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Abstract

A common method for measuring the mass of organic carbon in airborne particulate matter involves collection on
a quartz "lter and subsequent thermal analysis. If unaccounted for, the adsorption of organic gases onto quartz "lters will
lead to the overestimation of aerosol organic carbon concentrations (positive artifact). A recommended method of
correction for the positive artifact involves sampling with a backup "lter. Placed behind either the primary quartz "lter,
or behind a Te#on "lter and collected in parallel with the primary quartz "lter, the carbon content of the quartz backup
"lter is a measure of the adsorbed organic material on the primary quartz "lter. In this paper, we illustrate the application
of this technique to samples collected in Berkeley, California. While the tandem quartz "lter method can be successfully
applied to correct for the positive artifact, we discuss two cases when this method will fail. We have found that the
capacity for adsorption of organic gases is not uniform for all "lters. Instead, "lters manufactured by the same company,
but having di!erent lot numbers, exhibit variable adsorption capacity. Thus, a "lter pair composed of "lters from
di!erent lots may lead to signi"cant under- or overestimation of particulate organic carbon concentration. Additionally,
we have observed that the tandem "lter method under-corrects for the positive artifact if the sampling time is short (few
hours). Laboratory experiments with vapors of single organic compounds corroborate results based on ambient samples.
The evolution of adsorbed organic gases, particularly polar compounds, during thermal analysis indicates that a single
compound may experience two distinct adsorbent}adsorbate binding energies. Adsorbed gases may co-evolve with
particles at temperatures in excess of 2503C. Published by Elsevier Science Ltd.
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1. Introduction

Quartz "lters have long been used to collect airborne
particulate matter for subsequent determination of car-
bon content by thermal analysis. Attributes that make
quartz "lters suitable for this purpose include their ther-
mal stability, high particle collection e$ciency, and low
cost. Despite their widespread use, however, the deter-
mination of particulate organic carbon (OC) concentra-
tions from the measured OC content collected on these
"lters is not straightforward. Adsorption of organic gases
onto the quartz "lter (and possibly the collected material)

and the evaporation of collected particulate matter
during sampling may lead to erroneous results if not
properly taken into account. The adsorption of organic
gases may result in the overestimation of particulate OC
concentrations because the adsorbed organics contribute
to the total carbon measured during "lter analysis. Con-
versely, the evaporation of collected particles may result
in the underestimation of organic carbon concentrations.
Hence, these phenomena are commonly referred to as the
positive (adsorption) and negative (evaporation) artifacts.

Whether the main artifact is adsorption or evapor-
ation has been the subject of several publications. Basing
their conclusion on laboratory and "eld measurements in
Los Angeles, Turpin et al. (1994) assert that adsorption
is the dominant artifact. However, Eatough and col-
leagues (Eatough et al., 1995, 1996; Cui et al., 1998) have
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estimated the magnitude of both artifacts using di!usion
denuder sampling systems at remote and urban locations
and conclude that evaporation is the dominant artifact. It
may not be possible to generalize which is the dominant
artifact because many variables, such as sample volume,
"lter face velocity, ambient air temperature, and sample
chemical composition have to be considered (Van Vaeck
et al., 1984; McDow and Huntzicker, 1990; Turpin et al.,
1994).

A seemingly straightforward, well-known method to
correct for the positive artifact involves sampling with
two quartz "lters, one placed directly on top of the other
(in tandem). The top, or front, quartz "lter removes all
particles, and gas-phase organics adsorb onto both the
front and back "lters. The measured carbon content of
the backup "lter can be subtracted from that of the front
"lter to give an improved estimate of the organic particu-
late mass collected on the front. A re"nement to this
approach utilizes two tandem "lter pairs: a quartz/quartz
pair and a Te#on/quartz pair. Commonly used Te#on
"lters have a surface area several times smaller than that
of quartz "lters (Turpin et al., 1994), and Te#on "lters,
unlike quartz, are chemically inert. Several researchers
have noted (McDow and Huntzicker, 1990; Turpin et al.,
1994) that the quartz "lter behind the Te#on "lter more
closely approximates the mass of adsorbed organic gases
on the front quartz "lter than does its own quartz back-
up. Subtraction of the OC content of the quartz "lter
behind Te#on from that of the front quartz is therefore
recommended for correction of the positive artifact, pro-
vided the face velocity is the same for both "lter pairs.
Te#on "lters are not thermally stable at high temper-
atures and are not suitable for thermal analysis, so both
"lter pairs are required.

