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EXECUTIVE SUMMARY

A. Introduction and Statement of the Problem

It is now well recognized that respirable sub-micron particles
collected from ambient air contain organic compounds which exhibit strong,

direct acting, mutagenic activity in the Ames Salmonella typhimurium

bacterial reversion assay. However, polyeyclic aromatic hydrocarbons
(PAH) are not directly mutagenic, requiring microsomal activation, and it
has been postulated that this observed direct mutagenicity of ambient
particulate organic matter (POM) may be due, at least in part, to the
presence of mono- and dinitroarenes. While certain of these nitroarenes
are emitted in combustion derived POM, few data are available on their
quantification in collected ambient POM. Furthermore, it is not known
whether other PAH derivatives contribute in any significant manner to the
observed mutagenic burden, or whether transformations of emitted PAH to
nitroarenes and other PAH derivatives occur during transport through the
atmosphere or on collectiomn.

Clearly, more data are needed concerning the chemical composition and
associated mutagenic activity of ambient POM, collected on several sub-
strates and under conditions where a knowledge of the gaseous co-
pollutants, and their concurrent concentrations, is available. Such
information is essential for the generation of reliable risk assessments
concerning the possible health impacts of respirable mutagenic particles
(a) emitted directly to the atmosphere (e.g., diesel soot), (b) formed in

atmospheric processes, (c) or both.

B. Ob jectives
The overall objectives of this program were to:

e Investigate (using the Ames test) the mutagenic activity of POM
collected concurrently at a mid-basin site (E1 Monte) and a downwind
receptor site (Riverside) in the CSCAB.

e Compare different, and widely used, filter types [glass fiber (GF)
and Teflon impregnated glass fiber (TIGF) filters] in terms of their
influence on the mutagenicity of collected POM.

e Determine gaseous co-pollutant concentrations simultaneously with

POM collections by both conventional analyzers, and with a unique, long



pathlength spectroscopic technique [UV/visible differential optical
absorption spectroscopy (DOAS)] and, utilizing factor analyses, investi-
gate correlations of POM mutagenic activities with these co—pollutant
concentrations and other variables.

e Investigate possible transformation reactions of adsorbed PAH
under well-defined ambient air conditions, including the use of both
active and passive filter exposure techniques.

e Develop appropriate analytical methods for identification and
quantification of mono- and dinitroarenes and determine their concentra-
tions in our ambient POM samples.

e Calculate nighttime N,0g levels from the available NO5 and NO,
concentration data at a variety of locations in southern California and
Europe and estimate whether or not nitration of adsorbed PAH by NyOg
during nighttime hours could be a significant pathway to the formation of
direct acting mutagens. An additional objective was to gain further
information concerning the possible i1mportance of NZOS in nighttime
atmospheric chemistry, including its role in forming nitric acid, a major
component of acid rain and fogs.

e Test the validity of a homogeneous gas phase mechanism, proposed
by Stockwell and Calvert (1983), to explain the ambient levels of HONO we
have previously observed in the South Coast Air Basin by the DOAS tech-
nique.

e Determine spectroscopically whether nitrous acid, a gas phase
mutagen and (by reaction with amines) a precursor to aitrosamines, can be

formed in indoor environments from the reaction of-N02 and 1,0 vapor.

c. Methods of Approach

To achieve the obﬁectives outlined 2bove, we conducted extensive
field studies in September 1983 and September 1934, : In the September 1983
investigation, we measured concurrently  the mutagenicity of ambient POM
collected on TIGF and GF filters in El Monte and Riverside. As noted
earlier, at Riverside, in addition to convenzional gaseous pollutant
analyses, our unique long optical path DGAS system:was utilized to measure
gas phase concentrations of the nitrate radical (NOB), formaldehyde (HCHO)

and nitrous acid (HONO).
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In the September 1984 study, selected PAH adsorbed on TIGF and GF
filters were exposed to the ambient atmosphere for four 6-hour time
periods each day for five successive 24-hr days. Gaseous co-pollutants,
including the NOy radical, HCHO and HONO (as well as 03, NOy and S0,),
were measured concurrently utilizing our DOAS system. In additionm,
samples of ambient POM were collected with our SAPRC mega-sampler for
nitroarene analysis,

Finally, a DOAS system was developed that incorporates a multipass
optical system and this new configuration was employed to identify HOﬁO

and to measure its rate of formation from N02 in an indoor environment.

D. Summary of Results and Conclusions

° Depending upon the time period of collection, the ratios of
mutagen densities (rev mfs) for POM simultaneously collected on GF and
TIGF filters ranged from a factor of 5 greater than unity (generally
during periods of high 05 and PAN) to nearly a factor of 4 less than unity
(generally during the 0600-1200 hr time period associated with morning
traffic peaks). The observation that the GF filter extracts generally had
lower mutagenic activities, except during periods of high ozone concentra-
tion, suggests that there is an artifact effect during POM collection
associated with one or both of these two types of filters. The mutagen
density to CO ratios during these times gave further indication of a
filter artifact on the GF filters. These observations have important
implications to the CARB;, and other regulatory agencies, concerning the
choice of filter for:collection of ambient POM.

® The observed mutagen densities (TA98, -59) of TIGF filter
extracts varied from 22 to 240 rev n~3 for Riverside and from 40 to 260
rev. m 3 for EL Monte. - :These values are higher than those generally
reported in the literature fior other air basins but are similar to values
we have previousgly reported-for locations in the South Coast Air Basin.

° Decreased responses relative to TA98 were seen on the nitro-
reductase deficiemt "strains TA98NR and TA98/1,8—DNP6, suggesting the
presence of nitroarenes: din the POM collected from ambient air in both El
Monte and Riverside.

e Factor analyses for the mutagenicity of POM collected on TIGF

filters and the gaseous co-pollutant data showed that in Riverside most of



the observed variation in mutagen density with time appeared to be due to
a factor which included mobile source emissions.

° In our September 1984 field study, exposures of four representa-
tive PAH (pyrene, fluoranthene, benzo(a)pyrene and perylene) to ambient
air led to low recoveries of benzo(a)pyrene for the 1200-1800 hr time
period; this is probably the result of 1its reaction with ozone.
Product(s) formed from pyrene and benzo(a)pyrene during their exposure to
high 04 concentrations (1200-1800 hr) are highly mutagenic without micro-
somal activation (i.e., =59). The direct mutagenic activity of the
extracts from pyrene~coated TIGF filters exposed 1in the passive mode
(1200-1800 hr) was found to be in the polar fraction.

] For the first time 2-nitrofluoranthene and 2-nitropyrene (strong
direct mutagens) were detected and quantified in ambient POM collected in
Southern California. The presence of these specific nitro-PAH in ambient
POM providés strong evidence for the transformation of PAH to mutagenic
nitroarenes during transport through the atmosphere. Thus neither of
these 2—N02 isomers are found in directly emitted diesel soot, wood smoke,
etc. In addition, highly mutagenic and carcinogenic (in animals) dinitro-
pyrene isomers were shown to be present in ambient POM collected during
peak morning traffic hours. 1-Nitropyrene, an animal carcinogen, was also
identified in all of the ambient POM samples analyzed. These results
support the view that reliable assessments of the health impacts of POM
cannot be based solely on testing of directly emitted material but should
also take into account the possibility of transformations of PAH adsorbed
on particulate matter during transport thrcugh .the atmesphere.

e Nighttime N205 levels were caliculated: from simultaneous DOAS
measurements of NO, and NO3 radicals available for a variety of California
and European atmospheres. Estimated NZOS conceriirations exceeded 1 ppb
~307% of the nights and reached levels as high as ~15 ppb. Combining our
laboratory exposure data for the rate of the reaction between gaseous NZOS
and adsorbed pyrene and our calculated nighttime N205 levels, we can
estimate that wup to ~57 nitration of pyrene may occur during a single
night (although this value rests on several major assumptions). These

calculated N205 levels also: have implicg;iqns for its importance as a

nighttime source of nitric acid, a major constituent of acid deposition.



e From an analysis of the loss rates of N205 and/or N03 radicals, we
obtained an upper limit rate constant for the homogeneous reaction of N205

3 molecule! sec_l, in good agreement:

with water vapor of ~1 x 10"21 cm
with our recent laboratory measurements.

e Using long path DOAS spectroscopy, atmospheric concentrations of
gaseous HONO and the NO3 radical were measured simultaneously for the
first time. Time-concentration profiles for HONO and NO4 radicals, and
upper limits for HCHO concentrations, obtained at Riverside were used to
examine selected aspects of nighttime atmospheric chemistry. Our data do-:
not support a homogeneous gas phase mechanism, proposed recently by-
Stockwell and Calvert, for HONO formation initiated by the reaction of the
NO3 radical with HCHO. In particular, the maximum HONO concentrations
predicted from the Stockwell and Calvert mechanism and our NOg radical and
HCHO data were at least a factor of 10 lower than the actual HONO concen-
trations we observed by the DOAS technique. This finding is consistent
with our earlier suggestions that the nighttime HONO concentrations we
have observed at several locations in the California South Coast Air Basin
arise predominately from heterogeneous reactions of NO2 with water, direct
emissions from automobile exhaust, or a combination of both (as well as
other possible heterogeneous processes involving surface phenomena).

e Nitrous acid was unequivocally identified and measured spectro-—
scopically for the first time in an indoor enviromment by a modified DOAS
system. Over an NO, concentration range from 5 to 11.5 ppm, an average
HONO formation rate of 0.25 ppb min—1 per ppm of NO2 was observed. Allow-
ing for higher ventilation rates in a mere typical home enviromment, for a
more realistic concentrﬁtion”of»NOZ of 1 ppm, a steady state concentration
of ~15 ppb of HONO-can be estimated. Although this must be viewed as a
rough estimate, a.steéady state concentration of ~15 ppb is about 2-4 times
higher than the ‘HONO 1levels we have previously measured in polluted
ambient air at several sites ‘in the South Coast Air Basin. Since HONO is
a known gas phase mutagen, and an in vitro precursor to nitrosamines, our

finding would appear to:have potential health effects implications.

E. Recommendations for ‘Future Research

e An attempt should be made te identify N205 in ambient air by FT-IR

spectroscopy, concurrently with DOAS measurements of NO3 and NOZ' Thus



our calculations show that for ~30% of nights for which data are avail-
able, N,0g concentrations exceeded 1 ppb, with calculated levels as high
as ~10-15 ppb being attained on two occasions. Since the detection limit
for the measurement of N,0g using long pathlength Fourier transform
infrared absorption spectroscopy is ~5 ppb at 1 km pathlength, the
unambiguous detection of N,0g is possible.

e Since we have shown in an earlier SAPRC/ARB program that a large
portion of the mutagenicity of extracts of ambient POM is contained in the
polar fractions, and little is known about the identities of these polar
mutagens, attempts should be made to identify the compound(s) responsible
for the mutagenicity observed during exposure of adsorbed pyrene, benzo-
(a)pyrene and perylenme during periods of high ozone.

e The role of HNO; in nitroarene formation during POM collection on
filters should be clarified. Since it is likely that HNO5 present in
ambient air is removed by TIGF filters and/or collected ambient POM,
further experimental studies should be carried out to investigate the role
of HNO5 in the formation of nitroarenes during POM collection. One method
of approach is via the use of deuterated PAH-doped ambient POM, which
avoids the use of a prefilter to remove ambient POM.

e Much further experimental work is necessary to elucidate the
mechanism of formation of 2-nitroflucoranthene and 2-nitropyrene from their
respective parent PAH. Since 1-NO,-PY is an animal carcinogen and 2-N0,-
PY and 2-N0,-FL are at least as strong direct mutagens as 1-NO,-PY, we
believe that animal tests to assess the carcinogenicity of 2-N0,—PY and 2-
NO,-FL are also desirable.

e An attempt should be made teo estimaté;the degree of PAH volatili-
zation from filters during POM collection‘thréggh the use of, for example,

polyurethane foam plugs beneath the filters ;o trap the volatilized PAH.
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ABSTRACT

In order to carry out meaningful risk assessments for respirable mutagenic
particulate organic matter (POM), from which cost-effective control strategies
can be developed, critical information is needed concerning the chemical
structures of the mutagenic compounds, their concentrations in ambient POM and
their pathways for formation and destruction.

In this study we carried out Investigations designed to generate data
addressing all three of these questions. Specifically, we collected ambient POM
samples concurrently at two sites in California’s South Coast Air Basin (El
Monte and Riverside) and analyzed them for both chemical composition and

mutagenic activity with the Ames Salmonella typhimurium bacterial assay. We

also investigated the transformations of selected polycyclic aromatic hydro-
carbons (PAH) adsorbed on glass fiber (GF) and Teflon-impregnated glass fiber
(TIGF) filters under ambient conditions. Simultaneously, ﬁe characterized the
ambient concentrations of a wide range of gaseous co=-pollutants, which may
participaté in the atmospheric transformations and formation of ambient
mutagens. In these latter measurements we employed UV/visible differential
optical absorption spectroscopy (DOAS) to determine the ambient concentrations
of HONO, NOq radicals, HCHO, NO, and SO,. '

From simultaneous NO,5 radical and NO, nighttime ambient concentrations we
have calculated the corresponding nighttime councentrations of dinitrogen
pentoxide (N205) and we report here implications of these predicted NoOg concen—
trations for the nighttime nitration of adsorbed, and possibly gas phase, PAH.
These results also are highly relevant to the nighttime formation of nitric acid
in acid rain and fogs.

Finally, we studied the formation of nitrous acid (HONO) from the
hydrolysis of NO2 in an indoor environment using a DOAS system especially
modified and déveloped for this purpose. HONO is a gas phase mutagen aund, by
reaction with amines, a precursor to carcinogenic nitrosamines.

The following include our major findings:

e The ratios of mutagen densities for POM simultaneousiy collected on GF
and TIGF filters were observed to vary from a low of 0.27 to a high of 4.95.
The higher values occurred during periods of elevated 05 and PAN concentrationms,
suggesting there may be an artifact effect .during particulate collection

associated with one or both of these two types of filters. While analysis of

iid
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the mutagen density/CO ratios suggests that a filter artifact is associated with
the GF filters, we cannot rule out possible artifacts occurring on the TIGF
filters. However, at the present time we prefer TIGF as the filter of choice
based on its more inmert properties.

e Mutagenic products were formed during exposure to ambient air of pyrene,
perylene and benzo(a)pyrene, adsorbed on TIGF and GF filters. Higher mutagen-—
icities were observed during a period of high 03 concentration (1200-1800 hr).

e Tor the first time 2-nitrofluoranthene and 2-nitropyrene were detected
and quantified in ambient POM collected in Southern California. The presence of
these nitro~PAH in ambient POM provides evidence for the transformation of
certain PAH to mutagenic nitroaremnes during transport through the atmosphere.
Strongly mutagenic and carcinogenic (in animals) dinitropyrene isomers were also
found in ambient POM collected during peak morning traffic hours. 1-Nitro—-
pyrene, an animal carcinogen, was also jdentified in all ambient POM samples
analyzed. Both 2-nitropyrene and 2—nitrofluorantﬁene are strong direct mutagens
in the Ames assay (as is l-nitropyrene) but their possible carcinogenicities are
not yet known.

e Nighttime NZOS cqncentrations were estimated for ambient atmospheres in
California and in Europe, and were often found to exceed 1 ppb with calculated
concentrations as high as 15-20 ppb. These predicted levels suggest that N,0s5
may be important as an atmospheric constituent, both in nitration reactions of
PAH and in fhe nighttime formation of nitric acid, a wmajor component of acidic
deposition.

e From an analysis of the NOq radical, N0,, HCHO and HONO data obtained
during the 1983 field study, we showed that the homogeneous gas phase mechanism
proposed by Stockwell and Calvert for HCNO formation (initiated by the reaction
of the NO4 radical with formaldehyde) is, at most, of minor importance.

e We demonstrated for the first time that cignificant amounts of HONO can
be formed from NO, in an indoor environment.

