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 1Department of Mathematics, Lamar University, Box 10047, Beaumont, TX 77710, USA2Department of Chemical Engineering, Lamar University, Box 10053, Beaumont, TX
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 77710, USA
 ABSTRACT: Speciated samples of PM 2.5 were collected at the Hamshire and Orange sites inGolden Triangle of Texas by US EPA (Environmental Protection Agency) from July of 2003 to Augustof 2005. A total of 269 samples for the Hamshire site and 293 samples for the Orange site with 52species were measured; however, 22 species were excluded because of too many below-detection-limit data. Among the 22 species excluded, 20 species are common to both sites. Due to the laboratorychange about November 1st of 2004 and possible analytical artifacts, phosphorous was excluded aswell. The two data sets were analyzed by positive matrix factorization (PMF) to infer the sources ofPM observed at the two sites. The analysis identified nine common source-related factors: sulfate-rich secondary aerosol, cement/carbon-rich, wood smoke, motor vehicle/road dust, metal processing,nitrate-rich secondary aerosol, soil, sea salt, and chloride depleted marine aerosol. Sulfate andnitrate mainly exist as ammonium salts. The sulfate-rich secondary aerosol accounts for 42% and43% of the PM mass concentrations at the Hamshire and the Orange sites, respectively. The factorcontaining highest concentrations of Cl and Na was attributed to sea salt due to the proximity of themonitoring sites to the Gulf of Mexico. The chloride depleted marine aerosol was related to the seasalt aerosol but was identified separately due to the chlorine replacement reactions. Basically, thefactors of sulfate, motor vehicle/road dust, nitrate, soil, sea salt, and chloride depleted marine aerosolat the two sites showed similar chemical composition profiles and seasonal variation reflectingthese six factors were likely to be Golden Triangle regionally related sources. Cement/carbon-rich,wood smoke, and metal processing factor were likely to be the local sources.
 Key words: Airborne particulate matter, Positive matrix factorization, Receptor modeling, Factor contribution, Factor profiles
 INTRODUCTIONBeaumont, Texas (30°05’N, 94°06’W) located
 on the west bank of the Neches River, 130 kmeast of Houston and 45 km north of the Gulf ofMexico, is a medium size urban area in SoutheastTexas. With two smaller neighboring cities, PortArthur and Orange, it constitutes the so-called
 Golden Triangle in Texas, a major industrial areaon the Texas Gulf Coast. The Golden Trianglemetropolitan area has a population of over 380thousand. Shipbuilding, livestock raising, and ricefarming spread in the surrounding area. Severalmajor chemical, petrochemical, and paper plants,refineries, rice mills, and waste management sitesare located in Beaumont and Port Arthur. The
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 Hamshire and Orange monitoring sites operatedby US EPA are located in the region of GoldenTriangle. In an effort to better characterize theambient air quality in Golden Triangle of Texas, itis important to identify the possible sources of
 PM 2.5 in the region. To understand the source/receptor relationship, multivariate receptor modelshave been applied to the observed speciated PMover the years. The multivariate approach is basedon the fundamental principle that massconservation can be assumed, and a mass balanceanalysis can be used to identify and apportionsources of airborne particulate matter in theatmosphere (Hopke, 1985; 1991). Among themultivariate receptor models, positive matrixfactorization (PMF) is a relatively new techniquedeveloped by Paatero (1997) and Paatero andTapper (1993; 1994). It has been successfullyapplied to several source attribution studies (Anttilaet al., 1995; Chueinta et al., 2000; Juntto andPaatero, 1994; Kim et al., 2003; 2004; Lee et al.,1999; Paterson et al., 1999; Polissar et al., 1996;1998; 1999; 2001; Xie et al., 1999).
 The objectives of this study are to (1) identifythe sources of particulate pollutants at the twosites, (2) estimate the source contributions as wellas source composition of each possible source(Chiou et al., 2007; Hansen et al., 2003; Liu etal., 2005; Ramadan et al., 2000; 2003; Song etal., 2001; Zheng et al., 2002), and (3) investigatethe regional-local source contrast using estimatedsource contributions of each common factor forthe two sites. Such comparison between the twosites in this region of Texas has not been reportedin earlier literature.
 MATERIALS & METHODS
 The PM 2.5 composition sample data analyzedin this study was downloaded from the US EPAwebsite at http://www.epa.gov/ttn/airs/airsaqs/,and processed to conform to the PMF data format.The original 24-h integrated samples werecollected at the Hamshire monitoring site(29°51’50"N, 94°19’04"W) and Orange site(30°11’39"N, 93°52’01"W) using a fine particlesequential sampler. The Hamshire site, 3 km offthe interstate highway I-10, is located 35 kmsouthwest of Beaumont, and the Orange site, 6km north of I-10, is located 30 km northeast of
 Beaumont (Fig.1). The sequential sampler usedat the two sites was Partisol-Plus Model 2025Sequential Air Sampler (Rupprecht/PatashnickCo. Inc.) with very sharp cut cyclonefractionators. Ambient air samples are drawn ata constant flow rate into a specially shaped inletthat removes particles with aerodynamicdiameters greater than 2.5 µm, and the remainingparticles are passed through a filter. Integrated
 24-h PM 2.5 particle samples were collected onTeflon filters. Total mass was then determinedgravimetrically from the filters. Most of PMsamples were collected every third day and somewere collected daily during the time periodbetween July 2003 and August 2005. A total of269 and 293 samples were separately obtained atthe Hamshire and Orange sites. Both massconcentration and elemental chemical speciationwere determined using an energy dispersive X-ray fluorescence (XRF). An ion chromatography
 (IC) was used to analyze sulfate (SO 24− ),
 ammonium (NH 4+ ), and nitrate (NO 3
 − )concentrations. The thermal optical transmissiontechnique was used to measure both organiccarbon (OC) and elemental carbon (EC). A totalof 52 chemical elements was analyzed, including:Ag, Al, As, Au, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr,Cs, Cu, Eu, Fe, Ga, Hf, Hg, In, Ir, K, La, Mg,Mn, Mo, Na, Nb, Ni, P, Pb, Rb, S, Sb, Se, Si, Sm,Sn, Sr, Ta, Tb, Ti, V, Y, Zn, Zr, W, OC, EC, SO,NH , NO .