The subject of this paper is the adsorption artifact. We
are concerned with furthering our understanding of this
artifact to improve estimates of aerosol organic carbon
concentration. We illustrate the use of tandem "lter ar-
rangements to correct estimates of OC concentrations for
the adsorption of organic vapors. We also discuss some
important limitations of the tandem "lter method that
explain why it may not actually correct OC concentra-
tions as expected. In doing so, we report results from "eld
experiments involving the ambient mixture of organic
compounds and laboratory experiments with individual
organic compounds.

2. Sampling and analytical method

Ambient aerosols were collected at Lawrence Berkeley
National Laboratory in Berkeley California. Samples
were drawn through a anodized aluminum stack (4.8m
long, 10 cm inner diameter) equipped with a (Bendix 240)
cyclone at the inlet. The inlet was 10m above ground.
The #ow rate through the cyclone was chosen to pass

only particles with a mean aerodynamic diameter less
than 2.5lm. The lower end of the stack extended from
outside into the building and terminated at a 20 l cham-
ber from which aerosols could be simultaneously sam-
pled through several ports.

Samples were collected using two 47mm diameter
"lters, one placed directly on top of the other (in tandem).
The "lters were supported in stainless-steel holders that
decreased the e!ective "ltration surface to 35mm in
diameter. The sampling #ow rate and corresponding
"lter face velocity were 30 lmin~1 and 50 cm s~1. Quartz
(Pall#ex 2500 QAT-UP) and Te#on (Gelman Sciences
Te#o membrane, 2.0lm pore size) "lters were used.

In some cases, we employed a di!usion denuder to
scrub organic gases from the sample air stream prior
to passage through the "lters. The denuder was similar to
that described by Eatough et al. (1993) and consisted of
18 parallel strips of 3.6]57.4 cm carbon-impregnated
paper (Schleicher and Schuell) separated by 2mm. The
e$ciency of removal of organic gases by this type of
denuder has been evaluated by others (Cui et al., 1998).

In addition to "eld sampling, the adsorption of organic
gases onto quartz "lters was studied in the laboratory.
Individual organic compound vapors were produced
by blowing particle-free nitrogen over the surface of a
5}10ml reservoir of the organic liquid at the bottom of
a 250ml glass gas washing bottle. The vapor sample
then passed through a quartz "lter at a #ow rate of
1.78 l min~1 and a face velocity of 3.0 cm s~1. These ad-
sorption experiments were conducted at room temper-
ature (203C) with several saturated alkanes, alcohols, and
carboxylic acids. The concentration of organic vapor in
the sample air was not regulated or measured. We note
simply that compounds with higher vapor pressure, for
example decane, produced more concentrated vapors
than compounds with lower vapor pressure, for example
hexadecane.

Quartz "lters, all of which were baked before use at
7003C for at least 6 h to remove carbonaceous impurities,
were analyzed for carbon content using the evolved gas
analysis (EGA) method described by Novakov (1981,
1982). In EGA, a portion of the "lter is heated a constant
rate of 203Cmin~1 from 50 to 6503C in an oxygen atmo-
sphere. The carbon-containing gases that evolve from the
sample are converted to carbon dioxide over a manga-
nese dioxide catalyst maintained at 8003C, which is
subsequently measured with a nondispersive infrared
analyzer (Beckman Model 870). A plot of the carbon
dioxide concentration versus temperature is called a ther-
mogram, and the area under the thermogram is propor-
tional to the total carbon content of the analyzed sample.
Thermograms show a structure, often in the form of
well-de"ned peaks, that is indicative of the di!erent vola-
tilization, decomposition, and combustion properties
of the carbonaceous material contained in the sample.
Interpretation of the thermogram features is often a
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Fig. 1. Thermograms of parallel samples collected in Berkeley,
California on 18}19 November 1998 (19.5 h duration): (a) front
quartz "lter of a tandem quartz pair; the Gaussian curve ap-
proximates the area of the black carbon peak; (b) backup "lters,
quartz "lter behind a Te#on "lter (QBT) and quartz "lter behind
the front quartz "lter (QBQ); (c) denuded quartz "lter, Te#on
"lter, and the thermogram constructed by subtracting thermo-
grams of the front quartz and QBT samples.

necessary step in evaluating the sampling artifacts (e.g.,
Novakov et al., 1997a, b) and accurately di!erentiating
between the organic (OC) and black carbon (BC) compo-
nents of the sample (e.g., Novakov et al., 2000).

