Atmos. Chem. Phys., 11, 114161429 2011 iy —* -

www.atmos-chem-phys.net/11/11415/2011/ Atmospherlc
doi:10.5194/acp-11-11415-2011 Chemlstry
© Author(s) 2011. CC Attribution 3.0 License. and Physics

Mass-spectrometric identification of primary biological particle
markers and application to pristine submicron aerosol
measurements in Amazonia

J. Schneidet, F. Freutel!, S. R. Zorn!2, Q. Cher?, D. K. Farmer?, J. L. JimeneZ, S. T. Martin2, P. Artaxo®,
A. WiedensohleP, and S. Borrmannt®

Iparticle Chemistry Department, Max Planck Institute for Chemistry, Mainz, Germany

2School of Engineering and Applied Sciences and Department of Earth and Planetary Sciences, Harvard University,
Cambridge, MA, USA

3Dept. of Chem. & Biochem. & CIRES, University of Colorado, Boulder, CO, USA

4Applied Physics Department, Institute of Physics, Universityad 8aulo, Brazil

SLeibniz Institute for Tropospheric Research, Leipzig, Germany

6Institute for Atmospheric Physics, Johannes Gutenberg University Mainz, Germany

Received: 31 May 2011 — Published in Atmos. Chem. Phys. Discuss.: 5 July 2011
Revised: 21 October 2011 — Accepted: 6 November 2011 — Published: 17 November 2011

