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APPENDIX X

Weekday/Weekend PM , 5 Speciation Project

X-1  Background

A major focus of MATES Il and Il is the estimatiaf ambient diesel particulate matter levels.
Currently, diesel particulate matter is being eated by quantifying the EC and other
components of Plk samples. Although the MATES IIl Program assefisesannual South
Coast Air Basin average risk associated with setkttixic air contaminants using monitoring
data averaged over a year, emissions vary fromtaldgly and especially from weekday to
weekend, following variation of anthropogenic aityiv Since this variation exists, additional
weekend specific data on toxic air compounds cpubdide additional information on pollution
sources. One of the most notable phenomena fedoae weekend effect” whereby
concentrations of ozone are greater on the weekbadson the weekdays in the South Coast
Basin. The weekend effect has become more proedunwer the last decade and is indicative
of varying emissions sources as a function of teaf the week. Studies have also shown the
reverse trend for VOCs, particulate matter g&hd PM s), and carbon monoxide (CO)
whereby high concentrations are observed duringvbekdays and drop significantly (10 to
25%) on the weekends (ARB, 2004).

In an effort to investigate the weekday/weekentedtinces found, ARB initiated an emission
source activity study characterized by day of tleekwvhich obtained data for on-road mobile
sources, off-road mobile and area sources, and pources which would include toxic air
contaminant emissions (ARB, 2004). Through teleghand mail surveys, in-vehicle sensors
checking driving activity, traffic volume observaiis on surface streets and freeways,
continuous emissions monitoring, and on-site fgldveys, it was shown that activity levels for
on-road mobile sources, commercial off-road mosderces, and commercial area sources
declined on the weekends relative to weekdaysattinity levels for recreational off-road

mobile sources and recreational sources increas@gekends relative to weekdays. The study
included roadway loop sensor data which suggebegdstirface street traffic declined 20-27%

on Saturdays and 27-33% on Sundays, but heavyeiesgl traffic declined more, 67-83%
(Figure X-1). Also, the study analyzed Caltransigti-In-Motion (WIM) data for 2002 and
observed that total freeway traffic declined 11%Saturdays and 26% on Sundays (Figure X-2),
but heavy-duty traffic declined 50-75% on weekefkgure X-3). Different activity patterns
exist for Friday, Saturday and Monday which iseefive of the transition from weekday to
weekend activities and vice versa. According tdARarsen, 2004), the preliminary
observations for 2004 traffic patterns do not devegnificantly from those in 2002. Through
surveys, activities such as boating, off-road digyipainting and barbecuing increased 25-165%
from weekdays to weekends, but business activdgetined 60-90% on the weekends, almost
ceasing on Sunday (ARB, 2004).
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X-2 Introduction

A special study was conducted in addition to theT&& Il fixed site measurements to
specifically compare weekday and weekend differemecelemental carbon, a marker for diesel
exhaust, and later was expanded to include fiivhss and other compounds. Multiple-Channel
Fine Particulate (MCFP) samplers from the PM TechifEnhancement Program (PTEP) were
deployed to the Central Los Angeles, West Long Beand Rubidoux sites which were also
selected for the PAH and the organic tracers measemts conducted as part of MATES Ill. The
purpose of the extra samplers was to allow congisteednesday and Sunday sampling without
interfering with the MATES |II fixed-site samplirgghedule and being able to acquire more day
specific data than the fixed site sampling schedHlar the purpose of this study, Wednesday
was chosen as the representative “weekday” beaaisead vehicular activity was shown to be
consistent from Tuesday through Thursday. Sundayclasen as the representative “weekend”
because it is the day with the lowest on-road vwéarcactivity within the South Coast Basin.
Sampling by the MCFP samplers commenced in the Pilseason starting in October 2004
and proceeded through March 2005 and then agaim @otober 2005 through March 2006.

X-3  Methodology

The MCFP samplers collected a 24-hour integrategpaonto one Teflon filter and three
quartz filters at the rate of 8 L mit{11,500 L per sample). Channel Il of each MCRRplar
was equipped with a Teflon-coated cyclone for,BBize selective sampling. Information on
the MCFP samplers can be found in Kim, et. al (300he sampler differs from the SASS
samplers used in the routine sampling at the MATIESites in the cyclone and flow rates. The
MCFP sampler has been shown to produce comparedlés to FRM samplers for mass and
nitrates (Teffera,et. al, 1998). After mass wagrined, metals were analyzed on the Teflon
filters using X-ray Fluorescence Spectroscopy (XREL/OC analysis duplicates were done on
one of the quartz filters requiring two circulamghes with a 5 mm diameter from the sample.
After EC/OC analysis, the punched filters wereeowith the collocated filters af @ to await
the organic tracer analysis. The two quartz 8lteith the most convergent EC concentrations
on a given sampling day were selected to contritutee monthly composite sample for the
organic speciation analysis.