3. Results and discussion

3.1. Tandem xlter correction method

The method of using tandem "lters to correct for the
adsorption artifact is illustrated in Fig. 1 for a sample
collected at the Lawrence Berkeley National Laboratory
site. In this experiment, samples were collected in parallel
using three sets of "lters, including a quartz pair (QQ),
a Te#on "lter placed directly on top of a quartz pair
(TQQ), and a quartz pair preceded by the carbon de-
nuder. The carbonaceous material retained on the front
quartz "lter (of the QQ pair, shown in Fig. 1a) is com-
posed of organic carbon that evolves over the temper-
ature range from about 100 to 4503C, and black carbon
that evolves at the highest temperatures in the thermo-
gram. The estimated BC content is proportional to the
area under the Gaussian-shaped curve centered at about
5203C. Though not shown here, this estimate could be
re"ned by resolving more completely the BC peak by
removing organic material from the "lter sample through
solvent extraction (Novakov et al., 2000). The OC load-
ing on this front "lter, 10.3 lgm~2, is the di!erence of the
total carbon, 12.9lgm~2, and black carbon, 2.6lgm~2,
loadings.

The carbonaceous material collected on the quartz
"lter behind the Te#on "lter (QBT) and the quartz "lter
behind the front quartz "lter (QBQ), illustrated in
Fig. 1b, is composed entirely of organic carbon. Unlike
the front "lter, neither backup "lter indicates the pres-
ence of black carbon. This, of course, is expected because
the front quartz and Te#on "lters remove all particles
from the sample air stream. The presence of carbon on
the backup "lter is the result of adsorption of gas-phase
compounds. This adsorbed carbon evolves as two peaks:
a primary peak at about 1503C, and a secondary, broader
peak centered at about 3203C that extends to about
4503C. The primary peak in both the QBT and QBQ
thermograms closely approximates the evolution tem-
perature of the "rst peak in the thermogram of the front
"lter. We therefore attribute the presence of the "rst peak
in the front "lter's thermogram to adsorbed gases. The
height of this peak is more closely approximated by the
QBT sample than by the QBQ sample, indicating that
the former is a better measure of the mass of organic
gases adsorbed on the front quartz "lter. (During thermal
analysis of the front "lter, adsorbed gases co-evolve with
collected particulate material. Consequently, the height
of its "rst thermogram peak would be greater than that of
the backup "lter, even if the backup "lter adsorbed the

same mass of adsorbed gases.) The carbon content of the
QBT sample equals about half the front quartz sample's
OC content. Thus, for this sample, the organic aerosol
loading obtained using only the single quartz "lter
(10.3lgm~2) arti"cially overestimated by approximately
100% the true particle-phase OC. Subtracting back from
front "lter carbon contents to correct for the adsorption
artifact improves the estimate to 6.0 or 5.3lgm~2, de-
pending on whether the QBQ or the QBT backup
is used.
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The thermogram of the quartz "lter sample collected
downstream of the carbon denuder is shown in Fig. 1c
together with that of the Te#on "lter, as well as the
thermogram constructed by subtracting the front quartz
and QBT thermograms. The `denudeda sample contains
the same amount of BC as the undenuded front quartz
sample, indicating that particles were unobstructed in
their passage through the denuder. The denuded sample's
thermogram is very similar to the thermogram construc-
ted by the di!erence method, except in the region from
125 to 2253C. This region re#ects the presence of (pre-
sumably adsorbed gaseous) organics in the denuded
sample that are not present in the undenuded quartz
sample after correction (subtraction of QBT). This indi-
cates that, though e!ective, the denuder e$ciency was
less than 100% for the removal of all gaseous organics.
The OC content of the denuded sample, 6.3lgm~2, is
higher than that obtained using the tandem method, but
is nonetheless more accurate than the single quartz "lter
estimate.

