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x@=Wt |xQ=vm ?}W =@ |}xDWB 'CiQo|tv Q=Qk Q}F-=D CLD xDWB *|RmQt |xDUy
xOv=t|k=@ QDt|Dv=U 1 5 `=iDQ= w xOW xDN=U QDt|Dv=U 3 5 `=iDQ= w p@k Cq=L
u}= x@ "OW =OH |RmQt VN@ R= |}xJQ=B w |vwr}=v VWwB uDiQo Q=Qk =@ xDWB R=

"CW=Ov OwHw xDUy x@ ?; Pwiv u=mt= 'VWwB K]U |R=U?w]Qt =@ ?}DQD
swrat |x} wv=F w x}rw= uRw =@ V=B?; j} Q] R= ?; VW=B =@ xDWB |R=U?w]Qt
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"""QF
=QO

|}x
QP|

=yxO
v}q;

Q=W
Dv=u

=R}t
OQw

;Q@Ovr@ =H R= QDsm CaQU =@ V}=tR; QO xm C=QP |NQ@ u}@ u}= QO "Ov@=}|t
u}= ?}DQDu}O@ "OvwW xOvm =H R= O=@ CaQU uOWxOwRi= =@ CU= umtt 'Ov=xOWv
x@ xDWB x@ C@Uv |tm |xrY=i QO 'Ov=xOQ@O=@ *C=QP Q}=U R= QDnQR@ xm C=QP
QO 'u=Wsm O=OaD OwHw =@ C=QP u}= 'OW xDio R}v QDV}B xm u=vJ "OvUQ|t R}t
p=kDv= OwHw =@ u}=Q@=v@ "OvQF-wt Q=}U@ xrY=i u; QO xOQ@O=@ C=QP sQH uOWO=} R
Q}_v |xOQ@O=@ C=QP sQH V}=Ri=� V}=tR; 4 u}= QO CU=Q CtU x@ Q=Owtv
'jwi QO xOWxDio Crax@ '�CU=aO= u}= Oy=W xDWB RmQt R= QDW}@ pY=wi QO
xDWB x@ C@Uv QDsm pY=wi Qou=}=tv xm Q=Owtv AJ CtU VN@ QO CU= umtt
V}=Ri= |=Q@ |r}rO Ov=wD|t K}[wD u}= xJQo = "O@=} V}=Ri= |oOQ@O=@ sQH 'CU=
u}= O=} R hqDN= p}rOx@ |rw 'OW=@ swO V}=tR; QO sm pY=wi QO xOQ@O=@ sQH
xm OUQ|t Q_v x@ '|Oa@ |=yV}=tR; QO OvwQ u}= |xOy=Wt sOa R}v w VyH
uOWR=@ R= |W=v ,q=tDL= =]N u}= "CU= xDW=O OwHw V}=tR; u}= QO |}=]N
w 'x}v=FQ@ QDt 5 O=@ CaQU u}t-=D |=Q@ V}=tR; u}= QO ui |OwQw |xJ} QO pt=m
Q}F-=D sm pY=wi QO C=QP CmQL Q@ ,=D}=yv xm CU= u=} QH QO |oDiW; |awv O=H}=
xOv=UQ R}t K]U x@ xOW |v}@V}B Q=Okt R= QDsm |}xrY=i QO =Q =yv; w xDW=Po

"CU=

C=QP xR=Ov= "2"3
'V}=tR; Qy QO w xDWB R= hrDNt pY=wi QO C=QP R= xOWx}yD |=yTma ltm =@
u}= x@ "OQw; CUO x@ xOW xO=O u=Wv C=QP Q]k |=Q@ =Q XNWt |Q=Okt u=wD|t
RmQt R= xrY=i x@ xHwD =@ C=QP Q]k R= V}=tR; Qy |=Q@ |}xv=o =OH |=yQ=Owtv ?}DQD
C=QP |xOW|] Ci=Ut =@ |tD} Q=orxt}v |=yQ=Owtv QO xm OwW|t pY=L xDWB

