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Abstract. Systematic laboratory experiments were per-1 Introduction
formed to investigate quantification of various species with

two versions of the Aerodyne Aerosol Mass Spectrometer, M S ) . hod to i
a Quadrupole Aerosol Mass Spectrometer (Q-AMS) and \erosol Mass pectromgtry IS a promising method to Inves-
tigate the size and chemical composition of aerosol particles

compact Time-of-Flight Aerosol Mass Spectrometer (c-ToF- i qi i 4 Prather. 1999-
AMS). Here we present a new method to continuously deter>"'N€ and in rea time (Suess an rather, 999; Cana-
2007). In recent years it was shown that

mine the detection limits of the AMS analyzers during regu- gharziina gt aI.,A M S he initial
lar measurements, yielding detection linfitL() information the Aerodyne Aerosol Mass Spectrometers — the initial ver-

under various measurement conditions. Minimum detectior™ °" the Quadrupole Aerosol Mass S_petrome_ter (Q-AMS),
limits range from 0.03.,g m~2 (nitrate, sulfate, and chloride) as well as the recently developed T|me-of-FI|g.h't Aerosol
up to 0.5:gm-3 (organics) for the Q-AMS. Those of the Mass Spectrometer (ToF-AMS) — have the capability of mea-
c-ToF-AMS are found between 0.0p3 m~3 (nitrate, sul- ~ S4MN9 aerosol properties like size distributions and chemi-
fate) and 0.03:g M3 (ammonium, organics). ThBL val- cal composition quantitatively and with high time resolution

ues found for the c-ToF-AMS were 10 times lower than (-9 Allan et al., 2003a; Drewnick et al., 2005; Hings et

those of the Q-AMS, mainly due to differences in ion duty aI.,.2007). For quantitative instruments it is crucial to know
their detection limits, i.e. the minimum detectable absolute

cycle. Effects causing an increase of the detection limits of h subst der i tigati d
include long-term instrument contamination, measuremenf!Mount for €ach substance under investigation and parame-

of high aerosol mass concentrations and short-term instruters Po_ss'b'y influencing these values. Until now, the d_etec-
on limits of the Aerodyne AMS have only been determined

ment history. The self-cleaning processes which reduce th(? ial diti i il
instrument background after measurement of large aeros pr one special measurement condition via filter measure-

concentrations as well as the influences of increased instrLfpents during field campaigns or have been estimated from

ment background on mass concentration measurements at%n counting statistics. Allan et al. (2003a and b) were the

discussed. Finally, improvement of detection limits by exten—_IrSt Wh(_) e_shmatec! Q'AMS dgtecﬂon I!m|ts using ion count-
sion of averaging time intervals, selected or reduced ion mon!Ng statistics considerations; Bahreini et al. (2003a), Allan

itoring, and variation of particle-to-background measurementgt al. (2_00§a), Zhan% et al._ (2?_05_) and ialcedo et arl{ (2006)
ratio are investigated. etermined Q-AMS detection limits as three times the stan-

dard deviation of the mass recorded during measurements
of filtered air during various field campaigns. Takegawa et
al. (2005) also determined Q-AMS detection limits for ni-
trate, sulfate, ammonium and organics via filter measure-
ments and compared them to the detection limits obtained
using the procedures described in (Allan et al., 2003a and
b). DeCarlo et al. (2006) compared detection limits of Q-

Correspondence td¥. Drewnick AMS, c-ToF-AMS and HR-ToF-AMS extracted from filter
BY (drewnick@mpch-mainz.mpg.de) measurements. However, no systematic investigation of the
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Fig. 1. Schematic diagrams of Q-AMS and ToF-AMS.

Q- and ToF-AMS detection limits, their dependency on mea-ion counting statistics consideratiorBL(s;a) Similar to the

surement conditions and other factors, and approaches to r@rocedure described by (Allan et al., 2003a and b). Finally,

duce the detection limits have been reported so far. approaches to improve the instruments’ detection limits were
In this paper we present a new method to determine AMSnvestigated and discussed. These include extension of aver-

detection limits from regular aerosol measurements withouttding times, changes of aerosol-to-background measurement

the need to measure filtered air. This method for the firsttime ratio, and the reduction of numbermfzthat are used

time provides the possibility to continuously determine de-for mass concentration calculations.

tection limits and therefore to investigate the influence of the

measurement conditions on these values. Systematic labo-

ratory measurements of the detection limiid_} of the an- 2 Experimental

alyzers (i.e. the whole analytical system in the AMS from

the particle vaporizer to the detector) of both a Q- and a c-2.1 AMS instrument description

ToF-AMS are presented for a broad variety of measurement

conditions. Not only the minimum detection limits of ni- A detailed description of the Q-AMS is given in (Jayne et

trate, sulfate, ammonium, chloride and organics were deteral., 2000; Jimenez et al., 2003), and of the c-ToF-AMS in

mined during measurements of filtered air, but also effectgDrewnick et al., 2005). Here only a brief description of the

that increase the detection limits were investigated. Theséwo instruments will be given. Both instruments (Fig. 1) have

effects include the measurement of high concentrations ofin identical vacuum system with an aerosol sampling cham-

aerosol species, long-term instrument contamination (timeber, a particle sizing chamber, a particle evaporation and ion-

scale: days to weeks) as well as short-term instrument hisization chamber, and a detection chamber, however their ion

tory (time scale: up to tens of seconds). Here especially thanalysis technique is different: the Q-AMS uses a Balzers

self-cleaning processes of the instrument and the influencénow: Pfeiffer) quadrupole mass spectrometer (QMG 422),

of increased background concentrations on mass concentravhereas the ToF-AMS uses a compact Tofwerk orthogonal

tion measurements are discussed in detail. Measured deteextraction time-of-flight mass spectrometer (TOFMS, e.g.

tion limits are compared to detection limits determined by Steiner et al., 2001). In this manuscript we use “Q-AMS”
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and “ToF-AMS” always when we want to denote specifically signal from the surrounding air (Airbeam) only. In the Q-
one of these instrument types. If the statements are true foAMS a complete mass spectrum is typically scanned over a
both types of Aerodyne AMS we use the acronym “AMS”. mass range oin/z1-300 within 300 ms, with only onm/z

