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EPA DISCLAIMER

The information in this document has been funded whally or in part by the United States
Environmenta Protection Agency under Contract 68-D-98-030 to Battelle Memoridl
Indtitute. 1t has been subject to the Agency’s peer and adminigtrative review, and it has
been gpproved for publication as an EPA document. Mention of trade manes or
commercia products does not constitute endorsement or recommendation for use.

BATTELLE DISCLAIMER

This report isawork prepared for the United States Environmenta Protection Agency
by Baitele Memorid Inditute. In no event shdl ether the United States Environmenta
Protection Agency or Battelle Memorid Indtitute have any responsibility or ligbility for
any conseguences of any use, misuse, inability to use, or reliance upon the information
contained herein, nor does either warrant or otherwise represent in any way the
accuracy, adequacy, efficacy, or applicability of the contents hereof.
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EXECUTIVE SUMMARY

PM,, 5 chemicad speciation sampling isincluded in the monitoring requirements promulgeted as
part of the PM,, ; Nationd Ambient Air Quality Standards. Under this requirement EPA will establish a
PM,, 5 chemical speciation network of approximately 50 core NAMS for routine speciation monitoring.
This network will be used to provide anationally consstent set of data for the assessment of trends and
provide long term characterization of PM condtituents. This network will so be used asamode for
up to 250 additional speciation Stes established by the States for information that may aid the
development of State Implementation Plans. A vital consideration for these PM speciation monitoring
gtesis data comparability. EPA initidly chose three samplers for consderation under the Nationd
Sampler Contract. The data under consderation in this sudy were collected from February 2000
through July 2000 at 13 sites across the nation with co-located samplers, in an effort to evauate the
consstency of these three samplers. Further data were collected in August 2000 to examine some

Specia issues.

The andysis results detailed in this report are the end result of three important efforts. Firg, the
data underwent a careful screening for outliers, or unusua data, so that results would not be skewed by
these values. Next, condderable effort was put into graphical analyss of the data to determine what
factors should be considered in the assessment of data comparability. (The results of these first two
efforts are detalled in the gppendices) The third effort detailed in this report was gatistica modeling
based on the outcomes of the first two efforts.

The following are some of the mgor findings:

. Within a Site the data show fairly consistent biases between co-located samplerson a
log scale.
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There are dgnificant Ste to Ste differencesin: the number of dayswith outliers, the
variability of parameters, the relationship between samplers, etc. Thesefirg two points

are assumed in the remaining items.

The measured PM2.5 mass was compared with co-located FRM measurements.
Seventeen out of 24 of the samplers met the Expert Pandl data objective of an R vaue
of a least 0.9 in alinear regresson of the mass vaues againgt the FRM measurement.
Deviations from this criteria appear to be caused by ste influences that affect dl the

monitors a a gte, rather than differences among sampler types.

Only hdf of the samplers met the Expert Pand data objective thet the ratio of the FRM
mass mean to the speciation sampler mass mean be at least 0.9 and a most 1.1. The
ratios tested strongly dependent on both Ste and sampler type. In all cases with co-
located FRMss, the means for the mass followed the following ordering: URG <
Andersen < MetOne. Six of the seven URG means were less than the corresponding
FRM mean, dl eight MetOne means were greater than the corresponding FRM mean,

and sx of the nine Andersen means were grester than the corresponding FRM mean.

The concentration ordering noted for the mass applies to most of the species, namely
URG < Andersen < MetOne. Moreover, while parameter specific, the percent of the
time that thisrelaion holdsis consstent across Stes. The exceptions to this ordering
are chlorine, zinc, ammonium, and sulfate. For each of these exceptions, the percent of
the time that the sampler types have one relationship or another varies by site. Of the
species that do follow the genera ordering above, only the nitrate data showed Site to
ste differences in the percent of the time one sampler type is aove another.
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For dl species the magnitude of the biases between sampler typesis srongly Ste
dependent from a gatigtical point of view. The magnitudes are summarized in the
gppendix by ste and species so that the practical significance can be assessed.

The variability found in the sampling precison across sampler typesis probably due to
steinfluences, but is probably not generdly of any practica concern.

The blanks generdly do not show site to ste differences. Thetrip blanks and field
blanks are generally about the same. The URG blanks tend to be the cleanest except
for nitrate. Nearly al of the “dirtiest” 25 percent of the blanks were from the URG
samplers. The practica difference among the sampler types needs to be assessed

separately.

The five specid experiments dl suffer from alack of data. As such, modeing results
are not robust againg the incluson or exclusion of outliers. Assuming that the outliers
have been properly identified, then thereisittle or no sgnificant effect on sulfate,

nitrate, ementa carbon, or organic carbon concentrations found with leaving filtersin
the sampler for an extended period ether before or after sampling. The only dtatidticaly
sgnificant difference found was that blanks Ieft for aweek in the sampler collected on

average an extra 3.25 micrograms of organic carbon (before sampling).

Quditatively, both the face velocity experiment and the sampler to sampler comparisons
suggest that measurements of carbon from low volume sampling yield higher
concentrations than high volume sampling. The data from the sampler to sampler
comparisons showed more consstency than the data from the face velocity experiment.
(Carbon is measured from the Quartz filter. In the sampler to sampler comparisons the
quartz filter flow rates were 16.7 |pm for the URG, 7.3 Ipm for the Andersen, and 6.7
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Ipm for the MetOne. The face velocity experiment used Andersen samplers with flow

rates of 7.3 |pm and 16.7 Ipm.)

April 27,
ix 2001



1.0 INTRODUCTION

Chemica speciaion of PM, 5 isincluded in the monitoring requirements set forth in the Federal
Register (62 FR 38763). Asaresult EPA will establish aPM,, s chemica speciation network of
approximately 50 NAMS, the “Trends’ network, for routine speciation monitoring to provide nationaly
consstent data for the assessment of trends and long-term characterization of the metdls, ions, and
carbon condtituents of PM, 5. This network will be amodd for the chemica speciation efforts of the
States, up to 250 SLAMS, to be used for State Implementation Plans (SIPS).

Data comparability is a primary concern for the Trends network. A multi-sampler field
evauation study of co-located samplers was conducted from February 2000 through July 2000, with
additional specid studiesin August of 2000, to evauate consigtency (referred to as the mini-Trends
network). This report details the analyses to assess comparability of the various methods. The work
was divided into three tasks corresponding to the data involved.