Abstract. The detection of primary biological material in 1 Introduction

submicron aerosol by means of thermal desorption/electron

impact ionization aerosol mass spectrometry was investiPrimary biological aerosol particles (PBAP) are suggested
gated. Mass spectra of amino acids, carbohydrates, smalb play an important role in atmospheric aerosol processes
peptides, and proteins, all of which are key building blocksand cloud formation (Jaenicke, 2005; Jaenicke et al., 2007;
of biological particles, were recorded in laboratory experi- Mohler et al., 2007; Deguillaume et al., 2008; Spracklen et
ments. Several characteristic marker fragments were idential., 2010). Average number fractions of about 30 % have
fied. The intensity of the marker signals relative to the to- been reported even in the fine mode aerosol, for aerody-
tal organic mass spectrum allows for an estimation of thenamic particle diametersi{er) between 400nm and 1 um
content of primary biological material in ambient organic (Matthias-Maser and Jaenicke, 1995). Primary biological
aerosol. The developed method was applied to mass speg@articles in the submicron fraction are expected to be mainly
tra recorded during AMAZE-08, a field campaign conducted bacteria or viruses, e.g. Hinds (1999). Bacteria are typically
in the pristine rainforest of the central Amazon Basin, Brazil, rod-shaped, about 1-3um long and 0.3-0.5 pm wide (Mor-
during the wet season of February and March 2008. The lowis et al., 2004). Size distribution measurements tighhdr
abundance of identified marker fragments places upper limitgt al. (2008) using mobility and aerodynamic particle sizing
of 7.5 % for amino acids and 5.6 % for carbohydrates on thehave shown that a large fraction of such airborne bacteria
contribution of primary biological aerosol particles (PBAP) is found in the submicron mode. Pollen and fungal spores
to the submicron organic aerosol mass concentration duringre generally larger than 1 um (Jones and Harrison, 2004,
this time period. Upper limits for the absolute submicron Elbert et al., 2007; Huffman et al., 2010), although pollen
concentrations for both compound classes range from 0.01 tfragments are also present in the submicron range (Taylor et
0.1 pg n3. Carbohydrates and proteins (composed of amincal., 2002, 2004). Furthermore, vegetative detritus has been
acids) make up for about two thirds of the dry mass of a bio-reported as a constituent of PBAP (Rogge et al., 1993), but
logical cell. Thus, our findings suggest an upper limit for the this contribution is considered to be minor in the submicron
PBAP mass fraction of about 20 % to the submicron organicfraction. The dry mass of a typical bacterial cell contains
aerosol measured in Amazonia during AMAZE-08. about 55 % proteins and amino acids, 24 % nucleic acids,
10 % carbohydrates, 7 % lipids, and 5 % inorganic minerals
and trace elements (Watson et al., 2007). Mammal cells con-
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higher amounts of lipids (19 %) (Munk, 2000). The varia- the pristine rainforest of the central Amazon Basin is only
tion found in pollen composition is larger: the dry mass of slightly influenced by anthropogenic emissions, especially in
pollen contains between 10 and 40 % proteins and 13-55 %he wet season.
carbohydrates (Campos et al., 2008). Viruses contain only Laser-ablation single-particle aerosol mass spectrometry
proteins and nucleic acids (Beyer and Walter, 1988). Sincehas been used in the past to identify PBAP. Czerwieniec et
proteins are composed of large chains of amino acids, on aval. (2005) identified fragments of amino acids like glycine,
erage amino acids and carbohydrates contribute about 60 tproline, valine, threonine, leucine, isoleucine, histidine, and
80 % to the dry mass of a biological cell. phenylalanine in positive ion mass spectra from cells and
Although it has been demonstrated in laboratory experi-spores ofBacillus atrophaeus Fergenson et al. (2004) de-
ments (Diehl et al., 2001, 2002; von Blohn et al., 2005; lan-tected glutamic acid in negative ion mass spectragfillus
none et al., 2011) and field studies (Pratt et al., 2009) thaatrophaeusand Bacillus thuringiensis Furthermore, phos-
PBAP can act as efficient ice nuclei (IN), model studies in- phorus was identified in negative ion mass spectra, suggest-
dicate that on a global scale PBAP account for less than onéng its use as a well-suited marker for bioaerosol because
percent of the global IN fraction, while dust80%) and  phosphates occur in endospore nucleic acids, adenosine di-
soot dominate the IN (Hoose et al., 2010). In regions that areand triphosphates, and cell membranes (Fergenson et al.,
only to a small degree influenced by mineral dust and anthro2004). Russell et al. (2004) studied the behavior of small
pogenic emissions, PBAP are expected to be of higher imporpeptides composed of glycine, arginine, and tyrosine and
tance. One such region is the Amazonian rainforest (Prennivere able to explain the observed peaks by fragmentation
et al., 2009). Submicron PBAP would contribute signifi- of the amino acid molecules. Another widely used type of
cantly to the amount of IN because such small particles areaerosol mass spectrometer (Aerodyne Aerosol Mass Spec-
efficiently transported to higher altitudes where temperaturedrometer, AMS) (Canagaratna et al., 2007) is based on ther-
are low enough to allow for ice formation. Another impor- mal desorption and electron ionization (El), but so far it has
tant effect is that PBAP for certain meteorological conditions not been applied systematically to biological material. Al-
can take up enough water to act as “giant” cloud condensathough electron ionization produces different fragmentation
tion nuclei. Such “giant” CCN generate larger drops that fall patterns than laser ablation, there are still many similarities
faster than drops formed from smaller CCN, thereby facili- in the spectra of organic species from both techniques (Silva
tating coalescence and warm rain formationdfier et al.,  and Prather, 2000). Identification of amino acids and amino
2007). They may also limit the potential supersaturation andacid fragments from peptides has been demonstrated using
thus cloud activation of smaller particles by enhanced watelEl (Spiteller (1966), and references therein). Thus, we ex-
depletion. Furthermore, PBAP play a significant role (aboutpect to be able to identify marker fragments from laboratory
13 %) in the deposition of phosphorus on a global scale (Ma-measurements of amino acids and to apply those markers to
howald et al., 2008; Spracklen et al., 2010). PBAP in Ama-ambient aerosol data. Yttri et al. (2007) demonstrated that
zonia are reviewed in Martin et al. (2010b). sugars, including fructose, glucose, sucrose, and trehalose, as
The Amazonian Aerosol Characterization Experimentwell as sugar alcohols, such as arabitol, inositol, and manni-
2008 (AMAZE-08) field campaign (Martin et al., 2010a) was tol, may represent important constituents of the water-soluble
conducted in the wet season from February to March 2008 irorganic carbon fraction in the ambient aerosol and can be
the Amazonian rainforest, Brazil. The objective of AMAZE- useful as tracers for PBAP. Therefore, we also investigated
08 was to improve our understanding of aerosol sources andarbohydrates as possible marker fragments for PBAP.
aerosol-cloud interactions in the pristine Amazonian rainfor- This work describes a method to detect PBAP in the am-
est. One of the research foci was the assessment of the cobient atmosphere by using marker fragments for amino acids
tribution of PBAP to the total aerosol, both in number frac- and carbohydrates. In the laboratory, mass spectra of par-
tion and mass fraction. The ability of PBAP to act as ice ticles produced from a selection of amino acids, carbohy-
nuclei in the Amazonian rainforest during AMAZE-08 has drates (sugars), peptides, and proteins were recorded, and
been shown by Prenni et al. (2009), with observed IN num-marker fragments for PBAP were identified. We introduce
ber concentrations on the order of 1-2 per liter. They re-a scaling factor that allows for estimation of the quantita-
port that at temperatures abov@5°C, biological particles tive contribution of PBAP to ambient organic aerosol. The
seem to dominate IN by number. Further measurements pemethod is applied to ambient data recorded in Amazonia dur-
formed during AMAZE-08 using the UV-APS (Ultra-Violet ing AMAZE-08.
Aerodynamic Particle Sizer) technique show that PBAP are
frequently found in the supermicron size rangégéhl et al.,
2010; Huffman et al., 2011). Similar findings have been re-
ported from the Cooperative LBA Airborne Regional Exper-
iment (CLAIRE-2001) experiments (Graham et al., 2003a,
b). Nevertheless, it could be possible that also the fraction of
PBAP in the submicron size range is of importance, because
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Table 1. Amino acids analyzed in the laboratory.

Substance Formula Structure Molecular
weight (g mot 1)
Alaninet C3H7NO, 0 89.10
HQCW)LOH
NH,
Cysteiné C3H7NO,S 0 121.16
NH,
Glutamic acid  CsHgNO4 0 0 147.13
NH,
Glycine® CoHs5NO, o 75.07
o
NH,
Leucine® CeH13NO» o 131.18
HacMOH
CH; NH,
Proline! CsHgNO» DQHKOH 115.13
Nl
H (o]
Tryptophart C11H12N205 e 204.23
OH
/ | NH;
N
H
Valinel CsH11NOo CH; 0 117.15
NH,
Glutathioné C1oH17N306S o o SH o 307.33
(tripeptide)
HO NH NH\)kOH
NH, o]
Manufacturer Roth,2 Sigma Aldrich,3 Acros Organics? Merck, ® Fluka; Purity:> 97 %.
2 Measurements ization. They differ only in the type of mass spectrometer:

The HR-ToF-AMS provides a higher mass resolving power

2.1 Experimental identification of marker fragments in mlAm (in “V-mode” typically 2000 atm/z100 compared to
laboratory measurements the C-ToF-AMS that has/Am of about 800 aim/z100 (De-