The aerosol is introduced into the AMS through a criti- being detected at any given time, while in the ToF-AMS a
cal orifice (10Qum and 13Qum diameter in the ToF-AMS  whole mass spectrum is typically acquired every$avith
and the Q-AMS used in this study, respectively) and an aeroevery extraction pulse of the orthogonal extractor.
dynamic lens assembly (Zhang et al., 2002; Zhang et al., For the conversion of the measured AMS mass spectra into
2004). The critical orifice limits the inlet flow into the in- mass concentrations of various species first the signal inten-
strument to a nominal flow rate of 1.4 ésr! (ToF-AMS) sity corresponding to every singta/zin the spectrum (i.e.
and 2.0crs™! (Q-AMS). The aerodynamic lens focuses the unit resolution spectrum) is derived from the raw mass
aerosol particles in the size range 50-600 nm with an efspectrum. This procedure involves determination of the av-
ficiency of almost 100% into a narrow beam. Below and erage signal intensity in the center of the peak (Q-AMS, Al-
above this size range the transmission efficiency of the inletan et al., 2003b) or integration of the total peak area (ToF-
system decreases and reaches negligible values below 30 nAMS, Drewnick et al., 2005). The vaporization and 70 eV
and above approximately 1.6n. After passing the sampling electron impact ionization of a certain chemical species in
chamber, the aerosol is directed through a skimmer into théhe AMS leads to a specific numbermfzpeaks in the mass
particle sizing chamber, while most of the surrounding gas isspectrum, with a characteristic fragmentation pattern for that
pumped away. At the front end of the particle sizing chamberspecies. The sum of all signal intensities atralzthat cor-
the particle beam can be modulated by a mechanical choppeespond to a specific species gives the total species signal in-
for particle size measurements (not discussed here) or contensity/;. Application of the algorithm described in (Allan et
pletely blocked for instrument background measurements. al., 2004) corrects for the fact that somézcontain interfer-

After passing another aperture the particle beam traveldng signals from several species in the calculation of species
through the evaporation and ionization chamber, where it im-mass concentrations. This is identical for both, Q-AMS and
pacts onto the vaporizer, a conical porous tungsten surfacéoF-AMS, since the fragmentation of the various species is
typically heated up to a temperature in the order of°@00 only a result of the vaporization and 70 eV ionization pro-
Upon impaction onto this surface the non-refractory aerosokcess. The mass concentrationof a chemical species(in
components flash-vaporize and the resulting vapor moleculegg of particulate mass perhof air) can be calculated from
are ionized by electron impacEE70 eV). The positive ions  the species signal intensities after Eq. (6) from Jimenez et
are guided into the detection chamber which contains theal. (2003a), including the species collection efficie@y:
mass spectrometer.

In the Q-AMS the ions are continuously guided into the C, = ! . 2 b . MWho,
quadrupole mass spectrometer which selects ions according CE; - RIE; NaQ  IEno,
to their mass-to-charge ratio(2 before their detectionby a  yjith 3 . I;; the total signal intensity of speciessummed
Calibrated electron multlpller In the TOF'AMS the iOI’]S are over a” fragmentsf’ MWN03 the mo'ecular We|ght Of ni_
transferred into the extractor of the time-of-flight mass spec+rate (62 g mot?), 1 Eno, the calibrated ionization and trans-
trometer and accelerated orthogonally to their flight directionmjssion efficiency of nitratelV, Avogadro’s numberQ the
into the flight tube of the mass spectrometer by a pulsed elecyolumetric aerosol flow rate into the instrument, aRtE,
trical field (pulsing frequency-83.3 kHz). the relative ionization efficiency of specigsa factor which

corrects for differences in the ionization efficienci#s)(of

2.2 Instrument operation and calculation of aerosol massyifferent species with respect to the calibratetho, .
concentrations 3

@)

2.3 The general concept of limits of detection and its appli-
In order to measure mass concentrations for non-refractory  cation to AMS measurements

aerosol components the aerosol beam is alternately either

permitted to quantitatively pass the chopper (beam open) oFor a reliable chemical analysis at trace levels it is impor-
completely blocked by the chopper (beam blocked). In thetant to know the smallest concentration or amount of analyte
beam open position of the chopper, mass spectra of the northat can be detected by the analyzer. The problem in gen-
refractory aerosol components for an ensemble of particlegral is to differentiate between responses given by a blank
are recorded together with a fraction of the air surround-and by a sample with a low concentration of the analyte, or
ing the particles and with the instrument background, whilein other words, detecting a weak signal in the presence of
measuring with the beam blocked gives the background sigbackground signal and noise. Measurements are subject to
nal due to residual air and vapor molecules in the ioniza-random errors, which typically produce a normal distributed
tion chamber only. By subtracting it from the mass spectrumerror curve. Therefore the distributions of replicate blank and
measured in the beam open position, one obtains the masample measurements will overlap as the two average sig-
spectrum of the non-refractory aerosol components with anals approach each other in magnitude, and at some point the
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36 F. Drewnick et al.: Aerodyne AMS quantification

chance of mistakenly identifying the analyte as present wherstandard method is not capable of providing information on
it is not or vice versa reaches an unacceptable level. For thithe influence of constant or rapidly changing influences of
reason, the detection limibL) must be defined in statistical measured aerosol concentrations on the detection limits of
terms and is defined as the measured concentration that cdhe various species as investigated in the present work.
be distinguished from the blank signal with a certain statisti- In order to overcome both the disadvantage and the lim-
cal confidence. By convention (e.g. Kellner et al., 2004), it isitations of filter measurement-based determination of detec-
defined as tion limits we developed a new method to continuously deter-
DL = jiy+3- 0, @) mine the AMS detection limits \(vithout the neeq to interrupt
the regular measurements and in agreement with the standard
with u;, the arithmetic mean ang, the standard deviation of definition of detection limits.
a set of blank measurements. For this definition it is assumed As described above, for each single aerosol beam mea-
that the measurement of the analyte concentrati®ridével surement also the background sighals determined during
is sufficiently close to the measurement at zero concentraregular AMS measurements. The aerosol concentrations are
tion (blank), so that the error curves of both measurementextracted from the difference of multiple aerosol beam mea-
are sufficiently well described by the standard deviation ofsurements and background measurements, performed during
the blank measurementg. With the center points of both the same averaging interval. For mass concentration mea-
distributions being three standard deviations apart from eaclsurements near the detection limit the measured signal levels
other the probability for a wrong decision (in either way) is of the aerosol beam measurement and the instrument back-
only 0.3% (under the Gaussian assumption). ground measurement will be very similar to each other, re-
For the AMS the detection limiDLFjer was defined in  sulting in very similar noise levels. Therefore, tbe of
earlier publications as three times the standard deviatioomass concentrations obtained from the AMS can be experi-
orilter Of the measured mass concentration when a particle filmentally determined from the instrument background signal
ter was placed in front of the instrument inlet (e.g. Bahreini etduring regular aerosol measurements from a set of consec-
al., 2003; Takegawa et al., 2005; Zhang et al., 2005; Salcedative measurements under identical conditions and is given
et al., 2006; and DeCarlo et al., 2006): by

