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ABSTRACT 

TITLE MONITORING OF FINE PARTICLE IN A HOSPITAL IN AMNATCHAROEN 
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MAJOR ENVIRONMENTAL ENGINEERING 

ADVISOR ASST. PROF. WIPADA SANONGRAJ, Ph.D. 
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The objective of this research was to monitor concentration of particulate matter 

smaller than 10 micron (PM10) in the area of Out Patient Departments 2 and Operating 

room (OPD2 and Operating) and in the Out Patient Departments 1 (OPD1) of Amnatcharoen 

hospital, Amnatcharoen province, during each season. PM10 concentrations were 

monitored for a period of 8 hours once a month for all monitoring points during March 

2014 to March 2015. From the results, it was found that concentrations of PM10 for each 

monitoring point and all season do not exceed the standard (5 mg!m3). The highest 

average concentrations of PM10 for OPD1, OPD1, and Operating room were 

0.02477±0.00214 mg!m3
, 0.02298±0.00485 mg!m3

, and 0.02131±0.001656 mg!m3
, 

respectively. As compared the concentrations of three monitoring points, it was observed 

that the highest concentrations of PM10 were obtained at OPD1 While the highest average 

concentration of PM10 from the three monitoring points was observed in winter. 

Although the concentrations of PM10 do not exceed the standard, PM10 

concentrations should be further monitored to prevent adverse health effect that may 

cause . 
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1.1 fi113Jb tlu:u1bb~::fi11:Ua1~'l!"llel.:!il'l!'VI1 

Ulil 1\JU'WU ruvm.J~.fl11 :::m mPl1~-!urn 1:U61'W 11il:w1 n~'WL ~ e:J-:1 1\1 1f161.fl1~e:J 1 n1P1~61 ntJ~n'VI~e:J 
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1~-!ut:-~~m:::'V1Uiil1f1:U~~'I3'Vl1-:Je:J1n1Pl.fl1tJ1'We:J1fl1~ 611-:~?l-:~t:-~~m:::'Vlu~e:J61"ll.fl1~~1-:~mtJ~i1~-:~"llti~ • 
LOtJU~~'W (acute) l\l:::vh1Vfd'i~m~~:::fl1tJL~e:J-:J LL61Uiil:Uf1 1e:J 1\113.1 i1L61:U'VI::: LL~:::"llti~L~e:J-!-:1 , 

(chronic) 'VI1ni1m~61:::61:U"lle:J-:J~'W1 'Wfl'l~:UtJe:J~ Ltl'WtJ~:::"il1'VI~e:J~:::tJ:::L 1m nm'W1'W l\l:::vh1 Vfm~ • • 
vh~1'W"lle:J-:JtJe:J~ L~e:J:U~-:1 LL~ :::m 1\1 btl~ n1~el f1 L61U L~e:J-! -:!Vh 1 Vf L6!1~~1 'WU~ L1 ru,!'Wi11e:J n161f1~1tl L tl'W 

:u:::L~-:~1~ (Jinsart, W. et al., 2002) 

Ul\l:iltJ~i1t:-~~~e:Jflf:IJ.fl1~e:J1n1Pl.fl1tJ1 'We:Jlfl1~ 1~LLrl f11~i1:u~~'I3'Vl1-:Je:Jln1Pl61:::61:Ue:J~.fl1tJ1 'W . , 
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1.2 1fiQ'lh:::a.:~A-:~1'W1~a 

1.2.1 LYle~~tl'l!t1oUe:Jl.J~'VI9ia.nij'VI~e:Jie:Jl.l~~1 hJ"Um l1-:~~mu1~ tJTW1\l L\l~ru 
,. , "' '\J .., 

1.2.2 L Yle~~11\19i~~1l.JU~l.l10J~'W~:::e:Jm"ti'W1~L~n1 'W L1.:t~mu1~tJTW1\JL\l~qJ 

1.3 fll.ll.l~,!1'LI-:11'LI1lij'a 

ml.l1ru~'tJ~:::e~e~.:~"U'W1~L~n1 'W 11-:~~mu1~tJ1'W1\l L\l~t"Y :Wfi1~1l.JLnru'til.J1~1!1'W 

II J/ 
1.4.1 "lleJ'lJ L "llflfi1'LIL 'LieJ'VI1 

tl11~tl'l!t1i~a1'W~~.:t~~1Lil'Wtl11L~atl11Lfl'U~1e:J~1-:Je:J1tl1f'IL~e:JlL~'n:::~'VITU~l.J10J~'W 
' 

'!J'W1~hhn'W 10 1l.JL~1Ll.l~1 (PM10) l''bm~~e:J.:tLn'U~1e:J~1.:te:J1tl1f'l (Air Sampling Pump) i'W 

AM510 
II ...1 

1.4.2 "lleJ'lJL"ll~fi1'Liflt:l1'LI'VI 

tl11 ~ tl'l!t1l~a1 'W~ ~ .:!~ ~1 L il'Wtl11~ tl'l!t1 L ~e:J ~11\1 1 ~U~l.J1 OJ~'W~::: e:Je:J-:1 L~ tl tll1 
' 

10 1l.l~1e:J'W (PM10) 1'Wu~nru~mJtha'We:Jtl 1 (Out Patient Department: OPD 1) ~tleJtha'We:Jtl 
~ ~ 

2 (Out Patient Department: OPD 2) LL~:::~e:J-:1~1~~ (Operation room) '!Je:J.:tb.:~~a1u1~ 

1.4.3 "lleJ'lJL"llfi~1'W'l:::a::L 1~1 

m1~n'l!t11 'W~~.:~~L tJ'Wm1m1\11~u~l.J1ru~'W~:::e~e~.:~'!J'W1~ L~nn'l1 1 o 1l.J~1e:J'W CPM10) 

1 'W"lh.:t 8 -fl'11l.J.:ttl11'Vi1.:t1'W fie:J~.:!LLI'iL 1m 08.00 i'i-:1 16.00 'W. L 'Wo01-:J ~~eJ'W i:J'U1fll.l 2557 -i:J'U1fll.l 

2558 LU'W1:::a:::n~1 1 tJ 

1.5 fi1il~111ficwcvf 

1.5.1 ~'W~:::e:Jtl-:J'VIl.J1afi.:t e:J'W.f11~"tle:J.:!LL~.:J"ti'W1~L~tl.yj~e:J.:!~e:Ja L 'We:J1tl1f'l "ti'W1~"Ue:J.:!~'W~:::e:Je:J.:! 
' ' ' 

:W~.:tLL~'!J'W1~.yj ?11l.J11~l.Jtl-:IL~'WI')1a~1LU~1LL~:::vlbJ?t1l.J11~l.Je:J.:!L~'W11'11')1a~1LU~1 

1.5.2 ~'W~:::e:Je:J.:t~:W"ti'W1~L~tltll1 10 1l.JL~1Ll.lm (Suspended Particulate Matter: SPM 

or PM - 10) 'V!l.J1ai'i.:~ ~'W~:WL~'W~1'Wf'I'WVtl~1.:t~.:tLL~ 10 1l.JL~1Ll.l~1~.:tl.l1 ~.:~ PM10 'VI~e:Je:J'W.f11~.yj ' ~ ' 
:W'!l'W1~'WLn'W 10 1l.JL~1Lll~1 

1.5.3 u~l.I10J~'W~:::e~e~.:~ 'VIl.l1ai'i.:~ 'lJ~l.I10J~'W~:::e~e~.:~"U'W1~L~nn11 1 o 1l.l 1~1 Ll.l~1 vhl'1\11tl 
' ' 
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vh:n'WL~WJtl'UG'f.fl1Ym1\9l~elaJ (G'ITHI"lij) t]"j'~n1fll1'W"j'1"!ln~~1'4L'Uf1'M1 L"1l~ 94 lil'e:J'W 24l'W~ 

12 mn{]1~"~1l 2520 tl~1l1ru~w;~~~:re:J~"ll'W1flbhntJ 10 11lLmL1lm Ltl~t.JI'l"8fl"j'~t.J~n"1vi1~1'W 

tln~ 13.1Ln'W 5 ii"~n-rlJ~'eJ"nu1fllnLlJI'l"j' 
'U 

1.6 tl'l::1a't1U~I"l1fl'"hlil::lfl~u 

1.6.1 'VJ"j'1'lJ t:i~ tl~111 ru~w;=, ~ 8 8~"ll'W 1 fl L~ n~ Ln fi~'W1 'WLL~"~~'eJ..:J~vi1 f11"j' l'l"j'"J ~-r \91"!.18 ~ • 
1 "j'~~t.l1u1m)1'W1~ L~~'\JLL"~ 1 'WLL~"~~~m" 

1.6.2 'VJ"j'1'lJf:i~oU'ell-lm'lm'Wf11"j'uJ~'W"~'eJ'eJ..:J"!.I'W1\9l L~f1 L ~81 oUtJ"j'~f18'U f11"j'"J 1..:! LLe.J'WLL"~ LG'f'W'eJ LL 'W~ 
'U • 



d 
'UVIVI 2 

fl11Pim~nt.J'~1J1W~'U~~tltl..:I"U'U1{;1L~nn-J1 10 11JLfll1L1J1"11 (PM10) 1uh..:JYW1'U1~el1'U1~L~~ty 

i11(;1 ~'\.J 1~~-:lfl L ~tl (;111~ ~{;'lm1J'\.J~1J1UJiJ'U~ ~t:Jt:J..:J"U'U1 {;1 L~n LL~~ Pi m.~n-b't:J1J~Vl~f.l.niJ'V!~tl"lltl1J~Vh 1 '\.J 
, , " , " "U 

"Ut:J..:J 11..:~~ f.I1'U1~ eJ1'U1~ L~~ru ~..:~ ~1~f.l1~i1n11Vl'UV11'W111run111JLL~~'Vi1 n11Pi n~1..:J1'U1~f.l~ ., 'U 

L~m-b'm ~..:J11f.I~~L~f.l{;'l~t:J1'l.Jd 

2.1 -b't:~:u~'*11 'l.JL~m nu:u~m1~mf.l1 'Wtl1fll11 
'U 

2.3 ~11J1(;11_!1'ULL~~fl111 Lfll11~'l-1fOJW.f11~tl1fl1~.fl1f.l1 'Utl19ll11 

2.4 ~~m~VJ'U"Ut:J..:J~'W~~t:Jt:J..:J 

2.5 -b't:~:u~'*11'\.JL~mnu11-:~~mu1mhu1~L~~ru 'U ., 

2.1 ii'v2J~'*11 'l.JL~~1nu:u~.n11::.n1~L'Liv1fl11 

2.1.1 fi111J'VI1J1~'tlil.:lil1n1fiiLfl~LL~::~tu.n1cwv1n1fll.n1~ L'Liil1fl11 

tl1 n1~ L~f.I'V!~tl1J~oW~V11..:1tl1 n1~ 1 'LI~1~11"l!Ururu~~..:J L~~1J LL~ d'n~19l!W.fl 1~ ., ., . 
~..:! LL1{;1~tl1JLL '\.1..:1"1!1~ ~-~ .2535 1m -Hm11J'V!1J1f.l11 tl1fl1~L~f.I'V!1J1f.lil..:J"Utl..:JL~f.l~mJ1 'U~.fl1~LtJ'U 1t:J 

'U 

La~ n~'Lif'1l'LI r\'1'1! l"ll1h ~'LIG'l~elel-:1 ltl1~1'LI 'V!~tl1JG'l"'11~'LI~i1~.n1~~:::L~f.l{;'l'IJ1..:Jl'U1~'U~11J11~ 

111J~1tl ~1 'U'IJ11~1 n 1~1~ (~1:::11"l!U11:JtY~~..:J L~~1JLL~ d'n~1 fOJW.fl1~~..:1 LL 1{;1~t:J1J LL '\.1..:~"1!1 ~ 

~5V1Pln11"l! 2535, 2535) • 
:u~~111 um rn~ ~t:J ~111{;1 ~ fim:u 1 t.~mrn~~i1~~ m:::VJu ~t:J~"U.n1~"Ut:J..:J1J'4~~'V!~t:J 

~..:~i1;11 (;l~'LI61 'V!~t:J~11~i1 ~~ L~ m•1t:Jfll111J L tJu t:J ~"Ut:J..:J1J'L1~~1{;1 f.IV11..:J(;l1..:J 'V!~t:JV11..:J'el t:J:U ( 1-:~f'l~'U~ 
I 'U • 

~1J'lJL~tM LL~:::fllru:::, 2540) 

1J~.fl11~V11..:1tl1fl1~LLD..:It:JtlnLtJ'LI 2 '\.J1~L.f1Vl ~tl 1) 1J~.f111~tl1fl1~.f11f.I'Ut:Jntl1fll11LL~:: 

2) :u~.n 11::m~ 1 'Utl1fll11 L ~t:J..:J~1n rn-aPin~1d,J..:~ L U'LILu~1:::u~.n11 ::mrn~.n1~ 1 'Utl1fll11~-:~,!'U~..:J"Ut:J • 
m1'11i1..:~ Lu~1:::u~.n11::mrn~mf.l1 'Utl1fll11 LvhLTu 

fOJW.f11~mrn~.n1f.I1'Limfll11 (Indoor Air Quality: IAQ) 'V!1J1f.lil..:~f'jru.n1~mm~mf.I1'LI 

mfll11~ LL~{;'l..:J L{;'lf.lfll111J L -b':u-b'u-ut:~..:~:u1~~11 LL~::~.n 11 :::VJ1..:Jt:Jru'V!.niJ LL~~fll11:u:fft.~m m~"':u~VJ ~ LL~::: 
• 'U 
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mEJ 1'Wtnf'l11~~~ll~'Wlinue:~ru'V!.n:W n~'W LL~:::I'l111J61:::m~ (61~eJEJ61~1 Lf1~1VleJ~, 2549) 'li~l'lru.n1'V'l 
, ~ 'I , 

mm!31hl~~ bn~lil1f1f111iill~Vl~.n1EJ 1 'Wtl11'1111 'Wi'l111J b eUlleU'W~Gi~tnlil ne:~1 ~bn~lJ~.f111:::Vl1~€11f11!31 
'U 

1 'Wtni'l11LL~:::'VI1nll~~~iim1~1JiJ61nulJ~Vl~mm!31L 'V1~1,r'WL -lJ'WL 1~1'W1'W ~ mlilne:~1 ~Ln~m11J 1ll 

61'U1EJ LL~:::?i~t:-J~ m:::Vlu~eJ61ll11tl'W:::mi'Yi'1~1'W"l.leJ~~~eJ~.n1EJ 1 'Wtni'l111~ 
'U 'U 

e:J'W~:::e:~e:~~~i1e:~EJ'1'Wu11mmme:~u '1 ~1L11 iJ"l.l'W1~~~LL~ o.oo2 1ll11'11Lll\Pl1 ~~L-lJ'W 
' "' I 

n~ll"l.l€1~ Lll L~ n~ <1li611ll11tllleJ~L i1'W 1~~1El\Pl1L tJ~1 ~e:~~1 -&'~i!~Vl11!31'11LL uu~h~l'lmeJ'W) 1 tJ~i~'Wl:i~ • • • 
"l.l'W1~ 1 'V!run11 5oo 1ll 11'11bll\Pl1 ~~ L-lJ'We:J'WV111El"l.l'W1~ 1 'VIrulJe:~~L i1'W1~~1EJmL u~1 <e:J'W~ll€1~ L i1'W~1EJ 

v , " 'I 

mL tJ~1iJ"l.l'W1~~~LL~ so 1ll Li'l1Lll\Pl1~'W 1 tJ) e:J'W~:::€1€l~L-lJ'W6111~i11'111ll'VImn'VI~1EJV11~~1'Wf11EJ.n1'V'l • 

~f11il:::LU'We:J'W~:::€1€1~"1.1'W1~L~f1 (~~iJ"l.l'W1~L~'WC·hi31'W~f1m~if€1Elf1rJ1 10 1llLI'l1Lll\Pli) L~€l~lil1f1 iJ 
• 'U 

i'l111Jb ~11 'Wf111\Plf1~1~1 'VI1f1iJLb 1~m:::'Yi'11il1f1.f11EJ'W€1flbeU1iJ?f1'Wb~EJ1eU€1~ L "li'W f1111 'VI~ Li EJ'W"l.lm 

tnf11!31 m:::LL61~1J L-lJ'W~'W lil:::'Yi'11 ~LL "1.11'W~€1EJ€1Elb 'Wtnf11!311~'W1'Wll1f1~'W e:J'W~:::€1€1~~iJ"l.l'W1~ 1 '\llfli 
'U • ·~ 

("l.I'W1~L~'W~1!3l'W~f1~1EJ1'VIruf111 100 1llLI'l1Lll\Pli) tnli!LL"1.11'W~€1El€1Elb'W'U11Ellf11!311~L~El~ 2-3 'W1Vi 
'U ~ 'U 

Lb~e:J'W~:::€1€1~~ii"l.l'W1~ b~nn-J1 o.s11JI'l1€l'W mli!LL"1.11'W€1EJ'1 'Wmm!311~'W1'Wb-lJ'Wu bL\Plb~EJvh 1 tJLLrK1 
• 'U 

ff1ll11mLu~1~\il~d ('W'V'l.f11'V'l1 'V'lTW"ll, 2547) 

2.1.2.1 ~'W111J (Total Suspended Particulate: TSP) ~~L-lJ'W~'W"l.I'W1~1'VIqji1 

b~'W~1!3l'W~ nm~1l1Ln'W 100 11! Ll'l1Lll\Pl1 ~'W~:::€1€1~\Ji::: L.nVldlil:::'Yi'11 ~Ln~fl111J1:::1'11Elb~€1~~€1 
'U • 

('W~.fl1~~ ~TU"ll, 254 7) 

2.1.2.2 ~'W~:::eJeJ~~i1"1.l'W1~b~f1f1rJ1 10 1llLI'l1Lll\Pl1 (Suspended Particulate 

Matter: SPM or PM - 10) 'VIlJ1EJf:i~ ~'W~i1L~'W~1'W~'W~f1m~~~LL~ 10 1llLI'l1Lll\Pl1~~ll1 ~~ PM10 

'VI~€1€1'W.n11'l~i1"1.1'W1~ 1ll Ln'W 1 o 1ll 11'11 Lllm L -lJ'W€1'W.n11'l~i1ff.n1'V'l L u'W 1~~~"1.1€1~ LL ~~ LL~:::"l.le:~~ L '\11~1~ • • 
i'l111Jiii''WLL~ :::€1 11l'VI.f1:WtJn~ tJ1::: f1€1'U~1 Elffff11~ Lb\Plf1~1~tl'W LL~ :::G'f11J11tl€1 ElL 'WG'f.f11'V'l Lb "1.11'\J~€1 EJ 1 'W 

• 'U 'U 

'U11EJ1f11!311~1il 1f1 f111m:::'Yi'1"1.1€1~ m::: LLG'f~ll 'VI~€1f111i'Wff::: b VieJ'W bL~:::G'f11J11tlbb "1.11'\J~€1 EJ€1 ~1 'W 
'U 

u11 m m!311~'W1'W L ~€l~lil1 f1"1.1'W1~"1.1€1~eJ'Wm l'lil"l.l'W 1~ L~ n e:J'W~ :::e:~€1~ 1 'W"l.l'W1 ~dff1ll11m ·1h?iV11~ L~'W 
• • 'U 

'VI1EJ h?i1'W~1~"1.1€1~1J'W~EJ1~ ~~i1"1.1'W1~L~f1LL~:::'\111EJ hL eU1b -lJ'Wnm'W1'W n~~el'W\Pl11Elll1f1~'W L~EJe:J'W~ • • 
i1"1.l'W1~L~'W~1!3l'W~n~1~ s-10 1ll Ll'l1Lllm ?i1'W1 'VIrulil:::tln..ij'u~Vl1~L~'W'VI1EJ h?i1'WU'W LL~:::Lm:::~~~ 

'U ~ 'U 

LL 'VI~~n1 b il~"l.leJ~e:J'W~ :::e:~mlil :::LLG'f~~f:i~l'lf1!611JU~i'l111J L -lJ'WVl~"l.l€1~e:J'W~1 EJ b "li'W bb€161b 'UG'f\Pl€161 \Pl:::~1 • • • 
1[!11'11rn1ue:~'W nlJ~'W\91-r~a t1'1'VI1nll'W~~'VI1 EJtlil b ·ih 1 uliJ:::G11mitl61:::611JeJEJ'1 'WV11~ L~'W'VI1EJ h~~ LL~ 

• 'U 
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1vra-!l~11f1 ~'Wt'i-!lt1-!l~111 'WtleJ\91 ~-!lil~'Wel~ n'U"U'W1\91 -atl~1-!l LL~:;r11111vt'W1 LL ti'W"UeJ-!l~'W~:;eJeJ-!l ('W~.fl1~1 
'U , 'U "'J , 

~TW"!l, 2547) 

2.1.3 tJj::IJl'VI'tle:J~~'W~::e:~a-3bb"U-3~11lbbvra-3~111'tle:J-3~'U • • 

~1._, ~ 1 'W'U-a'm1mf'1 L-ri'W m11111~1-um~'W~:;eJ'€)--1~1fln'Wvr~m-111~1n'Un1"!Jvr~m-111~1n'U-ueJ--1mm 

vr~m-111~1 n'U"Uel--1 bL ~--1 ~1 fltl~ fi~ fl1Vl1--1Yl~ f1~V!~eJVI1--1 Lrli1vt~eJVI1--1 Lrli] LLG'f \91--1~ -!ld (f1111r11'U~1111~~~, 
2555) 

'atlfl'W~ Lr1~mfl'W~~L"!J~tl6-ieJm-u~h ~'W r11'W~1 eJeJf1111,t1'W'W~G'fntl1n i1~'WVI11fl~nA'1--1eJ~111n vr~eJ 
' u 

i1neJ--11G'f1'1-ii'1--1t1'W'WLdeJ1t1 LL6-i'W~:;vh 1 ~\fi1'1~'Wtl~1mi1 'WeJ1 mf'l, m1neJG'f'h--1t1'W'W 1 mJ vr~e1n11 
' ' u 

tJ-r'Utl1-!lN1~11~1 vl11~Ln\91~'W111f1 ~'W~Lfil'1~1f1fl1-!l1t1fl'W~ LL~:;~1L'U'arl 
' ' ' 

f111neJG'f~1--1 L-ri'W neJG'f~1--1V!~1fJ"!JiJ\91 ~ni1f111Ltl\91vtth~'WneJ'Wf111neJG'f~1--1 ~-!l 

v111 ~Ln\91~'W1~~1fl L-ri'W mr111 ~-!lneJG'f~1._, m1tl-r'Utl1--1G'11u11rutlLJlr1,m1rieJG'f~1._,mr11~"'._, v111 ~ 
, , 'U 'U 

~'UthJ61iL11'U~(lnG'l1l~~eJeJn111"il1nml"11~,m~~eJ(leJ'U v11G'l1£J mi"11~'V!~eJ~._,fieJG'f~1._, 
' u u 

h--1--11'Wel~G'f1V!f11111 L-ri'W f11~L~n1vrii\~m~~--1 L-ri'W ~1:iJ'WL~1 ci1'Wi1'W Yl'W 
' 

LLf1~'U L ~el'IJ1~~-!l--11'W 1 tJ1 m 'Wf111t:.J~~ m:;'U1'Wf11~t:.J~~~i]~'Welelf1111 L-ri'W f11'a~'W~1fl f111L~fl'a 
' 

el~1--1111f1 ~--1-d'L ~f:J--1~1f1rl'W?i'J'W 1 vruJ1 'WL 'U~ LiJf:J--1 1 iL1G'l1eJfl1 'Wel1rl11Lflf:J'U~f:Jfl~:; 90 "llel--1L 1m 1 'WLL~ 
u u 

~:;1'W 1l-111~:;LU'WD1'W h--1L'1fl'W G'ft11'W~vl1--11'W h-!l~fl1'U1~ ~1--1G'f11~~'WA'1 LL~:;1'Wel1r111~'W~ 

eJ--1f'lf111f:J'W1irfl 1~n (WHO) r11w.h~f:JflG'l:; 30 'Uf:J--1el1r11~vh bG'lnm~i1uruvr1~1'WI"ll11Jl1~el1f11f'1 
u ' 

mfl1'Wmr11~ (Indoor Air Quality) ~-!l~:;·t.h1tl~Uqjvt1f11~Lfil'1n~11mm~-ueJ--1hr1~1nm-av11-!l1'W1'W 
mm~tl\911~ 
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a~l"lm ASHRAE (American Society of Heating, Refrigerating, and Air-Conditioning 

Enoineers) 1~rhvrtJ~ei'm1f11'J'J:::'U1~mrn!31~1Mlb ~eJf11'JeJ'W1n~'V'I"~~1'W 11~ 5 6'lfl'U1!31nv.J~/tJTVi/ :::> , , 'U , 

f1'W eli~LL~L~hJLf1mhllltJ~H~ 15 6'lfl'U1!31nv.J~/'W1Vi/f1'W ~-;mi~t;J'lh:::6'1~f11'WL'l1a~~'WL~m~mn~LL6'l::: 
'IJ ' ' 

6'l~n~'W~1n~1fl'W 1 'Wmru"1Ja~m'J'I11mm!31~1n.n1~'Wanmf11'Jb-il1a.~1~1~el'm1 5 6'! n'U1!31nv.J~; 
'IJ ' 

tJ1Vi/f1'W~'W 'V'I'UrJ1 hi L~~~'V'IeJ~tJf11'Jf1~ Heli~?l"ll.tl1'V'I Lb6'l:::f111a.J?I'U1~"1leJ~~a~m;!~ l~mu'V'11:::a~1~ 
' 'IJ 'IJ 

~~vnm:::'U'Utl1'UeJ1fl1!31bb6'l:::'J:::'U1~eJ1f11!31 (Heating Ventilating and Air Conditioning: HVAC) 

1~6'11a.J1'Jt;Jm:::~1~mm!311 tl6'i'Vlnfl'W 1~ a~1~i1tl'J:::~'V1TI.f11'V'I~1 ~ bb~1 ~~ b VI" Ttl~::: b tltJtl~im11~ru 
'IJ ' v 

"lleJ~tlruVI1fl"a.JeJ1fl1'J"lleJ~ 1 'Jf1~1fl~bn~~1flfl1'J'Vll~1'W 1 'Wel1f11'JU~ 1~ bb6'!::: 1 'WVh~~?l~ ASH RAE fit~ 
v ' ' 

tl1'U~1a.J1m~1'W1 VI~ (ASH RAE Standard 62-1989) 1~~fllTW~i1~f1ru.f11'V'IeJ1f11!31.f11~1 'Wel1f11'J 1-H 
~ ' 

~:::rlrn'J~'U~VItl 'W'U~nru~tJ ~VI~a 1~Lb6'!::: 1~n1VI'W~ 1-H~~i1~ 60 ~n'U1!31n'i~I'W1V1/f1'W 1 'W'U1~~'W~ 
1~~~~1'Jru15~n~m'Ja.~~1a.~tln&i1 'W~'W~~'W il L"li'W -H'm?I'U'UVI~ Ltl'W~'W 

I 'IJ ' 

'WeJfl~1fl ASHRAE 1tJtl~~U'WVI't..h~.:J1'WI'i1-:J ~ 1tJI'i1-:Jtl'J:::b'V1!31VI6'!1~VI'I.h~.:J1'W L"li'W 

eJ-!lflfl1'~~Vf n~~-!l bb 1 ~~eJa.J"lleJ-!l?IVI~~ma.J~fl1 (US EPA) 'J1a.J~.:JVIth t.J-!l1'W'J:::V111-:Jtl'J::: b 'V1!31 b "li'W ... 
eJ.:Jflfl1'aeJ'W1~~ L6'ln (WHO) 1~n1VI'W~~1a.J1m~1'W~1'Wf1ru.f11'V'IeJ1fl1!31.f11~1'Wmf11'a (Indoor Air 

