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Abstract. Peroxyacetic acid (PAA) is one of the most im- hydroperoxide (MHP) and $D,, usually exhibited a similar
portant atmospheric organic peroxides, which have receivedsymmetric shape typically shifted to the afternoon. How-
increasing attention for their potential contribution to the ox- ever, under some conditionsp8, diurnal cycle was out of
idation capacity of the troposphere and the formation of secphase with MHP and PAA. The combination of linear re-
ondary aerosols. We report here, for the first time, a seriegression and kinetics analysis indicate that the formation and
of data for atmospheric PAA concentrations at urban andremoval processes of @, may be different from those of
rural sites, from five field campaigns carried out in China MHP and PAA. (iv) Considering that PAA is the reservior
in summer 2006, 2007 and 2008. For these five measureef free radicals, its fate is expected to have an effect on the
ments, daytime mean (08:00-20:00 LT) PAA concentrationsfree radical budget in the atmosphere. A box model based
on sunlit days were 21.4-148.0 pptv with a maximum level of on the CBM-IV mechanism has been performed to access its
~1ppbv. The various meteorological and chemical param-nfluence on the radical budget. We suggest that the detailed
eters influencing PAA concentrations were examined usingnformation on PAA in the atmosphere is of importance to
Principal Factor Analysis. This statistical analysis shows thatbetter understand the free radical chemistry.

the local photochemical production was the major source of
PAA, and its concentration increased with increasing temper-

ature, solar radiation and ozone but decreased with increas |ntroduction

ing NOk (NO and N@), CO, SQ, and relative humidity.

Based on the dataset, several issues are highlighted in thiseroxyacetic acid (PAA) plays a potentially important role
study: (i) Because PAA is a product from the photochem-in atmospheric processes. As an organic peroxide oxidant,
ical oxidation of some specific volatile organic compounds PAA contributes to the oxidation capacity of the atmosphere
(VOCs) that lead to acetyl peroxy radicals, the importance of(Barth et al., 2007; Acker et al., 2008) and the formation of
various VOCs with respect to the PAA formation is therefore secondary sulfate (Lind et al., 1987; Stockwell, et al., 1994);
ranked using the incremental reactivity method. (i) The con-as a reservoir of free radicals, PAA can reflect the free radical
tribution of PAN thermal degradation to PAA formation un- |evels of the troposphere and indicate the extent of free rad-
der conditions of different NQconcentrations is estimated jcal chemistry involved at a particular location (Jackson and
based on the chemical kinetics analysis. The result showsiewitt, 1999; Lee et al., 2000). Furthermore, PAA is thought
that PAN seems to play an important role in the formation of to have some toxic effects on ecosystem and human beings.
PAA when the NO/NQ@ concentration ratio was less than 0.2 No significant direct emission of PAA from natural or an-
and PAA would correspondingly have feedback on the PAN-thropogenic sources has been found, and it is believed that
NOx cycle. (iii) PAA and other peroxides, such as methyl the atmospheric PAA is mainly produced through the com-
bination of peroxy radicals (Reactions R1, R2) (Lightfoot et
al., 1992; Staffelbach et al., 1995). Further, a small amount

Correspondence taZ. M. Chen of PAA can be formed by the reaction of acetyl peroxy
BY (zmchen@pku.edu.cn) radical (CHC(O)OO) with high concentrations of “H-atom
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Mazhuang-2007. The primary aim of our study is fourfold:
() to investigate the impact of meteorological and chemi-
cal factors on the concentrations and variations of PAA in
the atmosphere; (ii) to examine the relationship between
PAA and PAN using chemical kinetic analysis to elucidate
the feedback of PAA on PAN-NQcycle; (iii) to provide
field evidence for potentially different sources and sinks of
CHINA  ©1oNTenss three peroxides, namely, hydroperoxide, methyl hydroperox-
ide (MHP), and PAA; and (iv) to evaluate the influence of
Hackgarien PAA on free radicals budget using a box model based on the
f”-s““""j:“‘ﬂ CBM-IV mechanism for better understanding the free radical
chemistry.
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Fig. 1. Map showing the location of observation sites, Beijing,

Mazhuang and Backgarden. 2.1 Measurement sites

donors” commonly found in atmospheric aqueous phase, ”ké_tmospherlc PAA concentrations were investigated at three

formate, formaldehyde, glyoxal and phenolic compoundsfs't?sS |n Ch_ipa,ggasgeflyll\,l Efg'gg 4UEniv'\e/|rsitg (PKQ) f‘f"pus
(Reaction R3) (Faust et al., 1997). Sinks of PAA include pho-'r? (—:-Sljr|1n9 g' y (P e 36 '150 o 13'11221 uang (IjnB alin
tolysis, reaction with the hydroxy radical (OH), and loss by C'tya an C:)ng r?]vmcg ( G d P E.’ an 2:?(!:514-8
physical deposition to the ground (Reactions R4, R5) (Jackgar en in Guangzhou city, Guang ong rov!nce( e
son and Hewitt, 1999). The photolysis of PAA releases OH113'O6.6 E). on the ba?e qf several regional integrated field
(Keller et al., 2008), and the reaction between PAA and oHcampaigns, as ShOV_V” n .F'g' L . .
regenerates C4C(0)0O (Jenkin et al., 1997), so that PAA Beijing, the capital city of the country, is located in

is involved in the radical balance as both a source and asinlz.he north of China.. The P.KU campus s in th_e northern
downtown, which is the hi-tech center of Beijing. The

surroundings of campus are several electronic supermar-
CH3C(0)O0-+HO,-— CH3C(0)O0H+-0, (R1) kets, institutes, campuses, residential apartments and two

CH3C(0)00-+CHz00 > CH3C(O)OOH+HCHO+0; (R2) major streets at its e_ast _and south which are often con-
gested. The sampling inlet was mounted on the roof

CHaC(O)OO +RH— CHC(O)OOHHR- R3) o a six-story building £26 m aboveground). The PAA
CH3C(0)OOH+hv—CH3C(O)O-+-OH (R4)  measurement was a part of air quality research campaign
CH3C(O)OOH+-OH— CH3C(0O)O0O-+H,0 (R5) in Beijing (Beijing-2006, 2007, 2008) during 11 August—

9 September 2006, 3—31 August 2007, and 11 July-31 Au-

In recent years, PAA has been widely used in industry gt 2008, Beijing is located in temperate zone with half-
for disinfection and bleaching purposes. In many industrial ,,qist continent monsoon climate and four distinct sea-

and medical applications, a release of PAA can not be fullyg,,o During the 2006 campaign, the average meteoro-

avoided (Henneken et al., 2006). It has been found that highygica| values (arithmetic mearstandard deviation) were:
exposure and eye contact will cause severe health problemsg 114 goc ambient temperature, 65:20.1% ambient rel-

