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Figure 9. Regressions of the DNPH-cartridge data from the
ambient air measurements of MTE and WSU versus those
measured for matched time periods by the TDLAS system of
NCAR. The lines shown are the bivariant least squares fits of
the data. The two regression lines shown for the C-18 DNPH
cartridge data of MTE (Figure 9a) correspond to fits using all
of the 11 measurement periods (thick solid line; y = 0.96 + 0.13
+ (0.64 £ 0.06)x) and a fit in which the lowest data point (last
measurement period) was discarded (dashed line; y = 0.85
0.17 + (0.68 £ 0.07)x). The regression line for the silica DNPH
cartridge data of MTE (thin line) is given by y=-0.16 + 0.12 +
(0.78% 0.05)x. In Figure 9b the open triangles are the silica
DNPH-cartridge data as originally reported by WSU, while
the solid triangles are the same data as recalculated to remove a
flow rate measurement problem which was detected after the
original report to the referees. The thin horizontal lines
through the data points show the range of [CH,O] values
observed by the TDLAS during each of the cartridge
measurement time periods. The thick solid line and the dashed
line are, respectively, the weighted, bivariant, least squares fits
to the data as originally reported and with the corrected
airflow through the cartridges (y = 2.40 * 0.12 + (0.029 *
0.049)x).
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ratio = 1.10 + 0.18. The C-18 data also track the TDLAS data
reasonably well, as seen in Plate 2a (blue squares and lines),
but there is a significant deviation (factor of 2.25) seen during
the last measurement period. This final measurement period is
coincident with a rain event that occurred during the sampling
periods 13.82-17.62 June 2 and 17.92-20.92 June 2. An
examination of Plate 2 shows, according to the TDLAS
(NCAR) data, a precipitous drop in the CH,O concentration
between 38 and 40 hours (i.e., 1400-1600 June 2). However,
an examination of the ozone profiles during this same périod
shows the ozone concentration to remain within the range 45
and 60 ppbv. The plot in Figure 8 suggests that under these
conditions ([O3)/[CH,0] (=60), the C-18 measurements
should be 50-60% higher than the TDLAS values during the
last ambient measurement period. From the data in Table 5, the
CH,0 value from the C-18 cartridge was 54% higher than that
from the NCAR TDLAS. Thus even under ambient conditions
the ozone interference in C-18 system is apparent.
Conceivably, the results of Figure 8 could be used to generate
correction factors to account for this interference and the
calibration issue. However, more work is required to
investigate the effect of cartridge loadings and differences in
the octadecylsilica substrate before one can make meaningful
generalizations concerning the effects observed with other C-
18 cartridges.

With the exclusion of the data from the last ambient
measurement period (17.92 to 20.92 hours June 2), all other C-
18 DNPH cartridge data (MTE) using the hydrazone
calibration are within 20% of the TDLAS average. The
reported data from the cartridge experiments, plotted versus the
average [CH,O0] observed over the same period by the TDLAS
(NCAR) in Figure 9a, tell a different story. The C-18 data
(MTE) show a reasonably good correlation with the TDLAS
measurements, but the small slopes and large intercepts in the
regression plot in Figure 9a suggest that there are some
problems with this measurement technique, probably related
to the effect of ozone: [CHOlc 13mTE) = 0.96 £ 0.13 + (0.64
0.06)[CH,0)}rpras- This slope is much smaller than that found
in the regression of the spike data. It should be noted,
however, that the single lowest point in the MTE C-18 versus
TDLAS plot (Figure 9a), has an inordinate influence on the
slope and intercept in this case. If one removes this point, the
remaining data give the regression: [CHO]c.1gmtE) = 0.85 *
0.17 + (0.68 £ 0.07)[CH,O]tpr as- For this scenario the slope
compares somewhat better with that found from the spike data
(0.78 £ 0.02).

The ambient data measured by the MTE silica cartridge
(with O, scrubber) using the hydrazone calibration tracks the
data from the TDLAS (black curves) reasonably well in Plate
2b (blue circles and lines), but they are significantly lower
than the TDLAS data. In this case, the average ratio
[CHZO]s,lica(MTE)/[CHZO]TDLAS =0.70 * 0.04; the regression
gives [CHyOlsjlicamrey = -0.16 + 0.12 + (0.78 =+ 0.05)
[CH2OlrpLas- These data are highly consistent with the
manifold measurements using the hydrazone calibration.

However, if the data are corrected using the CH,0
gas-phase calibration given above, values shown under
column 5 of Table 5 are determined. In this case, the average
ratio [CHzo]silica('MTE)/[CHzolTDLAS =0.95 +0.05. Although
the O3/CH,0 ratio changes considerably during the ambient
measurements, the tight standard deviation by either the
hydrazone calibration or the NCAR gas phase calibration



GILPIN ET AL.: [CH,0] MEASUREMENT TECHNIQUE INTERCOMPARISON

suggests that there is no interfering influence from ozone.
These data are shown graphically in Plate 2b (red points and
lines). An examination of Plate 2a indicates that the C-18 data
using the gas-phase calibration (red curves) are systematically
higher than the TDLAS (NCAR) CH,0 data (black curves).
Again, the greatest deviation of more than a factor of 2 occurs
for the last ambient period where the O3/CH,O ratio is
approximately 60. By contrast, the silica gel cartridge data,
corrected by the NCAR gas-phase standards, gives agreement
with the integrated TDLAS measurements to within + 5%
during the measurement periods.

