-I v1
ACCU-CAP™

Button

1.84 (1.67-2.01)
1.68 (1.53-1.84)
146 (1.32-1.62)

1.76 (1.57-1.97)
1.74 (1.54-1.95)
1.54 (1.34-1.77)

2.01 (1.73-2.34)
1.57 (1.34-1.83)
1.36 (1.16-1.59)

The 95% confidence intervals (Cls) are given for the data.

(10)

ATHTEEIZIB T HARER UAIZDOWT, Harperetal 2004 /£, 37mm CFC, IOM,
Button CHAIZITEE L THEE X7z 200 AEHZ DWW T, EEREREICM X, a5
PSR X ORI RERE Lz, AEMUCAOEED FEREE LT, 10~70
pm DL I FHEMMELR(AED) D% - Toh > 723,100 u m ZHB 2 DRFI2 8D .
FES B OB —EDOHEZ S T, 100pm Z#x k1%, IOM e
65%. CFC 3k 42%. Button ittt 32% THON -7 & LTW5DH, b DR
T L EE~OEBEIZ YT 53% (10~95%) ToH -7z, Tablel 2, Ki{£=IZ
I U EBEOE A RT, RIS U2 i L= & = A, IOM & CFC
£, 30~40um KD/ SR FIZoVnTiE, EEFIFERLTHLIN, 2k b
[0 2k 2D CFC OffifEREIE. TOM & bl L TRIEIZ/hEWE LT %, Button
Yo 7T — R FIDE Ui B R EIL. IOM 2 CFC & K& BB L LTS
(Table 2 ),

Table 1 Comparison of sampler means for all samples, samples not
containing ultra-large particles, and samples containing ultra-large
particles. Note that these values are about a factor of ten higher than
normal workplace measurements

Samplers with
particles <100 pm

Samplers with
particles

All samplers AED only > 100 um AED
Geomelric Geomelric Geomeltric
mean/ mean/ mean/

nmg m 3 n mg m 3 n mg m3

10M 65 48.0 23 14.1 42 94.0
CFC 62 222 36 11.8 26 53.1
Button 59 14.0 40 7.1 19 58.3




Table 2 p values for size-range comparisons from mixed model

Aerodynamic equivalent diameter size-range/pm

Sampler comparison <10 10.1-20 20.1-30 40.1-50  50.1-60  60.1-70  70.1-80  80.1-90  90.1-100 =100
Button/CFC 0.9877  <.0001¢  <.0001¢ 1.0000 0.7779 0.5168 0.7774 0.9972 0.0504 0.6200
Button/IOM 0.9965  <.0001*  <.0001* 0.0024"  0.0184 0.6757 0.2889 0.3702 0.8671 0.0008“
CFC/I0OM 0.9970  0.7313 0.0397 0.0020  0.0933 0.1185 0.6805 0.3987 0.1348 0.0147

4 Significant difference (p > 0.0045)

(11) Ashley & Harper(2013)i%. 37mm CFC O+t v b ONEECATE T DhiF1E. BE
IZE o TUE, T4 NZIHET DRA LD B LR L(Table I 2/R), Zhic k2

NG Z BT 2720, @PEEEARW W E 7 4 VB2 BRI T, Dy b
WNEBDOWEE, (U >y PNENICH TR Va8 REDHERH D Z & &2/ LT

Wb, 2O T, NIOSH O/ HIEFIEICBN T, ROFELTLH L TNDHELT
W5, (@EESITEICOWTIE, NEICHELE =/L(PVC)HLD # 7 L (Accu-Cap)
ZIEET D FiE(Table Il a 208), (b) 7 VX bR WAL, 7B ALORNEED
Peif (TableIlb ) . (& BOWPEICHOWTIX, FHRMED I 78 L O 0w

L7 4 VH TREMDEEZ R L T 5 (Table I1 ¢ B )

TABLE |.
Environments

Closed-Face Filter Cassette Internal Wall Deposits from Samples Obtained in Various Workplace

Maximum Wall

Median Wall

Work Environment/Activity n Chemical Agent(s) Deposit(s) (%) Deposit(s) (%)
Copper smelter 17 Pb 55 21
Lead ore mill 28 Pb 35 19
Solder manufacture 30 Pb 74 29
Battery production 16 Pb 66 28
Welding 10 Cr|VI] 55 5
Electroplating 12 Cr[VI] 17 12
Paint spray 29 Cr[VI] 12 7
Foundry 9 Zn 62 33
Zinc plating 18 Zn 91 27
Cast iron foundry 18 Fe 46 22
Grey iron foundry 18 Fe 77 24
Bronze foundry 6 Cu, Pb, Zn 45,17, 21 19,13, 15
Cuproberyllium foundry 4 Cu, Be 40, 39 31,12
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TABLE I