~ ' 
Quality) b~eJ 1 ib tl'W~1 bb'W:::'I111 m 'Wfl1'af11'U~a.J~rum'V'IeJ1f11!31.f11~ 1 'WeJ1f11'a 

'Wt1fl~1nd a.:J!"lm~Vfn~~~bb1~~aa.~"1JeJ.:J?IV11~aLa.~~rnLL6'l:::VI't..h~.:J1'W~'W ~ 1~~1b'W'Wrn"a 

~1'a1~ bb6'l:::'V'I'Url1 ~-!lbb'"J~~ela.J.tl1~1 'WeJ1f11'ai1a.J6'l~~a.J1flflrJ1.f11~'WeJfleJ1f11'a6'1-:Jbtl'Wel~'a1 2-10 b'Vh 
'IJ 

LL(;l ~ Hi'ii f11"S-:5'~el'W~'U'lhU'VI1~r;'i~~1 'W€J11"11'S L iJ'Wi:lCU'VI1~-:I LL 1 ~~ tl~vi&'l-:~ (:,J(;i fl'S~'VI'I.Jvlt:JG'I"Ufl1'V'l 
v v ' 

Cimn~~ru ~b:::L~"IJ1L'Vl'V'I, 2551) 

1 tJtl'a:::b 'V1!311 'V1~1~i1 m1~1 b 'Wt~.:J1'W'V11-!l~1'Wf1ru.n1'V'Imn1!31.n1~1 t1 mm1~-:J LLI'i 'V'1.!31. 
' 

2536 1~~i1fl11~1'a1~f111a.Jb -ifa.~-if'U"lleJ-!lfl161lb 'a~eJ'W 1 'UeJ1f111b~eJ 1-H''V111'Ui1-:Jfl11fld:::~1~~1 bb6'!:::1:::~'U 

r111a.1 b~~.:J~1 nei''W~11~"1leJ~fl161l"IJ'W~d ~1 n-ifaa.~6'l~iJm"a'a1~~1'W'V'I'U11~'Wi1~tl~~u'W 1~i1n1'~~1'a1~ 1 tJ 
'IJ ' 

bb~1 20 i~VI1~ e-~6'ltl11nf"d1 'V'I'Ufl161lb'a~a'U1 'W'V1nmfl1'a~'Vl1m1G'1111~1 'U'Vlni.:J'\111~ bb6'!:::~~'1111~~n 
-:..! ' ' 

bb'U1L 1Ja.~11i1n161lb1~atJ?I~a~1 t~.n1f1L'IIIila a~1~1 'Jnma.~i1r111a.~~1Ltlw~i'a~'V11rn'a~111~ 1 m~~'W~ 
'IJ 'IJ 

a.~1nn11d ~~~:::6'11a.J11t;16'1~tle-~6'! m'aG1111~ 1~ bb 'li'Wa'U C?~a.~-B'~ 'U1'an~&~ bb6'l:::tJ~a.~ 6'111'al"ltlqjqj1bil!31, 

2543) 

~ 'a1 ~1 ~ r1ru.n1'V'I m fl1!31 .n1 ~ 1 'U'U~ b 1 ru!31'WcJ m'\1111 a1 r111~ a ~it~ "11 a~ a1 r1116'11u11ru::: bb6'!::: 
' 'IJ 

~1~6'111'V'I~'Wfh ~1'W1'W~~~'W 11 Lb-H~ 'V'I'lri1 'U~nru!31'WcJeJ1'11111"1leJ~-H'1~6'1'a1'V'I~'W~1 31'W 9 bbvt~ i1 
'IJ 
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tnlJ1rurh'IIF~T~utJ'l.I11JlmJn1'1111Ln'l.lri1lJ1m~1'l.l~n1VI'l.IIJl H 11JlEJilri1tJ~~~,.h'l 1, 11o-1,3o2 ~vh~lJ 
~ ~ 

(ASHRAE n1VI'l.IIJlL~n1~lJLn'l.l 1,000 ~~L~lJ) ~1VI-ruu~L1tl.ltl1F11~\ltl!Jl~t:l 6L'l.l 11 LLvl~ ~u 

D~lJ1 ru fl1'11FJ1{u tl'l.llJtl'l.ltl n1'11rl n rl1tl ~~~VIl1~ 12-46 ~vh~lJ ~~ L fl'l.lrl1lJ11'1~~1'l.l n1VI'l.IIJ1 
~ ~ 

(ASHRAE n1VI'l.IIJlL~ffimlJLn'l.l 9 ~~L~lJ) LLG'l~D~lJ1tl.l~'l.IG'l~tltl~"!J'l.I11JlL~fl~L'I1lJ1~moU1~'VI1~L~'l.l ' ~ 

VI1EJ1lil1~ (PMlO) 1'WmF~1~\ltl!Jl~t:l 3 LLvi~ ilri1t1~~~VI11~ 154-210 1lJ1F~~nrlJ;~nu1~nLlJI'l~ 

~.:JLfi'l.lri1lJ1m~1'l.ln1VI'l.IIJl (US-EPA n1VI'l.I!Jlrl11'1G'ltl!Jl 24 i1LlJ-lL~iilmlJLn'l.l 150 llJLF~~n-rlJ/ ... 
G'lflU1~tlLlJI'l~) 
~ 

~-~- 2544 fltl-ltl1:S1tl'l.l1~fl fl1lJtl'l.I1~EJ (L D~EJ'l.ILtJ'l.l~111fl hF~lil1flfl1~D~~fltlUtl1:S~ 

LLG'l~~~LL11Jl~tllJ fl1lJF11UF!lJ hF~ ~~LL~U 2546) 1~ L~lJ~1L U'l.lfl1~1'1~1lil11JlD~lJ1tl.lfl1'11 LLG'l~ 1tJ~~ LVI E.! 
' 

"!Jtl-lL'!1~LF~il mm'Wh-l~fl1U1G'l l~LLrl fl1'11mm'l.lfl1~1JllJfl1L'IG'IU ((~-l~E.l1U1G'lr;11'l.ILV1qj1i Nitrous 

oxide LLG'l ~ Halothane LLG'l ~ Ld tl~11 VIG'l tl tl fl\11 fl ~~UU LLG'l ~ D'l.l L ~ tl'l.ltl ~1 'l.IU ~~ fJ 1 fl1 ~ fl1 f!L 'l.l 
~ 

L~-l~fl1U1G'l\l~L~flfl11lJ ~ LtJ'l.l Waste Anesthetic Gas Vl~tl WAGs) ~1lJ~-lL'I1~LF~il~'W ~ mm'l.l 

fl1 ~vi 1 F111lJ L'l ~ tl11Jl LL G'l ~ ~ 1 L ~ tJL ~ Fl ~ tJ fl ~ ru LL G'l ~ L Fl ~ tl-l ij tl LL ~'VI cJ L "IJ 'l.l Formaldehyde 

Glutaraldehyde L~tlD~~ LiJ'l.IF~11lJ L~EJ-l~1'l.ltl1~1tl'l.I1~EJ LLG'l~F111lJDG'ltJIJl.fi'EJ1 'l.lfl1~vi1-l1'l.IL 'l.l 

h-l~f.I1U1" c-J"fl1~~1~1\l~'l.Yl1 Lu~1~"'tl-l~-h~!Jlvlih~U'Url1~1Jln1'11~-lil~~~Url1 WAGs tJEJ't'l.l 
~ 

rl1VI'l.IIJlrl1F~11lJLoUlJoU'l.ILu~EJ 8 i1LlJ-lfl1~vi1-l1'l.I"!Jtl-lfl1'11 Nitrous oxide H111lJF~1~Ln'l.l 25 ~~L~lJ 

LL"~ Halothane 1lJm~Ln'l.l 2 ~~L~lJ lil'l.l~-loU\l\JD'W1~ilm~~1LU'l.lfl1~1'1~1\JD~~LiJ'l.IL 'Wh~~fl1U1G'l 
' 

11JLL~1 9 LLvl-l LL"~h-l~fl1U1" 4L'l.l 9 LLvl-l.Q' 1~~1LU'l.lfl1~tJruafl1~fl1~vi1-l1'l.ILIJlf.lfl1~~1Jl~-l 
~~uuri1~(;ln1"llvr-l1tJL1m.J~elem"1 (?1~51 L'YI'V'l(;ld"~mw•d", 2545) 

~ .~. 2544-2545 ~111fltJ'l.l1~f.I~~LL 11Jl~tllJ fl~l.ltl'U1~EJ 1~~1Jlvi1LF~~-l fl1~~ 1J1vi1 