Volatile organic compound data and Pilter data from the fixed site data were alsod.fe
day-of-week analysis and were measured using thieate described in Section 2.5; PAH
measurement methods are depicted in Appendix I§f;Riv} s particulate-bound organic
compound analysis is described in Appendix V.

X-4  Results and Discussion

In addition to normal quality control checks, trealfrom the MCFP samplers were compared to
the data from the fixed sites for the days thatelveas overlap. The MCFP mass concentrations
showed a positive bias from the SASS mass condemtsaFigure X-4). The bias was greater
than 20% in all samplers. QC checks on the MCFRlsdata indicated that there were
unusually high concentrations of copper, zinc, eicdnd other metals that were not seen in the
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SASS metal data. A source of contamination waadan the brass fittings that were used
upstream of the denuder tubes. Brass is an allogisting primarily of copper (~65%) and zinc
(~35%) and other trace metals. When the total rmbg®e metals was compared to the
overlapping samples, a positive bias was fountienMCFP sampler data. When that metal sum
bias was subtracted from the MCFP PVhass data, the adjusted mass MCFP concentration
averages were comparable to the SASS mass datgaser

Because of the known metals contamination of th&=RIGamples, the MCFP data was not used
further for data analysis on B¥Imass and metal content. Instead, the SASS satatdevas

used for the day-of-week comparisons forRMter data. The SASS data provides a complete
data set over two years which provides around 3% glaints for comparison for each day of the
week for each site compared to the 24 data ponggally conceived for the special project for
one year with the MCFP. Also, it allows for seasaomparisons as well as providing
resolution to see Friday, Saturday, and Mondaysttiam effects on the data.

The PM s EC and OC data from the MCFP samplers were relgtivnaffected by the metals
contamination as would be expected. The averagarl®C MCFP data was within 15%, the
precision of the carbon analyzer at ambient comagans, of the SASS averages with exception
to the Rubidoux OC data which was within 25%. Thiusan be inferred that the data for the
PM 5 particle-bound speciated organic compound anaiysist significantly affected by the
metals contamination.

Figure X-5 shows the day-of-week SASS Rjvhass pattern for the seasonal data of West Long
Beach, Los Angeles, and Rubidoux. The summepgdason is for data collected in the months
of April through September, and the winter desigmats used for data collected in the months
of October through March. The West Long Beach ndass shows that the annual weekend
mass average (19.5@ n°) is 10% higher than the weekday average (1dg81>), but the
average concentration is highest on Saturday (3ig5#°). This pattern was also observed in
Rubidoux, Los Angeles, and also in the total regi@verage of all fixed station BNMmass data.
When looking at the seasonal mass data, theresofea change between weekend mass in the
summer whereas there is a 30-50% increase in thiembetween the three sites which accounts
for most of the difference observed in the anna#hd In the winter, the day-of-week trend
indicates the maximum average mass concentratioiaturday and the lowest on Monday with
a 40 — 60% difference. Comparison of the statammdirms other observations that Rubidoux
has higher average RBNMconcentrations relative to the western portionthefSouth Coast Air
Basin.

This Saturday effect observed with the mass wasallserved in the SASS BNMNO; and SQ

data (Figure X-6 and Figure X-7) in all three sigth increases of 30% and 14% respectively
for the annual average, but the larger differerié8s- 70%) were observed in the winter data.
For comparison to other studies, average summerotrations of N@in this study were three

to four times higher than the 0.54 to 0j&2n° concentrations reported by the three-week
summer time study by Lough, et al. (2003). Thesgeal NQ and SQ trends are comparable to
those reported by ARB, 2005. Concentrations o W@re higher in the winter than in the
summer and increase going from west to east wigokesa with other studies which have shown
secondary particulate formation downwind of Nddurces (Russell and Cass, 1986; Neuman, et
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al., 2003). NH concentrations day-of-week patterns matched the pd@erns for the three sites.
Conversely, S@Qconcentrations were higher, especially duringtkekdays, closer to the
industrial and traffic sources in the western sifithe Basin. MATES Ill SQsummer average
concentration of 4.9jg m° agrees well with Los Angeles concentrations regzbin the Lough,

et al., Study (2003) which reported 4.4 +im>. Also, 60 to 100% higher S@oncentrations
were observed in the summer than in the wintenathree sites. The Q@verage

concentrations declined progressing eastward.

