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Abstract

In this study, the chemical compositions of PM, 5 samples collected at the Redwood National Park IMPROVE
site in California from March 1988 to May 2004 were analyzed to provide source identification and apportionment.
A total of 1,640 samples were collected and 33 chemical species were analyzed by particle induced X-ray
emission, proton elastic scattering analysis, photon induced X-ray fluorescence, ion chromatography, and thermal
optical reflectance methods. Positive matrix factorization (PMF) was used to develop source profiles and to
estimate their mass contributions. The PMF modeling identified five sources and the average mass was apportioned
to motor vehicle (35.8%, 1.58 ug/m?), aged sea salt (23.2%, 1.02 ug/m®), fresh sea salt (21.4%, 0.94 pg/m?), wood
/field burning (16.1%, 0.71 pg/m®), and airborne soil (3.5%, 0.15 ug/m®), respectively. To analyze local source
impacts from various wind directions, the CPF and NPR analyses were performed using source contribution results
with the wind direction values measured at the site. These results suggested that sources of PM, 5 are also sources
of visibility degradation and then source apportionment studies derived for PM, 5 are also used for understanding
visibility problem.
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1. M =

TFE ANA el F AdA 249Ul w7
Fo2 W& mA YA (fine particle; PM, 5)& <
79l A% 9 Ao Az etedake & WAt ok
2}, AlA <}3} (visibility degradation) 53} 72+-& f7] 2
AEAS 03k} (Calcabrini ef al., 2004; Harrison
and Yin, 2000; Chan et al., 1999). ¢}l wie} w2 1}
22 PMysell A3 H718471%8 nidslar, 97)
Z PMys9] 2449 24 2 V= H} 58 3
ol PM,5 Alel & 913 2% 97|34 AL e}
ILoo|ghahed FHEAL gl ol ) Ugto
2 w|= 37 A (US Environmental Protection Age-
ncy: US EPA)YE- 1997 el PM, ol o3t o 7]3kA4 7]
<= (National Ambient Air Quality Standards: NAAQS)
& vhiste Feagch w3 1 W9 Class I A
Q0560 FRFY R AR ekl Q91
Wolegiedol 9 Aelsts WAl sl
198539 IMPROVE 2\ E]8] == 73 (Interagency
Monitoring of Protected Visual Environments)-& 4
sle] A 7A) 8l gok (Malm et al., 1994).
IMPROVE =2 7289] 2o 5 W), Class | A
o] A YAFEA W zlaAE, T WA, Al
Aepshe s W7l oA sehA 24 24,
Al A, =71 e AR S g A7 A}
254 9 81 o) glok ¢ 20 o]AF IMPROVE
Zz o] pIYFH Fb AlopAA ] FAH A7,
AMzAFHAGR L A 9 B, e8] ey
712 A, 9714 A Y, aelw 29l
71w A A3 Fol I S (Hwang
and Hopke, 2007; Malm and Hand, 2007; Zhao and
Hopke, 2006).

Bl o8 BEH Aolst Belere vjaal
7] SEA e gl A AR - AR ] Al
FHojok s, ol & My S EA M 2B
zel - sebd B4 BAD T edde) Ha 2
2498 AFA 7dAxE HYrlse 4295
(receptor modeling) <A77} Aoz IHasld o

2

=
712 9EA 2ol Wig #Hel P sdx Hrle
Agt o] gud F o AYEFH Ra Al
2188 4= 9lx TTFA (target transformation factor

analysis), PMF (positive matrix factorization), UNMIX
3 e mE Zox), PMF 292 Paatero (1997)
o o] Mekee] T 7P we] A 8FT e =
o},

B ATl E v AR SAA G AT
Redwood %21 IMPROVE &#] 40]|A] 1988 3
A 24 3E 20049 5% 30971K] IMPROVE 7]
E o|43led ¥ 1.640719] PM, A58 AFH s
o, PM,s 3 F71494, o] 248 3 =AY 2
439, o] A PMF 299 geAie ol f
sjo} & QFA o] EAISHE PM,; 253419) o}
9 AR A sE 2RI Ak =T 719H
2(F% EHY 7 2999 Vs AnF 4T
CPF (conditional probability function)®} NPR (non-
parametric regression) #-41-& alsle] X|YFR Q.
Al A ehe A=syeh PMys LH92 Al
ofAlA ZhAe] Fo 9del7] wEel o] dFAH
T AR FAIE olsisted Z|xAlaE o] 4d
et