�5 pmW�"Ov=xOW xU}=kt 'O};|t CUO x@ utQ=muw |x]@=Q R= xm
Ci=Ut p@=kt QO C=QP |xR=Ov= |=yQ=Owtv 'OW xQ=W= R}v QDV}B xm u=vJ
|xrY=i 'utQ=muw |x]@=Q QO "Ov=|v=wD |a@=D xOW xO=O u=Wv p=mW= QO xOW =Hx@=H
'Ci=Ut u}= QO j}kLD u}= C=W}=tR; G}=Dv =t= 'OQ=O Twmat |]=@DQ= d4 =@ xOW|]
Ca}@] QO Cw=iD 'u; Cra xm OQ=O |O=} R hqDN= utQ=muw |x]@=Q |v}@V}B =@
xDUw}B CQwYx@ O=@ |ak=w Cr=L QO "CU= |@ QHD w |ak=w Cr=L wO QO O=@ VRw
=@ C=QP Q@ O=@ hQ] R= xOQ=w VvD xDiQos=Hv= V}=tR; QO |rw Ovm|t |y=Qty =Q xQP
xDmv u}= x@ O}=@ utQ=muw |x]@=Q OQwtQO u}vJty "O@=}|t Vy=m =yv; uOW QDQwO
[4]"OvW=@ jO=Y TmwDU= C=}[Qi O}=@ QwmPt |x]@=Q R= xO=iDU= QO xm CW=O xHwD
C=QP uOw@v|wQm x@ u=wD|t =yv; u} QDsyt R= xm 'C=}[Qi u}= R= |NQ@ xSwQB u}= QO

"OvDU}v Q=QkQ@ 'OQm xQ=W=
Ci=Ut 'sQ=yJ x@ pw= V}=tR; R= u=} QH CaQU V}=Ri= =@ CU= |y}O@
C=QP OQwtQO ?r]t u}= "OW Oy=wN QDW}@ XNWt Q]k =@ xQP Qy |xOW|]
pY=wi QO ?}DQDx@ QDtwQm}t 75 Q]k =@ |}xQP xm|Qw]x@ CU= OwyWt ,qt=m QDnQR@

"CU= xO}UQ K]U x@ QDt|Dv=U 210 7 w 177 5 '128 3 '121 2
xO}O |}=y|vwoty=v xOa=k u}= QO '50�m R= QDlJwm C=QP OQwtQO =t=
|xOW |Qw;`tH C=aq]= u=Oki w xDiQoCQwY |@=}uwQ@ p}rOx@ ,q=tDL= xm OwW|t
QO 20�m Q]k =@ |}xQP |xOW|] Ci=Ut 'p=Ft u=wvax@ "CU=yxvwtv R= s}kDUt
|QDW}@ Q=Okt OwQ|tQ=_Dv= xm swO V}=tR; QO w CU= 927 7 cm pw= V}=tR;
,q=tDL= 'OW xDio xm Qw]u=ty OvJQy "CU= xO}UQ 907 5 cm x@ 'OW=@ xDW=O
QO |}=y|vwoty=v RwQ@ x@ xm CU= xDW=O |QDW}@ |oDiW; swO V}=tR; QO u=} QH

"CU= xO}t=Hv= u; |=y|HwQN

"hrDNt |=yO=@ CaQU QO xOQ@O=@ C=QP pm sQH Q=Owtv "2 pmW

"xOWs=Hv= C=W}=tR; hrDNt |=yxrY=i QO xOW =Hx@=H C=QP sQH "3 pmW

"xOWs=Hv= *C=W}=tR; hrDNt |=yxrY=i QO xOW =Hx@=H C=QP Q]k "4 pmW

[11]"Ow@ Oy=wN QwO |=yCi=Ut QO xDiQo Q=Qk C=QP R= QDW}@ 'QDsm |=yxrY=i QO
u}= Qou=}@ 'x}v=F Q@ QDt 5 w 4 3 CaQU =@ |=yO=@ |=Q@ 'xrY=i QF=Q@ sQH V}=Ri=
R=}v OQwt |xrY=i xv}tm xDWB C=QP u} QDnQR@ uO}UQ K]U x@ |=Q@ xm CU= xDmv

"CU= QDt|Dv=U 40 OwOL
p=kDv= CU=Q CtU x@ xOWsUQ |=yQ=Owtv 'CaQU V}=Ri= =@ |rm Qw]x@
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"xv=oQ=yJ C=W}=tR; QO 'xDWB R= xrY=i p@=kt QO xQP |xR=Ov= |=yQ=Owtv "5 pmW