VI~ flL fl ru'fi' LLG'l~ lJ11'1~~1'l.IF11U FllJ L Vll'li1F~1 t:U LLG'l ~ fl\1 fl1 ~vlL tJ'lJ'eJ'l.ll'l~1 f.! ~tlL'I"!Jfl1~ 1'11lJ Gl , , _, , 

~~~~1"!JDt:Uru~fl1~L'!151~tl.IL'I"!J ~-~· 2535 1J~~Lfi'VIfl\lfl1~ h-lLL~lJ Vl~tlfllilfl1~~'l.IL 'Wvi1'Wtl~L~f.l1tl'l.l 
"' "' ' 

fl1f.IL'l.I"!Jtl~h~LL ~lJ"!J'l.I11JlLVIqjLL"~"!J'l.I11JlflG'l1~fl11~tlf.IG'l~ 80 ~1fl11ri1vlLL'I'l.ltlLL'l.l~ L!Jlf.l ASH RAE LLG'l~ 

n11~tlf.IG'l~ 30 "!JtJ-lh-lLL~lJ"!J'l.I11JlLVIqj LL"~"IJ'U11Jlflm-l il~~~Un1'11 C02 ~-lLtJ'l.I~"!JuvltJ-l~-lfl1~ 

1 VI G'l L 1 f.! 'l.l tl1 fl1 ~ iJ r\1 ~ -l L n 'l.l r\1 vl rh VI 'l.IIJlLIJl f.! OSHA (Occupational Safety and Health 

Administration) ~-l1~rl1VI'UIJ111~ 800 ~~L~lJ 'l.ltlfl\11fld~~~u11 L'lm'l.I1J~~fltl'Ufl1~1~ilF~1UF~lJ 
' 

(PM10) ~-lF~1'W~VI~LiJ'WLLVI~-lvllJ1vl~1~qj 'V'l'U11 lJ1flfl11¥tJEJ"~ 90 "!Jtl-l~'Uvlvlm1lil11Jlil~~~U~-l 
Lfl'l.lrl1lJ11'1~~1'l.l ... 
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2.1.5 Uty'VI1filWil1~eJ1n1fl.fl1EIL'Liel1fl1~ 

fl1~eltlflbbUUtnfl1~\PIJ;'itJ\Pilil'W~~UU~1'1 ~ .fl1EI 1 'Litnfl1~ 1'1..1111~'1..11"1\Pid~~~~ 70 1~LU'W 

f111lJ?I"ll?IU1EI"lltl'l~tl~tnl"i'Eib\PIEI hJfhii'l~'l b~tl'l f111tl~~'VIfJIPI~&r'1'11'WlJ1 flUfl L ~tl'llil1ml1iJ't.lbbli9~ 
• 'U 'U 

~&r.::~.::~1u1 'Y'J.Yh £J .::~i1~1f11~ n&r n~ru~tl1f111~vh 1 ~~ml"i't~¥~n?lu1 El ~.::~n~11ii~.::~d ( ~ mn n~ru 
'\.1 '\J '\J VI 

~b~b\PI"ll1b'Vl~, 2551) 

(1) Lfl~'l?1¥1'1tnfl1~ 1lJ?I.::J bbU'WVI'W1Ufl ii"lit!'I'VI~tl1tiEI~1~tJUtl1fl11rlti'W"Ii'1'1lJ1fl vl1 1 ~ 
'U 

' ' 
(2) m 1f.'i tl'lr.'d 1.::~ii f111l-1?1~1 L?ll-lv Lbli9~ b ~ El'l~ e:J Lbrl f111lJ~ tl'l n 11Vi'1'Vl nf.'i1 uon e~.::~ tn 1"11 ~ • 
(3) mufllJtlru'VI.nilone~.::~~~uutJ-rumn11"11 ~t~EI1 'l.!Lnruantl1'Wnm.::~ vi'1 1 ~~e:J11"i't~¥~n 

, , 'U '\J 'U 'U 

o::;:,l 0 .0:::.. .:!. 1.1 IQ.I I !I 

?IU1EI lJfl1~'1..11tl1 fl11"1U1~'Vllilil1 fl.fl1 EI'Wtlfl b "ll1~\Pldtl1fl11fle:J'W"ll1'1lJ1 fl 

~tl11"i'EI.n 1 El 1 'Wtl1fl1~b 'VI~1.Q'f.'i1'W 1 'VIrulil ~¥~ fl?IU1EI bbli9~ 1lJ~Utn fl1~ b~Uth El b ~tl'llil1 fl 
'U v 'U 

" " Q.l o<::1it. ~ 6' 0 Q.l Q.l Q.l Q.l I 

.fl1EI'VIli9'1bfl\Pid fl~IPlfl1~tu'W1lJ'Wfl1'1 bb ~fl 'VIli9 flfl1~tltlflbb UU\Pidtl1fl1~ bbli9~~~UUIPI1'1 ~ 

.fl1 El 1 '1..1 1~ b tJ~ EI'Wbb tlii9'11 tlLIPIEib if'Wfl11lJG1'1 flUJ"lle:J'Ifl1~tl1~'VIfJ IPI~&r'I'I1'Wb tl'WVI&r fl f.'i1't.lfl11lJ?I"ll 1~ 
v • 

ii91Plli9'1l-11t1Eib 'W~~~u~tnl"i't~f.'i1'W 1 'VIruc.Je:Jl-1-ru 1~ :(i'lne:J 1 ~bfl\PIDUJ'VI1fltu.fl1~"lltl'l'€11fl11"1.fl1EI 1 'Wt11fl1~ 
'U 'U Q.J Q.O , 

~'~d C:ilmn~~ru ~h~LIPI"ll1L'Vl~, 2551) 
" ' ' 

(1) 1'11 mm ~ n'€1?1¥1'1 bb U'W'VI'W 1l-11 n~u b Vl'€Jii91Pl m~-r1"lltl'ltl1 fl11"1lil1 n.n 1 El '1..1'€1 n 

(2) 1 offu't.l1'1..1 tl'Wfl11l-l¥e:J'W b ~'€11;1\PI fl1~el1Eib 'Vlfl11l-l¥e:J'Wlil1 fl.fl1 EI'W'€lfltnfl1~ bb~u'W1'1..1 

b'VI~1dvi'1 1 ~bfl1Pl~'l~~f11Eib~e:J'I bbli9~i1t'€16'11~ Formaldehyde ~~ b'VIEie:J'€lfllJ1tl'WtlU'€11fl11"1.fl1EI1 '1..1 

(3) J;i\Plfl11lJb "li'lJ"lle:J'Ifl11f.'i'€1'16'111'11 'WU~bdtu~11 U.fl1EI 1 'Wtl1fl11li9'1 

(4) 1i1~uum~:il'IPlfl11~&r'1'11'1..1 (Energy Management System) b~e:Jfl1U!'ll-lfl11lJ 

~e:J'Ifl11 'VI~e:Jtl~l-11tufl1~ 1 i~~'I'I1'W"ll'€l'ltl1fl11LIPIEI Lu~1~ 1 u-a~uutl-rumml"l&g'l 1 i~~'I'I1'Wl-11fl~?IIPI • 
1ul'i'1e:J1fl11 L"li'W LU1bbfl"alJbtJIPltJIPI~b'VIlJ1~6'llJ (Program Optimum Start/Stop) bb~~ 

1tJ~Lbml-lf11U!'llJ1e:JUfl11vl1'11'1..1 (Program Duty Cycling Control) btl'W~'W 

(5) f11UfllJe:Jtu'VI.fliJ.fl1EI1 '1..1'€111"111 1 ~6'1'1~'1..1 1 un~PJ¥'€l'Wbb~~~1~'11 't.lf11PJ'VI'W11 b ~e:JU"a~'VIfJIPI 
Ill 'II '\J '\J ul '-! ul 'U 

( 6) U1€J1fl11"1U~?I'Vl~.fl1 EI'W'€lflb ·ihf.'it11fl11LJtJEI~'I 
• 'U 

C7) ~IPltJ-a~m rum-a'VIlJ'Wb1 t~uonmm n11"1.n1t~1 um 1"11~ b ~e~tJ-a~'VI£1 IPI~&r'~'~1'Wm inu • 
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Lth.J~'W vi'11 ,XtFhnrum fl1f'l'U~~'VI~~'l11 L .U1?imr11~ 1 'W"llru~ 1 iu~1J11'l~fl1fl1f'1L Vi~.:J'U1-:J?i'J'U (Part 
• 'II 

Load) ~~ueJmN 

~~"il1fl fl1~eJeJfl LL'U'U LL~~ fl1~ 1 imrn~ 1 'W"' m~Hll~ L "!it~d vl11 ,Xi1~-:J~flU~fl~~~1JU'Wfl'U 

eJ1 fl1f'l.fl1~ 1 'WeJ1fi1~L Ut~~il1'W'J'W1J1 fl "il'W'U1-:Jfi~.:JeJ1 fl1f'l.fl1 ~ L 'We:J1fi1~'U1.:1 LL ~.:!~flU~ fl1J1fl fl';hm fl1f'1 

.fl1~'WeJfleJ1fi1~L~~~fl1~mu'Vl1~fl1~~~~1J"lleJ-:!~1~Lfli11'i1.:! 61 sS.:~vi'11~LU'Wel'WI'l~1~\PieJ~"ll.fl1'Vl"lleJ.:J~ 
I • 'II 

m~~ ?~.:~~~ 1 ,Xu~~~'VIB.n1'Vlm~vi'1.:~1'W~~~1~.:~ m~"ll1~-:J1'Wi11J1fl~'W ~.:~t!t~ rh1i~1~~u~~"ur~ 1~ 

"il1flfl1~ 1 i'Vl"'.:J-:!1'W~~~UeJ~~.:JeJ1"ilvl11 ~~~l'leJ'ULL 'VI'W 1~~1Jrh 1 i~1~~'W 'l ~L~1J~'W~.:!fl~11-IT1.:1~'W 
eJ'WI'l~1~ l'ieJ~"ll.fl1'Vl"lleJ.:J ~m~~ LL~~ m imfl1~ L~eJflfll.fl1'Vlm mf'11~ L U'W 1 um1J1J11'11;i1'W 

" 'U 'U , d.9 

(Respirable particle) eJ'W.fl1f'l"ll'W1~Lafl~vn~ hL -ih 1 ULL~1~~~1-:JeJ~~ueJ~ "il~vl1eJ'WI'l~1~1PieJLteJ~1J 
• 'II • 

ueJ~ LL~~v111 ~Lfl~ hfi1J~L ~.:~ueJ~ 1~ tl1"1l'Vf-:1~1Jmi.n1~ 1 'UeJ1fl1~ l'l~eJ~"il'Ufl-r'U'U'Vf~ ~1111~"v111 ,x , , 

LLrlfl1~eJ~eJ1~~ ~11J1~m\'1L'W'Wfl1~1~ 1~~eJ1~~'Vf"'flfl1~LL~~1tifl1~1'i1.:! 'l ~.:~.Q' (:ij'mfl'l~ru 

Ph~L~"Il1L'VI~, 2551) 

2.1.6.1 U~1J 1 ru eJ 1 fl1 f'l'U~~'VI ~~'l11 LoU 11111 'W e11 fl1 ~~ eJ-:1 1~u eJ ~ fl11~ n 1'Vf'W ~ 1 'W , 

ASHRAE Standard 62-1989 'Vf~eJ1J11'l~;i1'UI'l11Jri1LL'W~'l11"lleJ.:J1f'11m~1J~m'WLL~.:JU~~L'VIf'11'VI~ 'Vf~eJ 
"" 

1J11'113I1'W"lleJ.:J'Vfti'J~-:11'U"lleJ.:J-!3I\Pi1-:J 'l LL~'J LL\Pi-;hfi1~n1'Vf'U~"lleJ.:J'Vfti'J~-:11'U 1~"il~1J1 flfl11 tl'U L ~eJ~ ~ 

f'1111JL.U1J.u''U"lle:J-:J~-:J~m.hnl'i1-:J 'l ~Ln~~'W.fl1tJ 1t~mf'11~ 

2.1.6.2 "!ieJ-:Jti1eJ1fl1f'l'U~~'VI~ (Fresh air orille) fi'J~eJ~Vh-:J"il1fl'U~LdflleJ1fl1f'l~flU1fl , ::> 'II 

m~'WeJfleJ1fl111~~vr11 u "lleJ'U~1""lleJ'I"!ieJ.:~'l11mfl1f'l'U~~'VI~fld~~""il1fl1~~'U~'W1~-weJ~fl11 2 L1JI'l1 
, 'IJ 

2.1.6.3 "lieJ-:!1~'U1~fl1fl1f'leJeJfl"il1fleJ1fl1~ (Exhaust air grille) fi'J~eJ~Vh.:!"il1fl"!ieJ.:J 
'II 

eJ1fl1f'l'U~~'VI~1~ueJ~ fl11 9 L1JI'l1 'Vf~eJeJ~~n1LL~.:Jfi'U~~~1'U 1~~rlTW'Iii'l~f'l'VI1'1~1J L 'ULLI'i~~n~m~ 
, 'U al \1 

'Vf~eJ ~~ "il1 fl~1J~U~'VI~ tl'U eJ1fl11oU1'1 Lfi ~ 'IU~~ fleJ'U~'m L ~m1eJ.:J n'Wilt ~eJ1 fl1f'1~ flU~ fl1 'VI~ cleJ'Uflrr 'U 

2.1.6.4 ·tH1J1fl!~1J~1m'VI.fl1~1 'Wfl1fl1~~eJ'I1~tieJ~fl11 6-10 Lvl1"lleJ'I'l.J~1J11'11~eJ.:~I'ieJ 

i1111.:~ (Air change per hour) L~eJ1~mfl1f'l'U~~'VI~ ~11J1~(1m~"il1~1LJ~?i'J'WI'i1'1 'l "lleJ.:JeJ1fl1~ 
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2.1.6.5 fl1'H'11'U~~fl1':i'Vh.:J1'W"lltl'l':i~'U'UU1'lHJ1fl11"1L YitJm':!U':i~VIrJ~'Vl~-:1-:JTU ~tl-:1 hJ 

vh 1 ~flfil.fl1'Vltl1fl11"1L 'Wtl1fl1':i"~~N L "li'Wfl1':ifi1'Ufl~fl1':!LU~ LL"~U~':i~'U'UU1''Utl1 fl11"1 (Optimum , , 

start control and Optimum stop control) \Jle~-:~1~-ff1Lfl'W1tlt'WIPleJ'WLoU1LL"~1~L~1Lfl'W1t11'UIPleJ'U 

L~'W L Vie~ L ~i1m11l1tl1 fl11"1'U~?f'VI~'l1 fl.fl1~'Wel m oU1~18 ~1.:1 L fir.J.:J'Vlel L 'W"llru~vir'J.:~i1fi'Wvl1.:!1'Welr.JL 'W , ~ 

eJ1fl1':i LL"~L Vlm~tJ1~tl1fl11"16'ffltl':invir1.:~1Plnfi'1-:~e~r.J1 ~VI~~ 1 tlVI~.:JL~fl.:I1'WLL~1 tl1'lvl11~w1 ~Lfl~e~.:~ 
~ 

L th"~ L~'WrJ.:Ifl.:!vl1.:!1'Uel~ LL~ Lfl~ei.:JU1''Uelfi!VI.fliJ (Chiller) 'l~iJ1~vl1.:!1'UL tie~-:~'11flfl1':ifi1'Ufl~"llel.:! 
'U , 'U , 

':i~'U'U L U\Pl LL" ~:u IPl ':i~'U'UU1''Utl1 fl11"1 LL~d 

2.1.6.6 fl1':ifi1'U~~':iei'Ufl1':ivl1.:11'U (Duty cycling control) "llel'l':i~'U'U':i~'U1~tl1fl11"1 

\Jl 8.:1 hl'U 1'\.J Ln'U1 t1 L 'Vl ':!1 ~VI1 fl'U1'U bfl'U 1 U'l ~vl1L ~ L n IPl fl1':!6'f ~?f~"llel.:J~-:16'1 fl U':i n1 'Utl1fl1':i bL" ~ L U'U 

el'UIPl':i1r.JI'ieJ~tl1flr.J 
~ 

2.1. 6. 7 fl1 ':l&i~~.:J~IPl"~IPl~tl1fl11"1 L~~eJeJfl'l1fltJ~ nru"UeJ.:Jtl1fl11vii1mml"'?ffltl':!n~1 n 
~ 

L"li'U tJ~b'JW~e~.:~tl1 h.:~~~~ -He~.:~ci1me~n?f1':! ~eJ.:J'VI~"e~.:~tl~u&im':l -H'e~.:~fl11 LU'W~'W L'WtJ1-:Jmru 

fl111-ff vie~~IPl (Hood) vii1u':l~~'VI5.n1'Vl?f.:J~1~nu~~"~IPl~mml"'~br.J LYle~ 1-H'm11~tJ1~mmi"'L~~ 
~ ~ ~ 

biJ'U 1 tleJ~1.:~1~t:J" L"li'U fl11L-ffvie~IPl\PlvJ~ (Fume hood) 1 'U~eJ.:~tlfiu&in1':! n11 1 offvie~IPliPll 'U-H'e~.:~fl1'1 
'U 'U dJ 'U 

(Kitchen range hood) LU'U~Ji''U 

2.1.6.8 1m~1m1~~'UeJ1fl11"1L 'U-H'e~.:~vi?~ntl':!nL-H'~1n';h~e~.:~.U1.:~L~~.:~ LYlmJ-e~.:~n'UiJL -H 

~.:~?fntl':lnm~'l1~1t1~~1'U~'U G) "lleJ.:Jtl1fl1':i L"li'U -H'eN?f'UtJVI~ -H'tJ-:~~1~\Pl -H'tJ.:~?f~m~ bU'W~'W cu I cu , 

2.1.6.9 bfl~ei.:JL~~fl11~:ff'U (Humidifier) vi1offL~~fl11~:ff'UL-H'bbfh~tJ'Utl1'tJtl1fl11"1 L"li'W 

vtl m 'UI"''U~ flel~~d LIPlelTI ':i-:1.:11'\.Jt:J~ 1Pl~'U~'J'U6'111M-:~~1111 fi'J':iLU'ULb 'U'U~Ji'~tl11-H'nmm U'U 1-e~ LL~15~ 1-e~tl1 
~ 

tJ':i':immi"'L'Wtl1fl1':i 

2.1.6.10 ':i~'U'U'l.J1''UeJ1 fl11"1~ el-:16'11~ 1 ':!til oU .:11 'ULL" ~tJ1 ':! .:~1m~n 1~~1 ~ Lb" ~6'1~ ~1 fl , 

1~mu'Vl1~~1'Wvi:ff'U Lb"~i1tl1-ff.:~e~~L tl'Utl1~'ii'1 L "ll'U m~tl1~-:J"lltJ.:JLfl~tJ.:~ L ~~fl11~:ff'U fltl~~v11fl11~ 
L~'ULLt:J.:~mtJ.:~m ml"' VltJ~'Itl1 L tl'U~'U L Ylm1tJ.:~n'Um':i L 'l~~;m&\u LIPl"lltJ.:~ L :fftJ'l~'W'VI~~ LL"~ L :ffm1 "' , 

... ' ~ 

2.1.6.11 &iiPl ~.:! ':!~ 'U'U fl':iel-:1 81 fl11"1Vh VI~ 1~ 6'1~ G11V1~'U eJ 1 fl11"1'U~?f'V15 Lb" ~ eJ 1 fl11"1 , 

VI~'UL 1 ~'U l 'Utl1fl1':i bb~'U fl':itl-:1 tl1 fl11"1vl'l oU~'Utl ~ n'U':i~ ~'U"lltl.:lfld1~6'f~tl11Pl.yj~tl.:Jfl1':i LL" ~"llil~"ll tl-:1~.:1 , ~ 

?fntl':inviLniPl~'Ut 'Wtl1fl1':i L"li'W 

2.1.6.12 'Vl1L'U" Yl"LIPleJ1 (Panel filter) G11VI1'tJmtJ.:~iJ'U"~tltl.:J"ll'U1~LVIrum'1~"ll'U11Pl , "' 

nm.:~\Pl1~~1~tJ 

2.1.6.13 L~tltl1 Yl"biPleJ{ (HEPA filter) G11V11''Ufl':itl.:JL:ffel'l~'U'VI~~ tl'U.fl1fl"ll'U1~b~fl , , 
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2.1.6.14 LL~~6!1~tJ-8''U Yl~LI11~i (Adsorption filter) G1'1V1-rtJ~~1~~t'1flthn V1~~1~~iin~'U 

2.1.6.15 'J~'llL'll~1 VI~~ t'1fl-rtJLtJ~1 (Washer or Scrubber) G1'1VI-ru~~~tJL~tJ1-:j~~1-:j 
'IJ 

~iin~'U LL~~t'11lJ1'jCl~~m tJ 1 'Utl1VI~ml1l!'U Hi' 
2.1.6.16 Lfl~~.:jv-J~n~1fl1f'!Lv-1Vh (Electronic air cleaner) G1'1V1-rtJ"ll-:ij'~n~'UVI~~ 

~'U.fl1fl"ll'U1~'1.J1'Wflm.:j~~u 1 'Wmfl1~61'1'11n.:j1'U b.:j.:j1'Uvi'1 1 'I.J L"li'W fll'UtJVI~ L U'U~'U • • 
2.1.6.17 fl1tJfllJ~Cl.IVI.flii"lJ~.:jeJ1fl1f'f.fl1tJ1 'Wmfl1'j1 ~~tJ"t 'WLnruenL VllJ1~t'1lJ~ 76 ~.:jf'f1 

, , '\1 '\1 

v-11L 'j'lJLeJI'i (24 ~.:jf'f1L6!lm6iitJt'1) (LL 'I.J~ir'U1Jl~~VI11-:j 73 - 79 a-:~f'!1v-l1 L ~'U 1eJI'i VI~~ 23 - 26 ~.:jf'f1 

L6!1m6iim'l 1~mtl'W~rJ~lJ-ru"lJ~.:j~~rJ~~ so "lJ~.:jeratJ"t 'Wmfl1'j) ;;1'J'Ufl11lJ~'U~lJ~'Vltifl'J~eJ~'j~VI11-:j 
'IJ 'IJ 'IJ 

~~tJ~~ 20 - 60 

flCl.l.fl1~"Ummmf'f.fl1rJ 1 'Wm fl1~ L U'U~.:j61'1f!ru ~-:~~~t'1"ll.fl1~ LL~~'I.J~~~'Vlfi m~ 1 'Ufl1Tvl1-:j1'U"lJ~.:j . ~ . 
er m~ rJ L~ am fl1~ 1~ L U'U~~m?l.:j~ rJrJ1tl1 :u ~iiUUJV11 L~~ .:jf1ClJ.fl1~mfl1 f'f fl'J 'j~1 L il'Ufl1~ LLm "lJ L U'U 
'IJ ~ • 

" " "li''W111~'U~.:ji1 

( 1) 111~'J:U?I~tJ1 ~ LL tih11iifl1~U1eJ1fl1f'ftJ~?I'Vl~:U1fl.fl1rJ'U~fl L -iJ1lJ11 'Ue:J1fl1'j1 'U'I.J~lJ1Cl.l~ • ... .., "" 
L ~rJ-:J~~fl'Ufl'J1lJI11~-:j fl1'j 

(2) m1 :u t'1 ~u 1 ~ LL ti-6' ~rJ1'j~tJ u'I.J -rum fl1 f'ft'1 ~m~'I.J 'j1 f'f :u1 n fl1'j?l ~t'1lJ"lJ~.:j~ .:j?l n'I.J'j fl'V11-:j Lflii 

LL~ ~'V11-:j"ii'J 1 'Vl rJ 1 

(3) 91'j'J:UVI1?11 L Vll11~ LL ti-6'~11 ~.:j?lfl'I.J~fl~'ULfi~:U1flt'11 L Vll111~ LLilJvl1 fl1'jLLm "lJ • • 

2.2.1 'Yfilf~LL~::LL 'lll~.:~n1 L ilfl"llv.:J11~.W't!t'VI1·-:~e:nmfl.fl1~ltimfl1'j 

?11 L V111161'1 flru~v111 'iXLn~tlruV11~~flru.fl1~mn1f'f.fl1rJ 1 'Wmfl1~ 1Jl LLfi fl1'j~1 'Utl:u:u'IJ'U , ..., v , , 

e:J1fl1~61'1'11 fl.:j1'UVI~e:Je:J1fl1~~~ fl~1~rJ;;1'J'U 1 VltUlJ fl:U ~ Cl fl~~ fl LL tltJ 1 '!XtJ~VitJ L ~~ L U'Ufl1'j'I.J'j~VI~ ~ 
~ 'IJ 

~~.:j.:j1'U 'j'JlJ~.:j.fl1tJ 1 'Wmfl1~iim'j'j'JlJ~.:j'I.J'lJLti~'U~1-:j ~ HJl1 tJ n'W 1~mu~1~mfl1'jG1'1'11n.:j1'lJ~.:j 

~n:u~iii'?!~ ~'I.JmruG1'1'11n.:j1'U~ii;;11'U'I.J~~n~u"lJ~.:j?I1~Lflii L"li'W Lfl~~.:jt;hm~n?l1';i ~i'WLI11a1 tl1r11 •• 
~tlfl1~~ fl1'J ~.:j:U~ Lfi~fl1'jt'1~t'1lJ"lJ~.:jlJ~'W~LL~~LL ~~m~:U1tJ;;1m -ffmfl1'j LL~~;;1-:jt:-J~m~'Vltl~e:l 

'IJ'IJ 

?l"ll.fl1~"ll~-:Jm oU~1fl1~1 'U~?I~?I1~lJ~'W~.fl1rJL 'UeJ1fl1~Ln~:U1flLLVI~.:jfl1L il~VI~1CJ'I.J~~ L.fl'Vl LL~~:: 
• 'IJ , 

'I.J~~L.fl'VlfleJ1-HLn~t'11~lJ~'W~'llil~~1-:j ~ tl'ULJlLLfl (~mn~~ru ~'J~L~'ll1L'Vl~, 2551) 

2.2.1.1 m~'I.J~~tJt'11~:u1na'I.JmruG11'11m1'U L"li'W t'11~'1.J~~nau~'U'Vl~rJ1~ L6!1'U • 
2.2.1.2 m~ 1 oU?11~~'Jvl1~::mrJVIiin'WlJoW LL~lJ LlJL UrJ 

2.2.1.3 fl1'j1-iJ't'11'jn1~~~1111'jtJfl'J'ULL~~LLlJ~.:j 



• 

2.2.1.4 m-atl~t~tJ61Tf'il1nh..:~B!it~~ ~mtli)lliim-a m~ul'l..lm-avhl'll1~61~m~ 

2.2.1.5 6111~~-n~iJ1f1~tlbliltJi"llm~v.JI'lLL~~1~UULI'l~tl'l~fl1fl~~'l..l'"] 
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2.2.1.6 L~tl11 (Fungus) \il1~61ltlfl\1~U1'Limi'l11 LL~~'U~Ldt;U~'I..I~~'I..ILL\J~ LL~~h~'LI 

(Dust mites) 1~~'1..1'V'l1~ 

2.2.1.7 6111~~'W~iJ1f1fl11LC.J11l1~ L"li'LI rh61!l1'1~~ 61111~Ll1tl~'I..I'Vl~~ (VOCs-
' 

Volatile Organic Compounds) LL~~n161!~'1..1 '1 

2.2.1.8 61111~Ll1tJ~'I..I'Vl~~iJ1fl1'61~1ilflLL~..:J1wJ '11'Lit111'111 tl11'111~iJm-alilmL~..:J1mJ 

1 otlLI'l~tl'l L~t1'1..11 mJ l1~tl'Vl1ffi l1lh~'V'l'U61111~ Ll1CJ~'I..I'Vl~~n161l"l1ti~d~"1~qjfiit~ V'lt~{lJ1~~~~~'1 Ltl'l..l 

cil'l..ltl1~fltl'U"lltl'lfl1l l1~ti6111E'i~LL'l1'1..11'LI1~t1~ Particleboard 1~el'~tl1~L.n'Vl1~Lil'mL~'11V'ILUtJ{ 
Uti{~ 6111tl'I..IL~tl 1 'I..I~'Vl1tJ1'1..1 tl1tl1Li'l~tl'ULL~~u'l..l1'1..1tl'l..li'l11~~tl'I..I'U1'1"l1ti~ 

2.2.1.9 1'111~LLt~t1'~.n1tJ1'Lit~11'11-a L"li'LII'l'l..l~1'1..11'1..1~1n '1 iJ~'V111~iJm-atl~t~tJn161! 

m{ut~'l..l1~t~t!fl161!~t!tlflmiJ1flfl1~'U1'1..1fl11l11tJ hmnn11tln91 L"li'LI 1 'I..IL1'1Jl1'V'ltl'l..llil{ 

2.2.1.1 0 1'11'1..11 v.JiJ1flL\il1 LL~~I'l1'1..11._Jl1~L tl'I..ILL\1~'1~~1"llel'ln1"l11'11i'UtJ'I..I~tl'l..ltJf1161!~b '1..1 

2.2.1.11 m~tlt~..:J61Ltl-a~~1'1 '1 Ltl'I..ILLl1~..:J"llt~..:Jn161!f'l~t~t~'l..l ( Freon) LL~tln91"ii~'V'lun161! 

v.J~tJtJ'LI1'LitJ11'11-a1~utltJ~1fl 

2.2.1.12 tl11'111~iJm-a1 i m1 l1iin ~ LL~~eNri1'1..1 "ii1flLI'l~tJ..:Jri1mt~fl6111lJf11il11"ii'V'l'U 

G'f111~1~11'11{UtJ'I..I ( Hydrocarbon) mn1~mu'V'l1~tl11'111~\ilflLL~'I1l1lJ 

2.2.1.13 m-aLentl1iJ'I..In1~ l1~t~t~tlmru1 ~1'111~~tl'l..lm "li'tl1ir'Lin1~Ltl'I..IL~t~L'V'l~..:~"ii~'V'lu 
' 

n161!sff6lL vJerfl~'il'ilf11BII~lJ1f1 

2.2.1.14 Li'l~tl'lri1mtlfl6111LL~~Li'l~tl'lf11tl'ltl1fl1P!LL 'U'U~ L~i'IL 'Vl1til'l6htl'LILL\1~'1~~1 

"llt~..:~n161!1t~161!'1..11'Liml'l1-a 

2.2.1.15 ~'Vl1U1'1..1~e.J61~1il~tt1 (Lead paint) ~..:Jiil~tt1Ltl'I..I6111~1'V'l1flL~l1~wwn 

G'l1~1-at'lna 1 ~ Ln~.n11~~~Vi~1~ 

2.2.1.16 1G'I~u'l..l1'1..1tl'l..li'l11~~tl'I..ILL~~ 1 f'l"iJ~iJLd1tJ-H'I..ILLtlG'IL 'U61\iltl61 (Asbestos) LtJ'I..I 
' 

rlt161~1'11 '1..1tl1~L'VlP!oW~'I..I1ci1'1..11l1qjL~fl1 off6111"l1ti~dLL~1 tl1"ii'V'l'ULLt!G'IL 'U61\ilt!611il1~U1'1..1Lrl1 '"] u'l..l1'1..1 

n'l..li'l11~~t~'l..l1 'l..lvJt~l1~tJL\il1Lm u'l..l1'1..1tl'l..li'l11~~t~'l..l1~l1~'11'11 m~~1~t1'~1'61~ Li'l~t~u~ l1~mL~'I..Itl~'l..l ' ~ 

1 'LI161~~iJLLtl61L'UG'I\ilel61tl'l..ltJ~ 111l11fl1 tJ~~ off~ l1~m tJ~tJ'I..ILbtl6l..:J1tl~1'1"ii1fl"lltl'l L~~ "ii~'Yi'11 ~bbtl61L'UG'I ' ~ ~ 



• 
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2.2.1.17 flTHLI'lfl~'Wn:I.J'0~~3J"ll1&i"lJtl'IG11'HJL~Litm.J~iJtJE.i'J. 'LJ&i'LJLL69~LLV!~·nlTvh 'J.l1Lfl\91 
'll 'll 

fl1&/!L ~\9leJ'W~'W fl1&/!L ~\9leJ'W?I13J1~m·ih?iml"l1~ 1~'il1meJt.J LLI'lfll'l13Jt:-~if.:m69~~'W "llt.J~.n1t.J 1. 'Wtl11"11~ iJ 
'll 

1"1113-J;ff'W 'W eJ fl'il 1 ndvJ tl {3-J 169 m~t9J'iJ ~iJ fl1 ~ LL ~~ m ~'il 1 CJ 1~3J1 fl~'WLlj eJ\"1113-J;ff'WG'I.:J~'W 
'll 

2.2.1.19 m~?~uu'V!~.n1CJ 1. um\"11~ v111l1'Ln\911"11uu'V!~sJ.:JL tlu3J69~~'VI1-:Jmml"1~1.'11~ru 
\1 Cl q "' 

2.3 fi1111 \Pl'l~1'Wbb~::fl1 'l1 bfl"a1::oMfl W.fl1'Wtl1 fl1fl.fl1 CJ L 'Wel1fl1 'a 

2.3.1 fl1111\Pl"aij1'1Jf!W.fl1'Wel1fl1fl.fl1CJ L '1Jel1fl1'l ... . 
rJ13J1m:01'WI"IW.n1~eJ1fl11"1.n1CJ 1. 'IJtl11"11~tJ1-:J~.:J tl~~fl11"1m~'VI~1-:J3JV!1\911 'VICJ L~eJ.:J ... . 

fi113JU69ti\91JlCJ'J.'IJfl1~vl1-:J1'WL~CJ1tl'U.fl11~LL1\91~ti3J (G11~LfliJ) 69-:Jl'W~ 30 ~~~.fl11"13J 2520 1'113-J 

uru~vhC.Jtl1~fl11"1 l'l111-:JV!3-l1CJL~"ll 4 fl1V!'U\91U~3J1fli~'UL\l~CJ\Pl~ti\911~CJ~b1691fl11vl1-:J1'W 8 off113-l.:J ., . 
~.:Jd (tl1~fl11"1m~'VI11-:J3JV!1\911'VICJ, 2520) 

2.3.1.1 ~'W69~t~t~.:J (Total Dust) 111Ln'W 15 iJ69~n-¥3-l~tl69flU11"1nL3J\Pl1 
• 'll 

2.3.1.2 e:Ju~:::el'eJ.:J"Vt.l1~ hhfiu 10 hlll"l~L:u\Pl~ h1Lfiu s ii~~n~:ul'ieJ~n'U11"1nL:um 
• 'll 

2.3.1.3 ~'W69~tltl'l"ll'W1\91L-il1~-:JLL69~?1~?13J 1.u~.:J693Jtl69t~\911~ (Respirable dust) 111Ln'W 

5 i169~n-¥3-l~tl69fl'U11"1nL3J\Pl1 
'll 

fl111 Lfl11~~tJ1~3J1fli~'U~~eJeJ.:J~G113J11m oif1i1-:J LL69 ~?I ~?13-J 'J. 'Ufi.:J693J"lleJ.:JUeJ\911~,1'U'il~ 'J. off • • 
' ' 

NIOSH method V!3J1CJL69"ll 0600 ~.:Jm~Vi 2.1 ~tl 1Tifl11Ln'U~1tlti1-:JeJ1fl11"1LoWt11LI"I11~~tl~3J1fll 

~'U"ll'U1\91~?113J11m oil1~-:J LL69~?1~?13J 1. 'Wfi.:J693J"lleJ.:Jtlt!\91 (Respirable Dust) LL69~~t!.:Ji1 fl11rl1'W1WV!1 • • 
'l~t.l~ L 16911. 'W fl11 Ln'U~1tl ti 1-:J eJ1fl11"1 LL69 ~tl~3J1 mm fl11"1 L VIii tl'Wfl1~ Ln'U~1tlti 1-:Jm fl11"1~ b U'U~'U113J 

• 
'VIfl"ll'W1\91 1.'11V!-¥u5m1m11 Vl69"llt~.:Jmn11"1,1u~ut~tinu"!lu\9l"llt~.:J161! 1P~69'W 1\91CJ 1611 11"169'W"llu\911 'W69t~'U 

• 'll 

(nylon cyclone ) 'il~ 1. i51Pl11fl111 V!69"lleJ.:Jtl1fl11"1tlti~ 0.17 ~\Pl1~ti'W1Vi 
'll 
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PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600 

DEFINITION: aerosol collected by sampler with 
4-JJ m media 11 cut point 

CAS: None RTECS: None 

METHOD: OGM.Iuue 3 EVALUATION: FULL lasue 1:15 F&bruary19U 
laaue 3: 15 January 11198 

OSHA: 5 mglm' 
NIOSH: no REI. 
ACGJH: 3 mglm' 

SYNONYMS: 

SAMPLER: 

FLOW RATE: 

VOL-MIN: 
-MAX: 

SHIPMENT: 

SAMPLE 
STABiliTY: 

BLANKS: 

PROPERTIES: contains no a&be'!ltoa and quartz less tnan 
1 %; penetrales non-allsted portions of 
res.plra1ory system 

nuisance dust!!; partlculatss not ctherwls.e clesglfied 

SAMPLING 

CYCLONE+ FILTER 
( 1 0-mm nylon cy&me, Hlggln s-Dewe!IIHD) 
cyclone, or Alu mmum cyclone + tared SiJm 
PVC membrane} 

nybn cyclone: 1.7 Umm 
HO cyclone: 2.2 Um•n 
AI cyclone: 2.S Um.n 

20 L@ 5 mglm' 
400 L 

routine 

stable 

2 to 10 t.ekl blanks per set 

ACCURACY 

MEASUREMENT 

TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT} 

ANALVTE: mass of respltable dust fraction 

BALANCE: 0.001 mg sensitivity; u!le Ji.lllne balance 
before and after sample collection 

CALIBRATION: National lnstllule of Standenla and 
T echnolagy Ctass S-1.1 or ASTt.l Clau 1 
wetghts 

RANGE: 0.11o 2 mg per sample 

ESTIMATED LOO: 0.03 mg par sample 

PRECISION: "'10 119 with 0.001 mg sens.ltovlty balanee; 
"'70 119 w>th 0.01 mg sensitivity balance [3J 

RANGE STUDIED: 0.5 to 10 mglm' {lab and fieldt 

BIAS: 

OVE:RALL 
PRECISION IS.,}~ 

ACCURACY: 

dependent on dust size d.stl'lbubon [1) 

dependent on size CflsUibutlon (1.2] 

dependent on size <llsl>il>utlon (1] 

APJ>UCABILITY: The worlung range Is 0.5 to 10 mglm' for a 200-L air sam pie. The method measures the mass cancen1tetion of 
any non-volatile resp.-eble dust. In a<ldibon to Inert du"ts [4], uw. method lUis. been recommended for re~rable coal <IU~I. The 
metnod 19 biased In llglltoflhe recently adopted lntemabonal delinlllon ol re!iplrsble dust. e.g.,. +7% b1as fornon-does.el, coal mine 
dust [5]. 

INTERI'ERE N CE S: Larger Ulan respirable part.ctes. {()'VB r 1011 m) ha11e bean found in some cases by m lcrosoop;c ana ly!lls of cyclone 
ti!leos. Over-slmd partlcle9ln samples are kno•mto be caused by lnverurqtne cyclone assembly. Heavy dust loadings. fiben, aoo 
water-saturated du9ts also lnterfBfe with the cycfone's ~lzec-s.ele<:live prop<>rties. The use of conductive samplers Is recommended 
to mmlm12e particle charge effects. 

OTHER METHODS: This melhod Is based on and replaces Sam piing Data Sheet 11Z9.02 [6]. 

d 
.f11'W'VI 2.1 NIOSH method 'V13.11f!L~"ll 0600 

d 
'V13.11: NIOSH, 1994 
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vr3J1m~"ll 0500 ~\lflTv-rvl 2.2 ~t~m~d1u~1t~~1\lenm~vh~6113JTH11iel'~~1m~1vr~ Ln'U 2 ~~~~'it~ 
'U1Vil.~ 

liubu
Rectangle

liubu
Rectangle
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PARTICULATES NOT OTHERWISE REGULATED, TOTAL 0500 

DEFINITION: total aerosol mass CAS: NONE 

METHOD! 0500, luue 2 EVALUATION: FUll 

RTECS: NONE 

Issue 1: 15 february 1984 
Issue 2: 15 August 1994 

OSHA : t5 mwm• 
NIOSH: no REL 

PROPERTIES: C04'11ains no esbHIOS and quartz 
IGSSII'Ian 1% 

ACGIH: tO m~'ln·. total dust less than 
t% quartz 

SYNONYMS: nuis.ance dusts: particulates not othertMe classllted 

SAMPLER: 

FLOW RATE: 

VOL-MIN: 
-UAX: 

SHIPMENT: 

SAMPLE 
STABILITY! 

BlAUKSe 

BULK 
SAMPLE: 

RANGE STUDIED: 

BIAS: 

SAMPliNG 

FILTER 
(l.tt&d 37-mm. S;Jm PVC IiiitH) 

Ito:! '-''min 

?L~ 15mg:m• 
133 L@ 15 mg;m• 

toullne 

2 to 10 held blanks pat set 

ACCURACY 

tllo 28mgtm' 

0.01% 

OVERALL PRECISION tS,,}: 0.0511 I I l 
ACCURACY: 

TECHNIQUE: 

ANALYT£: 

BALANCE: 

CALIBRATION: 

RANOE: 

ESTIMATED LOD: 

PRECISION (~.): 

MEASUREMENT 

GRAVIMETRIC !FILTER WEIGHT) 

airborne partio.llala materiAl 

0.001 mg sen!lnvily; 
uw s.ama balance belate Jll1d alter 
sample oollec;tion 

N<!ltonel ltt$1Uvte Of SUII\datd$ f.nd 
Technology Class S·1.1 weights or 
ASTM Class t weights 

0. I to 2 mg pet s.ample 

o.os mg per nmple 

APPUCA81UTY! Thll working ran.ge Is 1 to 20 mg.tm' lor a 1 00-L air umple. Tills mell\.od I$ nonspecific and dlltttrmines !he 
total dust concentration to which a worller is exposed. It msy be applied. e.g., to gravlmt'tnc determlttalion otllbtous glHtl:'l) 
in addii!Qn 10 IIIII olhet ACGIH partlculattcs not olllefwise re-Qt~lated 141. 

INTERFERENCES: ()rganl<: and volatile particulate maner may be removed by dty ashing (3}. 

OTHER METHODS: This me111od Is similar to the crilefla document melhod for f1brous glus (3} end Metnod 5000 lor catbon 
bl.llCk. This. mt'!hod replaeea Ut'tllod S349ISJ. lmpingert and direcl-fead)ng Instruments may be use<! to collect total dust 
nmplu. butlhese ha"e limiullonalot pefSOnal sampling . 

...; 
.fl1l"fVI 2.2 NIOSH method 'V1111t1L!;I"ll 0500 

...; 
'VI111: NIOSH, 1994 
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2.4 ~~n-a::'VItJ'!Ie:J~~u~::e:Je:J~ 

2.4.1 ~~n-a::'VItJ~e:Jq'!ln1cwe:Ju1~EJ'!Ie:J~tl-a::'tntlu 

fl1~~~n~~~1~~e:J~~u~~e:~e:~~ci~~~n~~~D1~~~~~~e:~~~fl1~~e:~~tl~~~1~~~e:J~1n~ , , , \1 

D~L1ru,!~ 1~mtl~1~li'1LU~~~~~e:Je:J~~lj~~1~Lann11 10 1JJ1fl~L11\il~ ~~LoU1ci1~DD~1~L&1~vn~h 
• 'U 

Ln\ilm~Lm~~TV!~e:J\iln~11~ci1~~1~ ~ ~e:J~~~DD~1~L&1~V!1~1~ ne:~1~Ln~m~~~fl1m~e:J~ Lde:JL~'el 
-e11'~1~~1~ ~ LoU~ Li!m~mJe:~~~nvi1m~ 'V!1n1~1'D1~t1~111UJ111m~~mtJ~~~~~n~1~1~ ~ ~~ 

~~~111~Ldm~e:Jtle:J~~~Ln~LU~~~~~'V!~e:JLL~~~~1~ 'Vi11~m~vi1~1~~'el~tl'el~L~'el11tl~~~~6fl1~~~ 
~e:~n~1n,r~ EY~ne:~ 1~Ln~'Vl~e:~~~11~m~D Ltl~hfl'Vl-eJDi1~ ~~~11 1 -u~~e:~~ LL~~L~11 1e:~m~m~Ln~ 1 ~fl 

~~DUV!1~ L&1~'V!1~ h L ~e:J~~1nm~~~ L offe:~ 1~111 n~~~~.a 
2.4.1.1 mm~~e:J~~~DD~1~L&1~'V!1~h ~~LL~mm~U'el~ LoU~ 1e:~ ~111 i1J1~.m ~~hJ 

'U 

fi~m~~m~D~e:J~1'llU~ L~Dfle:J 1e:~i1L~11'V!~ 'V!~e:JljloU 'V!~e:Ja1~~~lje:J1m~~e:J~~~DD~1~L&1~'V!1~h 

ci1~~1~ 1~LLn 'V!1~h~1D1n L~D'V!U1e:Jn 'V!~'el'V!1~hi1L~~~~~~'ll (Wheez) L~'el~~1ni1m~'V!\il~'"l~'el~ 

2.4.1.2 'V!~e:J~~11~m~D (Bronchitis) 1 ~n~11'lh~~1m~~11~~~~~~e:Je:J~~~1~Lan1 ~ • • 
tJ~111ru~111n :u~l1-eJu~m~ru~-eJ~m~Ln~ 1 ~fl'V!~'el~~11~m~D~~n11 LL~~ 1 ~~1~~m ~fl~'"J h Ltl~ 1 ~fl 

• 'U 

tl~~~1~1e:J~LL~1 Ldmn~ 1 ~fl'V!~e:J~~11~m~D (Bronchitis) 'V!~e:Jtle:J~D111 (Pneumonia) :u~~1L~11 
'U 

1~m~vi1~1~~e:J~~11:ULL~~~ :u~Ln~~11:u11~1~ (Heart Failure) 

2.4.1.3 tle:~~LU~~~~~:U1nm~~~fl1m~e:J~L~e:J1'~ (Pneumoconiosis) m~~~~~~e:Je:J~ • 
~~1~ La n~L oU11 tJ1 ~tiel~ 1 tJ~~fl1~ L~e:J~~~DD~1~ L&1~'V!1~ 1-;u L~e:J1'~1il~Ln~~~ ~~~~1 ~L -d'e:~tle:J~ 