 In the data, the concentration of XRF S and
 SO 24− were highly correlated (slope = 2.83, r 2 =
 0.95 for the Hamshire data; slope = 2.72, r= 0.94for the Orange data), thus it is reasonable toexclude XRF S from the analysis (Kim et al.,2004). The XRF analysis of PM speciation filtersat sites in Texas was conducted by the ResearchTriangle Institute. After October 31st, 2004, theXRF analysis of filters from all except three ofTexas PM speciation sites was switched to theDesert Research Institute laboratory. The twosites used in this PMF analysis are among thoseswitched to. Due to an analytical artifact in thedata resulting from a change in analyticallaboratories after October 31st, 2004, 94% and 96%of phosphorous concentrations at the Hamshire
 4+
 3−
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 Fig. 1. Location of Hamshire and Orange monitoring sites in star
 and Orange sites, respectively, were belowdetection limits prior to November 1st of 2004,while the phosphorous levels were suddenly abovethe detection limits after the laboratory change.Furthermore, there were a high correlations of =0.97 and 0.87 between phosphorous and sulfur atthe Hamshire and Orange sites, respectively,posterior to October 31st, 2004. On the other hand,there are 22 chemical species with a lower signal-to-noise ratio because of too many below-detection-limit measurements. As a result, these22 species and phosphorous were excluded in thePMF analysis. Among the 22 species excluded,20 are common species to the two sites. Theanalysis of the compositional data, however, stillrevealed a mass closure violation after excludingthese species. The comparison of measured PMmass to the sum of PM compositional dataindicates that 7.1% for the Hamshire and 7.5%for the Orange site of the measured PM massconcentrations were less than the sum of speciesconcentrations. In the data matrices, there weremissing and below-detection-limit values. Theanalytical uncertainty estimates associated with
 each measured concentration and the detectionlimits for instruments were also reported. Thepossible source of measurement errors which canbe considered as the uncertainty include thecollection of over- and under- sized particles, themass gain or loss of the collected PM mass, andthe analytical sensitivity. (Table 1 & Table 2)summarize the PM speciation data used in thisstudy.
 In this study, PMF was used with the datacollected at the Hamshire and Orange site asdiscussed previously. PMF is an approach of factoranalysis, and it is described in detail by Paatero(1997). Only a brief description of this approachis provided here. PMF uses the method ofweighted least-squares to solve a general receptormodeling problem. The general model assumesthere are p sources, source types or sourceregions (termed factors) impacting a receptor andthe observed concentrations of various species atthe receptor are linear combinations of the impactsfrom the p factors. The factor analysis model(PMF) can be written as:
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 Table 1. Summary of PM2.5 and 28 species mass concentrations at Hamshire used for PMF analysis
 Concentration (µg/m3) Species Geometric
 mean a Arithmetic
 mean Minimum Maximum
 Number of BDLb values
 (%)
 Number of missing
 values (%)
 PM2.5 9865 10986 2324 40400 0 (0.0) 5 (1.8)
 Al 16 61 4.6 1499 128 (47.6) 5 (1.8)
 As 0.56 0.90 0.1 4.7 142 (52.8) 5 (1.8)
 Ba 6.3 10.5 1.7 354 194 (72.1) 5 (1.8)
 Br 2.1 2.6 0.2 13 79 (29.4) 5 (1.8)
 Ca 46 58 1.5 273 1 (0.37) 5 (1.8)
 Cl 9.9 89 0.75 1400 97 (36.1) 5 (1.8)
 Cr 0.66 0.95 0.35 21 196 (72.9) 5 (1.8)
 Cs 4.5 7.0 2 317 229 (85.1) 5 (1.8)
 Cu 0.88 1.33 0.5 38 183 (68.0) 5 (1.8)
 Fe 34 64 0.43 815 3 (1.1) 5 (1.8)
 Hg 0.77 0.90 0.35 5.3 229 (85.1) 5 (1.8)
 K 65 82 9.8 768 0 (0.0) 5 (1.8) Mg 12 27 3.6 373 170 (63.2) 5 (1.8)
 Mn 1.0 1.4 0.31 12 151 (56.1) 5 (1.8)
 Na 66 151 11 1130 105 (39.0) 5 (1.8)
 Ni 0.75 0.92 0.34 4.7 133 (49.4) 5 (1.8) Pb 1.7 2.4 0.55 39 155 (57.6) 5 (1.8)
 Se 0.46 0.58 0.1 3.4 228 (84.8) 5 (1.8)
 S i 84 192 3.1 2607 4 (1.5) 5 (1.8)
 Sr 1.1 1.6 0.3 7.6 147 (54.6) 5 (1.8) aData below the limit of detection were replaced by half of the reported detection limit values for the geometricmean calculationsbBelow detection limit
 1
 1,..., 1,..., , , ;p
 ij ij ij ik kj ijk
 n mx y e g f e i j=
 = == + = +∑ (1)
 where ijx is the jth species concentration
 measured in the ith sample, ikg is the particulatemass concentration from the kth source (or factor)
 contributing to the ith sample, kjf is the jth species
 mass fraction from the kth source (or factor), ijeis the residual associated with the jth speciesconcentration measured in the ith sample, and pis the total number of sources (or factors).Theobjective of PMF is to estimate the masscontributions and the mass fractions (profiles) inEq. (1) by the weighted least-squares. The task
 of PMF is thus to minimize the sum of the squaresof the residuals weighted inversely with errorestimates (estimated uncertainties) of the datapoints. In other words, the data analysis by PMFcan be described as to minimize the objectivefunction Q,
 2
 1 1
 ( ) ( / )n m
 ij iji j
 Q E e s= =
 =∑∑ (2)
 under constraints 0ikg ≥ , 0kjf ≥ , and with ijsas the error estimate (estimated uncertainty)
 for ijx . The estimates of source contributions andsource profiles are obtained by a unique algorithm
 in which both matrices G = [ ikg ] and F = [ kjf ]
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 are adjusted in each iteration step. The processcontinues until convergence occurs (Paatero,1997; Polissar et al., 1998).