=yCaQU w xDWB |@v=H K]U w '�gr=m2� `@ QtQDt Q@ sQo ?ULQ@ p u; QO xm
QO xQWDvt C=QP u=R}t u=wD|t ?}DQD u}= x@ "OvDUy �m/s� x}v=F Q@ QDt ?ULQ@

"OQw; CUO x@ O=@ Q_v OQwt |=yCaQU |t=tD QO =Q xDa=Us}v |v=tR |xQwO

C=QP Q}F-=D `=aW "4
xQP Qy \UwD xOW|] \UwDt |xrY=i u=wD|t xOt; CUO x@ G}=Dv R= xO=iDU= =@

�6 pmW�"OQm xYqN 2 pwOH ?r=k QO xv=oQ=yJ C=W}=tR; QO =Q
=@ C=QP |x}rm |xOW|] Ci=Ut xm Ci=} QO u=wD|t pwOH u}= G}=Dv R=
\=@DQ= u}= xm OyO|t u=Wv utQ=muw |x]@=Q =t= "OwW|t O=} R O=@ CaQU V}=Ri=
R}v C=QP uOW|] |xrY=i O=@ CaQU *V}=Ri= *C@Uv u=tyx@ w 'CU= |]N
|x}rm O}=@ 'utQ=muwR |x]@=Q |DUQO |UQQ@ |=Q@ Qo}O CQ=@ax@ "OwW|t QDW}@
u}= xm OvW=@ CU=Q \N CQwYx@ '�u=Um} V}=tR; \}=QW QO� jwi |=yQ=Owtv

"CU= \=@vDU= p@=k V}@ wsm OQ=wt Q}=U QO '5�m |xQP <=vFDU=x@ ?r]t
w CaQU Q@ xwqa �� xOWxOwt}B pw] 'OyO|t u=Wv QwmPt |x]@=Q xm u=vJ
=Hv; R= &OQ=O \=@DQ= R}v u=} QH |wQu=Qo w C=QP |@Uv |r=oJ x@ �� xQP |xR=Ov=
QO Q=Okt wO u}= 'Ov=xDiQo s=Hv= |irDNt |}=tO \}=QW QO V}=tR; Q=yJ u}= xm
R= |W=v u=wD|t =Q =yQ=Owtv QO xOW xO}O |=y|oDUmW TB "Ov=Cw=iDt OQwt Qy
|x]@=Q R= xO=iDU= OQwtQO u}vJty "CUv=O |wQu=Qo w |r=oJ uOw@v u=Um} u}ty

9Q=WDv= ?} Q[ "3"3
|m =m]Y= CaQU w |m =m]Y= CaQU R= xQP Q=WDv= ?} Q[ uOQw; CUO x@ |=Q@
|Q=Okt� xm xOW xDio �EF� Q=WDv= ?} Q[ h} QaD QO "OwW|t xO=iDU= xv=DU;
=} C}r=ai QF= Q@ QiUtD= x@ xOW=yQ |xOv}q; Q=Okt uOQm\@DQt |=Q@ CU= XNWt

[4]"�Ovm|t O=H}= =Q xOv}q; u; xm |Ov}=Qi
C=QP sQH Q=Okt CQwYx@ =Q xDWB |=Q@ Q=WDv= ?} Q[ u=wD|t j}kLD u}= QO
"OQm h} QaD |oOQ@O=@ R= Ca=Us}v u=tR COt QO xD@r= w 'K]U OL=w Q@ xOQ@O=@
O=yvW}B u}vJ =Q O=@ ZQat QO w lWN K]U |=Q@ |oOQ@O=@ p}Uv=DB `@=D EPA

[12w9'1]%CU= xOQm
P = 58(u� � u�t )2 + 25(u� � u�t )
u}= Q@ "CU= xv=DU; |m =m]Y= CaQU u�t w '|m =m]Y= CaQU u� u; QO xm
w |m =m]Y= CaQU p[=iD R= 2 xHQO |a@=D O}=@ =Q |oOQ@O=@ p}Uv=DB `@=D T=U=
QO Q=WDv= ?} Q[ Q=Owtv sUQ CQwYQO w 'CiQo Q_v QO xv=DU; |m =m]Y= CaQU
"O}UQ j}kLD u}= QO Q=WDv= ?} Q[ |x]@=Q x@ u=wD|t CaQU wO u}= *p[=iD p@=kt
C=QP pm sQH uDiQo Q_v QO =@ w xDWB O=@ ZQat QO |@v=H CL=Ut |x@U=Lt =@