For the above reasons, many studies were focusing on deg;, e humidity, 10025 hPa ambient pressure, £6.4 m/s
veloping reliable and commercial methods to detect its aqueyca1 wind speed, and the dominant wind direction was
ous conceptration (Davies and D_eary, 1988; Pinkernell et al'southerly/westerly. During the 2007 campaign, the aver-
1996; Ruttinger and Radschuweit, 2000; Awad, et al., 2003) o ge meteorological values (arithmetic meastandard devi-
and to monitor its airborne concentration on a regular bas'sation) were: 29.34.3°C ambient temperature, 54:05.3%

in workplace environments (Effkemann et al., 1_999; Hecht ety mpient relative humidity, 10@46 hPa ambient pressure,
aI., 2004; Henneken et al., 2006) However, field measurel_&o‘g m/s local wind speed, and the dominant wind di-

ment.s of PAA are extremely sparse (Fels and Junkermanfyg tion was southerly/westerly. During the 2008 campaign,
1993; Walker et al., 2006), and hence, the limited data réyhg 5yerage meteorological values (arithmetic meastan-
strain better understanding the role of PAA on atmosphericy,,q deviation) were: 2845.6°C ambient temperature
chemistry. 67.0+18.5% ambient relative humidity, 998! hPa ambient

In this paper, we focus on the less studied organic peroxyressure, 180.9m/s local wind speed, and the dominant
ide, PAA, by reporting its levels during five field campaigns \,ind direction was southerly.

carried out in urban and rural sites of China, hamely, Beijing-
2006, Beijing-2007, Beijing-2008, Backgarden-2006, and
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Guangzhou, the capital city of Guangdong Province, isl0-2.2 Measurement method for PAA
cated in south China. As a megacity, the increase in industry
and population impacts the air quality of Guangzhou and this2-2.1  Instrument

city is impacted by complex air pollution due to the mixture i )
of coal burning and vehicle emissions. Backgarden is a ruraf©r the five measurements, an automatic ground-based appa-

site, surrounded by 20 iérof forest and 2.7 kfof lake, lo- ratus for hydrogen perqxide and organic peroxides measure-
cated in the north of the central Pearl River Delta Region™eNt Was set up by using a scrubbing coil collector to sam-
(PRD) and about 60 km northwest of Guangzhou. Back-PI€ ambient air. High performance liquid chromatography
garden is a much less populated area at the outskirts of th§1PLC) post-column derivatization equipped with fluores-

densely populated center of the PRD and can be treated ££NC€ detection was used for the analysis of PAA and other

a regional background site. Backgarden does not have Sid:_)eroxides. The details about this instrument can be found in

nificant local vehicle emission, while the biomass burning in OUr Previous work (Xu and Chen, 2005; Hua et al., 2008).

the afternoon and cable burning in the evening might be al N€ instrument was located in an air conditioned room or
source of local mission. The sampling inlet was mounted orcontainer and the sampling inlet was mounted on the rooftop
the roof of a three-story hotel building-(4 m aboveground), ©f the building or container. The detection limits 0p®,
which is located next to a 2.7 Kireservoir in a rural resort MHP, and PAAin the gas phase were about 9, 20 and 12 pptv,
surrounded by a large area of farmland and forest. The PAA€SPectively.

measurement was a part of Program of Regional Integrate(} 22 Chemicals

Experiments of Pearl River Delta Region (PRIDE-PRD) dur-
ing 3—30 July 2006. The Backgarden site experiences a'[ypino2 was purchased from Sigma-Aldrich (35% solution).

cal sub-tropical climate and is usually influenced by the mon-ppp \yas synthesized from 40, and acetic acid%99.5%,
soon circulation m_JuIy._ During th(_a pe_rlod of PAA measure- Damao), and methyl hydroperoxide was synthesized from
ment, thg_observatlc_)n site was mainly influenced by the westy, 0, and dimethyl sufate as described in Hua et al. (2008).
ern Pacific subtropical high pressure and typhoon. Whenryg concentrations of stock solutions and standard solutions
controlled by the western Pacific subtropical high Pressuréyere determined using KMnoand KI/NaS,Og/starch ev-
from 19 to 23 July, the days were sunny, and the dominangy 1o weeks. All reagents and standard solutions were pre-

wind direction at Backgarden was southerly. When influ- pared with 18 M2 Milli-Q water (Millipore), and were stored
enced by typhoon from 24 to 25 July, northerly winds pre- 4t 4ocin a refrigerator.

vailed at the observation site. During the last days of cam-

paign from 26 to 30 July, the local weather conditions were2 3  Measurement method for other trace gases

cloudy and rainy and the sampled air masses came mainly

from the south/southeast. The average meteorological valPAN was determined using online GC (HP5890)-ECD (Shi-

ues (arithmetic meait standard deviation) for the campaign madzu Mini-2) with a time resolution of 5 min operated by

were: 29.5- 3.4°C ambient temperature, 76:24.4% am-  PKU. Briefly, ambient air was continuously sampled into a

bient relative humidity, 1004 hPa ambient pressure, and wide bore fused silica capillary gas chromatographic separa-

1.9+1.2 m/s local wind speed. tion column with subsequent detection by electron capture.
Mazhuang is a rural site located 40 km southwest of Ta-The detection limit of PAN was 5pptv. The detail can be

ian, a medium sized city in Shandong province, northeast ofound in Wang and Zhang (2007). Other trace gases mea-

China. Taian city, the location of Mount Tai, is suffering surement methods can be seen in our previous work (Hua et

from the acid rain pollution in recent years and the amountal., 2008).

of rain of pH <4.5 accounted for nearly 16% of total pre-

cipitation every year. The sampling inlet was mounted on2.4 Modeling methodology

the roof of a container<{5 m above the ground) on the play-

ground of a primary school. It was surrounded by farmland® P0x model was performed based on the Carbon

and a national highway passed by there 1 km north. The PaAABONd Mechanism-Version IV (CBM-1V), developed by

measurement was a part of Chinese atmospheric acidifyind!- W- Gery (1989) and updated recently. The CBM-IV
mechanism research campaign carried out during 29 Juneechanism includes the degradation kinetics and oxidation

31 July 2007. Mazhuang experiences half-moist continenfSChemes of 43 species. In this study, we add the PAA scheme

monsoon climate. During the observation period, the averJnto this mechanism based on parameters evaluated by Jenkin

age meteorological values (arithmetic meastandard devi- €t @l- (1997) and Atkinson et al. (1999). Typical model in-
ation) were: 28.%5.8°C ambient temperature, 78:49.6%  Puts include NQ, SG,, CO, VOCs, water vapor, and tem-

ambient relative humidity, 10845hPa ambient pressure perature. The box model calculations were carried out using
1.241.3m/s local wind spéed and the dominant wind direc-initial VOCs and NQ concentrations, with additional VOCs
tion was southerly/southeastérly. and NG, emissions every 1-h during the 72-h simulations.

www.atmos-chem-phys.net/10/737/2010/ Atmos. Chem. Phys., 1074872010
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Fig. 2. Temporal profiles of atmospheric PAA concentrations dur- and PAA was transported down by vertical mixing. The

ing periods of five campaigns. photochemical reactions began later and consequently, PAA
concentration started to rise, reaching a maximum level at
17:00LT. Its level remained relatively high in the late after-

3 Results and discussion noon and decayed rapidly due to the dry deposition from the
) sunset to 24:00 LT. Throughout the night, there seemed to
3.1 General observations be no obvious transportation from the residual layer, which