The first task worked with the routine monitoring data collected from February 2000 through
July 2000 at 13 stes with co-located speciation samplers. Table 1.1 shows the Site locations and the
number of each sampler type at those locations. Table 1.2 showsthe 14 species examined in the

study.
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Table 1.1

Tasks 1 and 2 Sampling Sites and Samplers

Number of Samplers
Region State Site Start Date
MetOne Andersen URG
1 MA Boston (Roxbury) 2 1 2/9/2000
2 NY Bronx Garden 2 1 2/9/2000
3 PA Philadelphia 1 1 2/9/2000
4 FL Tampa-St. Petersburg 1 1 2/9/2000
5 IL Chicago 1 1 2/9/2000
6 > Houston 1 1 2/9/2000
7 MO St. Louis (Blair St.) 1 1 2/9/2000
ND Bismarck 1 1 2/9/2000
° uT Salt Lake City 1 1 2/9/2000
AZ Phoenix 1 2 2/9/2000
° CA Fresno 1 1 2/9/2000
OR Portland-Vancouver 1 1 2/9/2000
0 WA Seattle (Beacon Hill) 1 1 2/9/2000

Table 1.2

Task 1

and 2 Study Parameters

Study Parameters

1. PM, ¢ Mass 2 Silicon

3. Aluminum 4. Zinc

5. Calcium 6 Ammonium

7. Chlorine 8 Organic Carbon
9. Iron 10. Nitrate

11. Lead 12. Elemental Carbon
13. Tin 14. Sulfate

The second task examined the field and trip blanks associated with these data and was

aso restricted to the parameters listed in Table 1.2.
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Findly, the third task examined the results from five experiments run in August 2000 to
investigate issues related to sequential sampling and sample collection methods. These specid studies

were redtricted to either organic and elementa carbon or sulfate and nitrate.

The andyses generdly followed three phases. data validation and outlier detection, mostly
graphical exploratory andyses, and statistical modeling and testing. The methods and results of the first
two phases as applied to Tasks 1 and 2 are briefly discussed in Section 2.0, with additiona details
given in the gppendices. (See the accompanying CD for the collection of the main graphica output.)
Section 3 examines the results of the modeling phase for Task 1 data, the routine data from the 13 Sites.
Section 4 examines the modeling results from the Task 2 data, the field and trip blanks collected with
the routine data. Section 5 examines each of the five specid experiments and ends with an overdl
assessment based on those experiments. Section 6 gives some guidance toward combining al of the

results into a coherent picture.
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2.0 OVERVIEW OF THE DATA VALIDATION AND
EXPLORATORY ANALYSES

The firgt two phases of the analyss involved data vaidation and exploratory anadyss. The
primary output from this activity was to update the database with a series of flags that indicated unusua
or questionable data and guided the modeling phase. A list of the flagged data has dready been
provided to EPA in eectronic form, so that information is not duplicated here. Rather, procedures
used to flag the data are described here.

2.1 DATA VALIDATION AND FLAGGING

While Battelle was carrying out this analys's, Research Triangle Inditute (RTI managed the deta
collection) was dso completing areview and flagging of the data. They dso produced alist of data that
they fdlt should not be included in any andysis. These data were removed before any modeling, but
were included in most of the exploratory analyses. Their flagging was based on the historical record of
the data. They flagged data with extremely low mass vaues (gpproximately the bottom 1 percent),
data with incons stent reconstructed mass balance, and data with an extreme anion to cation retio
(approximately the top and bottom 1 percent). The RTI flagged datais intended for flagging as“null” in
AIRS.

Battelle flags were based on ether asaf consstency check of the data from a given sampler on
agiven day, or on acongstency check between co-located samplers. The self consstency checks
were based on comparisons of the species mass or a partia reconstructed mass to the measured mass.
If elther a gpecies mass or the partid reconstructed mass were significantly larger than the measured
mass then a flag was generated (and applied to dl the data for the particular sampler and day). Initialy
another flag was generated based on the ratio of a parameter mass to the measured mass that was
extreme in terms of the number of inter quartile ranges from the median. This flag aways coincided

with one or more of the others and was not included in thefind list of flags.
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The sampler to sampler consstency flags were based on comparing the difference between the
high and low value for co-located measurements of a parameter (including FRM mass). For eech site
these differences might dl be very smdl or large with considerable variation. The flagsindicate the
extremes for the Ste. Hence, a difference that was flagged at one site may not be flagged at another.
The flags were combined into an aphanumeric code that indicated which parameter(s) caused the flag.
Asin the above, if aflag was generated, then all the associated data for that day was flagged. After the
RTI flagged data was removed, there were 45 out of 1,072 site-day combinations with data that were
flagged with discrepanciesin &t least two species.

In mogt of the modeling anayses the modeling was done both with and without the flagged data.
Some modeing was also done with certain Stes removed, since the outliers tended to cluster by site.
For the most part there was not an appreciable difference in the outcomes, because there is generdly
enough data to average out the outliers. All of the results and summaries referenced in this report are
based on using datafrom dl Sites. As noted, the results and summaries are either based al non RTI
flagged data (i.e., dl valid data) or data that were not flagged by either Battelle or RTI.

2.2 EXPLORATORY ANALYSES

Many of the graphs generated during the exploratory andysisfor Tasks 1 and 2 served multiple
purposes. The main examples are in the gopendix. The primary criteria for including the specific
examples chosen for Appendix A was ether to demondirate outliers or trends within the data. In the
|atter case, the main concern was influences on the differences in the measured concentrations of the 14
sudy parameters. So while temperature certainly is afactor related to the magnitude of severd of the
species, it was not found to have any appreciable relationship to the difference between one sampler
reading and another. Nor was the difference between temperatures reported for co-located samplers
related to the difference in the concentrations. See the appendix for alist of examples and descriptions
for how the graphs were generated.
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One of the key outcomes of the exploratory analyss was the decision to do the main modeing
on the logarithms of the concentrations rather than the raw concentrations. There are two reasons for
using alog-scae. The primary reason isthat for many of the parameters and sites the biases between
co-located samplers are constant on the log-scale. Hence, the log-scale is more gppropriate for
describing the typica differences observed. The second reason for using the log-scae is that deviations
from the mean are more symmetric on thisscale. The statistical tests of significance are derived from
normdity assumptions. The tests are more robust to deviations from the normdity assumptions when

the random errors are symmetricaly distributed.
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3.0 ANALYSES OF THE ROUTINE DATA

There were three main types of analyses performed on the routine data. (Additiona techniques
were gpplied to the measured mass. See Section 3.1.) First, the concentrations for each parameter
were studied with analysis of variance (ANOVA) modds. The ANOVA modes were applied to log
transformed data, o deviations from the mean indicate multiplicative differences. The results of this
investigation were Site dependent. The second set of analyses examined an indicator of which sampler
type gave the higher vdue. The results from this investigation were generaly independent of the Site,
with the same quditative result for most parameters. Thethird set of analyses examined the relaive
amounts of congtituent parameters with an ANOVA modd. The results of these analyses show that
generdly there are gatidticaly sgnificant differences in the relative composition among the sampler

types.

