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2.6) Cassette Adapter am3ulitunnsssvienanafinseawiugiladnans
(Outlet) PBIARVUTIINTZANENTBIAWDF 31491 2 H1 / NG
2.7) ienaaRANSaU 911U 2 1AW / NN
2.8) uwuntiufinnisifiudasteenie 9aman 1 ety / ngw
2.9) wutuAnuan19aAIzidaetne 91 1 2y / ngu
3) vihagfourinnsfinen dan Awdenlidnnenlfizufitnnsg Bideuses
4) \aipsUfiRinng el wrdesdsuninia uazazuulanvimlngol
5) Wusn1sfidatunisdn fu aginsinisineiuasdan
6) nadifingadantisainas BilElidau Tnanemansaziinissin

LUALABZURIASDY (3 19 NauTaziinna 139U aeetiaslaynnod 12 H91u9

(1) dugadaetineannia (2) WFBIUTUWLAINYNADY

o/

fju Gilair Plus (Primary Calibrator)

A 19 AagsinnsnetE uunufifints nsfiudaetneunawin
' ¥
(Total Dust) WRENITIATIEA AL NS AU (Total Dust Sampling

and Gravimetric Analysis)
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(5) TaufiagaAanu@w (Desiccator)

A 19 Aagssinnsnetiuunufifinis nsfiudaetneluynawin
' ¥
(Total Dust) WAENTISIATIERIABNTSHINMNA (Total Dust Sampling
and Gravimetric Analysis) (#i@)
wnnene: logaaaduaslilunsdiin i §anaansd@ulisunsnldomnls

1x1: 999U fnzss, 2565
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o o i 5
“Yupioudny faewsaia”

” Do not move .
& iy, &

Mviventouniviazanuvacaiy
AruzmsTUgUAIRed aninurdvweien

) ﬂqﬁﬁﬁﬂLﬁUﬁ’Jﬂﬂ’N (2) HQHICIotY (3) N9xAENTBN ¥HA PVC

(Tri pod) AUSYINNITATIFIA

e ¢
o o
i .
(4) WHILEEH (5) PAULUTIFNTEATHNTD (6) Parafilm
(Cellulose Support Pad) wiangnin

(7) 906 (Cassette Adapter) (8) AINAL (Forceps) (9) viawanafnaau

it 20 AEaAtETuunUfiRinns nsifiudaattsduynauin (Total Dust)
] ¥
WAZN15ALASIEALARNNSEaHIMEN (Total Dust Sampling

and Gravimetric Analysis)

N 91938 s, 2565
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sendniFarinnisesanaanian (ARNs Yaafides, 3315 d19uns
WAYINNTUA NTNTE, 2560)
1) a5uneiunounistiasasiion1sUiuacugniiesiasdnsinismanes
aneesingaanneamin fifudhadnedail
1.1) Aeta “ON” uiveTiianinan Uszanns 5 wil
1.2) 4MAFUUTIINTLATENTD 3 FU AUT99NTEAIBNTAS PVC
WA 37 W N9 5.0 [WATan wionsiaaunuaE (Cellulose Support Pad) siaidfinfiuvie
waaRnsaua 2 §1u Tnet Cassette Adaptor tiusagastuns@ensie
1.3) fIoURNLYIBNAIEANSBUATN “Inlet” VBIRRULTIFNILANENTBIEINY
wEpvsusuAHgniaseavingafattsanne
1.4) Aplangyiana afAngauniy “Outlet” 2B4AALLITINTLATILNIDY
dinduiingadaatnsannie
1.5) USusnarnis maneseiniafitnassifisssiu 1.5 — 2 @aa/mait) lom
TaegnAnsnminaalrdessuifisumngniasasiingadansiseinae
2) adLNEdumENMTIsRENNTTANENaY PVC WiatiTunnaufusatinau Aol

=1 v 1

2.1) Tuiindayasiie asluwuuiiufinnanisiiasisidaadnelnenis
Fasimiin

2.2) USuaudinaasdaimin

2.3) WANALNTZATENIDIBININLAREY Desiccator #AUNTzATENTBIL
HILASEIRSA TN ERA 29NT2ATENTBIRILNIINEUITNIBILAREIES BNuNadnY
Anflanagnatiagsuwne 3 apaminaAadnsu

2.4) F98 1IN NTZANMNIBITIBNASI UINNAGNEUANAIIAWIAY
0.005 faansu Wiusuguiirmastolnel wasinnisUsuiesnnsgueEassaimingnass

2.5) Iunadifsiinineasnsza1¥nsns 2 ASeuAnA9i s LAY
0.005 Aaansn WivnAads wasTuiinnauminuasnsanenIeIneuiudaegig

2.6) WANAUWHIASH (Support Pad) 1Bgununaiaasinetn(Bnsezauang
ﬂé"qmuumﬁumﬁ@qﬂﬁmmﬂ‘jm%y’umaqm (Outlet) Wian15aNa9iunNILRIFIDEN
AINATHUBNVBIRALUIINTLAENTBIH (NIOSH Method # 0500)

0.7) WANAUNTzAMENTaY PVC AFainminudaannanususindnas

A o o | N
LATENYNITNTUAIUHLNLNTH
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2.8) UsENoUTUNALALTUINIBIAA LTI Tz AEnTasdindasdy na
59u 7 [Hun Dnqnuuuazans
2.9) % Cellulose Shrink Band $msauL3innisessiasendNiuesIndLuTT9
nazATENTed AU (Uszanos 6 4alua)
3) ﬂ%mﬂﬁy’umﬂumﬂﬁuéTfmﬂ'NcQw;ﬂﬁmm

o I3

5.1) vhgafudegdusaniivsznauidsutesuda Ui usesedus
Tuaa sz naunisfiansen (5T

5.2) uiindayadieg 1w 4 aoauil Aaudu goungf vay aslu
WUUNBSHASH LA

3.3) nALH “ON” Trila@svinanlszanns 5 wift dewsteviewanafingau
uazmduLgnsrAtEngasdinduiin (fedenduussgnaznensasdinduiunadasi
ﬁm@mﬂﬁﬂmmaL%"nmz@@ﬂﬂmmmﬂ@@ﬂ'ﬂumm)