2. ALY L HE

2.1 NEMH ¥ Sy

%47] % PMysAlEE wF Aelzyeled] 3]
Redwood 2329 IMPROVE 23144 #3)3}
(Y= 41.5608°, A= 124.0839°) (& 1). A 8.9
A 717He 19889 39 2UXE] 2004 549 3097}
Aojed, AR Amt & L6407 oIk AmA B
49 FHE R Albrid oz Q4He] 49
o) AL BASA e Aaoleh Bl
o 1km A Dolal Eol AR5 o] o] 2
o] F Aom ARHY, FHo=Z °F 1.8km AH
o 1019 wesh Sy s HEeT ook

97 % PM, A& IMPROVE 37} (IMP-
ROVE aerosol sampler)& AR&-3le] H- 22.8 L/min
o] oz 247 3t ARE AF AT A8
AT Ao 2RE] oF 1.83m gold] $XFn
Uk AlE7l FUEE Yels PMys o] EE 9
AREe] gled 2.5umEer F JAFEEE AAR
thoo] AFARAE F 49 mER FAFH] e
g, R A 2EL Teflon AR5 A3t A2E
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Redwood NP

IMPROVE Site

Fig. 1. Location of the Redwood National Park IMPROVE site.

A, o) A2 PM) FAFE 3 o)
48] $40l o435 WA 2FS] A3 Nylon
AAE Ageied, o T8 FYFAE AR F
HNO;E A|A317] $8le] carbonatez I F o]
v (annular denuder) & 42|35}, o) xu|2 E3}3)
71& #po]EEE A A Nylon =] Aell PM, 7} 33
Ao} Nylon 2] A5t 3 o] &840 o] §25h 4
WA mEE A AAE Agsu, prles
(organic carbon) W Y A4~Ek4 (elemental carbon) A 5
€ ¥A3=9 o]-&FHu} (Liu ef al., 2003; Huffman,
1996).

F dFAGdA AHE PMysARE PIXE £4
9 (particle induced x-ray emission)& ©]-4-5}o NaXl
E] Mn7}x], XRF 24 (x-ray fluorescence)& o] &
3le] FeXE] Pb7hx), Z18]lm PESA HA (particle
o]-4-5}e] H (hydrogen)& A5}

o[-;][‘

\l

>

elastic scattering)-2-

S 71 A LA A4 A1z

ek T8 444 o2& BA) $Asted IC Gion
chromatography)& ¢]-4-3ld Cl7, NO,7, SO, Z=}
e Bue PG s ten Sy ¢
212~ IMPROVE ©er421%¢]l TOR HA9 (thermal
optical reflectance) (Chow et al., 1993)& ©]-83}o] &
=9 WA Hez7ld we)l 87 whAAE (OCI,
0C2, 0C3, 0C4, OP, EC1, EC2, EC3)& 2A3Iglc}
(Chow et al., 2001).

2.2 PMF mdl®

2 U E-FH (source profile)?] REAYA], 2 @Y
9 zg%kxﬂl 71l x5 et 4~ ¢)= PMEF (positive
matrix factorization) 2.9 o] Paatero (1997)o]] &3 7}
e o] &, b7l & PMj, ¥ PM,59) 2+ 24 o)
% R slele 2AATA W AAHe B
ATA=el &3 &Ed) e 9)oh (Hwang and
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Hopke, 2007; Begum et al., 2005; Kim and Hopke,
2005; el x, 2003; Polissar ef al., 2001; Ramadan et
al., 2000). PMF Rl 2 o 3B amel 7] 7}
ol A <ol gez AAHH, AN Az Ha
Agke] #HA7l HA 8= (least-squares minimi-
zation) %7E &L vlEko 2 a1 9] fete] e
Sgmde] wlmsle AT A5e v Yok
PMF o] M8 shAe] Zxtae] et oxE
A (error estimate)e] ¢]&3hc}. PMF 2dle] =ge
BT 224 PE 3 FHEE st 2219
PMF 2904)2 c}23} o] vpehd 4 gleh.

p
Xij=k§1gikfkj+eij i=1,,n; j=1,-, my k=1, p (1)