NIOSH Methods Affected by the Recommendation to Account for Cassette Internal Non-Filter

Depaosits, and Suitable Techniques for Inclusion of All Aerosol Entering the Sampler

NIOSH Methods

Technique Recommended

Comments

0500 - Particles (“total™)
5000 - Carbon black

0600 - Particles (respirable)

(a) Gravimetric Analysis Methods

Use internal capsule for sample collection,

which is analytically weighed pre- and
post-sampling

Use filter housed in static-dissipative
(“conductive™) cassette, or use internal
capsule

Suitable examples are capsules
composed of PVC attached to PVC
filters

Conductive or static-dissipative sampler
material can minimize internal wall
deposits

{h) Internal Deposits Currently Considered in Method Text

5005 — Thiram

5011 - Ethylene thiourea

5030 - Cyanuric acid

5032 - Pentamidine isethionate

57040 - Formaldehyde (textile or wood
dust)

T013 - Aluminum
7024 - Chromium
7027 - Cobalt

7029 - Copper

7030 - Zinc

7048 - Cadmium
7046 - Barium

7074 - Tungsten

7082 and 7105 - Lead
7102 - Beryllium
7300, 7301, and 7303 - Elements
7900 - Arsenic

7020 - Calcium

7701 - Lead

7704 - Beryllium

7600, 7605, and 7703 - Hexavalent
chromium
7401 - Alkaline dusts

Rinse internal wall deposits with
extraction solution (e.g., water, eluent,
organic solvent)

Use IOM inhalable sampler

(¢) Elemental Analysis Methods

I. Remove internal wall deposits with
wetted wipe (e.g.. filter or wipe
material); wipe is then added to sample
preparation vessel (e.g., beaker) along
with the filter used for sampling

2. Use digestible internal capsule (e.g..
cellulose acetate attached to MCE filter)
for sample collection: capsule is
digested and analyzed in its entirety

Remove internal wall deposits with wetted
filter or wipe, which is then added to
sample preparation vessel (e.g.,
centrifuge tube) along with the filter
used for sampling

Remove internal wall deposits with wetted
filter, which is then added to sample
preparation vessel (e.g., beaker) along
with the filter used for sampling

Rinsate is added to sample preparation
vessel (e.g., beaker) along with the
filter used for sampling

Alternative procedure could entail CFC
sampling, followed by rinsing as above

Alternative procedure could entail
rinsing of internal sampling cassette
surfaces with dilute acid solution
(demonstrate effectiveness)

Alternative procedures involve
within-cassette extraction

(d) Hexavalent Chromium and Alkaline Dusts

Alternative procedures could involve
rinsing or within-cassette extraction

W5 EE

1 BB UTA LA T TR OEFE &< BRSO H

(1) =7y VRFOREICHOWTIX, LAY T 7 VR 2 B9 2 35 [E E 2078 A
(BMRO)DEF (51 mb0%7 v ~A47) A EERHIC I F% S F1(Orenstein (1960).
1989 ATHT 1= 2 bi FRR D PR S (Soderholm (1989)) . £ D%, A 1T T
. Ty VAE T TIVD 3 DDRIERAR N E BRI ERE S 4, ISO 7708
(1995)IZHE &7z,

(2)ISO 7708(1995) TlX. A > /~7 7 Vi +(inhalable fraction)it. A > /~7 7 ki
(inhalable fraction)i%, ECO B WA I D ZEK T DA T Dk (total airborne
particles) DA FHE &Ry E ER SN TEY . FERE R S0 X 5 22[0OBEEE LK O
FENAEFET H & LTW5, “inhalable”lZ- oW T HFEDM H HIEICIRELNH 0 |
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1970 4EAF% O RN o0 $EEFR SCEEIE. “inhalable”’’ ISO DEF & W U EK & L TE
bhvunwiz—J ., kEEREER#ET (EPA) Tk, Wbwwd PMio %2 inhalable” & L T
Wiz, D% . EPA /3”inhalable”’ % = D X 5 R EK CTIIfE LR ooz
¥. “inhalable” & 9 f7E% ISO 7708 THef L7= & LT 5 (Annex A),