Carlo et al., 2006)). While most compounds were measured
The laboratory measurements were performed at the Maxsing the C-ToF-AMS, the HR-ToF-AMS was used for the
Planck Institute for Chemistry (MPIC), Mainz (Freutel, measurements of glutathione and levoglucosan.
2009). Typical constituents found in biological cells (amino A list of investigated amino acids is provided in Table 1.
acids, peptides, proteins, and carbohydrates) were analyzeefom the 20 proteinogenic amino acids (Beyer and Wal-
by aerosol mass spectrometry. The compounds were individter, 1988; Munk, 2000), we selected glycine as the sim-
ually dissolved in demineralized water and nebulized with anplest amino acid, three amino acids (alanine, valine, leucine)
atomizer (TSI 3075). The particles were dried by diffusion, with aliphatic side chains as another important category of
size selected by a Differential Mobility Analyzer (DMA; compounds, as well as other compounds representing addi-
Grimm 5.5-900 or TSI 3080), and introduced into a time- tional classes: one sulfur-containing amino acid (cysteine),
of-flight aerosol mass spectrometer (Aerodyne Inc., compacbne with an aliphatic side chain and a second carboxyl group
C-ToF-AMS (Drewnick et al., 2005), or high-resolution HR- (glutamic acid), one aromatic amino acid (tryptophane), and
ToF-AMS (DeCarlo et al., 2006)). Both instruments operateproline, whose amino group is part of an aliphatic ring. Glu-
with thermal desorption at 60C€ and electron impact ion- tathione, a tripeptide composed of glutamic acid, cysteine,
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Table 2. Carbohydrates investigated in the laboratory.

Substance Formula Structure Molecular
weight (g mot 1)
Glucosé CgH1206 oK 180.16
oH
OH
OH
OH
Glycogert <(CgH1005)n oH 108-10
OH 0
R\o OH
(o}
R\o OH OH ©
© OH
Ro OH e o OH o/R
OH OH » OH
Levoglucosa  CgH10Os 0 162.14

MannitoP® CeH1406 /\j\/oi/ 182.17
OoH
HO _

Saccharose  CioH29011 o i 342.30

Manufacturerd Roth,? Fluka,3 Alfa Aesar.

and glycine, was used as an example of a small peptideand the particle phase, as is usually done by applying a
In addition to the compounds listed in Table 1, insulin (51 fragmentation table (Allan et al., 2004) in the standard
amino acids, molecular weight MW 4700 gmot?) andca-  AMS analysis software (SQUIRREL v1.49, PIKA v1.08,
sein (169-209 amino acids, M#19 000—25 000 g mot") see http://cires.colorado.edu/jimenez-group/wiki/index.php/
were selected as examples for proteins. ToF-AMS_Analysis Softwareand DeCarlo et al., 2006). The
The five carbohydrates that were investigated are listed irmass spectra represent averages over several minutes, corre-
Table 2. We selected a monosaccharide (glucose), a disasponding to a number of sampled particles in the order of
charide (saccharose, composed of glucose and fructose), arid’.
a polysaccharide (glycogen) composed of up to 50000 glu- Certain marker fragments for the compound classes amino
cose units. As an example, we selected mannitol as a sugacids and carbohydrates were identified. These markers are
alcohol, which is a component of fungal spores (Elbert et al.,presented and discussed in Sect. 3.1. The fraction of the
2007). Levoglucosan, an anhydride of glucose, was also inmarker fragments to the total mass spectrum of the examined
vestigated. Levoglucosan is a pyrolysis product of cellulosecompounds has been found to be approximately constant for
and is a commonly used tracer for biomass burning aerosokach compound class and is used in this study as a scaling
(Simoneit et al., 1999; Fraser and Lakshmanan, 2000). factor SF, allowing for a quantification of the fractional con-
For each experiment, a blank gas phase measuremetiibution of the compound class to the total organic aerosol
using a particle filter was recorded. This blank spec-mass.
trum was later subtracted from the recorded mass spec-
trum of each compound to remove signals originating from2.2 Field measurements during AMAZE-08
the gas phase. This method avoids any uncertainties that
can arise from ion fragmentation and attribution of theseThe field measurements were performed between 7 Febru-
fragments to the various components of the gas phasary and 14 March 2008 during AMAZE-08 (Martin et al.,
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2010a). The principal measurement site of AMAZE-08 was 12 T
tower TT34 (0235.673S, 06012.557W, 110ma.s.l.). It 227 Organics, standad lens
was located in the central Amazon Basin, 60km NNW of _ *°7— gﬂ%?:eiésﬁihﬁghrﬂ's?ﬁéri sl rs,
downtown Manaus and 40 km from the metropolis margins. . os e LN
The aerosol was sampled through an inlet with a 7.7 um cut- 05 /
off at the top of the tower at a height of 38 m. The sample ' \
line was designed to provide laminar flow conditions and the = 04 \
temperature of the flow was kept at 32 down to the con- ’ / 4

dM/dlog(d, ), g m

0.2 ‘

. . . . . : A WAV
tainer to avoid condensation in the pipe below the canopy. On Ly/ §f.\:‘\
top of the measurement container, the sampled air was dried %031 T T ¢ ¢} L A

100 1000

to 30—40 % relative humidity using an automatic regenera-

tive dryer (Tuch et al., 2009) and then distributed to various

mstruments inside the air-conditioned Contalner_. For a Com'Fig. 1. Size distributions measured during AMAZE-08 by the two

plete overVIeV\{ of the measured parameters during AMAZE'CO-Iocated HR-ToF-AMS instruments @Bchl et al., 2010). The

08 the readgr is referred to Martin et al. (2010a). _ Harvard AMS used the standard lens, the MPIC AMS used a proto-
The ambient data reported here were recorded with anype of the “high pressure lens”. The “high pressure lens” provided

Aerodyne HR-ToF-AMS that was operated in V-mode (De- slightly higher transmission for particle size$00 nmdysa.