The firsdse ANOVA mode started with modding the concentration value for a parameter & a
given ste and day from a particular sampler as having an overdl mean with deviations from the mean,
which could be attributed to random daily shifts, either of the MET variables, temperature and
barometric pressure, or the sampler’ s deviations from the daily means in temperature or pressure. As
expected from the exploratory anayses, these were satidticdly inggnificant. In the further andysesthe
MET variables were dropped from the modd.

The next set of ANOVA andyses modeed the concentration value for a parameter at agiven
gte and day from a particular sampler as having an overal mean with deviations from the mean, which
could be attributed to Site dependent random daily shifts, an overdl site mean, a sampler type bias, and
sampler type-dte interaction. The sampler type-site interaction alows the mode to assume that the
bias of the sampler type is dependent on the site. These were modeled both assuming a common
variance for dl three sampler types, and assuming that the resdua error (measurement error) for the

three sampler types could be different.
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While the satistical test for any difference between the relative sizes of the resdud errors was
sgnificant (i.e, the Satidticd testsindicate thet there is a difference in the CV's among the sampler
types), this should be tempered with two observations. Fird, the differences in the CVs may not be of
any practical sgnificance, but, more importantly, the difference from steto Ste is generdly much
greater than that of sampler to sampler. The difference in the precison may be more of areflection of
the differences among the sites than that of the samplers, where a given sampler type may have by
chance been more frequently situated at more variable stes. Unfortunately, the statistical models
assuming different error variances by Ste did not converge, so it was not possible to test which was the

more important factor in the precison estimates.

The model(s) described above was run using dl vaid data (data not flagged by RTI) above the
MDL, using dl the vaid data except the data from Boston and Phoenix!, and findly with dl of the vaid
data excluding the Boston and Phoenix data and any data that were flagged in the outlier anadlyss. The

results for each case were amilar, only the results from the first case are reported.

The sampler type-site interactions were satisticaly sgnificant. Thisindicates, for example, that
how a URG compares to a MetOne depends on the Site. The exploratory analysis and aclose look at
the estimates from the model s indicates a strong pattern in how the sampler types compared with each
other. While the scale of the deviations was strongly Site dependent, the quditative direction was quite
uniform. To investigate the strength of this observation without comparing the Size of any relative bias,
the concentrations were modeed in a different manner in addition to the ANOVA andyses.

For each pair of data points, an indicator function was modeled. Thisyieded estimates of how
often a URG measurement will be less than an Andersen measurement in aside by side comparison.
To do thisfor each site with two samplers, the samplerswere labeled A or B. If the Ste had a MetOne
sampler, the MetOne was labeled A and the other was labeled B. If the site only had an Andersen and

1 Thesetwo sites had more data with multi ple flags for large sampler to sampler inconsistencies than the other

sites.
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aURG sampler, then the Andersen was labeled A and the URG was labeled B. (So the URGs are
dwayslabded B.) Theindicator used was 1 if sampler B had a concentration value greater than the
vauefrom A. If there was no bias between the samplers, then on average the indicator should be 1
about haf of thetime. The probability thet the indicator is 1 was modeled to have a different
probability for each Ste (with logigtic regresson and the standard link for the binomid relaionship), and
this model was compared with amode that had separate probabilities for each sampler type pair (the
three possibilities were MetOne-Andersen, MetOne-URG, and Andersen-URG). The Statistica test
for thefit of the more general mode (Site dependent probabilities) versus the sampler type specific
probabilities shows that for most parameters, the same probabilities for sampler type pair are observed

across sites. However, the probabilities associated with a sampler type pair are usualy not 0.5.

Together, these andyses indicate that there is a clear relative bias between the sampler types,
with URG < Andersen < MetOne for most parameters. They dso indicate that the precison of the
samplers is more dependent on ste than sampler type. (If not, then the Sites with a greater mean
difference between the samplers would have had significantly different probabilities for concentration A
< concentration B. Since thiswas not the case, it must be that the variability increases with the relative
bias) Hence, the resultsin Section 3.4 should be taken as being an indication of the expected ste to

gte variability in precision rather than differences in sampler precision due to sampler type.

3.1 THE MEASURED PM, ; MASS CONCENTRATION

In the case of mass, there are co-located Federa Reference Method (FRM) measurements to
compare with the speciation sampler measurements. This section has comparisons of the speciation
sampler measurements to the FRM measurements based on the Expert Pandl recommendations.

Section 3.2 has the results for the analyses that were done for each of the parametersin this study.
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The Expert Pand for the EPA Speciation Network set performance criteria for the mass
concentration based on alinear regression with co-located FRM measurements. The criteriafor a
candidate method was. (1) the linear regression should have an R value at least 0.9 and (2) the ratio of
the candidate sampler concentration mean to the FRM mean should be between 0.9 and 1.1.
Moreover, these criteria should be based on at least twenty 24-hour samples. Table 3.1 shows the
results for the linear regression and the ratio of the sample means for each of the twenty-four samplers
studied. In each case, at least twenty-one 24-hour samples were used to obtain the results. The results
are not independent from each other in that the same set of FRM vaues are used for al the samplers at
adte. Thetable showsthat essentidly all but seven of the samplers met the R criteria (in one case the
R? rounds up to 0.9). It aso shows that the Andersen samplers faired both the best and the worst, and
that theratio for dl of the URG samplersis gtrictly less than the ratio for dl of the MetOne samplers.

The ratio and the R? values were tested for satisticaly significant Site differences, sampler type
differences, and differences that depend jointly on the site and sampler type. To better meet satistical
assumptions the R? values were transformed? into the vaue Y =2 In((1+R)/(1-R)). For both theratio
of the ste means and the Y's, any differences due to the site and sampler type tested independent of

each other.