(3) —FH.A T Tk (@nhalable convention)iX, ¥ 77 —D A TH U |
JEUH S dm/s R OBEITHIE SN FO% 0 & LTERSN, ERT—2 05,
ZOEMETIE, 100um LY HRFEOKRE WK FIIGFEELRVE LTV D,

(4) kE OSHA HHAIDOREMPEL) X W OO EIZONW T, LAY T TR,
TR U AN T T2 B A BLE L TV DD, A 2T T VRO FEYE AN B /RIS
SN TV DB, KE @ 2 A ZETINIOSH) 3 HERE L T 213 < IR
ERELICEWNTYH, FETHD,

(5) ACGIH(2018)I%, A > T TN, VT ¥y ki, IV AL T 7 VRiA &
HEHN RV, 1T BRAE (TLV) ([2oW T, BB LAL LTHELTEY, 1
VNG TN FEOFERLDH D TIV DEES N TV DWEIE. K30 WEICIRHND
(ACGIH 2021 HifE),

(6) FTEZ2HAIT (HSE (2020) Tk, £ 2T TVRIA- 13, FRRIFICE S OB A
D PR ERCIEE T D 2R ORI AT LD THD E LTWD, R IRWEIC
BT 2k D1 < FIRE (WEL) 1X, $Feo W GE ., £ T TR F52 T & L
TW5,

(7 A YHFEERBHSOFG 02I)ICHB VLTI, BB CAZWS i, HEH S
=7 NRFEERZRL WD, D ET, £ 7 7Lk~ (inhalable fraction)
L LAY T 7 )Ukif(respirable fraction) D EFRIL. 1996 FFX THEH I TV,
¥3 U Atotal dust). #oki-(fine dust) IZxtisnd 2% & L, 1996 4005, EEEHIIZERD 5
NCNDA NG TNRIF L VAE T TR OES & LT EN 481 (ISO 7708 &[]
CHD)EMHAL TS, & LTWD, BHORKIELS BREMAKIZOWTIE, 1 v
NG TR O MAK 1%, ) 20 ME. VAEZ 7R 5K 20 WEP R STV
5o ENLSNOYWE D MAK IZiE, KL F-ROREIZM S TR0,

(8)  VEERBIHMMILYEDN E o 2 RS (21T, KR 245 L EHEE IR ES A TWY
RS, TEERBEEHIERMETIZ, B UARY U T2 EO—OWEIT ST, 43k
g A W2 AR FIEEZRE L CEBY | ohekE oML, ISO 7708 TED S
VAE T T AR FICHEAT 2L OEEEL TW5, T OO -IRYE O KT,

HimiHE L EBE SN TVWAEDAR T, REDIEZTR,

9 VkzaEEz D&, BRI, WASILD UADRIRICOWTIL, L
OBFHMEID | 1960 FRIC LAY T TR DEFRDNED Hiv, FEOBENZERY
A bhiz, —FH T, RIROREDIN, WA S Dk O 2% m 3R,
ISO 7708 (1995) 23 E 8 b5 £ T, R ERIT SN TR o Tz, ZE TOR,
BN D FScES (BN FEEE) 128V TUE, “inhalable fraction” & W 9 FZED A < i,
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KEOARIERS CREZREE) 2BV L, "total dust” & W\ 5 HGENHEHL Tz, D
FU . L HARMNBEEEL KEREOENTH- T, MZTOEKT S & ZAICEEY
IRIEVE RV ERIRGT D OREHRTH D, 2D &Ik, ISO 7708 DA /T 7 LKL
FDOERNPELONLMAIND [ TokiF(total airborne particles) | & LT
D EMBALNTH D, KEBIFHRI(OSHA, NIOSH)2S, HEICB W THA
7 IR E I U A(total dust) 2\ el T % = & DFG @ MAK 73,
ek, TRy LA L) HEEZ- TR, Zh% ISO 7708 IZfhbH T, KT
Al ELRICEFRE LT LG TRIA] GV HERICEE L2 &6 20 REE
RS 5,

(100 —F T, Y77 —DHEEZEDLIBRTHESINTA LT T IVIHERE
(inhalable convention)iZ, ISO 7088 (1995) CHIIZEZINT-HDTH D, HH L
A DIEFFER I RINCED Db DIXRNDO T, ZORICEY ., BB TA LA~
NG TNRLAIT R D (KOICRZD) LWIHIBZHFLHY 2560, ERED LB,
BB LA EA NG TIVRADBEERT D E ZAITEVDDRVOTHIE, BB LAD
BB LA T IR LEWVTRY (THHNEX) LEZZONERTH D,