. These results have important consequences for our current understanding of
PAH transformations.and particulate mutagenicity in California’s atmosphere, as
well as of the formation of nitric acid in acidie rain and fogs. They also
illustrate the need for further studies ccacerning the role of ozone and gaseous
nitrogenous pollutants not only in the formation of atmospherie mutagens, but
also acid deposition. Finally, they constitute relevant input into risk assess-—

ment evaluations being developed for both of these major atmospheric phenomena.
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I. PROJECT SUMMARY

A. Introduction and Statement of the Problem

It is now well recognized that respirable sub-micron particles
collected from ambient air contain organic compounds which exhibit strong,

direct écting, mutagenic activity in the Ames Salmonella typhimurium

bacterial reversion assay. However, polycyclic aromatic hydrocarbons
(PAH) are not directly mutagenic, requiring microsomal activation, and it
has been postulated that this observed direct ‘mutagenicity of ambient
particulate organic matter (POM) may be due, at least in part, to the
presence of mono- and dinitroarenes. While certain of these nitroarenes
are emitted in combustion derived POM, few data are available on their
quantification in collected ambient POM. Furthermore, it is not known
whether other PAH derivatives contribute in any significant manner to the
observed mutagenic burden, or whether transformations of emitted PAH to
nitroarénes and other PAH derivatives occur during transport through the
atmosphere or on collection.

Clearly, more data are needed concerning the‘chemical composition and
associated mutagenic activity of ambient POM, collected on several sub-
strates and under conditions where a knowledge of the gaseous co-
pollutants, and their concurreat concentrations, is available. Such
information is essential for the generation of reliable risk assessments
concerning the possible health impacts of respirable mutagenic particles
(a) emitted directly to the atmosphere (e.g., diesel_soot), (b) formed in

atmospheric processes, (c¢) or both.

B. Ob jectives
The overall objectives of this program were to:

e Investigate (using the Ames test) the mutagenic activity of POM
collected concurrently at a mid-basin site (E1 Monte) and a downwind
receptor site (Riverside) in the CSCAB.

e Compare different, and widely used, filter types [glass fiber (GF)
and Teflon impregnated glass fiber (TIGF)‘ filters] in terms of their
influence on the mutagenicity of collected POM.

e Determine gaseous co-pollutant concentrations simultaneously with

POM collections by both conventional analyzers, and with a unique, long
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pathiength spectroscopic technique [Uv/visible differential optical
absorption spectroscopy (DOAS)] and, utilizing factor analyses, investi-
gate correlations of POM mutagenic activities with these co-pollutant
concentrations and other variables.

e Investigate possible transformation reactions of adsorbed PAH
under well-defined ambient air conditions, including the use of both
active and passive filter exposure techniques.

e Develop appropriate analytical methods for identification and
quantification of mono- and dinitroarenes aud determine their concentra-
tions in our ambient POM samples.

e Calculate nighttﬁge NZOS levels from the available NO4 and NOg
concentration data at a variety of locatioms in southern California and
Europe and estimate whether or not nitration of adsorbed PAH by N5Og
during nighttime hours could be a significant pathway to the formation of
direct acting mutagens. An additional objective was to gain further
information concerning the possible importance of NZOS in nighttime
atmospheric chemistry, including its role in forming nitric acid, a major
component of acid rain and fogs.

e Test the validity of a homogeneous gas phase mechanism, proposed
by Stockwell and Calvert (1983), to explain the ambient levels of HONO we
have previously observed in the South Coast Air RBasin by the DOAS tech-
nique.

e Determine spectroscopically whether nitrous acid, a gas phase
mutagen and (by reaction with amines) a precursor to aitrosamines, can be

formed in indoor environments from the reaction of NO, and H,0 vapor.

c. Methods of Approach

To achieve the objectives outlined above, we conducted extensive
field studies in September 1983 and September 1984. In the September 1983
ianvestigation, we measured coancurrently the mutagenicity of ambient POM
collected on TIGF and GF filters in El Monte and Riverside. As noted
earlier, at Riverside, in addition to conventional gaseous pollutant
analyses, our unique long optical path DOAS system was utilized to measure
gas phase concentrations of the nitrate radical (NO3), formaldehyde (HCHO)

and nitrous acid (HONO).



)

Y

RS

In the September 1984 study, selected PAH adsorbed on TIGF and GF
filters were exposed to the ambient atmosphere for four 6-hour time
periods each day for five successive 24-hr days. Gaseous co-pollutaats,
including the NOy radical, HCHO and HONO (as well as 03, NO, and §05),
were measured concurrently utilizing our DOAS system. In additionm,
samples of ambient POM were collected with our SAPRC mega-sampler for
nitroarene analysis.

Finally, a DOAS system was developed that incorporates a multipass
optical system and this new configuration was employed to identify HONO

and to measure its rate of formation from N02 in an indoor environment.

D. Summary of Results and Conclusions

° Depending upon the time period of collection, the ratios of
mutagen densities (rev m_3) for POM simultaneously collected on GF and
TIGF filters ranged from a factor of 5 greater than unity (generally
during periods of high 03 and PAN) to nearly a factor of 4 less than unity
(generally during the 0600-1200 hr time‘period associated with morning
traffic peaks). The observation that the GF filter extracts generally had
lower mutagenic activities, except during periods of high ozone concentra-
tion, suggests that there 1is an artifact effect during POM collection
associated with omne or both of these two types of filters. The mutageﬁ
density to CO ratios during these times gave further indication of a
filter artifact on the GF filters. These observations have important
implications to the CARB, and other regulatory agencies, concerning the
choice of filter for collection of ambient POM.

° The observed mutagen densities (TA98, =89) of TIGF filter
extracts varied from 22 to 240 rev m S for Riverside and from 40 to 260
rev m-3 for El Monte. These values are higher than those generally
reported in the literature for other air basins but are similar to values
we have previously reported for locations in the South Coast Air Basin.

. Decreased responses relative to TA98 were seen on the nitro-
reductase deficient strains TA98NR and TA98/1,8-DNPy, suggesting the
presence of nitroarenes in the POM collected from ambient air in both El
Monte and Riverside.

' Factor analyses for the mutagenicity of POM collected on TIGF

filters and the gaseous co-pollutant data showed that in Riverside most of




the observed variation in mutagen density with time appeared to be due to
a factor which included mobile source emissions.

e In our September 1984 field study, exposures of four representa-
tive PAH (pyreme, fluoranthene, benzo(a)pyrene and peryleme) to ambient
air led to low recoveries of benzo(a)pyrene for the 1200-1800 hr time
period; this 1is probably the result of 1its reaction with ozone.
Product(s) formed from pyrene and benzo(a)pyrene during their exposure to
high 05 concentrations (1200-1800 hr) are highly mutagenic without milcro-
somal activation (i.e., -59). The direcé mutagenic activity of the
extracts from pyrene—coated TIGF filters exposed in the passive mode
(1200-1800 hr) was found to be in the polar fraction.

e TFor the first time 2-nitrofluoranthene and 2-nitropyrene (strong
direct mutagens) were detected and quantified in ambient POM collected in
Southern California. The presence of these specific nitro-PAH in ambient
POM provides strong evidence for the transformation of PAH to mutagenic
aitroarenes during transport through the atmosphere. Thus neither of
these 2-NO, isomers are found in directly emitted diesel soot, wood smoke,
etc. In addition, highly mutagenic and carcinogenic (in animals) dinitro-
pyrene isomers were shown O be present in ambient POM collected during
peak morning traffic hours. l1-Nitropyrene, an animal carcinogen, was also
identified in all of the ambient POM samples analyzed. These results
support the view that reliable assessments of the health impacts of POM
cannot be based solely on testing of directly emitted material but should
also take into account the possibility of transformations of PAH adsorbed
on particulate matter during transport through the atmosphere.

e Nighttime N,054 levels were calculated from simultaneous DOAS
measurements of NO, and NOj radicals available for a variety of California
and European atmospheres. Estimated N205 concentrations exceeded 1 ppb
~30% of the nights and reached levels as high as ~15 ppb. Combining our
laboratory exposure data for the rate of the reaction between gaseous Ny0g
and adsorbed pyrene and our calculated nighttime N205 levels, we can
estimate that up to ~5% nitration of pyrene may occur during a single
night (although this value rests on several major assumptions). These
calculated N205 levels also have implications £for 1ts importance as a

nighttime source of nitric acid, a major comstituent of acid deposition.
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o From an analysis of the loss rates of N205 and/or NO3 radicals, we
obtained an upper limit rate comnstant for the homogeneous reaction of NZO

5
3 molecule! sec—l, in good agreement

with water vapor of ~1 x 10-21 cm
with our recent laboratory measurements.

e Using long path DOAS spectroscopy, atmospheric concentrations of
gaseous HONO and the NO3 radical wére measured simultaneously for the
first time. Time-concentration profiles for HONO and NO5 radicals, and
upper limits for HCHO concentrations, obtained at Riverside were used to
examine selected aspects of nighttime atmospheric chemistry. Our data do
not support a homogeneous gas phase mechanism, proposed recently by
Stockwell and Calvert, for HONO formation initiated by the reaction of the
NO3 radical with HCHO. In particular, the maximum HONO concentrations
predicted from the Stockwell and Calvert mechanism and our N03 radical and
HCHO data were at least a factor of 10 lower than the actual HONO coacen-
trations we observed by the DOAS technique. This finding is consistent
with our earlier suggestions that the nighttime HONO concentrations we
have observed at several locations in the California South Coast Air Basin
arise predominately from heterogeneous reactions of NO2 with water, direct
emissions from automobile exhaust, or a combination of both (as well as
other possible heterogeneous processes involving surface phenomena).

e Nitrous acid was unequivocally identified and measured spectro-
scopically for the first time in an indoor environment by a modified DOAS
system. Over an NO, concentration range from 5 to 11.5 ppm, an average
HONO formation rate of (.25 ppb :nin_1 per ppm of NO2 Qas observed. Allow~-
ing for higher ventilation rates in a more typical home environment, for a
more realistic concentration of N02 of 1 ppm, a steady state concentration
of ~15 ppb of HONO can be estimated. Although this must be viewed as a
rough estimate, a steady state concentration of ~135 ppb is about 2-4 times
higher than the HONC levels we have previously measured in polluted
ambient air at several sites in the South Coast Air Basin. Since HONO is
a known gas phase mutagen, and an in vitro precursor to nitrosamines, our

finding would appear to have potential health effects implications.

E. Recommendations for Future Research

e An attempt should be made to identify NZOS in ambient air by FT-IR

spectroscopy, concurrently with DOAS measurements of NO3 and NOZ‘ Thus
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our calculations show that for ~30%Z of nights for which data are avail-
able, N505 concentrations exceeded 1 ppb, with calculated levels as high
as ~10-15 ppb being attained on two occasions. Since the detection limit
for the measurement of N9Og using long pathlength Fourier transform
infrared absorption spectroscopy is ~5 ppb at 1 km pathlength, the
unambigucus detection of N,0g is possible.

e Since we have shown in an earlier SAPRC/ARB program that a large
portion of the mutagenicity of extracts of ambient POM is contained in the
polar fractions, and little is known about the identities of these polar
mutagens, attempts should be made to identify the compound(s) responsible
for the mutagenicity observed during exposure of adsorbed pyrene, benzo-
(a)pyrene and perylene during periods of high ozone.

e The role of HNO, in nitroarene formation during POM collection on
filters should be clarified. Since it is likely that HNO, present ia
ambient air is removed by TIGF filters and/or collected ambient POM,
further experimental studies should be carried out to investigate the role
of HNO5 in the formation of nitroarenes during POM collection. One method
of approach is via the use of deuterated PAH-doped ambient POM, which
avoids the use of a prefilter to remove ambient POM.

e Much further experimental work is necessary to elucidate the
mechanism of formation of 2-nitrofluoranthene and 2-nitropyrene from their
respective parent PAH. Since l—NOz—PY is an animal carcinogen and 2-NO,-
PY and 2-NO,-FL are at least as stroug direct mutagens as 1-NO,-PY, we
believe that animal tests to assess the carcinogenicity of 2-N0,-PY and 2~
NO,—-FL are also desirable.

e An attempt should be made to estimate the degree of PAH volatili-
zation from filters during POM collection through the use of, for example,

polyurethane foam plugs beneath the filters to trap the volatilized PAH.
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1I. MUTAGENICITY OF AMBIENT PARTICULATES AT CENTRAL AND DOWNWIND
RECEPTOR SITES IN THE CSCAB: SEPTEMBER 1983 FIELD STUDY

A. Introduction

With past research support, to a major extent from the CARB, we have
shown that extracts of respirable ambient POM in the CSCAB are mutagenic
(pitts et al, 1977, 1982b,c, 1984e, Pitts 1980, 1981, 1983)., In addition,
this activity predominates in respirable sub-micron particles (Pitts et
al. 1978, Talcott and Harger 1980, Lsfroth 1981). Extracts of POM from
both diesel exhaust and gasoline engine exhaust are also directly muta-
genic (Huisingh et al. 1978, Lsfroth 1981, Lewtas 1982, Pierson et al,
1983). Moreover, the direct activity towards Salmonella typhimurium of

motor vehicle POM emissions, both from gasoline and diesel engines, corre-
lates with mammalian cell mutagenesis and skin tumor initiation assays
(Lewtaé 1983). |

The potential health hazard of nitroarenes, which are major con-
tributors to the direct mutagenic activity of organic extracts of. POM,
collected from light duty motor vehicles (LDMV) with either'diesel or
spark ignition engines, has been discussed recently by Rosenkranz (1984).
He placed special emphasis on diesel soot because of its much higher
emission rate relative to that of particles from gasoline—fueled engines.

Questions regarding the mutagenic activity of POM samples collected
during smog episodes in the CSCAB, and how chemical transformations of
this POM (due to interactions with gaseous copollutants) might affect this
activity, led us to collect respirable POM simultaneously at a central and

a downwind receptor site in the CSCAB,

Be. Background

The formation of directly mutagenic nitro-derivatives from PAH such
as benzo(a)pyrene (BaP), perylene (PER) and pyrene (PY), coated on glass
fiber filters and exposed in simulated atmospheres to flows of air con-
taining NO4 and traces of nitric acid was first established in these
laboratories (Pitts et al, 1978, Pitts 1979). We also isolated and
identified a strong direct mutagen [benzo(a)pyrehe—4,5-oxide] from the

reaction of ozone with adsorbed BaP in a similar "active" exposure system

(Pitts et al, 1980).
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In agreement with our product studies, Brorstrdm et al., (1983)
observed enhanced mutagenicity in ambient POM samples collected after the
addition of 1 ppm NO, (however, without precautions to remove traces of
aitric acid) to the ambient air being sampled.  However, Fitz et al.
(1984) observed no changes in mutagenic activity for ambient POM re-
exposed to pollutant gases for approximately eight hours (although it
should be noted that these workers used a pre-filter which may have
removed HNOj, as well as ambient POM).

Furthermore, in accordance with our earlier predictions (Pitts et al.
1978a), the filter media, e.g., CF or TIGF filters, can affect the degra-
dation of PAH collected on the filter and the associated mutagenic
activities (the so=-called "£{lter artifact") [Lee et al. 1980]. For
example, Daisey and co-workers (1983) found differences between mutagenic
activities of samples collected on TIGF and GF filters with higher mata-
genicity (TA98, -59) inm the polar extracts of the GF filters. In
contrast, Alfheim and Lindskog (1984) observed higher activity (TA98, +59)
in samples from TIGF filters compared to those from GF filters. In the
earlier study by Fitz et al. (1984) concerning the.mutagenicity of POM
simultaneously collected on TIGF, GF and other filter media over eight—
hour intervals, no significant differences in the mutagenic activity among
the POM samples collected on different media were reported.

Clearly, the results described above contain significant contradic-—
tions, especially when comparing results predicted from laboratory studies
with those obtained from amblent exposures. Thus, to add to the data base
concerning sampling artifacts which way affect the mutagenic activity of
ambient POM we utilized a novel sampling protocol and two filter types
(TIGF and GF) in the field study described in the following sections.
Additionally, various gaseous nitrogenous and oxidant pollutants were

quantitatively determined.

C. Experimental

This study took place from 1500 PDT on September 12, 1983 to 1500 PDT
on September 17, 1983. The ARB Haagen—-Smit Laboratory in El Monte
(located ~12 miles from the downtown area of Los Angeles) served as the
mid=-basin monitoring. site, and the UC campus at Riverside (40 miles east

of Los Angeles) served as the downwind smog rTeceptor site. First stage
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ozone alert levels were reached in Riverside each day during the
collection period. The maximum ozone concentration during the sampling
period was 290 ppb at Riverside on September 14.