The R vaues have a significant site dependency (p-value = 0.0190) and amarginaly
sgnificant sampler type dependancy (p-vaue = 0.0769). The Ste dependancy is certainly duein part
to the fact that the same FRM results are used for dl of the sampler comparisons at asite. |If the FRM
values are incorrect, then one expects the correlation to degrade. This may be part of the problem at
the Boston site. Consider Figure 3.4, note that there are pairs of values for which the two Andersen
samplers have the same mass vaue, but are different from the FRM vaue for the day. However, this

would have the same effect on al of the samplers at a site and does not explain the discrepancies seen.

2 Hogg, R., and Tanis, E. (1977). Probability and Statistical Inference, Macmillan Publishing Company, Inc., New

York, New York.
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Hence, there must be other Site effects that generaly impact al of the samplersat aste. (See Figure
3.3)

Theratio of the mean mass measured by the sampler versus the mean FRM massis strongly
dependent on both the site and the sampler type. Again, the common FRM vaues for a Site contribute
to the site effect, but there may be other site related effects aswell. Inthiscase, thereisavery clear
sampler type effect aswell. All of the MetOne samplers have aratio above 1. All except one of the
URG samplers haveratios lessthan 1. Both of the above statements are somewhat confounded by the
gteeffect. However, a dl stesthe URG means are |ess than the Andersen means, which in turn are

less than the MetOne means. (See Figure 3.1)
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Table 3.1 FRM to Speciation Sampler Regression Results, Sorted

by the Ratio of the Mean Mass to the Mean FRM Mass.

Site POC n Intercept Slope R-squared Ratio Sampler
Boston 7 24 0.228(.056) 0.854(.056) 0.914 0.874 URG
Boston 5 21 1.712(.109) 0.750(.109) 0.713 0.890 Andersen

Bismark 6 25 0.226(.046) 0.862(.046) 0.938 0.904 URG
Chicago 6 37 -0.150(.035) 0.928(.035) 0.953 0.920 URG
Boston 6 23 3.896(.115) 0.594(.115) 0.559 0.927 Andersen
Chicago 5 37 -0.272(.020) 0.969(.020) 0.986 0.953 Andersen
Philadelphia 6 24 0.907(.031) 0.916(.031) 0.975 0.984 URG
Seattle 6 39 0.314(.022) 0.944(.022) 0.981 0.987 URG
Tampa 6 32 -1.668(.067) 1.116(.067) 0.903 0.990 URG
Fresno 6 26 0.463(.052) 0.957(.052) 0.934 1.010 Andersen
Houston 6 23 0.845(.034) 0.959(.034) 0.975 1.027 URG
New York 5 26 0.707(.024) 0.984(.024) 0.985 1.047 Andersen
Tampa 5 32 1.163(.061) 0.973(.061) 0.895 1.061 MetOne
Philadelphia 5 24 | 1.074(.028) 0.990(.028) 0.983 1.071 Andersen
New York 6 36 1.368(.023) 1.014(.023) 0.983 1.130 MetOne
St.Louis 6 37 2.927(.071) 0.923(.071) 0.830 1.137 Andersen
St.Louis 5 37 3.582(.091) 0.878(.091) 0.727 1.139 MetOne
Fresno 5 26 2.052(.102) 0.916(.102) 0.769 1.146 MetOne
Houston 5 23 3.248(.115) 0.891(.115) 0.742 1.150 Andersen
Bismark 5 25 1.700(.080) 0.838(.080) 0.826 1.154 MetOne
Salt Lake 6 23 1.025(.030) 1.014(.030) 0.982 1.156 Andersen
New York 7 37 1.539(.027) 1.062(.027) 0.978 1.186 MetOne
Seattle 5 39 1.329(.050) 1.042(.050) 0.920 1.223 MetOne
Salt Lake 5 23 1.916(.066) 0.963(.066) 0.910 1.229 MetOne
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Table 3.2 FRM to Speciation Sampler Regression Results,

by the R-Squared Value.

Sorted

Site POC n Intercept Slope R-squared Ratio Sampler
Boston 6 23 3.896(.115) 0.594(.115) 0.559 0.927 Andersen
Boston 5 21 1.712(.109) 0.750(.109) 0.713 0.890 Andersen

St.Louis 5 37 3.582(.091) 0.878(.091) 0.727 1.139 MetOne
Houston 5 23 3.248(.115) 0.891(.115) 0.742 1.150 Andersen
Fresno 5 26 2.052(.102) 0.916(.102) 0.769 1.146 MetOne
Bismark 5 25 1.700(.080) 0.838(.080) 0.826 1.154 MetOne
St.Louis 6 37 2.927(.071) 0.923(.071) 0.830 1.137 Andersen
Tampa 5 32 | 1.163(.061) 0.973(.061) 0.895 1.061 MetOne
Tampa 6 32 -1.668(.067) 1.116(.067) 0.903 0.990 URG
Salt Lake 5 23 1.916(.066) 0.963(.066) 0.910 1.229 MetOne
Boston 7 24 0.228(.056) 0.854(.056) 0.914 0.874 URG
Seattle 5 39 1.329(.050) 1.042(.050) 0.920 1.223 MetOne

Fresno 6 26 0.463(.052) 0.957(.052) 0.934 1.010 Andersen
Bismark 6 25 0.226(.046) 0.862(.046) 0.938 0.904 URG
Chicago 6 37 -0.150(.035) 0.928(.035) 0.953 0.920 URG
Houston 6 23 0.845(.034) 0.959(.034) 0.975 1.027 URG
Philadelphia 6 24 | 0.907(.031) 0.916(.031) 0.975 0.984 URG
New York 7 37 1.539(.027) 1.062(.027) 0.978 1.186 MetOne
Seattle 6 39 0.314(.022) 0.944(.022) 0.981 0.987 URG
Salt Lake 6 23 1.025(.030) 1.014(.030) 0.982 1.156 Andersen
New York 6 36 1.368(.023) 1.014(.023) 0.983 1.130 MetOne
Philadelphia 5 24 | 1.074(.028) 0.990(.028) 0.983 1.071 Andersen
New York 5 26 0.707(.024) 0.984(.024) 0.985 1.047 Andersen
Chicago 5 37 -0.272(.020) 0.969(.020) 0.986 0.953 Andersen
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I

n74n |
07201
02001
famn |
Dm0 |
Ghat
e
nemn{
o -
nemn |
D540 {

Lnear Aegresson A—scumred Betwmen the Massused Mass and FFM Mass

A M ) v A u
u
A u
u " M
[
A M
M
A
M
A
A
Fomm  Wom Gbmp Mmoo Blosk  Neviak  Bewk Bkl Homes  feflee  Seii

Si=
A=Arderson M =MetDne J=URA

The Linear Regression R-squared with the Co-

located FRM.