D LFilter = 3 - OFilter (3)  DLaus =3-v2-a(lp) 4)

While such blank measurements with the AMS provide re-with o(l,) the standard deviation of the background signal
liable information on the instruments detection limits, they I,. The sqrt(2) in Formula 4 is used to convert the noise
possess significant disadvantages and limitations. The majdevel of the background measurement into the noise level
disadvantage of this method is the fact that such a blank meahat would be obtained when calculating the difference signal
surement needs the collection of filtered air for typically sev- of two signals with similar intensity as the background sig-
eral tens of minutes, resulting in loss of ambient aerosol datanal. TheseDL will be used here to experimentally determine
for this time interval. While during week or month-long mea- AMS detection limits for individual species under various
surement campaigns such interruptions might be acceptableneasurement conditions. Note, that this definition of detec-
such interruptions of regular measurements are typically notion limits provides a lower limit for th®L values since gas
acceptable in situations where measurement time is very prgphase interferences to severalz during the aerosol mea-
cious like during aircraft campaigns. surements, causing increased noise levels are not considered
In addition to loss of measurement time the measurementiere. In addition the quantification uncertainties due to par-
of filtered air over extended time intervals to determine in- ticle counting statistics are not addressed in this approach. A
strument detection limits have a major limitation: they pro- discussion of averaging time limitations imposed by particle
vide DL values only for a certain time interval and for special counting statistics is provided in Bahreini et al. (2003) and
measurement conditions. Since the detection limits generallfpeCarlo et al. (2006).
depend on the instrument background they will change over There are various contributions to the observed variations
time as the background of the instrument changes. For examin the background signal. Limited ion counting statistics due
ple after a fresh pump-down of the instrument the instrumento the small number of ions reaching the detector per unit
background — and consequently the detection limits — willtime at the individuaim/zis one of the major contributions.
decrease over time. During aircraft measurements, when thAdditional variation is produced by the distribution of detec-
pumping of the instrument was started just before the flighttor signal intensities, generated by individual ions reaching
this will result in decreasingpL values over the time of the the detector. Further factors are real fluctuations in back-
measurementDL measurements after the flight will in this ground species concentration, ionization electron flux vari-
case not only cost precious measurement time, but also praations or electronic noise. While the experimental determi-
vide detection limits that are lower than those actually valid nation of theDL according to Eq. (4) accounts for all these
during the flight. In addition to this inadequate representa-contributions, an estimate &L levels can be obtained by
tion of the actual detection limits by filter measurements thisan approach introduced by (Allan et al., 2003a and b) that
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Table 1. Limits of Detection and uncertainties §) of Q-AMS and ToF-AMS, derived from filter measurements (30 s averaging tibie).
are experimentally determined using the new continuous mefbgie; are experimentally determined using the standard method, and
DLstatare estimated from ion counting statistics. In all cases, the detection limits are calculated for 30 s averaging intervals.

DL, ngnr3 DLEilter, ng 3 DLstat ng T3
Species Q-AMS ToF-AMS Q-AMS ToF-AMS Q-AMS ToF-AMS
Nitrate 206t4 3+0. 3 30t4 5+0.7 20 5.6
Sulfate 3a-4 3+0.3 30+8 4+0.4 20 14
Ammonium  14@:20 30+6 20040 40+6 100 60
Chloride 363 20+2 30+7 20+2 40 20
Organics 44850 25+6 500+70 20+3 200 30

only accounts for ion counting statistics and single ion sig-filled with silica gel. For generation of nitrate aerosol a so-
nal intensity distribution. The distribution of the number of lution of ammonium nitrate was used, for the sulfate aerosol
detected ions at an individual/zcan be described by a Pois- ammonium sulfate solution was nebulized. The particle size
son distribution. To account for the influence of the single distribution generated by the atomizer was located in the
ion signal distribution the width of the Poisson distribution 100—300 nm range after drying — in the center of the AMS
is multiplied by a factor ofu=1.2, which was determined sampling size range. A CPC (TSI, Model 3025) was used to
from single-ion measurements with the Q-AMS (Allan et al., monitor the temporal stability of the aerosol concentration.
2003b). In accordance with the standard definition oDhe

(Eg. 2) and with our approach to continuously deterniihe

values (Eqg. 3) we define the detection liBiLsi5 (given in 3 Results and discussion

ions per second) determined from this approach as:

vy
Vis During measurements of filtered air the AMS instrument
background and its variations reach their minimum levels.
with 7, the background (beam closed) signal in iong,s  Therefore the detection limits measured during these exper-
andt, the total time in seconds spent sampling the particulariments are the lowest possible detection limits that can be
m/zchannels associated with this signal. For each individualachieved with the AMS in the present configuration for the
m/zin the Q-AMS, is equal to the time spent measuring applied operation parameters under regular operation condi-
the background signal, divided by the total numbemdt  tions, assuming no long-term contaminations have caused in-
scanned (typically 300) and multiplied by the fraction of the creasedL values.
peak area used to determine signal intensity (0.4); for the Filtered air was measured with both types of AMS over
ToF-AMS 1, is equal to the time spent measuring the back-two hours with averaging intervals of 30s. The data from
ground signal in MS mode times the duty cycle of ion ex- the last 30 min was used to extract the detection limits for the
traction of the TOF-MS (Drewnick et al., 2005). TBgar  individual species, shown in Table 1. The detection limits
obtained from Eq. (4) are given in ions’s They are con-  of the Q-AMS determined from the instrument background
verted into mass concentrations in the same way as the signaheasurements using the new method (Eg. 4) range from 20—
intensities of the raw spectra (Eq. 1). This detection limit is 30 ngnT3 (nitrate, sulfate, and chloride) up to 440 ng#n
similar to the one defined by (Allan et al., 2003a and b). (organics, all signals not associated with any of the other
In order to determine AMS detection limits under var- species or air). Those of the ToF-AMS are found to be
ious measurement conditions three types of measurementsetween 3ngm? (nitrate, sulfate) and 30 ngTi (ammo-
were performed with both instruments: Measurements of fil-nium, organics). The relative uncertaintiess(bf calcu-
tered air (2 h, 30 s averaging); measurements at various coatedDL) are in the order of 10—20% of the measured values.
stant aerosol mass concentrations (0.3, 7, 20, andy303 Generally the lowest detection limits were found for those
nitrate, 4, 20, and 5@g m~3 sulfate; 1h, 30s averaging); species that produce only few fragments with good signal-
and measurements of filtered air directly after the measureto-noise ratios. Species that have fragments/aivith high
ment of high aerosol concentrations (90 and A§0n—2 ni- background contributions from other species (like ammo-
trate, 10Qug m~2 sulfate, and 20@gm~3 organics). The nium with high water- and air-related background signals)
aerosol was generated using a Constant Output Atomizeor species that have contributions at a very large number of
(TSI, Model 3076) and a diffusion dryer (TSI, Model 3062) m/z each with small signal-to-noise ratio (like organics with