Carlo et al., 2006). It was equipped with the first prototype

of a high pressure inlet lens designed to transmit larger parti- . )

cles compared to the standard aerodynamic lens of the AMgiribution of the respective marker peak to the respective cu-

which has a 50 % cutoff at 640 nik), (vacuum aerodynamic Mulative peak was inferred. The fraction of only this portion

diameter) as reported by Liu et al. (2007). Characterizatior©f the cumulative peak to the total organic aerosol signal was

only partly successful, since the 50 % cutoff at about 800 nmPeaks to the total organic aerosol was calculated with 12h

dvawas only slightly larger than that of the standard lens.  time resolution. For application to ambient data, it has to be
Comparative measurements with a co-located HR-ToF-considered that other compounds might also contribute to the

AMS (operated by Harvard) (Chen et al., 2009) show thatmarker fragments, thus background values have to be sub-

the data recorded by both instruments agreed to about 10 % ifacted, in case such background values are available. Using

the overlap region (Fig. 1, aftetBchl et al., 2010). The high the respective scaling factors derived from the laboratory re-

pressure lens had slightly more transmission at larger particl§ults and appropriate background values for the marker frag-

diameters £500 nmdyz) but a lower transmission for parti- Ments, the data can be converted into fractions of the organic

cles smaller than 260 nay,. This difference led to a lower Mass concentration as follows:

reported total submicron aerosql mass by the MPIC '”?trUTractionz SFcIassZ( fie fibackgroumjl 1)

ment compared to the Harvard instrument because a higher ;

fraction of aerosol mass resided between 100-300 nm than

between 500-1000 nm. The objective of the measurement\évhere Skiass Is the scaling factor for the two compound

using the high pressure inlet system was to detect primary biglasses (amino acids and carbohydrates; see Fig. 3 and

ological material that is usually expected to be found at IargerseCt' 3.1); denotes the respective/z f; is the ratio of the

particle sizes. Thus, for the present analysis the lower tran:sr—QSPGCt_'Ve mar"erbgf}(gg"ﬁ,ﬂt signal intensity to thg total _Or'
mission for smaller particles is not an issue. The (slightly) 9&nic signal, and/; ~represents the respective ratio
higher transmission for larger particles increases the probalf®m other sources contributing to the marker fragments.
bility to detect PBAP.

The AMS data were analyzed using the standard AMS3  Reasults
analysis software (SQUIRREL v1.49, PIKA v1.08). Specific
details of the data evaluation are listed in the Supplement. 3.1 |dentified marker fragments

In order to evaluate the high-resolution mass spectra that
are needed to identify the exact marker peaks, the mass spe8-1.1 Amino acids and glutathione
tra were averaged over 12 h (06:00-18:00 and 18:00-06:00,
local time). This averaging was necessary to sufficiently re-The mass spectra of the examined amino acids and of the
duce the noise of the signal to allow for high-resolution peaktripeptide glutathione (Table 1) are displayed in Fig. 2. The
fitting. The chosen time intervals also allow for a day to night observedn/zcan be explained by fragmentation of molecu-
differentiation. The cumulative peaks as identified from the lar sub-structures. The most important fragmentation mech-
laboratory data (Sect. 3.1) were fitted by a selection of ex-anism is the loss of the COOH group (nominalz45, exact
actm/zthat contribute most likely to the cumulative peak, M/z44.997), leading to a dominant signalratz= M — 45,
including the respective marker peak. Thus, the relative conwhereM is the molar mass of the original molecule.

Vacuum aerodynamic diameter, nm
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Fig. 2. Laboratory mass spectra from amino acid particles. The signals of identified marker fragmeB8& &nd 42) are highlighted in red.

Certain identified fragments are labeled.

Glycine, as the simplest amino acidfd@sNO>), shows a

nate from decomposition of the molecule itself but also from

very clear fragmentation pattern. The carboxyl group COOHmolecular water present in the particles due to incomplete
is lost from the molecule or molecular ion, leading to the drying.

CHN™ ion atm/z30. The molecular ion signah(/z75) is
also visible. Additional observed ions are g‘,ms is typical
of carboxylic acid detection in the AMS (e.g. Duplissy et al.
2011), and HO* (m/z44 and 18). The KO* ion can origi-

Atmos. Chem. Phys., 11, 114161429 2011

For alanine (MW =89.10 g mol'), the loss of the COOH

group mainly leads to §HgN™. This fragment has the
' same nominal mass to charge ratio asz+C@amerm/z44.
Additionally, a pronounced signal am/z 42 (GH4N™) is

www.atmos-chem-phys.net/11/11415/2011/
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well as the fragments ah/z30 andm/z 42 that have been

. observed in the mass spectra of the other amino acids (see

2 above).

014 % % % The most frequently detected fragmeWit COOH is not

suitable as a general marker fragment of amino acids be-

cause it is at a differenh/zfor each individual amino acid.

