








reference for the comparison since there is no a priori
standard by which the instruments can be judged. Finally,
the semicontinuous data is merged onto the 24-hour filter
measurement periods and compared to the filters for data
collected throughout the 1-month study.

3.1. Nitrate and Sulfate Trends

[23] Time series traces for nitrate and sulfate for the
various semicontinuous techniques are plotted in Figures
1 and 2. Data for comparison span from 6 am 3 August to
midnight 31 August. To simplify these graphs, measure-
ments from individual samplers is plotted on separate
graphs. The ADI nitrate and ECN sulfate measurements
are included in each plot to serve as a reference when
comparing instruments. No judgment on the quality of these
data is intended by including these two measurements, they
were chosen because they tended to have the most contin-
uous data record throughout the study.
[24] The time series graphs of nitrate in Figure 1 show

that during the study period nitrate concentrations ranged
from levels below the detection limits of most instruments
(typically about 0.1 mg m�3 for most instruments and
10 ng m�3 for the TT instrument) to maximum values of
about 3.5 mg m�3 (ECN data, 15-min integrals). The
average nitrate concentration throughout the study was

�0.5 mg m�3. Nitrate concentrations also showed a fairly
regular pattern, with minimum values occurring at mid to
late afternoon during periods of highest temperature and
lowest relative humidity (RH), and maximum values in the
early morning hours during times of lowest temperatures
and highest daily RH. The pattern is most pronounced
during the latter part of August and can be seen in Figure
1. This diurnal variation is discussed in more detail by
Weber et al. [2001].
[25] Sulfate concentrations were much higher than nitrate,

ranging from 0.3 to 40 mg m�3 (ADI data, 8 min integrals)
with an average value of �14 mg m�3. Sulfate did not
exhibit a periodic variation, but instead showed short- and
long-term features that may reflect local and regional
conditions, respectively. Analysis has suggested that during
high sulfate events the aerosol tended to be acidic whereas
at other times the aerosol tended to be neutral [Weber et al.,
2001]. The lowest sulfate concentrations were observed
during periods of precipitation. For example, sulfate con-
centrations below 1 mg m�3 in Figure 2, observed near noon
on 24 August, occurred during a precipitation event. Fol-
lowing this period, the sulfate concentrations ramped back
to more typical study values of 15–20 mg m�3.
[26] Two relevant points can be deduced from the time

series plots: (1) As the study progressed the instruments

Figure 1. Time series traces of PM2.5 nitrate recorded by all semicontinuous instruments deployed at
the EPA Atlanta Supersite from 3 to 31 August 1999. To permit comparisons between graphs the ADI
nitrate measurement is included in each plot. Acronyms for various measurements are given in Table 1.
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tended to run more reliably, and (2) the agreement between
measurements improved with time.

3.2. Nitrate Semicontinuous Intercomparison

[27] Five techniques for online measurements of nitrate
are compared; ARA, ADI, ECN, GT/BL, and TT. Because
GT/BL report no data for the first half of the study, only
four measurements are compared during this period.
[28] Intercomparisons between individual devices com-

pared poorly during the first half of the Atlanta study. Table
1 shows that the correlation (r2 values) between instrument
pairs ranged from only 0.012 (ARA and TT) to at best
0.342 (ECN and TT). Correlations improved considerably
during the second half. During this period instrument paired
r2 - values ranged from 0.259 (ARA and ECN or GT/BL) to

0.900 (GT/BL and ECN). Note that the r2 among the IC-
detection techniques (ECN, GT/BL, and TT) ranged from
0.76 to 0.9, whereas when compared to the ADI technique
(which measures volatilized NOx to infer particle nitrate)
the r2 was lower, 0.70–0.74 (see Tables 2a and 2b). The
higher correlation between the IC-based instruments may in
part be due to the similarities between their analytical
approaches.
[29] Because there is no ‘‘gold’’ standard by which the

various instruments can be compared, comparisons are
made between each instrument and the mean of the group.
This approach tends to favor the group of most similar
instruments in the majority (e.g., ECN, GT/BL, TT, all IC-
based detectors,) however, it does provide some insight into
the performance of individual instruments.