1. Gas Phase Analyses During Collection Period

The array of instruments used for measuring gaseous pollutant
concentrations is given in Table I1I-1., With the exception of the PAN gas
chromatographic data, the output of each instrument was fed into a data
acquisition system based on an Apple II micro—computer. Data were aver-
aged over 10-min intervals and stored on a floppy disk. A hard copy of
the data was also printed simultaneously. A multipoint recorder was
utilized as a backup to the computer system. The data stored on disk were
later processed using the main computing facilities at SAPRC.

2. Collection of Particulate Matter

The daily schedule which was employed for‘ collection of

particulate matter is shown in Table II-2, It was based on the findings

Table II-1. Instrumentation for Measurement of Gaseous Pollutants During
September 1983 Field Study

Principle of-
Parameter Site Instrument Operation

05 E1l Monte Dasibi Model 1003AH UV Absorption
Ozone Analyzer

Riverside Monitcr Labs Model 8410 Chemi luminescence
Ozone Analyzer

NO, NO, El Monte Columbia S.I. Model 1600 0y Chemiluminescence

Riverside Columbia S.I. Model 1600 04 Cheniluminescence

co El Monte Dasibi Model 3003 IR Gas Filter
Correlation
Riverside Dasibi Model 3003 IR Gas Filter
Correlation
PAN El Monte Varian Model 600 GC/ECD
Riverside Varian Model 600 . GC/ECD

I1-3




Table IT-2. Sampling Schedule in September 1983 Field Study

Time Interval, PDT Reason for Interval

0600-1000 Maximum emission of primary pollutants in El
Monte and Riverside and period of peak
mutagenicities of POM

1000-1500 Local photochemical formation of 03 and other
secondary pollutants in E1 Monte and
Riverside

1500-2100 Influx of "aged" air mass containing 05 and

other secondary pollutants into Riverside

2100~-0600 Night sample of primary pollutants in E1 Monte
and Riverside

of our CARB-funded September 1980 time-resolved studies of the diurmal
variations in particulate mutagenicities and gaseous co-pollutant concen—
trations., Conclusions drawn from these studies regarding sampling proce-
dures were also used in deciding upon the schedule shown in Table II-2.

Particulate matter for chemical analyses was collected at El Moute
with the SAPRC-designed and constructed ultra—high volume "mega—-sampler"
(Fitz et al. 1983). This device has an inlet with a 50% cut-point of 20
pm, limiting the particulate collection to the respirable range. The
total flow was 640 scfm through four 16-in x 20-in filters. The same face
velocity as a standard Hi-vol sampler was maintained while the capacity
was 16 times larger than that of a standard Hi-vol sampler (640 cfm versus
40 cfm).

‘At Riverside particulate matter for chemical analyses was collected
using 12 standard Hi-vol samplers. At both sites, TIGF filters (Pallflex
TX40HI20) were used, These were pre-washed with dichloromethane and
methanol before use.

Three additional Hi-vol samplers with 10 pum size selective inlets
were operated at each sample site. Two of these samplers at each site
used TIGF filters. TFor September 12 through September 14 (11 sampling

intervals), the third Hi-vol at each site was used to sample particulate
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on Whatman EPM 2000 glass microfiber (GF) filters, These were used as
received, without pre-washing., These EPM 2000 GF filters were chosen for
comparison with the TIGF filters since they are the EPA standard filter
for total solid particulate collection. -

All filters were equilibrated at 50% relative humidity and 70°F and
weighed before and after use., Following sampling, they were immediately
sealed in aluminum foil, sealed in plastic bags and stored at ~-10 C prior
to weighing and extraction, The filters were sequentially Soxhlet
extracted with dichloromethane followed by acetonitrile. The combined
éxtracts ‘were assayed with Ames Salmonella strains TA98, TA98NR and
TA98/1,8-DNP6. The two TIGF filters at each site were combined for
analysis.

Two Lo-vol samplers were also operated at each site. One was
equipped with a Nuclepore polycarbomate filter for determination of lead,
bromine and several other elements; the other with a pre-fired quartz
(Pallflex 2500 QAO) filter for total and elemental carbon analyses. The
carbon analyses were contracted to Dr, J. Huntzicker at the Oregon
Graduate Research Center and were analyzed by a thermal-optical method

(Huntzicker et al. 1982). The ZX-ray fluorescence analyses of lead,

‘bromine and other elements were carried out by Mr. R. Glauque at the

Lawrence Berkeley Laboratories,

3. Mutagenicity Bioassay Procedures

The Ames assay (Ames et al, 1975) was carried out in our micro—-
biological facility using our modified procedure developed with earlier
CARB and DOE support (Belser et al. 1981, Pitts 1981). Ames Salmonella
typhimurium strain TA98 and its nitroreductase—deficient counterparts,
TA9 8NR and TA98/1,8—DNP6, were used in these assays.

Strain TA98 was used because it has been found to be the most sensi-
tive strain to airborne frameshift mutagens. Strain TA98NR is an isolate
of TA98 deficient in the '"classical" bacterial nitroreductase, which
catalyzes the bioactivation of most mononitroarenes to their ultimate
mutagenic species. Thus, a lower response on this strain relative to that
on TA98 indicates the probable presence of mononitroarenes in the sample.
Strain TA98/1,8-DNP6, which possesses a functional nitroreductase, is
deficient in a second enzyme which activates the potent mutagens 1,8-

dinitropyrene and 1,3~dinitropyrene, and consequently i1s less sensitive to

II-5




the mutagen action of these compounds. Thus a lower response on TA98/1,8-
DNPg,» relative to those of TA98NR and TA98, may indicate the presence of
dinitropyrenes in the sample (Rosenkranz et al., 1981, 1982, Rosenkranz and
Mermelstein 1983). |

Cultures were grown for 16 hr in L-broth and diluted with sterile
medium until the optical density at 550 nm reached a previously determined
value corresponding to a concentration of 109 cells a2~l. 1In each test,
the strains were checked for the fqllowing genetic markers: (1)
ampicillin sensitivity, (2) ultraviolet sensitivity, (3) crystal violet
sensitivity, (&) standard spontaneous reversion and (5) mutagenic response
to the standard mutagens 2-nitrofluorene, quercetin and for strain
TA98/1,8-DNP¢, 1,8-dinitropyrene.

After dilution, the cultures were kept at ice temperature to ensure
that the culture density remained the same. Exact titers were determined
by dilution and plating on histidine-supplemented minimal medium. After a
63-hr incubation period, the colonies on the plates were counted with a
New Brunswick Scientific Biotran II automatic colomy counter directly
interfaced via a New Brumswick Scientific Omni-Tnterface to an Apple II
microcomputer for data logging and reduction.

FEach sample was tested for at least six different concentrations in a
range which bracketed the linear region of the dose-response Curve; three
replicates were run at each concentration and the averages of the three
responses were used to determine the dose-response curve, The mutagenic
potency (specific activity in revertants ug'l of sample) was defined as
the slope of the line determined by a least-squares regression in the
region of linear respouse.

4, Data Manipulation

The 10-min. average gaseous pollutant concentrations stored on
floppy disks during the study period were used to generate average
concentration values for the intervals 1listed in Table I1I-2. These
averaged values, together with the particulate species measured, could
then be used as a data set.

5. Air Mass Trajectories

In order to determine the origins of the air masses sampled in
Riverside and_El Monte and to determine if the air masses in El Mounte

later reached Riverside, twenty-four hour air wmass trajectories were
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generated backward from Riverside and El Monte, and forward from El
Monte. Four starting times were used each day of the study, approximately
in the middle of the particulate collection intervals. The trajectories
were calculated using wind direction and velocify data from monitoring
stations throughout the SCAB. Each trajectory was calculated by moving
backwards in hourly intervals from the chronological termination point
(Riverside and E1 Monte) or forwards in hourly intervals from the starting
point (E1 Monte).

At each point on the trajectory (xy, Yeo t), the wind speed and
direction data for the previous hour at the three closest monitoring
stations were used to calculate a vector with the closer stations receiv-
ing a proportiomately higher mathematical weighting., The new coordinates
for teo1s Yp-) Were then calculated from this vector, This process was
repeated for the next previous, or following, hour using another set of
coordinates, Vectors were plotted for twenty-four hours or until no

station was deemed close or a mountain range or ocean was reached.

D. Results and Discussion

Figures II-1 through Figures II-6 show the daily ozone profiles (Qith
data points every 10 minutes) at El Monte and Riverside for each day of
the study. In general, as would be expected, the §zone maxima occurred
later in the day at Riverside than at El1 Monte.

Figures II-7 through II-12 show the CO, NO and NO, profiles observed
at El Monte. These pollutants are largely attributed to vehicle traffic
in the CSCAB and evidence of morning "traffic peaks" is clear from the
data of September 13, 14 and 15, The lack of a significant morning
commter traffic peak in the data of September 16, as well as the lack of
evening commuter peaks each day, shows the influence of meteorology.
(September 17 was a Saturday and hence a commuting traffic peak was not
expected.) As seen from Figures II-13 through II-18, in which the CO, NO
and NOy data are plotted for Riverside, the morning commuter traffic had
somewhat less influence on the air quality data in Riverside.

Table II-3 gives the particulate and extract weights and the muta-
genicity values determined for POM collected on TIGF filters (TX40H120WW)
at E1 Monte, Table II-4 gives the corresponding data for Riverside. The

mutagenic activity is expressed as the number of revertants per microgram

‘(Text continues on pg. II-28)
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of extract weight (rev pg_l). The mutagen density is expressed as the
number of revertants per cubic meter of air sampled, and the mutagen
loading is given as the number of revertants per milligram of particulate
collected. The mutagen densities obtained using the EFM 2000 GF filters
are given in Tables II-5 and II-6 along with, for comparison, the
corresponding values obtained on TIGF filters for El Monte and Riverside,
respectively. The samples were tested for mutagenic activity in five
groups and Table II-7 gives the standard mutagen values for each group.
It can be seen from Table II-7 that, within the typical ranges of
variation in the Ames test, the reproducibility of the standard mutagen
values was good, allowing direct comparisons to be made among the mutagen
density data in Tables II-3 through II-6.

Table II-8 gives the carbon, lead and bromine data obtained for El
Monte, while Table II-9 gives the corresponding data for Riverside. 1In
addition, Tables II-8 and II-9 contain the gaseous co~pollutant concen—
trations averaged over the time intervals used for particulate collec-
tion. Tables II-10 and II-11 give the additional elements determined by
X-ray fluorescence.

Air mass trajectories were calculated for each‘da§ of the study and
are presented in Appendix IX.A.l. It can be seen from these trajectories
that a pattern of on-shore air flow persisted throughout this study with
some increases in wind speed thfough the course of the week.

The mutagen densities (TA98, -S9) observed for POM collected on TIGF

filters ranged from 40-260 rev m_3 3

at El Monte and 22-240 rev m - at
Riverside. These values are higher than those generally reported in the
literature at other locations (Daisey et al. 1980, Flessel et al. 1981,
1983) but are similar to values we have previously reported for sites in
Los Angeles (Pitts et al. 1982b), including one close to a major freeway
(Pitts et al. 1984e,f). The response was reduced on strains TA98NR and
TA98/1,8—DNP6, indicating that nitroarenes (Rosenkranz et al. 1981, 1982,
Rosenkranz and Mermelstein 1983) may have contributed to the observed
mutagenic activity.

It can be seen from Tables II-5 and II-6 that the mutagen densities
obtained on the GF filters were generally lower by up to a factor of 3-4

than those for the TIGF filters. The manufacturer reports that the
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Table II-5.

Mutagen Densities Obtalned at E1 Monte on September 12-15,

1983 for Particles Collected on EPM 2000 GF and TX40HI20WW
TIGF Filters ‘

Mutagen Density (rev o~3)

Time
Interval TA98(~59) TA98NR(~-S9) TA98/1,8-DNP.(~-59)

Date (hr) TIGF  GF TIGF  GF TIGF  GF
9-12-83 15002100 57 21 27 11 7.6 2.9
3:§§:§§} 2100-0600 40 15 27 16 14 3.5
9-13-83  0600-1000 140 64 62 31 18 9
9-13-83  1000-1500 58 35 21 14 5.3 30
9-13-83  1500-2100 72 63 39 24 10 6.8
g:ii:gg} 2100-0600 88 69 57 39 19 13
9-14-83  0600-1000 140 42 83 19 26 5.8
9-14-83  1000-1500 76 103 32 46 8.4 15
9-14-83  1500-2100 51 36 31 17 9.2 5.8
9-14-83
9-15-33} 2100-0600 60 50 40 29 18 14
9-15-83  0600-1000 170 77 120 43 3113
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Table II-6. Mutagen Densities Obtained at Riverside on September 12-15,
1983 for Particles Collected on EPM 2000 GF and TXA40HI20WW
TIGF Filters' .

Time - Mutagen Density (rev m‘3)
Interval TA98(-S9) TA9 8NR(-59) TA98/1,8-DNP.(=59)

Date (hr) TIGF GF TIGF GF TIGF GF
9~-12-83 1500-2100 63 312 35 168 9.9 25
9-12-83
9-13-83 0600-1000 160 43 100 18 28
9-13-83 1000-1500 22 66 7.3 31 2.5 8
9~13-83 1500-2100 43 188 20 8.3 6.1 13
9-13-83
9_14_83} 2100-0600 110 68 56 29 16 12
9-14-~83 0600-1000 240 96 140 43 41 12
9-14-83 1000~1500 71 64 34 33 ‘ 10 9
9-14-83 1500-2100 97 110 46 59 ; 12 16
9-14-83
9_15_83} 2100-0600 120 81 56 40 18 15
9-15-83 0600-1000 © 130 94 63 49 17 14

Table II-7. Values for Standard Mutagens (rev ug'l) [-59] 2-Nitro-
fluorene (2-NF) and Quercetin (Q) Included in Mutagenicity
Tests Reported in Tables II-3 to II-6

TAS8 TA9SNR TA98/1,8-DNP¢
2-NF 380 53 66
Q 11 15 10
2-NF 390 61 64
Q 13 13 12
2-NF 390 77 57
Q 10 11 11
2—-NF 410 70 66
Q 15 16 12
2-NF 360 50 57

Q 11 16 11
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Pallflex TX40HI20 TIGF filters used in this study are >99.7% efficient (at
the face velocities>employed) for dioctylphthalate particles as small as
0.035 um in diameter. Thus, these TIGF filters are essentially 100%
efficient. Since the GF filters also have esseiitially 100% collection
efficiency (B. Appel, private communication 1984), differences in collec-
tion efficiencies cannot be the cause of the differences in measured
mutagen densities. However, it has been shown that for reactive PAH, such
as BaP, recoveries are higher from TIGF filters than from GF filters (Lee
et al, 1980) and degradation of mutagenic species oﬁ the GF filters may
contribute to the large differences in measured mutagen densities between
the two filter types. Since the catalytic surfaces of TIGF filters are
presumably reduced by Teflon-coating, GF filters may promote degradation
or formation of mutagenic species, causing large differences between the
two filter types (Lee et al. 1980).

‘ Tables II-12 and II-13 give ratios of (mutagen density on GF filters)
to (mutagen density on TIGF filters) as a function of the sampling time
during this study. The average b3 and PAN concentrations and ratios of
mutagen densities to CO are also given in these tables as well as averaged
values for each time interval over the three days. The observed mutagen
density ratios vary by up to a factor of 18 during this field study, with
the higher values (i.e., those 21) correlating with elevated O3 and PAN
levels. This suggests that there is an artifact effect during particulate
collection associated with one or both of the two types of filters
employed. It can be seen from the average values for each time interval
that this effect is more pronounced in Riverside than in E1 Monte.