 The application of PMF requires the estimateduncertainty for each data value to be carefullyselected so that it reflects the quality and reliabilityof each data point. This important feature of PMFenables us to properly handle any below detectionlimit and missing data values. The uncertaintyestimate provides a useful tool to decrease theweight of any below detection limit and missingdata values when searching for the minimum ofQ in Eq. (2). In this study, the procedure of Polissaret al. (1998) was adopted as follows: (i) the
 concentration value was the actually measuredconcentration, and the sum of the analyticaluncertainty and one third of the detection limitvalue was used as the estimated uncertainty ifwas a determined value; (ii) the concentrationvalue was replaced by half of the detection limitvalue, and five sixths of the detection limit valuewas used as the estimated uncertainty if wasbelow detection limit; (iii) the concentration valuewas set equal to the geometric mean of all themeasured values of for element j, and itscorresponding uncertainty was set equal to fourtimes of this geometric mean value if was a missingdata value. Half of the average detection limits
 Table 2. Summary of PM2.5 and 28 species mass concentrations at Orange used for PMF analysis
 Concentration (µ/gm3) Spec ies
 Geometric meana
 Arithmetic mean M inimum Maximum
 Number of BDLb values
 (%)
 Number of missing values
 (%) PM 2.5 10719 12050 150 60400 1 (0.34) 29 (10)
 Al 16 54 4.6 1420 146 (49.8) 29 (10)
 As 0.59 0.82 0.1 4.2 146 (49.8) 29 (10)
 Ba 7.1 9 2 84.6 199 (67.9) 29 (10)
 Br 1.9 2.9 0.2 49.3 68 (23.2) 29 (10)
 Ca 47 61 1.5 824 2 (0.68) 29 (10)
 Cl 8.2 63 0.75 1580 106 (36.2) 29 (10)
 Co 0.4 0.45 0.28 6.9 244 (83.3) 29 (10)
 Cr 0.78 1.2 0.35 23.2 162 (55.3) 29 (10)
 Cu 1.6 2.9 0.5 40.8 112 (38.2) 29 (10)
 Fe 73 116 0.43 861 2 (0.68) 29 (10)
 K 72 87 2.2 656 1 (0.34) 29 (10)
 Mg 14 24 3.7 343 180 (61.4) 29 (10)
 Mn 1.5 2.6 0.31 24.5 121 (41.3) 29 (10)
 Na 67 129 11 1280 118 (40.3) 29 (10)
 Ni 0.72 0.9 0.34 11 138 (47.1) 29 (10)
 Pb 1.8 2.3 0.55 26 147 (50.2) 29 (10)
 Se 0.5 0.6 0.1 21 238 (81.2) 29 (10)
 Si 87.6 177 3 2477 5 (1.7) 29 (10)
 Sr 1.2 1.6 0.35 15.3 145 (49.5) 29 (10)
 Ti 3.1 6.4 0.55 90 96 (32.8) 29 (10)
 V 1.8 2.6 0.1 11 77 (26.3) 29 (10) aData below the limit of detection were replaced by half of the reported detection limit values for the geometricmean calculationsbBelow detection limit
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 were used for below detection limits values in thecalculation of the geometric means. Furthermore,the estimated uncertainties of OC and SO wereincreased by a factor of three because of itsmagnitude compared to the lower concentrationspecies.
 It is well-known that extreme data values aswell as true outliers can distort the least-squaresestimation profoundly. A delicate handling of thesedata values is important, and PMF offers a robustmode to properly weigh these data points in theprocess of searching for the minimum of Q. Therobust factorization based on the Huber influencefunction (Huber, 1981) is a technique of iterativereweighing of the individual data values. The leastsquares approach with the robust factor analysisleads now to the equations:
 2
 1 1
 ( / ) ,n m
 ij ij iji j
 Q e h s= =
 =∑∑ (3)
 Where:
 2 ,
 ,
 if
 otherwise
 1 | / || / | /
 ij ijij
 ij ij
 e sh
 e sα
 α
 ≤⎧= ⎨⎩
 (4)
 and α is the outlier threshold distance. The valueof 4.0α = was chosen in this study.Because ofthe mass closure violation noted previously, themeasured particle mass concentration wasincluded as an independent variable in the PMFmodeling to directly obtain the mass apportionmentinstead of using a regression analysis (Kim et al.,2003; 2004). The estimated uncertainties of the
 PM 2.5 mass concentrations were set at four timesof their values to reduce their weight in the modelfit so that the magnitude of PM mass will not skewthe analysis. When the measured particle massconcentration is included as an independentvariable, the PMF apportions a mass concentrationfor each source based on its temporal variationwithout using a multiple linear regression. Theresults of PMF modeling are then normalized bythe apportioned particle mass concentrations sothat the quantitative source contributions areobtained. Specifically,
 1( )( / ),
 p
 ij k ik kj kk
 x c g f c=
 = ∑
 where kc denotes directly apportioned massconcentration by PMF for the kth factor.
 RESULTS & DISCUSSIONAn essential step in PMF analysis is to
 determine the number of factors and sourceapportionment. For determination of the numberof factors, the basic consideration is to obtain agood fit of the model to the original data, and themodel can well explain the physical meaning ofthe data. If there is goodness of fit, the theoreticalQ value in Eq. (3) should be approximately equalto the number of degrees of freedom orapproximately equal to the number of entries in
 the data array provided that correct values of ijshave been used (Yakovleva et al., 1999). In a
 well-fit model, the residuals ije and the errorestimates should not be too much different insize, and the ratio should fluctuatebetween ±3. Juntto and Paatero (1994)recommended values of ±2 for the ratio. Basedon the criterion of obtaining the most physicallymeaningful solution with the calculated Q value(Q = 8012 and 9597 for the Hamshire and Orangesites, respectively) close to the theoretical Q value(Q = 7801 and 8497 for the Hamshire and Orangesites, respectively), the PMF identified ninecommon source types by trial and error withdifferent numbers of factors. We termed thesefactors as sulfate-rich secondary aerosol, cement/carbon-rich, wood smoke, motor vehicle/road dust,metal processing, nitrate-rich secondary aerosol,soil, sea salt, chloride depleted marine aerosol.The contributions of these factors towards thePM mass, i.e., in Eq. (4) from PMF at the twosites are summarized in (Table 3). To study thespatial variations contributed by different factorsbetween the two sites, the square of correlationcoefficient ( ) was calculated from the estimatedsource contributions with respect to the commonfactor for the two sites. (Table 4) presents thesummary of the squared correlation coefficientsfor the factors.