Figure 2. Time series traces of PM2.5 sulfate recorded by all semicontinuous instruments deployed at
the EPA Atlanta Supersite from 3 to 31 August 1999. The ECN nitrate measurement is included in each
plot for comparison.

Table 2a. Nitrate Correlation Coefficients (r2) for the First Half

(3–16 August) and the Second Half (17–31 August) of the Atlanta

Supersite Experimenta

ARA ADI ECN GT/BL

First Second First Second First Second First Second

ADI 0.162 0.259
ECN 0.284 0.261 0.318 0.695
GT/BL – 0.259 – 0.739 – 0.900
TT 0.012 0.297 0.132 0.697 0.342 0.764 – 0.821

aInstrument acronyms are defined in Table 1.

Table 2b. Nitrate Number of Comparisons for the First Half (3–

16 August) and the Second Half (17–31 August) of the Atlanta

Supersite Experimenta

ARA ADI ECN GT/BL

First Second First Second First Second First Second

ADI 77 322
ECN 131 346 168 320
GT/BL 0 289 0 271 0 286
TT 122 304 112 280 153 302 0 249

aInstrument acronyms are defined in Table 1.
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[30] As expected, comparisons to the group mean pro-
duced higher correlation coefficients than individual paired
comparisons, but the results tend to be the same. Figure 3
shows the scatter plots for each device compared to the 1-
hour mean semicontinuous nitrate. In each graph the one-
to-one line, the linear regression fit and equation with
coefficient uncertainties calculated at 95% confidence inter-
vals, and the r2 values are given. The first row of plots is for
the first half of the study and the second and third rows for
the study second half. During the first half the ADI and
ECN measurements had the least amount of scatter (r2 equal
to 0.74 and 0.83, respectively). For the study second half,
for all instruments, except ARA, the scatter decreased and
the slopes for the linear fits to the semicontinuous average
were closer to one.
[31] Focusing on individual instruments it is noted that

the ARA instrument generally was unchanged between the
first and second half of the experiment. This technique was
least correlated with the other nitrate measurements. The
scatter is seen to occur over all nitrate concentrations and
may in part be due to the uncertainties associated with a

difference method. Given that NOx concentrations were
significantly higher than nitrate throughout the study, the
uncertainty in this technique would be highest when nitrate
concentrations are low (i.e., difference between channels is
small). This is supported by review of contemporaneous
NOy data, which indicate that the ARA denuders were only
25–60% efficient at removing ambient NOx. This resulted
in a fairly high background signal throughout the study and
hence, raised the lower detection limit to a study-wide
estimated value of approximately 0.5 mg m�3. Note that
this detection limit varies since it depends on the back-
ground NOx concentrations, which are variable. The scatter
plots in Figure 3, however, show that the ARA nitrate was
scattered over the complete measurement range (up to �2
mg m�3) suggesting additional interference’s may also have
been involve as well. ARA is currently testing a much more
efficient NOx removal approach, based on carbon honey-
comb denuders, at several locations in and near Atlanta.
[32] From the scatter plots, the ECN instrument generally

measured higher nitrate concentrations than the mean, since
regressions between ECN and the semicontinuous average

Figure 3. Comparison of each semicontinuous measurement of nitrate to the mean of all
semicontinuous measurements. Each plot contains the 1-to-1 line, the linear regression fit (equation
with coefficient uncertainty at a 95% confidence interval), r2, and the number of data points. (a)–(d)
Comparisons of measurements from the first half of the study, 3–16 August. (e)–(i) Measurements from
the second half of the study, 17–31 August. A summary of the statistics comparing differences of each
device from the semicontinuous mean can be found in Table 3.
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have slopes of 1.34 ± 0.07 and 1.25 ± 0.04 for the first and
second half of the study, respectively. The GT/BL instru-
ment also recorded generally higher nitrate concentrations,
especially when nitrate concentrations were highest. In this
case the regression slope was 1.19 ± 0.04. Both the TT and
ADI instrument recorded nitrate concentrations very close
to the overall average with slopes equal to one within a 95%
confidence level. One explanation for the higher nitrate
concentrations in the steam systems (ECN and GT/BL) is
that some nitrate could be generated in the system by NOx