Spacimbn Monjer Messusd Masa Varsus FRM Mase
SITE =Bosion,MA, (Roxbury)

S=Ancarsmn B=Aredoemn 7=l RG

Speciation Sampler Measured Mass Versus a Co-

located FRM Measurement.

15

April 27, 2001



3.2 ROUTINE PARAMETER MEASUREMENTS

For each parameter the log-concentrations were modeled as follows. Anindividua value was
treated as the sum of an overal mean, deviations from that mean based on the Site, Ste specific
deviations from the (Ste) mean due to the vendor, random site pecific day-to-day variaions from the
dte mean, and random measurement error. The Ste specific deviations due to a sampler type were
tested to seeif these were the same across dll Sites. The“average” sampler type and Site deviations

were tested to seeif they were satigticdly different from zero.

Table 3.3 showsthe p-values for these tests. A p-vaue lessthan 0.05 is generdly considered
sgnificant. Thisgenerd rule of thumb is often modified when many tests are being considered o that
the overdl error rate stays a 5 percent. In this case it does not matter, dmost everything is highly
ggnificant. The concluson of these tessisthat individud samplers have ddidicdly different rdlative

biases among them and these biases are not consstent across Stes or sampler types.

These results only indicate statistically sgnificant differences. Hence, the differences are too
large to be attributed to random chance alone. They do not indicate whether or not the differences are
of practica sgnificance. That requires expert judgement, typicaly in the form of DQOs. Inthe case of
mass, the Expert Pand Recommendations can be used as aguide for ng the practical significance
of the differences. More generdly, there are severd tables given in Appendix B that summarize the

findings from different points of view that should be used to evauate the practica differences among the
sampler types.
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Table 3.3 P-values for Tests of Significant Differences Among
Sites, Sampler Types, and All Site-Sampler Type

Combinations.
Estimated p-value*
Parameter
Site Vendor Site*Vendor
PM2.5 Mass <.0001 <.0001 0.0001
Aluminum <.0001 <.0001 <.0001
Calcium <.0001 <.0001 <.0001
Chlorine <.0001 <.0001 <.0001
Iron <.0001 <.0001 <.0001
Lead <.0001 <.0001 0.0002
Tin 0.0031 <.0001 0.3095
Silicon <.0001 <.0001 0.0005
Zinc <.0001 <.0001 <.0001
Ammonium <.0001 <.0001 <.0001
Organic Carbon <.0001 <.0001 0.0037
Nitrate <.0001 <.0001 0.0087
Elemental Carbon <.0001 <.0001 0.0596
Sulfate <.0001 <.0001 <.0001

* Results are shown using the all valid data.

Individua pairs of samplers are consastent (on alog scae), see Figures 3.5 and 3.6. However,

at the Bismark site atypica difference (on the naturd log scale) isfor the MetOne to be 0.3 higher than

the URG. At the Tampa site the difference typicaly is about 0.15 in the same direction. Figure 3.7

shows boxplots of the daily differences for organic carbon measurements for al sites on the log base 10

scde. The medians are clearly different from Ste to Site, even between Stes with samplers of the same

type. (Thereisno visud difference between using the natura log versus base 10, only the units

change.)
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There is a condgstency across Sites (and even species). As seen with the mass data, the
directions of the relaive biases are frequently the same. To further explore this the sites with two
sampler types were tested as follows. All the MetOne samplers were labeled A and dl of the URG
samplers were labeled B. If an Andersen was paired with a MetOne, then the Andersen was labeled
B. If an Andersen was paired with a URG, then the Andersen was labeled A. Inthisway there are
three different pairings, and the order is dwaysfixed. Then, for each pair of data points an indicator
was cregted. If the concentration value from an “A” sampler was higher than the concentration from
“B”, then the indicator was 1. Otherwise the indicator was 0. The percentage of the time that the
indicator is 1 (for a given parameter) can be tested (using a technique caled logistic regression) to seeif
thisisafunction of the Ste, or of just the sampler type, or if it isindependent of both.
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Table 3.4 shows the results for the tests of the null hypothesis that the probabilities are
dependent on both ste and sampler type versus the dternative that they depend only on sampler type.
In most cases thistest indicates that the probabilities are not dependent on the Site. The exceptions are
chlorine, ammonium, nitrate and sulfate. Since most species showed no Ste dependence the model was
refit with only asampler type pair dependency, and this was tested against no sampler type
dependence. The p-vaues for these tests are strongly significant. Hence, generdly thereisasignificant
difference between the sampler types. However, snce sampler pair and site are confounded the p-
vaue for the sgnificance of the sampler pair should be ignored whenever the site effect is Sgnificant.
The overdl conclusion isthat there are Sgnificant vendor specific reative biases and the percent of the
time that one vendor type is greater than another is not dependent on the site for most species. These
results mimic the findings noted in the comparisons with the FRM mass measurements (Section 3.1). In

fact, the ordering is the same for most parameters. See Table 3.4.
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Table 3.4 Probabilities of Sampler Type A Yielding Values Greater
than Sampler Type B P-values for the Significance of
Sampler Type and Site.

Estimated Probability of Estimated ) )
oarameter Vendor A > Vendor B p-value 'mplt'ﬁg \‘/’;gg;‘?g to
*TURe | Andersen | URG. | Par | st | measurements

PM2.5 Mass 0.90 0.72 0.96 <.0001 0.0659 U<A<M
Aluminum 0.73 0.56 0.94 <.0001 0.3519 U<A=M
Calcium 0.96 0.50 0.94 <.0001 0.5119 U<A=M
Chlorine 0.70 0.29 0.81 <.0001 0.0005 U<M<A
Iron 0.96 0.42 0.96 <.0001 0.1192 U<A=M
Lead 0.63 0.75 0.94 0.0011 0.2697 U<A<M
Tin 0.48 0.98 1.00 <.0001 0.8930 U=A<M
Silicon 0.93 0.48 0.90 <.0001 0.3871 U<A=M
Zinc 0.76 0.12 0.27 <.0001 0.0878 M<U<A
Ammonium 0.23 0.61 0.05 <.0001 0.0008 A<M<U
Organic Carbon 0.95 0.70 0.99 <.0001 0.0988 U<A<M
Nitrate 0.79 0.75 0.82 0.4360 0.0026 U<A<M
Elemental Carbon 0.85 0.54 0.80 <.0001 0.8722 U<A=M
Sulfate 0.29 0.70 0.47 <.0001 0.0004 A<U=M

*  |f the 95 percent confidence interval (not shown) for the estimated probability included 0.5, then the implied
ordering is shown as “=" for “not significantly different.”