The frequently occurring signal at/z 74, though possibly

suitable for the identification of single amino acids, is not

applicable to oligomeric peptides and proteins because after

the formation of a peptide bond tme/z 74 fragment is not

to be expected any more. The nitrogen containing fragments
compound CH4NT (m/z30.0344) and gH4NT (m/z42.0344) are the

most common characteristic marker fragments 48H was
Fig. 3. Fraction of marker signalsr{/z30 and 42 for amino acids  a|so found to be a characteristic fragment in the mass spec-
and glutathionem/z60, 61, and 73 for carbohydrates) in the mass .5 of peptides and amino acids, as obtained by laser abla-

spectra for the investigated amino acids, the tripeptide glutathionqion mass spectrometry (Russell et al., 2004). The fragment
and the carbohydrates. Solid line: mean values (left: amino acidsm/256 (GsHeN*) has been observed .(’)nl forllar er amino
and glutathione without glycine and tryptophan, right: carbohy- 8Te y g

drates), shaded areas: standard deviation. acids and is therefore not well suited as a general marker for
amino acids. The fraction of the marker fragments;8H
and GH4N™ to the total mass spectrum of each of the exam-
0ined amino acids is shown in Fig. 3. This fraction was found

observed. Valine and leucine, the other two investigate b . | ¢ fh
aliphatic amino acids, have more complex mass spectra, witttn0 € approximately constant (0.083.020) for most of the

signals originating from the fragmentsf-COOH (m/z 72 investigated molecules. The inverse of this fraction is used
and 86, respectively) ant-COOH-CH, (m/z56 and 70). in the present study as ascalir!g faptoa.&ﬁo Glycine and.
The mass spectra of both compounds also show a signal gfyptophan were not included n this average. For glycine,
m/z74 (CHNH,COOH'), which results from the loss of the the I_OSS of the COOH group yields _the ol lon.. The
aliphatic side chain. The signalsrafz39, 41, and 43 can be fraction of m/z30 therefore is much higher for glycine than
explained by the loss of CHNiand GH3NH; from the M- for other amino acids. Since the large fractionno®z 30 is

COOH fragments an/z72 and 86, forming §J—|§r (miz43), a feature expected pnly for glycine, including_ glycine here
CSHEL (M/239) and QHg (m/z41). Other pronounced ions would likely overestimate Shino. Tryptophan is a hetero-

are CHN* (m/z30) and GHaN* (m/z42). Similar frag- aromatic amino acid with stable ring structures, inhibiting

further fragmentation. Therefore, the fraction of the used

- + + )
ments ({-COOH, CHN™, CoHaN™, and CHN&CO_OHF.) marker fragments is significantly lower than for the other in-
are observed in the mass spectrum of glutamic acid, with ad-

ditional signals am/z56 (GHgN+) andm/z84 (M-H,O- yesng_ated amino aC|d_s. We assume her.e that the six _other
COOH). investigated amino acids are representative for the majority

. . . . of the 20 proteinogenic amino acids. This assumption is jus-
The amino group in the proline molecule is part of an

: o . . X tified, because glycine is the only amino acid where the loss
aliphatic ring, leading to a stable ion with/z70 (GHsN™) of COOH leads tan/z 30, and there is only one additional
after loss of the COOH group. Further pronounced signal ’

hetero-aromatic proteinogenic amino acid similar to trypto-
are found aim/z41 (CgHg“ or C;H3N™, not resolved by the b 9 yp

phan, namely histidine (Beyer and Walter, 1988).
_ToF- + +
C-ToF-AMS),m/z42 (GHaN™), andm/z30 (CHN™). As an example for a small peptide (an oligomer of a lim-

Tryptophan, as an example for an amino acid with an aro+teq number of amino acids), glutathione (a tripeptide con-
matic side chain, shows a different fragmentation pattemsisting of glutamic acid, cysteine, and glycine) was ana-
Here, rther tham1-COOH giving the most prominent sig- lyzed (Fig. 2i). The most prominent signals argz 84
nal (at highm/2, M-COOH-CHNH forms as a very stable (c,H,NO™), which is formed by loss of the glutamic acid
ion atm/z130 (GHgN ™, see Fig. 2h). Further fragmentation gjge chain and a COOH group, leading to a stable ring struc-
of this double ring leads to the phenyl |on64€|§, m/z77) ture; m/z 76 (GHgNS', the M-COOH fragment of cys-
or the styrene-like cation @H;“ m/z103). Additional large teine), m/z56 (CsHgN+), m/z 18, andm/z44. The above
signals atm/z18 (H;O") andm/z44 (CQ}) are observed, identified marker fragment®/z30 and 42 are also found in
while the signals am/z30 (CHuNT) andm/z42 (G;HsNT)  the glutathione spectrum, with a similar fraction as for most
are small. investigated amino acids.

Cysteine, a sulfur-containing amino acid, forms the frag-
ments M-COOH (m/z 76) and CHNHCOOH' (m/z 74).

Additionally, signals due to sulfur-containing fragments (e.g.
CoHSt, m/z57; GH3ST, m/z59) can be found (Fig. 2e), as

fraction of marker signals

0.01

Alanine
Cysteine
Glutamic acid
Glycine
Leucine
Proline
Tryptophan
Valine
Glutathione
Glucose
Mannitol
Saccharose
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m/z 72 (Valine - COOH)
m/z 86 (Leucine - COOH)
m/z 110 (Histidine - COOH)
m/z 120 (Phenylalanine - COOH)

The mass spectra of the two investigated proteins (insulin
and casein) are displayed in Fig. 4. Insulin, which is not
soluble in pure water, was dissolved in diluted hydrochlo-
ric acid. The two corresponding signals froni%&I* and
H37CI*+ are marked in grey. Insulin, a smaller protein, also 4
shows amino acid fragments that can be identifiedvas