Since C0 is an essentially unreactive combustion emission, the
(mutagen density/C0) ratio should, to a first approximationm, take into
account variations in emission profiles and in atmospheric dispersion. As
can be seen in Table II-13, the two highest wvalues for the mutagen
density/CO ratio occurred on GF filters during the 1500-2100 hr time
period (Riverside, 9/12 and 9/13) and were coincident with the highest
values of the (GF/TIGF) mutagen density ratios. This suggests a filter
artifact on the GF filters since any atmospheric transformation increasing
the mutagen density/CO ratio should increase this ratio for both filter
types. However, the possibility of an artifact on the TIGF filters cannot

be completely eliminated.
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Table II-12. Ratios of Mutagen Densities for Two Filter Types, Mutagen
Density to CO Ratios, and Ozone and PAN Concentratioms for
September 12-15, 1983 in El Monte

Time

Interval [ GF 1 [03l,,. [PAN]_ . MD TIGF® Mp GF®
Date (hr) TIGF (ppb) (ppb) Co co
9-12-83  1500-2100  0.37 32 0.5 39 14
9-12-83 | .
9-13-83  0600-1000  0.46 9 0.2 33 15
9-13-83  1000-1500  0.60 140 . 4.4 26 15
9-13-83  1500-2100  0.88 74 3.0 82 71
9-13-83
9_14_83} 2100-0600  0.78 2 0.1 58 45
9-14-83  0600-1000  0.30 12 0.1 64 19
9-14-83  1000-1500  1.36 188 11.0 37 50
9-14-83  1500-2100  0.71 59 1.3 45 32
9-14-83
9_15_832 2100-0600  0.83 3 0.1 41 34
9-15-83  0600-1000  0.45 5 0.1 73 33
Average  0600-1000  0.40 8.7 0.13 57 22
values 1000-1500  0.98 160 7.7 32 33
1500-2100  0.65 55 1.6 55 39
2100-0600  0.66 2.7 0.1 41 29

47498 mutagen density obtained for particles collected on EPM 2000 GF
filters divided by the mutagen density for particles collected on
TIGF filters.

Mutagen density of POM collected on TIGF filters.

CMutagen density of POM collected on GF filters.

Arithmetic mean of individual values for each time interval.

Regression of the mutagen density ratio (GF/TIGF) for Riverside with
the co-pollutant data showed a negative correlation with NO, (explaining
~60% Qf the variance), suggesting either formation of direct mutagens omn
the TIGF filters due to the presence of NOZ and associated species, or

destruction of labile direct mutagens on the GF filters during collecticn
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Table II-13. -Ratios of Mutagen Densities for Two Filter Types, Mutagen
Densities to CO Ratios, and Ozone and PAN Concentrations
for September 12-15, 1983 in Riverside

Time

| Interval GF1®  [03],,, [PANI_ _ M TIGF® Mp GF®
Date (hr) TIGF (ppgg (ppg¥ Cco Cco
9-12-83  1500-2100  4.95 112 4.0 53 264
9-12-83
9_13_83} 2100-0600  0.52 26 1.7 99 51
9-13-83  0600-1000  0.27 9 2.1 82 22
9-13-83  1000-1500 3.0 140 6.2 15 45
9-13-83  1500-2100  4.37 120 4.3 32 140
9-13-83} -
9-1i-gs| 2100-0600  0.62 9 1.4 72 45
9-14-83  0600-1000  0.40 6 1.5 82 33
9-14-83  1000-1500  0.90 178 8.6 43 39
9-14-83  1500-2100  1.13 170 10.4 54 61
9-14-83
9-15-83) 2100-0600  0.68 5 1.8 65 44
9-15-83  0600-1000  0.72 14 3.1 58 42
Average  0600-1000  0.46 9.7 2.2 74 32
values 1000-1500 2.0 160 7o 29 42
1500-2100 3.5 130 6.2 46 160
2100-0600  0.61 13 1.6 79 47

4198 mutagen density obtained for particles collected on EPM 2000 GF
filters divided by the mutagen density for particles collected on
TIGF filters.

Mutagen density of POM collected on TIGF filters.
untagen density of POM collected on GF filters.
dArithmetic mean of individual values for each time interval.

of fresh POM which is generally most abundant during periods of high NO2
(0600-1000 hr).

In summary, at least three processes could affect the mutagenic
activity of POM collected on GF and TIGF filters and lead to the observed
differences in ratios of mutagenicities obtained for the two kinds of

filters (Tables II-12 and II-13). These processes are:
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. (1) Irreversible adsorption of the mutagenic species on the filter
surface, leading to differences in extraction efficiency.

(2) Destruction of mutagenic species catalyzed by the filter
surface.

(3) Transformation of nonmutagenic compounds to direct mutagens
involving catalysis‘ by the filter surface and/or surface dependent
accumulation of a reactive species present in the ambient gases flowing
through the filter (e.g., HN03).

Clearly, some or all of the processes may have been operative duriung
our filter collections of ambient POM, but at the present time no further
interpretation of our data in terms of these effects is possible.

Since we view the TIGF filter surface as more inert than the GF
filter surface and furthermore our data set for mutagenicity of POM
collected on TIGF and GF filters showed a demonstrable artifact on the GF
filters, we chose to carry out further statistical analysis of our data
from the TIGF filter POM collections. In deciding whether wmutagenicity
arises from primary or secondary POM or from atmospheric transformations,
correlations between mutagenicity and co-measured meteorological and
chemical data are useful because they can provide information regarding
the relative contributions of changes in emissions source strengths,
secondary pollutants, and meteorology to the variation 1in observed
mutagenicity. Accordingly, we carried out correlations on the data from
the ambient POM collections oun TIGF filters at the intermediate receptor
site, El Monte, and the downwind receptor site, Riverside. Correlations
were made both on the original data set (see Appendices IX.A.2 and IX.A.3
for the correlation coefficients for the El Monte and Riverside data sets,
respectively) and on a set of independent factors obtained by factor
analysis.

The principal component model of factor analysis was employed, using
the BMDP419 statistical package, in the analysis of the field measurement
data because of the large number of variables measured during this
study. (See Table II-14 for a 1list of the variables included in this
analysis, and their abbreviations.) The advantage of this model is that
it groups the variables into a smaller, more manageable, number of
uncorrelated factors which explain a large portion of the overall variance

of....the . original data set. Ideally, the variables in each factor have a
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Table IT-14. Definition of Variables Used in Factor Analyses and

T,

Regressions
Variable Abbreviation
NMitrogenous species (NO,, NO and PAN) NOXUNC
Nitric oxide NO
Nitrogen dioxide (not corrected for PAN NO2UNC
interference)
Particulate lead PB
Particulate bromine BR
Carbon monoxide co
Particulate elemental carbon ELEMC
Particulate organic carbon ORG C
Peroxyacetyl nitrate PAN
Ozone OZONE
Total solid particulate TSP
Temperature TDRY
Relative humidity RELHUM
Percent extractable PERCEX
Particulate silica SI
Aluminum AL
Iron FE
Titanium TI
Chloride CL
Zinc ZN
Potasium
Vanadiui v
Nickel NI
Copper cu
Sulfur
Calcium CA
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common origin, i.e., a common emission source or formation process. In
practice, only a few of the most important factors are usually needed to
explain a large part of the variance.

After principal component factors were extracted, the rotated factor
scores were regressed on the mutagenicity measures. The following
particulate mutagenicity measures were used:

(1) Mutagen density is the mutagenicity per volume of sampled air
(reveraunts m—3). This 1is the airborne mutagenicity concentration, and
represents the dose of mutagens to which people are exposed.

(2) Specific activity is the mutagenicity per weight of extractable
material (revertants ug—l) and represents the potency of the extract.

(3) Mutagen loading is the mutagenicity per weight of collected
particulate matter (revertants mg—l) and represents the potency of the
particulate matter.

Since mutagenicity detected on the three strains used (TA98, TA98NR,
and TA98/I,8—DNP6) was very well correlated (see Appendices IX.A.2 and
IX.A.3), only TA98 mutagenicity was used as the dependent variable in the
regressions., Factor analyses of the combined Riverside and El Monte data
were performed, but the factor analyses for the individual Riverside and
El Monte data proved to be more readily interpretable and therefore are
used in the discussions which follow.

In addition to principal component factors, individual variables were
also regressed on mutagenicity (using the BMDP2R statistical package) to
determine which specific variables are most strongly related to mutagenic
activity, independent of source. Table II-15 shows the principal
components derived from data taken in El Monte, together with a suggested
interpretation, where possible. Variables in each factor are listed in
decreasing order of importance, with wminor contributors listed in
parentheses. A minus sign indicates a negative association between a
variable and the others in its factor. Table II-16 shows the results of
significant correlations of these factors on the mutagenicity variables:
mutagen density, specific activity, and mutagen loading. Tables II-17 and
II-18 show the corresponding values for Riverside.

A larger portion of the changes in mutagen density observed at
Riverside during the five-—day field study could be accounted for than was

the case for the El Mounte data. Thus, the factor analysis showed that in
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Table II-15. Principal Component Factors for El Monte

Factor Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

FE PB ELEMC TSP CL
SI BR ORGC v (PERCEX)
K NOXUNC -NI S
CA Cco -CU
AL NO TSP
TI PAN (s)
TDRY NO2UNC
-RELHUM ELEMC

. 0ZONE

" -PERCEX
PAN

Interpretation Soil and Traffic 0il

Secondary Burning
Pollutants

Table II-16. Regression of Factors for El Monte ‘

-~

Factor Relationship % of Variance®

With TA98 Mutagen Density as the Dependent Variable

1 negative 25
4 positive 23
2 positive 19

67% Total variance

N

- With TA98 Specific Activity as the Dependent Variable

1 negative 29
2 positive 18

47% Total variance

2

With TA98 Mutagen loading as the Dependent Variable

1 negative 42

*Significant at the 5% level.
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Table II-17. Principal Component Factors for Riverside

Factor Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
NOXUNC SI PAN RELHUM \ CU
NO AL ORGC PERCEX NI S
co FE TSP =T DRY
NO2UNC TI 0ZONE
PB CL CA
ELEMC ZN
BR K

Interpre- Traffic Soil Secondary = Temperature Fly Ash

tation Pollutants

Table II-18. Regression of Factors for Riverside

Factor Relationship Z of Variance*

With TA98 Mutagen Density as the Dependent Variable

1 positive 87
5 negative 4

91% Total variance

With TA98 Specific Activity on the Dependent Variable

1 positive 43
3 negative 24
6 negative 12
4 negative 7

——

867 Total variance

With TA98 Mutagen Loading as the Dependent Variable

1 positive 53
3 negative 22
6 negative 11

867% Total variance

*Significant at the 57 level.
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Riverside, ~85-90%Z of the variation in mutagen density was accounted for
by the factor identified with mobile source emissions (Factor 1, Table II-
17). In contrast, the factor analysis showed that the mutagen density of
POM collected in El Monte was related to three factors; The factor
attributed to soil emissions and secondary photochemical pollutants was
negatively related to mutagen density and accounted for 257 of the
variation. 0il burning accounted for 23%7 of the variation and mobile
source emissions accounted for an additional 197% of the variation.

A negative association between specific activity (and mutagen load-
ing) and factors containing PAN and ozone was seen for both El Monte and
Riverside data. This may be interpreted in terms of destruction of direct
mutagens by ozone or the presence of less mutagenic secondary aerosol
species during high ozone periods.

Tables II-19 and II-20 contain a summary of the correlations between
the individual variables and mutagenicity for E1 Monte and Riverside,

respectively. In Riverside, NO, alone accounted for ~85-90% of the

X
variance in mutagen density. A negative relation between the photo-
chemical pollutants, ozone and PAN, and specific activity was again seen
for both El Monte and Riverside. While the statistical analysis discussed
above offers some insights into relationships between the observed
mutagenicities and the large number of chemical, meteorological and source
variables, it is obvious from the factor analyses that the origin of, and
influences on, the observed mutagenicities cannot be explained in a simple
manner, especially in the case of the E1 Monte data. Much further work

will be required to completely elucidate the changes in the mutagenicity

of ambient POM as a functioun of time of day and location in the basin.

E. Conclusions

e The ratios of mutagen densities for POM simultaneously collected
on GF and TIGF filters were observed to vary from a low of 0.27 to a high
of 4.95 (a total range of a factor of 18). The higher values occurred
during periods of elevated 03 and PAN concentrations, éuggesting there is
an artifact effect during particulate collection associated with one or
both of these two types of filters. While analysis of the mutagen
density/CO ratios suggests that the filter artifact is associated with the

GF filters, we cannot rule out an artifact effect on the TIGF filters.
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Table II-19. Regression of Original Data for El Monte with
Mutagenicity Parameters

variable Relationship % of Variance*

TA98 Mutagen Density as the Dependent Variable

TDRY negative 52
TSP positive 20

72% Total variance

TA98 Specific Activity as the Dependent Variable

OZONE negative 41
ZN positive 22

63% Total variance

TA98 Mutagen Loading as the Dependent Variable

TDRY negative 53

*Significant at the 5% level,

Table IT-20. Regression of Original Data for Riverside with
Mutagenicity Parameters

Variable Relationship % of Variance*

TA98 Mutagen Density as the Dependent Variable

NOXUNC positive 87

TA98 Specific Activity as the Dependent Variable

PAN negative 60
ORGC positive 16

767 Total variance

TA98 Mutagen Loading as Dependent Variable

QZONE negative 70
NO positive 8

78% Total variance

%
Significant at the 57 level.
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However, at the present time we prefer TIGF as the filter of choice based
on its more inmert properties.

e The observed mutagen densities (TA98, =S9) of TIGF filter
extracts varied from 22 to 240 rev m~3 for Riverside and from 40 to 260
rev m™> for EL Monte. These values are higher than those generally
reported in the literature for other air basins but are similar to values
we have previously reported for locatioms in‘the South Coast Air Basin.

) Decreased responses relative to TA98 were seen on the nitro-
reductase deficient strains TA98NR and TA98/1,8-DNP; suggesting the
presence of nitroarenes.

° Factor analyses for the mutagenicity of POM collected on TIGF
filters and the gaseous co-pollﬁtant data showed that in Riverside, most
of the observed variation in mutagen density appeared to be due to a
factor which included mobile source emissiomns.

e Much additional work will be needed to decide the extent to which
the mutagenicity of ambient POM may be altered during transport and/or

during POM collection.
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III. INVESTIGATION OF PAH TRANSFORMATIONS UNDER AMBIENT
ATMOSPHERIC CONDITIONS: SEPTEMBER 1984 FIELD STUDY

A, Introduction

A recent review (National Research Councii 1983) on polycyelic
aromatic hydrocarbons and their health effects makes clear the conflicting
nature of results from laboratory investigations designed to determine the
atmospheric fates of these toxic pollutants, In particular, substrate
effects on the reactlion of adsorbed PAH seem to be important. These
reports and the observation of filter artifacts influencing the mutagen-—
icity of ambient POM collected on glass fiber (GF) filters during our
September 1983 field study led us to undertake a second field study in
September 1984, This study was designed to evaluate the degree of
chemical transformation of selected PAH deposited on GF and TIGF filter
surfaces during exposures to well-defined atmospheric pollutants under
"active" and "passive” conditions.

The "active" conditions represented those occurring during filter
collection of POM, when large amounts of polluted air are pulled through
particulate-laden filters., 1In contrast "passive" exposures of PAH-coated
filters to ambient air were designed to simulate conditions which occur
during transport of the POM in polluted air masses. Four model PAH,
pyrene (PY), fluoranthene (FL), benzo(a)pyrene (BaP) and perylene (PER)
were selected for investigation on the basis of our laboratory chamber

exposures (Pitts et al., 1984a,d).

B. Experimental

This study took place from 1200 PDT on September 18, 1984 to 1200 PDT
on September 21, 1984 on the UC campus, Riverside. First stage ozone
alert levels were reached in Riverside during the first and second day of
the study. The maximum ozone concentration was ~310 ppb, attained on
September 18.

| l. Gas Phase Analyses During Collection Period

The array of instruments used for measuring gaseous pollutant
concentrations is given in Table III-I, The ozone, NO, NO, and CO
instrument outputs were fed into a data acquisition system based on an

Apple II micro-computer, Data were averaged over 10-min intervals and
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Table III-1. Instrumentation for Measurement of Gaseous Pollutants During
September 1984 Field Study

Principle of

Parameter Instrument . Operation

04 REM Model 612 Chemiluminescence

NO,NO, Columbia S.I. Model 1600 03 Chemiluminescence

Cco Dasibi Model 3003 IR Gas Filter
Correlation

PAN Varian Model 600 GC/ECD

NO5 , N03 SAPRC DOAS Differential

HONO, HCHO Optical Absorption

stored on a floppy disk. A hard copy of the data was also printed
simultaneously. The data stored on disk were later processed using the
main computing facilities at SAPRC.

Additionally, lomg pathlength (1.6 km) differential optical absorp-—
tion spectroscopy (DOAS) was used to monitor the atmospheric concentra-
tions of the NO3 radical, NO,, HONO, and HCHO.