. contains species that do not mix rapidly during the night with
Air samples for Beijing-2006, Beijing-2007, Beijing-2008, gjiher the nocturnal boundary dayer below or the free tropo-
Backgarden-2006, and Mazhuang-2007 amounted to 8623phere above (Finlayson-Pitts and Pitts, 2000), to the surface

867, 2614, 354, and 1663, respectively. PAA was often|ayer and PAA was depleted even to zero till the early morn-
present in the order of several tens of pptv level amongjng.

these five campaigns, with a maximum value~df ppbv at
Mazhang, 2007. In order to calculate the mean of the ob3 2 Meteorological and chemical factors related to the
served concentrations, any value below the detection limit ambient PAA level
was treated as 12 pptv. With regard to all samples, the
mean (and standard deviation) concentrations during dayA statistical method, Principal Factor Analysis (PFA) is em-
time (08:00-20:00LT) were 40&32.8 pptv for Beijing-  ployed in order to understand the influence of chemical and
2006, 141.#131.3 pptv for Beijing-2007, 43#51.2pptv  meteorological parameters on the PAA concentrations. The
for Beijing-2008, 31.9-20.3 pptv for Backgarden-2006 and advantage of PFA is to provide the decomposition into modes
148.0+156.3 pptv for Mazhuang-2007. The mean valuesof variation that can be more easily interpretable by perform-
at night (20:00-08:00LT) were 2A27.3 pptv for Beijing-  ing dimensionality reduction (Jolliffe et al., 2002; Ren et al.,
2006, 84.8:-84.1pptv for Beijing-2007, 27239.2pptv  2009). A matrix with 12 variables, including PAA, SONO,
for Beijing-2008, 21.47.4 pptv for Backgarden-2006 and NO,, CO, G;, wind direction (WD), wind speed (WS), tem-
85.8+93.8 pptv for Mazhuang-2007. These values are higheiperature (T), relative humidity (RH), total radiation (T1), and
than or comparable with those in previous measurements thagressure (P), from 317 samples of Backgarden-2006 was an-
PAA was occasionally detected with a level of 10-30 pptv alyzed. The varimax rotated factor pattern for the data set
(Walker et al., 2006) and accounted for less than 10% of to-with 4 factors was arranged in descending order of variances
tal measured peroxides (Fels and Jundermann, 1993). Tenexplained, as shown in Table 1. Factor 1, which has a strong
poral profiles of PAA concentrations for the five campaigns positive loading from secondary pollutants, includingadd
are shown in Fig. 2. PAA, while a negative loading from primary pollutants, NO,
The time series of PAA, bD, and MHP on 2 Au- NO,, CO and SQ, indicates a photochemical production
gust 2008, a sunny day in Beijing, were shown in Fig. 3. process. It can be associated with the photochemical aged
The diurnal profile of PAA was similar to those of,8; air-masses (Tseng et al., 2009). Figure 4 shows a typical case
and MHP. This can be explained by vertical mixing and lo- related to Factor 1. During 19—-21 July, days were sunny with
cal photochemical production in a sunlit day @Nér et al.,  slight southern breeze, intense solar radiation, high tempera-
2004, 2009). From sunrise, the inversion layer was brokerture and low RH at noon, PAA exhibited a high concentration

Atmos. Chem. Phys., 10, 73748 2010 www.atmos-chem-phys.net/10/737/2010/



X. Zhang et al.: Peroxyacetic acid in urban and rural atmosphere 741

} Morthern wind (1m/s)
36 4 T ——PRH 90
28 4 ; 30 . <
_. 100 —0, i —UvB E <
& 5 z i
o ; =
© 0 o ~
5 8 B = i . ‘ 10
= a 06:00 12:00 18:00 24:00
pare o time (h
5 . 3 (h)
% ] Ne P = o0 % Fig. 5. Diurnal profiles of PAA, SQ, and NG at Backgarden on
g 2 % f\ﬂ _J_/‘/ 0 & 21 July 20086.
O :
= 0 g : "\"‘-—..—._'—_— u] %
2 @ A PAA o Table 1. The rotated factor matrix from principal factor analysis of
2 3 s | o & data at Backgarden 2006<317; accumulative variance 71.8%).
< afa ot ﬂ?ﬁ ﬁ#
E sswroon, povath aon afn | oy ‘P
D 4 '
2007-7-19 00:00 2007720 00:00 2007-7-21 00:00 Factor : a 3 4
PAA 053 -0.12 -0.49 0.10
Fig. 4. Diurnal profiles of wind speed, wind direction, temperature, SO, -0.33 080 014 031
total irradiation, relative humidity, CO, SONO, Oz, and PAA at NO -0.19 0.14 0.02 0.73
Backgarden from 19 to 20 July 2006. NO, ~0.50 0.58 -0.25 0.05
CcO -0.57 0.39 -0.14 -0.23
O3 0.71 0.42 0.21 -0.04
. . o WD 0.62 018 -0.39 -0.05
due to the continuous production of free radicals in the day-  ws —014 -049 051 0.45
time. A delay between the maximum of solar radiation and T 0.86 041 0.08 -0.05
PAA concentration was observed, for the reason that the RH -0.88 -0.27 -0.22 0.01
production of peroxy radicals (H{) and CHC(O)OO0 is Tl 064 0.09 058 0.09
the subsequent step following OH formation (Gnauk et al., P -035 001 061 -0.49

1997). It is not surprising for the positive correlation be- ~ Varance explained = 34.7% 15.5% 12.7% 8.9%

tween temperature and PAA because temperature affects the

reaction rate and the production of radicals in the atmosphere

(Jackson and Hewitt, 1999; Reeves and Penkett, 2003). Fac-

tor 2 has a strong positive loading from $énd NG, while Wesley et al., 1989). It is possible that dry deposition on the
a negative loading from PAA. The anti-correlation betweenSurface might act as an important sink for the loss of PAA
PAA and SQ/NO, can be derived from Fig. 5. It can be eas- in Backgarden, where natural plants are luxuriant. Factor 4
ily explained by the photochemical history of primary and has a strong loading from NO but the PAA loading is rather
secondary pollutants in the atmosphere. In addition, the lowsmall, suggesting that PAA levels are sensitive to the NO
NO, level condition is favorable for PAA production for the background. NO will compete directly with PAA production
following two reasons: first, N@provides a sink of OH; and via the cross combination of RQadicals if sufficient NO is
second, N@ will compete for CHC(O)OO with HGQ inthe ~ Present (Reactions R6, R7, and R10) (Frey et al., 2005). The
atmosphere, producing peroxylacetyl nitrate (PAN). There-NO suppression of radicals could be observed in the early
fore, PAA is inclined to accumulate to a high concentration morning of 24 July, see Fig. 6, when a spike in NO of over
when the ambient concentrations of p@re low. Factor 3, 20 Ppbv possibly caused a reduction of PAA.

which had a loading from PAA, wind speed, total radiation
and pressure, indicates two possible sinks of PAA, namely,
photolysis under an intense radiation and dry deposition un- NO+HO;- — NO +-OH (R6)
der a shallow inversion and at a low wind speed. Previous NO+CH300- — NO2+HCHO+HO,- (R7)
studies have reported that the dry deposition rate of perox-

ide over trees will significantly increase (Walcek et al., 1987;

www.atmos-chem-phys.net/10/737/2010/ Atmos. Chem. Phys., 1074872010
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Fig. 6. Diurnal profiles of peroxides and NO at Backgarden on 24 Potential.
and 28 July 2006.