COOH. For examplem/z136 can be identified as the frag-
mentM-COOH from tyrosine (MW = 181 g moft), m/z120 10
from phenylalanine (MW = 165 g mot), m/z110 from histi-
dine (MW =155 g mot1), m/z86 from leucinem/z72 from
valine, andm/z 70 from proline. Tyrosine, phenylalanine,
and histidine are aromatic amino acids and thus their frag-
ments M-COOH are expected to be very stable. Further- =~ 10*
more, the nitrogen-containing fragments that were also iden-

0.1

_~m/z 136 (Tyrosine - COOH)

3.1.2 Proteins o
m/zSS(CHO or C;HsN")

m/zss(CHo or C3HsN')
| m/z 70 (Proline - COOH)

m/z 70 (Proline - COOH)
| m/z 91 (C;H,)

Relative Intensity

0.01 —H

Relative Intensity
=
5]
1

tified in many amino acid mass spectra/¢56, GHgN™; 107 = : i i

m/z42, GH4N*T; andm/z30, CHyN) can be detected, al- iz

though in a smaller fraction of the total organic mass spec-

trum (about 0.03) compared to the pure amino acids. Fig. 4. Mass spectra of the two proteins investigated. The identi-

The mass spectrum of casein, a larger protein with a mofied marker signals for amino acid1{z30 and 42) are highlighted
lar mass in the range of 19 000—25 000 g mdk dominated (red). Selected identified fragments are labeled. Insulin was dis-
by a large Cq peak atm/z44. A sodium hydroxide solu- solved in HCI, the corresponding signats/¢36 and 38) are marked
tion was added to dissolve the casein in water, which may in- In grey.
crease the amount of (;'.Oneasured via formation of sodium
carbonate. However, this was corrected for in a blank mea-
surement of a neat sodium hydroxide solution. Thus, the highTyPical signals were found for the sequencgHg, 1CO",
signal atm/z44 may indicate strong thermal decomposition With n =0-2 (CHO", m/z29; G:H30", m/z43; GsHsO™,
of the molecule and possibly also oxidation of the fragmentsm/Z 57), as well as am/z44 (with similar contributions by
in the vaporization process of the mass spectrometer (DlesclpO and GH40™). These fragments are commonly found
2008). Apart from this dominant signal a/z44, some less N AMS mass spectra of oxygenated organic compounds,
intense signals were identified that were also detected in thdMiting their usefulness as markers for carbohydrates (De-
amino acid mass spectra and/or in the mass spectrum of ifcarlo et al., 2006; Kroll et al., 2009; Sun et al., 2009). Bet-
sulin. For example, the signal a/z70 can be identified as ter suited as marker fragments appear to be the ion frag-
the M-COOH fragment of proline, which is highly abundant Ments GH40; (m/z60.0211), GHsO; (m/z61.029), and
in casein. The fragment ai/z91 (G;H) was also detected CsHsO; (m/z73.029). Saccharose and glycogen (the disac-
in insulin, though not in any of the investigated amino acids. charide and the polysaccharide) show a prominent signal at
Casein contains only a relatively small amount of aromatic™/285 (C4Hs0O3 ), and the sugar alcohol mannitol shows a
amino acids, and this fact might explain the low number of characteristic signal a/z56 (GH4O™). The ions atn/z60
signals at highem/z as compared to insulin. Again, the and 73 have been widely used previously as marker frag-
marker fragments an/z42 andm/z30 are detected. Their ments for biomass-burning particles (Schneider et al., 2006;
fraction of the total organic signal (without the high'z44  Alfarra etal., 2007; Lee et al., 2010), mainly because of the
signal) is about 0.089, thus very similar to the value foundrelease of levoglucosan and related molecules during pyrol-
for the pure amino acids of 0.0850.020 (see above). ysis of cellulose (Simoneit et al., 1999; Fraser and Laksh-
Although these results indicate that certain amino acidmanan, 2000). Secondary organic material and fatty acids
fragments can be found also in the mass spectra of proteind/S0 form fragments an/z60 and 73 (Mohr et al., 2009).
measured with the AMS, the complete evaporation of prO_Thus for an arbitrary mass spectrum, attribution of these
teins within the AMS and their full quantification by the use fragments as markers for biomass burning, secondary or-

of two amino acid marker fragments still has to be verified. 9anic material, or PBA particles cannot be uniquely deter-
mined. Nevertheless, the values inferred herein for the ambi-

3.1.3 Carbohydrates ent spectra can be regarded as upper limits for PBAP carbo-
hydrates.

Glucose, saccharose, mannitol, levoglucosan, and glycogen To obtain a scaling factor for the quantification, we used

were analyzed as examples for carbohydrates and their anhynly glucose, saccharose, and mannitol because levoglu-

drides (Table 2). The mass spectra are displayed in Fig. 5cosan is a primary tracer for biomass burning (see above).
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Fig. 5. Mass spectra of the carbohydrates investigated in the laboratory. The identified marker sigr@ls 61, and 73) are highlighted in
red.

The large polymer glycogen was found to be less volatiletwo mass spectrometers. The AMAZE-08 values are similar
on the AMS vaporizer than the mono- and disaccharidesto the chemical composition of the fine modido< 2 um)

The mean fraction of the common marker fragment&60, of CLAIRE-2001, an earlier campaign in the Amazon Basin.
m/z61, andm/z73) to the total mass spectrum of these threeln CLAIRE-2001, 81 % organics and 16 % sulfate were re-
compounds was 0.0850.034 (mean and standard devia- ported for the non-refractory species composition, excluding
tion, Fig. 3). The inverse of this fraction is used as a scalingblack carbon and soil dust (Graham et al., 2003a). A detailed
factor Skarbohydrate analysis of the organic fraction measured during AMAZE-08
with the co-located AMS in high-resolution mode has been
presented by Chen et al. (2009). Their results show that local
production of biogenic secondary organic aerosol dominated

the submicron organic mass concentration during times with

The time series of non-refractory submicron particle massI ifate t ic ratios. During i ith a hiah I
concentrations measured with the MPIC HR-ToF-AMS dur- .0 SUllate to organic ratios. buring imes with a higher sul-
fate fraction, the influence of air masses arriving from out of

ing the AMAZE-08 campaign is shown in Fig. 6. Approxi- he A Basin i q d th ic fracti
mately 72 % of the detected non-refractory submicron par-t € Amazon basin Increased, an the organic fraction was
ticle mass was composed of organic matter, while aboutfounOI to be more oxidized.