%R= Ow@ Oy=wN CQ=@a xSwQB u}= QO |oOQ@O=@ p}Uv=DB `@=D 'V}=tR; Qy QO xOQ@O=@
P = 180=13(u� � u�t )2 + 682=68(u� � u�t )
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"""QF
=QO

|}x
QP|

=yxO
v}q;

Q=W
Dv=u

=R}t
OQw

;Q@|=yCaQU QO RmQt R= 5�m w 10 '20 '50 '75 '100 C=QP |xrY=i "3 pwOH
"hrDNt

PM-5 PM-10 PM-20 PM-50 PM-75 PM-100 CaQU
�m/s�

7844 8 2697 7 927 71 226 2 121 2 77 8 4 33
7061 6 2531 5 907 5 233 8 128 3 83 8 5 03
7451 9 2863 1 1100 1 310 6 177 5 119 4 7
8154 9 3199 1 1255 364 3 210 7 142 9 11

"�sQo x@ u=Rw= x}rm � K]U uOW ?w]Qt Cr=L QO C=QP |oOQ@O=@ "4 pwOH
C=QP uRw TB x} wQ pm uRw x} wQ pm uRw OYQO

?w]Qt xOQ@O=@ |oOQ@O=@ R= 1 5 cm C@w]Q
47 086 891 297 938 383 10
83 215 746 136 829 351 4
107 665 695 297 802 962 2

'|oOQ@O=@ QF=Q@ xDWB C=QP |xDiQQOy Xr=N sQH 'Qo}O Q}@aDx@ "CU= xOW xi=[=
u=wD|t xDWB K]U C@ w]Q V}=Ri= *V}=tR; u=}=B QO "CU= QDsm R}v sQo 50 R=
u=R}t '�10 u=R}t x@ xDWB K]U |R=U?w]Qt CQwYQO xm CiQo xH}Dv u}vJ
Oy=wN Vy=m sQo 44 x@ sQo 202 OwOL R= Ca=Us}v COt QO C=QP |oOQ@O=@

�4 pwOH�"Ci=}

|Q}oxH}Dv "6
%R= CU= CQ=@a j}kLD u}= QO C=QP Q=WDv= ?} Q[ w |oOQ@O=@ p}Uv=DB `@=D �

P = 180=13(u� � u�t )2682=68(u� � u�t )

|@ QHD w |Q_v Cr=L wO QO QDtwQm}t 75 Q]kx@ |}xQP \UwD xOW|] Ci=Ut �
"CU}vl}ORvl}Uqm\@=wQ x@ =yxR=Ov= Q}=U QOV}=tR; G}=Dv =t= 'OQ=OCk@=]t
`} RwD |xOwOLt R= GQ=N C=QP |=Q@ xOWs=Hv= C=W}=tR; G}=Dv |rm Qw]x@ �
x@ |k]vt w CU}v O=vDU= p@=k �PM-10 R= QDlJwm C=QP� C=QP |Ov@xv=O

"OvUQ|tv Q_v
"OQ=O |]N ,=D@Uv \=@DQ= O=@ VRw CaQU =@ C=QP pm |oOQ@O=@ u=R}t �

"O@=}|t V}=Ri= |]N CQwYx@ O=@ CaQU =@ C=QP \UwD xOW|] Ci=Ut �
pvwD x@ x}@W |tDU}U u=wD|t '=yV}=tR; u}= R= xOt; CUO x@ G}=Dv x@ xHwD =@ �
"OQm |Ov@xv=O u; ltm =@ =Q uy;nvU C=QP w xOQm O=H}= OwHwt Set-Up w O=@
'CU= QF-wt Q=}U@ |oOQ@O=@ u=R}t Vy=m Qw_vtx@ =yxDWB K]U |R=U?w]Qt �
|oOQ@O=@ u=R}t Ov=wD|t xDWB K]U x@ C@ w]Q |OYQO 10 uOwRi= xm|Qw]x@
|oOQ@O=@ '�2 C@ w]Q O=H}= CQwY QO u}vJty "OyO Vy=m �78 =D =Q C=QP

"OW Oy=wN QDsm �45 OwOL =D

"C=QP |oOQ@O=@ p}Uv=DB `@=D "pmW "6 pmW

\}=QW R�=L C=QP w |wQm C=QP |=Q@ x]@=Q u}= xm OQm xHwD xDmv u}= x@ O}=@ utQ=muw
Q=OQwNQ@ u; R= xDWB V}=tR; OQwt C=QP `@]r=@ xm CU= jO=Y TmwDU= uwv=k