XYL was the most important species in terms of PAA forma-

3.3 Correlations with other species tion, accounting for~-33% of the total PFPs. The VOCs rep-
resented by XYL surrogate mainly include dialkylbenzenes
3.3.1 PAA and VOCs and trialkylbenzenes, whose oxidation in the atmosphere pro-

duces methylglyoxal and biacetyl that contain acetyl group
PAA is produced from the photochemical oxidation of some (Obermeyer et al., 2009), therefore leading to PAA forma-
volatile organic compounds (VOCs) via GB(O)OO forma-  tion. Also important as precursor of PAA was the surro-
tion. Here we refer to the maximum incremental reactivity gate ISOP, accounting for18% of the total PFPs. Key
(MIR) method (Carter and Atkinson, 1989; Grosjean et al., products of isoprene, including methylglyoxal and pyruvic

2002) to evaluate the PAA formation potential (PFP). acid, undergoing further photochemical reactions in the at-
mosphere lead to GI€(0)OO0. The surrogate OLE, repre-
PEP—  Iim {PAA(VOCi+AVOCi) _PAA(VOCi)} senting alkenes, accounted for 13% of the total PFPs.
Avog, —0 AVOCG; ’ The oxidation of some alkenes, including propene, 2-butene

and 2-pentene, produces acetaldehyde, as discussed below.
where PAAvoc)is the maximum of PAA calculated in the  FORM accounted for-12% of the total PFPs, for the rea-
“base case” simulation, PAfoci+avoc;) is the maximum  son that the oxidation of formaldehyde gives HOOL ac-
of PAA calculated with the test VQCadded in the “base  counted for~9% of the total PFPs. Products of toluene ox-
case” simulation, an(ZBVOCi is the incremental Change in idized by OH include methy|g|yoxal and FpThe PFP for
the concentration of test VQC The “base case” was the Al D2 accounted for-8% of the total PFPs, because the ox-
idealized simulation for urban atmosphere at VOCs/N®  jdation of acetaldehyde initiated by OH leads to4HD and
tio approaching 8:1. The initial concentrations of VOCs and subsequently to CEC(0)OO0. Other species, such as ETH
NOy represented their average values for Beijing-2006 (Xiegnd PAR 6% and 3%, respectively, of the total PFPs),
etal., 2008). The chemical mechanism used to calculate PFRere |ess significant than other VOCs as precursors to PAA.
is CBM-IV. Itis a lumped structure mechanism where organ-The above analysis evaluates the photochemical reactivity
ics are represented using 12 species (Dodge, 2000). PARrepf vOCs in terms of PAA formation. However, the ob-
resents alkanes and most single-bonded carbon atoms fourgrved PAA level in the atmosphere is not only dependent
in other organics. Ethene is treated explicitly (as ETH); theon the photochemical reactivity, but also the ambient con-
C=C double bond in other 1-alkenes is represented using thgentration of each VOC. Taking Beijing-2006 field cam-
OLE surrogate. Toluene is represented explicitly (as TOL)paign as an example, the measurement results showed top
and the surrogate XYL is used to represent the dialkylben-10vOCs with relatively high concentrations were formalde-
zenes; the trialkylbenzenes are presented as 1 XYL+1PARpyde, acetaldehyde, toluene, benzene, isopentane, butane,
Formaldehyde is treated explicitly (as FORM); the carbonyl gjalkyl-benzenes, pentane, propane, and isoprene (Xie et al.,
component of other aldehydes is represented using the surr@og). Taking into account the photochemical reactivity of
gate ALD2 whose Chemistry is similar to acetaldehyde. |SO'each VOC, we Suggest that dia|ky|benzene3, aceta|dehyde,
prene is treated explicitly (as ISOP). formaldehyde, and toluene were the key compounds in total

Figure 7 lists the percent contribution of each surrogatevOCs contributing to the PAA formation in Beijing 2006.
species to the total PFPs calculated by the MIR method.
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3.3.2 PAAand PAN

NOppbv 0
— - = -NOppbv

As mentioned above, any reaction leading to3Ci® or
CH3C(O)OO will probably contribute to the PAA forma-
tion. It is well known that PAN is thermally unstable, de-
composing to produce the acetyl peroxy radical and nitrogen A
dioxide (Orlando et al., 1992). Therefore, PAN, which has _ ‘T~ e |, .
received attention as precursor to photochemically reactive T e
species, including free radicals (Grosjean et al., 2002; Gros-£&
jean et al., 2003), should be an important precursor of PAA. £
In the absence of NO, we expect the concentration of PAA £
to be associated with the extent of thermal degradation ofz . o
PAN (Reactions R8, R9, R11), while under prevailing high
NO conditions, PAA formation will be suppressed because i

CH;C(0)OO can be rapidly removed by NO (Reaction R10). Fig. 8. Diurnal variations of PAN loss rate, PAA formation rate,

together with concentrations of PAA, PAN, NO, N@nd HG at

HO2 (pptv)
NO/NO2
NO and NO2 (ppbv)

004

bv/min

003

002

PAN (ppbv)

'AA Form Rate (pptv/min)

1Y

kg Backgarden on 24 July 2006.
CH3C(O)O0- +HOy: — CH3C(O)O0OH+ 02 (R8)
CH3C(0)O0- +NO7 g CH3C(O)OONG, (R9)

kg k11=5.4x 1016 exp(~13830/T) s (Atkinson et al., 1999).
CH3C(0)00- +NO — NOz +CO,+-CHs (R10)  The results of the calculations are shown in Fig. 8. The PAN

ki loss rate is not only dependent on temperature, but also on
CH3C(O)OONO, — CH3C(0)0O0-+NO R11 ; . i
€O © €O +NO2 ( ) the NO/NQ concentration ratio because high NO concentra-