3.4) A5998DUSAIINTS MATBIBNNIAIDI NTTI (B AeuuyalH
dnsannnisandnaduniss w’%@mﬂqmwg:ﬁmeqmﬁuﬁLmﬂﬁi’mTﬂMﬂﬂmwcfu
sipsuifintg Tneliedeslsuifieunnugniasastingadaatennie

3.5) ¥INVIN3AUFIDE9enNIALUURNWT (Area Sampling) THseands
N’WH%’WU’%/UW'MNQQLﬁ@@@@?ﬂGlfg]/llll‘i’iﬂqﬂizﬂﬂﬁslﬂ’i@dﬁfu‘izﬁuwmsf@ (Breathing Zone)

5.6) waniluiuandasmen fndsmduussqgnazanensasiussiimela
Wndnnauusaqnazanenaasiuandio i

3.7) thdinanBuifiusedsasuuuuiidinnisfusegisanie

5.8) Wilnfuganiaifusaesieliiiuiininani ¥ (Eapse Time) astuuy
Tunn19Lfiusaesteanie

3.9) nasygafuiiegwainiAngafingaadn 1 iUnseaaudnsInag
Tﬁmmmmmmﬁm@mﬁmﬂmmmﬂwﬁwmLﬁuﬁqmi'm (Post calibration) YWiNKa

3.10) AIUIIMIANARLEATINTS MRYBIDINIAIINAIBAIINTG (AT
BINTANSILALAIDENLALE RN A VBIBINIFNANALAIDES

NHILLAR: é’mﬁqﬂqﬁfﬁ@mﬂq@qﬂﬁﬂﬂﬂqﬁw@]mﬁq@ﬂ'ﬂwﬁqLﬁué’fqﬂﬂ'wmﬁ

ndiAgsiuneufudIasny F9HATUANANNTAN + 10%
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3.11) ﬂmﬁu@@mmﬂ meﬂm%ymiquﬁmﬁmﬁuﬁfmﬂﬂqpﬁu@@ﬂmﬂﬁ’u ily
qnimnadnuazasnYssaInFYesRALLTIgNaEANEnTas il vdwias§iRnaelas
aATNAALLIIINTEATENTDS HAA
5.12 \fladefiosufiiAntsudn aanqgnean dewitnduussgnazasnsasiaiuggn
ARG QI (Vacuum Desiccator) Tnaladfunnatinstion 1 4alug #udugan
Aosduuunsgannn e 24 dalus

4) NMFIATIZRLIHIURUY NI

4.1) Uugndieesds uaziuieusnnsgiieseeds

4.2) ¥MPFULSI9NTLATENTDIBONIINHAAAINTY LENTUNANSIBIRAL
pananduawlaeld Cassette Opener FaiLn o WionAUMMAGLTUTaL o

4.3) WAnAUnTzATENTEs PVC sinlUindaniiiiuadesindn inadn
udrinfansuna U mineaRE e

4.4) B1saimsin (Post Weight) finameflnagnatina snumisit 3 aawaras
HaAnTH (173 0.001 mg) wazantufinAiamIndiemlEasTuuu uTufinnanisiasnzt
FiNBENBINA

4.5) Auamuaasdinduaesinsanludandwennia tumdianesfiadnin
AEQNUIATINAT A3 NIOSH Method # 0500

U

v v | Ay @ o 1 o 1% ! g
ﬂ']’mL°i|N?JH?I@\?Qunﬂ‘ﬂuqﬂ‘ﬂfﬂﬁqﬂﬂq’iLﬂ‘].l@]’]@?il’]\i ﬂ’m‘]mt@@’lﬂ%;f@’i@lﬂTﬂ%

C = (W, - W;) = (B, — By) x 10° mg/m°®

\'%

o/

C = ArAnudinduresunauis (IafniusagnuIFmiums)
W1 = WisnnasaEnassnewiudaede (Aadni)

o/

W2 = iminnasaEnsasnadiiusinagng (Radnsu)
B1 = 1%in Blank Aautiusaasing (RaAnsw)
B1 = 1%in Blank WadLuFasing (Aaansw)

V= ﬂ%ﬂqm’ﬁﬂﬂﬂﬂ"lﬂ”lﬂﬂqﬂﬂq‘iLﬁll(gf’)ﬂ?_i’N’ﬂ’Tﬂ’lﬂ (An4)
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¥V an o G 2

NAIRAMNINITATUNATNNT DY
1) udsilAndnevinanazen a9 waralnsol
2) SUAN ATANTINSANET LAz

o/ o

@ o v ® Y v & = A
3) M9IEAATATNITANE mem FANULLTIGNULATDIND

q

|
=

4) sauuainsarasssasiifudaoteninia desufudgiieitunnssnu
AANULALADATBILATEN

5) nsraidanuideusesansiasljifinas Talw Saadesdiuainas
Daszuulamsiminand

6) Daviaslfjusinng

a wn < (% 1 1 < {
6.5 unudgueanis m‘sm‘um@mwuwmmaﬂﬁvﬁﬁﬁaLmzmﬂu?uqmu
' ¥
‘mmﬂaﬂfﬁ(Respirable Dust) LAZNISALASITA LAY NS TININED (Respirable Dust
Sampling and Gravimetric Analysis)
1 3 AIQJ dl o/ a ! 1A 1 = o/
mmmq‘wnmjaLﬂmmﬂﬁmmﬂunﬂﬂmm@mewm@ﬂﬁﬂizmuﬂumw

