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Abstract. The performance of an ion source based on coronaelates with the concentration of sulfuric acid (Yu and Turco,
discharge has been studied. This source is used for the d2001; Fiedler et al., 2005; Kuang et al., 2008). The con-
tection of gaseous sulfuric acid by chemical ionization masscentration of HSOy during atmospheric nucleation events
spectrometry (CIMS) through the reaction of §i@ns with  is usually between foand 13 molecule cm3 (Sipila et
H>SOy. The ion source is operated under atmospheric presal., 2010), i.e. in the sub-ppt range under standard condi-
sure and its design is similar to the one of a radioactivetions. Therefore, the precise and accurate measurement of
(americium-241) ion source which has been used previouslysulfuric acid is essential for studying new particle forma-
The results show that the detection limit for the corona iontion under atmospheric conditions as well as during chamber
source is sufficiently good for most applications. For anexperiments.

integration time of 1 min it is~6 x 10* molecule cm® of For the real-time measurement of sulfuric acid, chemical
H>SOy. In addition, only a small cross-sensitivity to $O ionization mass spectrometry (CIMS) is generally deployed.
has been observed for concentrations as high as 1 ppmv i€IMS is a very sensitive and selective method and detec-
the sample gas. This low sensitivity to $® achieved even tion limits around 10 molecule cm® of H,SO; and one
without the addition of an OH scavenger. When comparingminute integration time can be reached (Eisele and Tanner,
the new corona ion source with the americium ion source forl993; Young et al., 2008). While most instruments initiate
the same provided 50, concentration, both ion sources the production of the N© primary ions — which are used
yield almostidentical values. These features make the corontor H,SOy-CIMS — through the decay of a radioactive sub-
ion source investigated here favorable over the more comstance, these ions can also be generated by a corona dis-
monly used radioactive ion sources for most applicationscharge. Radioactive sources are used (usually alpha emit-
where BSOy is measured by CIMS. ters like polonium-210 or americium-241) because they are
known to be more stable over time and produce cleaner mass
spectra, i.e. create lower background concentrations and less
interference with other substances like S®lowever, with
respect to health risk, cost and meeting safety regulations for

The measurement of gaseous sulfuric acid is important sinc&hiPment, storage and operation, corona ion sources have a
H2SOy is one of the key compounds responsible for atmo-clear advantage over their radioactive counterparts.

spheric new particle formation (Eisele and Tanner, 1993; We- Corona ion sources for CIMS instruments have been de-
ber etal., 1995, 1997, 1999: Curtius, 2006: Kulmala and Ker-scribed and used by several groups for the measurement of
minen, 2008). The nucleation of particles has been observe@H and peroxy radicals (Kukui et al., 2008), other atmo-
in many places around the world on ground-based measurespheric trace gases like $0acetonitrile and acetone (Jost
ment sites as well as in the free troposphere (Kulmala et al.et @l., 2003) as well as HN§XFurutani and Akimoto, 2002;

2004). In most cases the formation rate of new particles cor£heng et al., 2008). Using drift-chemical ionization mass
spectrometry, corona ion sources have also been deployed for

) the detection of MOs and isoprene (Zheng et al., 2008; Fort-
Correspondence toA. Kurten ner et al., 2004). Some of the corona ion source-based mea-
m (kuerten@iau.uni-frankfurt.de) surements show a higher complexity as compared to the use
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clean aii+ HNOs part that has been replaced hiz 2.1 CIMS and americium ion source
L = \:\loﬁa"‘:\“ = o The sample gas containing the sulfuric acid is pulled into the
sample oy i — . _ flow ion drift region through a stainless steel tube with an outer di-
flow WS ameter of 12.7 mm. Itis then exposed to NBINOa), with
| g3 Tk tondritregion ~100mm x=0-2 primary ions which can react with,HO to form
| R ..;\"mericium il \—I |_'T‘ HSQ, (HNOg), ions (Eisele and Tanner, 1993; Viggiano et
wire screen v al., 1997). The primary ions in the old set-up originate from
P ~200 mm greessar the interaction of alpha particles (from the radioactive decay

of americium-241) with the sheath gas. This sheath gas con-
Fig. 1. Schematical drawing of the ion source and the inlet systemsists of room air cleaned by an activated charcoal as well
of the instrument used for theJ30; measurements. The colors as py a HEPA filter and has a total flow rate of approxi-
represent different voltages applied to the different sections of themately 22 standard liters per minute (slm). A small amount
inlet and ion source region. Note that the voltage applied to theof HNO; (~0.005 slm of N saturated with HN@ at room
americium fqll is—220V as well but has been assigned a different temperature) is added to the sheath gas which leads to the
color for clarity. . . . .