Average Wednesday to Sunday comparisons of selecgaahic speciated compounds from the
MATES Il Study were compared to PAH special staggrage data if the compounds were
measured in both studies. Average concentratibtieedall PAH data to the organic speciated
data for pyrene, indeno[1,2,3-cd]pyrene and benhg]gerylene are within 95%, 14% and 30%
respectively. The high discrepancy for pyrene wdaé expected as the particulate-bound
heavier PAHs will retain to the filter while the neovolatile pyrene would have less recovery on
a filter compared to XAD-2, the absorbent usechenRAH study.

In the organic tracer data, pyrene, a stronger enddt diesel, shows a greater than 40%
decrease on Sundays relative to Wednesdays for MegtBeach, Los Angeles and Rubidoux;
benzo[g,h,i]perylene, a marker for light-duty veés; decreases from 40% in West Long Beach
to 13% in Rubidoux; indeno[1,2,3-cd]pyrene, a trdoe older, higher polluting vehicles,
decreases at West Long Beach and Los Angelesntrgiaise in Rubidoux; coronene, another
tracer for light-duty vehicles decreases betweear&D40%; and levoglucosan, a tracer for
biomass combustion, increases at West Long BeashAhgeles and Rubidoux, with the largest
increase at West Long Beach (Figure X-8). Pyramkeno[1,2,3-cd]pyrene, and indeno[1,2,3-
cd]pyrene at West Long Beach have variable highecentrations during Monday through
Friday and decrease on the weekend. Other tratgehicle combustion such as benzene,
toluene and m+p xylenes showed a similar patteviiest Long Beach (Figure X-9), but were
different at Los Angeles (Figure X-10) and RubiddBigure X-11). West Long Beach showed
a 20 to 30% decrease between the average weekdapet@nd concentrations and Rubidoux
showed more modest changes (Figure X-12), wheneagases in concentrations of these
volatile tracers increased during the weekend atAmgeles, mostly attributed to a Saturday
maximum.

OC average concentrations (Figure X-13) did noy iaxm weekend to weekday except at
Rubidoux where both Saturday and Sunday concemisatvere 20% higher than the weekday
average. However, the seasonal pattern at Wesgt Beach and Los Angeles shows that
fall/winter concentrations were 42% higher and 2¥gher respectively. Rubidoux did not
exhibit a seasonal difference.

EC average annual day-of-week concentration dat&esth concentrations drop 40 to 45% from
Wednesdays to Sundays (Figure X-14). The day-@kwattern shows an 18 to 30% drop from
weekdays to weekends. The percentage differeneesmore enhanced in the summer. Also,
over 50% differences between fall/winter and ECcemtration were observed at the three sites.
EC concentrations for the three sites were sinfitan Friday through Sunday, but showed
variation Monday through Thursday whereby EC pregireely decreases going eastward from
West Long Beach to Rubidoux.
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PM s metal concentration differences between WednesalaysSundays were observed in some
of the metals (Figure X-15). Zinc (Zn) and MangsséMn) concentrations decreased at all
three stations with the most significant decreaseiging at the Los Angeles station. Nickel (Ni)
concentrations increased on Sundays. Other difiteein concentrations from metals such as
arsenic (AS), cadmium (CD), lead (Pb), and vanadijrwere not consistent across all the
stations. However, PM V concentrations did exhibit a maximum concentratbn Saturdays
and showed a distinct presence in West Long Beactipared to the other two sites (Figure X-
16).

X-5 Conclusions

The two years of fixed site data was substantialigh to perform a day-of-week comparison.
The sampling that was originally designated forwleekday/weekend special study provided a
good quality control check for EC, OC and alsortieess, if corrected for the metals
contamination. As hypothesized from the activitgyad the MATES Il PM; data evaluated

from West Long Beach, Los Angeles and Rubidouxicmsfthat Wednesday data is reflective
of concentrations observed on average with Tueddaygh Thursday. However, Sunday
average data did not always demonstrate to havaithienum concentrations in the week as
shown with the PMs mass. This is added evidence that indicatessthdtes designed to
consider weekday versus weekend effects in thehSdoidst Basin should require both Saturday
and Sunday measurements. Also, for some of thgsBpeciated components, the seasonality
has a significant effect upon concentration andafayeek patterns which should also be
reflected in data sets, as many activity studiesbased upon a time scale that would not capture
seasonal effects.