Finally, we note that the thermogram of Te#on "lter
sample and the reconstructed `samplea are essentially
identical up to 4253C, at which point the Te#on "lter
begins to combust, precluding evaluation of the most
refractory material. That these thermograms are nearly
identical is a$rmation that Te#on "lters adsorb little or
no gas-phase OC. Further proof is that the carbon con-
tent of the second quartz "lter behind Te#on (TQQ, not
shown in the "gure) is 1.02 times that of the QBQ sample
(i.e., essentially equal). Turpin et al. (1990) report that the
BET surface area (in krypton) of Ze#uor (non-stretched)
Te#on "lters is "ve times less than quartz "lters. The
surface area of the Te#o (stretched) Te#on "lters used in
this study is undoubtedly smaller still. In addition, unlike
quartz "lters that have chemically active surfaces, Te#on
"lters are relatively inert. It is likely a combination of
these attributes that renders Te#on "lters ine!ective at
depleting gas-phase OC concentrations.

In some cases, use of the denuder could be expected to
promote the volatilization of condensed-phase organics
due to the reduction of the vapor-phase partial pressure.
Volatilization occurs when the gas above the collected
deposit is subsaturated (Zhang and McMurry, 1992). The
more volatile the organic aerosol, the greater will be this
negative artifact. Though not the focus of this study, we
suspect that volatilization losses are minor for the Ber-
keley aerosol sample because the carbon content of the
denuded quartz sample is comparable to, and not less
than, the carbon content of the corrected (front minus
QBT) quartz sample. More thorough investigation of the
negative artifact is presented elsewhere in the literature
(e.g., Cui et al., 1998).

Thus far, we have demonstrated that the tandem "lter
method can be used successfully to correct for the posit-
ive artifact. What follows next is an investigation of why
this method may fail to accomplish what is expected.

3.2. Variability of quartz xlters

Another set of "lter samples collected in Berkeley is
shown in Fig. 2. In each panel a}d, front and back "lter
thermograms are displayed. The thermograms in Figs. 2a
and b are those of samples collected in parallel for the
same duration and under identical sampling conditions.
Note that these thermograms are qualitatively very sim-
ilar to those shown in Fig. 1. Applying the subtraction
method (front minus backup) to these samples to correct
for the positive artifact results in two estimates of total
carbon (TC) that are in good agreement, 15.1 and
14.4lg cm~2. So too are the corrected estimates of par-
ticulate OC loading, 10.2 and 9.5lg cm~2, because the
area under the BC peak at 5203C is the same for both
samples.

While the two sample sets give similar corrected esti-
mates of carbonaceous aerosol loading, it is clear from
their thermograms that the "rst set of "lters (Fig. 2a)
collected more carbonaceous material than the second
(Fig. 2b). More precisely, the "rst set collected more
gas-phase organics. Qualitatively, this is evident from the
shape of the thermograms. Quantitative proof is that
both front "lters have the same BC content. Further-
more, the di!erence in the carbon content of the two
front "lters is equal to the di!erence in the carbon con-
tent of the two back "lters, indicating that the di!erence
has to do only with gases. The concentration of adsorbed
organics on the backup "lter in Fig. 2a is 9.4lg cm~2,
80% greater than that of the backup "lter in Fig. 2b.

Since all experimental conditions were identical, the
di!erent capacity for adsorption of gaseous organics
exhibited by these "lters is attributed to the "lters
themselves. The "lters used to produce Figs. 2a and
b were purchased three months apart from the same
vendor (Pall#ex 2500 QAT-UP) and have di!erent lot
numbers, 53010 and 53321, respectively. For simplicity,
we refer to these as lots A and B. The "lters from these
two lots are identical in appearance. In addition, scann-
ing electron micrograph images of these "lters did not
reveal di!erences in "ber thickness or "ber density
that might help explain these experimental observations.
Filter weight (mass per projected area) varied among
"lters of di!erent lots, but is also insu$cient to corrobor-
ate the experimental observations. For example, lots
A (`high capacitya) and B (`low capacitya) weigh about
6.7 and 6.0mg cm~1, di!erent by 12%. But another "lter
lot that exhibits an adsorption capacity similar to that of
lot B (`low capacitya) weighs 7.2mg cm~1.