{ ! | ¥ & A ' o y o
ARNANIINUABFININ NWNUIALSTNBUAMEeRNIATeILIsTIRaUNIAsNg g il (Haiding
a aa ' o Py aa @ !
sruumaiunaleayniafifaua gl enagnaulilaeauayn aynaidawimannds
aradnlUmasnan uawiden wiageanveslan Feynafidusaninuaslummsings

o/ o a

q¥ANNTzNY (Impaction) fiumsresszuunaEnnale vintidwnneUliteszuuniain
yeladannans eynIAfinnnsEnuUAnsmasaaLazLulanaegnindnaanain
sruumadumelaFfnsnisiuirdessearadauandafionluaenanuazunsen
(Muco—ciliary Escalator)/ Tudauassanninfifiaimdniifinoauazlnmmsnsianachbinn
nasnUTAnsTIamanAasuazuenfinsanfinsnienfiognsdasy (Brownian
Movement) F9anunsaiiuniadintufegeanaastonls aynamantatarindunsiase
delamias viagnaadudngnszualafinlumingansing o 1a9d19n1s auiivaduny
wWimsng ayniamadniicsnsaiAusisgianeeson(d axdunaduniugudnan
fiaund110 Tuasawn lnuddisegiuresnaaagazndne 3.5 - 5 uasou Liogaan
FnenmiBedunane (Potential Health Hozard) #998301ARA o fA9HUANs1afduiy
sz oia 9 wazgUdnsraseyniaiy q liuniisnesdnunfsaduniafiudaatig
anniafidindouazazantugeanaostan (s (Respirable Fraction of Particulate Matter)

FaluunilaziZanau 41 Respirable Dust Respirable Dust 8191/5znaUsiae ayn1Afine
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WeBaNNSIEAa2evTeY 1 Quartz BadunAnzesaneBunadi danusadesaais
Tutanls viaasnavinniifidusionn (Carrier) aesansiudu o ww lanewin laszmaves
o/ o a a o . o/ ) = ! a
AININTAYBUNTE (cyclohexane-soluble Fraction) mL%usfuﬂﬁmﬂmvjumﬂmiwmmq
¢ @ 1% 4'1 .dy 1 = @ o/ ' 1 4' 1 Y A o .
saeud Wudin iFesflaznanafienis iusaegreduiinefiinnanusiag (Nuisance
Respirable Dust) AMNATANTHIATIIHVBIBIANNT AIMNURBANYUALBITIBUINYUNY
AN590113N1 (NIOSH Method # 0600) Buifinuni93Laanzsf Respirable Dust fitlaznaufiag

Quartz HEYN91 1% WWS1ZRINE Quartz NN97 1 % Fa93LAS1eH % Quartz S9NAY

AaufiRaEuinansasaansan

1) SARFYNATAMNTINITANEN
1.1) flugAdastinsanIFefin High-Flow 138 Multi-Flow 9149% 1 1389 / Nga
12) winsuisunnsgniemesingadaatanna 4o 1 1eEne / ngx
1.3) inapsdaiintndu AdiuaArlidmeafondumid 3 vaaniag

[ !

a _ a @ v ° 4 ! £ § <
HAaaNTH 1231 0.001 mg ufin 9749 2 LASD QWQT&vZﬂQuﬂﬂqﬂﬂﬂﬂLﬂ%ﬂﬂﬁﬂ

v

1.4) @@ﬂﬂ’]ﬂﬂ%ﬁ%ﬁﬂqmmﬂﬂﬂﬂ (Vacuum Desiccator) 41491 1 Lﬂ“ﬂaim
slfzdmnasinainiosds
2) ALPEENIAR)

2.1) 21dandias 91195 1 694 / nga

2.2) Tguuadinn13m3999m 91491 1 UKU / NgH

2.3) NFEAENTBY PVC 2UA 37 HH. JWH 5.0 [HAT81 niaNA LNy
1634 (Cellulose Support Pad) 91494 3 4@ / NGN

2.4) AFUUTIINTLANENTES 3 T wazqnTlamiinannyesane S
3 7n / NN

2.5) Cellulose Shrink Band d13uTijusnsdaudazinaasnduussq
ATLANENTBIVIBNAIRANTDU 14N 5 1AW / NGN

2.6) Cassette Adapter zﬁm%’ﬂ%sfumwi@ﬁﬂwmwﬁﬂ@j@uﬁ’uglﬂmﬁmmq
(Outlet) BIARVUTIINTLATHNTDIANDA 91494 2 H3 / NG

2.7) IENAARANSDU 911U 2 LW / NN

2.8) Calibration Chamber/Jar 91349% 3 834 mﬁﬁ:muﬂmﬁuﬁmﬂg’jﬁﬁm’:?

2.9) SKC Aluminum Cyclone/ Nylon Dorr-Oliver Cyclone 41433 1 834 / NgH
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2.10) Sampler Holder n3uldmauussqnszaunsasnas Cycone e
= ;ﬂl e o/ 1 o o/ 1
MHUNUNABY89ABEN9 91191 1 81 / NGN

2.11) wwuiuiinniafiudand e nia s 1 ey / ngs

o o/ o

3) HIAFAUN

9

2.12) wuiHAnNan193nszidaed 19 91uad 1 At / nga

msfinen a9 MwBenEdaaeunlfzlfifnng HiEeuies
4) Wateafiinns Dal wiswsuenis uazszuulansimneel

Antunisilin 80 Aginsinnsineuazdan
6) natdilugmdies

Y

= 4 2e@e A
LLUWLGI@‘E“H@\?L@I‘E@\?T’JT‘Iﬁ NBUN

5) Wiudn1s0

9ane W an sSTnaAngAIansaTian19EIe

95iNN9 8N agntinearind 12 Falng

(1) dugadaetineannia

(2) WFBIUTUTLUAINNYNADS

‘éu Gilair Plus (Primary Calibrator)

(3) WFBITI NATYN 6 AN (4) finMAINE (Desiccator)