conversion to nitrate. This artifact would be most significant
at highest NOx concentrations. However, the differences in
nitrate between the steam systems (ECN and GT/BL) and
filter-based system (TT) are not correlated with NOx con-
centrations suggesting this may not be a significant artifact.
[33] Because the linear regression fits are dominated by

the deviations from the mean at higher concentrations, an
additional approach for comparing the instruments was
performed. In this case each semicontinuous instrument
was compared to the mean by calculating the absolute
difference between each instrument and the semicontinuous
mean for every hour of merged data. Table 3 summarizes
results from these comparisons for the second half of the
study. Note that in this approach, instruments with higher
data densities (N in Table 3) are biased toward a lower mean
difference. Relative and the actual differences are shown in
the table. The relative difference is the absolute value of the
difference divided by the mean, whereas the actual differ-
ence is just the absolute difference between the measure-
ment and the mean. Because nitrate concentrations were so
low throughout the study, the relative differences were at
times quite high. For example the ARA instrument was on
average 43% lower than the semicontinuous mean, which
corresponds to an actual mean difference of only 0.2 mg m

0
3.

The variability of the differences between each instrument
and the mean was also fairly high. Standard deviations of
the relative differences were typically near 20%. From an
absolute point of view, however, the instruments were

typically very close to the mean with values generally
within 0.1 mg m

0
3. For the limited range in nitrate experi-

enced during this experiment, by the end of the one-month
study the semicontinuous nitrate measurements agreed
remarkably well.

3.3. Sulfate Semicontinuous Intercomparisons

[34] Four groups measured sulfate aerosol concentrations,
with the GT/BL group again only producing data for the
second half of the study. Correlation coefficients (r2) for all
pairs of measurements are shown in Tables 4a and 4b.
Compared to nitrate, there was less scatter between instru-
ments at the beginning of the study. For example, in the first
13 days of the study, the ADI versus ECN r2 - value was
0.72, compared to a value of 0.32 for nitrate during the
same period. Overall, however, focusing on comparisons
during the second half of the study shows that although
ambient sulfate concentrations were much higher than
nitrate, the various semicontinuous instrument’s perform-
ance for measuring sulfate and nitrate were similar. Again,
the highest correlation was between the two most similar
instruments, ECN and GT/BL, with a r2 of 0.94.
[35] Comparisons of the four sulfate measurements to the

1-hour mean are shown in Figure 4 along with the linear
regression fits. The top row of plots is for the first half of the
study and the bottom row, the second half. There is slightly
less scatter in these comparisons then was observed for
nitrate, demonstrated by higher regression r2 values. Again,
the instruments had minimal systematic errors since most
regression intercepts are near zero. As with nitrate, the GT/
BL regression slopes to the semicontinuous mean was
higher than unity by �11% and is likely due to a flow
calibration error. The TT slope was lower by about 10% and
the ADI and ECN slopes were one, within 95% confidence
intervals.
[36] The statistical results from the calculations of the

difference of each measurement from the 1-h mean for the
second half of the study is shown in Table 5. Because

Table 3. Comparison of Each 1-Hour Average Semicontinuous Measurement of Nitrate to the Mean of All Semicontinuous

Measurements for the Second Half of the Experimenta

Investigator
Mean of Absolute Relative

Difference, %
Standard Deviation of Absolute

Relative Difference, %
Mean of Absolute Difference,

mg m�3
Standard Deviation of Absolute
Relative Difference, mg m�3 N

ARA 43.3 ± 2.1 39.0 0.20 ± 0.01 0.2 354
ADI 23.0 ± 1.0 18.5 0.12 ± 0.01 0.1 328
ECN 25.0 ± 1.1 20.7 0.12 ± 0.01 0.1 351
GT/BL 30.1 ± 1.1 17.9 0.16 ± 0.01 0.1 258
TT 24.6 ± 1.3 23.8 0.12 ± 0.01 0.1 310

aAbsolute relative difference is the absolute difference of the specific semicontinuous method from the mean of all semicontinuous measurements divided
by the mean. Absolute difference is the absolute difference between the measurement and the semicontinuous mean. The error associated with the mean is
one standard deviation divided by the square root of the number of comparisons (standard error). N is the number of comparisons.