The obvious undesirable consequence of the variable
capacity for adsorbing organic vapors is the over- or
underestimation of particle-phase OC concentrations
that would result if one "lter from each lot were used in
the tandem "lter pair. Fig. 2c shows the case where the
tandem pair is composed of a front "lter from lot A and
a back "lter from lot B. The reverse is shown in Fig. 2d.
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Fig. 2. Thermograms of parallel samples collected with quartz "lters in Berkeley, California on 6 May 1999 (19.75 h duration). The "lters
were cut from two di!erent batches of quartz "lter paper purchased from the same manufacturer: (a) front and back "lters were cut from
lot A; (b) front and back "lters were cut from lot B; (c) front "lter from lot A, back "lter from lot B; (d) front "lter from lot B, back "lter
from lot A.

Whereas in Fig. 2a the intensity of the low-temperature
peak is similar in the thermograms of the front and back
"lters, this is clearly not the case in Figs. 2c and d. In
Fig. 2c, the backup "lter falls short of accounting for the
adsorbed gases on the front "lter. In Fig. 2d, the backup
"lter exaggerates the adsorption artifact. So it is no
surprise that the subtraction method (front minus back-
up) to correct for the adsorption artifact will fail in these
two cases. The estimate of TC loading after `correctinga
for the adsorption artifact is 19.3lg cm~2 in the former
case, and 10.2lg cm~2 in the latter. The relative error is
even larger for OC because the concentration of BC is the
same in both cases. The over- and underestimated OC
concentrations are 14.4 and 5.3lg cm~2, respectively,
which di!er by a factor of nearly three.

These observations are substantiated by laboratory
results. Shown in Fig. 3 are the thermograms of a front
quartz "lter and its quartz backup that were used to
sample for 15min a prepared air stream of hexanol vapor
in particle-free nitrogen, using the method described
earlier. Hexanol vapors begin to evolve from quartz

"lters at a temperature lower than 503C, so the onset of
the thermogram peak is not acquired. Nonetheless, the
results are clear. The backup "lter (cut from another lot
53011; presumably manufactured after the "lters of lot
53010, lot A in Fig. 2) collected nearly three times more
hexanol vapor than the front "lter (lot 53321, lot B in
Fig. 2).

While evident from these thermograms, the variation
in the adsorbing capacity of these "lters could easily be
overlooked if they were analyzed for carbon content by
other thermal methods. For example, the two-step ther-
mal method provides a measure of total and black car-
bon concentrations. OC concentration is inferred by
di!erence and is not thermally resolved in the manner in
which it is in the EGA method employed in this study.
This reduces the diagnostic capabilities of the user.
For instance, the abundance of adsorbed gases on the
front and back "lters cannot be directly related
by comparison of peak intensity since no peaks are
obtained. Furthermore, if "lters are submitted to
an independent laboratory for analysis and only mass
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Fig. 3. Thermograms of a tandem quartz "lter pair used to
sample hexanol vapor. The front quartz "lter, which retained
less hexanol vapor than the back, was cut from lot B. The back
"lter was cut from lot C.

Table 1
Total carbon content (lg cm~2) of several quartz "lter samples
collected in Berkeley, California on 26 May, 1999

Sample time
(duration)

Front
"lter

Back
"lter

Front
minus back

0800}1000h (2 h) 7.9 1.2 6.7
1000}1400h (4 h) 10.3 3.6 6.7
1400}2200h (8 h) 18.2 4.2 14.0
0800}2200h (14 h) 24.4 6.9 17.5

concentrations are reported (without a diagnostic tool
such as a thermogram), then there is little hope of un-
covering such behavior.

Since "lters cut from di!erent batches (lots) of "lter
paper have the same visual appearance, it is reasonable
to expect that they might be used interchangeably. The
consequence of this, as just mentioned, would be signi"-
cant over- or underestimation of airborne carbonaceous
aerosol concentration. In this example, OC concentra-
tions were measured with tandem quartz "lters. The
variability of the positive artifact on quartz "lters will
also a!ect OC concentration estimates if sampling is
performed with the more rigorous method of using
a quartz/quartz and a Te#on/quartz "lter pair. If the
results presented here are typical of most widely used
quartz "lters, then the accuracy of existing organic aero-
sol measurements may need to be re-considered.