D1~'el~1~ LoU~ Arsenic Chromate Poly aromatic hydrocarbon (PAH) Nickel ~1~n1131'~1il1'~~ 

~~Lde:J~11~~nDLde:~tle:J~ :u~vi11~LU~11~L~~tle:Jiil1~ LL~~tl1~1~~~n~11~n~11111oU1~~~~1111~t1 

~~~1~J11~ Lde:J 1 tJ~e:~-Jm~~1~ ~ ~e:Jntle:J~ n~1111~t1'Vh 1 ~e:J-J~1~L'V!~1,r~Ln~1J~L ~~ 1~L oU~n~ 
2.4.1.5 L~1l~\il~1n1~\il1~ LL~~~\il~1m~~e:J~~n1'm~n~11~11~~mD1~ 11il~l1 

~~DD~1~L&1~'V!1EJh~~-rmJ~~ 1-2 (Gl~1~ LfiEJ~~-J\>ll~Liil~qJ, 2555) 

2) m~Fim~n1~~'V!~1~e:J1UI1~n1 ~Dl1 PM10 L~11~\il~1n1~\il1~~'el~~~ 1.9 

LL~~L~1Jn1~~e:J~~n~m91~11~b~~mD1~ (~'111~ Lfi~~~'l\>llt!L~~qj, 2555) 
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3) m~Pin~1~'U '1 'Vl'U11 l11 PM10 L~~;1'U~1m~~utln~ 10 1~1r1~n~~~'e:l 

"nu1!'!nL~Vl~ ~~vh1~eJ'Vl~1f11~Vl1m~~;1'U~mJ"~ 1 -e1'Vl~1f11~Vl1EJ~1n hr1~1L~L~~;1'U~'e:lEJ"~ 1.4 
'IJ 

f11~'U'e:l'U~n~n~1~1L 'U b-1'VlEJ1U1" L ~~;1''U~'e:JEJ"~ 0.8 LL"~m~~n~1~1L 'U~€l-1QnL5'UL~~;1''U 
~'e:JEJ"~ 1 (~"ll1~ LnEJ~~1<n~'UL~~qj, 2555) ~-1.f11'Vl~ 2.3 ~'U"lJ'U1~~1-1 '1 LoU1~'V11-1L~'U'V!1EJL~L'U~~~u 

1"111~~mLV~n~1-1tl'U~'U"~'e:l'e:l-1"lJ'U1~Lvrwn11 10 1~11"1~L~Vl~ flt~fi~LU'U~'e:JEJ"~ 99 OZJ'e:l~~'U"~'e:l'e:l~ 
' u ' 

~-1vr~~~ ~ ~~'e:l ~u~ L 1ru 1 'Vl~-1~~n LL" ~tl1 m vh~'U 1~11.'11~ 1~(1~1'UL .U1 r.1vr" 'e:l~"~ 1~ r.11'U~'U~iiou'U1 ~ 
~ ~ ~ , 

5-10 1~11"1~L~Vl~~~LoU1r.1'VI"'e:l~"~ (Trachea) LL"~LL"lJ'U-1'V!"'e:l~"~ (Bronchus) &11'VI~U~'U"lJ'U1~ 
'IJ ' 

2.5-5 ~11"1~L~Vl~~~LoU1r.1'VI"'e:l~"~~'e:JEJ (Bronchioles) (1-1"~ (Alveoli) LL"~~'U"~L~EJ~"lJ'U1~~1n11 
'IJ ' ' 

ll1'Wvi 2.3 't.I'LI1fl't.lvo~J~'U"::vvo~JviL<V'1av1v1::fho~J e"t 't.leN~1-~JmtJ 
• "II I 

..; 
'VI2J1: Londahl, J. et al., 2006 

2.4.2 ~an,-::'VIufivu,-,-tJ1n1fiLflV,-12J 

~'U"~'e:l'e:l-1~tlnl"l"~u~~EJ1n1!'!~1'U1'U2J1n~~"~I"111~~12J1~(1L'Un1~~'e:l-1L~'U"~ ' . 
L~'e:l-1~1n~'U"~'e:l'e:l~~1~1~(l~~snULL"~~m 'V!LL~-11~ ci-1~" 1 ~Vl!'I'Ul~EJ 1 'Uf11~~'e:l~L~'ULL~"-1 ~_,;:1 ~'U'e:l~ 

' 'IJ 'IJ 
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2.4.3 e.~~n"i::'VI'U~v1~qu.~::~.:~riv~i1.:~ 

~'U~~eJeJ.:J 1 'UeJ1 n1Pli;11l.l1'H1vl1el'U~11~~eJ1~mL~ ~~.:JtleJ!;1~1.:J 1~ L "!i'U vl1m~ ~'l'VIti1"lJeJ.:J 
• • 

~.:JtleJI;1~1.:J v'h1m~'VI~~nn~eJ'U !;1(11\J~"t~f111l.JL~eJl.J~t1J.flTI"l eJ1~11Ln~~'l1l.li;1f1'thn LU'U~'U • 

2.5 ifv~~~1Ltl L~V1tl'U L "5.:1'VW1'U1~el1'1J1l\1Ll\l~ty 
h.:JVW1'U1~el1'U1li!Llil~qJ Ltl'Uh.:J'I"ll:J1'U1~V('lhJ"ll'U1~ 330 L&il:J.:J Lt'J~1'\X'U~f1111'U1~~'U 

'Vl&il:l.ni'J'VI~m~~'U S \J'";i~f1eJ'U~'ll:l'VI'i.l'll:l.:J1'Uf.'1'W'Ui;1'U'ULL~~'VI'i.l'll:l.:J1'U'U~n1'";i~.:J~'U 65 'VI'il'll:l.:J1'U i1 
• '\J • 

279 ~'U \.l~mn'";i ~'U ~ 507 ~'U i1f11'";iLU~1'!Xu~f11'";il"t~eJI'l 24 i'lbl.l.:J LL~~~I'11'1Xi1L..ij'1VIti'1~ 

'VI~'UL1l:J'UL oih'l.J~U&i.:J1'U 1 'ULL~~~'VI'il'll:J'U~n1'";il"t~eJI'l 8 i'lbl.J.:Jf11'";ivl1.:J1'U bl'll:Ji1'U1l:JLL 'l"l'Vl~'Vl'";i.:J Lnl:l'";i&\ 

L~nm~n~ LU'U~eJ1'U'll:Jf11'";jh.:J'I"ll:l1'U1~ i1LL'I"l'V1~!;11"ll1'VI~n1~LLri !;11"ll1~~l:lm'";il.l !;11"ll1eJ1mm'";jl.J 
'\J '\J • 

1'Vll:l1 !;11"ll1b!;11'1 P~eJ 'U1~n!;11"ll11iqJqjLL'I"l'Vl~ !;11"ll1~.:J~1'Vll:l11 '!Xu~m'";i~mn'l"lm'U1~ LLtl\J'";i~"ll1"ll'U 

1'U-;l.:J'VI11'1eJ1'U1li!Llil~qJ'l.J'";i~f1eJ'U~'l~ 7 el1L.fleJ 56 ~1'U~ 106,880 'VI~.:J~1L~eJ'U 625 'VI~D1'U 

31 "lll.l"ll'U i1"il1'U'l'U\J'";i~"ll1m '";i'll.l~.:J~'U 375,380 ~'U LU'UL'I"lPI"ll1l:l "il1'U1'U 187,742 ~'U 'VItU.:J . " 

187,638 ~'U LL~~~.:J'VI11'11mi'L~l:l.:J '";i'll.l~.:J!;11u1'";it1J~;j'l.J'";j~"lJ1TI'l.J1\9ll:J'l.J'";j~"lJ1"ll'U~1'l~n ~.:J~.:J-ru(;'{.:J~eJ ... 

.. .,. 
'V1 PI L 'VI'U eJ 

ViP~I'l~-!'UeJeJn 

ViP~1~ 

.., ""' l'l.:J.fl1'V'l'Vl 2. 4 

el1 b.fleJ Li;1'U1.:J~il~l.J ~.:J'VI11'1eJ1'U1lil L lil~qJ 

el1 L.fleJD'Vll.l'";i1"ll1.:JPI1 ~.:J'VI11'1eJ1'U1lil L lil~ru . " 
o .c:!lo o Cl.l Cl.IQIO ..:::.. 

eJ1 L.fleJ~eJeJ1'U1lil Lb~~eJ1 L.fleJ'VI11'1~'\"l1'U lil.:J'VI'll'leJ1'U1lil L li!'";iqJ 

el1b.fleJth~1 LL~~el1L.fleJ 1 'Vll:JLlil~qJ~.:JVI'!I"tl:l bl;1'0'";i 
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d 
'U'Vl'Vl 3 

15n1';i~1btl'Un1';if;lm~:n 

n1 ':iPi n~1'\J~~1 ru~'W~::: el'e:J'l"V'W1 \i1 b~ n rn' 1 10 1~ 11"1 ':i b~ \i1':i1 'W 1-:i 'l~ tJ 1tJ1~ rl1 'Wl\1 b \1 ~ru 
' v 

iJ1\i1 ~:~'\J ':i:::G'l'lri' L ~eJ m1\l ~\i1\i1l~'\J~~1ru~'W~ :::eJeJ'l"V'W1\i1 L~ n LL61::: Pin~1-ifeJ~~'VI~tJ .fl~h~~~eJ-ifm.mvh 1 '\J 
, , '\J , 'U 'U 

" 
1 tJ ~'lbb~b~'e:J'UlJ'W11"1~ 2557 (i,:J lJ'U11"1~ 2558 

3.2 vr'W~Am~n 

vr'W~~1 it 'W fll':iPi fl~1 b ~'e:J \i1 ':i1 \) V11'\J~~ 1 ru~ 'W61 :::'e:J'e:J 'l 1-ffi5n1 ':i~~ b~ 'e:J n1\i1 tJi5 b \11::: \l'l 
' ' 

(Purposive sampling) 1\i'l tJ tJ~ b 1 ru~v\'1 fll':i bntJ~1 'e:J ~ 1'1 ~ 'WJ'W'W\11 ':i ru1 \11 nYr'W ~~ 'e:J1 \11\ii'-rtJ 

e.J61 m:::'VItJ~'e:J~61'W~'VI1'l m fl11"1mn~G'l\i11 'W 1 ':i'l~ tJ 1tJ161 bL61:::\11fl':i1tJ'l1'W fl1':i\i1':i1\limm':i~m1~ 
' 

~'W61:::eJ'e:J'l~m~~'le.J61 m:::'VItJ~m:il'1V~'IJ1~'\J{i'IJ~'l1'W\i161'e:J\i1 nm 8 i11~'lfll':ivll'll'W ~u"i1'\J~~1ru~'W 

61:::'e:J'e:J'ltJ~ b1t\J'e:J11"11':ierth tJ'W'e:J fl1 lJI"ll b'Vh fltJ 0.123 iJ61~ n-r~~'e:J61 fltJ11"1 tl b~\i1':i tJ~b 1 t\.l'e:Jl\"11-:i erth tJ 
" " " 

.<::111 IQ.I ~..::,.Q.I I ~ .<::Ito Sl IQ.I ~ dl IQ.I 

'W'e:Jfl 2 ~1"11b'VI1fltJ 0.202 ~~~fl':i~\i1'e:J61fltJ11"1flb~\i1':ibb61:::tJ':ib1t\JVI'e:J'le.J1\i1\i1bQ61tJ ~1"11b'VI1fltJ 
" 

0 .061 D~~ n-r~~'e:J(;j ntJ11"1nb~\i1':i ~'l b U'Ub V~\i1e.J61 1 'Wfll-:ib~'e:JnYr'W~ b~'e:J\i1-:i1\JV~1'\J~~1ru~'U61:::'e:J'e:J'l1 'W 
" ' ' 

tJ~nruml"ll':i~thtJ'W'e:Jfl 1-2 bb61:::mm':iu5u~m':i~iJ~'e:J'l~1~\i1~1'W1'W 2 mm':i~'lm~~ 3.1 

vr'W~1'Wfl1-:iPifl~1'\J~~1ru~'U61:::'e:J'e:J'l"V'W1\i1b~flfl'Jl 10 1~11"l':ib~\i1':i (PM10) 11ii'bbn 'e:Jl\"11-:i~thtJ 
'W'e:Jflbb~:::~'e:J'l~1~\i1"V'e:J'l h'l~tl1tJ161eJ1'W1\lb \l~ru 1'11tJmJ'l rl1 b.fl'e:JblJ'e:J'l ~'lV~l\i1eJ1'W1\l b\l~ru~'l.Q 

v ' v 

3.2.1 tJ~L1tu'e:J11"11':ierthtJ'W'e:Jfl 1 (Out Patient Department: OPD 1) ~1'W1'W 1 \1\i'l 
" ' 

~'l.fl1~~ 3.21\i1tJlJ~~b~'e:JnYr'W~1\i1tJl5b\11:::\l'l (Purposive sampling)bb61:::~\i1~'lbl"l~'e:J'll\i1'\J~~1ru 

~'U61:::'e:J'e:J'l"V'W1\i1b~n1'W':i:::~tJI"l11~G'l'l~ 1.5 b~m v11'l\11ne.JiJ'lV~~'e:J~'ln\i1"1!11'l1'W':i:::tJ::: 2 b~m \i161'e:J\i1 
' " 
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'li1~t[~fl1" 

3.2.2 D1nrue:nr111~thtJUe:Jf1 2 (Out Patient Department: OPD 2) ~1U1U 1 ~~ ~~m'\"j 

~ 3.3 1~CJiJ~m~e:Jn~u~1~CJith~1:::~~ (Purposive sampling) bb":::~~~~br1~e:J~1~LJ~mru~u 
":::-e:rewll'W1~b~n1u1:::~uf111~6'1~~ 1.5 b~l'l~ 't,h~~1n~1!~Vl~eJ~~n~'U11~1u1:::CJ::: 2 b~m 1'1"-eJ\91 

" 

'li1~t[~fl1" 

3.2.3 u~nru~eJ~e-hl'1111 (Operation room) ~1'W1'W 1 ~111 ~~m'\"j~ 3.4 1111CJiJ?l~b~elf1~'W~ 
' ' 

1111 CJl5b ~1:::~~ (Purposive sampling) bb":::~\91~~ br1~eJ~1 111LJ~mru~'W" :::eJeJ~'U'W1111 b~ n 1 'W1:::~ur111~ 

6'1~~ 1.5 b~m vh~~1n~11~Vl~eJ~~ni11'U11~1u~:::CJ::: 2 b~l'l~ 1'1"eJm:::CJ:::nmvh~1'WLJn~ 8 -i11~~ 
" v v 

l'i'~bbl'inm 08.00-16.00 'W. 'Vlf1l'Wb6'1111'1~bbl'ib~eJ'WlJ'W1f1~ 2557 ()~ iJu1r1~ 2558 ~1'W1'W 3 1e1u 
' 



• 

W'ufSUWUlUl8EhU1010SfY 

' " ' 

23 

G) U1RI"i~~·nnum 4 -i'IJ 
-!'u 1 - ER, OPDl, ,;a,!!1, Aoiin~on"u 

a,otl"'M· ~1t·miivtJ. t11:t1tf11WuD 

.ff\l 2 · 0PD2. Aiiiln1J1·nnn11, fl11,~1lll1n 
f'liHim~n. A~Omn EENT, ANC 

~u 3 - Back oflice . .,Yurm1111 

iu 4 - Back office 

(3) D1fil1'rS'mnl'ltJ1U1ft 4 .fu 

ol'u 1 X· ray, CT scan, Back oftJce 

iu 2- Lab 

it~ 3 · SNB, NICU. ICU. Back office 

iu 1- on 
G) a1A1>~J1vLu 30 •iiv< 

iu 1 - ;il-l~J.!i'l, uNu1flv. il1~1n;•ant1hJ 

\] ll1PI1''m'Wtnt~thUMI.I.a:h~-11U'I:m+i!l11 2 i 
'lfu 1 - fl"ltlll11'1, 11El~~1V EENT 

iu 2 - fJU~•fiv·n~n 
@ 7::umhV'flt~euiv 
@ ~ii'IILR~£1-1fhlijt!1rl~1 

(j) mP111~J1vlu 1 ~-1\l'lu 5 .ffu 

i'u 1- MiHflliHli'l 

iu z - "a~1t~eAU11n'l1m111 
.ffu 3 - Mil~thvf1111~m!lm'lll 
.fftJ 4- VIP 1 

.fu 5 - VIP 2 

(j_) a1A11~J1v1u 2 <hu1u 5 .ffu 
iu 1 - R~vrn11r:l1V 

itJ 2 - tl1!J1n111l,~~ 
.ffu 3 - £nl.,!'m"l·a.l'!l1!1 

.ffu1-VIP4 

fl'l'VfVi 3.2 'U~b 1W.yj'l..l'Vi~~\91111il'J~€11fl11~th~'W€Jfl 1 . ~ 
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* 

* 
:: .\,ll 

. ., . 
.n1~Vi 3.4 'U~b'"J~l.rth.!Vi~~~':i1~1~~B~e.h~~ • 

3.3 m':ibnuilmJ6l'Vl~t~.n~"llB~ 1 ':i~~tJ1'U16lehu1~b~~ru 
'U q 'U Q.l 

C:.:i.J Jld...:::.. cv 

3.3.1 f11':ibfl'U'lleJJ.J6'l'lltl1~'YfW'Vl'U'H1ru"il\91\91'f'l"il1\91 
~ ' 



! 
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" ' 
~'WVl"ll'El..:J~'El..:J"ll'W1~fl11~n11..:J 1 b~~~ fi11~CJ11 40.2 b~m ~..:J 2.8 b~~~ 

'\J 

3.3.2.1 u~nrumfl1~e:lthCJ'W'Eln 1 i1e:ltJ1CJ~1-ruu~m~bo~m~'El'W~~ 18,930 fi'W bb~~ 
'\J '\J 

bO~CJl'W~~ 631 fi'W btl~1~u~m~1'Wnm~1~m~ b1m 08.00-16.00 'W. 

3.3.2.2 'U~b1W'El1fl1~e:ftJ1CJ'W'Eln 2 i1e:ftl1CJ~1-ruu~m~bo~m~'El'W~~ 5,784 fi'W bb~~ 
'\J '\J 

bO~CJ1'W~~ 193 fi'W~'El1'W bu~1~u~m~1'Wb1~1'j'1~fl1'j' nm 06.00-12.00 'W. 

3.3.2.3 u~nru~'El..:J~1~~ ~~&lm~1 ~u~m~1 'Wfl1~~1~~ t~mo~ CJbbUWU'Wfl1~~1~~ 

1VIqjbo~CJ 12.16 ~1CJ!1'W bb~~m~~1~~b~n 2.64 ~1CJ/l'W btl~1~u~mwl~'El~ 24 i1L~..:J 

3.3.3 "li'El..:J'Vl1..:Jfl1~~~'U1CJ'EJ1fl1f31 

3.3.3.1 u~nrumfl1~e:ftl1CJ'W'Eln 1 btl'W~'El..:J~~1~1\J~t!CJ hfl mCJ 1 'W~'El..:J 
'\J 

3.3.3.2 u~nru'El1fl1~e:ftl1CJ'WeJn 2 b tJ'W~eJ..:Jm1~1\J~oCJ hfl mCJ1 'W~eJ..:J 
'\J 

1.1~~ n eJ'U 1'11 CJ U1~ bn 1t~m~ &lmhH-ru e:ftJ1 mb~ ~ru1 &1~-ruu~m ~11..:J~'EJ-ru m ~ 
'\J v 

3.4 bfl~'El~~'ElvTI"!ittmT~~m~n 

3.4.1 bfl~eJ..:Ji1eJffi -rt 'W m~Pim~1fl# ..:Jdb U'Wbfl~eJ..:Ji1'El1 'W m~bn'U~1eJ~ 1..:J~'Wb ~eJm1~VI1D~~1ru 
' 

~'W~~eJeJ..:J"lJ'W1~b~nn11 10 1~Lfl~b~~~ (PM 10) L~CJ1-b'bfl~eJ..:Jbfl'U~1eJ~1..:JeJ1fl1f31 (Air Sampling 

Pump) 1'\.J AM 510 ~..:Jm~tJ~~n'Elu~ 3.5 bb~~ 3.6 ~..:JbU'W6'i1'WD~~n'El'U"ll'El..:J~1.lmtlJbn'U~1'El~1..:J 

mmf31~vl'El..:J 1 .ff..:J1'W1.l~~neJu 1 'W m~bnu 1'11eJ~1..:Jmmf31bb~~ ~fl#..:j 
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«l ... 

3.5 nT~bntJca""Juca""J3..J"lleJ~6'1 

3.5.1 ~1'1~-:Jbfl~e:J-:Jbnue:nrni'l (9)6'1e:JI'l~:::CJ:::nmvi'1-:J1'WL.Jn~8 ~113..1-:J ~-:Jbbl'in6'11 08.0-16.0 'W. 

ru u~nru"ill'lml"i!VlnTvl'WI'l 
' 

3.5.2 rl1Vl'WI'l~:::CJ:::b16'11f11~D'WVinL.J~3..J1ru~'U (Interval time) bu~CJ VJf1 ~ 5 'U1Vl 

3.5.3 n1Vl'WI'lbnm11e:J~1-:J~'U6'1:::e:Je:J-:J~u~b1ru~n~thCJ'We:Jn 11'U1'U~'UVJi u~blru~n~thCJ 
' '\J '\J 

'Ue:Jf1 21 'Wl'UeJ-:Jfl1~ bb6'1:::u~nru~e:J-:J~11'11'11 'Ul'Ub?~1i 

3.5.4 bnul'i'1e:J~1-:J~'U6'1:::e:reJ-:J1 'Uu~~tnn1i'lu~nru~'U~Pimn 1~'~CJ 1-tl'bfl~e:J-:Jbnul'i'1B~1-:J e:nrni'l 
' 

" 
(Air Sampling Pump) i'W AM 510 19i'-:Jbbl'lb~e:J'WlJ'U1fl3..J 2557 ~-:J lJ'U1fl3..J 2558 ~1'W1'U 3 ~e:J'U~ 6'1::: 

4 b~e:J'Wbb~1vl1f11~D'UVinL.J~3..J1ru~'U 1 'Ubb'U'UD'UVin1 'Ubbl'l6'1 :::"li1-:Jfli'Jf116'1 
' "1'\J 

3.5.5 vl1f11~bn'UI'i'1e:J~1-:J 11'1CJ~-:Jbfl~el-:JiJel ru "ill'l~rl1Vl'UI'l1 'U'U~b"Jrub~CJ1n'UVJm1L.JI'l1~ 
' ' 
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6'{()~ b ~~'V'fj'HU'W1 (Descriptive Statistics) 1 bf1"j1~~-t'eJ~!;l tl1 b61'WeJ~';ICJfi16'f()~~eJ CJ!;l~fl1 b\J~ CJ 

~1'WL~mLD'W~1\9l"j~1'Wbb!;l~'W~CJ L~eJeJ6tJ1CJtJ~mru~'W!;l~eJeJ~"IJ'W1~ L~nn11 1 o 1~ bf1"jb~\9l"j (PM 10) 
~ ' 

i1m<jtJ<j~~1!;1 ~mb!;l~i bm1~~~!;1-t'eJ~!;ltJ~~1ru~'W!;l~eJeJ'lBI911 'W~~1~ CJ bf1~eJ'l bntJI'i'1eJ ~1.:Jmml"1 (Air 
'\J ' 

" Sampling Pump) 1'W AM 510 \11fl~~LntJI'i'1eJ~1'lVJ'l 3 ~~ 



• 

'"' ... <V 

4.1.1.1 "l.I'W1~lli'I:::'Vllil.:l 

h.:~"HJ1'U1"'eJ1'WT'il~~~'1! ~tl'Wh.:!Ylm'U1"'V{1hJ"ll'W1~ 330 ~~tl-:1 ~tl~ 

1 ~'U~flT;i 1 'W1:::~u'Vl&i tJ11ih-'l~a1:::~u s th::: nau~1 tJ'Vf'll1 tJ-:11'WG'IU'UG'I'W'W ~~"':::'Vf'll1 tJ-:11'W'U~n11~-:I~'W 
• 'U • 

65 'Vf'll1t~-:~1'W ~u~ 1 ~u~m1(;l"'a~ 24 i1 111.:~ iimfl111 ~u~m1~-:~'Vf11~ 13 mfl11 ~~tJ.:~~u"Wmfl11 
., 

A CV A 0 CVI A CV .c::!l ..r:::!l 

u1m1 7 a1fl11 ~~"':::mfl11G'I'W'UG'I'W'W'U1n11~1'W1'W 6 tl1fl11 (;l.:ltJtJ'Vl1-:I'Vli31(;1:::1'WaamutJ.:~~'Vf'WtJ"l.la.:~ 
• 'U 

th::: ~'Vl!311 'VltJ ii~"W~ 583.4 m11-:~n1"' ~11(;11 1:::t~:::'Vl1-:~vi1.:~~1nm.:~~'Vl'Yl1J'Vf1'Wfl1L~tJ'Vl1.:~1t~tJ'W~ • 
th:::1J1UJ 586 m"'~1J(;J1 iimru1~"!J(;l&i~l'ia~.:~-d (b.:!YltJ1'U1"'eJ1'W1~~~~'1!. 2558) 

... .. 
'Vl !31 ~ 'Vf'W tl 

Vi!311~ 

Vii31(;l:::l'W(;lf) 

4.1.1.2 n11fl1J'W1fl1J 

0 .c:!IO 0 Q.l CVQ.IO A 

~~ tl1~iltl"'tltl1'W1~ ~~"':::81~iltl'Vf'J(;}:::'Yl1'W ~.:I'Vf1~81'W1~~~1'1J 

~~ eJ'1~11atl1~1 ~~"':::eJ'1~11a1'Vlm~~'Y ~.:I'Vfl~tJ l'G'!u1 

'Vl1-:I'Vf6'!1-:I'Vf1J1tn6'!"!.1 212 ~1n ~.:I'Vfl~flLG'I51 5-:~eJ'1b.fltlb"l.I1J11;J ~.:~'VIi'~ 
"' 

75 nlm11m 

52 nl"'b1J(;l1 

90 nl6'!b1Jm 

586 n1"'~1Jm 

4.1.1.3 ~n~ru:::.nihh:::b'Vli31~~"':::il~tl1n1!31 
'U 'U 

G'l.n1'Yl~'Wm~t~vi'1 1tJm'Yl111J"l.la.:~~.:~'Vf1 ~ ~.u'W~ 11uii dj'W~ "!.11 G'lm'Yl~'W 1~t~vi'1 hJ 
LU'W~'W~1'WU'W'Vl11fl bb6'l:::~'W6'! n-r.:~ b U'W'U1.:1~1'W bb 'VfG1-:~J1u111J"ll1&i1 'WeJ1 L.nmilmei1'W1~ b ~~ru iirA' 1J 1 

'U ~ 

'511lJ"ll1&i ~a£A'1JWI!'Un iifl111Jtl11'1.h:::mru 50 nl"'~lJml'Vf"'~1'WeJ1~118biJtJ.:JeJ1'W1~b~~qJ eJ1biltl 

W'W1 ~~":::'U11~'Ufl'Ubbl.lJ11J" ~~.:J'Vfl~tl'U"11"1l'51'U rA'1JWI!'U1tJ ~.:J~U'Wi;'i1J1G'I1"!.11LLlJJ1lJ" iifl11lJ 
'U • 'U 



• 
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m1 200 fil~lll~~ 1'VI~~1'LI'ei1Lnmiiel~ei1'l.l1;uL;u~qJ 'l.leln;u1rrdr!~ii~hH1EJ~611~qj 1~\u-1 ~1~1EJU~1 

~.~.~n ~1~'JEJ t'V'li ~1~1EJ~tvt ~1~1EJ~~ tel~ ii~1~Lnut11"!J'U11'1fl~1~ t~'L~.r1 ~1~Lnut11l1'VlD~'VlEJ1'U 
~1~LnUtJ1~1CJ L 'V'li LL~~~1~LnUtJ1~1CJffi'Vl (b~'V'ltJ1U1~ei1'U1;uL;u~qJ, 2558) 

LL'V'l'Vl~ 35 fl'l.l VJ'l.I~LL'V'l'Vl~ 9 fl'l.IL.m1"1lm 18 fl'l.l 'V'ltJ1U1~ 279 fl'l.l ~fl~1m ~'l.l ~ 507 fl'l.l iim~ 

Ltl1'1L ~U~fl1~~~ell'1 24 -8'1 blJ~ LLm~..ijl'11~ik;ij'1'V!'IJ1~'V!~'l.IL1CJ'WboU1U~U~~1'l.l l 'l.ILL9i~~'V!'Il'JEJU~fl1~ 

~~el1'1 8 i1LlJ~fl1~Vh~1'l.l bi'1CJii'W1CJLb'V'l'Vl~'Vl~~Lnm~ L~nm~n~ Ltl'l.l~ei1'l.I'JCJfl1~h~'V'lEJ1U1~ ii 
" " 

G11"!J1-r~~1vtm (~~'V'lEJ1U1~ei1'l.l1;uL;u~qJ, 2558) ~1'U~flmmvt1~fl1~LI.'V'l'Vl~ ii~1'U'J'ULI.'V'l'Vl~LVitJ~'V'lel 

L'Wn1~t~u~n1~ L1'1CJfl1'1Ltl'WeJm1611'l.ILL'V'lvt~9ielu~~"1l1mLvhnu 1 : 3,985L'l.l611'l.ln1~1~u~m~ 

l.~~~n61h~'V'l CJ1U1~61~ LG1~lJG1"lJ.fl1'V'l~1U~ (~'V'l.G1~.) rr~1ll LVitJ~'V'lel L1'1 CJii Ll. 'V'l'Vl ~elel n1 ~U~fl1~1 'U , " , 
h~'V'lmu1~61~LG1~lJG1"ll.n1'V'l~1u~ ~1'W'"l'W 2 LL'l-i~ fiel ~'V'l.G1~.J1u~n LL~~~'V'l.G1~.Lu~lJ'V'l~~~.ntJ~~ , 

60 'V'l~~~1 'W'Jl1'Wvt~1~UU~1fl11 ~n~ru~fl1~elelfll~U~fl1~Ltl'l.ILLUUtlJu~~~1 ~1'l.I'J'l.l 41'l.l9iell.~el'l.l 

bb~~l.bUU~U~fl~1bi'1EJfl1~ihvt1"1~1'1~1lJ L'Wh~'V'l(J1'1J1~61~LG1~lJG1"lJ.fl1'V'l~1U~ ~fl~1'U'J'U 21 Ll.'l-i~ ~1'U , 

mlJmelueY~~1rh~~fiel Vi''l.I~LL'V'l'Vl~ eY~~161'J'l.l9ielu~~"1!1mLvhnu 1 : 20,030 'l!mvtfiUflm~LL'V'lvt~ 

el~~1ii1'1'W\9\el\J~~"1!1fl~b'Vi1nu 1 : 28,042 Ufl~1fl~~'Uyj'cJ~"lJ11'1fiel 't!nb.fl"1l'U1fl1~ 't!mr~fllJ , 

oUellJ~fl1~thtJ"llel~~thtJ'Uelfl 'V'lUl1tJ 2557 U~~"1!1mL~UthtJ~'JCJfl~lJhfl " " , 
~~uuvt1~L~'l.I'V!1CJhlJ1n~"'l'1 ~el~~~lJ11~1.1.n hfiL~mnu~~uu9iellJH'viel hfl~~uun~1lJL.Qel Lfl~~ , 

~1~ hfl~~uu~eltJel1'V!1~ mlJ~1~u ii11L'V!~m~tl1CJ~1CJhfl~(;)el~L~1~~-r~ ~1lJfl~lJ hfl 9ielu~~"1!1m , , 

I.I.G1'Ufi'U eJ'U~U 1 fiel hfi~~UU'Vl1~1.~'U'V!1EJ h ~1'U'J'U 59,135 fi'U ~el~~~lJ1fiel hfi~~UUfl~1lJI..Q'el 

1fl~~~1~ ~1'W1'W 46,376 fi'W 

4.1.2 ~ m~u;u::vt1 ~ n1 EJ.fl1W .n1 ui.u e11 fl1~~ L tlu ~ ~ Lnu ~ 1 v fh ~~"'a ::v v~ "ll1.11~ L~ n n11 , . 
to llJlfl~LlJ\il~ 

4.1.2.1 u~nrumfi1~~U'JEJ'l.lelfl 1 (Out Patient Department: OPD 1) 

~~el~.n1t~1'Wi'U~ 1 "llel~mfl1~~tl1t~'l.leln 4 i'U ii~'W~"llel~~el~"ll'W11'1fl11lJn11~ 
" " 

2.5 LlJ~~ fl11lJCJ11 36 LlJm btl'UoHel~~~1;u1ihl1!EJ hfl ~ii~U1CJl.l11'UU~fl1~Lu~CJL~el1.1~~ 18,930 fi'U 
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111~ 1 'U~eJ.:Jth~fleJ'U~'"W Hl'~ Ln1tYlm~~m11'V!'!'U~U1mL~~ru1~~-!'U'U~fl1~,r.:J~eJ-!'UnTHW~1"ii 1 ~Fl i1 
'U "' 