P v
AINN 21 ﬂ‘éﬂm"?’l

asAnE i uunUfifins msfudedteuauimsn

a 2 K

mmmLtazﬂzﬂu?uqmmmﬂaﬂfﬁ (Respirable Dust) kazn1s

AAs1eRlaen1519%n (Respirable Dust Sampling and

Gravimetric Analysis)



(5) Taufiagamannadu (Desiccator)

AN 21 ﬂﬁgﬁ'ﬁuﬁmsﬁﬂmﬁ?’ﬂuuwﬂﬁﬂ'ﬁms maﬁuﬁ'meiw@wmm%n
A 2 2
g

GLLﬂzﬂzﬂu?uqeﬂuﬂ@eﬂﬁﬂfﬁ (Respirable Dust) uazn1s
' ¥
AR LA N1STINIAND (Respirable Dust Sampling and

Gravimetric Analysis) (si@)

wneng: logaanaduazlilunsdiin iy doanansdulianatsaltomls

w1 999U fnzss, 2565

“vupioutiy §mTIainT

" Do not move 7
W uoben i)
& uqpbepsy,
murimertiounibiaza wnoaiy
mmmmmmm qunsed avinudbuse

(1) 2I9EAL LA D

(2) Tguaau (3) N9zAENTAN ¥ PVC

(Tri pod) AULYINNITATAIFIA
AN 22 %’aqﬁ?%?uuwﬂﬁﬁ'ﬁms m‘stﬁ‘uéfqmiﬂa&!wmm?inﬁtﬁﬁﬁaLtazaxau

' 4
Tuqmmmﬂamf@i (Respirable Dust) WRENISIATIER IARINTSTIUIMED

(Respirable Dust Sampling and Gravimetric Analysis)
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(4) UNHLATH (5) Wﬁuu‘i‘i'ﬂﬂ‘iiﬁﬂq‘iﬂﬂ‘iﬂ\?

(Cellulose Support Pad) wiangnin

(11) Sampler Holder (12) Calibration Chamber

ait 22 Sagnlituundfifints mefiudaetnsluauiainidnfuas e
' ¥
TugeanzasLanls (Respirable Dust) wazn1siasilaentstaimmmn

(Respirable Dust Sampling and Gravimetric Analysis) (si®)

n: 97938 s, 2565
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sendniRavinnsesanaanian (ARNa Yaafiden, 39T 919uns
WATINNTUA NNTE, 2560)
1) a5unedunounistinasasiioniTUiuanugniiasensdinginisnases
aneavingaannieramin fifudhadnedie
1.1) Aeta “ON” uiveTiianinan Uszanns 5 wil
1.2) 4MAFUUTIINTLATENTD 3 FU AUT99NTEAIBNTAS PVC
WA 37 WH. WU 5.0 [asan wiansdagunaia (Celluose Support Pad) siadiriy
Cyclone
1.3) saw Calibration Chamber #n#iz1289 Cyclone TneMfiaflaunzindies
dwntiasrlanu3innsessiaaes Chamber U Cyclone fidinloiusin
1.4) sodangvianarafingoudian Chamber riuninsdndnsinisina
2EIDINATHANDINY
1.5) Aiadaneviana1afingausiiu “Outlet” 289RALUIIINITANENTBIEN
Auilugnsnatnsannie
1.6) USusRIn13 aresenafiineul@sesiu 1.9 lom vEennd cyclone
uinzafadmuald Tnggndrainutiteeiriasdsuifisuaingniaseesiugasasine
BN
2) pRUNpduRaUNIAWEENNTTATENTEd PVC e THTunnsufudhatnru fil
2.1) Tuiindayasiie asluuuuiniinnanisiiasisidaadnslnenis
Hasimvin
2.2) Usuausiinaasdaimin
2.3) MAnAUNTEAMENTB48DNAINLAZEY Desiccator NMNTEATEATE(Y
NLUARDIAA AR AR 219N TzATENTaasURIEITMTnTacAEe s Brunadag
Anflenesnatiaaiwnkd 3 saamiafiafny
2.4) FodminnszaEnsasdnase mnnadnsunnd1aiuiu 0.005
Aaansu Tsumudindasiolnl uasinnsusuiflsuninsgiuedasialmindnaiomie

2.5) UATEANIMITN2DINTZATENTDY 2 ASIUANAITWHIAW 0.005

¥ ¥
a o o/ 0o o

ARANSH (TAg0 3 A39) WinAnaas
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2.6) WANAULHIESH (Support Pad) WeununsiaasnetneBnsezey 119
ATAIUUARLUFI9NTEATENTBNEHANGA (Outlet) TiaTansanaifiunsneadaating
AINATHUBNYBIRFLUIINTTAMENTBILH (NIOSH Method # 0600)

2.7) WANAUNTzATENTDY PVC AFesimiinudaannaiudusianiin
YDILAFENEY IVIIAIIULAIIEEH

2.8) UsznaudunasuazinuurasnduuT99nazaunsasdindon i
nasay 9 s Jagnunuazans

2.9) % Cellulose Shrink band $AapULALIMTBEADTENINTHBIAEULTIY
nazANENTEN naRgnenn AowinduusIgnszansnsaslaiugannsturiagayayinie
(Vacuum Desiccator) Tneta§ Tisnuateiias 1 42l dndingganinaduuuusssnnn
Tilag T 24 dala

3) abunadumpumafuiadveynafidinduazarantugeanaasan s

5.1) nals “ON” BiluiEavinemulazanas 5 il

5.2) Uaznougafusansieninia Tasaaaduis (A Inlet) 2a9nALLT3q
N9LANENIBNEBNUIENBY Cycone Wunu

3.3) @an Calioration Chamber Winfiznaas Cyclone Inel¥fiafounzsin 1fies
wntiasrlanu3innsessiared Chamber U Cyclone fidinloiusin

3.4) fiovanaviananafngaudiiu Chamber WL indasUsuLAnLAax
gnéiesrnsiiugadansneninis