2. Exposures of PAH-Coated Filters

The exposures of PAH coated filters to ambient air were carried
out in four 6-hr time periods, 0000-0600 hr, 0600-1200 hr, 1200-1300 hr
and 1800-2400 hr. Based on ambient air monitoring data previously
obtained by SAPRC researchers (Tuazon et al, 1981, Pitts et al., 1984b),
these 6-hr periods were chosen to allow exposure of the collected POM to
different sets of pollutant species at different times during a 24-hr
period, as shown in Table III-2.

TIGF and GF filters, prewashed by sequential Soxhlet extraction with
CHZCIZ and CH40H, were coated with 5 m? of either PY, FL, BaP or PER
solution in toluene (at a concentration of ~0.2 mg ml—l) and the solvent
was allowed to evaporate, The filters were wrapped in aluminum foil and

stored in a freezer prior to exposure.
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Table III-2. Dominant Pollutants Expected During the Exposure Periods

Sampling Period (PDT) Dominant Pollutants
0000-0600 NO,, HONO
0600-1200 NOZ
1200-1800 04, PAN, HNO,, NO,, HCHO, HCOOH

Active Exposures. Eight TIGF and eight GF filters, two each coated
with PY, PER, FL and BaP, were placed in 16 Hi-vol samplers under TIGF

prefilters positioned to remove ambient POM. Six of these Hi-vol samplers
were equipped with 10 upm cut-off inlets and loaded with GF and TIGF
filters coated with PY, BaP and PER. Exposures were carried out in four
6-hr time periods, as described above.

Passive Exposures, Simultaneously with the active exposures

described above, TIGF and GF filters coated with PAH were hung from Teflon
lines and exposed to the outdoor atmosphere. Two uncoated filters (TIGF
and GF), which served as control filters, were also exposed during each 6-
hr period.

3. Filter Extractions and Sample Analysis

After exposures, PAH coated filters were Soxhlet extracted with
the CH3CN/MeOH (81:19 v/v) azeotrope for 16 hr. The extracts were reduced
to ~5 m{ in volume by rotary evaporation at 35 C under aspirator vacuum,
and then filtered through 0.5 pm Millex-SR filter cartridges. Forty
percent of the extract was transferred into a tared vial and evaporated to
constant (%1%) weight at 35 C under a stream of dry nitrogen. The weighed
sample was then diésolved in degassed dimethylsulfoxide (DMSO) and assayed
for mutagenic activity toward Salmonella strains TA98 (passive and active
exposures), TA98NR and TA98/1,8-DNP6 (active exposures only).

The recovery of the PAH under investigation was determined by high
performance liquid chromatography (HPLC) of an aliquot of the samples to
which an internal standard (triphenylbenzene) had been added, A Beckman
Model 334 liquid chromatograph equipped with a Vydac 201 TP5415 column
(CH3CN/H20’ isocratic) was employed. The polar fraction of extracts from
PY coated TIGF and GF filters were separated on an Ultrasphere ODS (Alte%)

semi-preparative column.
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Identification of the main products formed during these exposures was
performed by GC-MS (Finnigan Model 3200) interfaced to a Teknivent
interactive data system with hard disk storage capabilities. The GC was
equipped with a cool on—column injection system (J&W Associates, Inc,) and

a DB-5 capillary column (0.2 mm I.D., 29 m length).

C. Results and Discussion

1. Gaseous Species

The period of time when this field study took place (September
18-21, 1984) encompassed the most severe photochemical air pollution
episode in Riverside in more than a year. Figures III-1l to IIT-8 show the
time—-concentration profiles for several gas phase species and the tempera—=
ture profile for the first 24 hrs of the study, the period of highest
pollution. A complete set of these data for the entire study period is
given in the Appendices in Section IX. Appendix B lists the DOAS measure-—
ments for the NO3 radical, N02, HONO and formaldehyde. Appendix C
contains plots of CO, NO, NO, (obtained by chemiluminescence), ozone, PAN,
temperature, relative humidity and wind speed and wind direction.

From the plots of CO (Figure III-1) and NO (Figure IIT-2) it is
evident that a local traffic peak occurred between approximately 0600-0900
hr on September 19. As would be expected an NOy peak occurs slightly
later on September 19 (see Figure III-3). The highest ozone level reached
during our study occurred on September 18. It 1is clear from Figure III-4
that this ozome peak occurred largely in the 1200-1800 hr exposure
interval. PAN (Figure III-5) also peaked during this time interval. As
anticipated, HONO peaked during the 0000-0600 hr exposure interval (see
Figure I1I-6). Figure III-7 shows the NOj radical concentratiocn measured
by DOAS and the calculated N,0g concentration for the evening of September
18-19. Unlike our September 1983 field study, NO4 radicals persisted.
throughout the night in Riverside (see Section V for a detailed discussion
of this topic). The implications for PAH recovery at the high
temperatures reached (Figure III-8) are discussed below.

2. Active and Passive PAH Exposures

We chose to analyze the filters exposed from 1200 hr September 18
to 1200 hr September 19 since this 24-hr period encompassed the highest

secondary pollutant levels (as evidenced by the gas phase spécies) during
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our étudy period. We have individually extracted and analyzed'filters
from this period utilizing HPLC and'GC-ﬁS with multiple. ion detection
(MID). Preliminary mutagen assays ("spot tests") of these extracts on
TA98 (for both passive and active exposures), TA98NR and TA98/1,8-DNP6
(only for active exposures) have also been done. In these preliminary
tests <10% of the extract was utilized for testing with three or four
doses on single plates.

Tables III-3 and III-4 show the recovery of FL, PY, BaP and PER from
GF and TIGF filters after active and passive exposures to ambient air,
respectively., TFor both types of exposure during all time periods, <17
conversion to NO,-PAH occurred, based upon our detection limit. However,
we cannot exclude the possibility that the pre~filters used to remove POM
during the active exposures may also have removed HNO4 and other reactive
species such as N205. The presence of HNO4 is essential in nitroarene
formation, as a catalyst 1in the reaction with NOZ or as the reagent
species (Pitts et al. 1978, Grosjean 1983). The absence of nitroarenes
in the passive exposures seems to indicate that the four PAH we studied
adsorbed on filter surfaces do not react to any detectable extent with
ambient levels of nitrogenoﬁs species, However, the likelihood of the
most volatile PAH, 'FL and PY, reacting in the gas phase has to be
considered. Thus we have obtained preliminary laboratory data indicating
that N,0g may react with fluoranthene and pyrene in the gas phase (Pitts
et al. 1984d). In an ambient exposure the products of a reaction in the
gas phase would be unlikely to be readsorbed back onto the filters. -

In the passive exposures the losses of FL and PY closely paralleled
the temperaure profile, suggesting that these losses were due to vola-
tilization. While laboratory data (Pitts and Lokensgard 1982) indicate
that reaction with ozone could also have occurred, the small yield of
products observed for FL suggests that volatilization was the major loss
process for this PAH. For PY the filter extracts from the 1200-1800 hr
time period contained oxygenated products, indicating reaction with ozone
and thus making it difficult to evaluate the relative importance of
volatilization losses.

The high volatility of FL and PY was consistent with the low recovery

of these PAH during the active exposures. That the low observed
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Table ITI-3. PAH Recovered (HPLC Analyses) from 1200 hr September 18 to
1200 hr September 19. Active Exposures on TIGF and GF
Filters i

pg PAH Recovered After Exposure?
1200-1800 hr 1800-2400 hr 0000-0600 hr 0600-1200 hr

PAH TIGF GF TIGF GF TIGF GF TIGF GF
Pyrene ~5 ~20 ~10 ~30 ~20 40 ~7 ~15
Fluoranthene <3 - ~8 ~9 ~13 ~12 120 ~6 ~8
Benzo(a)pyrene 260 270 560 470 760 880 540 640
Perylene 890 660 970 1400 b 1600 1000 1200

4.1,000 ug was placed on each filter.
No data available.

Table III-4. PAH Recovered (HPLC Analyses) from 1200 hr September 18 to
1200 hr September 19. Passive Exposures on TIGF and GF
Filters

ug PAH Recovered After Exposurea
1200~1800 hr 1800-2400 hr 0000-0600 hr 0600-1200 hr

PAH TIGF GF TIGF GF TIGF GF TIGF GF
Pyrene 110 180 680 790 860 870 580 720
Fluoranthene 40 85 600 b 790 850 430 630
Benzo(a)pyrene 310 300 570 700 810 850 560 640

Perylene 780 820 640 650 770 680 790 960

4.1,000 pg was spiked on each filter,
No data available.

recoveries was due chiefly to "blow-off" from the filters was suggested by
the fact that the recovery was cousistently low while the concentrations
of the reactive gas phase specifies, e.g., ozone, varied with time. In
addition, few product peaks were evident in the HPLC traces.

The low recovery of BaP in both active and passive exposures for the

1200-1800 hr time period was probably the result of reaction with ozone
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(Pitts et al, 1980, Wu et al, 1984)., Indeed, the HPLC traces indicated
that the filter extracts contained relatively large quantities of isomeric
BaP—-diomnes.

The results of preliminary Ames Salmonella assays ("spot tests") are
shown 1in Table III-5 (active exposures) and in Table III-6 (passive
exposures, strain TA98 only). The mutagenicities are presented as total
revertants per filter,

For the active exposures (Table III-5) the highest mutagenic activity
was found for BaP deposited on GF filters exposed during the 1200-1800 hr
time period. Significant activity, with higher values on the GF than on

the TIGF filters, was also observed for BaP exposed on filters in the

¥

Table III-5., Mutagenic Activity for Active Exposures - Spot Test Results

(Total Revertants per Filter)

1200-1800 hr 1800-2400 hr  0000-0600 hr 0600-1200 hr

PAH TIGF GF TIGF GF TIGF GF TIGF GF
TA98 Activity
Pyrene 14,000 2,500 9,000 8,000 4,800 a 3,800 4,000
Fluoranthene c 2,100 d d 2,500 d c c
Benzo(a)pyrene 21,000 58,000 14,000 24,000 6,000 4,500 12,000 14,000
Perylene 23,000 18,000 15,000 6,000 a 1,500 a 9,000
TA98NR Activity
Pyrene 9,000 d 6,000 5,000 3,000 1,600 2,000 1,800
Fluoranthene c 1,600 d d c d d d

Benzo(a)pyrene 16,000 33,000 12,000 16,000 7,000 4,000 11,000 10,000
Perylene 26,000 - 17,000 b 5,000 a d 8,000 11,000

TA98/1,8-DNP, Activity

Pyrene c 4 c c d d d d
Fluoranthene d d d d d d d d
Benzo(a)pyrene 5,000 7,000 3,000 4,000 ¢ c 1,600 3,00
Perylene 5,000 2,800 4,000 d a d c 2,00

4No data available.

Ppossible toxicity.

CActivity significant, but too low to be of quantitative use.

dyot significant (less than twice the spontaneous background revertants).
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Table III-6. TA98 Activity for Passive Exposures — Spot Test Results (Total
Revertants per Filter)

1200-1800 hr 1800-2400 hr 0000-0600 hr 0600-1200 hr
PAH TIGF GF TIGF GF TIGF GF TIGF
Pyrene 50,000 10,000 5,000 b 4,200 b 30,000 2,700
Fluoranthene 4,000 c c a c b 8,200
Benzo(a)pyrene 17,000 9,200 4,800 1,900 c d 8,000 8,700
Perylene 15,000 ¢ 4,000 b 2,100 b 6,700
Blanks b b b b a b b

4No data available. &
byot significant (less than twice the spontiigous background revertants).
Cpctivity significant, but too low to be of quantitative use.

1800-2400 hr and 0600-1200 hr time periods. While PER and PY also showed
significant wutagenic activity, the activity was generally higher om the
TIGF than on the GF filters. It is interesting to note that strains
TA98NR and TA98/1,8-DNP, often showed reduced activity, despite the
absence of mononitro-PAH products on the filters,

For the passive exposures the highest mutagenic activity was observed
for PY deposited on TIGF filters exposed during the 1200-1800 hr and 0600~
1200 hr time pericds when the ozone concentrations were high. Benzo(a)-
pyrene and PER adsorbed on TIGF filters also showed significant activity
in these time periods. lLower activity was seen for BaP, PY and PER
adsorbed on GF filters during some of the 6~hr exposure periods.

The large differences 1in mutagenic activities omn TA98 observed for
extracts from TIGF and GF filters would seem to indicate a filter surface
effect (or filter artifact) on the yields or recoveries of mutagenic
products in both active and passive exposures. EXtracts from TIGF filters
coated with PY, PER and BaP always showed significantly higher activity
than extracts from GF filters, with one exception - the active exposures
of BaP. The ratio of the mutagenic activities for the two filter types
(GF/TIGF) for the BaP active exposures seemed to follow the atmospheric
level of ozone with the highest ratio (2.8) being observed for the 1200-
1800..hr exposure and the lowest (0.7) for the 2400-0600 hr time period.

This behavior for the mutagenicity ratio for BaP on the two types of
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filters parallels that observed for collected ambient POM as discussed
earlier in Section II.

Following the September 1984 field study, insufficient time was
available to carry out extensive fractionation of the mutagenic extracts
from the four PAH coated-filter exposures. wae§er, HPLC fractionation
(ultrasphere ODS semi-prep column) of the mutagenic extracts from PY-
coated GF and TIGF filters, followed by mutagen assay of the fractioms,
showed that the mutagenic product(s) were contained in the polar
fractions. Since we have shown in an earlier SAPRC/ARB program (Pitts et
al, 1984e) that a large portion of the mutagenicity of extracts of ambient
POM is coantained in the polar fractions, and little is known about the
identities of these polar mutagens, it would be of interest to identify
the compound(s) responsible for the mutagenicity observed for the PY

exposure extract.

D. Conclusions

e No NO,-PAH were found during four 6-hr exposures of PAH coated on
GF or TIGF filters in either active or passive exposures to ambient
pollutants. Based upon our detection limit, this shows that less than 1%
conversion of the parent PAH to NOZ-PAH occurred., ‘

e TFrom an examination of the PAH recoveries from both the active
and passive exposures and the corresponding co=-pollutant and
meteorological data we conclude that: (a) In the active exposures the
low recovery of the volatile PAH, PY and FL resulted mainly from blow—off
of these PAH; (b) in the passive exposures, the low recovery of PY and FL
for the 1200~-1800 hr time periocd may have been the result of high
temperature {(volatilization) and/or reaction with ozone; and (c¢) in both
the active and passive exposures the low recovery of BaP for the 1200-1800
hr time period was probably the result of reaction with ozone,

e The product (or products) formed from PY and BaP during the
period of high O3 concentration (1200-1800 hr) were highly mutagenic.

® The mutagenic activity of the extracts from PY-coated TIGF and GF
filters exposed in the passive mode (1200-1800 hr) was shown to be in the
polar fraction.

e There was an apparent filter surface effect (or filter artifact)

on the mutagenic product yields or recoveries obsetrved in both active and

passive exposures,
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IV. INVESTIGATION OF MUTAGENICITY AND NITROARENE LEVELS
IN AMBIENT PARTICULATE

A. Introduction

Tt has been shown that collected respirable ambient POM exhibits
strong, direct-acting mutagenicity in the Ames bacterial assay (Pitts et
al, 1977, Talcott and Wei 1977, Tokiwa et al. 1977). The PAH themselves
are not directly mutagenie, requiring microsomal activation, and it has
been postulated that this observed direct mutagenicity of POM may be due,
at least in part, to the presence of mono~ and dinitroarenes (Jdger 1978,
Ramdahl et al. 1982, Tokiwa et al, 1983). A major source of these nitro-
arenes in POM appears to be due to their direct emission in combustion
generated fine particles such as auto and diesel exhaust particulate
(Pitts et al, 1982a, Schuetzle et al., 1982, Xu et al. 1981,1982) and soot
from wood-burning fireplaces (Gibson 1982, 1983). These nitroarenes are
of special interest because of their worldwide distributiom in polluted
atmospheres (see the reviews by Nielsen et al. 1983 and Pitts 1983), and
because their presence in ambient POM may pose health risks (Rosenkranz
and Mermelstein 1983, Rosenkranz 1984 and references therein).