m.JmruVI1-:Jfl1~LLYl'VlV i1t.h~I11L-ih-eJeJfl 2 'V11-:JLU~1~'U~fl111'UL1~1~1"llfl1~ L1m 08.00-16.00 'U. 
, 'U 

~1'U1'U~U1~ ru1~~u1~~-!'U'U~fl11~11.1~wil'1V!th~'I.Jfitm.:J1'UeJ~.m~ 1 'U~eJ.:J'th~l.nru 631 Fl'U~eJl'U 
\J .., '\J dJ ,. 

4.1.2.2 'U~L1t:IJeJ1Fl1~~th~'UeJfl 2 (Out Patient Department: OPD 2) 
'U 

~.:JeJ~rn~1'U.ff'U~ 2 "lleJ.:Jmm~~u1~'UeJn 4 .ff'U i1~'U~"lleJ.:J~m"ll'U1~F1111.1n1'1-:J 
'U 'U 

1 L1.1111~ m11.1m1 40.2 L1.1111~ LU'U~eJ.:JI1111"ii1i1"ii~~ hFl ~i1~'lh~1.11-!'U'U~fl1~L\l~m~eJ'U~~ 5, 784 Fl'U 
'U 

m~ 1 'U~eJ.:J'I.J~~fleJ'U~1~ U\'~ Ln1tYlm~~n~1'V!'!'U~thmL~~ru1~~-!'U'U~m~,r.:J1eJ'!'U m~l11~1"ii 1 ~Fl i1 
'U "' 

eJ'I.Jfl1uJ'V11-:Jfl1~LLYl'VlV i1'1.J~~I11L"ll1-elelfl 2 'V11-:JLU~1~'U~fl111'UL1m11"llfl1~ L1m 06.00-12.00 'U. 
, 'U 

~1'U1'U~U1~ ru1~~u1~~-!'U'U~fl1~111.1~-:JL~1'V!ti1~'1.Jn~.:J1'UeJ~.m~ 1 'U~eJ.:J'I.J1~1.11ru 193 F1'U~eJ1'U 
'U .., 'U ':,..~ '\.1 

4.1.2.3 'U~L1ru~eJ.:J~1~~ (Operation room) 

~.:Jel~fl1~ 1 'U.ff'U~ 4 "lJeJ.:JeJ1Fl1~'!fl'l~1'1'W1'U1~ 4 .ff'U ii~'U~"lJeJ.:J~eJ.:J"lJ'U1~Fl111.1 
'U 

n1'1-:J 5.4 L1.1111~ Fl111.1m1 6 L1.1111~ LU'U~m~1~~ 6 ~eJ.:J 'U~fl1~fl1~~1~~ 5 LLe-J'Ufl i1'1.J~~111L"ll1-eJeJfl 
'U 

2 'V11-:JLtl~1~'U~fl11111~eJ~ 24 off1b1J.:J i1;!6'tmLYl'VlV13 Fl'U Yl~1'U16'161-:JLFl~eJ.:JijeJ~1~~ 20 Fl'U ~"li1~ 

L'V!~eJFl'ULoli 4 Fl'U Fl'U.:J1'U 4 Fl'U~1~~1'V!qjL\l~~ 12.16 ~1~/-J'U ~1~~L~fl 2.64 ~1~/-J'U 

4.2 e-J6'tfl11An'l11ml.l1W~'U6't::e:Je:J~"ll'U1~L~nn-h 10 1l-lLfl'U1.11111 

n1~Pin~1'1.J~1.11ru~'U6'1 ~eJeJ.:J"ll'U1~ L~ n n11 10 11.1 LF11 L1.1 11111 'U h.:JYl m'U 16'1'€11'U 1"ii L"ii~ru i1 , "' 

1'111~'\.J'l~~..:~f'i L ~e111111 "ii1~'V!1'1.J~1.11ru~'U6't~eJeJ.:J"ll'U1~ L~ n m1i'<il ~fl~..:~dL U'Ufl111'<il ~ L ~.:JYl11t:IJ'U1 LL 'U'U , , 

.fl1Fl~~"ll11-:J (Cross-sectional descriptive study) L~eJPifl~1'1.J~1.11t:IJ~'U6't~eJeJ.:J"lJ'U1~L~flfl11 

10 Ll.ILfl1Ll.II1111'U"li1..:~LJa1 1 tJ ~..:JLL~L~eJ'LilJ'LI1fll.l 2557 i1..:~ lJ'LI1fll.l 2558 ~'U~LJru~'L!~ 

1~'U~fl1~~U1~'Uelfl OPD 1-2 LL6't~~eJ.:J~1~~ 1'Uh.:JYlm'U16'1'€11'U1"iiL"ii~ru '<il.:JV!l~'€11'U1"iJL"iJ~ru "llel.:JLL~ 
'U ... ... 

"'~n~m"' Lfl~mije1m -nt 'Ufl11Pin~1fl~..:~dL tJ'ULFl~eJ..:~ijeJ 1 'Ufl11 Ln'U~1el~1..:~~'UL ~e111111 "ii'V!1'1.J~1.11ru~'U ul 'U q Iii 

6't~eleJ.:J"lJ'U1~L~flfl11 10 11J1Fl~b1.1111~ b~~1oHLFl~eJ.:JLn'U~1eJ~1-:JeJ1fl1~ (Air Sampling Pump) i'U AM 

510 tJ'U'Vifle-J6'11'U1'1.J~Lbfl11.1LU'U~1~61'1.J~1oH 61'1.J~1oH6'1~ 1 Fl~.:J 1~mFl~eJ.:J"ii~tJ'UVin'I.J~1.11t:IJ~'U'Vlfl ., 
' ' I 

5 'U1Vi 1 'U 1 1'U 

4.2.1 m1.11W~'U6't::e:Je:J.:J"ll'U1~b~nn11 10 11.1 Lfl1L1.11111 'U~L 1W~fl~U'UJ'Ue:Jfl 1 
• v 

m~m1"ii1~'1.J~1.11ru~'U6't~eJeJ..:~ ru 'U~nru&in~u1~'UeJfl 1 1~mn'U~1eJ~1..:~mm~'Vlni''U 
' 'U ' 

~'U'Vl{"lJeJ.:J61'\.J~1oH ~.:JLL~L~eJ'UiJ'U1Fl1.1 2557 ~--1 L~eJ'Ui1'U1Fl1.1 2558 ~..:!LL~6't~Fl~.:J~Vhfl1~m1"iil~"ii~ 
Ln'U~1eJ~1-:JeJ1fl1~"lfl ~ 5 'U1Vi 1116'tel~~~~~b16'11 fl11vl1-:J1'U 8 off1b1.1-:J1 'U 1 f'U LL6l1'V!1fl1b\l~~1 'U 

LL~6't~Fl~..:J ~1l.I~--1~'U 4 Fl~.:J (4 61'1.J~1-H) Yl'U11'1.J~1.11ru~'U6't~eJeJ..:J"ll'U1~L~nn11 10 L1.1LFl~L1.1m i1fi1 
' 
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fl111~;1 4.1 tntl1fl.ILo~a~hJ~::e~e~~'!I'LI1fiL~nn'h 10 lt~Lfl':iLtlfl':i u~L1w;ln~tl1a'L.Ie~n 1 . ~ 

L'LILL~~::L~el'LI 

~fliJ'LI/tl f'i1~U~EI'lfi111W~'U~::iJiJ.:J PM10 (ij~~ni':IJPiiJ~n'U11'lnWP~':i) 

fli'.:J~ 1 
--.d ~ .d ~ .d .d 

S.D. fl':i.:J'VI 2 fl':i.:J'VI 3 fl':i.:J'VI 4 ~U~EI':i1EI .. 
~fltl'U 

ii'U1Fll.J 255 7 0.00391 0.00388 0.00231 0.00333 0.00336± 0.00074 

Ll.J~1CJ'U 2557 0.00392 0.00392 0.00391 0.00333 0.00377± 0.00029 

Yit]~.f111"1l.J 2557 0.00409 0.00417 0.00287 0.00398 0.00378± 0.00061 

ilfi'U1CJ'U 2557 0.00392 0.00388 0.00285 0.00333 0.00349± 0.00050 • 
mn~1Fll.l 2557 0.00374 0.00358 0.00234 0.00269 0.00309± 0.00068 

~~'\111Fll.J 2557 0.00427 0.00446 0.00410 0.00463 0.00436± 0.00023 

numCJu 2557 0.00356 0.00329 0.00181 0.00204 0.00268± 0.00088 

l'lml"'l.l 2557 0.00374 0.00358 . 0.00222 0.00269 0.00306± 0.00073 

Yit]f'1~fl1CJ'U 2557 0.00409 0.00417 0.00338 0.00398 0.00390± 0.00036 

fiu11F1l.l 2557 0.00604 0.00738 0.00859 0.01108 0.00827± 0.00214 

l.Jfl"j1fll.J 2558 0.00392 0.00388 0.01010 0.00333 0.00531± 0.00321 

fll.J.f11~'U5 2558 0.00463 0.00504 • 0.00442 0.00592 0.00500± 0.00066 

ii'U1Fll.J 2558 0.00445 0.00475 0.00388 0.00527 0.00459± 0.00058 
.d 

0.00418 0.00430 ~U~EI 0.00406 0.00428 0.00420± 0.00011 

LijtJ~\ITHU1tl1t~1ru~'t.l6'1:mtJ\I"ll't.l1~b~nrri1 10 1t~ 1rrmJm 1'W'U1nru~n~tl1t~'t.ltln 1 . ~ 

LLt~nfi11J11m~tJ't.l ~'Ul1b~tl't.I1Jf111fl1J 2558 ih.J11J1ru~'t.l6'1~tltl\ILO~m1\l~~~ (0.00531±0.00321 . ~ . 
6'1f1'U1Pitlb1Jfl1) bL6'1~L~tl'Wii'W1fl1J 2558 (0.00459±0.00058 iJ6'1~n-r1J~tl6'1f1'U1Pitlb1JI'l1) LL6'1~U~1J1ru 
~ ~ 

~'t.l 6'1 ~tl tl\1~ 1~ ~ 1 'tJ L~ tl't.l fl't.l tl 1 tl't.l 2557 (0.00268±0.00088 iJ6'1 ~ f1 -r1J ~ tl6'1 fl'U 1 PIn L1J 1'11) Ld tl . . ~ 

~ \111ru 1~'Ul1 L~tl't.l fl't.ltl 1 tl't.l tl ~1 't..lozi'J\1~~ ~'t.l"ll tl\IU1~ L V1 PI (f16'11\l L~tl't.l~ ~~.n 1fl1J ~\I f16'11\l L~ tl't.l 

l'l6'11fl1J) vh 1 '!Xiir~1 11J~'t.l 1 't.ltl1 f11PI~\I·vh 1 '!Xrhtl~1J1ru~'t.l6'1~tltl\1~1n11n~~'t.l tli~fltl'U n'U~'t..l~\1 ~ , " , ul 'U , 

'U~f111~tht~'Wtlf1 1 iiozitJ\IV11\If1111~'U1 t1 tl1f11PI 3 ozimVJ1\Ivl11 '\Xm11~'U1 t1 tl1 f11PI LL6'1~U1~'t.l6'1~tltl\l 
~ . 

mt~ 1 't.ltl1fl11tltlfl"'mt~'t.ltlfltl1fl111~~ ~\l.n1~~ 4.1 
~ 



0.010 _,........-----------

0.002 

0.000 

-+- fi1\l'imw~\Jil~!l!l~ 

u.fia~~fl!l\J (PMlO) 

il.".-57 UJ.!J.-57 vu~o-57 ii.!J.-57 n.t'l.-57 ll.".-57 n.!J.-57 fl.t'l.-57 "Vl.!J.-57 G.t'l.-57 l.J.t'l.-58 n."Vl.-58 

Liiuu 
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n1~1'1~1'0J1~tl~1l1ru~tlr;'l::;e:Je:J.:J ru u~nru&ine:lth~tle:Jn 2 (Out Patient Department: 
• 'U 

OPD 2) 1~mnu~1e:J~1-:Je:J1n1!3l'Vln1tla.:Jf'11~"1le:J.:!~U~1~ ~.:!LLvlL~e:JtliJt11f'11l 2557 fl.:! L~e:JtliJt11f'11l • 
.J I ::o::J.o Q.J' C:.:«V I Cll 0 

2558 'I!.:JLLI'!r;'l::;f'1~-:J'Vl'Vl1n1~m1'0J1~'0J::;Lnume:~m.:Jmm!31VJn ~ 5 ti1'Vl l'lr;'le:J~~::;~::;nr;'l1n1~'Vl1-:J1tl 

8 i111l.:J1t1 11't1 LLfKTVI1rl1L\l~~1t1LLvlr;'l::;f')~.:J ~111~-:Jitl 4 f'l~.:J (4 ~tl~1~) 'WUl1U~1J1fl!~tl 
• 

[;l::;e:Je:J.:J"1lti1~L~nn11 10 11l1f'1~L1lm iir111~Lntl1l1m~1t!fhvltl~ (5 i1r;'l~n~1lvie:J[;lntJ1!31nL1ll'l~) 
~ 'U 

' 
~.:!1'11~1-:JVi 4.2 
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\JI1'i1.:1~ 4.2 m111WLQ~tte:i'IJ~::mN'Y.I'IJ1flL~nn11 10 L11Ltl'iL11\JI'i 'U~L1w;in~tl·uJ'IJeJn 2 . ~ 

L 'IJLL~~::L~eJ'IJ 

Lflii'UitJ thLOgtlm111W~'Ufl::ilil.:l PM10 (ijfli\n~ll,jil~n'U1AflL11~'1) 
.,.,j 

fll'l.:I'VI 1 
~d 

fll'l.:I'VI 2 
~d 

fll'l.:I'VI 3 
:. d d 

S.D. fll'l.:I'VI 4 LOfltl'11tl .. 
Lflii'U 

ii'U1f'l1J 2557 0.01157 0.00594 0.00269 0.00204 0.00556± 0.00436 

L11~1tJ'U 2557 0.01135 0.00569 0.00272 0.00255 0.00558± 0.00411 

~'J~.f11f'l1J 2557 0.01033 0.00572 0.00334 0.01276 0.00804± 0.00428 

iJt1'U1tJ'U 2557 0.01031 0.00566 0.00344 0.01429 0.00842± 0.00485 , 

mn~1f'l1l 2557 0.00980 0.00469 0.00347 0.01480 0.00819± 0.00519 

{;-!J'VI1f'l1J 2557 0.00941 0.00460 0.00303 0.00766 0.00617± 0.00289 

tl'UtJ1tJ'U 2557 0.00967 0.00467 0.00309 0.00868 0.00653± 0.00315 

l'lmf'l1l 2557 0.00904 0.00472 0.00322 0.01072 0.00692± 0.00353 , 

~ql"liijmtJu 2557 0.00946 0.00463 0.00278 0.00357 0.00511± 0.00300 

fiu11F111 2557 0.01006 0.00472 0.00306 0.00817 0.00650± 0.00319 

11m1F111 2558 0.00974 0.00476 0.00309 0.00868 0.00657± 0.00315 

~1J.f11~'Ul5 2558 0.00976 0.00472 0.00316 0.00970 0.00683± 0.00340 

ii'U1f'l1J 2558 0.00838 0.00487 0.00322 0.01072 0.00679± 0.00339 
d 

0.00991 0.00503 LOfltl 0.00310 0.00879 0.00671± 0.00319 

LLtlf1~1t!L~eJ'IJ 'V'I't.rh L~eJ'Wijt1'1..11~'W 'V'I.f"!. 2557 ihB111W~'W~::eJeJ~L\l~tl"'~~"'~ 
, , 'V q 

(0.00819±0.00485 ij ~ ~ fl'Sll ~ eJ ~ fl'U 1 f"! n Lll \JI ~) ~fl ~6H:W 1 ~ eJ L~ eJ '1..1 f1 ~ f1 !]11'1 :w 2557 

(0.00819±0.00519 ij(;l~f1-S':W~eJ(;lf1'U1f"'rlL:WIW:i) ~~LtJ'W•1h\I'\.Jmt~n~~eJ'W L~t~'\.J~:w1W~'W111f1i1"'1 LV!\JI 
'\J II;JI" , , 

1.'11'1..1 1 Vlqj:WT'il1f1f11~L~.J11 'Wffi~\1 '\.J1::f1eJ'Utl'UF111:W~'W 1 '1..1 'U11tl1f11f"!Uel~ n1TVJf1'1~f11(;l"tleJ\11vm LL(;l:: 

tl~:W1W~'W~::eJel\1~1"'~'V'I'U 1 'WL~el'W'V'Iflf"!~f11~'W 'V'I.f"'.2557 (0.00511 ±0.00300 ij~~f1-S':W~fl~f1'U11"lrl , , gl \J 

L:Wm) LdeJ~"il11W1'V'I'U11 L~el'W'V'Iqf"';s f11~'W Ltl'W"li1\I'\.Jm~q~N'W~~~ijF111:W~'W 1 'W'U11tl1f11f"! vh 1 ~ 

'\.J~:W1W~'l.l(;l::eJeJ~ 1 'WeJ1f11f"'rleJ'WoU1~~1 '\.J1::f1eJ'Utl'U-;i'1'1..11'W~-S''U'U~f111~tl1 tl'WeJfl 2 (Out Patient 
' ~ 'U 

Department: OPD 2) ~1f111'Vlf1L~eJ'WL\l~~1'W(;l:: 598 Fl'W~f11'W ~~~f111Ltl'W~f1U"il~~1'Wf111U1~'W 
' ' 

"il1 f1.f11tl'Welf1eJ1Fl11L oU1~.f11tl 1 'WeJ1Fl11 vh 1 ~'\.J~:w1W~'W 1 'WL~el'W'V'I'll"i~ f11tJ'Wi1rl1~1~~~1~"il1f1"li1~ 

L~el'W~'W~i1~-S''U'U~f111L\l~~'\.J1:::W1tu1'W(;l:: 1,014 Fl'W/1'1..1 ~~.f11'V'I~ 4.2 
'U 
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34 

4.2.3 m1J1WLQ~~~'IJ~::mJ.:J'ti'IJ1~H~nn11 10 L1JLfl'lL1J~'l u'iL1W'l1eJ.:J~.h~~ 

n11\9l'Yl"il11'1tl1mru~'IJl;'1~mJ-:~ ru u1L1ru~e:J-:Ji:J1191'1'1 (Operation Room: OR) Ll'lmn'U 

191'1e:J~1-:Je:J1n1f'l'Vlfl1'ULG'I1{"1Je:J-:J~tll'l1'\.1 ~-:JLLiiiL~eJ'Uij'U1rU.I 2557 5-:~ L~e:J'Uij'U11"11J 2558 sli-m!ii~~ • 
r1~-.:~~vhm1\9111"il11'1"il~Ln'U191'1e:J~1..:!el1fl1f'lVJfl ~ 5 'IJ1Vi \9l~e:Jm~t.J~L1~1fl11'Vh..:!1'1J 8 i11:~.~-:~1'W 
11'U LL~TVI11"11LO~tJ1'ULLiii~~r1~..:1 1111~..:1~\J 4 1"1~..:1 (4 ~tl1'11'\.1) 'W'U'"htl~1J1ill~'U~~e:Je:J-:J"IJ'U11'1L~fl • 
fl11 10 b.JLI"11L1JIJ11 ijr)11dJLfi'WlJ1\911~1'W~flTV!'WI'I (5 ii~~fl-r1J!iieJ~fl'U1f'ltlL1J\911) ~-:JIJ1111..:1~ 4.3 

~ ~ 



35 

L~vuitl fi1LU~~m111W~'IJii'l::vv~ PM10 (i1ii'l~n~11,jv~m.J11'11iwV~~) 
:ld ~d :: d ~d d S.D. fii~~'VI 1 fii~~'VI 2 fii~~'VI 3 fii~~'VI 4 Ltlfl~~1~ .. 

Lflv'IJ 

ihJ1i'l:U 2557 0.00524 0.008385 0.00474 0.001146 0.00488± 0.00297 

L:U~1EJ'IJ 2557 0.005281 0.008406 0.004719 0.001708 0.00503± 0.00274 

'V'l']~.f11i'l11 2557 0.005198 0.008344 0.005844 0.005271 0.00616± 0.00148 

i1CJ'IJ1V'IJ 2557 0.005896 0.007958 0.005031 0.003969 0.00571± 0.00169 
' 

fl'H1!)1i'l:U 2557 0.005333 0.007969 0.00475 0.00399 0.00551± 0.00173 

~~'VI1i'l:U 2557 0.005615 0.008146 0.004646 0.003823 0.00556± 0.00187 

numEJu 2557 0.005729 0.008052 0.004677 0.004563 0.00576± 0.00162 

~'~"1i'l:U 2557 0.005354 0.007938 
' 

0.005573 0.004031 0.00572± 0.00163 

'V'l']l"l~fl1EJ'IJ 2557 0.005948 0.008385 0.005875 0.004406 0.00615± 0.00165 

B'u11R:u 2557 0.005646 0.007885 0.005135 0.006125 0.00620± 0.00120 

:Ufl'S1i'l:U 2558 0.005104 0.007719 0.004531 0.003969 0.00533± 0.00166 

~:u.m~u-6 2558 0.006354 0.008479 0.004813 0.004479 0.00603± 0.00182 

il'IJ1i'l:U 2558 0.005510 0.008333 0.005792 0.003677 0.00583± 0.00192 
d 

0.00555 0.00815 LtlfleJ 0.00509 0.00394 0.00568± 0.00178 

~t~~.:!hhtJ~~'\.JLL'll~-:!1'111J~~fl1~ ~.:!1'WL~~'Wfi'W111'11J 2557 Y4'Utl~1J1t1J~'\.J~t~~.:!L\l~~~.:l~~~ 

(0.00620±0.00120 iJ ~ ~ fl11J \1i ~ ~ fl'U 1PI n L1J 1'1 ':i) ':i~.:l~ .:!11 1~~ L~ ~ '\.J W ~~.fl 11'1 1J 2557 

co.oo616±o.oo 148 iJ~~n1'111'i~~nu1P~n L1Jm) ~.:! 1 '\.JL~~'WW"'PI~fl1~'\.J-n1J.n1~'W6 fi~'li1-:!fl~'VI'\.J11 
'U vi Cl ul 'U 

1~ ~tl~1J1ru~'\.J1J1ni1;;11 L 'VII'l?h'W 1 'V!ru"il1 fli'1111J~'\.J 1 '\.J'U':i':im mP~~~'W-ii'1.:!~1 vi11 ~'ll~111ru~'W~ t~~.:j 
, , Cll , 

fl':it"il 1~ 1 '\.J'U':i':i~ 1fl1PI1~ ~1 ~ tJ ':itfl~'U tl'U ':it'U'U':it'U1 ~ m fl1PI.fl 1 ~ 1 '\.J~~.:l ~ 1\ii' ~rJ.:! hJ L tl'W 1 tJ l'l11J 

1J1m;i1'\.JL vh~i'"l'l':i vi11 ~tJ~1J1tumfl1f'l'V11J'WL1~'W.fl1~ 1 '\.J 1~L ~~.:!W~ri~ 1 ~Lfl~fl1':ii;1ti;11J"lJ'€NtJ~mru 
~ . 

~'\.J.fl1~1'WLfl~~'\.J G'f1'Utl~1J1UI~'\.J~t~~-:!1'WL~~'\.Jij'\.J11'11J 2558 11~1~11;1~ (0.00488 iJ~~fl1'11\1i~ . ' . 
~fl'U1PitlL1JI'l':i) ~.:!1'WL~~'Wdi1mi-:!1'\.J~m~11ii'~L\l~~1'\.J~t 18 1'1'\.J ~.:l~1fll1VIflL~~'W~i1~1L\l~~~LoU1 
\1 'U , '\1 

1-Hu~m':i~~.:l~11ii'~Lo~~tl':it1J1tu1'W~t 22 1'1'\.J tl':i~fl~uti'ui1m':ivi11'1111J!;1~m~Li'"l~~.:!'ll1'ummPI 

"ll~.:l~~-:!~1\ii' ~ L ~m~-:!1'u fl1':il'l':i1 "iltl':it LiJ'U!;1fi1'\.JY4 mu1~vi 11 ~tl~1J1tu~'Wi1~1U ~ ~ fll1 L~~'\.J~'\.J ~.:! • 
...1 

.flTVWI 4.3 
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ij_fl.-57 ~:u.I'J.-57 vt.fl.-57 ij_I'J.-57 n.fl.-57 i:l.fl.-57 n.I'J.-57 9\.fl.-57 vt.I'J.-57 H.fl.-57 :U.fl.-58 n.vt.-58 

llliilU 

1 'WLL\Pil;l:::')~f11!;1"!l-eJ.:!'t.h:a 'Vlf31Lvll:l 1~ ~vi'1 '11 tl~1~-ii'm,j"~hnm·m~~~IJ1UmJ1'Vl ~ 1 

&'11~1~mLU.:!-eJ-eJn1~\tl'W 3 ']~ fi-eJ 

(]~~'el'W L~l.J\Pl'W't.h:::l.J1Uifl1;J1-:JL~'eJ'W~l.J.Il1~'W<Hi.:Jfl1;11-:JL~'eJ'I..!'V'I(]~.fl1~l.J 
..:::. 1.1 ..:!! 4 ..:!1 

']~~'1..1 L~~~'WtJ~:::~1Uifll;l1-:!L~'el'W~'J~.fl1fll.Jft,:jfll;l1-:!L~'el'WI'J1;'l1fl~ 

n~VJ'W11 L~~~'WtJ~:::~1Uifll;l1-:!L~'el'W~l;l1fll.Jtl.:!fll;l1-:!L~'el'Wfl~.fl1~'W~ 
"'I~ 1 1 

~.:J1~filil1~ru1Pl1L\l~~tl~~1ru~'l.ll;l:::-eJ-eJ.:!"!l'W1~L~ flfl11 10 1~ lfl~L~m "!J'el.:!LL\Pil;l:::lil~ , , 
m1lil~.:J 3 \1~~~1lil wu11\l~~ih.J~~1ru~'l.ll;l:::-eJ-eJ.:J"!l'W1~L~fll.l1fl~&'l~fi-eJmfl1~~th~'W-eJfl 2 (Out , 1 , , '\.1 

Patient Department: OPD 2 ) ~-!1-eJ~~'W 2 "!l'el.:J~fl ~'IJ11iitl~~1ru~'W&'I.:!Ltl'W'el\J~'IJ'VI-d.:Jlil1fl&'l1~lil~ 
'U , 'U , 

~~1\1 L ~'el.:!lil1flii"lJ-eJ.:J'V11-:J~:::'IJ1~-eJ1fl1f311 ~'V!~'WLi~'WiiL ~~.:! 1 "lJ-eJ-!1'1'11-!1 ~fl~ru:::'el1fl1~~-:!tl~~~"'W'W , ~ 

fl~'W1fl~~.:!~-eJLtl'WLL'V!~.:!fi'1LU~~'W~~1~ru~liJ:::"fl~~~1L-if1~'1J~L1ru~'Wm~'IJ~fl1~ ~.:!'il1'W1'W~th~~ 
, Q.l 'U cu 'U 

L-if1~1-r'IJ'IJ~fl1~'il1'W1'Wl.J1fl nii~1'W 1 'Wfl1~'111~1 ~'Wl;l:::-eJmlil1 fl.fl1~'W'el fl L -if1~'el1fl1~ 1~ L ~'el.:!lil1fl~'W~ . ~ , 

'V!'W11 ~1'1..1'\J~Ldru'IJ~Ldru~-eJ.:Je.h~~ (Operation Room: OR) iitl~l.l1t:U~'W~-eJ.:JLtl'WeJ'W~'IJ&'I-eJ~ 

~\l~'eJ\lr.h~~m if'eJ ~i:t.ru'iJ'iJU'W'eJ~1:::whm111J1'ut.h .:J LLm "ll 1l1L tl'W 1 1Jm~l.l1~~:o1'W ~.:Jc1-:JiJtl~mru~u cu , "U , 01 , 
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' 1 1J G.J IJ I QJ lA. Q.. I:';J/ Jdl I 

!Pltl'W"!J1~6'1~ LL"~"fi~W~Vl1~fi1EJ.fi1Yl"!Jtl~tl1!Pl1~'VItl~e.J1\Pl~tlEJ\Ol~l'lm~LL"~\Pl~f:l'W'W!PllJ'W1!Plll'll~f:ltl"l1 
~ ~ 

L tJ'ULL 'VI~~n1L u~ ~'W v111l1 Ln~n1~~~Yl1L "li1"'l1e1~~1~~ H1~1EJ LL"~tl1~i1~'W~1~ Li1~~1n'l!~ 1 'Wfl1~ , '\I , , 

'llnu~~1'W"!Jtl~ L :iJ1'VIU 1~ ~tl~6'11ll L~tl m11 1 'W fl1~'llnu~~1'WI'l"tl~ L 1 a 1 LLa ~~~'I.J'I.J~~'I.J 1Eltl1 fl1~ L~ll 
LiJ'W~~'I.J'I.JL~'UVI-s'"LLtl{"!J'U1~1 'VIqJ LL~1~EJfiL~flfl1~1etl~1'WL'VI~tlL~EJ~LLtl{,)'1'W1'W 1 L!Pl~tl~ L'Vh~'W ~~ 
vh 1l1m~~~mm~~1fl.fi1EJ'Wtlfl L "li1.n1EJ 1 'WL ~tJ1l1!P111ll~'W.fi1EJ 1 'Wl1tJ~~1~~ L tl'WU1n11J L tl'W 1 'll1'11ll 

~ 

ll11'1~~1'W"!ltJ~l1tJ~~1~~ vl11l1Ln~fl1~6'1~6'1ll"lltl~'ll~ll1W~'W(;l~tltl~.fi1El 1 'W LL(;l~U~ll1W~'W(;l~tJm Lu~ El ... . . 
~16'1~tl~~u~nw~n~thEJ'Wtlfl 1 (Out Patient Department: OPD 1) ~~tJ~.ff'W 1 "!ltl~tl1!Pl1~i1 

, '\.1 'U '\.1 

tl~~ll1W~'WrleJ'W"li1"l~1'Yl11l1m~ L 'll~ EJ'WLL 'lJ(;l..'l"!JeJ~fl~fi1(;111Jr1tJ EJii e.J(;l1 'Wfl1~6'1~6'1ll"lltl..'l'll~ll1W~'W , .. ,'U " 

fl1 EJ 1 'Utl1!Pl1~ tl ~ 1..'l1 ~n ~'ll~ll 1W~'W~m1~Yl'U~~6'1 1ll~ ~ 1'1~1 ~ij rl111J Ln'Url 1ll1m3j1'WI'l1ll fi!)'VIll1 EJ 

nTVI'W~ 1 'WU~~fl1i31 fi1~Vl~1..'lll'VI1~ 1 VI El L~tl..'l!Pl11lJU(;l tJ~.fi El 1 'W fl1~vl1..'l1'WL~Ell tl'I.J6'1 .fi1Yl LL 1~1Ktlll 

(6'11~L!Pli1) 'll~~fl1i311'W~1'lln':il':il1'4L'I.Jfl~1 L~ll~ 94 l'ltl'W 24l'W~ 12 mfi!J1!Plll 2520 'll~ll1W~'W 

(;l~eJeJ~"!J'W1~ 11JLn'U 1 o 1ll 1!Pl~Lllm Lu~EJIPl(;ltJ~~~EJ~nmvi'1..'l1'Wtln~ 11JLn'W 5 i1(;l~n'Sll~eJ(;lfi'I.J1i31n 
~ 

' ' 

Lll\Pl~ ~..'l1P11~1~Vi 4.5 LL(;l~fl1YlVi 4.5 

Ld tl'Vi':il 1~W 1'll~ll 1 W~'W(;l ~tltl"l1 'W LL~(;l ~n~ fl1(;1 Yl'I.J';h 1 'W"li1..'Jfl~'VI'W11 ~~w;h~ L~tl'W , '"I ,. '"'I ,. 