4714 Xy(xmPE)= piA Alz9 jAiA =)
A& 5 egs Jepie =3 g axpPH)= i
WA Algel] Hgk kA 2939 7dwg Yehy
™, fig (pxm3)= kA 23Ul A g=e
A FE-E (mass fraction) &, LGP EFEE el
- e 2ol o)d) A3t (fitting)H X 23 B
&, A8 g onsie] 4] (2)9} 2ol vehd 4=
. PMF xde] Zx: 22384 (object function)
QT Hadshe ZH, ol A (%) o] 3F
F vk A (3)9 8= ukEA H A3 (iterative mini-

mization) 72| Ze 93] F-shAIch

&

4

P
e;=X;— kglgikfkj 2)
X % f. 12
hn om {7 & ikl
Q=3 % [ k=1 ] 3)
i=1j=1 Sij
_amfieg o, 1 ifley/syl< o, and
Q—Eﬁjg‘,(hﬁsﬂ) hij_{\eij/siji/ot otherwise 4

o714, s X9 BFAEE 9jn)3k). PMF 29l
oAM= FA|Zk (extreme values)S = &]3t7] sl
robust ¥. =& A8-3}, robust ¢l A}3= ko] ks
o ubE-H o8 7}2X8 F(iterative re-weighting)
o g A 4)e} o] TIAF 4 gk o7)A] «
o143 ARE dephe, 9o s a=dF A
o

PMF 2ol M &3 olse] Ar == 25

2 1|

2] (missing data)e} Zr-2 3H8-X] (noisy data)e] 33k
< Fo]7] $3 22kkE F7FAIAIH. o] Polissar
etal (1998)el 2Jaf A=, whef &4 =3k
o] A&A o]l FrelzbH MDL (method detec-
tion limit)/2 ko2, T8]7 o) L= ox3
2] Z->(5XMDL)/6 Ftoz QAE 4 gloh =3t =
A wxgte] 22X A, 7IshEdeR, T8y
o d&she eatlEe] 32 71| 4ufel] 3
Pt oz dAd 4 3lol (Hwang and Hopke,
2006).

Azl AL $3slr] $lsle] FPEAK WH4-E
GRS, 2, FPEAK 948 ol 88 dAe) He
A&l QlALA (factor analysis)ol| A1 2] varimax 3]
Az} §A18 715-& 29k AP o2 FPEAKZE
ol 4 W Ee|Hozs & v X =9 4
}E A& 4 I A FPEAKZL A9 543
AHe] ZAs= Aol ohlet AFA AsH oo
o3 AAshs Aot dvbH o2 FPEAKZS] W3}
o] w2 Qzre) W3, 22l Zzbe] GHE|e] o3t
AR (scatter plot) 5-& o]4-3le] 2o FPEAKZ}
& ZAA 38} (Paatero er al., 2005). £ AFNME
FPEAKZHE —13E] 1717 #shaly|eia wadee
sqsigon, #3402 242 FPEAKZHE 002
RECEEY

2.2 CPF (Conditional Probability Function)

FERAANM 7 0] V% St vE
o] 25149 A E Foshe Ax Fasith dutH
o2 AFHFH (local scale)?] 29U AR =ots)
7] YsixE= CPFE F& ARL-3Sl (Hwang and
Hopke, 2006; Kim and Hopke, 2004), 34375 (reg-
ional scale) 3= A|1-F5 (global scale)?] 949 ¢
=& slelslr] ¢s4]E= PSCF (potential source con-
tribution function) 298 F2 A}£3t} (Hwang and
Hopke, 2007; &te3 =], 2006; Zhou et al., 2004; Liu et
al., 2003; Polissar et al., 1999).

clopt Eeel mE AT el JFE 3
obs}7] $1sted PMFel| ]3] A4 2+ 2319 7)
Axsh 4404 248 FP4ag Ao
CPFZr& AAME 4~ glvh B4 F8kol st =75
227} (conditional probability values)e] =/ (2, 19])
AAAAE), 2 el 2elel BAT b5l
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¥ & Clshe Zelch Az 249 F
F4 Ansh 424717 slaked 299 Fedx 4
1208 287145 oz sl CPRRLE A4
ek .97 2 B4 S e Ao 9
St} Wele) Z1oE e ol ek Auch ¥-5710]
= A s/l oleshd CPRRE Aeh
Aol w4 eIRolck CPFRLE A (S)ell &lof AAL
% 4+ et

>

m
CPF=—2°

(5)
Nag

A7IM, mpe LU V= Fo) FAH
(threshold criterion) ©]A+] =), &4 < (wind sector,
20=15") 3] WA A5E Julael, nyt 5
Ao F F B E guigich B Qe
24 4 (A0=15°)& A3} o, E240] 1 m/sec o]
&l 79 CPF A4l A Al<31sich w3k A%
e 74 2999 2erd=s 49 25 WRslS
(25th percentile)2. A4 815}