 Both (Figs. 2 & 3) show a relationship
 between the reconstructed PM 2.5 masscontributions from all sources and the measuredPM mass concentrations. It is clear that theresolved sources effectively reproduce the
 2R
 ( / )ij ije sijs
 kc
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 measured values and account for most of thevariation in the PM mass concentrations (slope =0.84 and r= 0.88 for the Hamshire site; slope =1.03 and r= 0.81 for the Orange site). (Fig. 4through Fig. 12) present the time series plots ofestimated source contributions to PM massconcentrations for each source, the identifiedsource profile at the two sites, and polar plot ofthe factor contributions with wind direction for thetwo sites. The seasonal variations in the time seriesplots may be explained by variation in sourcestrength, atmospheric transport, and possiblechemical reactions in the atmosphere, or acombination of the three. To estimate theuncertainties of source profiles obtained fromPMF, a bootstrapping technique (Efron andTibshirani, 1993) combined with a method toaccount for the rotational freedom in the solutionwas used. The middle panels of (Fig. 4 throughFig. 12) display the lower and upper limit of a 90%confidence interval for the mean profiles as wellas the profile estimates. The smaller magnitudethe whisker, the more consistent the estimate isand the larger magnitude the whisker, the lessconsistent the result is. In other words, the smallermagnitude the whisker, the smaller associatederror the estimate has and the larger magnitudethe whisker, the larger associated error theestimate has.Among the nine factors identified,the first common factor is sulfate-rich secondaryaerosol. Fig. 4. shows the contribution and factorprofile resolved by PMF for this factor at the twosites. The source has a high concentration of
 carbon, SO 24− , and NH 4
 + .Table 3. Possible source types and factor
 contributions (%) obtained by PMFSource type Hamshire
 site Orange site
 Sulfate-rich 42.0 43.4 Cement/carbon-rich
 13.7 10.6
 Wood smoke 10.9 15.5 Motor vehicle/road dust
 8.7 8.2
 Metal processing
 8.3 5.9
 Nitrate-rich 4.2 3.2 Soil 3.7 4.2 Sea salt 3.2 2.3 Cl depleted marine aerosol
 5.3 6.7
 Table 4. Hamshire vs. Orange 2R for the factors byPMF at the two sites
 Source type Squared correlation coefficient
 Sulfate-rich 0.67 Cement/carbon-rich 0.04 Wood smoke 0.15 Motor vehicle/road dust
 0.90
 Metal processing 0 Nitrate-rich 0.32 Soil 0.95 Sea salt 0.62 Cl depleted marine aerosol
 0.29
 Fig. 2. Measured versus predicted PM 2.5 massconcentration for Hamshire
 Fig. 3. Measured versus predicted PM 2.5 massconcentration for Orange
 322824201612840
 4 8 12 16 20 24 28 320Pred
 icte
 d pa
 rticl
 e m
 ass
 conc
 ( g
 /m3 ) Y= 0.8367x +1.2448
 R2= 0.8812µ
 Measured particle mass conc( g/m3)µ
 Pred
 icte
 d pa
 rticl
 e m
 ass
 conc
 ( g
 /m3 )
 µ
 µ0 30252015105
 Y= 1.0342x +0.5145 R2= 0.8107
 30
 25
 20
 15
 10
 5
 0
 Measured particle mass conc( g/m3)

Page 8
						

Atmospheric Aerosols
 260
 05
 10152025
 6/24/2
 003
 8/ 8/200
 3
 9/22/2
 003
 11/6/2
 003
 12/21/2
 0032/4
 /2004
 3/20/2
 0045/4
 /2004
 6/18/2
 004
 8/2/20
 04
 9/16/2
 004
 10/31/
 2004
 12/15/2
 004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/20
 05
 7/28/2
 005
 9/11/2
 005
 05
 10152025
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V Zn OC ECSO4NH4NO3
 0.0001
 0.0010
 0.01000.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W Zn OC ECSO4NH4NO30.00010.0010
 0.01000.1000
 1.0000
 Orange
 0
 10
 20
 0
 10
 20
 N
 E
 S
 W
 NE
 SESW
 NW
 Sulfate-rich secondary aerosol
 0
 10
 20
 0
 10
 20
 Sulfate-rich secondary aerosolN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 4. Contributions by and profiles of the sulfate factors resolved by PMF analysis at the two sites; the polarplot of the factor contributions with wind direction for Hamshire and Orange sites
 0
 10
 20
 30
 6/24/2
 003
 8/8/20
 03
 9/22/20
 03
 11/6/2
 003
 12/21/
 2003
 2/4/200
 4
 3/20/2
 004
 5/4/20
 04
 6/18/2
 004
 8/2/20
 04
 9/16/20
 04
 10/31/
 2004
 12/15/
 2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/20
 05
 0
 10
 20
 30
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V Zn OCECSO4NH4NO3
 0.00010.0010
 0.0100
 0.10001.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W ZnOC ECSO4NH4NO3
 0.00010.0010
 0.0100
 0.1000
 1.0000
 Orange
 0
 5
 10
 0
 5
 10
 Cement/carbon richN
 E
 S
 W
 NE
 SESW
 NW
 0
 4
 8
 0
 4
 8
 Cement/carbon richN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 5. Same as Fig. 4. but for the cement/carbon-rich factors
 Hamshire
 Hamshire
 Orange
 Orange
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )
 Cone
 ntra
 tions
 (mic
 rogr
 am/m
 icro
 gram
 )
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )
 Cone
 ntra
 tions
 (mic
 rogr
 am/m
 icro
 gram
 )

Page 9
						

261
 Int. J. Environ. Res., 3(2):253-270, Spring 2009
 0
 5
 10
 15
 20
 6/24/2
 003
 8/8/20
 03
 9/22/2
 003
 11/6/
 2003
 12/21
 /2003
 2/4/20
 04
 3/20/2
 004
 5/4/20
 04
 6/18/2
 004
 8/2/20
 04
 9/16/2
 004
 10/31
 /2004
 12/15
 /2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/2
 005
 0
 5
 10
 15
 20
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V Zn OC ECSO4NH4NO3
 0.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W ZnOC ECSO4NH4NO30.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Orange
 0
 4
 8
 0
 4
 8
 Wood smokeN
 NE
 E
 S
 W
 SESW
 NW
 0
 5
 10
 0
 5
 10
 Wood smokeN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 6. Same as Fig. 4 but for the wood smoke factors
 0
 5
 10
 15
 20
 6/24/2
 0038/8
 /2003
 9/22/2
 003
 11/6/2
 003
 12/21/
 20032/4
 /2004
 3/20/2
 0045/4
 /2004
 6/18/2
 0048/2
 /2004
 9/16/2
 004
 10/31/
 2004
 12/15/
 2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/2
 005
 0
 5
 10
 15
 20
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V ZnOC ECSO4NH4NO3
 0.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W ZnOC ECSO4NH4NO30.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Orange
 0
 5
 10
 15
 0
 5
 10
 15
 Motor vehicle/road dustN
 E
 S
 W
 NE
 SESW
 NW
 0
 5
 10
 15
 0
 5
 10
 15
 Motor vehicle/road dustN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 7. Same as Fig. 4 but for the motor vehicle/road dust factors
 Hamshire
 Hamshire Orange
 Orange
 Cone
 ntra
 tions
 (mic
 rogr
 am/m
 icro
 gram
 )Co
 nent
 ratio
 ns(m
 icro
 gram
 /mic
 rogr
 am)
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )

Page 10
						

Chiou, P. et al.