5.5) Tuindoyariig ¢ i A aomd Acudn gomg say asluuuy
Tufinnanisifiudandwainie

5.6) iflonsaaraudnanismaraseiniretnsgniiasudn naa Calioration
Chamber 880 11 Sampler Holder Usznaudiniinsiagifiugaatnsannie

5.7) Andsgafudnatnsainimidndudaninem Tnaesuiednquazasd
rpsnafiusneduazanmnsanilaUfiRnediaimuasing o assnisifiudeetng

5.8) thuinaniEufudangashuuuiuiinnsfusetnsainie

5.9) ifladugAn1fiudaed1 Tuiinnanfitandes uaznanfilsly
(Elapse Time) asluuuuiiufinnigifiusetnaaine

3.10) YINN19AF99ADUERTINIT MRVBIDINALBSEALAUFAIDE198 1N AEN

AS9IMIN (Post Calibration) ﬁ’uﬁﬂ%’md@msfmmuﬂ’uﬁﬂmﬂﬁuGTfmﬁ"mmmﬂ
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3.11) §9971113 MATBIEINARESLNALRUFIBEe AastnA LA TUAamn
Aufagne@aliagazifin + 10%

3.12) AINIAIANARYSAIINIT MATBIBINIAFINANEATINS A
2E991NANBIALAIDENUALERIINTT e vaIB N ANALAUFIBEN9

3.13) NALw “OFF” Lﬁﬂﬂﬁﬂ"lﬁﬁ%"lu"ﬂ’m‘ﬁﬂ@@ﬁQﬂﬁﬂdﬂﬂﬂﬁﬂ

4) NMFAATIAUIHIUN WY NIUA

4.1) USugusiidesds uastsuiaunnnegminands

4.2) MPFULSI9NTLATENTIBDNIINHAAAINNTY LENTUNA1ITBIRAL
aanansuanslnal¥ Cassette Opener LU q WEaNALMAALTITEY

4.3) WAnAUNITAENTEY PVC il nABuTinWwARerinda Wi adn
WU s mIn sl AReeE

4.4) $rsasinmiin (Post Weight) $nemefienatinetiasfiumded 3 apamas
FaANTH (171 0.001 mg) wazamuiinAninsiniis lFastuuuuinnannsinsnzd
ANBEINAINA

4.5) Faniaadindiuansuanadniidindouazazanbigeanaesleon

Tusiagnearnie Tumisarasfiadnsusognusriiuns as NIOSH Method # 0600

psdindineesdangs Amonliangassaluil

C = (W, - W;) = (B, — By) x 10° mg/m°®

\'%

! ¥ v | @ { o A a o
C= mmwmmmmﬂuﬂmm@ﬂﬁ L‘?.l']ﬁflLL@ZWZ?NNTHQQ@N?J@QU@@I (N@@ﬂ‘j&l@ﬂ@ﬂﬂqﬂﬁl’ﬂﬁﬁ)

o

¥ o ' @ o/ 1 Aa a
W1 = UIIHNNTEATHNIBINBUINUAIDE NN (HARANTH)

[

W2 = 1inngzaEnIasnadiiusinagny (Radnsu)
B1 = %N Blank Nawfiudnasing (RAfnsu)
B1 = 13in Blank MadLiuFnasing (Raansw)

2 @ o 1 Aa
V = 13H105289991NIAIINNIGINUAIBENEINIA (AR9)
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¥V an o G 2

NAIRAMNINITATUNATNNT DY
1) udslAnAYinANETen T89 uareUngol
2) SUAN ATANTINSANET LAz

o/ o

@ o v ® Y v & = A
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to+ to + .. + tn
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PARTICULATES NOT OTHERWISE REGULATED, TOTAL 0500

DEFINITION: total aerosol mass CAS: NONE RTECS: NONE

METHOD: 0500, Issue 2 EVALUATION: FULL Issue 1: 15 February 1984
Issue 2: 15 August 1994

OSHA: 15 mg/m* PROPERTIES: contains no ashestos and quartz less than 1%
NIOSH: no REL
ACGIH: 10 mg/m’, total dust less than 1% quartz

SYNONYMS: nuisance dusts; particulates not otherwise classified

SAMPLING MEASUREMENT
SAMPLER:  FILTER TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
(tared 37-mm, 5-pum PVC filter)
ANALYTE: airborne particulate material
FLOW RATE: 1to 2 L/min
BALANCE: 0.001 mg sensitivity; use same balance
VOL-MIN: 7L@15 mg,fm3 before and after sample collection

-MAX:  133L@15 mg/m’
CALIBRATION:  National Institute of Standards and
SHIPMENT:  routine Technology Class 5-1.1 weights or ASTM
Class 1 weights

SAMPLE
STABILITY:  indefinitely RANGE: 0.1 to 2 mg per sample
BLANKS: 2 to 10 field blanks per set ESTIMATED LOD: 0.03 mg per sample
BULK PRECISION (5):  0.026[2]
SAMPLE: none required
ACCURACY
RANGE STUDIED: 810 28 mg/m’
BIAS: 0.01%

OVERALL PRECISION (S,): 0.056 [1]

ACCURACY: +11.04%

APPLICABILITY: The working range is 1 to 20 mg/m’ for a 100-L air sample. This method is nonspecific and determines the
total dust concentration to which a worker is exposed. It may be applied, e.g., to gravimetric determination of fibrous glass
[3]in addition to the other ACGIH particulates not otherwise regulated [4].

INTERFERENCES: Organic and volatile particulate matter may be removed by dry ashing [3].

OTHER METHODS: This method is similar to the criteria document method for fibrous glass [3] and Method 5000 for carbon
black. This methad replaces Method 5349 [5]. Impingers and direct-reading instruments may be used to collect total dust
samples, but these have limitations for personal sampling.