Figure 8 presents the diurnal profiles of PAA and PAN tions enhance indirectly the thermal degradation of PAN (see
at Backgarden on 24 July 2006. During that sunny day,Reactions R10 and R11), thereby preventing the recombina-
the wind direction was northerly and veered to northwest-tion of CH;C(O)OO with NG to form PAN (McFadyen and
erly in the afternoon, consistent with that of back trajecto- Cape, 2005). The PAA formation rate is a function of both
ries obtained from NOAAWww.arl.noaa.goy and the wind ~ HOz concentration and NO/N£xoncentration ratio because
speed measured during daytime wa8m/s, ensuring that although the thermal degradation of PAN increases with in-
the transport distance of air mass was less thadkm from  creasing NO/N@ concentration ratio at a given temperature,
sunrise to the afternoon. So we suggest that the variation o high level of NO will compete with H@for CH3C(O)OO
PAA and PAN concentrations can be attributed, to a large exproduced by the thermal degradation of PAN. It should be
tent, to the local photochemical drive. It can be seen that théoted that the amount of G&(O)OO produced from VOCs
daytime level of PAA is one order of magnitude on averageOXidation was not considered in the above discussion and
lower than that of PAN, suggesting that Reaction (R9), whichthe steady-state concentration of §2{O)O0 was signifi-
is highly dependent on the NCconcentration, was much cantly underestimated, resulting in higher loss rate for PAN
more competitive than Reaction (R8) in the atmosphere. Th&nd lower formation rate for PAA. Therefore, d[PAN]/dt
peak time of PAA is several hours later than that of PAN, and d[PAA]/dt represent the upper limit of PAN loss rate
for the reason that the thermal degradation of PAN produceg&nd the lower limit of PAA formation rate, respectively.
CH3C(0)00, which will subsequently react with HQo When the NO/N@concentration ratio was approaching zero
form PAA. To better understand the correlation between PAN(09:50-10:30LT), the loss rate of PAN and the formation
and PAA, the loss rate of PAN and formation rate of PAA rate of PAA were comparable. When NO/M&0.05 and
were examined, using the same data on 24 July as an exaniHO2]>20 pptv (10:30-11:00LT), the loss rate of PAN was
ple. From Reactions (R8)—(R11), rate laws for the destruc-nearly ten times higher than the formation rate of PAA, sug-
tion of PAN and the formation of PAA are given by: gesting that under low NO/N£concentration ratio, the PAA

formation is an important pathway to remove §2{O)0O0,
_ din[PAN] _ _ kaok11[NO] + kgk11[HO> ] ; thus accelerating the thermal degradation rate of PAN. When
dt kg[HOz-]+ko[NO2] +k10[NO] 0.05<NO/NO, <0.2 and [HQ]>90 pptv (11:00-12:00 LT),
d[PAA] kek11[HO5 - ][PAN] the formation rate pf PAA was ten time_s lower than the
dt ~ ks[HO21+ko[NOZ] +k1o[NOJ’ loss rate of PAN. It indicates that a certain amount of,HO
will compete for CHC(O)OO0 with NQ,, suppressing the re-
where [HQ:], [NO], [NO>], and [PAN] are ambient con- production of PAN and leading to an enhanced PAA level.
centrations, kg=4.3x10~13exp (1040/T) cm molecule’  When NO/NQ >0.2, the loss rate of PAN was several or-
s, ko=1.2x10711x(T/300)%° cm® molecule! s1,  ders of magnitude higher than the formation rate of PAA,
k10=7.8x10"12 exp (300/T) cm molecule! s™1, and  eventhough the H9concentration remained a high level and
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Fig. 9. Hourly averaged scatter plots of PAA vsp®h and PAA
vs. MHP at Mazhuang in July 2007.
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Fig. 10. Diurnal variations of PAA, HO,, MHP, and primary pol-
lutants at Mazhuang on 6 July 2007.

of H2O, was potentially different from those of MHP and
PAA at Mazhuang site. Figure 10 depicts the hourly aver-
aged concentrations of PAA,J8, and MHP, together with
simultaneously measured concentrations of primary pollu-
tants on 6 July at Mazhuang site. The most striking fea-
ture is that HO, diurnal cycle was out of phase with MHP
and PAA. Its concentrations were extremely low, even under
detection limit, during 07:00-10:00 LT and 17:00-19:00 LT,
but remained a high level during 03:00-06:00 LT and 21:00—
23:00LT. The most possible reason for the low concentra-
tions of O, in the daytime was the air mass fluctuation,

accordingly, the contribution of PAN thermal degradation to which resulted in an increase of primary pollutants and a de-
the PAA formation was considered to be minor. In conclu- crease of secondary pollutants in air. In addition, the removal

sion, we suggest that under low NO/Bl€oncentration ratio
conditions, the reaction between pi@d CHC(O)OO0 will

of HoO, by SO should be considered because they exhibited
a strong anti-correlation during 17:00-19:00 LT. The fraction

be significant, producing an enhanced level of PAA, which of H,O, undergoing the aqueous reaction with.S&as cal-
will correspondingly have feedback on the thermal decom-culated to be negligible when there was no rain or fog. We

position of PAN.

3.3.3 PAA-H,O,—MHP relationship

suggest that the oxidation of S(IV) initiated by®, on the
surface of aqueous aerosols may provide evidence to explain
this inverse correlation, because the surface reaction may be
more important and more ubiquitous than the reaction in the

As shown in Fig. 3, PAA generally presented the same di-bulk of wet aerosols, especially for the rapid reactions (Chen

urnal profile as both b, and MHP in a sunlit day, in-

et al., 2008; Zhang et al., 2009). The elevatedDblat night

dicative of a similar photochemical formation mechanism of can be probably ascribed to its particular sources. First, it
these three peroxides. However, the linear regression fohas been proved that the ozonolysis of alkenes contributes to
data in July 2007 at Mazhuang, see Fig. 9, shows that thehe production of HO, at night (Becker et al., 1990; &b
positive correlation between PAA and MHP was strongeret al., 1995; Grossmann et al., 2003pliér, 2009). During
than that between PAA andB,, suggesting that the budget 03:00—06:00 LT, @ dropped down to several ppbv, while a
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peak of BHO, occurred simultaneously. Since the elevation PAA kinetics included —&A— PAA kinetics excluded

of H,O, and G levels are usually observed synchronously o6 scenario1 scenario2 scenario3
when convective or regional-scale transport of the air mass Pl L b
affects the local gas concentrations (Balasubramanian etal. & °*|
1997; Takami et al., 2003), this@, peak can be attributed & o2
to the local ozonolysis production. Second, several previ- |
ous studies have reported the subsidence@zrom aloft 12
where chemical production occurs at night (Takami et al., = #
2003; Ganzeveld, et al., 2006). The elevated level gD

during 21:00-23:00LT can be explained by the downward
transport of HO, from upper atmosphere, although more ev- 0
idence should be needed.

56

HO, (PPt

28

3.4 Implication on free radical chemistry

CH.CO, (pptv)

PAA can be considered as the reservoir of radicals. If PAA ° 00:00  12:00 2400 0000  12:00 2400 0000  12:00  24:00
undergoes photochemical reactions, the radicals will be re- time (h)

leased, but if PAA undergoes the dry/wet deposition, it will
certainly become a sink of radicals. Here we present a pre

liminary evaluation with respect to the influence of PAA on ! . - )
(scenario 1 represents the base case simulation; scenario 2 repre-

the radical budggt using a bPX modell with CBM'I\_/ meqha— sents the simulation with 20% NQemission decreased; scenario 3
nism. The following two versions are implemented: Version- 1o nresents the simulation with 50% N@mission decreased).