Table 4a. Sulfate Correlation Coefficients (r2) for the First Half

(3–16 August) and the Second Half (17–31 August) of the Atlanta

Supersite Experimenta

ADI ECN GT/BL

First Second First Second First Second

ECN 0.723 0.802
GT/BL – 0.762 – 0.936
TT 0.516 0.564 0.475 0.823 – 0.820

aInstrument acronyms are defined in Table 1.

Table 4b. Sulfate Number of Comparisons for the First Half (3–

16 August) and the Second Half (17–31 August) of the Atlanta

Supersite Experimenta

ADI ECN GT/BL

First Second First Second First Second

ECN 252 322
GT/BL 0 288 0 287
TT 185 306 144 278 0 249

aInstrument acronyms are defined in Table 1.
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sulfate concentrations are much higher than nitrate, the
relative differences in this case have more meaning. The
relative differences for instruments measuring both nitrate
and sulfate ranged between about 23 and 30% for nitrate,
compared to 8 and 16% for sulfate. For individual instru-
ments, the variation in the measurements from the mean (the
standard deviation of the relative difference) for sulfate
ranged from about 7 to 14%.
[37] In summary, the comparisons among the semicontin-

uous measurements show that they were generally within
about 10–15% of each other when ambient concentrations
were significantly above the instruments detection limits
(i.e., focusing only on data from sulfate measurements). To
further assess the performance of these rapid measurements,
the semicontinuous measurements of nitrate and sulfate are
compare to the more traditional filter-based techniques.

4. Results: Comparisons of Semicontinuous to 24-
Hour Integrated Filter Measurements of Nitrate
and Sulfate

[38] Eight independent techniques used to make 24-hour
integrated filter measurements during the Atlanta Supersite
study are compared with the semicontinuous measurements.

During the one-month study, a total of 15 sets of 24-hour
filter measurements were made. Table 6 summarizes the
various measurement techniques and investigators. For
these comparisons, the individual semicontinuous data were
merged onto the 24-hour filter sampling periods.
[39] It should be noted that this intercomparison has some

difficulties associated with it. For one, some of the semi-
continuous measurements do not sample continuously. For
example, TT data effectively represent 15 min averages 2
times per hour, and ECN measures a 15-min average once
per hour. Because they only measure a fraction of the time,
short-term variability in ambient concentrations (i.e., on
times less than one hour) introduces uncertainties when
comparing these semicontinuous averages to a true average
measured by the filters. A similar problem can arise due to
an instrument being off-line during the integration period
due to calibrations or instrument difficulties. In an attempt
to minimize the latter problem, only those semicontinuous
measurements that were operational for 75% of the 24-hour
filter-sampling period are compared. (Note that operational
means normal running mode. That is sampling at its regular
rate, e.g., ECN sampling at 15 min/hour).
[40] In the following section three types of comparisons

for nitrate and sulfate are made: (1) a comparison to look at

Figure 4. Same as Figure 3, but for sulfate. (a)–(c) Comparisons of measurements from the first half of
the study, 3–16 August. (d)–(g) Measurements from the second half of the study, 17–31 August. A
summary of the statistics comparing differences of each device from the semicontinuous mean can be
found in Table 5.