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition
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PARTICULATES NOT OTHERWISE REGULATED, TOTAL: METHOD 0500, Issue 2, dated 15 August 1994 - Page 2 of 3

EQUIPMENT:

1. Sampler: 37-mm PVC, 2- to 5-um pore size membrane or equivalent hydrophobic filter and
supporting pad in 37-mm cassette filter holder.

. Personal sampling pump, 1 to 2 L/min, with flexible connecting tubing.

. Microbalance, capable of weighing to 0.001 mg.

. Static neutralizer: e.g., Po-210; replace nine months after the production date.

. Forceps (preferably nylon).

. Environmental chamber or room for balance (e.g., 20 °C + 1 °C and 50% + 5% RH).

[« NNV, T VYR ]

SPECIAL PRECAUTIONS: None.

PREPARATION OF FILTERS BEFORE SAMPLING:

—

. Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

NOTE: An environmentally controlled chamber is desirable, but not required.

. Number the backup pads with a ballpoint pen and place them, numbered side down, in filter
cassette bottom sections.
- Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight, W,

(mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps. Pass the filter over an antistatic radiation source. Repeat this step if
filter does not release easily from the forceps or if filter attracts balance pan. Static electricity can
cause erroneous weight readings.

4. Assemble the filter in the filter cassettes and close firmly so that leakage around the filter will not
occur. Place a plug in each opening of the filter cassette. Place a cellulose shrink band around the
filter cassette, allow to dry and mark with the same number as the backup pad.

N

w

SAMPLING:

5. Calibrate each personal sampling pump with a representative sampler in line.

6. Sample at 1 to 2 L/min for a total sample volume of 7 to 133 L. Do not exceed a total filter loading of
approximately 2 mg total dust. Take two to four replicate samples for each batch of field samples for
quality assurance on the sampling procedure.

SAMPLE PREPARATION:

7. Wipe dust from the external surface of the filter cassette with a moist paper towel to minimize
contamination. Discard the paper towel.
8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in the balance
room.,
9. Remove the cassette band, pry open the cassette, and remove the filter gently to avoid loss of dust.
NOTE: If the filter adheres to the underside of the cassette top, very gently lift away by using the dull
side of a scalpel blade. This must be done carefully or the filter will tear.

CALIBRATION AND QUALITY CONTROL:

10. Zero the microbalance before all weighings. Use the same microbalance for weighing filters before
and after sample collection. Maintain and calibrate the balance with National Institute of Standards
and Technology Class 5-1.1 or ASTM Class 1 weights.

11. The set of replicate samples should be exposed to the same dust environment, either in a laboratory
dust chamber [7] or in the field [8]. The quality control samples must be taken with the same
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equipment, procedures, and personnel used in the routine field samples. The relative standard
deviation calculated from these replicates should be recorded on control charts and action taken
when the precision is out of control [7].

MEASUREMENT:

12. Weigh each filter, including field blanks. Record the post-sampling weight, W, (mg). Record anything
remarkable about a filter (e.g., overload, leakage, wet, torn, etc.)

CALCULATIONS:

13. Calculate the concentration of total particulate, C (mg/ma), in the air volume sampled, V (L):

o W, -W)-(8,-8)
v

x10% mg/m?,
where: W, = tare weight of filter before sampling (mg),

W, = post-sampling weight of sample-containing filter (mg),

B, = mean tare weight of blank filters (mg),

B, = mean post-sampling weight of blank filters (mg).

EVALUATION OF METHOD:

Lab testing with blank filters and generated atmospheres of carbon black was done at 8 to 28 mg/m*
[2,6]. Precision and accuracy data are given on page 0500-1.

REFERENCES:

[1] NIOSH Manual of Analytical Methods, 3rd ed., NMAM 5000, DHHS (NIOSH) Publication No. 84-100
(1984).

[2] Unpublished data from Non-textile Cotton Study, NIOSH/DRDS/EIB.

[3]1 NIOSH Criteria for a Recommended Standard ... Occupational Exposure to Fibrous Glass, U.S.
Department of Health, Education, and Welfare, Publ. (NIOSH) 77-152, 119-142 (1977).

[4] 1993-1994 Threshold Limit Values and Biological Exposure Indices, Appendix D, ACGIH, Cincinnati,
OH (1993).

[5] NIOSH Manual of Analytical Methods, 2nd ed., V. 3, 5349, U.S. Department of Health, Education, and
Welfare, Publ. (NIOSH) 77-157-C (1977).

[6] Documentation of the NIOSH Validation Tests, 5262 and 5349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-185 (1977).

[7]1 Bowman, J.D,, D.L. Bartley, G.M. Breuer, L.J. Doemeny, and D.J. Murdock. Accuracy Criteria
Recommended for the Certification of Gravimetric Coal Mine Dust Personal Samplers. NTIS Pub. No.
PB 85-222446 (1984).

[8] Breslin, J.A., S.J. Page, and R.A. Jankowski. Precision of Personal Sampling of Respirable Dust in Coal
Mines, U.S. Bureau of Mines Report of Investigations #8740 (1983).
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NIOSH Manual of Analytical Methods (NMAM), Fourth Edition



AANWIN A
FENTNINTFINTDIBIANITATNURBANLURE B AIBRINBUNG A5FBLNTAT (Niosh

Method # 0600)



PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600

DEFINITION: aerosol collected by sampler CAS: None RTECS: None
with 4-pm median cut point

METHOD: 0600, Issue 3 EVALUATION: FULL Issue 1: 15 February 1984
Issue 3: 15 January 1998

OSHA: 5mg/m* PROPERTIES: contains no ashestos and quartz less than 1%;
NIOSH: no REL penetrates non-ciliated portions of respira-
ACGIH: 3 mg/m® tory system