Known compounds associated with vehicular traffictreas EC, benzene, toluene, and PAHs
showed a reduction in concentrations from the wag&do a minimum on Sunday average.
PM, s EC average concentrations decreased from weekdagdkend, with a greater than 40%
decrease from the maximum on Wednesdays to themamion Sundays. This EC decrease
corresponds with the reduction on the weekends gounces such as diesel exhaust and
commercial stationary sources, especially on Sund&ye day-of-week difference was stronger
than the observed seasonality effects, althouglkadlyeof-week differences were more enhanced
in the fall/winter time periods. Also, the EC weeki decrease is similar to trends observed in
benzene, toluene, and m+p xylene at West Long Bdmutlwas only observed slightly in
Rubidoux and not consistent with the trend obsemdads Angeles.

Sunday average data did not always show the minigamentrations in the week as shown
with the PM s mass, OC and associated inorganic ions and méRdlss mass average day-of-
week patterns for Rubidoux, Los Angeles, and WesigLBeach differed from earlier
observations of enhanced concentrations on theemekskrelative to weekdays (Motallebi et al.,
2003), but only during the winter/fall time perio@he decrease in mass of EC on the weekends
is small compared to the large increase in thersy pollutants, N@and SQ contributing to

the increased overall P\ mass. Nitrate contributed more PMnass downwind of NH

sources and the S@ontributed to PMs mass closer to the commercial and traffic sourddwe
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data shows a peak maximum on Saturdays fof #ivass, N@ SQ, and a minimum on
Mondays.

Vanadium exhibited weekday to weekend variabilitgich shared a similar trend with $1@
seasonal, day of week, and seasonally at the Wesf Beach site. Although vanadium day-of-
week trends were similar across the three stattbese were significant differences in
concentration among the three stations, with tgbdst concentrations located in West Long
Beach and the lowest in Rubidoux. If it can beiréd that vanadium concentrations can be
connected to the cargo ship activity due to thpshise of residual fuel containing vanadium;
the vanadium data suggests that emissions duede 8hips is highest on Saturdays which may
correlate to the high Saturday P¥5Q, and NQ formed by the oxidation of S@nd NQ that
may also be generated by the ships.

Further studies can be done to compare traffic aadahigher resolution using traffic counts

from the WIM Program to better source apportioffitractivity by vehicle type to the chemical
analysis which will improve the geographic corriglatbetween the data and the traffic observed.
The data was not obtainable in the time scalehiisrreport, but data can be obtained for a future
data analysis.

22%

B Passenger Vehicles

C.i 1 } ______ }_.[ __________ -I'{"EI Medium-Duty Trucks

18% + x-- - 10 Heavy-Duty Trucks
16% 4+ {_ | |DBuses

_L_L
N
==
R R

17%
B%
19%
17%
17 %
T
18%
20%
iE]
T
1
1
1
l
18 %

Proportion of Total Weekly Activity
Q%

6%

Mon Tue Wed Thu Fri Sat Avg Avg
Mon-Fri  Sat-
Sun

{Error bars are &= | standard error of the mean. )

Figure X-1:  Average day-of-week traffic patternsddfering vehicle classes observed for
surface streets in 2002 (ARB, 2004).
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Figure X-3: Diurnal time series for heavy-duty v&as by day of week.
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Figure X-4:  Average of day-to-day comparisons (N df PM, s mass data taken from SASS
samplers from the fixed site data and the specigigse MCFP samplers.
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Figure X-5:  Average day-of-week BMmass concentrations by season for West Long Beach,
Los Angeles and Rubidoux.
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Figure X-6:  Average day-of-week N@oncentrations by season for West Long Beach, Los
Angeles and Rubidoux.
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Figure X-7:  Average day-of -week $@oncentrations by season for West Long Beach, Los
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Figure X-8: Percentage change from Wednesday td&uof concentrations of selected organic
tracer components at West Long Beach, Los Angates Rubidoux during the fall
and winter time.
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Figure X-9: Average selected VOC concentratiomdNest Long Beach by day.
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Figure X-10: Average selected VOC concentratianfentral Los Angeles by day.
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Figure X-11: Average selected VOC concentratiansRubidoux by day.
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Figure X-12: Percentage difference of average wagkd weekend concentrations for select
VOCs at West Long Beach, Los Angeles, and Rubidoux.
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Figure X-13: Average day-of-week OC concentratidmg season for West Long Beach,
Los Angeles and Rubidoux.
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Figure X-14: Average day-of-week EC concentratidns season for West Long Beach,
Los Angeles and Rubidoux.
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Figure X-15: Percentage differences from Wednesa&unday concentrations for B
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compared to the Wednesday concentration.
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Figure X-16: Vanadium day-of-week average concépotra for West Long Beach by season
and also in comparison to day-of-week trends with Angeles, and Rubidoux.
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