 262
 0
 2
 4
 6
 8
 6/24/2
 003
 8/8/20
 03
 9/22/2
 003
 11/6/
 2003
 12/21
 /2003
 2/4/20
 04
 3/20/2
 004
 5/4/20
 04
 6/18/2
 004
 8/2/20
 04
 9/16/2
 004
 10/31
 /2004
 12/15
 /2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/2
 005
 0
 2
 4
 6
 8
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg KMnMg Na Ni Pb Se Si Sr Ti V ZnOCECSO4NH4NO30.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe KMnMg Na Ni Pb Se Si Sr Ti V W ZnOCECSO4NH4NO30.0001
 0.0010
 0.0100
 0.1000
 1.0000Orange
 0
 4
 8
 0
 4
 8
 Metal processingN
 E
 S
 W
 NE
 SESW
 NW
 0
 4
 8
 0
 4
 8
 Metal processingN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 8. Same as Fig. 4 but for the metal factors
 0
 1
 2
 3
 4
 6/24/2
 003
 8/8/20
 03
 9/22/2
 003
 11/6/2
 003
 12/21/
 2003
 2/4/20
 04
 3/20/2
 004
 5/4/20
 04
 6/18/2
 004
 8/2/20
 04
 9/16/2
 004
 10/31/
 2004
 12/15/
 2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/2
 005
 0
 1
 2
 3
 4
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V ZnOC ECSO4NH4NO3
 0.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W ZnOC ECSO4NH4NO30.0001
 0.0010
 0.0100
 0.1000
 1.0000Orange
 0
 2
 4
 0
 2
 4
 Nitrate-rich secondary aerosolN
 E
 S
 W
 NE
 SESW
 NW
 0
 2
 4
 0
 2
 4
 Nitrate-rich secondary aerosolN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 9. Same as Fig. 4 but for the nitrate factors
 Hamshire
 Hamshire Orange
 Orange
 Cone
 ntra
 tions
 (mic
 rogr
 am/m
 icro
 gram
 )Co
 nent
 ratio
 ns (
 mic
 rogr
 am/m
 icro
 gram
 )
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )

Page 11
						

263
 Int. J. Environ. Res., 3(2):253-270, Spring 2009
 0
 5
 10
 15
 6/24/2
 003
 8/8/20
 03
 9/22/2
 003
 11/6/
 2003
 12/21
 /2003
 2/4/20
 04
 3/20/2
 004
 5/4/20
 04
 6/18/2
 004
 8/2/20
 04
 9/16/2
 004
 10/31
 /2004
 12/15
 /2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/2
 005
 0
 5
 10
 15
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V ZnOC ECSO4NH4NO3
 0.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W ZnOCECSO4NH4NO30.0001
 0.0010
 0.0100
 0.1000
 1.0000Orange
 0
 3
 6
 0
 3
 6
 N
 E
 S
 W
 Soil
 NE
 SESW
 NW
 0
 5
 10
 0
 5
 10
 SoilN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 10. Same as Fig. 4 but for the soil factors
 0
 4
 8
 6/24/2
 003
 8/8/20
 03
 9/22/2
 003
 11/6/2
 003
 12/21
 /2003
 2/4/20
 04
 3/20/2
 004
 5/4/20
 04
 6/18/2
 004
 8/2/20
 04
 9/16/2
 004
 10/31
 /2004
 12/15
 /2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/2
 005
 0
 4
 8
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V ZnOCECSO4NH4NO3
 0.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W ZnOCECSO4NH4NO3
 0.0001
 0.0010
 0.0100
 0.1000
 1.0000Orange
 0
 4
 8
 0
 4
 8
 Sea saltN
 E
 S
 W
 NE
 SESW
 NW
 0
 4
 8
 0
 4
 8
 Sea saltN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 11. Same as Fig. 4 but for the sea salt factors
 Hamshire
 Hamshire
 Orange
 Orange
 Cone
 ntra
 tions
 (mic
 rogr
 am/m
 icro
 gram
 )Co
 nent
 ratio
 ns(m
 icro
 gram
 /mic
 rogr
 am)
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )
 mas
 s co
 noen
 tratio
 ns(m
 icro
 gram
 /m3 )

Page 12
						

Atmospheric Aerosols
 264
 0
 5
 10
 6/24/2
 003
 8/8/20
 03
 9/22/2
 003
 11/6/2
 003
 12/21/
 20032/4
 /2004
 3/20/2
 004
 5/4/20
 04
 6/18/2
 004
 8/2/20
 04
 9/16/2
 004
 10/31/
 2004
 12/15/
 2004
 1/29/2
 005
 3/15/2
 005
 4/29/2
 005
 6/13/2
 005
 7/28/2
 005
 9/11/2
 005
 0
 5
 10
 Hamshire
 Orange
 Al As Ba Br Ca Ce Cl Cr Cu Fe Hg K Mn Mg Na Ni Pb Se Si Sr Ti V ZnOC ECSO4NH4NO3
 0.0001
 0.0010
 0.0100
 0.1000
 1.0000
 Hamshire
 Al As Ba Br Ca Cl Co Cr Cu Fe K Mn Mg Na Ni Pb Se Si Sr Ti V W ZnOCECSO4NH4NO30.0001
 0.0010
 0.0100
 0.1000
 1.0000Orange
 0
 2
 4
 0
 2
 4
 Chloride depleted marine aerosolN
 E
 S
 W
 NE
 SESW
 NW
 0
 5
 10
 0
 5
 10
 Chloride depleted marine aerosolN
 E
 S
 W
 NE
 SESW
 NW
 Fig. 12. Same as Fig. 4 but for the chloride depleted marine factors
 OC and EC were associated with this factor.The significant OC association was consistent withseveral previous studies (Kim et al., 2004;Ramadan et al., 2000). The mixed ECconcentration probably reflects that the resolvedfactor by PMF may not merely represent onesource. Molar ratio of ammonium to sulfate forthis factor was 2.1 at the Hamshire site and 1.9 atthe Orange site. Because of the possibleevaporation of ammonium during sample analysisand/or the uncertainty of the PMF estimate, sulfateis likely present mainly as ammonium sulfate at
 the two receptor sites. An analysis on the PM 2.5
 data for the molar equivalents between [Na + ] +
 [K + ] + 2[Ca 2+ ] + [NH 4+ ] and 2[SO 2
 4− ] + [NO 3
 − ]
 + [Cl − ] was performed. It revealed the sum ofthe cations is equivalent to the sum of anions(normalized molar ratios of cations to anions were0.94 and 1.00 for Hamshire and Orange,respectively). The cation is dominated byammonium (82% on a normalized molar basis forboth sites) and sodium (13% and 12% at theHamshire and Orange sites, respectively). Theanion is dominated by sulfate (93% and 94% on a