26 % was composed of ammonium and sulfate. Nitrate and After averaging the high-resolution mass spectra over 12 h
chloride were found to be negligible. Slight differences (06:00-18:00 and 18:00-06:00, local time), the following ion
to the values reported by Chen et al. (2009) from the co-fragments were fitted to the cumulative marker peaks that
located HR-ToF-AMS (Harvard) during AMAZE-08 can be were identified in Sect. 3.1m/z30: NO™, CH,OT, CHyN ™,
explained by the different inlet transmission functions of the CoH.; m/z42: GH,O1, CoHaNT, CaHYE: m/z60: CSO',

3.2 Results from the AMAZE-08 field campaign

www.atmos-chem-phys.net/11/11415/2011/ Atmos. Chem. Phys., 11, 1M¥73-2011
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Pl Lo L L L with the exception of two pronounced peaks on 28 February

@ _ 35
g 30 o 20| orgamcs and 5 March. On average, the upper limit of the amino acid
g2 s | — Ammorium|_ fraction is 7.5 = 2.3) % (mean and standard deviation) of the
= jrate, 1.0 — Chlorid . i ;
g 15 M e total submicron organic mass concentration.
5 1.0 + .. . .
5 05 b |,J ll h‘“ “mh 1|u \ MV The upper limit of the carbohydrate fraction (Fig. 8b) at
: °‘°*f‘ﬁ*ﬁ'*’*fr‘ﬂ—*'"*‘*1‘***#'-W'ﬂ'*'f’!‘r*fﬂ"f%f e times shows a diel pattern, with higher values during night
08.02.2008 15.02.2008 22.02.2008 29.02.2008 07.03.2008 14.03.2008 . . . .
Date and time (Local Time) time, though this pattern is not consistent over the whole

time series. However, the relative maximum values are al-
Fig. 6. Time series of non-refractory submicron particulate massways found during night time. This would agree with EI-
concentrations during AMAZE-08 measured by the AMS operatingbert et al. (2007) who report larger concentrations of man-
with the high pressure lens. Approximately 72 % of the detectednitol due to fungal emissions during night time in Amazo-
aerosol mass was composed of organic matter, while ammoniunija. Another possibility would be the diel SOA pattern as
sulfate contributed about 26 %. Nitrate and chloride were found toghgwn by Chen et al. (2009), such that the PBAP fraction
be negligible. Measurement periods that were possibly influenceanreases relative to the total organic aerosol mass. How-

by chal emission sources Ilke_vehlcle exhaust, Fhe exhaust of th%ver, in this case also the amino acids should show the same
on-site power generator, or regional anthropogenically polluted out-

flow from Manaus arriving at the sampling tower were excluded diel pattern Wh!Ch .they do not. The upper limit of the car-
(Martin et al., 2010a). bohydrate fraction is 5.6 1.1) % (mean value and standard

deviation). Separated into day and night, we obtain a mean

daytime value of 5.3£ 1.0) % and a mean nighttime value of
C;-' CoH4OF, C3HgOt: m/z61: GH,CIt, CsH, CoHsO1 : g; #*1.2) %,_tihomng that t_here |stn0dsta(';|s(,jt|calli/_ S|gglf![t::nt
andm/z73: CsH+, CaHsOZ, CaHoSi+, CaHgO*F. Examples ifference within the one-sigma standard deviation between