SYNONYMS: nuisance dusts; particulates not otherwise classified

SAMPLING MEASUREMENT
SAMPLER: CYCLONE + FILTER (10-mm nylon cyclone, TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
Higgins-Dewell [HD] cyclone, or aluminum
cyclone + tared 5-pm PVC membrane) ANALYTE: mass of respirable dust fraction
FLOW RATE: nylon cyclone: 1.7 L/min BALANCE: 0.001 mq sensitivity; use same balance
HD cyclone: 2.2 L/min before and after sample collection

Alcyclone: 2.5 L/min
CALIBRATION:  National Institute of Standards and

VOL-MIN:  20L @5 mg/m? Technology Class S-1.1 or ASTM Class 1
-MAX:  400L weights

SHIPMENT: routine RANGE: 0.1 to 2 mg per sample

SAMPLE ESTIMATED LOD: 0.03 mg per sample

STABILITY: stable
PRECISION: <10 pg with 0.001 mg sensitivity balance;
BLANKS:  2to 10 field blanks per set <70 pg with 0.01 mg sensitivity balance

[3]
ACCURACY

RANGE STUDIED: 0.5 to 10 mg/m’ (lab and field)
BIAS: dependent on dust size distribution [1]

OVERALL
PRECISION (S.): dependent on size distribution [1,2]

ACCURACY: dependent on size distribution [1]

APPLICABILITY: The working range is 0.5 to 10 mg/m’ for a 200-L air sample. The method measures the mass concentration
of any non-volatile respirable dust. In addition to inert dusts [4], the method has been recommended for respirable coal
dust. The method is biased in light of the recently adopted international definition of respirable dust, e.g., = +7% bias for
non-diesel, coal mine dust [5].

INTERFERENCES: Larger than respirable particles (over 10 pm) have been found in some cases by microscopic analysis

of cyclone filters. Over-sized particles in samples are known to be caused by inverting the cyclone assembly. Heavy dust
loadings, fibers, and water-saturated dusts also interfere with the cyclone's size-selective properties. The use of conductive
samplers is recommended to minimize particle charge effects.

OTHER METHODS: This method is based on and replaces Sampling Data Sheet #29.02 [6].
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EQUIPMENT:

1. Sampler:

a. Filter: 5.0-um pore size, polyvinyl chloride filter or equivalent hydrophobic membrane filter
supported by a cassette filter holder (preferably conductive).

b. Cyclone: 10-mm nylon (Mine Safety Appliance Co., Instrument Division, P. O. Box 427, Pittsburgh,
PA 15230), Higgins-Dewell (BGI Inc., 58 Guinan St., Waltham, MA 02154) [7], aluminum cyclone
(SKC Inc., 863 Valley View Road, Eighty Four, PA 15330), or equivalent.

. Personal sampling pump, 1.7 L/min + 5% for nylon cyclone, 2.2 L/min £ 5% for HD cyclone, or 2.5

L/min + 5% for the Al cyclone with flexible connecting tubing.

NOTE: Pulsation in the pump flow must be within + 20% of the mean flow.

. Balance, analytical, with sensitivity of 0.001 mg.

. Weights, NIST Class 5-1.1, or ASTM Class 1.

. Static neutralizer, e.g., Po-210; replace nine months after the production date.

. Forceps (preferably nylon).

. Environmental chamber or room for balance, e.g., 20 °C + 1 °Cand 50% + 5% RH.

N

N Oy bW

SPECIAL PRECAUTIONS: None.

PREPARATION OF SAMPLERS BEFORE SAMPLING:

-

. Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

. Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight, W,
(mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps (nylon forceps if further analyses will be done).

¢. Pass the filter over an anti-static radiation source. Repeat this step if filter does not release easily
from the forceps or if filter attracts balance pan. Static electricity can cause erroneous weight
readings.

. Assemble the filters in the filter cassettes and close firmly so that leakage around the filter will not
occur. Place a plug in each opening of the filter cassette.

4. Remove the cyclone’s grit cap before use and inspect the cyclone interior. If the inside is visibly
scored, discard this cyclone since the dust separation characteristics of the cyclone may be altered.
Clean the interior of the cyclone to prevent reentrainment of large particles.

. Assemble the sampler head. Check alignment of filter holder and cyclone in the sampling head to
prevent leakage.

N

w

w

SAMPLING:

6. Calibrate each personal sampling pump to the appropriate flow rate with a representative sampler
in line.

NOTE 1: Because of their inlet designs, nylon and aluminum cyclones are calibrated within a large
vessel with inlet and outlet ports. The inlet is connected to a calibrator (e.g., a bubble meter).
The cyclone outlet is connected to the outlet port within the vessel, and the vessel outlet is
attached to the pump. See APPENDIX for alternate calibration procedure. (The calibrator can
be connected directly to the HD cyclone.)

NOTE 2: Even if the flow rate shifts by a known amount between calibration and use, the nominal
flow rates are used for concentration calculation because of a self-correction feature of the
cyclones.

7. Sample 45 min to 8 h. Do not exceed 2 mg dust loading on the filter. Take 2 to 4 replicate samples for

each batch of field samples for quality assurance on the sampling procedure (see Step 10).
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NOTE :Do not allow the sampler assembly to be inverted at any time. Turning the cyclone to
anything more than a horizontal orientation may deposit oversized material from the cyclone
body onto the filter.

SAMPLE PREPARATION:

8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in an
environmentally controlled area or chamber.

CALIBRATION AND QUALITY CONTROL:

9. Zero the microbalance before all weighings. Use the same microbalance for weighing filters
before and after sample collection. Calibrate the balance with National Institute of Standards and
Technology Class 5-1.1 or ASTM Class 1 weights.

10. The set of replicate field samples should be exposed to the same dust environment, either in a
laboratory dust chamber [8] or in the field [9]. The quality control samples must be taken with the
same equipment, procedures, and personnel used in the routine field samples. Calculate precision
from these replicates and record relative standard deviation (S) on control charts. Take corrective
action when the precision is out of control [8].