2. 3 NPR (Nonparametric regression)

NPR (Hirdle, 1990)2 24> (parameters)7} ¢l 3
Ardolt) 4593 ol A= Henry er al.
(2002)°) &j&] w]= Texas F Houston®] F &3 #F
4ol Al NPRE& o] &3] E3F7} cyclohexane ¥ =9}
o] #AE Hr)ske cyclohexaned] 2.8 9x=
sfebt @77k 9 v 9lem, 7 gl w e A
TFAel| &]a] NPRE o] 43 2] 9x|get 47
7F 435 u} 9lv} (Kim and Hopke, 2004; Yu et al.,
2004; Zhou et al., 2004a). NPR-& £} X490 3§14
2A B4 H9EAHY FEFE A3y 2999
HAE B 4 glon, =3 BAA e AF 7t
(confidence intervals)g- AALg 4= g} 4] (6)o] 9]
3 8ol A 9] S F=gk CE 7 4 itk

i K({(B—W)AB8)C;

C (8, AG)=i=i——— (6)

i:zl K({(0—W)/A8)

K(x)=(2m) "exp(—0.5%%) (7N
714, nd & Alge] $5 Jeplie, Wil G il
A Az FI AT =gE o)) =3 Al

T 78T EA A 24 A1

smoothing W42 ¢]n]sl=1, o] gto] 3¢ 2H-&
9 2u7} gl 2 peak FHEo| Wol WA
ok EA%F 230l 98 7HEAE F7 A8 Agst
Gaussian kernel 4 (K)x= A (D)3 o] viepd
et el &g mgte] AAE W 95% A1F| 77l
g ZEE FAld AAte] ¥k 1|3 CPF 38
At} wpR7ER| 2 o] 1 misec o]kl Zd-¢- AL
A 9 3kdet. NPR 2illol] tfj3h ApA g W42 o
29 238 #3718 4 9lv} (Henry et al., 2002).

Aol o o

o 2

A

A

3.1 g =€xir

2 QAFAME PMF 22 sds) 7 35 o)
g}t signal-to-noise (S/N ratio) ¥4} (Paatero and Hop-
ke, 2003)8 £33}t BA 3FE-2] S/N ratio ol
0.2 0|3} 7%, 7 352 PMF 293 A] 2931
o™, 0.2<S/N ratio<2 (weak )Y 7 Lo =
PMF mlgells 1 oJ3F& Fol7] #l3te] down-
weighting& $3slgdeh £ dFolAE= OCl, 0C2,
0C3, 0C4, OP, EC1, EC2, EC3, SO,2, NOy~, Al As,
Br, Ca, Cl, Cr, Cu, Fe, H, K, Mg, Mn, Na, Ni, Pb, Rb,
Se, Si, Sr, Ti, V, Zn, 281 Zr 53} 2-& & 337) &
2 dHxisgz Adssch =3 weak W2 A
= OC1, EC2, EC3, As, Cr, Mn, 1b, V, 28 3 Zr 53}
e o) Fue 2ol 23 3ol 2u) mx 3ulE
Sho} down-weighting® +-345iek. A= A717H
FQe] 7 o] g Ak, 2FHAL 7)E
+, Ha A w=, AEYA =Rk Am 4 2
. 1of] A|AJSFHAH-

3.2 244 JloiE

B ArME HAHY 094 5 AA3] H3)
of w3 Be|How sp FEAel 2dd A
AtEsl7] flele 249 5 WA 2dYPS
F3lrh FEH o8 scaled A, QL rotmat
(AA3A A5 2EUA} F QA9 Mo wa
ERAEE st pxpdH) PE 5L o] 43}
FPEAKZIo] 0 o) HAe] 2999 45 5= A3}
Aot A d9le] eddBFe) 7 e 7)o
=5 A7) SlEte PM,s 23S F5HsE




m]3 AR gt IMPROVE &4 o) w3t 7]

% PM,50] 294 7= 34 35

Table 1. Summary statistics for the PM, (ng/m®) and chemical species concentrations (ng/m%) in the Redwood

National Park site.