Table 5. Comparison of Each 1-Hour Average Semicontinuous Measurement of Sulfate to the Mean of All Semicontinuous

Measurements for the Second Half of the Studya

Investigator
Mean of Absolute

Relative Difference, %
Standard Deviation of

Absolute Relative Difference, %
Mean of Absolute
Difference, mg m�3

Standard Deviation of Absolute
Difference, mg m�3 N

ADI 15.9 ± 0.8 14.2 1.8 ± 0.1 1.8 354
ECN 7.9 ± 0.4 7.4 0.8 ± 0.1 0.8 328
GT/BL 11.1 ± 0.5 9.1 1.2 ± 0.1 1.1 294
TT 14.7 ± 0.7 13.1 1.8 ± 0.1 1.8 309

aFor column descriptions, see Table 3.
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the variability amongst the filters themselves; (2) a similar
analysis to assess the variability amongst the semicontin-
uous measurements when averaged over 24-hrs; and (3)
individual semicontinuous techniques are compared to the
average of all filter measurements.

4.1. Nitrate: Semicontinuous Versus Filter
Measurements

[41] The variability amongst the eight different nitrate
filter measurements can be seen in the scatter plot in Figure
5a. For a more detailed discussion on filter intercompar-
isons, see P. A. Solomon et al. (unpublished manuscript,
2002). The standard deviation of the absolute difference of
the various filter measurements from the mean of all filter
measurements is 0.12 mg m�3, or �22%. In contrast, as
shown in Figure 5b, the variability among the semicontin-
uous devices relative to their 24-hour mean is considerably
lower with a standard deviation of the absolute difference
being only 0.06 mg m�3, or �13%.
[42] The higher spread among the nitrate filter measure-

ment compared to the semicontinuous measurement is
intriguing and may be due to a number of factors, including;
difficulties associated with filter measurement of volatile
aerosol species; artifacts from on-filter reactions and filter
blanks. The latter being exacerbated in this case by the low
ambient nitrate levels throughout the study period. The
semicontinuous devices may have comparatively fewer

sampling artifacts. Take for example the volatility artifact.
Nitrate volatility resulting in nitrate loss from the filter has
led to the use of a filter pack assembly in which filters are
arranged in series. The first filter collects particles (e.g.,
nitrate) and the following backup filter collects gaseous
species volatilized from the first filter (e.g., nitric acid).
Volatility artifacts may be a less significant problem with
semicontinuous devices since these measurements integrate
over much shorter times and should thus expose samples
collected on substrates to less temperature variation. The TT
automated filter system, for example, integrates for only 15
min. Moreover, in many of the semicontinuous devices the
aerosol is rapidly stabilized through the formation of dilute
aqueous solutions (i.e., the steam devices of ECN and GT/
BL), or by aerosol humidification (ADI). Finally, the semi-
continuous devices should have less scatter due to back-
ground interference since unlike filters, these devices are
automated and do not require handling collection substrates.
[43] A comparison of each semicontinuous measurement

to the filter mean is shown in Figure 5c. The linear
regression fit of all the semicontinuous measurements (24-
hour average) to filter average gives a r2 of 0.38. The
regression slope is one and the intercept zero within 95%
confidence intervals, suggesting that on average the semi-
continuous and the filter techniques recorded similar levels
of nitrate. Given the degree of scatter in the data, however,
this fit is of little significance. Because there is significant
data scatter, a further comparison to test if the semicontin-
uous nitrate measurements tracked the mean filter values in
terms of being high when the filters were high and low
when the filters were low was done by calculating the
Spearman Rank correlation. A value of 0.57 was obtained
indicating that the semicontinuous and filters measure-
ments did track fairly well (a value of 1 indicates perfect
rank-order correlation and -1 perfect negative rank-order
correlation).
[44] The statistical results from comparing each semi-

continuous measurement to the filter mean are given in
Table 7a. The range in the relative differences are from
about 10 to 25%, (approximately ± 0.1 mg m�3 for nitrate)

Table 6. Filter Measurements of Nitrate and Sulfate at the Atlanta

Supersite Used for Comparisons With the Semicontinuous

Measurements

Acronym Sampler/Investigator

FRM-A FRM Sampler Platform A/Solomon
AND Andersen RASS/Solomon
Met MetOne SASS/Solomon
URG URG MASS/Solomon
RPS R&P Speciation Sampler/Solomon
VAPS VAPS Sampler/Solomon
PCM Particle Composition Monitor/Baumann
PCB PC BOSS/Tanner