To date, however, there are only a few reports in the literature on
the detection and quantification of NO,-PAH and di-NO,-PAH in ambient POM
(Ramdahl et al. 1982, Gibson 1982, 1983, Nielsen 1983, Tokiwa et al.
1983). The NO,-PAH most frequently ideatified in ambient POM have been 3-
nitrofluoranthene and l-nitropyrene, the latter being the most abundant
NO,~PAH in diesel POM (Salmeen et al. 1984). Although dinitropyrenes have
been found only in very low levels (Gibsoﬁ 1982, 1983, Tokiwa et al.
1983), their presence in ambient POM is important due to their extremely
high mutagenic activities., Recently, 2-nitropyrene has been idehtified in
an ambient POM extract and an atmospheric mechanism for its formation
proposed (Nielsen et al. 1984). Therefore we undertook to determine the
concentration of the important mutagenic species, l-nitropyrene (l-NOz-
PY), 3-nitrofluoranthene (3—N02-FL) and isomeric di-NOz-PY, in southern
California ambient POM and to investigate the presence of additiomal
isomers such as 2-nitropyrene. In order to enhance the selectivity and

éensitivity of detection, as well as the recovery of NOZ—PAH from POM, we
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employed deuterated internal standards of the NO,-PAH of interest, 1-NO,-
PY—dg, 3—N02—FL—d9 and a mixture of isomeric di—NOz-PY—dB.

Additionally, we investigated the problem of "filter artifacts"
during our September 1984 field studies by employing four different filter
types for POM collection. The dichloromethane\and acetonitrile extracts
of each filter were separately tested for mutagenic activity in an effort

to make any "filter artifacts" more evident.

B. Fxperimental

1. Mega-Sampler Ambient POM Collection

parallel to the PAH "active" and "passive" exposures described in
Section III above, ambient POM was collected with the SAPRC—designed and
constructed ultra-high volume "wega—sampler" (Fitz et al., 1983). 1In order
to investigate filter artifacts, the four cartridges of the megasampler
were loaded with four different filters, namely Teflon impregnated glass
fiber filters (TIGF), Pallflex T60A20 and Pallflex TX40HI20WW (high
efficiency); Gelman glass fiber filters (GF) and Pallflex QA02500 Quartz
filters.

Both TIGF and GF filters were prewashed by Soxhlet extraction with
CH2C12 and CH4O0H. The quartz filters were used as received, without pre-
washing, All filters were equilibrated (at 50% relative humidity and 21 C
and weighed before and after wuse. Following sampling, they were
immediately sealed in aluminum foil, sealed in plastic bags and stored at
dry ice temperature in the field and at -10 C in the laboratory prior to
weighing and extraction.

Ambient POM Extraction. The four 6-hr samples collected from 1200

Septembef 18 to 1200 September 19, 1984 were analyzed. The extracts of
POM were prepa;ed by Soxhlet extraction of filters with CH2C12 for 17 hr
followed by CHCN extraction for an additicmal 17 hr. Both extracts were
reduced in volume, filtered through 0.5 pm Millex-SR cartridges and dried
to a constant weight under a stream of N,. Approximately 257 of each
sample (by weight) was then subjected to the Amz2s testC.

Mutagenicity Bioassay Procedures. The Ames assay (Ames et al. 1975)

was carried out in our microbiological facility using our modified proce-

dure developed with earlier CARB support (Belser et al., 1981, Pitts

1981). Ames Salmonella typhimurium strain TA98 (-59) was used in these
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assays. See Section II.C for details on the experimental procedures
followed. ‘
2. Synthesis of Nitroarene Standards

Commercially available l-nitropyrene (Pfaltz and Bauer) was

purified according to a method described by Papﬁta—Peck et al. (1983)

utilizing modified Soxhlet extraction through neutral aluminum with iso-
octane:toluene (2:1). 2-Nitropyrene was a gift from Dr. D. Schuetzle
(Ford Motor Company). Fluoranthene was of commercial purity (Aldrich,
98%) and was used without purification. Pyrene-dyj, (KOR Isotopes Inc.)
and fluoranthene-dlo (MSD Isotopes Inc.) were of >997% isotopic purity.
NOZ/N204 was of commercial purity (J. T. Baker Chemical Co.) and its
solution in CH,Cl, (Burdick & Jackson lLaboratories) was prepared by
differential weighing. N205 was prepared by the method of Schott and
Davidson (1958).

The 3- and 8-rnitrofluoranthene isomers were synthesized by nitratiom
of fluorantheme with concentrated nitric acid in glacial acetic acid
(Kloetzel et al. 1955).

2-Nitrofluoranthene was synthesized by nitration of fluoranthene with
Ny0g5 in CCl, solution. Freshly prepared N,0g (~0.05 mmol) in 5 m? of CCl4
was added slowly to a stirred solution of FL (0.1 mmol) in 20 m? of
CCla. The reaction was carried out at room temperature and in the dark in
a dry box under an atmosphere of Noe The only mononitroisomer formed was
2-nitrofluoranthene (yield ~50%) which was purified by open column
chromatography (as described below) and crystallized from ethanol, The
pure compound .was identified on the basis of its mass spectrum and a
comparisoﬁ of its NMR spectrum with that reported in the literature

(Paputa-Peck et al. 1983). A preliminary mutagen assay of 2-NO,-FL on

Salmonella strain TA98 (=S9) was carried out for three doses (single

plates with 0.0 pg, 0.1 ug and 1 ug 2-NO,-FL).
I—Nitrogyrene—dg(l-Noz—PY-dg) and nitrofluoranthene—d9 (NOZ—FL—dg)
isomers were synthesized according to methods described by Pitts et al.
(1982c) and Radner (1983). Pyrene-d;; (0.47 mmol) in 50 mt CH,Cl, and
N204 (0.25 mmol) in 1 m CH2C12 were mixed and stirred at room temperature
for 0.5 hr. CH3SO3H [0.02 mmol (~1.5 pl)] was added to the solution of
fluoranthene-dlo (0.1 mmol) in CH2C12 prior to addition of 0.05 mmol of
Ny0, in 1 ml of CHyCl,. The mixture was allowed to react for 0.4 hr.

V-3



Both nitro-PAH were purified by open column chromatography. After
reaction was complete, 0.5 g of silica gel 60 (Merck) was added to the
solution and the solvent evaporated under vacuum. The yellowish powder
was placed on the top of a column packed with silica gel (1 x 30 cm) and
eluted with benzene:hexane (2:1) in the case of l-nitropyrene-dg and with
CC1,:CH,Cl, (9:1) 1in case of the nitrofluoranthene—dq isomers. After
evaporation of the solvent, the nitro-PAH's were recrystallized from
ethanol-benzene with yields of ~70% for 1-NO,-PY¥-dq and ~90% for NO,-FL-
d9.

Isomeric di—nitropyrenes—ds (di—NOz-PY—dB) were synthesized according
to the method described by Vollmann et al. (1937). A 0.75 mi aliquot of
concentrated HN03 (70%) was added to a solution of 100 mg (0.47 mmol) of
pyrene=d;5 in 1 m? of glacial acetic acid at 90 C with stirring. The
temperature was raised to 100 C and stirriag continued for an additional
0.5 hr. The reaction mixture was allowed to cool, the precipitate was
filtered and washed extensively with ethanol. The yield was ~140 mg.

GC-MS Analyses. The purified reaction products were analyzed by
GC/MS (Finnigan Model 3200) using DB~5 fused silica capillary columns (20

or 60 m x 0.25 mm). The only produét of pyrene-dlo nitration by N204 was
l-NOZ-PY—dg (>997 isotopic purity). The nitrofluoranthene—d9 isomers
contained 3-NO,-FL-dg and 8-N0,-FL-dg in the ratio ~4:1. The di-NO,~PY¥-dg
contained a mixture of 1,3- 1,6— and 1,8—dinitropyrenes (identified on the
basis of their retention indices) together with small amounts of l—NOZ—PY—
dg (8.5%, as determined by HPLC, wusing triphenylbenzene as internal
standard).

The mass spectra of the deuterated and non-deuterated nitro-PAH
standards are given in Appendix IX.D. The chromatographic resolution of
the nitrofluoranthene and nitropyrene isomers on the 60-m DB-5 capillary
column used in these nitroarene determinations is shown in Figﬁre Iv-1.

3. Experimental Procedure for Determination of Selected Nitroarene
Concentrations in Ambient POM

Extract Fractiomation. Recently we successfully tested and

employed a new procedure for separation of the nitroarene fraction from
ambient POM. The first step of this procedure (outlined in Figure IV-2)
is a modification of that published by Spitzer and Dannecker (1984)
u;ili;inngAsz rgsins for PAH separation. The second step is a semi-

preparative HPLC separation as described by Schuetzle et él. (1981).
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Figure IV-1. MID traces showing resolution of nitrofluoranthene and nitropyrene
isomers on 60-m DB-5 capillary column.
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The four 6-hr POM collections from 1200 hr September 18, 1984 to 1200
hr September 19, 1984 were analyzed for nitroarenes. The CHyCl, extracts
from POM simultaneously collected on TIGF and quartz filters utilizing the
SAPRC "megasampler" were combined and redissolved in methanol. Deuterated
NO,-PAH standards (10 pg 1-NOp-PY-dg, 8.5 ug of a mixture of 3- and 8-NO,-
FL—d9 and 20 pg of isomeric di—NOz-PY-da) were added. The XAD-2 resins
(Sigma), precleaned by sequential Soxhlet extraction with CH;0H (8 hr) and
CH4CN (8 hr) (Junk et al. 1974) were packed into a column (1.5 x 15 cm)
and equilibrated with 20 m? of CHq0H. The sample was transferred to the

‘top of the column and a polar fraction was eluted with 20 n? of CH,0H.

Nonpolar material was then eluted with 15 w® of n-pentane followed by 7 ml
of ethanol. The fraction which contained the NO,-PAH (and most of the
PAH) was eluted with 20 mi of toluene followed by 10 mf of ethanol. The
fractions were then concentrated in volume using a rotary evaporator,
transferred to tared vials and dried wunder N, to a coanstant welght,
Typically, 90% of the sample was eluted in two first fractions and ~10% in
the last toluene fractionm.

Tﬁe toluene fraction was redissolved in small amounts of CH2012 and
further fractionated by HPLC, using a semi-prep (10 mm x 25 cm) ultra-
sphere Si column (Altex). The HPLC system was composed of a Spectra-
Physics Model 8100 chromatograph, Model 4100 computing integrator, Model
8400 variable wavelength UV/VIS detector and ISCO fraction collector. The
mobile phaée program used during these elutions is shown in Figure IV-3
together with a typical chromatogram obtained by monitoring at a detection
wavelength of 254 nm. Starting from 18 min elution time, four 2.0-min
fractions were collected at a flow rate of 3 ml min~l. As established by
chromatography of standard mixtures the mono- and di-nitro-PAH of interest
were eluted in these fractions. These fractions were subjected to GC/MS
analysis as described below.

The method described above 1s fast, convenient and cost-effective,
XAD-2 resins are not expensive and can be used, after regeneration,
several times. The amounts of solvent used for the separation is low and
the recovery of deuterated mono- and di-NO,~PAH is good.

MID/GC-MS. The HPLC fractions were analyzed for mononitro-FL and PY
isomers and di-NO,-PY isomers. For the nondeuterated NO,-FL and NO,~PY

isomers, the ions monitored were molecular iouns as well as characteristic
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fragment ions, as follows: m/e 247¢M1); 217([M-NO1 H); 201([MrN02]+);
200([M—HN02]+). For the deuterated species, the corresponding ions were 9
or, for ([M—DN02]+), 8 amu higher. In addition, chrysene was added as an
internal standard and its molecular ion at m/e 228 was also monitored,
The ratios of the areas of the molecular ion peaks of the nitro-PAH to
that of the internal standard were used to quantify the NOZ;PAH in the
ambient extracts by comparison with a standard mixture. That 1s, the
ratios [25617/[2281" were utilized to determine the recovery of 1-NO,-PY-
dg after the XAD~-2 and HPLC fractionatiom steps, and the ratios
[247]+/[228]+ were employed to quantify the NO,~FL and NO,-PY isomers.

Figure IV-4 shows the MID traces of the deuterated standard and
illustrates that the deuterated standard was isotopically pure and there
were no interfering peaks for the nondeuterated molecular ion used in
quantification (m/e 247) or the m/e 217([M-N0]+) characteristic fragment
ion, The [M—NO]’+ fragment ion‘proved important in isomer identifica-
tion. In particular, as evidenced from its mass spectrum (Appendix IX.D)
and the MID traces shown in Figure IV-l, the 2-nitrofluoranthene isomer
has a very low (<2%) [M—NO]+ abundance.

Flgure IV-5 shows the MID traces of the standard solutibn utilized
for quantification. ' It contained 3-NO,-FL and 3-NO,-FL-dq, 8-N0,-FL-dg,
l—NOz-PY and 1-N02-PY—d9, and Z—NOZ-PY (note that the deuterated species
elute slightly before the corresponding non-deuterated isomers).,

For the dinitropyrenes .the ions monitored were: m/e 292([M]+);
200([M—2N02]+) and the corresponding ions for the deuterated species: m/e
300 and m/e 208, as well as m/e 228 for the internal standard (chrysene).
Since the di-NO,-PY abundance was expected to be low, the integration time
used for m/e 292 and 200 ions was 10 times that of the other ions moni-
tored. Figure IV-6 shows the MID traces of the deuterated standard.
Again there was no interference with the molecular ion of the noandeu—

terated species and this ion was used for quantification.

C. Results
1. Mutagenicity of Ambient POM Extracts

As described above, the filters from the 'mega-sampler"” POM
collections were extracted individually with CH,Cl, and CH4CN and both

extracts were analyzed separately for direct mutagenic activity (TA98).
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Figure IV-4, MID traces of deuterated mononitro-PAH used to spike ambient
samples prior to the separation procedure. Samples were spiked
with 8.5 pg 3- and 8-nitrofluoranthene-dq and 10 ug 1-nitro—
pyrene-dq. Note the lack of interfering ion peaks at 247([M]™)
and 217(?M—NO]+) [the scale to which these ions are plotted is
100X more sensitive than for the deuterated ions]._ GC condi-
tions: 60-m DB-5 column, 50 te 200 C at 20 C min_l, then
increased at 6 C min™ ",
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Approximately 25 to 50% of each sample was submitted for Ames testing on
Salmonella strain TA98 (-S9). Table IV-1 shows the weights of particulate
collected on the different filter substrates from 1200 hr September 18 to
1200 hr September 19 and the weights of their CH,Cl, and CH,CN extracts,
as well as the mutagen density of these extracts. -

The activities of the standard mutagens tested with these samples
(given in Table 1V-1) were somewhat lower than for previous tests (see,
for example, Table II-7), and the mutagen density (rev m-3) of the ambient
POM extracts were at the lower end of the range normally found in
Riverside during smog episodes. The lowest mutagenic activities for the
CH2C12 extracts of the four filter types examined were observed for the
1200-1800 hr POM collection. The GF filters had the lowest CH,Cl, extract
mutagenicities for all time periods. It can be seen from the data in
Table IV-1 that the mutagen densities calculated from the activities of
the CHyCN extracts of POM collected on GF filters were always lower than
for POM collected on TIGF filters, with the exception of the GF filter
collection during the period of high ozone (1200-1800 hr). In this time
period the CH3CN extract from the GF filter showed higher or comparable
activity with the other filters. This finding is consistent with the GF
filter "artifact™ observed in our September 1983 field study (see Sectiomn
I1.D).

The CH2C12 extract weights were the lowest and the CHACN the highest
for the GF filters in all time periods except 2400-0600 hr. In this time
period the values were similar for all filters. The extract weights and
mutagenic activities of the TIGF filters were in good agreement with the
quartz filter for the CH2C12 extracts. For the CHBCN extracts the quartz
filters had somewhat lower mutagenic activity than the TIGF filters.