1 (including PAA kinetics) and Version-2 (excluding PAA ki-

netics). The initial VOCs and NQCconcentrations input were

representative of average concentrations in early morning ifjs no sufficient NQ to sustain the HQ—NOy cycling. As
Beijing-2006. The simulation was carried out on a 24-h basissych, a significant amount of GB(O)OO and HG will be

and we chose the period from 24 h to 48 h for analysis. Theremoved due to the formation of PAA, leading to the termina-
modeling results in terms of the OH, H@nd CHC(O)OO  tjon of these radicals. The comparison between Version 1 and
concentrations are shown in Fig. 11. There are three sceyersion 2 indicates that PAA is potentially an important sink
narios constrained by NCemissions: Scenario 1 (base case of CH;C(0)OO under low NQ condition. To calculate the
Simulation), Scenario 2 (Simulation with 20% N@®mission fraction of Cl—bC(O)OO undergoing PAA formation pathway

Fig. 11. The box model simulation of concentrations of free radicals
before and after the PAA kinetics added to the CBM-IV mechanism

decreased), and Scenario 3 (simulation with 50% N@is-  in different regions, a more detailed mechanism constrained
sion decreased). Apparently, when PAA kinetics was appliedyy the observed concentrations of various species is needed.
to the CBM-IV mechanism, both Hand CHC(O0)OO con- Very recently, the organic peroxy radicals and peroxides

centrations simulated would decrease correspondingly, angdre found to be important intermediate species for explain-
the extent of these two radicals undergoing PAA formationing the OH radical missing source (Lelieveld et al., 2008)
pathway depends on the N@vel. Take the Scenario 3as an znd the observed formation of organic aerosols (Paulot et al.,
example, PAA accounted for up tel0% and~20% homo-  2009). Therefore, we think that the knowledge on PAA and
geneous loss of Hgand CHC(O)OO0, respectively, indicat-  other organic peroxides, in regard to their concentration, for-
ing that PAA is an important sink of Hoand CHC(O)OO  mation mechanism and role in the cycle of free radicals and

under low NQ condition. In particular, the impact of PAA  the formation of secondary aerosols in the atmosphere is ur-
on CHC(0)OO0 is much more evident than HO gently needed.

It is well known that the oxidation of VOCs by OH
initiates radical cycling via HQ (=OH+HO,) and NG
(=NO+NQy) chemistry in the troposphere (Emmerson etal.,4 Conclusions
2007; Lelieveld et al., 2008; Sheehy et al., 2008; Dusanter et
al., 2009; Hofzumahaus et al., 2009). Particularly speaking Atmospheric PAA at both urban and rural sites of China
the photo-chemical oxidation of some specific VOCs gener-were measured during the following five campaigns, namely,
ates CHC(0O)OO0, which can either react with N@o form Beijing-2006, Beijing-2007, Beijing-2008, Backgarden-
PAN, or react with NO and N@to form CH;O radicals in 2006, and Mazhuang-2007. PAA was often present in the
the polluted atmosphere (Tyndall et al., 2001). ThesOH order of several tens of pptv level, with a maximum value
radical reacts with oxygen to produce bihich will read-  of ~1 ppbv. Meteorological and chemical parameters in re-
ily react with NO to generate recycled OH. However, in re- lated to PAA are analyzed using the Principal Factor Anal-
gions where NQ levels are low, the fraction of GIC(0)OO  ysis (PFA) method, indicating that its concentration will in-
undergoing the above pathway will decrease because thererease with enhancing temperature and total radiation, but
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decrease with enhancing $ONO, NO,, and relative hu- Barth, M., Kim, S.-W., Skamarock, W., Stuart, W., Picker-
midity. The importance of various VOCs in terms of PAA  ing, K. E., and Ott, L.: Simulations of the redistribution of
formation potential is ranked using the maximum incremen- formaldehyde, formic acid, and peroxides in the 10 July 1996
tal reactivity (MIR) method, and the result shows that the Stratospheric-tropospheric experiment: radiation, aerosols, and
acetyl-containing compounds, including dialkylbenzene, tri- 0Z0n€ deep convection storm, J. Geophys. Res., 112, D13310,
alkylbenzene, isoprene, alkenes, and acetaldehyde, are in%— doi:10.1029/2006JD008046, 2007. ) .

A ecker, K.-H., Brockmann, K. J., and Bechara, J.: Production of hy-
portant prepursprs Qf PAA. The contr!butlon of .PAN .to the drogen peroxide in forest air by reaction of ozone with terpenes,
PAA_formatlon is estimated on the basis qf chenjlcgl kinetics. Nature, 346, 256-258, 1990.

We find that when the NO/Nfconcentration ratio is lower  carter, w. P, L. and Atkinson, R.: Computer modeling studies of
than 0.2, PAN is an important contributor to PAA and the for-  incremental hydrocarbon reactivity, Environ. Sci. Technol., 23,
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under low NQ level conditions, PAA can be regarded to an Davies, D. M. and Deary, M. E.: Determination of.perac!ds in the'
important sink of acetyl peroxy radicals. We suggest that the presence of a large excess of hydrogen peroxide using a rapid

, . . and convenient spectrophotometric method, Analyst, 113, 1477—
PAA scheme should be considered in the current chemical 1479. 1988. P P ¥

mechanism due to its impact on the [@nd RQ budget  pggge, M. C.: Chemical oxidant mechanisms for air quality mod-
and the study for PAA kinetics constitutes important tasks in  eling: critical review, Atmos. Environ., 34, 2103-2130, 2000.
gaining insight into the free radical chemistry and the forma-Dusanter, S., Vimal, D., Stevens, P. S., Volkamer, R., Molina, L.
tion of secondary aerosols. T., Baker, A., Meinardi, S., Blake, D., Sheehy, P., Merten, A.,
Zhang, R., Zheng, J., Fortner, E. C., Junkermann, W., Dubey,

AcknowledgementsThe authors gratefully thank the National M., Rahn, T., Eichinger, B., Lewandowski, P., Prue_ger, J., and
Natural Science Foundation of China (grants 40875072 and Holder, H.: Measurements of OH and H@oncentrations dur-
20677002), and the Project of Development Plan of the State Key ing the MCMA'2006 field campaign — Part 2: Model comparison
Fundamental Research of MOST of China (grant 2005CB422203), and radical budget, Atmos. Chem. Phys., 9, 66556675, 2009,
for their financial support. The authors would like to thank _ NtP://www.atmos-chem-phys.net/9/6655/2009/

L. M. Zeng group and M. Hu group (Peking University) for their Effkemann, S., Brod_sgagrd, S., Mortensen, P, L'nde‘ S'_'A" gnd
03, SOy, NO, and CO data and meteorological data; J. B. Zhang Karst, U.: Dete.rmllnatllon of.gas pha;e peroxyacetlc acid using
group (Peking University) for PAN data; S. J. Fan group (Sun pre-column derivatization with organic sulfide reagents and lig-
Yet-sen University) for meteorological data; Y. Kondo group uid chromatography, J. Chromatogr. A., 855(2), 551-561, 1999'
(Research Center for Advanced Science and Technology, th&mmerson, K. M., Carslaw, N., Carslaw, D. C., Lee, J. D., McFig-
University of Tokyo) for NQ data; and A. Hofzumahaus group ~ 92nS: G., Bloss, W. J., Gravestock, T., Heard, D. E., Hopkins, J.,

(Institute tir Chemie and Dynamic der Geosph Il: Troposphre, Ingham, T, Eilling, M. ‘]_" Smith_, S. C.,_Jacob, M., and Monks, P.
Forschungszentruniilich) for HO, data. S.: Free radical modelling studies during the UK TORCH Cam-

paign in Summer 2003, Atmos. Chem. Phys., 7, 167-181, 2007,
Edited by: L. Carpenter http://www.atmos-chem-phys.net/7/167/2Q07/ _

Faust, B. C., Powell, K., Rao, C. J., and Anastasio, C.: Aqueous-
phase photolysis of biacetyl, and a source of acetic acid, perox-
yacetic acid, hydrogen peroxide, and the highly oxidizing per-

References oxyacetyl radical in aqueous aerosols, fogs, and clouds, Atmos.
. Environ., 31, 497-510, 1997.
Acker, K., Kezele, N., Klasinc, L., Kller, D., Pehnec, GSorgo, Fels, M. and Junkermann, W.: Occurrence of organic peroxides in

G., Wieprecht, W., anduzul, S.: Atmospheric HO, measure- air at a mountain site, Geophys. Res. Lett., 21, 793—-796, 1993.
ment and modeling campaign during summer 2004 in Zagreb Finlayson-Pitts, B. J. and Pitts, J. N.: Chemistry of the Upper and
Croatia, Atmos. Environ., 42, 2530-2542, 2008. Lower Atmosphere, Academic Press, New York, 2000.