Arithmetic Mean Standard Deviation Geometric Mean Min. Max. No. of BDL (%)
PM, 5* 4.53 432 3.51 0.03 97.93 -
0OC1 102.12 443,60 35.16 1.50 8803.90 1469 (89.6)
0C2 166.72 427.80 94.83 1.50 12350.70 790 (48.2)
0C3 387.36 594.37 224.62 3.00 9446.40 398(24.3)
0oc4 230.05 310.19 157.87 3.10 6689.40 124 (7.6)
OP 106.55 338.87 58.06 1.50 11192.20 686(41.8)
EC1 199.10 475.77 127.25 3.00 16037.10 121(7.4)
EC2 33.52 27.83 23.89 2.70 224.00 1222 (74.5)
EC3 16.91 15.60 11.55 1.60 99.80 1516(92.4)
5042’ 672.71 513.83 484,23 4.70 3042.90 50(3.0)
NO;~ 259.84 24245 172.84 0.40 2003.20 62(3.8)
Al 2222 37.38 12.59 0.80 401.05 1207 (73.6)
As 0.22 0.16 0.19 0.03 1.46 1204 (73.4)
Br 2.28 1.62 1.76 0.05 11.42 19(1.2)
Ca 23.64 19.74 16.99 0.60 140.94 36(2.2)
Cl 544.67 593.38 269.11 0.40 3496.04 443 (27.0)
Cr 0.93 0.81 0.55 0.02 5.77 1343 (81.9)
Cu 0.42 0.53 0.29 0.04 8.34 770 (47.0)
Fe 10.54 15.85 6.01 0.06 238.96 5(0.3)
H 140.07 166.20 110.38 10.67 4667.39 9(0.5)
K 36.50 27.55 28.66 1.68 266.97 1(0.1)
Mg 69.41 64.71 46.62 3.07 513.05 1100(67.1)
Mn 0.87 0.83 0.54 0.01 6.72 1233(75.2)
Na 503.81 552.96 303.05 7.64 4324.62 276(16.8)
Ni 0.34 0.36 0.25 0.03 471 1010 (61.6)
Pb 0.93 1.78 0.60 0.05 45.85 431(26.3)
Rb 0.28 0.34 0.19 0.02 2.90 1371 (83.6)
Se 0.22 0.17 0.17 0.02 1.58 903 (55.1)
Si 34.48 49.74 21.00 1.00 778.02 186(11.3)
Sr 0.48 0.42 0.35 0.02 3.59 609 (37.1)
Ti 1.94 1.93 1.30 0.02 22.28 887(54.1)
v 1.43 1.40 0.91 0.02 18.78 1110(67.7)
Zn 1.85 2.13 1.28 0.05 36.80 40 (2.4)
Zr 0.31 0.37 0.19 0.03 2.41 1549 (94.5)
*: Unit is pg/m’
ste 53] 24 (MLR: multiple linear regression) Fe, K, Mg, Na, 72| 3 Zn So] F3 7|ed5)= Ao
& pAsgen) AT AR 3§ PR Beel 2 2450 A5H 099 ELE R A% A5
d¢ AT 5 UG D54 2003 Hopke 02 343j9leh & ATINE g ATH 7
efal, 1980). o|$ 2& AHE AR ) 09U % ABAE LR TAAXY A2AH Do
298 BHL AAANE FU0) & 29U B Af AFH JPucke NLF A5A
]o:] =% I3 29 3o Jehidoh =3 = 261 Yedwrl o 2 Ao Alsdth A% 99dde)
z+ ¢

o) AL 7 esh AeARA7
ou %7 s Yoplalch 28 s 74 o
5] I3 CPF Ass} NPR 23h& =4 5hed vhehy
oAk,

A WA 299e 0C3, 0C4, ECI, NO;7, Br, Ca,

ARE HF 7)oz 712A (48.8%, 2.46 ug/m’) >
A& (47.7%, 1.55 pg/m*) > B34 (29.2%, 1.35 pg/
m’)> A (21.4%, 0.98 pg/m*) 2] &0z =A}HS)
o 2999 9AE BAI] 918l =33 CPFe}
NPR Ao)A], AHEx} 2992 A 83 AL =
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Fig. 2. Source profiles (prediction + standard deviation) of the resolved sources measured at the Redwood National

Park IMPROVE site.