3.1 Minimum AMS detection limits

Dlstat=3-v2-Al, =32 -« - (5)
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Table 2. Comparison of detection limits determined for the Q-AMS and ToF-AMS within this study and in the literature; all values are
provided in ng n13. The first value is for the Q-AMS, the second value for the ToF-AMS. All values are scalgelt® min averaging time
assuming a proportionality of the detection limit with 1/sgt(

Citation ts (original) Nitrate Sulfate  Ammonium Chloride  Organics
Allan et al. (2003b) 15min 33/- 82/- —I— - 225/—
Bahreini et al. (2003) 1min 4330/~ 3370/- 6130/— —/- 16 580/—
Takegawa et al. (2005) 1h 220/- 110/~ 2200/- 220/— 3300/—
Zhang et al. (2005) 10 min 45/— 225/— 490/- 45/— 670/—
Salcedo et al. (2005) 10 min 45/— 400/- 490/- 180/- 1800/—
DeCarlo et al. (2006) 1min 45/1.7 225/3.1 495/23 45/5.6 660/27
This study 0.5min 20/3 30/3 140/30 30/20 440/25

more than 200 different/zsignals contributing to the total The same data set was used to calculate the instruments de-
signal), typically have high detection limits. An exception tection limitsDLFjzer Using the standard method and Eq. (3),
from this general behavior is t2l. measured for ToF-AMS  where the mass concentration is extracted from the differ-
chloride (20ngm?3) which generates only four fragments ence of the aerosol beam and the instrument background sig-
at m/z that are typically not affected by large background nals during measurements through the filter. As shown in
values. However, a detailed investigation of this effect hasTable 1 theDLrjer agree well with those obtained with the
shown that the chloride-related/z are affected by a large continuous method that uses only the instrument background
and slowly decreasing background signal, a long-term conmeasurement to determine the instruments detection limits
tamination likely generated by maintenance work on the ion-during regular measurements.
izer of this instrument approximately one week before the The observed differences between the measured ToF-AMS
measurements. A broader discussion of such effects will beand Q-AMSDL can largely be explained by the different ion
given below. transmission duty cycles of the two mass spectrometers, i.e.
An overview over AMS detection limits provided in the the fraction of the measuring time spent measuring a single
literature and from this study is given in Table 2. Gener- m/z as already mentioned by DeCarlo et al. (2006). In the
ally the same relative levels of detection limits are found Q-AMS the complete mass spectrum (30Q) is scanned by
for the individual species with low values for nitrate, sulfate the quadrupole mass spectrometer, using only 0.4 mass units
and chloride and higbL values for ammonium and organ- perm/zfor ion signal determination. The duty cycle of the
ics. However, the absolute levels of the detection limits varychopper is 50% (note that due to dead time after chopper
significantly between the individual measurements. For themovements the actual chopper duty cycle is slightly below
ToF-AMS only DL measurements by DeCarlo et al. (2006) this value, depending on the frequency of the chopper move-
exist in the literature, which (with the exception of chloride, ments). The Q-AMS ion transmission duty cycle is therefore
see above) agree well with those measured in this study. Fogiven by
the Q-AMS similar detection limits to our values are found 0.4
by Allan et al. (2003b) and DeCarlo et al. (2006). Larger DQ-aomMS = 300 50% = 0.067% (6)
values were reported by Zhang et al. (2005) and Salcedo o
et al. (2005) who both measured their detection limits dur- "€ duty cycle of the ToF-MS is limited by the effect of

ing field campaigns in urban environments, where increase@Verfilling of .ions in the orthogonal extractor.(Fig. 1). This
instrument contamination is expected. Much larger detecMeans that ions are lost during the analysis because they

tion limit values than in our measurements were found byCroSS the whole extractor before they_are injected into the
Bahreini et al. (2003) and Takegawa et al. (2005). Bahreini! OF-MS. For the largesn/zmeasured in the spectra (typ-
et al. (2003) determined their detection limits during an air- iC@lly m/z300) the related duty cycle is determined by the
craft campaign, where typically pumping times before the iNStrument geometry anBoverfii=57%. Since the velocity
measurements are very short, resulting in large instrumenf the extractor is proportional to sqm(2 the resulting duty
background values. Takegawa et al. (2005) determined theifYcle form/z28 is 17.4%. For thisn/zthe total ion duty cy-
detection limits for 1-h averaging intervals. These long mea-Cl€, including the chopper duty cycle, is

surement times could have resulted in increased values du@TOF-AMS = 50%: Doverfill = 8.7% (7

to long-term instrument variations, which were further en-

hanced by scaling thBL values to 0.5 min averaging times. Beécause th®L is inversely proportional to the square root
of the sample time; of a m/zand therefore inversely pro-

portional to the square root of the duty cycle ofréz the
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into ~11 times lower detection limits, compared to the Q- “ L
AMS. This difference is smaller for species which frag- o “

ment intom/z<28 (because of the reduced ToF-AMS duty -

cycle) and larger for species which fragment imbdz>28 mg

(because of the higher duty cycle of the ToF-AMS and the = * | ‘ ‘m“ HH H Hm m“” m“H |”|H

contribution by electronic noise in the Q-AMS). If one ac- B A A A A A A A

counts for the larger inlet flow into the Q-AMS used for miz

these measurements (2.0%sn?), compared to the ToF- i s

AMS (1.4cn?s™Y) the expectedL of the Q-AMS are 9 1 b T

times larger than those for the ToF-AMS, exactly the fac-

tor that was observed in the measuft&d of the two instru- ol [

ments. Therefore the observed differences in detection limits ‘ ’ ‘” H ‘ ‘

between the Q- and the ToF-AMS can be largely explained j “||| |||‘| |”||||||| |||‘||||||I||‘| il “||||II||II||I|I||||I||IiIIIIIIII||I|||||IIIi|||||||||||I||||||m|| il

by differences in ion duty cycle of the two mass spectrome- MO0 e 0 a0 200 x0 300

ters.