2. Nitroarene Identification and Quantification

Since the mutagenic activites of CH2C12 extracts of T60A20,
TX40HI20WW and Quartz filters (Table IV-1) were similar, we combined these
axtracts for a given time period and- analyzed them for the presence and
concentration of NO,-FL and mono- and di-NO,-PY. After the additiom of
standard deuterated NOZ-PAH, the combined extracts were prefractionated on
an XAD-? column and then further fractionated by semi-preparative HPLC, as
described above. The fractions containing the mono- and di-NO,-PAH of
~ interest were analyzed by MID/GC-MS. Figures IV-7 to IV-1l show the MID

traces of the HPLC fractiéné coﬁgéihing tﬁé'ﬁ02¥FLiéﬁd'Nb2—§Y isomers.
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MID traces of CH2C1

September 18, 1984 collection period.
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Figure IV-8. MID traces of POM extract shown in Figure IV-7. Ten times longer
integration times were used for m/e 247 and 217 than for m/e 256.
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The molecular ions and the characteristic [M—NO]+ fragment ious for
the deuterated and non-deuterated species are shown. It is evident from
Figure IV-7 that the POM extract for the 1200-1800 hr sampling period con—
tained 1-N0O,-PY and a nitrofluoranthene isomer. We have identified this
isomer as 2-NO,-FL (note that it elutes just before the 3-N02—FL-d9 peak)
on the basis of its retention time and the low abundance of the m/e
217([M—N0]+) ion peak. This result was unexpected since all previoﬁs
reports of nitrofluorantheme in ambient POM extracts have identified the
isomer present as 3-NO,~FL (Jiger 1978, Ramdahl et al. 1982, Nielsen
1983). Since it appeared that traces of 3-NO,-FL might also be present in
this sample, it was reanalyzed using an integration ratio of 1:10:10 for
m/e 256, 247, and 217, respectively. As can be seen in Figure 1IV-8,
traces of 3-NO,-FL are probably present along with a small amount of 2-
NOZ-PY.

The MID traces shown in Figure IV-9 indicate that 2-NO,-FL and 1-NO,-
PY were present in the 1800-2400 hr ambient POM extract. From the MID
traces in Figure IV-10, it is clear that the main nitro-isomer in the
0000-0600 hr ambient POM extract is 2-NO,-FL with small and nearly equal
amounts of 1- and 2-NO,-PY also present, MID traces for the extracts of
the final POM collection period analyzed, 0600-1200 hr, are given in
Figure IV-11l. 2-Nitrofluoranthene, and 1- and 2-NO,-PY can be seen to be
present.

Table IV-2 gives the quantities (ng m—3) of the nitro—-PAH observed in
the four POM collections along with the recovery for the deuterated
carrier, 1-N02—PY—d9. The possible sources of the 1—N02-PY detected in
POM are direct emission and atmospheric transformation, for example, the
reaction with gaseous N205 (see Section V below). The highest
concentration of 1-NO,-PY was observed in POM collected in the 1800-2400
hr time period, during which N,0q peaked (Figure III-7) and in the 0600~
1200 hr time period, when a morning traffic peak occurred.,

Dinitropyrenes were detected only in ambient POM collected during the
0600-1200 hr time period suggesting that direct emissions from traffic may
be responsible for the relatively high concentrations of these isomers.
The three di—NOZ—PY isomers were split between two HPLC fractions. The
MID traces showing the molecular ions of deuterated and nondeuterated di-

NOZ—PY isomers are given in Figure IV-12. The estimated concentration of
3

"&Eiﬁbz—?i isomers in POM collected in this time period was ~0.1 ogm e
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Table IV-2. Concentration of Nitro-PAH in Ambient poM®

Collection Recovery of Concentration (ng m—3)
Time 1-NO,~PY-dg _ b
Date (hr) Z) l-NOZ-PY 2—N02-PY 2~N02-FL
9/18/84 1200-1800 94 0.02 0.003 0.07
9/18/84 1800-2400 85 0.03 c 0.2
9/19/84 0000-0600 98 0.008 0.01 0.3
9/19/84 0600-1200 77 0.03 0.02 0.2

ATX40HI20WW, T60A20, and Quartz CH,Cl, filter extracts combined.
Using response factor measured for 3-N02-FL.
CNone detected.

Consistent with the presence of di—NOz—PY isomers, the mutagen
densities calculated from the activity of the CH2C12 extracts were highest
during this 0600-1200 hr collection period. However, the mutagen density
based on the activity of the GF filter CH2C12 extract was more than a
factor of two lower tﬁan for the other filters suggesting di-NO,-PY
isomers may not be fully recovered from GF filters.

A preliminary mutagenicity assay, involving single plates of three
doses (0.01, 0.1 and 1 ug) showed that 2—N02—FL is a direct acting mutagean
with an estimated activity of 4000 rev pg—l. This activity can be com
pared with 2000 and 9000 rev ug—l for I—NOZ-PY and Z«NOZ—PY respectively

(Rosenkranz and Mermelstein 1983).

D. Discussion

To date, neither 2—N02—FL nor 2-NO,-PY have been detected in
particles directly emitted from such sources as auto and diesel exhaust,
wood-burning fireplaces or fossil-fueled power plants. Our observation of
2-N0o-FL, and 2-NO,-PY in collected ambient POM suggests that
transformations of PY and FL to their mutagenic 2-nitro-derivatives occur
during transport through the atmosphere, during POM collection or both.
Based on studies in simulated atmospheres there appears to be at least
three mechanisms which could lead to nitro~PAH formation during transport
or. collection. These involve (a) the nitration of PAH by NO, im the

presence of trace amounts of HNOB, or by HNO4 alone, a mechanism which
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would be operative throughout the day and night (Pitts et al. 1978a,
Grosjean et al, 1983, Pitts 1983, and references therein); (b) the night-~
time nitration of PAH by N,0g (Pitts et al. 1984a,c,d), and (¢) the day-
time addition reaction of OH radicals with the PAH, followed by reaction
of NO, with the OH~PAH adduct to yield the nitro~-PAH (Kenley et al. 1978,
Atkinson et al. 1980, Nielsen et al. 1983).

The only known product of nitration of PY by NO, and/or HNO5 in
either solution phase or in the adsorbed state is 1-NO,~PY (Vollmann et
al. 1937, Dewar et al. 1956, Radner 1983, Jiger and Hanus 1980, Ramdahl et
al. 1984, Pitts et al. 1984a). For FL, while few data are available
concerning the nitrofluoranthene isomers formed from the exposure of
adsorbed PAH to NO, containing traces of HNO;, 3- and 8-NO,-FL have been
reported by Tokiwa et al. (1981). In solution, nitration by NOZ/N204 and
by the N02+ ion leads to the 1-,3-,7- and B-NOZ-FL isomers, with an
isomeric distribution of 3 > 8 >> 1 ~ 7 (Radner 1983, Streitweisser and
Fahrey 1962). Thus the possible reaction of adsorbed PAH with NO,
containing traces of HNO4 cannot explain the formation of 2-NO,-PY and 2-
NOZ-FL during atmospheric transport, Further, this reaction cannot lead
to artifactual formation of the 2-NO,-PY and 2-NO,-FL disomers during
collection of ambient POM on filters.

. With respect to the possible nighttime nitration of PAH by NZOS’ we
have investigated this reaction under a variety of experimental conditions
including reactions with PAH in solution, in the gas phase and coated on
glass fiber filters (Pitts et al, 1984a,c,d). For pyremne in CC1l, solution
and coated on filters, the only isomer observed from reaction with N205
was 1-NO,-PY (Pitts et al. 1984a,d). While for fluoranthene in CCl, solu~
tion, reaction with N50g yields only the 2~N02-FL isomer, reaction with FL
coated on GF filters yields the 1-,3-,7- and 8-NO,-FL isomers in essen-—
tially equal yields (Pitts et al, 1984d). Clearly further experimental
work concerning the reactions of NZOS with fluoranthene in the gaseous,
adsorbed and liquid phases is necessary before the atmospheric relevance
of these reactions can be assessed.

' The only data available concerning the OH radical-initiated reactions
of PAH coated on glass fiber filters are those from a preliminary study
carried out in this laboratory (Pitts 1984) in which OH radicals were
produced from the photolysis of CHBONO—NO—air mixtures (Atkinson et al.
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1981). For the reaction involving PY, both the 1-NO,~PY and 2-NO,-PY
isomers were observed. The following reaction mechanism involving OH
radical addition at the site of highest electron density (Dewar et al.
1956) could explain the formation of 2-NO,-PY:

H CH
10|
9 2 <
3 OH H
8 —
PP ()
6 5
NO2
H OH
NO2 M

This reaction sequence was postulated for the formatiom of m—nitrotoluene
from toluene by Kenley et al. (1978) and Atkinson et al. (1980), and has
been more recently suggested as a pathway for the atmospheric formation of
2-nitropyrene from pyrene by Nielsen et al. (1984). An analogous reaction

scheme could lead to the formation of 2-N02—FL from FL:
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As noted earlier, we measured either directly the concentrations of
the relevant gaseous co-pollutants {(e.g., N02, NO3 radical, 03) or
calculated them (e.g. N205) for the four 6-hour time periods shown in
Table IV-l. Therefore, in principle the concentration data given in this
table for 2-N02-PY and 2—N02—FL should be useful in elucidating the
possible reaction pathways leading to the formation of these isomers.
However, at least two factors complicate such interpretations.

First, it is difficult to account for the influence which air parcel
transport and atmospheric residence time might have had on the observed
time dependence of the Z—NOZ-PY and 2—N02-FL concentrations.

A second factor concerns the influence of ambient temperature on the
volatility of both PY and FL and their nitro products, and hence on the
partitioning between the gas and adsorbed phases. Thus, it is possible
that the PAH reactions with NZOS and OH radicals, leading to the observed
isomers, proceed partly or entirely in the gas phase, followed by
condensation of the products. Thus, further interpretation of the
observed Z—NOZ—FL and 2—N02-PY concentrations as a function of time (Table
1) is unwarranted at this time. .

Clearly, much further experimental work is necessary to elucidate the
mechanism of formation of 2-nitrofluoranthene and 2-nitropyrene from their
respective parent PAH. Also needed, in view of identification of these
strong direct mutagens in ambient POM, are animal tests to assess the

carcinogenicity of these compounds.
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E. Conclusions

For the first time 2-nitrofluoranthene and 2-nitropyreae (strong
direct mutagens) were detected and quantified in ambient POM collected in
Southern Califormnia. The presence of these nitro-PAH in ambient POM
provides strong evidence for the transformation of PAH to mutagenic
nitroarenes during transport through the atmosphere. 1In addition, highly
mutagenic and carcinogenic (in animals) dinitropyrene isomers were shown
to be present in ambient POM collected during peak morning traffic
hours. 1-Nitropyrene, an animal carcinogen, was also identified in all
ambient POM samples analyzed. These results support the view that
reliable assessments of the health impacts'of POM cannot be based solely
on testing of directly emitted material but must also take 1anto account
transformations of PAH adsorbed on such POM during transport through the

atmosphere.
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V. CALCULATIONS OF NIGHTTIME N,0g CONCENTRATIONS
AND IMPLICATIONS FOR PAH TRANSFORMATIONS

A. Introduction

In recent years, the salient features of the major chemical cycles
occurring in the atmosphere have become, on a qualitative or semi-quanti-
tative basis, reasonably well understood.

However, it is only in the past approximately five years that the
chemistry occurring during nighttime hours in both the clean troposphere
and polluted urban atmospheres has been investigated. There are, despite
numerous ambient atmospheric studies (Platt et al., 1980a, 1981, 1982,
1984, Noxon et ai. 1980), still significant uncertainties, especially
involving N50g and its role in nighttime atmospheres.

Thus in the ambient atmosphere, the reaction of NO2 with 03

N02 + 03 > NO3 + O2 (1)
leads to the formation of the N03 radical whose subsequent reaction with
NOZ

M
N02 + NO, » N,O ' (2)

3 275
forms NZOS' Since NZOS thermally decomposes to'NOZ and NO3 (Malko and
Troe 1982, Atkinson and Lloyd 1984)

M

N205 > NO2 + NO3 (3)

and the NO3 radical rapidly photolyzes (Graham and Johnston 1978, Magnotta
and Johnston 1980)

N03 + hy » No2 + o<3P) (4a)

+ NO + 02 (4b)

the concentrations of NO3 radicals and N205 remain negligible during

daylight hours. However, at night, when reactions (4a and 4b) are



negligible, and in the absence of NO, the NO3 radical and NZOS concentra-
tions are expected to Increase to significant levels.

Ambient atmospheric measurements have shown this to be the case for
the NO4 radical, Thus the spectroscopic identification of the NO4 radical
and measurement of 1ts concentrations in ambient nighttime atmospheres
during the past five years at a variety of locations in the nited States
(Platt et al., 1980, 1982, 1984, Noxon et al, 1980, Pitts et al. 1984b and
Section VI below) Germany (Platt et al. 1981, 1982) and over the mid-
Pacific ocean (Noxom 1983) has shown that the N03 radical is a common
constituent of both the polluted and the clean troposphere. To date,
however, N,0g has not been detected in the ambient atmosphere.

All ambient measurements of N03 radical concentrations in the tropo-
sphere (Platt and Permer 1980, Noxon et al. 1980, Platt et al. 1980a,
1981, 1982, 1984, Noxon 1983, Pitts et al. 1984b) have been made using
longpath differential optical absorption at the strong‘662 nm (and ia some
cases the 623 nm) absorption band of the NO3 radical (Graham and Johnston
1978, Marinelli et al. 1982). This technique utilizes the fact that
species whose ultraviolet and visible absorption spectra exhibit distinct
banded structure, such as HONO, NOZ’ HCHO, SOZ’ O3 and the NO3 radical,
can be monitored by a single beam, single pass configuration. Three
variations of this technique have been'used. Platt et al, (1980a, 1981,
1982, 1984), Platt and Pernmer (1980) and Pitts et al. (1984a,b) have used
a rapld scan spectrometer with the source set ~1=-17 km from the spec—
trometer, with corresponding NO4 radical concentration detection limits of
~10 ppt at 1 km pathlength to ~1 ppt at 17 km pathlength. Noxon and
co—workers have used a slow scan spectrometer either with a light source
~10 km from the detection system (Noxon et al. 1980), or more recently
(Noxon 1983) with the setting sun as a source, deriving NO4q radical con-
centrations at 3 km altitude along a 220 km pathleangth from Mauna Loa,

Hawaii, with a detection sensitivity of ~0.15 ppt.

B. Ambient Atmospheric Data

Measurements of N03 radical councentrations in continental air masses
have been made at a variety of locations ranging from relatively clean air

sites such as Death Valley, CA (Platt et al. 1984), to heavily polluted

- irban areas downwind and east of Los Angeles; CA (Platt et al.-1980a,-and
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Sections VI and IX.B of this report). Measurements of NO4 radical concen-
trations have also been carried out (Noxon 1983) in clean maritime air in
the mid-Pacific, as noted above, and upper limits have been determined at
Loop Head, Ireland (Platt and Perner 1980). The relevant data from these
studies, including N02,' 03, NO3 radical and ﬁéo concentrations, and
temperature (where available), are summarized in Table V-l.

From this table it can be seen that over continental areas the
obse;ved N03 concentrations range from below the detection limit of ~1 ppt
up to 430 ppt, the latter value being observed in Riverside, CA in
September 1984 during conditions of elevated concentrations of secondary
air pollutants (e.g., NO; and 03). 0f particular relevance . are our
observations of consistent NO, radical levels of ~10-100 ppt at a variety
of desert and semi-arid sites in California under slightly polluted to
clean air conditions (Platt et al. 1984).

Since, as noted above, the NO, radical and NO, are in equilibrium
with NyOg via reactions (2) and (3), with this equilibrium being attained
in <1 min at 298 K and 760 torr total pressure (Atkinson and Lloyd 1984),
then N,Og concentrations can be readily calculated from the observed NOg
radical and NOo concentrations and the appropriate equilibrium constanF
for reactions (2) and (3). We have used the equilibrium constant K2’3
recently derived by Kircher et al., (1984), from their measured rate
constants for reaction (2) and literature values for reaction (3), of K2’3
= 3.15 x 10739 7 &11350/T 3 polecule™! = 3.26 x 10711 cnd molecule™! at
298 K ([which is in excellent agreement with the value of K2’3 = (3.44 +
0.31) x ].O"11 cm3 molecule™! at 298 K recently determined directly by
Tuazon et al. (1984)] to derive the calculated N,Os concentrations at the
time of the maximum NO5 radical coacentrations shown in Table V-1. These
calculated NZOS concentrations range up to ~15-20 ppb for the nights of
September 18, 1979 in Riverside and April 16, 1980 in Deuselbach, Germany.
[It should be noted that use of the equilibrium constant of Malko and Troe
(1982) would lead to N205 concentrations a factor of 1.7 lower.]

These estimated nighttime N,0¢ concentrations (which are expected to
be close to the maximum values), of which ~30% are 21 ppb, are signifi-
cantly higher than previous estimates (see, for example, Pitts et al.