IPlm!Plll~..'l L~tl'Wflll.fi1~'WTI ':il~i1'll~ll1W~'W(;l~tltl~fl1 El 1 'Wtl1!Pl1~6'1~6'1~ L ~tl..'l':il1fi!Pl11ll~'W 1 'W'U~~mm~ , , , '\I , 

~1 iim~ LL6'f(;lll LL ~~6'11ll1~f:l~~Yl1~'Ua~tJtJ..'l1~~1EJ LL(;l~ 1 'W"Ih~'l~d'LJ~~'ll1'll'W"'1'W 1 'VIqJ':il~tJEJll Le.J1~tlsH..'l 

"li11 1 'Wm~~ 'll~~ fltl'I.J nuiim~L ~'I.JU1 EJ"!Jtl..'l'll~~'ll1'll'W':il1fl6'1fl1Yltl1fl1i311 'W"li1"l'l~'VI'W11 vl11 'IX 11m~ L "li1 

'S'I.J'U~fl1~.fi1El 1 'W 1 ~ ..'lYl El1'\.J1(;ltJ1'U1':il L ':il~ru L tJ'U,]'1'W1'Wll1 fi~..'JL tJ'U6'11 L 'VIIPl'VI\i~~vl1Ll1tl~lJ1W~'W~Yl'Ui1 ... . . 
'll~ll1 W\J~ "'1 'W'll~ll1 w~ 'W(;l ~tJ tJ..'l~Yl'I.J~eJ..'l(;l..'llJ 1~ t1 'l ~ ~tl'W ~~wi 1~ L~ eJ'W flll.ll1~'W TI~..'l fl(;l1~ L~tl'W 
Yl n~.n1!Plll ~e1-l1 L U'W n~~iiwJ 1ll~'W1 'W'U 11 EJ 1 fl1i31 ~1 ~'W(;l~tleJ..'lYJ ~ n 1~ ':il1 EJ 1~~1 EJ LL(;l ~~'W ~ .. , .. , '\J , , 

1 ~..'lYl El 1'\.J1(;ltJ1'W1':il L ':il~ru ~..'ltl~ ~~f:l'W'W6'1 1 EJ'VI~ fi"!J tl~~~'VIl ~ ~~ij fi1~!Plll'W1!Plll"!J'W"'..'l\Pl{;ltl~ L 1(;11~~ L tJ'U ... ~ 

LL 'VI~..'ln1 L tJ~"!Jtl..'l~'W'VI~tl L tJ'U6'11 L 'VIIPl'VI\i..'l~vl1Ll1'll~ll1W~'W~~Yl1 L "li1"'.fi1EJ 1 'Utl1!Pl1~ L ~~YlEJ1'\.J1a 1~ , , , '\.1 

LL(;l ~'ll~ll1 W~ 'U(;l ~ tl tl..'l~Yl '1.J ~ 16'1 ~ ~ tl fl ~ ~'W ~~'VI'J 1~ L~ tl'WYl fl~.f\1 !Pill~~ fl (;11~ L~ tl'W 1P1 {;11\Plll ~~ij , , .. , cu "I , 

!Pl11ll~'W 1 'WU11m mi316'1..'l fl1~(;ltJEJ~1'VI~tJ m~YJ~m~~ 1El"!ltJ~~'WiltJEJ ~"lv111l1i1 m~a~all"!lt1~'ll~ll1W 
~ . . 

~'W.fi1EJL 'Wtl1!Pl1~rltl'W"li1~~11 'W"li1~fl~fl1(;l.Q LL~tl ~1~1 ~nmll'll~ll1W~'W~Yl'I.J nr!"li1f1111J Ln'Wrl1 , VI '\.1 , 
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L~m.t!U . d m r:J fi1L~Uitl ':i111W ,'LIIil::vv~ PM10 

<iiailn~11fiv~n\J1AnL11"':i) 

OPD1 OPD2 OR 

ihJ1Pl11 2557 0.01093±0.00074 0.02071± 0.00436 0.01865± 0.00297 

L11~1tJ'lJ 2557 0.01258±0.00029 0.02040±0.00411 0.01883±0.00274 

VIC]~.n1Pl11 2557 0.01213±0.00061 0.02259±0.00428 0.02070±0.00148 

iitJ'lJ1tJ'lJ 2557 0.01148±0.00050 , 0.02298±0.00485 0.01988±0.00169 

f11f1~1Pl11 2557 0.01034±0.00068 0.02166±0.00519 0.01905±0.00173 

~'lV!11'111 2557 0.01399±0.00023 0.01896±0.00289 0.01936±0.00187 

tl'!JtJ1tJ'lJ 2557 0.00918±0.00088 0.01960±0.00315 0.01960±0.00162 

lil~1Pl11 2557 0.01021±0.00073 , 0.01966±0.00353 0.01987±0.00163 

VIC]I'l~f11tJ'lJ 2557 0.01263±0.00036 0.01776±0.00300 0.02131±0.00165 

fi''!J111'111 2557 0.02477±0.00214 0.01989±0.00319 0.02020±0.00120 

11f1111'111 2558 0.01873±0.00321 0.01976±0.00315 0.01835±0.00166 

f111111~'!J~ 2558 , 0.01557±0.00066 0.02006±0.00340 0.02077±0.00182 

il'IJ1Pl11 2558 0.01439±0.00058 0.01914±0.00339 0.02055±0.00192 
d 

0.01361±0.00011 Lili'ltl 0.02024±0.00319 0.01978±0.00178 

g 

::2: 
a.. .,. 
(0) 
(0) 
n 
(10 
;::t 

=;;~:• 
;o 

"Gl!O 
~ a 
' ri 
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~c:: 

II: 

' ;:J 
c:: 
(tOO' 
(0) 
·g 

~;:! 
c:: 

((I; 
(10 

8 

0. 030 ....------· 

0.025+-----~~~~------------------~~----~ 

0. 020 t===IP. ...... - .... =iF=•=----I~~~--~t:=----
0.015t-~=-------------~----------~--------~ 

0. 010 *==~=::!::::::jb~:::::==:::::::...,_~~----~ 
0.005+---------------------------------------~ 

0.000+---r-~r--,--~---r--.---~--r-~r--,--~ 

~OPDl 

--OPD2 

--OR 

~.v.-57 vut-57 jj.a.-57 n.!'l.-57 il.f'l.-57 n.a.-57 91.!'1.-57 Vi.a.-57 fi.l'l.-57 IJ.!'I.-58 n.Vi.-58 ii.l'l.-58 
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0 ., 

q~n1a ~111rue:Jua::aa.:~11u1liiL~nn·h fl1lii'U • 
11El.:i'lvm 10 WLfi~L1191~ 

.d 
Lilflfl 

<iiaiin~11~a~nmf'lnL11911) 
~ 

'V1.:13lijlil 
S.D. 

OPD1 OPD2 OR 
., 

1 
q~·wu 

0.01312±0.00185 0.02058±0.00127 0.01990±0.00106 0.017867± 0.00412 
(f1.V'l.-'I'Ul.) 

2 
q~eJu 

0.01122±0.00170 0.02091±0.00172 0.01974±0.00057 0.017291± 0.00528 
(V'l.R.-~.R.) 

3 
C)~VI1J11 

0.01638±0.00567 0.01943±0.00094 0.02010±0.00112 0.018640± 0.00198 
(~.R.-f1.V'l.) 

.d 
Lilflfl~111 

0.01357±0.00261 0.02030±0.00077 0.01991±0.00017 0.017931± 0.00377 
3 q~n1a 

0.025 ~·--"··~·-- ~-~·"--=-~~· 

0.02 
o:l 

"111 
g 
! 0.015 
H 
II 
;:s ,. 
ii! 0.01 
I"' 
;;::& .. 

";I 
0.005 

• 
:t 

= --------~ 

~~ 

i 

I 

fl~VI'U11 

-+-OPDl 

_._OPD2 

-OR 



d 
'U'VI'VI 5 

a1t1 t:Jan1''iAn'131 LLa~eUi:l Lff'Ui:l LL 'U~ • 

n1'j~m~ntl~~1ru~'Uft~e:re:wu'U1~ L~ ntrh 10 1~ Lfl'j"L~W~'j 1 'U h'IVW1'U1fteJ1'U1"ii L"ii~ru . ~ 

iHW~t;1tl'j~£'1\lilL~eJm1"ii1~V11tl~~1ru~'Uft~eleJ\I"l.I'U1~L~flfll1 10 1~Lfl'j"L~Wi'j 1'U"li1\1Ldft1 1 tl ~\ILL~ • • 
L~eJ'Ui1'U1fl~ 2557 5'1 i1'U1fl~ 2558 'U~Ldru~'Uffi ~'U~fl1'j~th'U'Uelfl OPD 1-2 LLft~~eJ\I~·h~~ 1 'U 

" 
L 'j\J'VW1'U1fteJ1'U1"ii L"ii~ru ..ij'\IVI1~e)1'U1"i!L"ii~ru L~CJ Lfl~el\lijelvfl m 'Ufl1'j~mnf1~\I.Q'L tJ'ULfl~el\lijel 1 'Ufl1'j 

~ ~ 

Ln'U~1el~1\I~'UL ~eJW!'j'J"iJVI1tl~~1ru~'Uft~elel\l"l.I'U1~L~nn11 1 o 1~ Lfl'j"L~m t~CJ 1 iLfl~el\1 Ln'U~1el~1\l • • 
mmf'f (Air Sampling Pump) i'U AM 510 61~tlt:.~ftfl1'j~mn1~~\I.Q 

'U~L 1ru~e1\le.l1~~ 'V'I'Ul1tl~~1ru~'Uft~eJeJ\I~m1"ii1~ 1~~1mr1~m Ln'U~1eJ~1\Iel1fl1f'f (Air Sampling 

Pump) i'U AM 510 1'ULL~fl~1'U"lleJ\I~~Wi'j1"iJLL~ft~~~ijrhhidi'U~1Wi'j~1'U~tl1VI'U~ mh1fie1 

tl~~1ru~'Uft~eJeJ\Ii1r1111JLfi'U 0.121~ Lfl'jfl-r~~eJftfl'U1f'frlL~Wi'j 1'U-t1 L~\lfl1'jvi1\11'U 24 .t1 L~\1 '11\l~eJ . " 

'jeJ\Jft\1~1fieJL~eJ'U~m1fl~ 'V'I.f'f. 2558 (0.01873 iJft~fl-r~/ftfl'U1f'frlL~Wi'j) LLft~L~el'U fl~.f11fr'U15 
" . 

'V'I. f'f. 2558 ( 0.01557 iift~ n-r~/ft fl'U1f'frl L~Wi'j) LLft~tJ~~1ru~'Uft~eJeJ\1~161~ 1 'UL~eJ'U tl'UCJ 1CJ'U " . . 
'V'I.f'f. 2557 (0.00918 iifl~n-r~/ftfl'U1f'frlL~Wi'j) LdeJoW"iJ1'jru1'V'I'Ul1L~eJ'Utl'UCJ1CJ'U eJCJL'U"li1\lfl~~'U 

~ ~ ul~ 

"l.leJ\ItJ'j~ L 'Vlf'f1 'VlCJ 'j~VIl1\l L~~~'UtJ'j~mru flftl\1 L~el'U'V'I~~.f11f1~5\lflft1\l L~el'U~ft1fl~ ~~ell1 L tJ'U 

.J...:::.~ .-::!IC!I..::lil 

n~n1ft'Vl~f!rum'V'Imfl1f'f'Vl~'V161~ VI.... , , 

tl~~1ru~'Uft~eJel\l"l.I'U1~L~nn11 10 1~Lfl'j"L~m 1'U'U~nru&in~thCJ'UeJfl 2 LLCJm1m~eJ'U 'V'I'Ul1 . " 
L~eJ'Uiit;1'U1CJ'U 'V'I.f'f. 2557 i1tJ~~1ru~'Uft~eJeJ\ILu~CJ61\1~61~ (0.02298 iifl~n-r~/ftfl'U1f'frlL~W~'j) , , cu , \I 

'jeJ\Ift\1~1fim~eJ'U'V'I~~.n1f1~ 'V'I.f'f. 2557 (0.02259 iift~n-r~/\jfl'U1f'fnL~Wi'j) "li1\ltlft1CJ~~-reJ'U 

'ii\ltJ~mru~'U~1 ni1611 L VIWI~1'U 1 VltU~1"i11fl1'j Lt:-1 11 'Um~\ltJ'j~flel'U tl'U fl11~~'U 1 'U'lJ'j'jCJ1fl1f'f'IJeJ CJ fll1 . . ... 
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~f1U1f3lnb~\911) b~tl'W"il11UJ1~U11L~m.l~']f3l~mm.J bth.J"li'",J-:ltl!;l1EJ']~~·hJ~eJ.:Ji11"111~~'W1'Wu11El1f11f3! 
vh 1 'l-1tl1~1rue:l't.!!;l~tltl.:J1 'Wmmf3l~tJ'W"li'1.:J~1 tl1~ntJunulii'1'W1'WeJ-ruu1m1eJU1EJ'Wtlf1 2 ~1f1rJ1'VIf1 

'I '\1 '\1 , 

b~tl'WbU~EJ1'W!;l~ 598 l"l'W\PltJ1'W 6fi.:J~tlrJ1 b tJ'U~f1\1"iJ-.ilEJ 1 'Wf111'l11e:l'W"i11f1fl1EJ'Wtlf1tl11"111b "li'1?ff11EJ 1 'W . ~ 

tJ11"111 vh 1 'l-1tl1~1rue:l'W1 'Wb~tl'W~flf3!~ mEJ'Wi1~1~1G't~\911.:J"il1f16li.:J"li1.:J b~tl'W~'W~i1 eJ-ruu1m1bU~ EJ , VI , '\1 

th~~1ru1''W!;l~ 1,014 l"l'W/1'W 

tl~~1ru~'W!;l~tltl-!l"ll'W1~b~f1n11 10 1~LI"l1b~m 1'WU~b1ru-HtJ.:J~.h~~ bbEJf1m~11m~t1'W ~u11 • 
tl~~1 ru~'U!;l ~tltl-!l"lltJ-!l-HtJ-!l ~ 1 ~ ~ 1 'Wbb\Pl!;l ~ L~tl'W~tl'W"li' 1.:J1~ l"l-!l~\911~fl~ f11j;l b ~tl-!l"il 1 mr m~ru~-Htl-!l bb!;l ~ 

' "I~ 

1"111~~'WU11EJ 1f11f3lf11EJ1 'W-Htl.:JeJ-!l b tl'W!;lU'VI~m'J.:J1~ L tl'W1 tl\911~~1\911;j1'W 6fi.:JtJ~1~'VI11.:Jf111"lltJ ... , 

.:Jutl1~~1ru1 'Wm1tl-ruti1.:JLLm "ll1~uu Lb!;l~ 1 'Wb~tJ'W~flf3l~mEJ'W ~.f3!. 2557 ~um~1ru~'W!;l~tJtJ.:JLU~EJ 
• "I • 

6'1-!l~£.'1~ (0.02131 ijj;l~f1-r~/!;lf1'U1f3lflL~\911) 1tl-!l!;l-!l~1fltlb~tl'Wf1~fl1~'Wij ~.f3!. 2558 
'\J , 'U , 

(0.02077 iJ!;l~n-r~/!;lf1'U1f3ltlL~m) "il1f1"li'tl~!;l1'W1~UU HOSXP "lltl-!l h.:J~CJ1'U1!;l~1'W1"ilL"il1nl~'lJrJ1 
~ ~ ·~ 

1 'W"li1-!lb~tJ'Wdi1eJ L oD1-ruu~m1-Htl-!l~1~~£.'1-!lf1rJ1'Vlf1 b~tl'W ~.:J'V\'1 1-Hm~1UI~'W!;l~tltl-!JLU~CJ~tl'WoD1-!l£.'1-!l LL\91 
'\J '\J , , 'U 

f111L tl~ EJ'WLL U!;l.:J1 tlm~fl~ m!;l1~i1e..~!;l\PltJt1~~1ru~'W!;l~tltJ-!l1 'W-Htl-!l~1~~ tl1~ntJunu1~UU1~U1EJ 
"I~ • 

mmf3lfl1EJ 1 'W-HtJ.:J~1~~v.:J1~ L tl'W 1 tl\911~~1\911;j1'Wb vh~m1vh 1-Ht1~~1rumm f3l'VI~'Wb1EJ'Wfl1CJ 1 'W "" . 

5.2 4lemt'WmL'W::i1ltl 

5.3.1 ti~~1UJ~'W!;l~tltl-!l"ll'W1~L~f1f1rJ1 10 1~ l1"11L~\911 i1~1 LU~CJ1~di't.!Lf1UJ,;-~1~1\911;j1'W~ . ... 

'Vl1-!l b~'W'VI1 CJ 1 "iJ di~\1UJ'V11£.'1"llf11~ LbtlU1~"1!1"l!'W l~ CJ LU~1~ eJ~i11~'U'UfliJfl~tl'W~1'VI~tl mi~ L~ CJ-!l~-!l~'W 
Q.l , '\J \1 , , 

l"l111-HI"l11~l.'h~'1!bL!;l~ 1-Hm1b~11d'.:J1~EJm1-.ilm~L uEJu~'W~fl1EJ1 'W L1.:J~El1U1!;l byjt1~1EJ\Plt1m1 

1"11'UI"l~~!;l'W~'Vl1-!ltl1f11f3! LYltJtltJ.:Jtl'Wbb!;l~!;l~f111f11~"il1CJ"lltl-!l~'W!;l~tltl-!l • • 
5.3.2 1"111i1LI"l~m~~mmf3lbv!tJ~~~'W 1"11'W Lb!;l~f1~'W tJtJn?immf3lf11EJ'Wtlf1 LYltJ1~"lt-1?i.:Je..~!;l 

'U 'U , '\J 

m~'VIULLneJ~11-b'u~m11 'WL1-!l~El1'U1!;l 
~ 

5.3.3 ?i .:J L£.'1~~~'1 ~ n11~ ~ 1'W n11il tl-!l n'W\Pl'WL tl-!l"lltl.:J0 -Hu~ f111LL!;l ~ ~-ruu ~ f111"il 1 nt1qJ'VI1~'W 

j;l~tJtJ.:J LL!;l~ LL!;l~~fl~ m1~~1'Wm1~ LL!;lf.'1"llm~~flnl'i'm L "li'W m11G'!VIu1mn'VI~tl m1tl~t11n LL!;l~"il~n ur 'U " '\1 'U 

1 'WU~ nru~ii~'Wtl:Jtltl\1 f111vl11"111~£.'1:::m~~v11\11'W 1-H£.'1:::m~tl11f3lo;nni1ru'V11~'W!;l~tltl-!l L U'WI'i''W . "' . 
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5.3 tfmaumL'LI:L'IJn1'j'h1~~flfo:~fieJhl 
5.3.1 1"111ilm1Pifl't!t1ii~a.n11~m1bn~ hl"l~il6'11bVI19J~1fl~'Lir;'l~mJ~ 

5.3.2 1"111ilm1Pin't!t1 L~mnum1-rui.n11~ L~~~el'um1~~1 n~'Wr;'l~e:~e:~~ 1 'W~'~ LL 1~~m.1 LLr;'l ~ 

'Vl'J~fl111lm1ila~n'W"!.Im0 iu~m11 'W 11~'VlmU1r;'l 

5 .3.3 1"111i1fl11Pi fl'l!t1 LL VIG'l~tl1 L il~"!Jel~fl11Lfl~e:J'W 1 'WLL\9lr;'I~~'W~ Lbr;'l~~1 LL 'Wfl'lh~ L.flV119ieJ btl 
' 





2555. 

f1'H~'V11'l-:ll.J'V11~ 1 'VltJ. L~el-.3 fl'l1l.JU~vtl.fit~L \.lf111'l'i'l-31\.IL~tl1n'Ufl'l1:::LL 1tltlell.J (~'l'Hflij). 

'lh:::mP!m:::'Vl<J'l-:JlJ'VI1t11 'VltJ. 12 mn~1fll.l, 2520. 
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n~uth:::'Vll.l u ru 1mtl-:~ LLG'l :::fl ru:::. "m1fl m~n m"J'IJ\.IL~el\.l'!lel-.3 ~u~:::vv-:J11l.lfl'l t~ 1 \.ILL~:::.n1 t~\.1 e1 n 
, QIQI • 

v'lfl11", 111G'I11l.l'VI11'Vlc.n6ttJP1~\.Ifl~'U'V111L 11fll (G'11"ll11'Vlc.nP11G'I~{LL6'1:::L 'Vlfll 'ULG'lm. 

6(11): 1-15, 2557. 
cv 6 .c::::t. ol A ,B 4:11 

'iilf11f1']~111 Pl'l::: L~"!l1 L 'Vl'V'l. Lelf1~11u"J:::f1el'Uf11"Ulel\.11A1f111l.J'W\.Il'l\.l. \.I'U'Vl'lp: 

lJ'VI11'Vlc.n6ttJG1L "UVi'mi11lJ1511"!!, 2551. • 

Q 1&.1 I I A A .Q. !.1 .c::::t, 6 

lJ'YI'l1'Vltl'l~tl'!lel\.ILLf1\.l. "Uel'ULLf1'U: .fl1fl'l"!l11Pl'lf111lJG'I-:ILL'l~6'1ellJ flru:::'lP!'lf111lJP11G'I~1 

lJ'VI11'VlCJ16ttJ"llel\.ILLrl'U, 2553. 

'U'V'l.fl1'V'l1 'V'l1ti"!l. ~11'l"J:::'U'U\J1VtllJ~oW't!teJ'lf11A. f11-:IL'Vl'V'li: ml.ll"J-:J1'Uel~G'I1'VIf111l.J, 2547. • • 

'VI'Lh 1-2. 29 i1'U1fll.J, 2535. 

h-:~'V'lc.n'U16'1tl1\.11'iilL'iil~qj. Hospital Profile h-3'Wtl'l'U'l~ei'l\.l'l~L~~ty. tJTW1'iilL'iil~qj: h-:~'V'ltJ1'U16'1 

eJ1'U1'iilL'iil~qj, 2558. 

'l-:JPl~w5 ~l.l'IJLG'ItM LLG'l:::flru:::. l.l~fl11:::enmA. ~ "" "' f11-:JL'Vl'V'li: 'iil\416'1-:Jf1111llJ'V11'l'VlCJ16'1tJ, 2540. • • 
'U'l11i~&l LLG'l:::tl:ol.J G'l'l11rlUUIUI1 L~Pl. ".fl'l1:::lJ~oW't!t'Vl'l~eJ'lf11AL \.lel'lfl'l"J~'lfi'l"JW:::L \.1 

... v v 

'IJ"J:::L'VIA1 'VIti", 'l11G'I111"!!1f111f11:::'V111-:IG'I1'511111G'I"U. 9( 1): 46-52, 2543 . • 
G'l~eltJG'j~1 Lf1G'I1'Vlel-:J. hfl~'lf1f111'l'i'l~'l\.IL\.I~f1. f)~-:JL'Vl'V'li: 'U~~'Vl f1.'V'l6'1 (1996) ~1tl~, 2549. 

G'l~li1 L'Vl'V'l~"J:::f111'V'l1. "f111&'f-:JLG'I~l.JG'I"U.fl1'V'l1'UG'Iti1\.IU"J:::f1el'Uf111", 111~11f111~~L~~l.J~'!l.fl'l'W • • 
LL~:::el\.l'l~ti~-3LL 1tltlell.J. 25( 4): 3 7-44, 2545. 

~'V15-a'tJ ~l.l6'1Pl~ LLG'l::: .n1~ m~'U'Vl{ amum<Jwuru'YI'l~\.l~:::vv-3L\.I'U11t~'lf11ALL6'1:::e..~~m:::'VI'U .. . 
~el~'!lfl1'WU1:::"111"11\.I L \.I~~'YI'Jtl~h'IJ'l-.3. 'V'l::: LtJ1: l.J'VI11'Vlm6t tJ'UL "JPIT~, 255 3. 



~"!!1~ LnCJ1~l~'WLiil~'1J. L~e:I·UJ~.W~'VI1"1e:l1n1fi~'U~:ml"''U'W1f'ILan. L~CJ-:1 L 'VI~: 
1J'VI11'Vlm~m ~CJ\IL 'VI~, 2555. 

Jinsart, W., Tamura, K., et al. Roadside particulate air pollution in Bangkok. Air & 

Waste Management Association. 52(2): 1102-1110, 2002. 

Londahl, J. et al. "Aset-upforfield studies of respiratory tract deposition of fine and 

ultrafine particles in humans", J Aerosol Sci. 37(9):1152-63, 2006. 

NIOSH. NIOSH manual of analytical methods. Ohio: DHHS (NIOSH), 1994. 
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fl1~~'W1n n 

n11boU..:l1'Wb~~eJ..:JiieJ AM 510 

47 
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n1'a'L-tl~1'U Impactors 

1'Wn1~\?l~ 'l'ill\?1?11lJ1~m~Bilm11ill~~'W1~VlmCJ'lJ'W1~~eJ PMl.O, PM2.5 and PMlO ~\11'W 
' 

.,; 
.fl1'W'Vl n.1 Inlet bb~:: Impactor 

.fl1'W~ n.2 t;Hl~lmpactor 
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~ 
r 

fl1'W~ n.3 't.Jca~mru Impactor 

'We:Jn-oil1nm';i1-ff Impactors bb~1?11~1';itWie:Jn'U Cyclone b~~b~wlhm';i Cut point~ 4 

1~fl'HJ'Whlb~~b~~ 

d I Q.l 

fl1'W'Vl n.4 Impactors lileln'U Cyclone 

(1) bdeJ~-:Jb1611b~tJ'U~mm~1 n\91~~ ~~~ : b~mJeJ'Wn6l'U~ Setup Menu bb!;1~ Main 

Menu 
"' ' 

(2) v11 b "li'Wb~m n'Wnum';i\?l-:J1'WVi 
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m~1 'Yl-:~1'Ubf'l~eJ.:JiieJ 

bf'l~'tl\11i'V'l~.:J.:J1'W~1f1bb'\JI'lbl'l'tl~~ 4 "lli1111 ~'tl bb'UI'lb\9l'tl~B~f'l11m.J (Alkaline Battery Pack) 

bb'UI'lb\9l'tl~U"j~~1ilVI~1~ (NiMH Rechargeable Battery Pack) 'IJ'W1111 1650 mAH bb~~ 2700 mAH 

\911~1.:1~ n.l Battery Information 

Battery Option Charge Time* Intrinsically Safe CSA Rating 

1650 mAH NiMH 3.5 hours Yes** Exia T2AI 

Pack (PIN 801724) Class l Groups A, B, 

C, D 

2700 mAH NiMH 5.5 hours Yes** Exia T2C/ 

Pack (P/N 801722) Class 1 Groups A, B, 

C, D 

6-Cell AA-size Pack N/A No N/A 
~ 

(PIN 801708) 

*Of a full depleted battery **All dust plugs and gaskets must be installed 

d " 
'VlVI'W1~'tl~~bbii'l\9l.:J Model, Serial Number, 

Mode/MAIN MENU 
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tl~bu~ - u~bfl~e:J~ 1~~Jb<urn~U~bfl~e:J~1~n~tl~fh~ 
' ' 

~ H 3 i1J1V1 

r't' 
I 

:.1 ! 
I 

·!t -. ~ . ..Ji> ..... 
....... -:-... "· ...._ 

:Q 

bbG'l~tJ~mHiJe:J~'"m1"UU'Utie:JCJVl6l'~~~ "0 SECONDS" 

1mtJm'acJe:JtJn6lu6'i MENU rie:JtJVl~1 
6~ 

'IJ 

..... 1mtJmWU16'i MENU Vl~e:Jb~e:Jn1'a~tJtJtJfh~1~1 
'IJ 

1-tittJnl'ab~~/G'l~fh bbG'l~1mtJn1'ab~e:JtJ MENU bbG'l~ 
A ... 

mru~l'i'e:J~nl'a~e:Jfltl~ 1 ~n~tJ~ fi'1~H 
' ' 

ct cvd d 4 

n1-;ilil~b 16'11 I 'JtJ'VI "Ue:J{lbflie:J{j~e:J 

(1) bU~bfl~e:J~ AM 510 1~CJn~tJ~ .. ,,~ 
' 

(3) "illmfub~eJn Setup Menu 1~CJ1i • "' 

b•ih?i Menu 
'IJ 

(4) "illm!u b~e:Jn Time/Date Menu bbG'l~H' • ""' 
I I I 1./ 

nl'abYl~/G'l~ nmV11'i'e:J~m'abiJe:J~~nm 

(5) bi.'!~"ilb~CJ'U~e:JCJ n~tJ~ ~"'~ 
' 

Clear Memory 

1mtJmru~l'i'e:J~m'aG'lU-iJe:J~G'l1tJmru~bnu~-w~1~bbUU Manual Log bbG'l~ Run Program 
" " dQ.I Q.l o<::ll 

~"U'Uiile:JtJ~~'U 

(1) n~ Enter b-111~1Vl Set Up b-1!1 Clear Memory n~ 
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(2) ~1ml'W~vtth~e:J~~'\J~1n£] CONFIRM CLR PRESS ENTER n~n 

(3) vtth~e:J~~'\J~1n£] Memory Cleared bb~~~eJ'Wm~\J1tJ~ MAIN MENU • "' I 

Clear Log Data Log Interval 

m~tJ1''U~~fi1 Log Interval ~~bU'Wm~tJ1LJ6'11vt1''U Run Manual1'Wmru~~bU'WbU~bbmll 

Time Constant 

bU'Wn1~~~fllbtJ~CJ1'Wm~bb~tn~~~'U'Wvtth~eJ (Moving Average) b~e:J~e:J~m~~~fl1 n~n • "' 

Adjust Flow 

m~tJ1'U~~fiTeJ\91~1m~1vt~1~b-if1lll~ Main Menu/Setup Menu/Adjust Flow \911ll!;\'1\ii''U 

b~e:Jntn Enter ~~b~ll'\J1''U Flow Rate 1~nt~m~n~n • "' b~mhm~tJ1'U~~I"il1~~ntJ~eJ~~ 

Calibrator bU'W\ii'1·€h'W Enter b~eJ1~eJ'mlm~1vt~~~eJ~m~ 

Statistics 

~1n Statistics 1~b-if1lll~ Main Menu/Setup Menu/Statistics n~n Enter 1~ntJ~1ll1~11 