As mentioned before, an estimateldif levels can also be Fig. 2. Detection limits of individualm/z experimentally deter-
obtained by accounting for variations in the measured backmined from 30 seconds blank measurements for Q-AMS (blue) and
ground signal that are caused by counting statistics and singl®F-AMS (red). Them/zwith the highest detection limits are la-
ion signal intensity distribution only. ThBLgis: presented  beled. Note, that the detection limits for the different species (as
in Table 1 have been calculated using this approach (Eq. 5)iven in Table 1) are calculated from the noise of that species and
Generally theDLgiatagree well with the measurddl or are  are not simply the sum of thaL of the correspondingy/z
slightly lower. This is expected since they do not account for
contributions like electronic noise or instrument background L _
variations. Especially for organics where a large number of "€NtS where these/zare of special interest filaments not
m/z signals contribute significant electronic noise to the to- contamlng.tu.nggten _COUld be used in order to improve t.he
tal signal of the Q-AMS a large absolute difference is found detection limits in this part of thg mass spectrum. Spemes
in the two values. In summary tH2L is considered as a that have fragments a}t sgcch/zwnh high DL values will
good estimate of instrument detection limit as long as count2!S0 have large detection limits.
ing statistics is the major contribution to background varia—3 2 lonizer background effects
tion. However, this is not necessarily the case for Q-AMS or-
ganics (large contribution of electronic noise) or for speciespring real aerosol measurements the actual detection lim-
Wt':]h m/zfrqgmzents that argfm{luenceg t?y C)Ont”bUt'O”S from jts of the individual species can attain higher values than
other species (cross-sensitivity, see below). those presented in Table 1. This always happens when the

“Mass spectra” of detection limits have been generated byoackgr%und concentrations of individu;/stigFr)lzls are in-
calculation ofbL values for each individuah/z(Fig. 2) us-  creased. Here we discuss three effects causing such in-
ing the continuous method (Eq. 4). As expected the ToF-rea5es: measurement of elevated aerosol mass concentra-
AMS DL are generally much lower than the Q-AM3L.  ions short-term instrument history, and long-term instru-
While the ToF-AMSDL decrease with increasimg/z those  ,ent contamination.
of the Q-AMS stay more or less constant (except for the
peaks with high background intensity). This difference has3.2.1 Measurement of elevated mass concentrations
two main reasons: The ToF-AMS duty cycle increases with
increasingm/z causing betteS/N ratios; in addition, the When aerosol is measured most of the generated vapor
ToF-AMS effectively reduces electronic noise by rejecting molecules are not ionized and used for the mass spectromet-
all signals below a certain threshold (Hings et al., 2007).ric analysis. These residual molecules spread over the vol-
This is not the case for the Q-AMS where electronic noiseume of the ionization chamber and are part of the instrument
dominates more and more the signal found at migh The background until they are pumped away. Measurements of
highestDL values for both instruments are found mfz  four and five different constant concentrations (range: 0—
with typically high background signal intensities, resulting 100..g/m?) of ammonium nitrate and ammonium sulfate, re-
in larger background variations. Those are fragments for exspectively were used to investigate the influence of aerosol
ample from water (e.gn/z16, 17, 18), air (e.gm/z28, 32,  measurements on the species’ detection limits. The results
40, 44) and potassiunm(z39 and 41). The higoL val- of these measurements are summarized in Fig. 3 for the
ues atm/z182, 183, 184 and 186 can be attributed to tung-measurements of ammonium nitrate aerosol in the top pan-
sten which is constantly emitted from the filament and al-els and for the measurements of ammonium sulfate aerosol
ways contributes to the background signal. For measurein the lower panels. In addition to the absolute increase of
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Ammonium Nitrate Measurements The absolute increase in nitrdd values during the mea-
surement of ammonium nitrate is in the order of 1-2 ngm

b)

1 perug m-3 measured nitrate mass concentration for both in-
1 | struments. A similar value was found for ammonium us-
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Ammonium Sulfate Measurements

) d) that remains in the instrument for relatively long times (see
below). During the measurement of ammonium sulfate the
ammoniumDL increase again in the order of two ng
per g m—3 measured aerosol concentration. A significantly
larger change was found for the sulfdd:. values that in-
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ing the Q-AMS, while a 20 times larger value was found in
the case of the ToF-AMS. We assume this is related to wa-
ter input (incomplete drying of particles) into the instrument
during this measurement, causing a background contribution
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crease by 10-50 ngm per ng m—3 measured sulfate con-
Q-AMS ToF-AMS Q-AMS TOF-AMS centration. This indicates that the sulfate molecules gener-
ate a relatively persistent background, causing large residual
Fig. 3. Influence of increased aerosol mass concentrations on desulfate concentrations while the ammonium and nitrate back-
tection limits of the individual species (30s averaging time). Up- ground is relatively well pumped out of the ionizer chamber.
per panels: measurement of ammonium nitrate aerosol; lower pan- |ncreased detection limits of species that are measured at
els: measurement of ammonium sulfate aerosol. Left panels: abhigh concentrations do certainly not affect the ability to reli-
solute increase iDL Ievels;ir:l’ght panels: relative |ncrease[o[: ably measure these aerosol components. HowBievalues
Increases are based aig m™= of nitrate or sulfate for all species ¢ her species, increased by cross-sensitivity effects can
besides ammonium. For ammonium they are basedgm—~ of . . , - .
ammonium measured. limit the ms_trumen_ts_ capabilities to measure these species
under certain conditions, where very large concentrations of
one species occur together with very small concentrations of
DL for each species (panels a and c), the relative increasei§e other species. Especially for the ToF-AMS where the
perug/m? aerosol concentration are shown (panels b and d)relative increases iDL, caused by cross-sensitivity effects
The values presented in Fig. 3 are generated for each speci@se much larger than for the Q-AMS (due to the lower ab-
(color of bars, see legend) by calculating a linear fit to thesoluteDL levels, see Fig. 3b and d, but also due to less effi-
DL values measured at the individual aerosol concentrationgient separation of ions from adjacentzin ToF mass spec-
with the intercept forced to thBL value of the filter mea- trometers, compared to quadrupole mass spectrometers) such
surements. conditions could occur. For example a1 m~2 nitrate or
As expected, when measuring ammonium nitrate aerosc$ulfate concentration would increase the ToF-AMS organics
the ammonium and nitrate background in the instrumentDL by a factor of 2 or 4, respectively. For the Q-AMS limita-
increases, resulting in increased detection limits for thesdions due to cross-sensitivity effects are very unlikely. Here
species. The same is true for ammonium and subatelur- it must again be noted that tH&_ st values determined by
ing measurements of ammonium sulfate. However, also thétatistical considerations are only a good estimate of the ac-
detection limits of species that are not in the aerosol are intual detection limits as long as cross sensitivity (which is not
creased during the aerosol measurements. We call this efonsidered in th®Lsta: calculation) does not play a role for
fect “cross-sensitivity” oDL. The cross sensitivity is mainly ~ the detection limit levels.
caused by ions that are generated by the aerosol species (am-
monium, nitrate, and sulfate, potentially water), which pro- 3.2.2  Short-term instrument history
duce signal in the mass spectranatz where other species
also have fragments. This is the case for example for organWhile increasedL levels of species that are measured at
ics that has fragments at sevemalzthat also contain sulfate €levated concentrations do not affect the capability to de-
or nitrate fragments. Similarly an isotope of a nitrate frag- termine their concentrations, background concentrations that
ment (NG at m/z48) contributes to the sulfate SGsignal ~ remain high for a certain time after the aerosol concentra-
background at the sanme/z Such associations between the tions dropped to lower levels could limit the detection of
aerosol species and chloride and contributions of ammoniunihese aerosol species. In order to determine the self-cleaning
and sulfate on nitrate background do not exist. Therefore thdime constants of the instrument for the different species,
cross-sensitivity for these species and the resulting increasdgrturbation experiments have been performed where the
in species detection limits are relatively low{ngnr3and  measurement was suddenly switched from very high aerosol