 normalized molar basis at the Hamshire and theOrange sites, respectively). All other ionicconstituents were less than 5% by mole.Correlation of the ionic compositions indicates thatsulfate is present primarily as ammonium sulfateand chloride is present mainly as sodium chloride.Nitrate is negatively correlated to ammonium atboth sites, but weakly correlated with sodium,potassium, and calcium. This indicates that nitrateis less likely to be associated with ammonium.Instead, it may be bound with a number of cationsin the PM. Among the nine factors identified,sulfate-rich secondary aerosol has the highestsource contribution to PM mass concentration with42.0% and 43.4% at the two sites, respectively.Carbon and trace elements usually becomeassociated with the secondary sulfate aerosol inthe atmosphere (Kim et al., 2004). The sourceshows slightly higher concentrations in spring andearly fall when the photochemical activity is stillhigh in the region (Polissar et al., 2001; Song etal., 2001). In the polar plot of this factor with winddirections at the two sites (bottom of Fig. 4). thecontributions from southeast indicate the sulfateaerosol was influenced by the sources along theGulf Coast under prevailing flow from the
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 southeast. However, the contributions fromnortheast were likely to include eastern U.S. andeast Texas sources under less frequentnortheasterly wind conditions. The sulfate-richsecondary aerosol source accounts for 42.0% and43.4% of the PM mass concentration at the twosites, respectively. This is similar to the study ofthree northeastern US cities which identified itscontributions of 47%, 55%, and 51% to the PMmass concentration (Song et al., 2001). The toppanel in Figure 4 shows highly similar seasonalvariations at the two sites. This highly similarseasonal variations at the two sites and asignificant squared correlation coefficient of = 0.67for this factor between the two sites imply thatthis factor is a Golden Triangle regionally relatedfactor.
 The second common factor is related to acement/carbon-rich source characterized by Ca,OC, and EC (Kim et al., 2004; US EPA, 2002).The middle panel in Figure 5 shows the factorprofiles at the two sites. SO was associated withthis factor at the two sites while a small amountof K was associated with this factor at theHamshire site. It contributes 13.7% and 10.6% tothe PM mass concentration at the sites,respectively, and likely includes contributions froma couple of construction material sites and anunknown carbon-rich source possibly fromchemical plants in Golden Triangle. The highcarbon concentration of this source indicates thatthe cement and a carbon-rich source are co-located and daily emission patterns are similar(Kim et al., 2004). The source shows slightlyhigher concentrations in spring. The top panel inFigure 5 shows the contribution of this factor atthe sites. It did not suggest any seasonaldependence and seasonal variations for this factor.There was an extremely high peak on April 16,2005 at the Orange site but not at the Hamshiresite. This factor was possibly dominated byweekday-weekend local activity such as reducedactivity at the construction material sites overweekends. The factor contribution plot for the twosites also shows little similar temporal variabilitybetween the two sites. In the polar plot of thisfactor with wind directions at the two sites (bottomof Fig. 5). the slightly higher contributions fromeast and southeast indicate the carbon aerosol waspossibly influenced by the chemical and refinery
 plants along the coast in Port Arthur and Orangeunder prevailing flow from the southeast. Thefactor contribution peaks and temporal variabilitydid not match between the two sites with an valueof 0.04. This indicates that the two sites may beinfluenced by some different local sources.
 The third common factor was identified aswood smoke source which is characterized by K,OC, and EC (Kim et al., 2004; Liu et al., 2005;Watson et al., 2001). It contributes 10.9% and15.5% to the PM mass concentration at the twosites, respectively. The middle panel in Fig. 6.shows the factor profiles at the two sites. SO wasassociated with this factor at the Hamshire siteand a small amount of NO and NH wereassociated with the factor at the two sites. Thewood smoke probably comes from residentialwood burning, local agricultural biomass burning,and occasional forest fires. For the two sites, thisfactor has a slightly higher trend in winter seasonpossibly related to residential wood burning forheating. The short-term peaks in spring andsummer shown at the top panel of Fig. 6. wereprobably due to forest fires, and/or biomassburning from Central America. The polar plot ofthis factor at the two sites (bottom of Fig. 6).indicated there were slightly higher contributionsfrom east and southeast. However, the squaredcorrelation coefficient of this factor between thetwo sites was = 0.15 and it is consideredsubstantially low. Furthermore, the plot of factorcontribution shows little similar temporal variabilitybetween the two sites. It indicates that the twosites are influenced by different types of localsources such as forest fires and/or different annualand semiannual wood burning activity.