The findings here aso indicate that the differences in precison noted by sampler typeis more

likely site related rather than sampler type differences (Section 3.4). Hereishow that conclusonis

obtained. Consder the cases where Siteis not significant above. Suppose that the differencesin the

precison were not Ste related, but instead were truly vendor specific asthe ANOVA mode seemsto

indicate. We know that the magnitude of the relative biases changes from siteto site. Assume that the

variance does not change with ste. Where the biasis smdll, the probability of the indicator being 1

should be closer to 0.5 than at a site where the bias is large (unless both are indistinguishable from 1).

This does not happen. So the variability must change with the Sze of the rdative bias.
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3.3 ROUTINE PARAMETER MEASUREMENTS RELATIVE THE
MEASURED MASS

Given that there are differences among the samplers that show a consgstent ordering with the
ordering for the measured mass, alogical next question is whether or not the samplersyidd the same
relative compositions. To test thisfor each parameter anew variable was created that was equad to the
logarithm of theratio of the parameter concentration to the concentration of the measured mass. This
was modeled to have arandom mean for Ste and day with fixed mean deviations for each Steand

sampler type within Ste.

For each parameter, there are significant deviationsin the relative compositions between co-
located samplers. Table 3.5 shows the sgnificance of difference in relative compostion of organic
carbon at each site. Among the sites with Andersen and MetOne samplers, three of the five show no
sgnificant difference in the relative compostion while relaive amounts at Fresno and Portland are
ggnificantly different. Table B.4 has the complete list for dl congtituent parameters sudied. Also see
Tables B.1 and B.2 for the magnitude of the differences.
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Table 3.5 Significance of the differences in the relative amounts of
Organic Carbon at each site.

. . Significance of Sampler

SIS [FENT TRE Site Differences for the Site
And-Metl Fresno 0.0113
And-Metl St. Louis 0.4731
And-Metl New York 0.7536
And-Metl Portland 0.004
And-Metl Salt Lake 0.5642
And-URG Chicago <.0001
And-URG Boston <.0001
And-URG Philadelphia <.0001
And-URG Houston 0.0136
Metl-URG Phoenix 0.2732
Metl-URG Tampa <.0001
Metl-URG Bismarck 0.0004

3.4 RELATIVE PRECISIONS OF THE SAMPLER TYPES

In addition to looking for relative biases among the sampler types, the precisons were dso
Sudied. The estimates of the variability were obtained by modding two different sources of varighility,
tempord variability and measurement error, along with the estimates of mean behavior (al done on the
log scade). The estimatesin Table 3.6 are based on two different types of models with the data for each
parameter modeled separately. The tempora and the aggregate measurement error estimates are
basad on models that assumed that the measurement error was independent of the sampler type. The
sampler specific measurement errors come from statistical models for the data that assumed a tempora
component to the variability and three distinct measurement errors. For both cases Table 3.6 shows

the results using al non-RTI flagged data.

Generdly, the gatidticd test for the sgnificance of using three distinct measurement errors rather
than a single aggregate measurement error was positive. Hence, the data showed that the precisions
are generdly digtinct. An inspection of Table 3.6 showsthat for many parameters, the MetOne
precision was lower than the other two. However, thereis a strong possibility that the differences

noted here are in fact due to Site to Ste differences, not sampler to sampler differences. To test this
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directly, more complex satistical models were tried, but the models failed to converge. The modding

based on indicators of which sampler had the higher concentration for agiven site and day gives indirect

evidence that the differences in precison noted here are due more to Site differences, rather than the

sampler type (See Section 3.2).

Where the moddls converged they show that the tempora component of the variability was

often two to three times higher than the measurement error and many times larger than any difference

among the samplers. Hence, for the purpose of establishing long term averages or annua trends,

sampling frequency would be more important than measurement error and much more important than

sampler type. Hence, from a practica point of view, there is extremdly little difference in the precisons.

Table 3.6 Estimated Variance Components for Each Parameter

Aggregate MetOne
Temporal Andersen URG Precision
Parameter Measurement Precision
Variation (CV) Precision (CV) (cV)
Error (CV) (Cv)
IPM2.5 Mass 0.470 0.134 0.152 0.140 0.099
Aluminum 0.979 0.440 0.622 0.226 0.414
[calcium 0.540 0.302 0.379 0.195 0.297
IChIorlne 1.673 0.547 0.739 0.263 0.578
Ilron 0.615 0.263 0.302 0.147 0.304
I_ead 0.477 0.266 0.344 0.208 0.231
Tin * 0.000* 0.187" 0.206* 0.167"* 0.184"
Silicon 0.706 0.323 0.409 0.149 0.335
Zinc 0.794 0.269 0.254 0.349 0.180
Ammonium 0.862 0.267 0.278 0.138 0.355
[Organic Carbon 0.381 0.181 0.111 0.077 0.291
I\Iitrate 0.862 0.221 0.219 0.059 0.318
fElemental Carbon 0.499 0.250 0.218 0.266 0.253
Sulfate 0.652 0.141 0.150 0.063 0.187

' The statistical model did not converge to a self-consistent state.
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4.0 ANALYSIS OF THE BLANKS

In addition to the monitoring, filters are stepped through part or al of the sampling process
except for the drawing of ar through them. Ordinarily, andyzing thesefiltersis used as a check for any
contamination on thefilter due to the handling. The purpose hereis dightly different. In thiscasethe
blanks, both trip blanks and filter blanks, were used to test whether or not there is any tendency for one
sampler type sfilters to be contaminated significantly more than ancther. Asusud this question isfirst
asked in adatigica sense, and then if there are differences, there is a different question of whether
thereisapractica difference. However, the second question is further complicated by the fact that
different volumes of air are drawn through the routinefilters. For some this may change the point of
view of what isapracticd difference. For othersit may not Snce any evidence of contamination casts
some doubt on the measurements. For the purpose of this study, the masses found on the filters were

not “ corrected” for an average volume.