(11 =6IT, A T TAFEREIL, LAY T TR0V T ¥y 7R O R
DSRIEED Rl SRR EZ R ET D 2 LIS L VA LN D RMERNM THRES N
TNHO LR | D 4m/s Rl CTH D LV 9 EfE T ¢, hiRAED)2S 100um %
BBADHDFRWVENRE LIPS L TORENEZHDICTE 2\, 2O 2 LiX, 4m/s
U EDGED —EDOERBETTHHAT LI LDE LT HOXBREZ LN TWNDEZ &b
LALLM THD, ISO 7708 (1995)DERICE N TH, A T T NKRIIE, PR
PERRD LT MUAEKAF S 5 Z EMERL STV D,

(12) PA LS A T T AAFEREIL, —EORMETICB T DHEREE R L TV D
DOITEY, EEOIE BRE FICBWT, RIBIIBRASh 22 CaET
HRFFELZRLT0D D TIERLS, HETH T T — DR T 5720
DHIETH D LBRT HXETH D,

2 AMRIE BIRRE BT LAY T T —ORHE

(1) KEEZSEAENIET (NIOSH) 00598~ == 7L NIOSH 0500 (1994)i%. #
B UAZREST S HiEE LT, 3Tmm Yo 77 —IZR Vb =/L(PVC) 7 4 VX %
I —RART7 =27 4 V2 ¥y MCFOIWZEER L THERT 2 HikEED Tz
N, By NOWNBEIATFE T DRI K D BERE BN/ R~ D b & LT
NIOSHO0501 & LT, Aty bOFITT 4 )V F 1 FE ) (Accu Pad) AT 5 k%
L L7z, OConnor et al (2015) L, 37mm CFC ¥ 77 —I|Z Accu Pad #:7% L 7=
HD L IOM Y 7T —D D= | #1320 % 7T — 2 HTHIE LTz
5. Accu-Cap/IOM DD Erid 89%(+9%)Téh ¥ . NIOSH 0501 & IOM & DA
BYE2 RSN, ELTWD, IEEE 2, NIOSH Tk, NEECAHET k1%
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HETCZDHEEZZNENOYWEOREFIETHEREL TS (Ashley & Harper
(2013) Table I K O* Table II)

(2)  HEEfEFEZSTHSE (202001, & 57z J71E(MDHS 14/ 2hE > THIET 5 2
EEBEL TS, MDHS 14/4 (HSE Q01IZEBWTIL, A /T T VhiFDES
LLTISOTT08 5 H¥ 5L bz, MEFIZRNT, LT TARFOY T
7—L LT, IOM, 2=H)v - £ )"T T )+ %75 —(CIS), Button 77—
L multi-orifice sampler 2RI DE LTS, FO LT, IOM Yo7 F—N0
AT ITNVRADERIIKOAEBRT A2V 7 7—ThHY KRbLFF LWV T T—
ThHhoHELTND L BEICBN T AT T ARATEHRVE S5 100um
BB DR ADHESNDIHAERHY . TOL I YV TV OF L4 EFH+ & &
LTW5b,

(3  RFA VRS DOFG 202D))iF, H v 7 7—I2 20\ Tk, EN 481 ORi147%H
WZHAT Db DEROTNDLN, BEM72Y 77 —OFFAD LT 2,

@) EASL TV U TEOMEFELZTEHR L T D AAREERENERO~=a27
v (AARVEERBTHIEH(2020) (ZXiUX, EAY TV v 7RI K D EEBREH
TE DTN T, REEE OFREN 2\ A 75 ORI SE & LTI,
AT ITNVOREEZRET DY 77— L <IE, mwbidE@E 2 S 72 O alEHl SR e
ZEHT LD, LanTnb,