3.3. Inyuence of sampling duration

Four pairs of quartz "lters (all cut from the same
manufacturer's lot) were collected and analyzed to exam-
ine whether the validity of the tandem "lter method for
positive artifact correction depends on sample duration.
One "lter set was collected for 14 h, and the other three
sets were collected for non-overlapping segments of this
period: 2, 4, and 8 h were the other sample times. The
total carbon contents of these "lters are given in Table 1
and their thermograms are shown in Fig. 4. Table 1 also
reports estimates of total carbon corrected for adsorption
of organic gases (front minus back). If this correction
method is valid, then the sum of the corrected carbon
contents of the three segments should equal the corrected
estimate for the 14 h sample. However, this is not the
case, the sum (27.4lg cm~2) overestimates the single 14 h
estimate (17.5lg cm~2) by 57%.

As noted earlier, if the area of the lowest temperature
thermogram peak of the front and back "lters is similar,
the back "lter likely provides a reasonable estimate
of the positive artifact on the front "lter. This is clearly
not the case for the two hour sample of Fig. 4a. Neither
is it the case for the 4 and 8 h samples, although the 8 h
backup "lter comes closer than the 4 h backup, and
the 4 h backup comes closer than the 2 h backup. Of
these "lters, the 14 h backup comes closest to approxi-
mating the magnitude of the lowest temperature peak in
its front "lter's thermogram. Since, for the shorter sample
times, the backup quartz "lter collects less gas-phase
organic compound mass than the front quartz, the sub-
traction method does not fully correct for the positive
artifact.

The area of the most volatile peak in the front "lter's
thermogram can be estimated by deconvoluting it
from the second peak with which it co-evolves.
The material giving rise to the second peak is presumably
associated with the particle phase since there is no
indication of this peak on the backup "lter. Perform-
ing this exercise indicates that the 14 h backup accounts
for about 90% of the adsorbed material on the
front "lter, and is thus a reasonable measure of the
artifact.

Comparison of the four thermogram sets shows that
the height of the lowest temperature front "lter peak
continued to increase beyond 4 h of sampling, but no
increase is evident beyond 8 h of sampling. (The small
increase in peak height between the 8 and 14 h samples is
mostly due to collection of particle-phase material.)
However, the back "lter continued to collect organic
vapors beyond 8 h of sampling, which indicates that the
sample air still contained organic vapors. These observa-
tions imply that the front "lters of the 8 and 14 h samples
were saturated and could not adsorb additional vapors.
Thus, the reason that, for short sample times, the backup
"lter is a poor measure of the front "lter's adsorbed mass
is that the front "lter has not yet become saturated.
It therefore depletes signi"cantly the concentration of
vapor-phase organics in the sample air. The result is less
adsorption on the backup "lter compared to the front
"lter.

We conclude that, for these urban samples, the accu-
racy of the tandem quartz "lter subtraction method
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Fig. 4. Front and back "lter thermograms of parallel samples collected in Berkeley, California on May 26, 1999: (a) 0800}1000h; (b)
1000}1400h; (c) 1400}2200h; (d) 0800}2200h.

improves with increased sampling time. Whether this is
also the case in other source-in#uenced (e.g., biomass
burning) or remote (e.g., oceanic) environments still must
be explored. In heavily polluted environments, shorter
sampling times may be appropriate. An extreme case is
that of our laboratory experiments in which quartz "lters
were exposed organic vapors at concentrations that were
orders of magnitude larger than typical in ambient air. In
this exaggeratedly polluted air, saturation was reached
inside of a few minutes.

3.4. Single compound adsorption

When studying the adsorption of single organic com-
pounds onto quartz "lters it was observed that polar
compounds, such as alcohols and carboxylic acids pro-
duce di!erent thermograms than nonpolar compounds,
such as normal alkanes. Fig. 5 compares "lter samples of
hexanol and decanol vapor with those of decane,
dodecane, and hexadecane. The saturated alkanes
produce a single thermogram peak, and its evolution

temperature increases with increasing compound boiling
point, or decreasing compound vapor pressure. Further-
more, since the concentration of organic vapor was high-
est for decane and lowest for hexadecane (discussed
earlier), it is clear that the extent of adsorption increases
with decreasing compound vapor pressure. The alcohols
show similar behavior except that the evolution of these
compounds produces two thermogram peaks: a primary
peak at low temperature associated with most of the
adsorbed mass, and a secondary peak at higher temper-
ature. In this respect, the alcohols produce thermograms
that are similar to the thermograms of backup "lters of
ambient samples (Fig. 1b).