The scatter in the silica cartridge data of WSU in the
regressions for the spike experiments (Figure 6c) rendered
meaningless similar recalculation of the ambient data based
upon the NCAR standards. The WSU silica cartridge data from
the ambient measurements (as originally reported and as
corrected for the original error in the flow measurements) are
compared with the TDLAS (NCAR) in Table 4 and Plate 2c¢
and Figure 9b. Although the average ratio for the corrected
data appears to be reasonable, [CH;0]sincacwsuy[CH20)rpLas
=1.06 % 0.29, the regression of the measurements against the
TDLAS time-matched ambient data shows no correlation, the
slope of the regressions is near zero, and there are large
positive intercepts for both the original and the corrected
sﬂwa(WSU) ambient data: [CHZO]silica(WSU)—corrected =240 =
0.12 + (0.029 * 0.049)[CH;OlrpLas- As in the spike
comparisons, the reasons for this are unclear. The results can
be rationalized qualitatively if some contamination of the KI
scrubber for O3 and/or small leaks around the cartridge seals
existed during these measurements which allowed trailer air to
be pulled into the cartridge.

5. Conclusions

The intercomparison of six different formaldehyde method
techniques has been carried out using both spiked samples of
CH,0 in Aadco zero air and in ambient air near NCAR in
Boulder, Colorado. The CH,O reference method was the
TDLAS system of NCAR, and the standards employed were
verified using four independent methods. Mixtures of CH,O
with added trace gases (NO,, SO,, isoprene, O3, H,0) were
prepared to test for possible interferences in the analyses.
Blind analyses of the samples were made using three very
different, rapid response (minute), continuous methods of
measurement which were compared with the results of the
TDLAS system and the NCAR source inputs: the Brookhaven
National  Laboratory  coil  2,4-dinitrophenylhydrazine
(CDNPH) system; the Texas Tech University cyclohexadione-
diffusion scrubber (CHDDS) method; and the University of
Rbode Island coil enzyme (CENZ) method. The analytical
results from the spike results as reported to the referee showed
strong correlations with the TDLAS measurements. However,
the absolute values of the [CH,O] were about 21 * 1% below
the TDLAS data in one case (CDNPH), 34 £ 1% above in
another (CHDDS), and 27 + 1% below in the other (CENZ).

For ambient measurements at matched times during the first
measurement period, the average ratios [CH;0],/[CH,Ol1pras
(z 1o) were 0.89 + 0.12 (CDNPH), 1.30 £ 0.15 (CHDDS), and
0.63 £ 0.06 (CENZ, first period). Again the different data sets
tracked one another quite well. The results of analyses of a
blind liquid phase CH,O standard by each group gave very
similar results, so the differences seen in the gas-phase CH,0O
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Figure 10. Histograms of the fractional differences, & =

([CH0]Group - [CH20]1pLAS)/[CH,Ol1pLas for the periods of
ambient CH,0 measurement. The statistics of the Gaussian fits
for the CDNPH versus TDLAS, CHDDS versus TDLAS, and
CENZ versus TDLAS data for the first period are, respectively,
average, -0.11, 0.36, -0.34; ¢, 0.08, 0.09, 0.06; median, -0.11,
0.36, -0.34; mode, -0.12, 0.35, -0.35; pairs of points, 194, 224,
113. For the & distribution of the CENZ versus TDLAS data
during the second period, average = -0.53, ¢ = 0.14, median = -
0.53, mode = -0.54, number of pairs of points = 49. These
CENZ versus TDLAS second period results were corrected for
TDLAS calibration spikes.

measurements seemed to arise largely from uncertainty in the
collection efficiency of the coils (CDNPH, CENZ) or diffusion
scrubber (CHDDS) used in the instruments. Two of the
ambient measurements (CDNPH, CHDDS) compared
reasonably well with the TDLAS data when the blind
standard samples data were used to correct for calibration
differences. The third set of measurements (CENZ) was
improved significantly, but on the average, it still remained
significantly lower than the TDLAS. For measurements at
matched time periods during the 12-42-hour period (Plate 1),
the average ratios [CH,0],/[CH;Olrpras are 1.04 £ 0.14
(CDNPH), 1.00 = 0.11 (CHDDS), and 0.82 * 0.08 (CENZ, first
period).