 The fourth common factor was not as readilyinterpreted as the other factors; however, it wasidentified as motor vehicle/road dust sourcecharacterized by higher concentration of Si, OC,SO, NH along with Ca, Fe, K, and EC (Chueintaet al., 2000). The middle panel in Figure 7 showsthe quite similar factor profiles at the two sites.The association of NH and NO with this factormight be directly related to NO and NH emissionsfrom (catalytic) motor vehicles. This source mightbe accounted for the mixing of sources such asvehicles on interstate highway I-10, state highwaySH 124 and SH 62, road dust, and transportedsummer soil. Highway I-10 and SH 124 are nearly
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 parallel in the proximity of Hamshire, and themonitoring site is located about 2 km north of SH124 and 3 km south of I-10. The Orange site islocated about 6 km north of I-10 and 0.5 km westof SH 62 (Fig. 1). It has short-term peaks in Juneand July, and shows a summer-high seasonal trendpossibly due to the higher concentration of soildust during the period. This source accounts for8.7% and 8.2% of the PM mass concentration atthe two sites, respectively, and it shows slightlyhigher concentrations in summer. At the top panelin Fig. 7. the large peaks of annual cycle indicatedthe seasonal dependence of source formationpossibly from the summer soil dust. The plot offactor contributions shows highly similar seasonalvariations at the two sites due to the summer dustand the monitoring sites being in the surroundingarea of Golden Triangle. The polar plot of thisfactor with wind directions at the two sites (bottomof Fig. 7). did not suggest any particular highercontributions from any direction. The apparentlysimilar temporal variability and a squaredcorrelation coefficient of = 0.90 between the twosites imply that this source is highly influenced bythe summer soil dust and area traffic sources.
 The fifth common factor suggested a sourceof metal processing because of the profilecharacterized by its high concentration of Zn alongwith OC, EC, SO, and NH at the Hamshire siteand high concentration of Fe associated with EC,SO, and NH at the Orange site (Kim et al., 2004;US EPA, 2002). The middle panel in Figure 8shows the factor profiles at the two sites. Thisfactor at Hamshire is highly likely to includecontributions from a couple of metal processingfacilities in Beaumont as Beaumont is locatednortheast of the Hamshire receptor site. One ofthe facilities, 20 km northeast of the Hamshirereceptor, uses the process of galvanization to coatsteel and iron with zinc. The polar plot of this factorat the two sites (bottom of Fig. 8). indicated therewere slightly higher contributions from northeastlikely to include eastern U.S. and east Texassources under less frequent northeasterly windconditions. A major steel mill, 1 km south of I-10and 10 km east of Beaumont, is also likely tocontribute to this factor at the Orange site. Thesource showed a slightly reduced seasonal trendat the receptors in the spring possibly due to thelocations of metal processing facilities and
 southerly winds during the season. This sourceaccounts for 8.3% and 5.9% of the PM massconcentration at the two sites, respectively. Thetop panel in Fig. 8. shows the contribution for thisfactor at the two sites. The peaks with highperiodicity might correspond to the annual andsemiannual cycle possibly reflecting the seasonalvariation, and those with low periodicity wererelated to a weekly cycle. The weekly high peakssuggested this factor was dominated by weekday-weekend local activity. However, the plot of factorcontributions shows little similar temporal variabilitybetween the two sites. The much different timevariations at the two sites and a squared correlationcoefficient of = 0 between the two sites emphasizethis factor may come from different local metalsources or common sources with different impactson the two sites.
 The sixth common factor resolved at the twosites mainly consists of ammonium and nitrate.The nitrate-rich secondary aerosol is identified byits high concentration of NO and NH. Fig. 9 .showsthe factor contribution and profile results for thissource. SO was mixed with this factor at theOrange site. EC and a small amount of tracemetals were also associated with this factorpossibly from the transported metallic aerosol. Thissource includes NH that becomes associated withthe secondary nitrate aerosol in the atmosphere.Molar ratios of ammonium to nitrate were 1.7 and0.6 for the Hamshire and Orange sites,respectively. Because of the possible evaporationof ammonium during sample analysis and/or theuncertainty of the PMF estimate, nitrate isprobably present mainly as ammonium nitrate atthe two receptor sites. Nitrate is formed in theatmosphere mostly through the oxidation of NOdepending on ambient temperature, relativehumidity, and the presence of ammonia (Liu etal., 2005). It has short-term peaks and higher trendin cool seasons possibly indicating that lowtemperature and high humidity foster the formationof nitrate aerosol in the region as discussed in thestudy for Atlanta (Kim et al., 2004) and threenortheastern US cities (Song et al., 2001). In thepolar plot of this factor at the two sites (bottom ofFig. 9). the contributions from southeast indicatethe nitrate aerosol was influenced by the sourcesalong the Gulf Coast under prevailing flow fromthe southeast. The seasonal dependence of nitrate

Page 15
						

formation is reflected by high peaks with highperiodicity in the top panel of Fig. 9. The plot alsoshows the similar seasonal variations ofammonium nitrate at the two sites. It reflects theregional characteristic of ammonium nitrateformation and transport. The local characteristicof this source in the area was reflected by thesmall monthly or weekly peaks with low periodicity,and apparently the local impact was limited. Thevalue of 0.32 between the two sites is not as highas that of sulfate factor possibly due to the shorterlifetime of NO than SO. The source accounts for4.2% and 3.2% of the PM mass concentration atthe Hamshire and the Orange sites, respectively.The seventh common factor was identified as soilsource represented by Al, Ca, Fe, K, Mg, Na, Si,and Ti (Kim et al., 2004; Watson et al., 2001). Itcontributes 3.7 % and 4.2% to PM massconcentration at the two sites, respectively. Thecrustal particles could be contributed by unpavedroads, construction sites, and soil dust. Thecontribution and factor profile in Figure 10 showthe highly similar results of this factor betweenthe two sites. The airborne soil shows seasonalvariation with higher concentrations in the summer.The short-term peaks in summer of 2004 and 2005likely reflect the intercontinental dust transport asindicated in several analyses across the easternUS (Liu et al., 2005). Prospero (2001) showedthat the summer trade winds carry African dustsinto US from the direction of southeast which isconsistent with what the polar plot of this source(bottom of Figure 10) indicated. Sahara dusttypically has relatively lower calcium than US orAsian dust. The Al to Ca ratio of 6.7 in this sourceat the two sites (about 3.8 ratios in US or Asiandust) suggests that this source might have beeninfluenced by African dusts. The mixed OC, EC,SO, NO, and NH concentration in this factor implythat this source was mixed with some othersources during the long-range transport. The largepeaks with high periodicity of annual cycleindicated the seasonal variations of this factor. Theextremely small peaks with low periodicity suggestthat weekly activity has limited impact on thisfactor at the two sites. The top panel in Figure 10shows highly similar seasonal trends at the twosites. This highly similar seasonal variations at thetwo sites and an extremely large squaredcorrelation coefficient of = 0.95 for this source
 between the two sites imply that this factor is aregionally related factor.