1983). Indeed, it is now apparent that for several nights of those in

Table V-1 for which N,0g concentrations can be estimated, the Ny0g
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concentrations exceeded the detection limits appropriate for long path-
length Fourier transform infrared spectroscopy. Thus for a pathlength of
~1 km, which has been routinely attained by Tuazon et al; (1978, 1980,
1981), the detection limit for detectiom of NyOg is estimated to be ~4 ppb

using the 1246 em !

absorption band. Thus it now appears that the detec—
tion and quantitative measurements of N,0g is indeed feasible on certain
nights in relatively polluted urban atmospheres. At the concentrations as
given in Table V-1, N,0g now joins other "trace" pollutant species such as
HONO, HCOOH, etc., as being present a high proportion of the time in
polluted urban atmospheres at concentrations >1 ppb.

While recent computer modeling studies of the behavior of NO4
radicals, NZOS’ 03 and NOZ have been carried out (Jones and Seinfeld 1983,
Stockwell and Calvert 1983, Russell et al, 1984), these modeling studies
have concentrated on only a single nighttime event for which a not totally
adequate associated data set was available. While these modeling studies
have provided much valuable data concerniag NO3 radical reaction pathways
and nitric acid formation routes and rates, these studies could not pro-
vide any further evidence concerning the homogeneous rate constant for the
hydrelysis of N205. Thus the magnitude of this rate constant is important
for nitric acid formation at aight in the gas phase and hence for long
range acid deposition modeling programs. We have used the approach of
employing the complete data set avallable to derive upper limit estimates
for each evening for this rate constant, and from these to estimate an
upper limit rate constant. This approach, which is complementary to those
used in the computer modeling tasks carried out to date (Jones and
Seinfeld 1983, Stockwell and Calvert 1983, Russell et al. 1984) is dis-
cussed below, and indeed provides importaat new information. Furthermore,
we have used the NZOS concentrations derived in Table V-1 from the ambient
NO4 radical and N0, measurements together with our laboratory data con~
cerning the rates of nitration of a series of adsorbed PAH by gaseous N205
to estimate the nitration yields of pyreme during a single night. These

two aspects of N,0g chemistry are discussed below.

vV-10
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C. The Magnitude of N,0c and/or NO, Radical Loss Processes

These ambient measurements of NO; radical concentrations allow the
magnitude of the N,05 and/or NO4 radical loss processes to be estimated,
provided that the necessary associated data (temperature, water vapor
concentrations, etc.) are available.

The available literature reports several types of NO3 radical time-
concentration profiles. In the Los Angeles air basin NO3 radical levels
have been observed to rise rapidly after sumset, peak at ~2000-2100 hr,
and then decay rapidly to below the detection limits by around midnight
(Platt et al. 1980a, 1982, and Section VI of this report) (see Figure
V-la). However, in non-urban atmospheres (Platt et al. 1981, 1984), after
an initial rapid rise the NO4 radical concentrations often remained
essentially constant thfoughout the night until sunrise, when they
decreased rapidly due to photolysis (Figures V-lb and V=2).

During many of these nighttime NO3 radical time-concentration profile
measurements, the N02, 03 and H20 concentrations, as well as the
temperature, remained essentially counstant. Hence, in these cases the
effects of loss processes for the N03 radical and N205 on the expected NOj
radical time-concentration profiles can be readily evaluated. Assuming

that the reactious

NO3 + X » products » (5)
and/or
N20S 4+ Y » products (6)
[where reaction (6) may include reaction with water vapor] are those
removing NO3 radicals, then from reactions (1)-(3) and (5) or (6), and for
constant NO, and 03 concentrations and temperature:
(a) For the reaction of the NO3 radicai with an as yet unspecified

reactant at a constant concentration [reaction (6)]

k, [N0,1[0,]

1 -ks[x]t
kS[X]

l~-e

[NO,], = (1)
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RIVERSIDE, CA.
SEPT. 12, 1979
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I ! 1 | I 1 !

NO3 MIXING RATIO (ppt)
o]

DEATH VALLEY, CA.

MAY 3/4, 1982
(v)
201~
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TIME OF DAY (POT)
Figure V-1. Time-concentration profiles observed for NOj

radicals by DOAS spectroscopy at (a) River-
side, CA during evening of September 12,

1979 (Platt et al. 1980a) and (b) Death Valley,
CA on night of May 3-4, 1982 (Platt et al.
1984). The experimental data are demnoted

"by the crosses (Figure V-la) and horizontal

bars (Figure V-1b).
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Figure V-2. Experimental data (solid horizontal bars) for NO, radicals at

Edwards AFB on night of May 23-24, 1982 (Platt gt al, 1984),
together with calculated profiles from equation (V) for
various values of k. (the rate comstant for reaction of N O5
with water vapor) or kS[X] (the NO3 radical decay rate): A
ko = 1.1 x 10721 cm> molecule! sec™! or k (X ] = 1.2 x 1075
7 5

sec l; B14k7 i12.8 x 10721 cm3 mol?cul% sec %F kSL%] =
3 O x 10 sec {_C, kZ._ 5.6 x 10 molecule sec or
= 6.1 x 10 sec ~. The observed photodissociation of
NB radlcals around sunrise is shown by the dashed line.
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(b) For the reaction of N,0g radicals with an as yet unspecified
reactant at constant concentration [reaction (6)], and making the
reasonable assumption that equilibrium between NOZ and NO3 and N205 is

attained, then

k., [O -k _K NO.I[Y]t
6 2,3
were kg = Ky and Y = Hy0 if the removal process for N,0g5 1is via
reaction (7).
NZOS + HZO > ZHNO3 (7)
Both equatioms (II) and (IV) are of the form
-bt
[N03]t=%(l-e ) (11II)

and it cannot be assessed from a single night’s NO4 radical time-
concentration profile whether the NO4 radical or N205 is the reacting
species. A typical set of profiles generated by equations (III) are as
shown in Figure V-2; they exhibit a rapid rise in the NO4 radical
concentration to an asymtotic value. Such profiles are in agreement with
the experimental data for relatively unpolluted atmospheres (for example,
in the case of Figure V-2 for Edwards Air Force Base on May 23/24,
1982). Though aot explicit in equation (III), a rapid decay at sunrise
occurs due to the photolysis of NO3, as discussed above.

The NO4 radical time-concentration profiles which deviate from this
behavior for conditions of constant NO,, 03, and H20 concentrations and
temperature [see, for example, Figures 4, 7 and 8 of Platt et al. (1981)
and Figure 3 of Platt et al. (1984))] must result from the effects of air
parcel transport and/or changing patterns of emissions of reactant species
[see, for example, the chemical modeling studies of Stockwell and Calvert
(1983), Jones and Seinfeld (1983) and Russell et al. (1984)].

The experimental data for the NO3 radical nighttime atmospheric
concentrations presented in Table V-1 can only be analyzed in an
approximate manner since associated data such as ambient NO and organic

concentrations and meteorological conditions-{as well—as in many cases-the
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temperature and 03 and water vapor concentrations) needed to carry out
detailed chemical modeling studies are, with the exception of our
September 1983 study (see Section VI), not available [see, for example,
Stockwell and Calvert (1983) and Jones and Seinfeld (1983)], although
Russell et al. (1984) have carried out a comprehensive modeling study of
the dynamics of HNO, production in using the Los Angeles air basin and the
data reported by Platt et al. (1980a) for the evening of September 12,
1979, in Riverside.

We use the approach of considering only the simplistic reaction
system consisting of reactions (1)=(3) and (5) f{or (7)] and (6) [where
reactions (5) and (6) may include heterogeneous losses of NO4 radicals or
N,05, as discussed by Heikes and Thompson (1983)], together with reaction
(8).

No2 + No3 > NO + NO2 + 02 (8)

where kg = 2.5 x 10-143—1230/T cm3 molecule™! sec™!

= 4.0 x 10716 cm3 molecule™! sec”! at 298 ¥
(Atkinson and Lloyd 1984)

From this reaction scheme, then at steady state when reactions (2)
and (3) are at equilibrium, values of kSVand k6 can be estimated., Two
limiting cases can then be considered: either that kg = 0 .and that the
only loss process of NO3.radicals (and hence of NZOS) is via reaction (5),
or that kg = 0- and that the only loss process of N,0g (and hence of NO3
radicals) is via reaction (6) [or reaction (7)].

For the first case, where k6 = 0, then at steady state

k. [NO,1[0,]
(N0 lgg = % [blzo ? T i X
kg NGO,y 5

(V)

The quantity kg{NOy] is ~1 x 10~ sec™! for 1 ppb of N02 at‘298 K, and 1is

much less than the observed NO5 radical decay rates (Noxon et al. 1980,

Platt et al. 1980a, 1984 and Table V-1). Hence to a good approximation

V-15



equation (IV) simplifies to

k, [N0,]{0,4]

[N03]ss = kS[X]

)

If kg = 0 and reaction of N,05 is responsiblé for depleting the NO4
radicals then a similar analysis can be carried out leading to [again
neglecting reaction (8)]:

k, {0,]
(N0,]_, = ——roT V1)

s k6 K2’3[Y]
The only postulated atmospherically significant homogeneous reaction of
Ny0g 1is with water vapor [reaction (7)], and assuming that reaction (7) is
indeed responsible for the observed losses of N205 and N03 radicals allows

equation (VI) to be replaced by equation (V1D

110 (Vi)
[¥0,1 = VII
3'ss k5 K2,3[H20]

We have used equations (IV) and (VII) to derive the values of kS[X] (i.e.,
the N0y radical decay rate) and the rate comstant ky given in Table V-1
from the observed NO4 radical, 03 and H,0 concentrations and temperature
(where available).

These values of kS[X] and ky; will in general be upper limits since
the assumption that steady-state has been attained is not true iIn all
cases, and of course intermediate situations where both reactions (5) and
(6) [or (7)] contribute to the N03 radical and NZOS loss processes can
also occur. It can be seen from Table V-1 that the derived values of ky
range from <7 x 10723 to >2 x 10729 cn3 molecule™! sec”!.

However, a further complication in using these data to derive rate
constant estimates for k; arises from the disturbing influence of point
source emissions of, for instance, NO; in these studies, Thus in general,
over continental areas, NO, and NO4 radical concentrations have been
monitored by DOAS over column lengths of 0.6 to 17 kms, while 05 has often
been megsured by ultraviolet absorption or chemiluminescence instruments

.at.a.single point..source.(Platt et al, 1980a, 1984, Pitts. et al. 1984b and
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our present 1984 study). Thus local point source emissions of NO, cah
lead to significant inhomogenieties in the concentrations of, for example,
03, NO,, N03 radicals and NyOg. Indeed in our most recent study in
September 1984, discrepancies of factors of »2 were observed in the NO,
concentration data as measured by DOAS over a 2 km pathlength and as
measured by a chemiluminescence instrument at the collecting site (Figure
v-3). While such inhomogeneities are probably of little consequence for
the estimation of average N,0g concentrations over the column lengths used
(since these use the DOAS NOj radical and NOg concentrations), they can
lead to major errors in estimating upper limit values of ky, because a
combination of DOAS and conventional point source continuous monitor data
are used. ‘

Hence, we believe that data sets obtained in polluted urban areas
shOuld not be used for this purpose, unless the 03, NO, and NOq radical
concentrations were all monitored sumultaneously in the same air mass.
Thus we elect to use the rate constant estimates k, from the studies of
Noxon et al. (1980) in Colorado, Platt et al. (1981, 1982) for Deuselbach,
Germany, and Platt et al. (1984) for a series of semi—éfid/desert sites.
These are all studies carried out in relatively clean atmospheres with
reasonably comstant O, and NO, concentrations during the nights studied.
The lower of these values of k; appear to correlate with lower
temperature, and a plot of these estimates of k7‘against temperature is
shown in Figure V-4, Since the values of kg are upper limits, a lower
bound of the rate constants should be evident, and this appears to be the
case, with a value of ky; of ~1 x 10722 omd molecule™! sec”l at 284 X,
increasing to ~1 x 10720 and ~3 x 10721 opd molecule™! sec™! at 298 X and
at 304 K, respectively.

This upper limit value of k; derived at 298 K of ~1 x 10721 cm>

rnoleo::ule'1 sec~l is in remarkably good agreement with that of 1.3 x 10"21

cm3 molec_ule_1 estimated by Tuazon et al. (1983) at 298 K from
environmental chamber experiments and which, although rigorously an upper
limit, was regarded as probably' being the rate constant for the
homogeneous reaction of N,05 with water vapor. The present data obtained
from ambient atmospheric measurements thus suggest that this rate constant
estimate of Tuazon et al. (1983) may indeed have been that for the

homogeneous reaction of NZOS with water vapor.,
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Figure V-4. Plot of the rate constant k7 against temperature.
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For such a rate constant, the importance of this reaction of No0g
with water vapor as a loss process for N205 (and hence for NOX) and as a
formation route to HNO,, a key species involved in acid deposition, is as
discussed previously (Tuazon et al. 1983, Calvert and Stockwell 1983,
Russell et al. 1984) and further reiteration here is not warranted.
However, for a rate constant Ky of this magnitude, it is clear (Tuazon et
al. 1983, Calvert and Stockwell 1983, Russell et al. 1984) that this
reaction of N,0g with water vapor is an important nighttime formation

route to nitric acid formation, a key species involved in acid deposition.

D. Reaction of N,0c with PAH as a Source of Nitroarenes

A further reaction involving N205 may be of critical importance due
to the formation of highly mutagenic nitro- and dinitroarenes from the
parent PAH. Thus, recently, we have shown that N205 reacts in the gas
phase with naphthalene with a rate constant of ~(2-3) =x lO—17 cm3

1 gecl (Pitts et al. 1984c) and with fluoranthene and pyrene

molecule”
adsorbed on glass fiber filters (Pitts et al., 1984a,d). Based upon the 1-
nitropyrene time-concentration profiles observed during the exposures of
adsorbed pyrene to gaseous NZOS (Figure V-5) an ~3% m:ln-l nitration rate
of pyrenme in the presence of ~1.5 ppm of NZOS can be derived from the
initial slcope. The estimation up to ~15 ppb of N,0g in nighttime hours,
with an average concentration of ~10 ppb over a 4-hr period for the night
of September 18, 1979 in Riverside, then allows a very approximate

estimate of an ~27% heo!

nitration rate of pyrene under these conditions
and a ~37 nitration of pyrene during the entire night assuming that our
nitration rates observed in the laboratory at ppm concentrations of NoOg
can be extrapolated to the NZOS concentrations appropriate for ambient
conditions.

Obviously, from Table V-1 the maximum levels of N205 are often an
order of magnitude or more lower than for this night, and the nitration
rates will decrease proportionally. However, such a transformation of
selected PAH to their nitroderivatives could contribute to the direct
acting mutagenicities observed in ambient air (see, for example, Section
IV above). Clearly, further experimental work is necessary to determine

if this process is indeed of significance.
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Figure V-5. Percent of l-nitropyrene formed from passive exposures

of pyrene in the dark to various gaseous nitrogenous
species at initial concentrations as follows: Q-
Exposure to N20 (1.5 ppm), NO2 (5 ppm), HNO, (~0.1 ppm)
and the NO, radical (~0.0005 ppm); ® - Exposiure to N205
(1.5 ppm), N02 (~0.3 ppm), HNO3 (~0.1 ppm) and the

NO3 radical (~0.01 ppm).



E. Conclusions

In the above section, we have estimated the N,05 levels in nighttime
atmospheres from the observed N02 and NO4 radical_concentration data, and
show that they can reach 15-20 ppb on certain nights, levels which should
be readily observed and measured using long pathleagth Fourier transform
infrared absorption spectroscopye. Furthermore, we have estimated from
these data upper limit rate coastants for the reaction of N205 with water
vapor, and these data suggest that at 298 K this rate comstant is (1 x
1072} o3 molecule™! sec-l, in good agreement with a recent laboratory
measurement, Further laboratory work is however needed concerning this
reaction together with ambient atmospheric measurements of low levels of
NO and/or reactive organics at night. Finally, we have extrapolated our
measured unitration rates of pyrene by NZOS from laboratory conditions to
the ambient atmosphere, and pred;ct that nitration rates of up to ~2% hr—l
(5% during a single night) can be attained, which could explain, at least

in part, the observed direct acting mutagenicities.