% W Fu% pIN F2 Alodshe Aos x4}
HUeHY 49 5). o Phe & TdEas) 4
23] "ejxl el AXs ARk H&d upe}
o] AlgAF Aol FFoz o 1.8km |- 101
W Témesl BET glon, BT o3
t AFEl 23 B odge U floz Alsd
o B AFAGL e} AHA 29de] g AA
Aoz, AR i Yubd fomw At
Wmstel AEA 24 Floigol AdHow ¥
84 % 4 ek

F A 2992 aged 3] (sea salt) $AY o=
25731950, Na, SO, NOy™ 5o] F2 7)o3}q
o™ K, Ca, OC3,0C4 53} 22 3E2x o
¥ 715k Aoz A e FARLe
Na, Cl, $O,", Mg, K, Ca o2 ez glAwt
(Hopke, 1985), aged 3] 92 Na2] 7]¢d7} =3 whd
ol C1¢] 79 NaCle] 7k} 3AHH,S0,)3e)

-h::

-

¢

A 7184 A A24A A1x

2o 98] Na,SO,2 H3tE o] Clo] 1z 7] wj&
o 2 7]d& 3}A H o} (Seinfeld and Pandis,
1998). Aged sl 232 AAE Yt 7 =L o
B3 (29.3%, 1.35 pgimyel] 714 £ 71d=E et
Wslen, B34 (26.0%, 1.20 ug/m®) > 7F&A (19.1%,
0.96 g/m*) > A4 (15.8%, 0.52 ug/m>e] £o=
ZAH ST} =3 aged 9 FL(Eed~dadd)
B 7= (103 pg/mHgk 73 (4 2d~F29)e)
B 712 (1.02pgimd)E A9 FARE Ao 24}
Elai‘:} T1E] 4ol A M ule) zro] aged S|P g

2 ARG BME HF T3 FAZ A
F2 7|tk 7oz geldgin.

Al AR edde] A4 Nag) Clo] F2 7)o3)
gom, =3t Mg, K, Ca, Br, SO,2°, NO,” 5] 7]s]3}
= Aoz FAEo] #9Y (fresh sea salt) 2 F9H o=
AR A B V=] A4 BH 117
pg/m’)2] 7\d w7} 2 AAe| s ¥ Aoz
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Fig. 3. Temporal variation of source contribution for the Redwood National Park site constructed using the PMF2

model.

ZAEAT (A5H  1.02ug/m’, ALA 0.78 pg/m’,
7HA 076 ng/m’). =& Fe]l B 7)ol = (1.02
Hg/m’)7h F30] HF 7)ed =(0.88 pg/md)el v &
o ¥ Aoz AAET fPegdde] r)ds=
W F2 EE BEE 31 N2 Rosw
ZAE T (LF 4), o) vF Hugdx]odd] o
g oo)d A7 dgegdds) 99 =27 o 3
& el 22 9lvt (Hwang and Hopke, 2007; Hwang
and Hopke, 2006). 729 XZol] e} fo] 91X
3tz gl7] Wl HPedue) A= A7 de
M&Zololol 3R=d, s PRl aged o] F2 A
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Fig. 4. Nonparametric regression (NPR) and conditional probability function (CPF) results based on source contri-
butions obtained by the PMF analysis of the data from the Redwood National Park site.
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Table 2. Average seasonal source contributions for the Redwood National Park site during sampling periods.

Winter Spring Summer Fall AVG
ug/m? % ug/m? % ng/m? % ug/m’ % pg/m? %
Vehicle 1.55 477 1.35 29.2 0.98 214 2.46 48.8 1.58 35.8
Aged Sea Salt 0.52 15.8 1.20 26.0 1.35 29.3 0.96 19.1 1.02 232
Fresh Sea Salt 0.78 240 1.17 253 1.02 22.1 0.76 15.0 0.94 214
Wood/Field Burning 0.34 10.4 0.62 13.5 1.13 24.7 0.73 14.4 0.71 16.1
Airborne Soil 0.07 2.1 0.28 6.0 0.11 2.4 0.14 2.7 0.15 35
Sum 326 1000 4.63 100.0 4.59 100.0 505  100.0 441 1000
2 CPFS} NPR =& = g3ted A|7xe] 294 ¢l

Y=(0.89+0.01)X+(0.59+0.04)
R?=0.92

Predicted fine particle mass conc. (jg/m®)

0 5 10 15 20 25
Measured fine particle mass conc. (lg/m>)

Fig. 7. Comparison of the predicted total PM,; mass con-

centrations from the PMF analysis with measured

PM,; mass concentrations for the Redwood Nat-
ional Park IMPROVE site.
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