G) UlhzikEzx sl BKEEOARMBE COY 77—+ 2 8E &, WAEIC
BIDMEAY TV KBTI DY 77— BT Db & OIS, BB E 72 51l
i EAN AN

3 JEEIZRY 7T — OEPUTEI T 5 STk

(1) AT TNRFOREN RS T F7—CTHDHIOM $ 77— (LUF [TOM] &\
9.) LB CADOKREN LY LTI —ThH2H 3Tmm /JB—ART=—AT 4V
Nty MCFO) 77— (LIF [CFC| Lv9,) 1Tk DHERES 2 Hoiik L 7= SCiik
Db, fHE SN RBI ORI 2 oo LTc & 13 3kH v . il LT, R 88
23 20um L FCThiiE, TIOM & CFC OfffEMRICITFAEDN 2225, 20~40pm % i
2T A&, CFC 1X, IOM Lt L CTHIEENE DL Z L2 HREL TS
(Deygout et al (2010), Harper et al 2004, Chisholm et al (2012)) , Z i ZzffiTh5
HZHDELT, &BOL 2— LR ZMET L LEITE, Zo0Y 7 I—ick
HREMEIIIAERATRVA, BENKREWRF2HET 5256, IOM O,
CFC LV H HEIZKE 2% 1: 9 (Kriech et al (2004), Deygout et al (2010)) #4
NdbH, LEEUCMEAE LT, IOMiE, CFC LH#L T, 100pm #8258 L
Aoz AR LoV Mg A) (IOM 3k 65%, CFC LB 42%., Button 3UEH 32%)
WY ZTORRPEHEICRKE VG (CF) 53% (10~95%)) 25X TWD &
) MEMNH 5 (Harper et al 2004), A > ~T 7 VR ORIE TIEL, 100pm ZH 2 5
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@

3

4

6Y)

(6

B CADEEITHER T RETHDH Z &b, IOM OHlEMEIZ. CFC XMzl T,
100pm Z# % D01 DREIC L L KFHEi & 72 D TV bz b,

R & O BfR & #iE L TV D Reynolds et al (200912 XX, JEUEDN K& <
725122k C, CFC @ IOM OfEIZxHS 5 tidgb3- 2 mndH v . Ziud, I0OM
NG D B A FIX PN Z T WD L ZR L TWD, — /RIS, RO R X VL
FIEREDO B L Z TN D IOM O GFBRABEROKRE W D3 5
LD ENZ & & ZORRIFTE LRV, 723, [OOSR Button
Yo 77— IOMIZXT 20T R b7z 2 &6 IOM 14, Button & H#k L T
b RO RE VRIS T DHHENEN N EDRB I NS,

Z O IOM & CFC &kl L7z IT 2 KH 0 | §i) THOMHUE IZ 1T B
VU 7 ABe)DIXL T D7-% . Dufresne et al (2009)1%. IOM, CFC, 8 B Siera
HALG— RA 37 Z—2ffio TRIE 2T - 7ot Be DIREO I, IOM (1.00),
Sierra (0.66), 37mm CFC (0.48) Th-o7/-L LT\ 5, EAL b F T bBWTIE,
Noto et al 2016 L. CFC (total) , IOM(inhalable) Z kb L 7= & Z 5 Inhalable/Total
HoOPREF 22 ol bHELTVD, IRHORERIT, IR BRI FEDORE
VR DB VRIS AA N RIAFN D EBRE P TORFETH Y . IOM 1T, CFC L thik
LTH, FEORESVK AT OMENRNENZ & EFHE LAV,

CFC ORIEEN IOM L 0 /NS WHRIKDO—> & LT, Ashley & Harper(2013)1%,
CFC DAY v F ODNEEAIET HRA1E, HBEIC K> TUE, 7 4 VEIAET HHL
FTEDVZVEERHL TS, ZHUT X2/ NIz IET 5729, @WEEZ 7
Me 7 4 NEH— R, OBy NNEOWEE, @Bty NI S %
WE. REOFENRHY ., £ 51T NIOSH O/R3lE FIEICEB W T, 3 ClZhtdk
ENTVEELTWS, @QEESHECHOWTIX, NEICHE L E=/1PVC)E D 4
7 (Accu-Cap) #2595 Tk, (b) 7 4 VX ZEDRWGEX, I 7LD NEE
DHEEE, O@RBOUFEIZOWTIL, AEEO D T ELVOFACHRO LIz 4 v
TREWD R EDFHEEZTR LTS,