lessDL increase peng m-3 aerosol Concentration)_ mass concentrations (100—2@@ m_3) to filtered air and the
background concentrations were monitored as a function of

self-cleaning time.

|
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Table 3. Self-cleaning time constants (time after which the excess detection limit has decreasedfttiné/detection limit at a high mass
concentration of ammonium nitrate, ammonium sulfate, or PSL) of Q-AMS and ToF-AMS.

Pertubation Aerosol Self-Cleaning Time Constants/seconds
Nitrate Sulfate Ammonium Organics
Q-AMS ToF-AMS Q-AMS ToF-AMS Q-AMS ToF-AMS Q-AMS ToF-AMS
NH4NO3 10 80 - - N/A 120 - -
(NH4)2SOy - - 60 N/A 30 N/A - -
PSL - - - - - - N/A 20

Because during the self-cleaning process the backgrounc 83
concentrations show a systematic decay on top of the sta-
tistical variations, theDL cannot be calculated simply as
standard deviation of the measured background values. The
temporal evolution of the detection limits was obtained with
an iterative approach that uses the standard deviation of the
background measurements in a sliding window and assum-
ing that at the end of the measurementl(5h after the
perturbation) no systematic background decay is observed
The self-cleaning time constants summarized in Table 3
are the times after which thBL have decayed to d4/of ,
the value during the measurement of high aerosol concen- R AR AR AR R RS R AR R
trations. As a consequence of the indirect calculation of the 0 20 40 60 80
DL values, ther, in Table 3 are subject to relatively large Time after Perturbation / min
uncertainties. Generally the time constants that describe thEig. 4. Decay of Q-AMS sulfate and ammonium signal background
decay of the instruments’ detection limits are on the order ., perturbation with 140g m—3 ammonium sulfate aerosol.
of a few tens of seconds, much shorter than typical changes
in ambient aerosol concentrations. Therefore short-term in-

strument history is typically not a limiting e_ffect for ambi- before evaporation (Huffmann et al., 2005). If these particles
ent aerosol measurements. However, during measuremegfey , the colder surfaces of the ionizer chamber they will

of very rapidly ghanglng aerosol concentrations like in air- slowly evaporate and contribute to the effect described above.

craft or car-chasing measurements, in exhaust measureme%c,ery shortly after the particle evaporation, a large fraction

or in laboratory experiments large and abrupt changes bt the molecules is still within the ionizer volume. Due to

aerosol concentrations could result in situations where deg, relatively hot surface temperatures, they are quickly re-
tection limit increases could prevent the reliable detection of

; S emitted from the surfaces and the vapor concentration decays

low aerosol concentrations for a short time interval. quickly. Later, when the molecules stick preferentially on the

More information about the dynamics of the instrument’s cooler chamber surfaces the re-emission delay increases and
background and its influence on aerosol quantification waghe decay of background concentration slows down.
extracted using the data of the elevated aerosol concentration This dynamics of background concentrations is reflected
measurements and the perturbation experiments. After a pain the decay of the species’ background after perturbation
ticle hits the vaporizer’s surface, the non-refractory aerosolwith large aerosol concentrations. Figure 4 shows the de-
components flash-vaporize and a burst of molecules is gencay of the ammonium and sulfate background concentration
erated that quickly decays with a time constant of few tens ofin the Q-AMS after a perturbation with 148 m—3 ammo-
microseconds (Drewnick et al., 2005). The vast majority of nium sulfate aerosol. The log scale clearly shows the gradual
molecules are not ionized and, therefore, not used in the analhcrease in self-cleaning time constants over the process of
ysis and disperse into the available space. Molecules hittindpackground decay. Similar observations were made for the
a surface stick there for a time depending on their stickingbackground decay of the other species after the measurement
properties and the temperature of the surface, before they amaf high aerosol concentrations with both instrument types.
re-emitted into the vacuum chamber. Molecules hitting theTypically during the first few minutes<0.4—-3 min) after the
entrance of the turbo molecular pump are removed from theerturbation the background decay time constants are on the
system. In addition to the vapor generated on the vaporizeorder of one minute. Later{1-10 min) these time constants
less volatile particles can bounce off the vaporizer surfacencrease to several minutes (typically 2-5min). During the

] —=— Sulfate
=== Ammonium

Background Concentration / ug m
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late phase of the instrument self-cleaning (10—70 min afterduring a measurement is not larger thah0% of the mea-
perturbation) process, the time constants are on the order afured aerosol concentration no significant bias due to this ef-
several tens of minutes (20—120 min). fect is expected.