of the peak fitting are shown in Fig. 7. day and night. . _

Figure 8 shows the upper limits of the amino acid and car- 1€ feo value in the present study is 0-005-4)-0(?42-
bohydrate fractions to the submicron organic aerosol. Thes€omparing with the background value fgfs > re-
data were calculated using (1), with the results of the peakported by Cubison et al. (2011), 0.063.0006, our value
fitting to the 12-h averaged mass spectra (Fig. S1) and th@lso implies that the fraction of fresh biomass burning
respective scaling factors from the laboratory data, as deaerosol to the submicron organic aerosol is low to negligi-
scribed in Sects. 2.2 and 3.1. Equation (1) includes the optiole, as discussed in Chen et al. (2009).
to subtract a background value that accounts for contribu- During most of the time, the upper limit fractions of both
tions to the respective marker from other sources. Such othesimino acids and carbohydrates are within the shaded one-
sources can be, e.g. biomass burning, which contributes tgigma standard deviation area of the mean value in Fig. 8.
a significant fraction tan/z60. In a recent study, Cubison However, the upper panel of Fig. 8 reveals that on 5 March
et al. (2011) observed a background value fé°§°k9r°””d a markedly higher upper limit fraction of amino acids was
of about 0.003-0.0006 for urban areas without biomass observed. This increase was not accompanied by an increase
burning influence. Additionally, secondary organic aerosolof the carbohydrate marker. The high resolution signals at
(SOA) may contribute to the marker ions as well. Cham-m/z30 and 42 are displayed in Fig. S2 in the Supplement,
ber results showed values fgfo.61+73 Of 0.004 and for ~ showing that the marker fragments g™ and GH4N*
fa0442 Of 0.002 for SOA produced by the photooxidation of are clearly enhanced during this 12 h time period. The unit
isoprene, the ozonolysis af-pinene, and the ozonolysis of mass resolution spectrum does not show significant differ-
B-caryophyllene, all at low NQconcentration (Chen, 2011). ences from the mass spectra during the previous or the fol-
However, it is not clear if the same background values can béowing time periods. This event coincides with heavy rain
applied to ambient air in a tropical rainforest. Another pos-during the afternoon (around 15:00 LT) of 5 March. It may
sible source for nitrogen-containing organic ions are aminede that the observed increase of amino acid markers is related
which have been observed by AMS in urban studies (Aiken etto increased PBAP emissions triggered by the rain event.
al., 2009; Huffman et al., 2009; Sun et al., 2009). According However, in this case also an increase of the carbohydrate
to these studies amines produce the ionic fragmesitg R+ markers would be expected. Enhanced wash-out of water
(m/z58) and GH1oN*+ (m/z86), but also further fragmenta- soluble organic material (like carbohydrates or aged SOA)
tion to CHyN* is conceivable. Again, a background value is unlikely, because the total organic mass concentration did
of amines for a tropical rainforest is not known. Therefore, not decrease during the rain event. Additionally we cannot
in the present study no background subtraction was appliediule out that the heavy rain event contaminated the sampling
such that the reported values represent upper limits for thén some way. Thus, the reason for the high fraction of the
individual compound classes and therefore also for PBAP. amino acid markers on this day remains unresolved.

The time trend of the upper limit of the amino acid fraction ~ The upper limits of the absolute mass concentration of
(Fig. 8a) shows no diel pattern and remains rather constanthe marker compounds are shown in the lowest panel of
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Fig. 8, along with the mass concentration of the total sub-
micron organic matter. Both the upper limit concentra-
tions of amino acids and carbohydrates range from 0.01 to
0.1ugnt3. The mean values and standard deviations are
0.029+0.021 pgn3 and 0.022+ 0.016 ugnr for amino
acids and carbohydrates, respectively. The fine mode con-
centrations of sugars, sugar alcohols, and anhydrosugars
(including levoglucosan) measured during CLAIRE-2001
(~0.07 ug nT3) are on the same order of magnitude though
slightly higher (Graham et al., 2003b). The explanation may
be that Graham et al. analyzed Pdand therefore observed
higher concentrations. Amino acids and proteins were not
analyzed during CLAIRE-2001.

From the measurements of amino acids and carbohydrates
we can estimate the total contribution of PBAP to the submi-
cron aerosol. As stated above, literature values on the per-
centage of proteins in PBAP range between 10 and 70 %, on
that of carbohydrates between 8 and 55 %. Although thisis a
wide range, it can be assumed that on average amino acids (in
the form of proteins) and carbohydrates together account for
about two third of a biological cell. Thus we can estimate that
the sum of the inferred amino acid and carbohydrate percent-
ages (7.5% + 5.6 % 13 %) corresponds to an upper limit of
the total contribution of PBAP to the submicron organic mass
concentration of about 20 % for the AMAZE-08 data. The
gncertainties included in this upper limit include the probable

7.5%, carbohydrates 5.6 %. Lower panel: absolute concentration@VErestimation of amino acids and carbohydrates because no

of amino acids (upper limits), carbohydrates (upper limits) and total@PPlicable background value is available, the possible con-
organics (in raw time resolution and as 12 h mean values).

www.atmos-chem-phys.net/11/11415/2011/

tribution of free amino acids (which are thought to originate
from PBAP as well, Matsumoto and Uematsu, 2005), the un-
certainties in the derived scaling factors, and the large vari-
ability in the composition of biological cells.
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4 Summary and conclusions Jaenicke, 1995; Jaenicke et al., 2007). It is expected that
PBAP are mostly found in the upper size range of the submi-

We presented a method to estimate the mass fraction of pricron aerosol. Airborne bacteria are in the size range around

mary biological aerosol particles in ambient organic aerosol700 nm (Mbhler et al., 2007). Thus, a number fraction of

from aerosol mass spectrometer data. In laboratory studie0 % would imply a mass fraction much higher than 20 %.

we identified a set of distinct marker fragments for amino Taking into account the results of this study as well as the

acids and for carbohydrates as marker compounds for priresults from Graham et al. (2003a, b) and Yitri et al. (2007),

mary biological aerosol particles. Marker fragments foundwhich all at least for the sugars and sugar alcohols show very

for amino acids were CkN*t (m/z30) and GH4N™ (m/z42)  Jittle contribution to the total organic mass in BM| it can

and for carbohydrates were;8405 (m/z 60), GHsO™  pe concluded that such high number fractions of up to 30 %

(m/z61), and @H5O§r (m/z73). Evaluation of these marker in the submicron size range may be found occasionally but

fragments in ambient data allowed for quantitative determi-are not representative.

nation of upper limits for the concentration of these com-

pounds. For carbohydrates, a caution is that carbohydrat&upplementary material related to this

anhydrides may also originate in part from biomass burning.article is available online at:

especially levoglucosan, though for AMAZE-08 in particu- http://www.atmos-chem-phys.net/11/11415/2011/

lar these sources could be ruled out. Some of the markeacp-11-11415-2011-supplement.pdf

ions, such asn/z60 and 73, may also have contributions

from other species, such as secondary organic material. Alsg\cknowledgementsWe would like to thank the complete AMAZE-
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