MEASUREMENT:

11. Weigh each filter, including field blanks. Record this post-sampling weight, W, (mg), beside its
corresponding tare weight. Record anything remarkable about a filter (e.g., visible particles,
overloading, leakage, wet, torn, etc.).

CALCULATIONS:

12. Calculate the concentration of respirable particulate, C (mg/m?), in the air volume sampled, V (L):

c= W, -W)-(B, -8,
v

x10% mg/m?,

where: W, = tare weight of filter before sampling (mg),

W, = post-sampling weight of sample-containing filter (mg),

B, =mean tare weight of blank filters (mg),

B, =mean post-sampling weight of blank filters (mg),

V  =volume as sampled at the nominal flow rate (i.e,, 1.7 L/min or 2.2 L/min).

EVALUATION OF METHOD:

1. Bias: In respirable dust measurements, the bias in a sample is calculated relative to the appropriate
respirable dust convention. The theory for calculating bias was developed by Bartley and Breuer
[10]. For this method, the bias, therefore, depends on the international convention for respirable
dust, the cyclones’ penetration curves, and the size distribution of the ambient dust. Based on
measured penetration curves for non-pulsating flow [1], the bias in this method is shown in Figure 1.

For dust size distributions in the shaded region, the bias in this method lies within the + 0.10
criterion established by NIOSH for method validation. Bias larger than + 0.10 would, therefore, be
expected for some workplace aerosols. However, bias within + 0.20 would be expected for dusts
with geometric standard deviations greater than 2.0, which is the case in most workplaces.
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Bias can also be caused in a cyclone by the pulsation of the personal sampling pump. Bartley, et

al. [12] showed that cyclone samples with pulsating flow can have negative bias as large as —0.22
relative to samples with steady flow. The magnitude of the bias depends on the amplitude of the
pulsation at the cyclone aperture and the dust size distribution. For pumps with instantaneous
flow rates within 20% of the mean, the pulsation bias magnitude is less than 0.02 for most dust size
distributions encountered in the workplace.

Electric charges on the dust and the cyclone will also cause bias. Briant and Moss [13] have found
electrostatic biases as large as —50%, and show that cyclones made with graphite-filled nylon
eliminate the problem. Use of conductive samplers and filter cassettes (Omega Specialty Instrument
Co, 4 Kidder Road, Chelmsford, MA 01824) is recommended.

N

. Precision: The figure 0.068 mg quoted above for the precision is based on a study [3] of weighing
procedures employed in the past by the Mine Safety and Health Administration (MSHA) in which
filters are pre-weighed by the filter manufacturer and post-weighed by MSHA using balances
readable to 0.010 mg. MSHA [14] has recently completed a study using a 0.001 mg balance for the
post-weighing, indicating imprecision equal to 0.006 mg.

Imprecision equal to 0.010 mg was used for estimating the LOD and is based on specific suggestions

[8] regarding filter weighing using a single 0.001 mg balance. This value is consistent with another
study [15] of repeat filter weighings, although the actual attainable precision may depend strongly
on the specific environment to which the filters are exposed between the two weighings.

REFERENCES:

[1] Bartley DL, Chen CC, Song R, Fischbach TJ [1994]. Respirable aerosol sampler performance testing.
Am Ind Hyg Assoc J, 55(11): 1036-1046.

[2] Bowman JD, Bartley DL, Breuer GM, Shulman SA [1985]. The precision of coal mine dust sampling.
Cincinnati, OH: National Institute for Occupational Safety and Health, DHEW (NIOSH) Pub. No.
85-220721.

[3] Parobeck P, Tomb TF, Ku H, Cameron J [1981]. Measurement assurance program for the weighings
of respirable coal mine dust samples. J Qual Tech 73:157.

[4] ACGIH [1996]. 1996 Threshold limit values (TLVs™) for chemical substances and physical agents
and biological exposure indices (BEIs™). Cincinnati, OH: American Conference of Governmental
Industrial Hygienists.

[5] American Conference of Governmental Industrial Hygienists [1991]. Notice of intended change—
appendix D—particle size-selective sampling criteria for airborne particulate matter. Appl Occup
Env Hyg 6(9): 817-818.

[6] NIOSH [1977]. NIOSH Manual of sampling data sheets. Cincinnati, OH: National Institute for
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Figure 1. Bias of three cyclone types relative to the international respirable dust sampling convention.

APPENDIX: Jarless Method for Calibration of Cyclone Assemblies

This procedure may be used in the field to calibrate an air sampling pump and a cyclone assembly

without using the one-liter “calibration jar".

1. Connect the pump to a pressure gauge or water manometer and a light load (adjustable valve or

5-um filter) equal to 2" to 5"H,0 with a “TEE" connector and flexible tubing. Connect other end of

valve to an electronic bubble meter or standard bubble tube with flexible tubing (See Fig. 2.1).

NOTE: A light load can be a 5-um filter and/or an adjustable valve. A heavy load can be several 0.8-
um filters and/or adjustable valve.

. Adjust the pump to 1.7 L/min, as indicated on the bubble meter/tube, under the light load
conditions (2"to 5”"H,0) as indicated on the pressure gauge or manometer.

. Increase the load until the pressure gauge or water manometer indicates between 25" and 35"H,0.
Check the flow rate of the pump again. The flow rate should remain at 1.7 L/min + 5%.

. Replace the pressure gauge or water manometer and the electronic bubble meter or standard
bubble tube with the cyclone having a clean filter installed (Fig. 2.2). If the loading caused by the
cyclone assembly is between 2"and 5" H,0, the calibration is complete and the pump and cyclone
are ready for sampling.

N

w

N
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Pressure
gauge
Tee L
Valve
and/or
filter load
Flow meter

Air sampling pump
Figure 2.1. Block diagram of pump/load/flow meter set-up.

Pressure
gauge

Tee Cyclone filter

Cyclone

Airsampling pump

Figure 2.2. Block diagram with cyclone as the test load.
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