Atkinson, R., Baulch, D. L., Cox, R. A., Hampson Jr., R. F., Kerr, J. Frey, M. M., Stewart, R. W., McConnell, J. R., and Bales, R. C.:
A., Rossl, M. J., and Troe, J.: Evaluated kinetic and photochem-  Atmospheric hydroperoxides in West Antarctica: Links to strato-
ical data for atmospheric chemistry, organic species: supplement spheric ozone and atmospheric oxidation capacity. J. Geophys.
VIl, J. Phys. Chem. Ref. Data, 28, 191-393, 1999. Res., 110, D23301, doi:10.1029/2005JD006110, 2005.

Awad, M. I, Oritani, T., and Ohsaka, T.: Simultaneous potentio- Ganzeveld, L., Valverde-Canossa, J., Moortgat, G. K., and Stein-
metric determination of peracetic acid and hydrogen peroxide, brecher, R.: Evaluation of peroxide exchanges over a coniferous
Anal. Chem., 75(11), 2688—-2693, 2003. forest in a single-column chemistry-climate model, Atmos. Env-

Balasubramanian, R. and Husain, L.: Observation of gas-phase hy- iron. 40, S68—-S80, 2006.

drogen peroxide at an elevated rural site in New York, J. Geo-Gab, S., Turner, W. V., Wolff, S., Becker, K. H., Ruppert, L., and
phys. Res., 102(D17), 21209-21220, 1997.

Atmos. Chem. Phys., 10, 73748 2010 www.atmos-chem-phys.net/10/737/2010/


http://www.atmos-chem-phys.net/8/2255/2008/
http://www.atmos-chem-phys.net/9/6655/2009/
http://www.atmos-chem-phys.net/7/167/2007/

X. Zhang et al.: Peroxyacetic acid in urban and rural atmosphere 747

Brockmann, K. J.: Formation of alkyl and hydroxyalkyl hy- Lind, J. A., Lazrus, A. L., and Kok, G. L.: Aqueous phase oxi-
droperoxides on ozonolysis in water and in air. Atmos. Environ.  dation of sulfur by hydrogen peroxide and methyl hydroeroxide
29, 2401-2407, 1995. and peroxyacetic acid, J. Geophys. Res., 92, 4171-4177, 1987.
Gnauk, T., Rolle, W., and Spindler, G.: Diurnal variations of atmo- Lightfoot, P. D., Cox, R. A., Crowley, J. N., Destriau, M., Hayman,
spheric hydrogen peroxide concentrations in Saxony (Germany), G. D., Jenkin, M. E., Moortgat, G. K., and Zabel, F.: Organic
J. Atmos. Chem., 27, 79-103, 1997. peroxyl radicals: kinetics, spectroscopy, and tropospheric chem-
Grosjean, D.: Ambient PAN and PPN in southern California from istry, Atmos. Environ., 26A, 1805-1961, 1992.
1960 to the SCOS97-NARSTO, Atmos. Environ., 37, S221- Mair, R. D. and Hall, R. T.: Determination of organic peroxides by
S238, 2003. physical, chemical, and colorimetric methods, Organic Peroxides
Grosjean, E., Grosjean, D., Woodhouse, L. F., and Yang, Y. J.: Per- \ol. 2, edited by: Swern, D., Wiley-Interscience, 535-635, 1970.
oxyacetyl nitrate and peroxypropionyl nitrate in Porto Alegre, McFadyen, G. G. and Cape, J. N.: Peroxyacetyl nitrate in eastern
Brazil, Atmos. Environ., 36, 2405-2419, 2002. Scotland, Sci. Tot. Environ., 337, 213-222, 2005.
Grossmann, D., Moortgat, G. K., Kibler, M., Schlomski, S., Moller, D.: The tropospheric ozone problem, Archives of Industrial
Bachmann, K., Alicke, B., Geyer, A., Platt, U., Hammer, Hygiene and Toxicology, 55, 11-23, 2004.
M. U., Vogel, B., Mihelcic, D., Hofzumahaus, A., Holland, Maoller, D.: Atmospheric hydrogen peroxide: evidence for aqueous-
F., and Volz-Thomas, A.: Hydrogen peroxide, organic perox- phase formation from an historic perspective and a one-year mea-
ides, carbonyl compounds, and organic acids measured at Pab- surement campaign, Atmos. Environ., 43, 5923-5936, 2009.
stthum during BERLIOZ, J. Geophys. Res., 108(D4), 8250, Obermeyer, G., Aschmann, S. M., Atkinson, R., and Arey, J.: Car-
doi:10.1029/2001JD001096, 2003. bonyl atmospheric reaction products of aromatic hydrocarbons
Hecht, G., Hery, M., Hubert, G., and Subra, |.: Simultaneous sam- in ambient air, Atmos. Environ., 43, 3736—3744, 2009.
pling of peroxyacetic acid and hydrogen peroxide in workplace Orlando, J. J., Tyndall, G. S., and Calvert, J. G.: Thermal-
atmospheres, Ann. Occup. Hyg., 48(8), 715-721, 2004. decomposition pathways for peroxylacetyl nitrate (PAN) —
Heikes, B. G., Lee, M., Bradshaw, J., and Sandholm, S.: Hydrogen implications for atmospheric methyl nitrate levels, Atmos. En-
peroxide and methylhydroperoxide distributions related to ozone viron., 26, 3111-3118, 1992.
and odd hydrogen over the North Pacific in the fall of 1991, J. Paulot, F., Crounse, J. D., Kjaergaard, H. Girten, A., Clair, J.
Geophys. Res., 101(D1), 1891-1905, 1996. M. St., Seinfeld, J. H., and Wennberg, P. O.: Unexpected epoxide
Hofzumahaus, A., Rohrer, F., Lu, K. D., Bohn, B., Brauers, T., formation in the gas-phase photooxidation of isoprene, Science,
Chang, C.-C., Fuchs, H., Holland, F., Kita, K., Kondo, Y., Li, 325, 730-733, 2009.
X., Lou, S. R., Shao, M., Zeng, L. M., Wahner, A., and Zhang, Pinkernell, U., Effkemann, S., Nitzsche, F., and Karst, U.: Rapid
Y. H.: Amplified trace gas removal in the troposphere, Science, high-performance liquid chromatographic method for the deter-
324, 1702-1704, 2009. mination of peroxyacetic acid, J. Chromatogr. A., 730, 203—-208,
Hua, W., Chen, Z. M., Jie, C. Y., Kondo, Y., Hofzumahaus, A., 1996.
Takegawa, N., Chang, C. C., Lu, K. D., Miyazaki, Y., Kita, K., Reeves, C. E. and Penkett, S. A.: Measurements of peroxides and
Wang, H. L., Zhang, Y. H., and Hu, M.: Atmospheric hydrogen  what they tell us, Chem. Rev., 103, 5199-5218, 2003.
peroxide and organic hydroperoxides during PRIDE-PRD’06, Ren, Y., Ding A. J., Wang, T., Shen, X. H., Guo, J., Zhang, J.
China: their concentration, formation mechanism and contribu- M., Wang, Y., Xu, P. J., Wang, X. F., Gao, J., and Collett Jr.,
tion to secondary aerosols, Atmos. Chem. Phys., 8, 6755-6773, J.L.: Measurement of gas-phase total peroxides at the summit of
2008, Mount Tai in China, Atmos. Environ., 43, 1702-1711, 2009.
http://www.atmos-chem-phys.net/8/6755/2008/ Ruttinger, H.-H. and Radschuweit, A.: Determination of peroxides
Jackson, A. V. and Hewitt, C. N.: Atmospheric hydrogen peroxide by capillary zone electrophoresis with amperometric detection,
and organic hydroperoxides: a review, Environ. Sci. Technol., J. Chromatogr. A., 868, 127-134, 2000.
28(2), 175-228, 1999. Sheehy, P. M., Volkamer, R., Molina, L. T., and Molina, M. J.:
Jenkin, M. E., Saunders, S. M., and Pilling M. J.: The tropospheric Oxidative capacity of the Mexico City atmosphere — Part 2: A
degradation of volatile organic compounds: a protocol for mech- ROy radical cycling perspective, Atmos. Chem. Phys. Discuss.,