These results indicate that the self-cleaning time constants
decrease as one gets closer to the beginning of the clear8.2.3 Long-term instrument contamination
ing processes. However, the time range of the aerosol beam-
to-background measurement alternation (in typical measureFor species with even lower vapor pressure or high stick-
ment situations 4-5s) is not accessible with this methoding efficiency on the chamber walls the background decay
At least integral information about this early phase of back-can become very slow, resulting in long-term background in-
ground decay can be obtained from the ratio of measuredrease —i.e. instrument contamination. Such species that can
aerosol and background mass concentrations and its increasause increased background concentrations in the instrument
as a function of aerosol mass loading. During measure-over many days or even weeks of operation include water va-
ments of ammonium nitrate aerosol the nitrate backgroundoor, NaCl, KClI, iodine-containing species or sticky organic
increased by 0.006g m~2 perg m—3 nitrate concentration  species. While the slow background decay does not affect
measured. This means that the vapor background concemnass concentration determination, the increased background
tration in the ionizer decays to an average~d.5% of the  concentrations cause elevatet levels for all species that
vapor concentration of the aerosol measurement during th@ave signal at the samm/z as the contamination signals.
background measurements (measurement with particle bea®uch a long-term contamination with NaCl has caused the
blocked,~4-5s). For ammonium a typical increase in back- relatively large detection limit of chloride in the ToF-AMS
ground concentration of 5% of the measured aerosol concerfilter measurements, presented above. The typical approach
tration is observed, i.e. the vapor concentration decreases tm remove such long-term contaminations is to heat-out the
an average ofv5% of its aerosol measurement value dur- instrument, i.e. pump the instrument for several days with
ing the background measurement time interval. During theelevated vaporizer temperature.
measurements of ammonium sulfate and PSL aerosol very
different ratios of aerosol beam to background measuremer8.3 Reduction of AMS detection limits
values were found. In the ToF-AMS the sulfate and or-
ganics values decreased to an average of 10-15% after ttgince the AMS detection limits are mainly determined by
switching from one part of the measurement to the otherion counting statistics limitations the most straight-forward
part. In the Q-AMS the sulfate background increased byapproach to improve AM®L is to increase the time spent
85% of the measured sulfate concentrations and the orgammeasuring the individuaih/z signals. This can be done by
ics background increased by almost 250% of the measuredimply increasing the averaging timeof the data acquisi-
organics concentration. This indicates that both, the sultion. In order to check whether the detection limits of the
fate and the PSL vapor background decay time constantdifferent species really decrease proportionally to 1/g¢rt(
are in the same order of magnitude as the switching rate bethe filter measurement data were averaged over eight differ-
tween aerosol and background measurements and thus dugnt time intervalg, before calculating the detection limits.
ing the time interval of the background measurement a sig-The DL were always calculated for the same total time in-
nificant decay of the background signal occurs. The con-+erval to keep the influence of systematic background vari-
sequence of this slow background decay, compared to thations constant. The calculated Q-AMS detection limits are
aerosol beam/background measurement switching, is that thelotted versus 1/sqet() in Fig. 5a. Results show that a lin-
calculated aerosol concentration (i.e. the difference betweeear relationship is found for all species between the detection
the two measurements) is biased low. The reason of the obimit calculated for different averaging times and the inverse
served differences between the two instruments is likely asquare root of the averaging time, indicating that the statisti-
lower temperature of the heated surface of the ionizer of thecal contribution to thédL can be reduced by increasing the
Q-AMS, causing slower cleaning of the ionizer for low va- averaging time as expected. By extending the averaging time
por pressure species. Typically the ionizer wall temperatureto infinitely long intervals purely statistical noise should van-
is above~200°C, where ammonium nitrate flash vaporizes. ish. Linear fits to the data presented in Fig. 5a were cal-
Therefore no such difference is observed for the ammoniunctulated. Their intercept (1/sgrf{ =0— ¢, = 00) gives the
and nitrate data. In order to avoid such under-estimatiorresidual detection limit under these measurement conditions.
of species with low vapor pressure, the ionizer temperaturéVhile for nitrate, sulfate, ammonium and chloride the in-
must be kept sufficiently high or the particle beam and back-tercept of these fits is not significantly different from zero a
ground measurement intervals must be long enough to alresidual detection limit 050 ng nT 3 is found for organics
low for the background to decay well before the end of thefor infinitely long averaging times. Also for the ToF-AMS
background measurement interval. Whether these conditiong~ig. 5b) the nitrate and sulfate detection limits do not show a
are met can be checked by measuring the aerosol beam-tgignificant residual value for very long averaging times. Here
background concentration ratio. If the background increasdor ammonium and organics residu2l values were found,
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A) Q-AMS
—— Nitrate
—— Sulfate
300 — Ammonium
—+— Chloride
200 —{ — Organics

or by scanning only a reduced mass range (e.g. apt@00
instead of 300). In the ToF-AMS the ion duty cycle for the
smallm/z(where the fragments of the inorganic species are
located) can be increased by pulsing the mass spectrometer
with higher frequency — reducing the largestzin the mass
spectra. Both methods result in slightly improved detection
limits without reducing the time resolution of the measure-
0 et ; ¥ ments. However, both methods are a trade-off with reduced
mass spectral information and increased mass concentration
B) ToF-AMS uncertainty due to the use of correction factors oz not
measured.
20 ~—t Especially in measurements at very low mass concentra-
15 - ‘ tions often the chopper ratio — i.e. the fraction of time mea-
suring the particle beam versus measuring the background —
is changed in favor of the aerosol measurement to increase
5 — particle counting statistics. While this increase in aerosol
TR : = measurement time increases the number of particles mea-
| | | | | | T T sured it deteriorates the absolute mass concentration detec-
0 0z 04 06 08 10 12 14 tion limits because the decrease of background measurement
1/ SQRT(t, [min]) time over-compensates the improved ion counting statistics
of the longer aerosol measurement time interval. Under such
| T T TT T 1 I I conditions Eq. (4) is not appropriate to determine the detec-
® 10 50 30 2015 10 05 tion limit of the measurement since different measurement
Averaging Time / min times for the particle beam and the instrument background
result in different error curves for both parts of the measure-
Fig. 5. AMS detection limits for various averaging times plotted ment.
versus the inverse square root of the averaging time for Q-AN)S As shown in Table 1 the organid3L are significantly
and ToF-AMS(B). higher than those of the other species due to the large num-
ber of mass fragments contributing ion signals and also noise
both in the order of 15-20ng™. For chloride the calcu- to the total organics signal (Fig. 2). In order to investigate
lated data points showed a large variation with no uniformwhether it is possible to reduce the orgaridtsby using only
trend and no meaningful fit was possible. a selection of mass fragments and correcting for the omitted
Apparently the measured detection limits of most speciedraction, the following tests have been performed with the
of the two AMS instrument types are dominated by counting ToF-AMS and Q-AMS filter data.
statistics and other statistical noise that can efficiently be re- The organicEDL was calculated from the filter test data
duced by increasing the measurement time. For most specigwesented above using different selections of mass fragments.
this allows to reduce the detection limits to very low values To determine the selection of these fragments niiewere
until other effects dominate the detection limits. For organ-first sorted in order of decreasing organic signal and de-
ics and ToF-AMS ammonium a residual detection limit in the creasing organic signal-to-noise (standard deviation of back-
order of 15-20 ng m? (ToF-AMS) and 50 ng m® (Q-AMS) ground signal). Then increasing numbers of mass fragments
is found even for very long averaging times. We assume thatvere used to calculate tHaL, starting with only the mass
these residudDL are caused by cross-contamination of the fragment with the most intense signal, followed by the first
species by water vapor (ammonium and organics) and COtwo most intense signals and so on, until all organic mass
(organics), which will not disappear even after very long av- fragments were used. The same procedure was applied on
eraging. the sorted signal-to-noise ratios and the unsoméziusing
While simply increasing the averaging time efficiently re- the first organic-related peak in the mass spectrum, using the
duces the species’ detection limits it is always a trade-offfirst two peaks and so on). The peak intensity and signal-to-
with reduced temporal resolution of the measurement. Innoise information were taken from an average mass spectrum
cases where time resolution should be kept high the detectionf suburban aerosol from a field campaign performed with
limits can also be improved within certain limits by increas- the ToF-AMS. For individual applications of this method to
ing only the measurement time of thawézthat are essential improve organicOL the average mass spectrum of the ac-
for calculation of the species concentrations. In the Q-AMStual measurement has to be used to get information on how
this can be done bgelective ion monitoring.e. measuring  the ion signals should be sorted.
only the signal at a few selected/zthat are needed to cal- For each of the ion peak selections Dk was calculated
culate the species mass concentrations (Crosier et al., 200Tom the filter test data. Thedal were then corrected for
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4  Summary