The datidicd andysis of the blanks is complicated by the fact that many of the measurements
are below the MDL, and frequently 0. Unlike the routine data thereis not a transformation of scale that
issuitable for ANOVA-like techniques. Instead, the data was converted to abinary form. This can be
thought of astreating the individua vaues as either “negligible’ contamination or “non-negligible” The
god wasto use apractical definition that would separate the data by sampler type if there isany
“difference’. However, thisadifficult item to quantify in a satisfactory manner. The MDL ishot a good
cutoff. For some compounds, essentidly al of the data are on one side of the MDL or the other, s0
there is no basis for deciding whether one sampler typeis*“cleaner” than another. Further, the
quantities |abeled as the MDLs may or may not be the true detection limits. 1t was decided to use the
data themsdves as the basis for apractical cutoff, namely the parameter specific third quartile of dl the
blanks. (The third quartile is denoted Q3, and equals the value such that it is greater than or equd to
75 percent of the dataand less than or equal to 25 percent of the data.) This assures that there will be
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sufficient data both above and below the cutoff to be useful (unless asin the case of zinc nearly 100
percent of the datais equd to 0). Also by itsvery nature Q3 isapractica (achievable) bound for the
contamination levels with the current technology.

Using an indicator function treats very large vaues the same as vaues just over the cutoff. For
instance, there were three cases where the mass was over 100 micrograms. Such extremes may or
may not be real and certainly would influence an andysis that consdered the scae. 1t was decided not
to keep such extreme cases in the analysi's even though they would not have an undue influence on the
andyss. It should aso be pointed out that such values gppear to be “replicatable” That is, the
experiments discussed in Section 5 included multiple blanks, and there were cases where unusudly high
values were replicated (See Sections 5.1 and 5.4).

Table 4.1 summarizes the data as used in the andysis. For each compound the MDL, the
overdl median, and overdl Q3 islisted. These give an indication for the spread of the data and the
relationship between typica vaues and the MDL. Also shownin Table 4.1 is the percent of thetime
that data from a given sampler typeis above the overdl Q3. For mass, the typica vaues are many
times greater than the MDL. All of the actud proportions are less than 25 percent. Thisis possble
when there are many values that are equa to Q3. Still thereis aclear difference in percentages with
Andersen > MetOne > URG. The modding of the data checks to seeif thisismore likely due to Site
effects or if it isatrue difference between the sampler types.
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Table 4.1 Summary of the Blank Data.

Actual Proportion > Q3
Parameter avg MDL Median Q3
(Hg) (Hg) (Hg) Andersen MetOne URG

(out of 93), % | (out of 83), % | (out of 81), %
PM2.5 Mass 0.976 13.000 18.000 23.7 16.9 9.9
Aluminum 0.105 0.003 0.052 20.4 20.5 111
Calcium 0.033 0.041 0.056 14.0 21.7 17.3
Chlorine 0.056 0.000 0.018 16.1 22.9 12.3
Iron 0.019 0.031 0.045 17.2 19.3 13.6
Lead 0.053 0.026 0.041 14.0 16.9 18.5
Tin 0.172 0.184 0.227 9.7 20.5 22.2
Silicon 0.073 0.015 0.042 17.2 20.5 13.6
Zinc 0.014 0.000 0.000 4.3 2.4 0
Ammonium 0.163 0.000 0.000 10.8 0 3.7
Organic Carbon 1.412 12.199 15.380 20.4 28.9 3.7
Nitrate 0.078 0.739 1.124 4.3 8.4 4257
Elemental Carbon 1.412 0.689 0.984 17.2 20.5 111
Sulfate 0.117 0.864 1.534 21.5 27.7 3.7
92 obs
? 80o0bs

Table 4.2 shows the moddling results. In each case, the cutoff Q3 islisted for reference. The
next three columns are p-vaues for the three tests of interest. The last three columns give confidence
intervals for the probability of observing avalue greater than Q3. These estimates are based on a
model without a Site effect and are “averaged” over blank type.

The column “Type’ isfor atest of any sgnificant difference between field blanks and trip
blanks. Trip blanks are taken and opened at the Site, and then resedled for analysis. Field blanks are
additionally placed in the sampler for amoment or two (sometimes with the sampler turned on to
“shake loosg” anything in the sampler). It would be naturd to assume that for nonvolatile compounds
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the field blanks would naturdly be higher than the trip blanks. However, field blanks and trip blanks
are equaly likely to have vaues greater than Q3. Lead is a notable exception to this observation with
about 10 percent of the trip blanks greater than Q3 versus 28 percent of the field blanks. Ammonium,
nitrate, and sulfate also show differences, but in the opposite direction since trip blanks are higher. For
ammonium 5 percent of the field blanks are greater than 0 versus 12.5 percent of the trip blanks. For
nitrate and sulfate, approximately 21-22 percent of the field blanks are above Q3 versus 33-35 percent
of thetrip blanks.

The*Sampler” column in Table 4.2 isatest of whether or not there are sgnificant differences
among the sampler types. The effects are averaged over blank type (see below). The effect of sampler
type gppears generdly inggnificant for the mass and the metals except tin. There are significant

differences between the sampler types for ammonium, OC, nitrate, and sulfate,

The“dte’ columnisatest of site dependent effects. The models with a Site effect did not
aways converge because there were insufficient non-zero datato test. Where the models did
converge, the site effect is negligible overal.
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Table 4.2

Modeling Results for the Blank Data.