anism development, Atmos. Environ., 31, 81-104, 1997. 8, 5359-5412, 2008,
Johnson, R. M. and Siddiqi, I. W.: The determination of organic  http://www.atmos-chem-phys-discuss.net/8/5359/2008/
peroxides, Pergamon, NewYork, 119 pp., 1970. Staffelbach, T. A., Orlando, J. J., Tyndall, G. S., and Calvert, J.
Jolliffe, I. T.: Principal component analysis, Springer, New York,  G.: The UV-visible absorption spectrum and photolysis quan-
2002. tum yields of methylglyoxal, J. Geophys. Res., 100(D7), 14189—

Keller, B. K., Wojcik, M. D., and Fletcher, T. R.: A directly- 14198, 1995.
dissociative stepwise reaction mechanism for gas-phase peroxStockwell, W. R.: The effect of gas-phase chemistry on aqueous-
yacetic acid, J. Photochem. Photobio. A., 195, 10-22, 2008. phase sulphur dioxide oxidation rate, J. Atmos. Chem., 19, 317—
Lee, M., Heikes, B. G., and O’Sullivan, D. W.: Hydrogen peroxide 329, 1994.
and organic hydroperoxide in the troposphere: a review, Atmos.Takami, A., Shiratori, N., Yonekura, H., and Hatakeyama, S.: Mea-
Environ., 34, 3475-3494, 1992. surement of hydroperoxides and ozone in Oku-Nikko area, At-
Lelieveld, J., Butler, T. M., Crowley, J. N., Dillon, T. J., Fischer, mos. Envrion., 37, 3861-3872, 2003.
H., Ganzeveld, L., Harder, H., Lawrence, M. G., Martinez, M., Tseng, K. H., Wang, J. L., Cheng, M. T., and Tsuang, B. J.: As-
Taraborrelli, D., and Williams, J.: Atmospheric oxidation capac-  sessing the relationship between air mass age and summer ozone
ity sustained by a tropical forest, Nature, 452, 737-740, 2008. episodes based on photochemical indices, Aerosol Air Qual.

www.atmos-chem-phys.net/10/737/2010/ Atmos. Chem. Phys., 1074872010


http://www.atmos-chem-phys.net/8/6755/2008/
http://www.atmos-chem-phys-discuss.net/8/5359/2008/

748 X. Zhang et al.: Peroxyacetic acid in urban and rural atmosphere

Res., 9(2), 149-171, 2009. Wesley, M. L.: Parameterization of surface resistances to gaseous

Tyndall, G. S., Cox, R. A, Granier, C., Lesclaus, R., Moortgat, dry deposition in regional scale numerical models, Atmos. Envi-
G. K., Pilling, M. J., Ravishankara, A. R., and Wallington, T. ron., 23, 1293-1304, 1989.

J.: Atmospheric chemistry of small organic peroxy radicals, J. Xie, X., Shao, M., Liu, Y., Lu, S. H., Chang, C. C., and Chen, Z. M.:
Geophys. Res., 106(D11), 12157-12182, 2001. Estimate of initial isoprene contribution to ozone formation po-

Volkamer, R., Sheehy, P. M., Molina, L. T., and Molina, M. J.: Ox- tential in Beijing, China, Atmos. Environ., 42, 6000-6010, 2008.
idative capacity of the Mexico City atmosphere — Part 1: A rad- Xu, J. R. and Chen, Z. M.: Determination of peroxides in envi-
ical source perspective, Atmos. Chem. Phys. Discuss., 7, 5365— ronmental samples by high performance liquid chromatography
5412, 2007, with fluorescence detection, Chinese J. Chromatogr., 23, 366—
http://www.atmos-chem-phys-discuss.net/7/5365/2007/ 369, 2005.

Walcek, C. J.: A theoretical estimated og@nd H,O, dry de- Yang, Y. J., Stockwell, W. R., and Milford, J. B.: Uncertainties in
position over Northeastern United States, Atmos. Environ., 21, incremental reactivities of volatile organic compounds, Environ.
2649-2659, 1987. Sci. Technol., 29, 1336-1345, 1995.

Walker, S. J., Evans, M. J., Jackson, A. V., Steinbacher, M., Zell-Zhang, X., Chen Z. M., Wang, H. L., He, S. Z., and Huang, D. M.:
weger, C., and McQuaid, J. B.: Processes controlling the concen- An important pathway for ozonolysis of alpha-pinene and beta-
tration of hydroperoxides at Jungfraujoch Observatory, Switzer- pinene in aqueous phase and its implications, Atmos. Environ.,
land, Atmos. Chem. Phys., 6, 5525-5536, 2006, 43, 4465-4471, 2009.
http://www.atmos-chem-phys.net/6/5525/2006/

Wang, B. and Zhang, J. B.: Monitoring and analysis of PAN and
PPN in the air of Beijing during the Summer of 2005, Environ-
mental Science in Chinese, 28(7), 1621-1626, 2007.

Atmos. Chem. Phys., 10, 73748 2010 www.atmos-chem-phys.net/10/737/2010/


http://www.atmos-chem-phys-discuss.net/7/5365/2007/
http://www.atmos-chem-phys.net/6/5525/2006/