Figure 5. Comparison of semicontinuous measurements of PM2.5 nitrate to 24-hour integrated filter
measurements. (a) Variability among the eight different filter measurements. (b) Variability among the
five various semicontinuous techniques. (c) Comparison of each semicontinuous measurement to the
mean of the eight filter measurements. Figures 5a and 5b also show the standard deviation of the absolute
difference between the individual measurements and the measurement mean. Figure 5c shows the linear
regression fit with coefficient uncertainty given by 95% confidence intervals and the 1-to-1 line.
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with standard deviations ranging between �10 and 20%.
This is slightly lower than the results comparing each
semicontinuous instrument’s 1-hour averaged measurement
to the semicontinuous mean (Table 3).
[45] Finally, it is noted that the limited dynamic range of

the nitrate measurements during this study, and the narrow
range of environmental conditions in general, limit the
generality of this intercomparison. The instruments might
perform differently under conditions not encountered during
this brief summertime study.

4.2. Sulfate: Semicontinuous Versus Filter
Measurements

[46] As with nitrate, similar scatter plots are shown in
Figure 6 comparing filters and semicontinuous sulfate meas-
urements. Figure 6a shows how the various filter sulfate
measurements compared to the filter mean. In contrast to the
similar plot in Figure 5a for nitrate, the filter sulfate measure-
ments show much more uniformity across samplers. The
standard deviation of the absolute difference from the mean
is about 1 mg m�3, and a relative difference from the mean of
only�8%, significantly lower than the filter nitrate variation
of 22%. Unlike the filters, for both sulfate and nitrate the
semicontinuous devices had approximately the same amount
of scatter when compared to their mean. For sulfate the
standard deviation of the relative absolute difference from
the mean was 13%, compared to 12% for nitrate. One may
speculate that in this case, because sulfate is non-volatile and
the concentrations were generally high, filter sampling
artifacts and blank uncertainties were minimal, and thus
the filter variability for sulfate primarily reflects differences
between different operators running similar sampling devi-
ces. In contrast, the similar variability among the semi-
continuous devices for both nitrate and sulfate may reflect
the less significant role of artifacts with these techniques and

demonstrate more the variability amongst the various sam-
pling and analytical approaches employed.
[47] Finally, comparing all semicontinuous measurements

of sulfate to the filter mean, Figure 6c shows that the
semicontinuous and filter measurements were fairly well
correlated. The regression slope is 1.15 ± 0.15 (uncertainty
is the 95% confidence interval) suggesting no bias between
the semicontinuous and filter measurement techniques.
Table 7b shows the summary of each semicontinuous
instrument compared to the filter mean. Most instruments
are within 15–25% of the filter mean.

5. Summary

[48] The unique data provided by the Atlanta Supersite
Experiment allow for detailed intercomparisons among a
variety of semicontinuous approaches for measuring particle
nitrate and sulfate in an urban environment. Despite much
lower ambient nitrate concentrations, (about a factor of 10),
the intercomparisons between the instruments resulted in
similar findings for measurements of both nitrate and
sulfate. Overall, the semicontinuous instruments agreed to
within approximately 20–35% (±0.1–0.2 mg m�3) for
nitrate and 10–15% (±1–2 mg m�3) for sulfate.
[49] A number of broad conclusions can be made from

the intercomparison of the semicontinuous measurements
amongst themselves and with 24-h integrated filter meas-
urements. All semicontinuous techniques improved over
the course of the study suggesting that many of these
approaches still require refinements and further experience
until they can be considered ‘‘routine’’ measurements.
The fact that most measurements converged by the last
week of the study, producing very similar data, even at
nitrate concentrations down to about 0.1 mg m�3 and
sulfate over a range of 0.3–40 mg m�3 attests to the their