CFCIiZoW\W T, Z4NZ Aty hOFIZ Accu-Cap Z¥#FL-b DL #HHEL T
RV OZ L TWAEE Y H 5, Kauffer et al (2010)1%, IOM, CIP 10v1, 37mm
CFC (Accu-Cap) & Button OOHTRIER A g L= & Z A, #atiIc A E 7R iE
X728 ho iz (i, 1.12, 0.94, 0.80, 0.86) & LT\ 5, —Ji, Accu-Cap ¥
L Ty CFC &1, RiZ CFC ORIEE L D & REVEREL A E LT
% (CFC (zxtd9 % teid, IOM T 2.0, CIP 10-Ivl T 1.84, Accu-Cap T 1.68. Button
T 1.46),

IOM & CFC(Accu-Cap) & ZDOMORPELR DB ZIT> TV L HEL H D, Lee et
al (2011)i1%. CFC(Accu-Cap #:7%). Button, CIP10-I, GSP & IOM D% 27
W LT U A R A T L2 2 A, WINOXT bt EAERZEEFRS
ozt LTnWa, £z, oV 77 —0 IOM (2T 5 o R, Wi
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nb 1% FE->TEY ., IOM AETOY > 7T —0dh TR b R & 22 lEE
ZRLTCWAEZ ERbh5n, Kauffer et al (2010)1%. IOM, CIP 10vl, CFC (Accu-
Cap) & Button OFHTRIEAITV, TORRAE I LIz & 2 A, HEtiIc R e
WiEA SN T(ENEI, 1.12,0.94, 0.80), Button > 77 — D R1%, CFC (Accu-
Cap) L 1ZIEFI L(0.86) TH-7-L LTWVWD, ZOFETH, IOM IE, oL ToH
V7T =B L CEWMEEZ R L TS, OConner et al (2015 % . IOM &
CFC(Accu-Cap) Z H7HIE L 7= #& 5 . CFC(Accu-Cap)/IOM D - D b ld 89%(+:9%)
ThO, MFTITEEELRSHDL ELT0D, ZHDOfERENS, CFC(Accu-Cap) &
IOM oA T TR DOY > 77 —ORIEREICIEME LA EREW TR
WZ ERRHIiEN S, —FH, IOM X, A NG ITNRFHOY T T —OH T,
KLEWEZRITMHALZH D Z ENbND, ZORERIE, IOM 2 CFC X° Button &
PR U O A BRI R & WA D SRR IS m VN 2 & & FJH L7220,

(7 DEZEBEz2LEL, BB 2— 20K HAHVIThE ﬂmmmuT@%FT
BiF 2 HEICE WV TE IOM & CFC Dl F%Z%f%&# D HIIRNT 8,
Yo T T — ORI R if«%%@i&w ﬂ@ﬂammuh@%wﬁgw*
ERRIAFENDZBRE FICHBT A2HIEICBWTIEL, CFC ONEE 7 4 V21t RN K
%mﬁ¥®ﬁ%ﬁ4¢;<ﬁw tﬁ%>cmc%ﬁmﬁé%é NIOSH E® % i
EFEIZ - T, CFC WEEIZAH 35 L 72 3B 2 UNC T C& 2 K 5 (@B &ESHE
Lowfi\Wﬂ_ﬁﬁtﬁﬂGW®%®ﬁ7?w%wﬂbw%ﬁ%¢é$%\@
T4 VE B DR WESIE. B TR ONBEOTE . (O&BORIEIC OV TIL,
AEEMED 1 7B VOGS L7 4 2 THRERmA 72 LY, NIOSH OEDH L F
BEERTHIENLEE L,

(8 IOMIZ., Button, CIP X GSP 2 EDOMMDA L TG TNH T T — LI L T
B DORIEMEZ RN H Y . 2. CFC X Button & H# L T 100um ##E %
LRA-Z i LT W ERHEZ RO L Wy HERH Y HSE BNESH - HIEH1ET
&5 MDHS 14/4 |28\ CTh, 100um # 2 DR AL SW D GERH Y, ZD
XY I OB TSI S LT D, ISO 1T, A T TV RHE
Tﬁlmum%&zém¥%ﬁﬁbkwkbfkb\%®Lf%/ﬂ77W%ﬁﬁ
PAERL TS, Z0=H, IOM 1, 100um Z#E2 k0N %0E RIAE N 5B

B FIZBW T, mmun%ﬁzéﬁ%%ﬁﬁt%ﬁw&mii%fi ISO M7
WHA NG TIAHERHEIZI > TE 53, 100um Z#x 2k - OFBEIZ LY |
IOM@@*%%%(4/A77wﬁ%%$®ﬁﬁw 1) G REE & 72 B BE N
B2, FEERMETHD,

ZHSCHER
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