Consider in Fig. 6 the appearance of the thermogram
of the same hexanol "lter sample analyzed 4 weeks after
collection. Also shown are thermograms of a hexanoic
acid sample analyzed immediately after collection, and
then again 1 and 15 weeks later. In the interim between
sample collection and subsequent analyses, these samples
were stored at room temperature (203C) in a plastic
Petri dish. Over time, a very substantial decrease in the
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Fig. 5. Thermograms of quartz "lters used to sample vapors of
several di!erent alkanes and alcohols: (a) hexadecane, dodecane,
and decane; (b) decanol and hexanol.

Fig. 6. Thermograms of quartz "lters analyzed after sample
collection and at subsequent intervals: (a) hexanol initially and
four weeks later; (b) hexanoic acid initially, one week, and 15
weeks later.

magnitude of the "rst peak, but little change in the
magnitude of the second peak occurred. Thus, it appears
that the material that gives rise to the primary peak was
lost from the "lter during storage. In contrast, samples
that were stored in a Petri dish in a freezer (!103C) for
the same duration do not show this loss of mass. In other
words, loss of material from the "lter is nearly eliminated
when the vapor pressure of the adsorbed material is
reduced. We infer from these observations that the de-
crease in adsorbed mass over time is the result of evapor-
ation from the "lters kept at room temperature.

Thermogram features re#ect the interaction of the ad-
sorbate molecules with the chemically active sites on
the quartz "lter substrate. Compared to the molecules
that give rise to the primary peak, a larger desorption
activation energy is required to free from the quartz
"lter the molecules that give rise to the secondary peak.
This, of course, is why the secondary peak appears at
a higher evolution temperature. A corollary is that
some molecules have a larger enthalpy of adsorption
than do the majority. The existence of two enthalpies of
adsorption is an indication that there are two types

of adsorbent}adsorbate binding: the weaker bond
between the quartz "lter and the adsorbate molecules
akin to physical adsorption, and the stronger bond
akin to chemical adsorption. Compared to the alcohols
and acids, adsorption experiments with the nonpolar
normal alkanes resulted in thermograms with little or no
secondary peak. Thus, one hypothesis for the stronger
bond is the chemical interaction of polar compounds
with functional groups, for example hydroxyl groups, on
the quartz "lter surface.

An alternate interpretation of the two thermogram
peaks, but one which we dismiss, is that they are the
result of the thermal decomposition of the single organic
compound into molecular fragments that evolve at two
di!erent temperatures. If this were the case, then the ratio
of the areas of the primary and secondary peaks should
be relatively una!ected by the amount of adsorbate re-
tained on the "lter. Instead, we observed (Fig. 6) a
decrease only in the magnitude of the "rst peak, and
little change in the magnitude of the second peak as the
mass of adsorbate retained on the "lter decreased due to
evaporation.
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4. Conclusions

Interest in organic aerosols continues to grow, fueled
in part by studies of the radiative forcing of climate. In
this arena, and in others such as the health implications
of urban aerosol exposure, it is crucial that measure-
ments of organic aerosol concentration be improved. The
"ndings regarding the adsorption of organic gases onto
quartz "lters that are discussed herein add to the existing
literature regarding sampling artifacts. Taken together,
these studies paint a rather complex picture of such a
seemingly simple procedure: the collection and analysis
of particulate matter. Accurate determination of aerosol
OC concentration requires careful sampling and analyti-
cal technique.

The major "ndings of this study of the positive samp-
ling artifact are summarized here. (1) Use of only a single
quartz "lter to measure concentrations of carbonaceous
particulate matter may result in gross overestimation. (2)
The tandem "lter method can be used to correct for the
positive artifact. A quartz "lter behind a Te#on "lter
(QBT) is a better measure of this artifact compared to the
backup (QBQ) "lter of a QQ pair. If, however, only a QQ
pair is used, the accuracy of the method improves with
increased sampling time. (3) All quartz "lters should be
cut from the same lot (batch) because of the variation
in the adsorption capacity of "lters from di!erent lots.
(4) Though not rigorously tested in this study, the di!u-
sion denuder may be a viable alternative to the tandem
"lter method to correct for the positive artifact.
(5) Organic gases adsorbed on quartz "lters exhibit more
than a single binding energy.

Most studies on the quartz "lter artifacts consider only
sampling in urban atmospheres. Still under-explored are
related sampling issues in remote or marine environ-
ments, where aerosols may be primarily of natural origin,
or in source (e.g., biomass) in#uenced atmospheres.
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