"Ow@ QDOwyWt C=QP |mrwB Q=DN=U R}v xOW x}yD SEM Q} w=YD QO w OvDU}v
ut[ 'V}=tR; Qy QO =wy u=} QH |wQu=Qo w |r=oJ u}}aD =@ xt=O= QO
utQ=muw |Q_v |x]@=Q |xH}Dv 'xQP Q]k Qy |=Q@ xOW|] Ci=Ut u}= |x@U=Lt
x@ |=y?=wH |xU}=kt "CiQo Q=Qk xU}=kt OQwt jwi |xDiQos=Hv= |=yV}=tR; w
OQwtQO =yvD xm OyO|t u=Wv V}=tR; G}=Dv =@ utQ=muw |x]@=Q R= xOt; CUO
OQwtQO =t= OvQ=O Cy@=Wt Qo}Om} =@ OQm} wQ wO u}= uwQm}t 75 Q]k |=Q=O |xQP
|=Q@ Tma Q@ w CU= QDW}@ V}=tR; R= pY=L O=Oa= 'xR=Ov= u}= R= QDnQR@ C=QP
CUO x@ QDQwO =Q C=QP xOW|] Ci=Ut |Q_v |x]@=Q 'u; R= QDlJwm C=QP

"OQw;|t
OwHw |=Q@ |r}rO 'utQ=muw |x]@=Q QO xO=iDU= OQwt |=yQDt=Q=B x@ xHwD =@
Q=Okt CU= umtt \ki w OQ=Ov OwHw |y=oW}=tR; w |a}@] Cr=L wO QO Zk=vD
xDio xm Qw]u=ty "OW=@ Cw=iDt 'Ot; CUO x@ jwi C=@U=Lt QO xJv; =@ E ?} Q[
QO xm OwW|t xDiQo Q_v QO x}v=FQ@ `@ Qt QDt|Dv=U 105 =D 104 u}@ E Q=Okt 'OW
u}vJ =Q OwHwt hqDN= u=wD|t u}=Q@=v@ "CU= xOW ZQi u; Q=Okt u} QDsm =Hv}=
Ok=i x=oW}=tR; QO xOWO=H}= O=@ hqNQ@ 'ORw|t Ca}@] QO xm |O=@ xm OQm x}HwD
=D =Q xQP 'xk]vt wO u}@ Q=Wi hqDN= Crax@ w CU= `@vt l} QO um =U *Cr=L
x@ ẁQW |}x]kv |a@vt R= O=@ 'x=oW}=tR; QO |rw "Ovm|t |y=Qty |O=} R |xrY=i
=yvD jwi |xU}=kt Qo}O CQ=@ax@ "OwQ|t u}@ R= xQP Q@ u; QF= ,=H} QOD w Ovm|t uO} Rw
p@=k Cr=L wO QO u; Q}_v Ci=Ut Q}}eD w O=@ CaQU Q}}eD C@Uv OQwtQO Ov=wD|t
O=@ VRw Cr=L wO QO QDtwQm}t 10 Q]kx@ |}xQP |=Q@ p=Ft u=wvax@ "OW=@ xO=iDU=
%CWwv u=wD|t '|@ QHD w |Q_v C}a[w wO QO 'x}v=FQ@ QDt 11 w 7 |=yCaQU =@
|Q_v Cr=L% u = 7ms

u = 11ms !
l = 5219=45m
l = 8133=52m = 0=64

|@ QHD Cr=L% u = 7ms
u = 11ms !

l = 2863=1m
1 = 3199=1m = 0=89

xDWB |R=U?w]Qt QF= "5
w xDWB K]U Q@ �10 C@ w]Q O=H}= Cr=L QO xOQ@O=@ C=QP sQH '3 pwOH j@=]t
C@ w]Q w xOQ@O=@ C=QP uRw pt=W xm CU= sQo 50 OwOL x}v=FQ@ QDt 11 CaQU QO
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CWwv=B
1. creep
2. saltation
3. suspension
4. conical
5. oval
6. X-ray 
uorescence
7. scanning electron microscopy (SEM)
8. transmission electron microscopy (TEM)
9. emission factor
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