The agreement between measurements of the continuous
measurement methods and TDLAS data is summarized well in
histograms (Figure 10) that show the fractional differences, & =
([CHO]group - [CH2O0lrpLASY[CH2OlrpLAs. The results are
shown for CDNPH (BNL) and CHDDS (TTU) in the first
period and CENZ (URI) results for the first and a subsection of
the second period from 42 to 56 hours (1800 June 2 to 0800
June 3) with the data frequency normalized to 161 coincident
data pairs. This second period was characterized by persistent
rain, and it was well after the shutdown period of the other
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instruments. The plot shows the histograms of the data
(shaded bars) and a fitted Gaussian function (black curve). The
statistical information is given in the caption. The CDNPH
and CHDDS histograms show standard deviations (6) of 8 and
9%, respectively. The near collocation of the average, the
median, and the mode (i.e., the most probable value) suggests
symmetry in the distributions and therefore mostly random
differences. For the URI histogram in the first period of
measurement the distribution is also symmetric but is more
peaked than the CDNPH and CHDDS distributions with a ¢ =
6%.

Afier eliminating the TDLAS calibration spikes, the &-
distribution for the CENZ histogram from the second period
shows a degradation of the agreement seen in the first period
with a shift to more negative values, the average, median, and
mode are no longer collocated, and the ¢ is increased by a
factor of 2.3. The cause of the decreased level of agreement is
not clear. With only two instruments operating, it is not
possible to ascertain which instrument experienced a change,
or even if both instruments changed. The second measurement
period constitutes a more stringent test than the first since the
concentrations of formaldehyde are about a factor of 4 lower
than those of the first period, and it was a period of persistent
rain. Conceivably, such conditions could magnify
significantly differences in the two inlet systems. Clearly, this
study leaves unanswered issues concerning the influence of
moisture on inlet systems during the analysis of low CH,O
concentrations in moist air.

In view of these results it is highly recommended to those
who measure ambient formaldehyde concentrations in the
future that their instruments be calibrated at the measurement
site using gas-phase standards introduced at the instrument
air inlet, even though liquid standards are used as well to
follow the liquid-phase portion of the instrument performance.

Two different DNPH cartridge techniques were also used
in the intercomparison to determine average concentrations
over long sampling periods (hours): silica gel DNPH
cartridges with a KI O; scrubber (Washington State
University) and both the silica gel DNPH cartridges (with Q4
scrubber) and the C-18 DNPH cartridges (with no Oj
scrubber) (ManTech Environmental). With the use of the
CH,0 hydrazone calibration, the MTE C-18 and silica gel
cartridge measurements showed a reasonable correlation with
the TDLAS measurements, although the results from the MTE
silica cartridges were about a factor of 2 below the standards
in the synthetic matrix experiment, and in the ambient data
they were 35% below the TDLAS measurements. The present
data suggest that much of the difference between the MTE
silica gel cartridges and the TDLAS results can be attributed
to differences in the calibration. When the NCAR gas-phase
spike data are employed to calibrate the ambient measurements,
the results from the silica gel cartridges and the TDLAS are the
same within statistical uncertainty. When the same gas-phase
calibration was used with the C-18 cartridges, the results
showed a positive bias of approximately 60%, presumably
reflecting a positive ozone interference in this case (no O,
scrubber was used). The WSU silica cartridge results were
highly scattered and showed no significant correlation with
the TDLAS measurements. Contamination of the O3 scrubber
and/or leakage of trailer air into the cartridge flow may have
been a problem with the WSU instrument. In view of these
results alone, it is recommended that even for integrated long-
time (hours) ambient [CH,O0] measurements, specific
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validation tests for flow integrity, collection efficiency,
O;-scrubber efficiency, and possible contamination of the KI
scrubber be conducted during the study. Unlike the
continuous CH,O methods used in this study, the cartridge
techniques are blind during the collection process, and rapid
analysis of selected samples would be beneficial to ensure
system integrity. In addition, questions remain about the
origin of positive interferences in [CH,0O] measurements by
the C-18 technique by Os. Also, it is clear that the information
which these cartridge techniques can provide on the time
dependence of the [CH,0] is seriously limited, especially for
ambient concentrations in the high part per trillion by volume
to low part per billion by volume range. The time resolution,
sensitivity, and precision of the cartridge systems are less than
that possible with any of the four continuous methods used in
this study. The accuracy of the cartridge techniques (for
integrated, long time periods of hours) may not be inherently
worse than that of the continuous methods.

The intercomparison program has demonstrated that a field
gas-phase calibration is essential for accurate CH,0
determinations. Each of the monitoring systems utilized
specific collection, separation, and/or derivatization
procedures that cannot be assumed to be 100% efficient,
especially when not previously validated under the exact field
conditions.

We recognize that uncertainties in measurements of trace
gases can result from both instrument error and operator error,
as well as from fundamental biases of the technique (such as
interferences). Although it may be presumptive to judge
whether a given technique is sound and appropriate from the
results of a single intercomparison, the participants in the
current intercomparison are experienced in the use of their
measurement techniques; their results are probably
representative of those which would be determined by other
experienced investigators using the same techniques, and the
problems observed here are probably representative of those
which will be encountered by others.
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