Table 7a. Comparison of Each 24-Hour Averaged Semicontinuous Measurement of Nitrate to the Mean of All Filter Measurements for

the Complete One-Month Studya

Investigator
Mean of Absolute

Relative Difference, %
Standard Deviation of

Absolute Relative Difference, %
Mean of Absolute Difference,

mg m�3
Standard Deviation of Absolute

Difference, mg m�3 N

ARA 12.1 ± 4.7 15.1 0.06 ± 0.02 0.06 10
ADI 20.7 ± 3.7 12.2 0.11 ± 0.02 0.07 11
ECN 17.4 ± 2.8 10.0 0.09 ± 0.01 0.05 13
GT/BL 17.9 ± 5.8 13.0 0.10 ± 0.03 0.08 5
TT 25.9 ± 6.3 22.6 0.13 ± 0.03 0.10 13

aFor column descriptions, see Table 3.

Figure 6. Same as Figure 5, but for sulfate.
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great potential. Compared to filters, for both nitrate and
sulfate, the semicontinuous measurements were typically
within 10–25%. However, the semicontinuous instruments
did appear to perform better than the filters when the
techniques were compared amongst themselves. For exam-
ple, for both nitrate and sulfate the variability between the
semicontinuous instruments was similar with a standard
deviation of �12%. The variability amongst the eight differ-
ent filter measurements for sulfate was slightly smaller at
8%, but much larger for nitrate at 22%. This may suggest
that the semicontinuous approaches are less susceptible to
sampling artifacts, such as those associated with aerosol
volatility.
[50] For the specific semicontinuous instruments com-

pared, the following observations were made:
1. ARA (only measured nitrate): This instrument was

generally the least correlated with all other semicontinuous
instruments with typical r2-values of 0.25–0.3 throughout
the study. Based on 1-h averages, it also had the largest
differences from the mean of all semicontinuous devices.
Much of this may be attributed to the techniques differencing
approach, which is most uncertain at low nitrate concentra-
tions; conditions typical throughout the one-month study.
2. ADI: Based on 1-hour averages, the ADI instrument

had generally more scatter than the IC-based devices with r2

values typically near 0.7 for both sulfate and nitrate. This
higher variability (lower correlation) may reflect the fact
that the instrument employs a different analytical technique
where nitrate and sulfate are indirectly measured from the
thermally desorbed gases NOx and SO2 to determine nitrate
and sulfate, respectively. Based on regression fits to the
semicontinuous mean and comparisons with 24-hour filter
averages, the instrument on average was in good agreement
with the other techniques for nitrate and sulfate.
3. ECN: The most similar semicontinuous devices, in

terms of design (ECN and GT/BL), were the most highly
correlated with r2 values near 0.9 for both sulfate and
nitrate. Overall, the ECN instrument agreed well with the
other semicontinuous devices for nitrate and sulfate.
However, when nitrate concentrations were highest, both
the ECN and the GT/BL instruments (based on similar
operating principles) measured significantly higher concen-
trations. A possible explanation is an artifact associated with
these instruments due to nitrate production from NOx within
liquid drops formed by steam condensate. However no
correlation between this error and measured NOx concen-
trations was observed.
4. GT/BL: This instruments had high correlation’s (r2)

when compared to the other semicontinuous measurements.
However, the regression slope was 19% higher for nitrate
and 11% higher for sulfate. The systematic error is thought

to be due to a liquid flow calibration error. At low nitrate
concentrations it tended to report lower concentrations than
the other semicontinuous devices due to poor automated
software integration of the small chromatographic peaks.
Overall, it agreed well with the other techniques being
within 10–35%.
5. TT: For sulfate, the TT technique showed more data

scatter than the other IC-based systems (ECN and GT/BL),
but on average, was in good agreement with the semicontin-
uous mean having a regression slope of only 12% lower than
1. Nitrate was less scattered than sulfate and the measure-
ment was very close to what other instruments detected.
[51] Considering that many of the instruments compared

were only recently developed (ARA, GT/BL, and TT), and
thus likely to be further improved, this study demonstrates
that these instruments are capable of providing real-time,
accurate, and quantitative measurements of ambient fine
particle nitrate and sulfate under the conditions experienced
during the Atlanta Supersite Experiment.
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