 The eighth common factor at the two siteshas high concentration of Cl and Na. It is clearlyfrom the marine or sea salt aerosol source (Leeet al., 1999). As the Hamshire and Orangemonitoring sites are located 30 km and 55 km northof the Gulf of Mexico, respectively (Fig. 1). thepresence of marine-related aerosol is expected.Fig. 11. shows the contribution and factor profileresolved by PMF for this factor. The middle panelin Fig. 11. shows the comparable factor profilesat the two sites. Both nitrate and sulfate wereassociated with this factor at the two sites probablydue to scavenging of nitrate and sulfate duringthe transport from the coast. Ammonium wasassociated with this factor at the two sites whileOC and a small amount of EC were alsoassociated with this factor at the Orange site. Ithas slightly higher concentrations in summerpossibly due to the southerly winds during theseason. This source accounts for 3.2% and 2.3%of the PM mass concentration at the monitoringsites, respectively. The peaks with high periodicityof annual and semiannual cycle indicated theseasonal variations of this factor. The peaks withlow periodicity suggest that the Gulf of Mexicohas substantial impact on this factor at the twosites. The polar plot (bottom of Fig. 11). clearlyshows the relationship of this factor with winddirection from the Gulf of Mexico. The plot offactor contribution shows highly similar seasonalvariations at the two sites due to the proximity ofthe monitoring sites to the Gulf of Mexico. Thishighly similar seasonal variations at the two sitesand a squared correlation coefficient of = 0.62between the two sites imply that this source ishighly influenced by the monitoring site being inthe proximity to the Gulf of Mexico.
 The ninth common factor was identified aschloride depleted marine aerosol that is related tothe sea salt factor (Lee et al., 1999). The middlepanel in Fig. 12. shows the comparable factorprofiles at the two sites. It has high concentrationof Na. SO, NH, and OC. A small amount of K,Mg, Ni, V, and EC were associated with this factorat the two sites. However, a small amount of NOwas also associated with this factor at the Orangesite. It is originated from sea salt aerosol which
 Int. J. Environ. Res., 3(2):253-270, Spring 2009
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has undergone the chloride loss reactions throughacid substitution and yielded a higher loading ofSO in the source than sea-salt aerosol (Lee etal., 1999). This chemical reaction usually occursin the coastal areas with high sulfur loading. Thecomposition of chloride depleted marine aerosoldepends on air quality and meteorologicalconditions, and therefore it was separatelyidentified from sea salt. The higher sulfate loadingin chloride depleted marine aerosol compared tosea-salt has led almost no chloride associated withthis factor identified by PMF. However, the lowersulfate loading in sea-salt compared to chloridedepleted marine aerosol has led a high chlorideloading in sea-salt identified by PMF. The contentof Ni, V, and high loading of SO in the sourcesuggests that this factor might have beeninfluenced by marine shipping emissions along theGulf Coast. Ship traffic is increasingly recognizedas a significant source of these trace metals andsulfur in coastal areas. In the bottom panel ofFigure 12, there are indications of higherconcentrations at the two sites from the directionof south which is consistent with the sourcedirection of sea salt aerosol. The chloride depletedmarine aerosol source has slightly higherconcentrations in spring and summer. This sourceaccounts for 5.3% and 6.7% of the PM massconcentration at the two sites, respectively. Thelarge peaks with high periodicity of annual cycleindicated the seasonal dependence of formationof this source. The peaks with low periodicitysuggest that the Gulf of Mexico has substantialimpact on this factor at the two sites. The toppanel in Figure 12 shows highly similar seasonalvariations at the two sites due to the proximity ofthe monitoring sites to the Gulf of Mexico. Thishighly similar seasonal variations at the two sitesand the squared correlation coefficient of = 0.29between the two sites imply that this source islikely influenced by the monitoring site being inthe proximity to the Gulf of Mexico.
 CONCLUSIONSAn air quality study has been carried out to
 identify and compare the sources of particulatepollutants at two EPA monitoring sites in Texas,namely, the Hamshire and the Orange monitoringsites located in Golden Triangle of Texas withabout 65 km separation along Interstate Highway
 10. The two sites have average annual PMconcentrations of 11.00 and 12.05, respectively,which are below the National Ambient Air QualityStandards of 15 for PM. In this study, thecollected PM compositional data at two monitoringsites were analyzed using PMF for sourceattribution. The PMF effectively identified ninepossible common source-related factors for PM.The estimated source contributions for thecommon factor between the two sites were usedto analyze spatial differences and to calculatecorrelations.
 Sulfate-rich secondary aerosol was extractedby PMF which had the highest contribution to thePM mass in the region accounting for almost 42%and 44% of the total concentration at the two sites,respectively. Sulfate and nitrate mainly exist asammonium sulfate and ammonium nitrate at thereceptor sites. The soil factor has high sourcecontribution peaks during the summer likelyreflecting the intercontinental dust transport. Thesea salt factor is clearly seen at the sites from theGulf of Mexico. The chloride depleted marineaerosol was originated from sea-salt aerosol;however, it was separately identified because ofthe chloride loss during chemical reactions in theatmosphere. The correlation between the two sitesis quite high for motor vehicle/road dust, and ismoderate for sea salt and chloride depleted marineaerosol. Sulfate, motor vehicle/road dust, nitrate,soil, sea salt, and chloride depleted marine showregional characteristics with similar seasonalvariation patterns at the two sites and significantcorrelation coefficients for these factors betweenthe two sites. The regional factors account forabout 67% and 68% of the PM massconcentration for the two sites, respectively. Thecorrelations between the two sites are poor forcement/carbon-rich and wood smoke, and nonefor metal processing. A couple of metal processingfacilities and a steel mill in Golden Triangle areclearly suggested of being related to the sourceof metal processing. The local factors on theaverage contribute 33% and 32% to the PM massconcentration for the two sites, respectively.
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