(1) Max: Maximum concentration value recorded (mg/m 3
) 

(2) Min: Minimum concentration value recorded (mg/m 3
) 

(3) Avg: Average of recorded concentration value (mg/m3) 

v 

bll'W~e:Jt~iim~vh:~l'Wiii'~.U 
" 

Data Log 

ii Sub menu lii'~d 1~nt~1i ... "' 1'Wm~b~e:J'Wbll'W~e:JCJ bb~~n~n 

(1) Run Manual 

(2) Run Prog 1 

" 
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(3) Run Prog 2 

fWl Enter V!~eJ PAGE bfl~eJ·:l'~::;m~l11'i'eJ..:JnT~·1~V!tJ~nT'Hfh.JoVmJ61V!~e.lbl.J~1 s5wn?l1~1'Hlb~Bn~ ' ~ 

~::;bn'UoVeJ~6119leJ1m~tJm1n~~ PAGE 
~ 

1 I I I 

bijeJvhm1V!tJ~bn'U~1eJ~1..:Jbfl~eJ..:J~::;bb?l~..:Jfi1?l..:J?l~, il1?1~, fl1bQ~tJ, 8-hour TWA, ';i::;tJ::;nm 
Cj 'U , .. 

Run Prog 1 bb61:: Run Prog2b 11?11~11fl~..:Jfi1n1'Hfl'UoVeJ~611-u Prog 1 bb61::; 21~~1n 

Software 

1u1::;V!l1..:J n11 bfl'UoVeJ~61 ?11~11tl n~~l.!V!~eJ61..:J b ~eJ~fl1~1..:J61 19le:J 1 LJ-d1~ bb 'U\91 b\9leJ~ 8-hour ~ ~ I 

Setup Menu 

b 11?11m1t~LJ'!u~..:Jn11vl1\11l.l'1JeJ..:Jbfl~eJ..:JijeJ 1~m~ Menu ~eJtJ~..:J.Q : 

Time/Date, Clear Memory, Log Interval, Time Constant, Cal Factor, Adjust Flow 

Time/Date :1~vl1n11~\lfl1~1l.l TrakPro Software 

- TWA : 8-hour time-weighted average (mg/m 3
) 

- Time : Elapsed time of test 

ZERO CAL 

' ' 

(2) boV1~ Main menu bb61::; Zero Cal n~ Enter bfl~eJ..:J~::;b'1~1!'Ut~eJtJV!~\1~1n 60 ~\1 0 
~ 

v 

~1n11uwJ1~eJ~::;bb?l~..:Jflll1 Cal complete bbii'lii'e:Jun~'U~ Main Menu 
~ 

n1161.:1bU'abbn"a~ TrakPro Data Analysis Software 

btlu1 l.J1bbm~m m um1 download oVeJ~mb61::;v\'1 report oVeJ~61m~~1mfl~eJ..:Jbi'iu~1eJ~1..:J 

mml"l SP530 bb61::; SP730 1~tJfleJ~Yhb191eJ~~~::;ti..:J1l.l~1Wl'U Software ~::;\?leJ..:J1.u' 

1::;uuLJl]1.1'~m1 Microsoft Windows bb61::;~::;19i'eJ..:JiJ port USB bVh~u 
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i7j;•-·.: 
~r~: ~-<~ 

:.. 

Battery Screw 1"ll11B~2 ~1BBmvlm11fl1~TLl~CJ'U battery pack 

Power Port 'liB~;;1Tvl-r'Ul~V'l.J?I1CJ'1l1{~ll'U~l~B~VI~mdB19i'B~m~1.ut~~~~ 

Exhaust Port l'Ut!'liB~mflll"lBBfl 



.fl1~~'W';lfl "tJ 

~1~fl1~fl1~~11~~~1~1~~ 

b~el~~11~~~el ~Jl~b 'W fl1Wh~1'W b~~'d tl'U6i.fl1'V-l bb 1 ~~el~ (6i11b~ij) 
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~~~n1~n~~~~1~~~~~1~~ 

b~B~ fi111~~~B~Jl~b '\.Jn1~'Vh~1'Wb~~1tl'U.fl11~ bb 1~l\'e1~ 

(~1~bfilij) 
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e:n~t.J'tlTU1\J\911~m1~1u-1re:~2 (7) bbvt-:J'\J'i~nlf'l'Ue:J-:JI"'ru~tJij~mJ'u~ 103 61-:Jl'W~ 16 lJ'W11"1~ 2515 

m~VI 'Jl-:J~VI1 1'11 VI t.J~-:J n1VI'WI'l?ll6'1 ~ nl'J b~ t.n rl'U?l'U.ll1'V1e:J'W liJt.J bb61 ~m1~'\J 61e:JI'lJlm'hVI'r'U61 f1~1-:J1l , ~ 

~-:J~e:~1ud 

vv11utJ'J~mf'ld 
"b~'W1t.J" Vlmt.Jm1lrh ?J1'J~iJ~n~ru~bVIUmbb61~t.J1ll"'~1m~ulil1t.J iJ~unlbi'llil\J1n bd ~'ll ~1'11 

Vl~e:J 1t.J~-:J bi"''J1~~ 

"~'W" Vlmt.Jm1~l1 e:J'W.f111"1'1le:J-:J'Ue:J-:Jbb~-:J~?l1m'iflV1-:~m~\J1t.J '\J~1 Vl~e:J61e:Jt.Je:Jt.J1 ue:nmf'lllil 
, 'L , '\J 

1u e:nmf'l11il 

"bbfl?l" Vlmt.Jm1~';i1 'Ue:J-:!1 Vl61lJU~ml'l'iVI~e:J'JUVI'i-:Jhi bb tl'We:J'W~?l1~1'JflV1-:J m~\J1t.J bb61~bU~t.J'W 
~ , 

"1-eJbl"'lJ "VImt.JI"'l1~l1 1e:~~ bfll'l~'W\11 f16'11'ibl"'~~ b'\J'W'Ue:J-:1 bVI611VI~e:J'UeJ-:J bb ~-:J 1 'W?l.f11l~Uf1~ 

"'Wlt.J~1-:J" Vlmt.JI"'ll~l1 ~~-:J\9lf161-:J-ru61n~1-:~ b-1J1v\'1-:~1'W 11'lt.J~1t.JA1~1-:~1 ~ bb61~VImt.JI"'l1~'il~~-:~~ 
~ ~ ~ 

"61 n~1-:~" VIm t.JI"'l 1~-;h ~~-:~ \91 f161-:Jvl1-:J l'W 1 ~bbfi'W1 t.1~1-:~ b ~e:~-ru fi1~1-:~ 1:W11'~~ b tlu~-ru f"i1~1-:~ lil1 t.J 
~ ~ ~ 

l'l'W be:J-:1 Vl~e:J 1:W n\911~ bb61~VIm t.Jm1ml~~-:~61 n~1-:~'\J'J~-.s1 bb61 ~61 f1\J1-:Jill"''i1l bb~1:W'il~~-:~61 n~1-:~~-:~v\' 1-:1 l'W 
~ ~ ~ 

d v v 
bf1t.J1f1'\J-:J1'W'Ul'W 

"61n~1-:~'\J'J~-.s1" Vlmt.JI"'11~11 61f1\J1-:~~-:~'W1t.J~1-:~I'ln61-:~~1-:~Hbtl'Wm'i'\J'i~-.s1 
~ ~ 

"61f1~1-:~i11"1'i11" Vlmt.Jm1~l1 61 f1\J1-:J~-:J'W1t.J~1-:JI'lf161-:J~1A-Jl:Wbtl'Wm'i'\J'i~-.s1 b~e:Jvl1-:J 1 'WeJ'W~ 
~ ~ 

~n~ru~ btl'WI"'#-:~I"''i1l btl'Wnl'i\l'i Vl~mtlu1'\J1'11~~~m61 
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"" ~1'HFill 

1/v 2 \?161 e:J~1:;; CJ:r! bd61Tvhnwu n~m CJ 1 u?Jmu~LJ1:meJu m1vfl ~61 n~1,rvhnu\J:;;~LJ~m rufll1l.l 
'\J 

boVl.loV'W '1JeJ--l?l11 bfliJ1 um1CJ1fllf"1'1Je:J--1 fll1'vh:nu 1~mu~milun11~fl1V1'W~ 111 'W\?1111-:JV1mm61'1J 1 Vf1 t.J 

U1:r!fllf"1.Q:!J11?1 

1/v 3 hil11:i!t.J:i! nm 1~'1Je:J--1 m1'Y11--11'WLJ n~V11l.lin ~u1 t.J~1-.11 ~61 n~1--1'Y11--11'W 1 u~~~LJ~m rufll1l.l 
\) 

boiJ'l.loiJ''W'1JB--1?!1'lbfl~bn'Wn11~n1V1'W~ 1lt 'W\?11'l1--1V1mm61'1J 2 Vl1CJU1:r! mf"1d 

1/v 4 V11l.liJ1 ~'W1t.J~1--11 ~61n~1--1'Y11--11'W1 u~~~LJ~mrufll1l.lboVl.loV'W'1JeJ--1?!11bfl~bn'Wnl1~fl1V1'W~ 11 
'\J 

1u l?l711--1V1mm61'1J 3 'Vl1t.JU'l:r!fllf"1d 

1/v 5 V11l.liJ1 ~'W 1 CJ ~1--11 ~61 n~1--1 'V11--11'W 1 u~~~u~l.l1 ru~u bb 11 uu11 CJ 1 n1 f"1'1J e:J--1 n11'Y11--11'W \?161 e:J~ 
'\J , 

'l:i!t.J:i! bd611 m1'Y11--11'W'l.Jn~1~mu~milun11~f11V1'W~ 1lt um11--1V1mm61'1J 4 Vl1CJU1:r!fllf"1d 

1/v 6 mCJ1u?tmu~tJ1:;;nBum1~~m11i?t11bfl~~n1V1'W~1ltu\?11 11--1V1mm61'1J 1, 2, 3 Vl~B 4 ~--1 

M11 'V'I'1J e:l-1 f1111 iJu e:ll\1 b tJ 'W el'W m 1 CJ~ mTI oUVl~ eJ ~B t.J b fl~ bfl t.J--1 1 ~'W1 CJ ~1--1 ~~~e:l -1V1~ e:le:ll 1"111~ 1V1-ru f1111 oU 
'\J '\J '\J 

?!11bflffi l1~mt"l'V'I1:r! 

1/v 71 umru~mt.J1 'W?!t:n'W~U1:r!f1eJU f111~~?!11bfi~V1~mJ'Wbb ~~--1 n1:r!\l1 t.Ji.'1m1t.J1 f11f"1'1JB--1 f111 
, , '\J 

( 1) ~'W61:r!BB-.1 yjl.J bbfl?! Vl~B 1mfl~(i)'B--l?!llJ1~~meJ--1B1f11f"1V1~e:lbfi~B--1'1ht.JV11tJ1\l~bV1lJ1:i!?llJ 
, '\J 

(2) ?!11bfliJ1m'lJ'1JB--1'1JB--1 bV161d~btJ'Wy;~ (i)B--l?lll.lb~fl--l~BCJ1--1 1'El--1 bVl1~'WCJ1--l~l.lbb~-1 n1:r!U--1V1lJ1 
'\J , , 

'llU~ 1?~ bb61:r!~ nu?t11 bfl~ m:;; b~'W fl n~1--1 m t.J 
'\J 

(3) ?!1'lbflffi mtJ'1JB--1'1JB--1 bb ~--1~ btl'Wy;~ (i)'B-l?!ll.J b~fl--l~Bt.J1--1 bb61:r!1B--1 bVl1~'WCJ1--l~lJ~'W 
'\J , , 

'VIll'J~ 2 

-ife:J 8 miJBm-:~(i)'e:J-:~'Yl11?i'l t.Jt.J1--1V1~Bl\?lfl~'W~fl~1 t.Jtl'W ~fll1l.l CJll~l.l~--loVeJiJB ~~ n~ru:;; ti?tll.lnu , , , 

d1iJe1 11?i''Vl n-61 ~fll1l.l bVliiCJl 1l.i5n'1J1~~1CJ ?!1l.l1'lfln'Wtl1 bb61:r!?l11bflffil?i' , 

1fv 9 1e:J-1 b Vl1CJ1-:J~l.l bb .V-:~(i)e:J-:~'Yl11?i'lCJ m-:~V1~e:Jt.J1-:Je.J?!l.ll\?lfi~'W b~m'1ll.lbb~l~fll1l.l?t--11l-i1Je:Jt.Jn11fl~--1 
' , '\J 

bb .V--11l.i5n'1J1~~1 tJ ?!1m1fln'Wtl1 bb61:r!?l11bflffil?i' 

1/v 10 m:;;u-.1V1lJ1'1lU~ b?l l'i''Jm:;u-.l(i)B--l'Y111?i'-w'V'Im?t~n1?tV1~Bl'lilfi~'W~~~ n~ru:;fl~ 1t.Jtl'Wl.!B--1 b~'W , 
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b\Jl bb~~~B.:J1:JJ~\9l 1 vJ~ltJ 

1/v 11 ~mel~ m nl\'1~1'\1!-r\J 1-ifl"l'ael\J'J:Wflbb~~lll f1 n\J6'11';i bl"lij ~el~ 6'11:!Jl';i()~\9llJ~:W1 illl"lll:W b -1J:w-1J'U 
" 

'Um?ITHAmJ1Vi\n'Ufl'"h~n1'\I!'U\9l 111 'U~ml~V!mm~'U 1, 2 bb~~ 3 

1/v 12 ~ f)"j'€)~'€)1 f111'1~1'\l!-r\J 1-ifl"l';i'€1\J'J:W flbb~ ~lll f1 tl'U~'Ubb ~ ~'€l'l6'11:W1 ';i()~\9llJ~:W1ill~'UbdiJ1 vi\n'U 
'IJ ' , 

fll1~tl1'\I!'U\9l 111 'U\911';i1~'\l!:wlt.Jb~'U 4 

1!v13 bA~B.:J'1ilt.J'\1!1t.J10Jvfl-1Jn\J vJ:w bbn?l '\I!~B1mAij ~mbU'Ubb\J\JV!thmflA';iB\Jb~:wV!thll';i~bfi'Vl~ij 
'IJ 

a a 
b'U~bl'16!~ 

1/v 15 -1J'Brl1'\I!'U\9l b~t.Jd tl'U?I'U.fl1'V'W'U1JJ t.J bb~~Y'll1:Wll~B\9lnt.J~ tl1'\I!'U\9l 111 'UlJ';i~ f111'1.Q'bU'U:wl\9l';i9'i1'U , ~ 

~'U~1~'J~~B~lli]u1hvhJ'U 
1fv 16 ~1'U1\9l~ij~ fl'\~ill~ 1:!Jb'V!:w1~6'1:W bbnfll';i~'J~ 1 Vl~ f1~1~1-ife:JlJmrufi':wme:J~Y'll1:WlJ~B\9lnt.J~l'U " , , 

~1"11"1~ 1'1-:J~';i~~ 111 'l.JlJ';j~flll'l.Q 'Ult.J~l~mOJ~B'U~'U 1 VI~ fl~l'l';i~~\J fll';j 1-ffElllmruJ'UbtJ'I"ll~ f11';il!i]\J1i~1'U 1 'U 

~m~ru~ b'1i'W11J'UbU'Uf11';iilA';i1lH1 

1/v 1 71 'Umru~'l"l1!f1-:J1'Ub~1V!th~l'1';ilOJ'I"l\Jl16'11';ibAffi 'U'U~b lru?lm'l.JlJ';j~ flB'U m';iiltvi' bU'U 1llm:w~ 

n1V!'U\9l 111 'l.JlJ';j~flll'lffi Vi'l"l1! fl'l1'Ub~1V!'W1vfl Vlrh bb 'U~111~m~B'UbU'UV!iJ.:J~B1 Vl'Ul t.J~1-:Jlli]\J1\m';i 1 Vi~fl~B'~ 

mt.J1 m~t.J~nm~n1V!'U\9l 11 

1/v 1s ll';i~ml'lm~'Vl';il~:w'\1!1(91 1 'Vlt.Jmr\Jm w -ifu~A'\J b~BYi'Un1'\I!'U\9l'\l!~~~elmbll\9l~ul''U1!u bbl'll''U 

l)';j~f111'11 'U';il'Ufl'J'Jl'Ub 'U f1~1 b tJ'U~'U 1ll , 

flltl.:J q1b"'lt.J 

~9'i:W'U\91~'1il t.Jl1f11';i'1 ~f1~1';i1'Uf11';ibb 'Vl'U 
"" 



" 
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m:U1W6'11'iL~ii 

~1\iluiii ~!l6'11'iL~ii 
~hulu~hurl1u il6'l~n-r:u~!l!l1n1r1 

1~wm:u1\il'i 1 ~nmr1rh:ulil'i 

(p.p.m) (mg/M3) 

1. B6'llii~U (Aldrin) - 0.25 

2. Bt'BU~B<HlJ'VIGG'l (Azinphos-methyl) - 0.2 

3. !'16'1BLiiiU (Chlordane) - 0.5 

4. ~~~(DDT) - 1 

5. ~~lYl(DDVP) - 1 

6. 11i11'16'1B1B<'I (Dichlorvos) - 1 

7. ~6'1\ii~U (Dieldrin) - 0.25 

8. 11i1Ll.I'VIG6'1 1, 211i1L\J'iLlJ 2, 211i11'161BhLB'VIG6'l~B<'IL~Iil (11i1U'iBlJ) 

(Dimethyl 1, 2-dibromo 2, 2 dichloroethyl phosphate - 3 

(Dibrom) 

9. LB'Wiii~'W (Endrin) - 0.1 

10. QlBBB'W (Guthion) - 0.2 

11. llltA''lB1{~L'Will (Lead arsenate) - 0.15 

12. ~'WLiiiU (Lindane) - 0.5 

13. mmlBBB'W (Malathion) - 15 

14. LlJ5Bn~!'16'1B (Methoxychlor) - 15 

15. 'iili'1~'W (Nicotine) - 0.5 

16. ~li'VIBn'li' (Systox) - OJ 

17. LLIII6'1L~VlJLL6'ltl11'i\J'itnB\J~6'lt6'11V 11'\' 
- OJ 

(Thallium (Soluble compounds) as Tl) 

18. lBLL'ilJ (Tiram) - 5 

19. Vl'Bn'!I1W'W (Toxaphene) - 0.5 

20. Vi1'i115BB'W (Parathion) - OJ1 

21. ~Blllii~U (Phosdrin) - OJ 

22. 1Yi~5~lJ (Pyrethrum) - 5 

23. 'l1{~~1~'W (Warfarin) - OJ 

24. !'11{U1~6'1 (L'IIl'W (B1{)) [Carbaryl Sevin (R)] - 5 

25. 2, 4 - ~ (2,4 - D) - 10 

26. Vi1'i1!'11B'VI (Paraquat) - 0.5 

27. 2, 4,5 ~ (2, 4,5 T) - 10 . 
28. n'ilil"l.h~:u (Acetic Acid) 10 25 

29. LLBlJLlJLiiv (Ammonia) 50 35 
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m1.11UHl1'iLI'Iii 

• v d ~tl~Tlbl'lii 
6'i•u1u61Tw6'i'l\J ii6l~n-r1.lllivv1ml'1 

6l11iltJ'VI 
1Mm1.11\ll'i 1 ~nml'1nL1.1\ll'i 

(p.p.m) (mg/M3) 

30. ~WVI'WLL(1:;~1'it/'i:;ntJU"!!eN~W'v1'W 
~ ~ 

- 0.5 
[Arsenic and Compounds (as As)] 

31. mi~"W (Arsine) 0.05 0.2 

32. 1u~\l(1 (Biphenyl) 0.2 1 

33. U~~'Wtl(1 btl (Bisphenol A) 0.5 2.8 

34. miutJ'W 1l11tJtJn hv1 (Carbon dioxide) 5,000 9,000 

35. miut~'W1Jti'W'Wtln 1'11111 (Carbon monoxide) 50 55 

36. !'1(1ti~'W (Chlorine) 1 3 

37. !'1(1tJ~'W1l11tJtJn1'1!11i (Chlorine dioxide) 0.1 0.3 

38. bl'l'i LD ~1.1 LL(1:;~1'itl'l:; nt~U"!!tl~ 1mLD~1-l - 1 

39. '\j1-l"!!tl~'VItl~LL!11~ - 0.1 

40. ~'W'I-1~tJ(1:;t)tJ~'Utl~'VItl~ LL!11~ - 1 

41. ~'W~1~~u [Cotton dust (raw)] - 1 

42. 1'11~11"Wi11 (Cyanide as CN) - 5 

43. LtJ'VI5(1 eJ(1nfl!Jtl~ (LtJ'VIli1'WtJ(1) [Ethyl alcohol (Ethanol)] 1,000 1,900 

44. 'l'l~titibl1i [Fluoride (as F)] - 2.5 

45. 'l'l~tlti~'W (Fluorine) 0.1 0.2 

46. 1!lbl11'iL~'W 1'1!~11"Wv1 (Hydrogen Cyanide) 10 11 

47. 'lj1-lL'I-1~ntJtJn1'1!11i (Iron Oxide Fume) - 10 

48. L1J'V15(1eJ(1ntJ!ltl~ (L1.l'VIli1'WtJ(1) [Methyl alcohol (Methanol)] 200 260 

49. i1Lii(1 mibui:JR (Nickel carbonyl) 0.001 0.007 

50. i1Lii(11 "W~'IJ"!!tJ~ bR'!-1:;LL(1:;.,1'i'\.J'l:;nt~U~(1:;(11~ 1tli' 

(Nickel, Metal and Soluble Compounds, as Ni) - 1 

51. n'll111'Wlll~l'l (Nitric acid) 2 5 

52. 1"Wlll~l'ltltJn1'1!11i (Nitric oxide) 25 30 

53. 1"Wb\ll'iL~'W1l11tJtJn1'1!11i (Nitrogen dioxide) 5 9 

54. 1"Wb\ll'ln~L'1!tl~'W (Nitroglycerin) 0.2 2 

55 . b'1!L~~1.1 1!ll11'itln 1<& (Sodium hydroxide) - 2 

56. ~m'l'ltJ-il(iltJtJn1'1111i (Sulfur dioxide) 5 13 

57. n'il11fh 1-J:;tl'W (Sulfuric acid) - 1 

58. L\ll\ll'l1LtJ'VI5m(1!11 [Tetraethyllead (ad Pb)] - O.G75 

59. L\ll\ll'l1L1-l'VI5(1LR!11 [Tetramethyllead (as Pb)] - O.G7 

60. ~l.ln LL(1:;~1'it/'i:;ntJUtJU"W'VI%"!1tJ~~l.ln - 2 

61. ~un LL(1:;~1'it/'i:;ntJUB'W'VI~V"!!tJ~~un 
' ' - 0.1 

62. ~'WtJ(1(Phenol) 5 19 

63. 'l'ltl~~'W (mibui:JR !'1(1tJb!11) [Phosgene (Carbonyl chloride)] 0.1 0.4 

64. 'l'ltl<1~'W (Phosphine) 0.3 0.4 
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m1J1ruf11'aflij 

~vf11'Hflij 
~'J'IJb'IJl;lTIJ~'J'IJ ij~~n~1J~vv1n1f'l 

~1~'U~ 
1 ~n'U1f'lntll9l'i 11iwmll19l'i 

(p.p.m) (mg/M3) 

65. mV1~B<'I~eJ~fl (Phosphoric acid) - 1 

66 . ~ml~el'5'<1 (tV!ftti~) [Phosphorus (yellow)] - 0.1 

67. Ylti.,~ti-5'<1 t'I'I'\J9l~fll1tihlil (Phosphorus pentachloride) - 1 

68. ~tl<l~ti-5'., t'I'I'IJ91~~111~1il (Phosphorus pentasulfide) - 1 

69. ~v.,~v-5'., L\ll'ifll1tihlil (Phosphorus trichoride) 0.5 3 

70. 1'11~'\J (1'1111€111) [Xylene (Xylol)] 100 435 

71. '\jll'tlti~Gi'~n~~fll1tihlil (Zinc chloride fume) - 1 

72. '\jll'tlti~Gi'~n~~tltlnL'IIIil (Zine oxide fume) - 5 
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'tfhnru~1"HI'Iil 

.. .. ri·:l'u 1 u %huri1u i1%'1~n7:u~mnn11'1 
~1~uVI "!feHl1'ibi'I:U 

1 %'\OU11'1flb:UVI"l' bVltJ'tfl:U1Vl"l' 
" 

(p.p.m) (mgiM3
) 

1. e)"~'U 1n%'1'5~" ~hvril~ (Allyl glycidyl ether (AGE)) 10 45 

2. 1-u'l'l'il'U 11i1'lvl%'1'il'ilh~ (Boron Tifluoride) 1 3 
' 

3. thYi%'1u:::hn1 (Butylamine) 5 15 

4. bVI'ilbYltJ~-thYi" 1fl"l'b:Uii1 (Tert-Butyl chromate (as Cr03)) - 0.1 

5. fi%'\B~'U 11il'lW%'1€l€l h~ (Chlorine trifluoride) 0.1 0.4 
' 

6. fl"€11 'l€l:::b~VI~%'1~1eJ~ (Chloroacetaldehyde) 1 3 

fl"'il bvJB~:U (1\il'lfl"€1 hilL VI'U) (Chloroform 
7. 50 240 

(trichloromethane)) 

8. B€115-1\ilfl%'1€11 'lbU'U'il'U (a-Dich lorobenzene) 50 300 

9. 1\ilfl"'il bb'e:JVIG%'1 ~L5'il~ (Dichloroethyl ether) 15 90 

10. 1, 1-1\ilfl"'ilb 'l-1-1'UL\il'l~LVIU (1, 1-Dichloro-1-nitroethane) 10 60 

11. 1\il1n"'5~%'1 ~LVI€1~ (~ ~ ~) (Diglycidyl ether (DGE)) 0.5 2.8 

12. LBVIG" Ll.IB~LLfiULL\ilU (Ethyl mercaptan) 10 25 

b€JVIB%'\~U 1f1%'1fl€l%'1 1\il 1 UL\il'l\il LL%'1::: I 'VI~€1 1uLiil'l1f1%'1b'IJ'il~'U 
13. 

(Ethylene glycol dinitrate and I on Nitroglycerin) 0.2 1 

14. 1eJL\iiWilU fi"Bh~ (Hydrogen chloride) 5 7 

15. 1BL€l~U (lodine) 0.1 1 

16. LL:U~f11'W~ (Manganese) - 5 

• 17. LlJV1Bfl1m1lJr; (Methyl bromide) 20 80 

18. b:UVIG%'1 b:U€l~bbf1Ubb\i1U (Methyl mercaptan) 10 20 

19. LLB%'1vl1b:UVIG" ~11'1~\J (a Methyl styrene) 100 480 

L:UVIB"~u u~YJij" 1u1'1J1'1JtJ1LUii1 (L~:U ~ 1u) 
20. 

(Methylene bisphenyl isocyanate (MDI) 0.02 0.2 

21. 1:u 1 UL:UVIG" 1eJ\il'l1'5 (Monomethyl hydrazine) 0.2 0.35 

22. LVI'il~Lvluum, (Terphenyls) 1 9 

23. 1 Vl~~u-2,4-1\il 1B1'111'1ltJ1 L Ulil (T oluene-2,4-Diisocyanate) 0.02 0.14 

24. bu" fi%'\Bh~ (Vinyl chloride) 1 2.8 

.. 

.. 
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tn:IJ1t1Hl1~bf1~ 
m:IJ1ruf111:1J 

• ~ .,j ~illl1lbf1~ 
f111:1J bi:~Ji'Ubw~!.l m:IJ1CIJf111:1Jbi:IJi'Uil~~ill 

bi:IJi'U~iJ1;)!Ji):IJ !11\li\J'I'I 
7~[J~b1!11~ \ll!lill'll~ [J~b1!11 'tfi:IJ1CIJf111:1J 

1'11ffi.i 
'111~1u\Jn~ bi:IJi'U rhvi\J111L'I1'111~1'U1~ 

1. b\J1J;1J (Benzene) 10 ~11J/!i'11J~11J 50 ~11J/li'11J~11J 10 1J1ii 25 ~11Jili'11J~11J 

b\Jil~m~!J:IJbbn~•m1.l~~niltJbtJil~<1 30 1J1ii 51:IJ1mn1:1J/ 
d 251:1J1mni':IJ/ ~n\J11'1rlblJ\111 b!I!J:IJ 

2. 21:1J1mni'lJ/~nu11'1flblJm 
~f1\J11'1rlblJ\111 (Berylium and Berylium 

compounds) 

">jlJbbflli1b~!JlJ (Cadmium fume) 
0.3 iln~ni'lJ/ 

3. 0.1 iln~n1lJ/~n\J11'1rlblJ\II~ 
~n\J11'1rlblJm 

4. ~1JbbfW1biJm.J (Cadmium dust) 0.2 ilnlini'1.1/~nu11'1rlblJm 
0.6 iln~ni'lJ/ 

~nu11'1nblJm 

fi1{\J1l1J11ll-B'n1yj~ 30 1J1ii 30 ~11J/!i'11J~11J 
5. 20 ~11J/!i'11J~11J 100 ~11Jili'11J~11J 

(Carbondisulfide) 

m{u1J1Jblllm1flnilh~ 
10 ~11J/!i'11J~11J 200 ~11Jili'11J~11J 

5 1J1Yil1J"1f1'th~b1<11 25 ~11Jili'11J~11J 
6. 

4 -&.1~.~~ (Carbontetrachloride) 

b1l'l'liln~1J 11i11u~1lJ~ 5 1J1ii 30 ~11J/!i'11J~11J 
7. 20 ~11J/!i'11J~11J 50 ~11J/!i'11J~11J 

(Ethylene dibromide) 

b1J'I'Iil<1~1J11llfl<1ilh~ 
50 ~11Jili'11J~11J 200 ~11Jili'11J~11J 

5 1J1Yit1J"1f1~1~b1<11 100 ~11Jili'11J~11J 
8. 

3 -&.11J~ (Ethylene dichloride) 

9. yjiJ{iin~!l~ (Formaldehyde) 3 ~11J/!i'11J~11J 1 0~11J/!i'11J~11J 30 1J1ii 5 ~11J/!i'11J~11J 

~uyj~iJilh~ (Fluoride as dust) 
2.5 ilnlini'lJ/ 

10. 
~f1\J11'1rlblJ\>11 