Significance of Estimated Probability of Being > Q3
Parameter Q3
Type Sampler Site Andersen MetOne URG
IPM2.5 Mass 18.000] 0.3030 0.1374] 0.5849] (0.23,0.47) (0.15,0.39) (0.09,0.31)
Aluminum 0.052] 0.3690 0.2560] 0.1507| (0.19,0.42) (0.19,0.44) (0.09,0.31)
[Calcium 0.056] 0.4442 0.1924] 0.4446| (0.09,0.28) (0.19,0.44) (0.15,0.38)
IChIorlne 0.018] 0.4371 0.1583] 0.3644| (0.13,0.34) (0.21,0.46) (0.09,0.30)
Ilron 0.045] 0.3270 0.5867] 0.0403| (0.12,0.33) (0.16,0.40) (0.10,0.32)
Lead 0.041] 0.0065| 0.5573| 0.2500| (0.07,0.26) (0.10,0.32) (0.12,0.35)
Tin 0.227] 0.9602 0.0160] 0.3586| (0.07,0.24) (0.19,0.44) (0.22,0.48)
Silicon 0.042] 0.2784 0.4483] 0.1528] (0.12,0.33) (0.17,0.42) (0.10,0.32)
Zinc 0.000] 0.8938 0.2156 *| (0.01,0.13) (0.01,0.14) *
Ammonium 0.000] 0.0558 0.0044 *| (0.07,0.27) o (0.02,0.18)
[Organic Carbon 15.380] 0.6974 <.0001] 0.0599| (0.17,0.40) (0.28,0.54) (0.02,0.16)
l\litrate 1.124] 0.0441 <.0001] 0.5491| (0.01,0.13) (0.07,0.27) (0.54,0.80)
[Elemental Carbon 0.984] 0.4932| 0.2379] 0.1929| (0.13,0.35) (0.20,0.46) (0.09,0.31)
Sulfate 1.534] 0.0138] <.0001] 0.1843| (0.21,0.46) (0.31,0.59) (0.02,0.18)

* Model does not converge

** Estimate not reliable

The above andysisis mideading for chlorine and silicon because the effect of sampler typeis

blank type specific. Asaresult, grouping the data by ether factor tends to obscure the effects and

leads to null conclusions. For these two compounds Statigticaly significant sampler type-blank type

differences were noted. See Figures4.1 and 4.2. For dl other compounds, amodel with a sampler

type-blank type interaction tested insgnificant.
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5.0 EXPERIMENTS TO SIMULATE AND TEST POTENTIAL SAMPLE
INTEGRITY ISSUES WHEN USING SEQUENTIAL SPECIATION
SAMPLERS

Five experiments were undertaken to test various issues that are associated with
sequential samplers and sampling integrity. Four of the experiments are directly concerned with
the fact that, in a sequential sampler the filters can collect material by passive sampling while
sitting unsealed in the sampler. Also, if the filters have already collected material as part of a
sample, then there is the possibility that some of the sample material may volatilize.

Sections 5.1 and 5.2 examine the results of two experiments that simulate the sequential
sampling, specifically looking at organic and elemental carbon. Sections 5.4 and 5.5 examine the
results for corresponding experiments that look at the effects on nitrate and sulfate. Section 5.3
examines the results of an additional experiment targeting a concern about the collection or loss

of carbon compounds due to the face velocity at the quartz filter.

The experimental design called for the collection of more data than was collected for
these five experiments. All of the available (and directly relevant) data is at least plotted in each
of the following sections. The lack of data can affect the ability to detect small differences. This
is especially true for data that have a relatively high variability. As will be seen, the results of the
face velocity test are not quantitatively consistent from the results with the routine samples. The

problem may be the lack of data.

5.1 COLLECTION OF VOLATILE ORGANIC COMPOUNDS ON BLANK
QUARTZ FILTERS
In this experiment, a MetOne sampler was loaded with five quartz modules. The five
modules were then left in the MetOne sampler for six to nine days while leaving the sampler idle.
In this way the filters were exposed to ambient air for a week and the effects of filters sitting in

the sampler for an extended period before sampling were simulated.

Figures 5.1 and 5.2 show scatter plots of the raw data for the experiment.
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Effects of Leaving the Filter in the Monitor
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Figure 5.1 Effects of Leaving Blank Filters in the Sampler for a Week on the
Measured OC.
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Clearly the Phoenix data in this experiment has a different nature than the other sites.
(See Section 5.6.) Hence, to begin with, the Phoenix data are treated as outliers and only the
other data points are modeled. The mean response was modeled as an overall mean for each
blank type with random variations due to the site. For OC the overall mean for the experiment
blanks was estimated to be 11.53 micrograms with a standard error of 0.685 micrograms while
the field blanks had an overall mean of 8.26 micrograms with a standard error of
0.894 micrograms. The p-value for the test of whether the true means are statistically different
IS <0.0001. Hence, with respect to OC, there is a significant statistical difference between the

field blanks and the blanks that are left in the sampler for at least a week.

The EC data were modeled similarly (with the Phoenix data removed). For EC the
overall mean for the experiment blanks was estimated to be 0.541 micrograms with a standard
error of 0.108 micrograms while the field blanks had an overall mean of 0.295 micrograms with
a standard error of 0.171 micrograms. The p-value for the test of whether the true means are
statistically different is 0.129. Hence, with respect to EC, there is no significant statistical

difference between the field blanks and the blanks that are left in the sampler for at least a week.

5.2 COLLECTION OF VOLATILE ORGANIC COMPOUNDS ON EXPOSED
QUARTZ FILTERS

In this experiment five modules were loaded with quartz filters for a MetOne sampler.
Two of these were recovered according to standard procedures (within 48 hours of sampling).
The remaining filters were recovered at least six days after sampling. This simulated the
condition of a sequential sampler where a sample is left in the sampler for an extended period.
Figures 5.3 and 5.4 show scatter plots of the raw data for the experiment. Figure 5.5 shows the

ratio of the EC concentration to the OC concentration.

Both Figures 5.3 and 5.4 show unusual values in opposite directions. The Phoenix data
may not seem to matter because there were not any standard recovery measurements in the data.
However, it could be useful in estimating the sampling error size, if this represents real data. To

help decide, the ratio of the concentrations is also plotted in Figure 5.5.
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The modeling was based on removing the Salt Lake and Phoenix data. The values were

assumed to have a different mean for each site and day. The effect of leaving the filter in the

sampler was modeled as producing a shift in the site mean (where the same shift is used for all

sites). Table 5.1 shows the mean difference between the samples that were collected within

48 hours and those that were left in the sampler for at least 6 days and the associated p-value. In

both cases there is no significant difference between the collection methods.

Table 5.1 Mean Difference Between Standard Collection of Samples and
Those Left in the Sampler.

Compound Mean difference Standard error p-value ||
Organic carbon 0.234 0.330 0.4841 ||
Elemental carbon 0.039 0.042 0.3565 I
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Effects of Leaving Sample in Monitor
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Figure 5.3 The Effects of Leaving a Filter in a Sampler for a Week on the
Observed EC Concentration. Note That the Two Unusual
Values Are in Opposite Directions.
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Effects of Leaving Sample in Monitor
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