For the first time, a systematic characterization of the mass
concentration detection limits of the analytical systems of the
c-ToF-AMS and the Q-AMS has been performed for vari-
ous measurement conditions. For this purpose a new method
to continuously derive AMS detection limits during regu-
lar measurements was developed, based on the instrument
background signal only. Measurements have shown that this
method is in good agreement with the standard method used
in the AMS community, where filtered air is measured for a
certain time interval. In addition to the investigation of detec-
tion limits a thorough discussion on instrument background
effects on aerosol quantification is provided.

Minimum detection limits for the individual species have
been determined by measurements of filtered air. It was
found that the ToF-AMS detection limits were lower by a
factor of approximately 10 than the Q-AM3L, mainly due
to the larger ion duty cycle of the ToF-AMS analysis. For
species with no large background contamination and a small
number of fragments (nitrate, sulfate, chloride) the ToF-
AMS detection limits are in the order of 3ngm the Q-
AMS DL are approximately 30 ngni. The ammoniunDL
is increased by large background contributions from water

vapor and air to 30 ng i (ToF-AMS) and 140 ng m® (Q-

Fig. 6. (a) ToF-AMS and(b) Q-AMS DL from filter measurements AM_S)' The large number of fragm_ents_ C‘?“t“b“t”.‘g to th? or

(30's averaging time), calculated using an increased number of séd@NICS signal causes large detection limits for this species on

lectedm/z after different ways of sorting the signals. The lowest the order of 25ng m? for the ToF-AMS and of 440 ng rr#

DL is achieved for the first 24—-25 peaks with the large/e¢ ra-  for the Q-AMS.

tio. The jumps in theDL values are likely caused by the different ~ Detection limits derived from ion counting statistics con-

contributions to overall noise and overall signal by the individual siderations have been found to provide a good estimate of

m/z the actuaDL only for situations where cross-contamination
effects do not contribute significantly to the background vari-
ation.

Under real measurement conditions the actual detection
the omitted ion signals to obtain total organics concentra-limits can be increased compared to the values given above.
tion. The summary of the results of all these calculationsSuchDL increases can be caused by cross contamination of
are presented in Fig. 6. It can be seen that diffebdntvalues  the background of one species during the measurement of
were obtained for different selections of mass fragments. Thdarge concentration of another species that generates frag-
largest reduction iDL was found when the mass fragments ments at the samm/z Short term instrument history — i.e.
were sorted in order of decreasing signal-to-noise ratios andecently measured high concentrations of species — can af-
if the mass fragments with the 25 and the 24 largest signalfect the measurement of low concentrations during a short
to-noise ratios were used for the calculation of ToF-AMS  period (few minutes) after an abrupt change of concentra-
and Q-AMS, respectively. This minimum achievablk for tions. The most common effect causing increased detection
organics is 16 ng me for the ToF-AMS compared to BL limits is probably instrument contamination by low vapor
of 25ng nT3 when all ion signals are used and 210 ng®m  pressure or sticky species like NaCl, KCl, iodine-containing
compared to 440 ng i for the Q-AMS. Thus a reduction of  species, HO or some organic compounds that cause a long-
organicsDL by approximately a factor of two is possible for term background increase at certaife
both instruments, using only a selection of ion signals to cal- The same processes causing self-cleaning of the ionizer
culate total organics. However, it must be noted that whileafter measurement of high aerosol concentrations — vapor
the organics detection limits (i.e. the precision of the mea-diffusion delayed by wall adsorption/desorption — control
surement) are improved using this method the uncertaintieshe ionizer background decay during the switching between
of the organics mass concentration are increased (i.e. the aaerosol and background measurements in regular AMS op-
curacy is reduced) due to the uncertainty of the correction foreration. For sticky molecules and sufficiently cold ionizer
the omitted mass fragments. walls background decay time constants can be in the order
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of the switching rate, resulting in measured aerosol concenAllan, J. D., Jimenez, J. L., Coe, H., Bower, K. N., Williams, P. .,

trations that are biased low. In order to avoid this measure- and Worsnop, D. R.: Quantitative Sampling Using an Aerodyne
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ter vapor or CQ) show a residual detection limit even for  108(D23), 8645, doi:10.1029/2002JD003226, 2003.
very long averaging times that are in the order of few tensCanagaratna, M. R., Jayne, J. T, Jimenez, J. L., Allan, J. D., Al-
of ng/m?. While this approach reduces the temporal resolu- fa_”a' M.R., Zhang, Q. Ona§gh, T B, DreWF"Ck’ F., Coe, H.,
tion of the measurement the time spent measuring individual Miadlebrook, A., Delia, A., Williams, L. R., Trimborn, A. M.,

. L 2 Northway, M. J., DeCarlo, P. F., Kolb, C. E., Davidovits, P.,
m/z can also be 'nc_reased by selective ion mon'tor_mg (Q- and Worsnop, D. R.: Chemical and Microphysical Character-
AMS) or faster pulsing of the ToF-MS (ToF-AMS) without

) i i X v ization of Ambient Aerosols with the Aerodyne Aerosol Mass
reducing the measurement time resolution — in this case at spectrometer, Mass Spectrom. Rev. 26, 185-222, 2007.

the expense of mass spectrometric information. In the caserosier, J., Jimenez, J. L., Allan, J. D., Bower, K. N., Williams,

of organics, the detection limits can be reduced by a factor P. I., Alfarra, M. R., Canagaratna, M. R., Jayne, J. T., Worsnop,

of two by using only the~25m/zwith the largest signal-to- D. R., and Coe, H.: Technical Note: Description and use of the
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Quadrupole Aerosol Mass Spectrometer (Q-AMS), Aerosol Sci.
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