~~~~tt1bb<1~<'~11U1~n1lum'lu'111!l'!lil~ 

lll~ti'1(Lead and its inorganic 
0.2 ilnlini'1.1/ 

11. 
~f1\J11'1rlbi.J\111 

compounds) 

blJ'Ililn flnilh~ (Methyl chloride) 100 ~11Jili'11J~11J 300 ~11Jili'11J~11J 
5 1J1Yit1J"1f1~1~b1<11 200 ~11Jili'11J~11J 

12. 
3 i11lJ~ 

blJ'111lnii1Jflnllhii 2,ooo.;•wli'1u 5 u1Yilu"1n'lh~b1n1 1,000 ~11J/ 
13. 500 ~11Jili'11J~11J 

2 -&.11J~ (Methylene chloride) ~1\J !i'11J~11J 

1lmbnu1u (bwn1A~) bl.lilfl1~ O.Dl iln~n1lJ/ 0.04 ilnlini'1.1/ 
14. 

(Organo (alkyl) (mercury)) ~f1\J11'1rlblJil11 ~f1\J11'1rlblJ\111 

<'111111\J (Styrene) I 00 ~11J1!\'11J~11J 600 ~11Jili'11J~11J 
5 u1Yil1J"1n~1~nn1 200 ~11JI!i'11J~11J 

15. 
3 -B-111.1~ 

1mflnilh bil'111lnliu 5 u1Yilu"1n~1~b1n1 200 ~11Jili'11J~11J 
16. 100 ~11Jili'11J~11J 300 ~11JI!i'11J~11J 

(Trichloroethylene) 2 i11lJ~ 

b\1111111fl<11lh bil'llilnliu 5 u1Yilu"1n~1~nn1 200 ~11JI!i'11J~11J 
17. I 00 ~11J1!\'11J~11J 300~11Jili'11J~11J 

(Tetrachloroethylene) 3 -B'11lJ~ 

18. 1 '11~fl1J (Toluene) 200 ~11Jili'11J~11J 500 ~11JI!i'11J~11J 10 1J1ii 300 ~11Jili'11J~11J 

19. 
1!l11i11b~1J -B'n 1yj~ (Hydrogen 

50 ~11J/!i'11J~11J 
10 1J1ii 20 ~11J/li'11J~11J 

sulfide) 

- 0.05 ilnlin1lJ! 
20. U11l'l1 (Mercury) 

~f1\J11'1rlblJI111 

21. f111ll1milfl bbn~bnii1l1Fnbl.lll1.1 
0.1 ilnlini'1.1/ 

~f1\J11'1rlblJ\>11 
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m:mru~'Ubb~,bil~tJ~~B~1:!tJ:!b1{;11 

rmVI1411..1'\.JnM 

~llii''U'Vi ~Bi111bf111 \'11'UB'4.fllf11liB iJ~~fl~:WiliBB1fl1!'1 

'\.J1:W1~1'1JB~B1fl1!'1 1 ~fl1J1!'1nb:w~1 

1 ~n1J11'1n~~ (Mppcfl (msJM3
) 

1. 'B~m (Silica) 

f15MI~li'lJ (Crystalline) 

- mB1'11 (Quartz) ~'lJ'1J'lJ1~~i11lJ11m-1hii~bb~:!i1:!i1:W1'lJ 250 10 mg/M3 

~~~lJ'tJB~tiB~ 11'1 (Respirable dust) % Si02 + 5 % Si02 + 2 

• 
- f11B1'11 (Quartz) ~'U")fl'1J'lJ1~ (Total dust) - 30 mg/M3 

% Si02 + 2 

- f11i11~1J11m1 (Cristobalite) 1 

[ 250 ~ 1 [ 10 m~M'j - -
2 % Si0 2 + 5 2 % Si02 + 2 

2. bB:WB1Vli111lJ~~bdi511lJ't11M (Amorphus) 20 80 mg/M3 

% Si02 

3. 'B~bfl~ (~11e.Ji1:W'B~fl1~1fl":h 1 %) (Silicates) 

- bbBi1b1Ji1~Bi1 (Asbestos) 5* -

- 'VI~1:w1m1 (Tremolite) 5* -

- 'VIBilfl (Talc) 'W'lfl~bU'lJb.I''U1tJ (Asbestos form) 5* -

- 'VIBilfl (Talc) 'W'lfl~hibU'lJb.I''U1tJ (non-asbestos form) 20 -

- 1:wm (Mica) 20 -

- 1'11tli11~'lJ (Soapstone) 20 -

• - '\.JB1~bbi;1'lJWi~b:W'lJWi (Portland cement) so -

- bbmhl,,j (Graphite) 15 -

- ~'U~1'\J'~'U (Coal dust) ~11 Si02 tlBtJflll 5% - 24 mg/M3 

- ~'U~11..1'i11..1 (Coal dust) ~11 Si02 :W1flfll1 5% - 10 mg/M3 

% Si02 + 2 

4. ~'lJ~riB1~\n~f111:Wi1 f1111J (Inert or Nuisance dust) 

- ~'U'1J'U1~~i11l.l11m 'l'hii4bb~:!i1:!i1:W1 'lJ~~~lJ'1JB4'\.JB~ 11'1 15 5 msJM3 

(Respirable dust) 

- ~'lJ")fl'1J'lJ1~ (Total dust) 20 15 mg/M3 
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PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600 

DEFINITION: aerosol collected by sampler with 
4-1-Jm medja11 cut point 

CAS: None RTECS: None 

OSHA: 5 mg.lm' 
NtOSH: no REL 
ACCIH: 3 mglm' 

SYNON'I'MS: 

SAMPLE~: 

FLOW ~ATE: 

VOL-MIN: 
-MAX: 

SHIPMENT: 

SAMPLE. 
STABILITY: 

BLANKS: 

EVALUATLON: FULL ls.s.ue 1~ 15 F'ebr,uary HlU 
tss.ue 3~ 1 S Januat)l 199 B 

PftO P'E fUIES: contains no asbe9tos and qaanz leo& ·Jhoo 
1 %; pene1rates non-c.lia1ed ponions of 
res,piratory sys1em 

nutsance dusts; particulates not otherwise cl89slfied 

SAMPLING MEASUREMENT 

CYCLONE. + FILTER TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT} 
( 1 0-mm nylon cycrone, H lggin s-D e•\'eli iHDJ 
cyclone, or Alum.num cyclone+ tared 5-j.Jm ANALYTE: mass of respirable du s1 fraction 
PIJC membrane} 

nylon cyclone: 1.1llmtn 
HD cyclone: 2.2 Lim.n 
AI c~·clane: 2.5llm•n 

20 L@ 5 mg.'m' 
400 L 

routine 

stable 

2 1o 10 f•~kl blanks per <:ie1 

ACCURACY 

BALANCE: 0.001 mg sensit ivity~ u'9e same ~alance 
before and a·f1er samp le coll:eo::tion 

CALIE31U.TION: Nation al lnst.tute of StanC'al'ds and 
Technolo-gy Class. S-1.1 or ASn.1 Class 1 
we.gllts 

~ANGE: 0.1 to :2 mg per'9ample 

ESTIMATED LOD: 0.03 mg per sample 

PRECISION: < 10 IJ9 with 0.001 mg se ns.ltivlty helaoce: 
< 70 j.JQ 'l11th 0.01 mg sensitivity ba!ence [31 

ru.NGE SlUOIE:O: O.S to 10 mg,•m' {lab and field} 

BIAS: 

OVERALL 
P~ECISION IS,,}: 

ACCU~ACY: 

dependent on dust <llze dt91robut..on [ tj 

d ~pendent on size C'is.lnbutlon 11 ,:2] 

dependent an '>ize C'l!;tlibution I'll 

AP.PUCABILIT'I': The Y•oi1Cmg range Is Oli to ·tO mglm' for a 200-L air sample. The method measures the mass. canc~nllatlon of 
any non-volatile resp.reb!e dust. In aC'drt.on to Inert dusts [4], 1he method has. been recommended for res~rabi~C> coal dust. Th~ 
me·Jhod r9 lliased In light of Llle recenuy· adopted lntemal.tonal deflni11an of rasp 1ra t:(e d us1. e.g., - +7% b1as for nan-d,es.el, coal mine 
dust [5]. 

INTERFERENCES: Larger tl!.an respirable parbcl~s. {CNe r 10 iJm) ha\'e been found In some cases by m lc rosoopocaooi~· s. s okyclone 
l lltel"'9. Oo·er-slzed partlclec!i in samples. are kno.\n1o lle caused by lnvert.nq the c~·clone assembly. Heavy dust loadmgs. fiben, and 
water-sa1ure1ed dus1s also Interfere w•1h 1h~C> cycron~C> ' s slze-s.!!lec11~e properties. The use of conduc.11\'e samplet'9 1S recommended 
1o mmlm.ze par1icle charge effec1s. 

OTHE.F! METHODS: This metllod is. based an and replaces Sampling Data She!!t 11'29.02 (S]. 

NIOSH. Manuel of Analytical M~thMs {NMAM}, Fourth Ed.ltlon 
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PARTICULATES NOT OTHERWISE REGULATED, TOTAL 0500 

DEFINITION: total aerosol mass CAS: NONE RTECS: NONE 

METHOD~ 0500, I!!!~U!! :2. 

OSHA: 15 mgim' 
NtoSH: no REL 
ACGIH: ta mg/m,, total dust les!> 1 an 

1% quar lz 

EVALUATION: FULL I!!:!!Ue 1: 15 Febr01ny 1984 
I!!:!!Ue 2: 15 Augu!lt 19!14 

PROPERTIES~ cof',1ains no asbestos and qua!lz 
less than t% 

S'I'NO~VIJIS: nui!>ance dus1s: particulales not otherwise classified 

SAUPLER: 

FLOW RATE: 

VOL-MIN: 
-MAX: 

SHIPUENT: 

SAUPLE 
STABILITY: 

BLANKS: 

BULK 
SAUPLE: 

RANU.E STUOIED: 

BI'.AS: 

SAMPLING 

FILTER 
~ared 37-mm, 5- IJm PVC filter) 

1 to 2 Umin 

7 L@ IS mg!'m• 
t3:l L@ t5 mg/m• 

routine 

indefini1ely 

2 to , a foeld blanks per 51!'1 

none required 

ACCURACY 

B to 2B mglm, 

0.01% 

OVERALL PRECISION cS,f}: 0.056 [ 1) 

ACCURACY: :!: 11.04% 

TECHNIQUE: 

ANALVTE : 

BALANCE: 

CALIBRATION: 

RANGE: 

ESTIMATED LOD: 

PRECtSLON (~,}: 

MEASUREIJIEt-;T 

GRAVIMETRIC ~FiLTER WEIGHT) 

airborne particulate material 

0.001 mg sensi1i'o'ity: 
use same balaoce belat e an{j alter 
sample collec1ion 

Na1ional Institute of Standards and 
Technologf Class S- 1.1 weights or 
ASTM Class 1 'l'ieigh1s 

o. 1 to 2 mg per sample 

0.03 mg per sample 

0.026 [2) 

APPLICAB.IUTY: The working range is 1 to 20 mg/m' for a 100-L air s.ample. This met od is nonspecific and determine!> 1he 
totel du s1 concen1ralton to which a worKer is exposed. II may be appLed. e.g., to grEMme1t ic determina1ion of ·f,brous glass. (:l) 
in addi1ion to the o1her ACGIH particula1es no1 ol erwise regula1ed [4]. 

INTERFERENCES~ Orqenic and Yolahle particula1e maltermay be removed by dl')' ash•ng I:!]. 

OTHER METHODS~ T is m~1hod is similar to the cr.l~rla document method for fibrous. glass (3) and Method 5000 for cerbon 
black. This m~l od replaces Mel od S3 49 151. I mpmg~rs and dit ecl-read.ng instrumen1s may be used 1o col lect total dus1 
samples, bu1 these have hm•1a1ions for p~tsonal sampling . 

IIIIOSH Manuel a1 Analytical Methods [NMAM). Founh Edition, !l/1 S/94 
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