generation of NQ (HNOg), primary ions through a series of

ion/molecule interactions. In order to shield the sample gas

of radioactive ion sources (Kukui et al., 2008) while they suf- from radicals produced in the region around the americium
fer at the same time from higher detection limits due to rad-Cil there is an annular space between the 12.7 mm tube and
icals produced by the corona discharge (Kukui et al., 2008;the'cyllnderwh|ch holds thg americium foil. Itis thought tha}t
Jost et al., 2003). The findings presented here, however, dg2dicals such as OH remain largely in the sheath flow while
not support these observations, something which might bdons aré drawn into the sample flow. Therefore, OH should
related to the special design of the ion source region and th80t réact with S@ to produce spurious amounts 0p&(y.

ion drift tube of the instrument being used in this study. The generated NQYHNO3), ions, however, are mixed with

Here, we describe in detail the set-up of a corona-typethe sample gas. This is.achieved by applying electrostatic
ion source and report on its performance when used withvoltages to different sections of the ion source, the sample

a chemical ionization mass spectrometer from THS Instry-tube and the ion drift tube, respectively, thereby focusing the

ments (THS Instruments LLC, USA). The results obtained primary ions towards the centerline of the ion/sample gas

with this ion source are compared to the ones from an amerilntéraction region. While the sample and sheath gas mix-
cium ion source, a device generally used for this type ofturé containing the neutral molecules is pumped away, the

CIMS measurement. It is demonstrated that the corona iolPNS are accelerated towards the pinhole plate which sepa-

source works, it is stable and reliable. Furthermore, it showdates the vacuum region of the mass spectrometer from the

a negligible cross-sensitivity to Sdor sulfuric acid mea- 100 drift region. A small flow of dry nitrogen is used to

surements when using a sample flow rate of 7.5 sIm (standar@v@porate excess water from the ions. Behind the pinhole
liters per minute) and a sheath gas flow rate-@2 sim, re- plate the ions are guided through an octopole where most of

spectively. Most importantly, the corona ion source yields al-them are declustered by removing excess BN@d HO

mostidentical quantitative results as an americium ion sourc&nelécules. The primary ions and the analyte ions are then
for the same instrument. detected by a quadrupole mass spectrometer and a chan-

neltron atm/z 62 (NG3) or m/z 64 (NO®O~) and m/z
o 97 (HSQ,), respectively. The ratio of the measured count
2 Instrumental description rates, together with the reaction time and the reaction rate

) _ yields the concentration of sulfuric acid in the sample gas
The corona ion source has been developed for a Chem'CQBerresheim etal., 2000).

ionization mass spectrometer from THS Instruments (THS

Instruments LLC, USA) for the detection of sulfuric acid. 2 5 coronaion source

The measurement relies on the reaction betwee @

mary ions generated in the ion source and sulfuric acid inThe same measurement principle has been used for the set-
the sample gas (see Eisele and Tanner, 1993; Berresheify, with the corona ion source and only a few adjustments
etal., 2000). Originally, the instrument was equipped with were made to the outer stainless steel cylinder which houses
an americium containing thin gold-plated foil (NRD LLC, the jon source (the part where220V are applied to, see
USA) for providing the primary ions. A schematical draw- Fig. 1). The overall length of the outer cylinder has been
ing of this ion source is shown in Fig. 1. This figure, show- jhcreased from 40 to 50 mm in order to eliminate any con-
ing the old set-up, is used to illustrate the working principle tributions to the electric field in the ion drift region from the

of the instrument while the new corona ion source will be glectric field of the corona needle. If the corona needle is too
introduced and explained in detail further below. close to the edge where the inner cylinder terminates then
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Y ~3.1 mm. The needle is held by a little ring made of stainless
steel which centers it inside a cylindrical bore of the PEEK

Y cannacior part. This part has a tiny through-hole which allows the tip

—

outer of the needle to penetrate but not its cylindrical part. The di-
cylinder ameter of the hole is just big enough such that the needle can
be pressed through the hole. It is then held in place because
QF40 in_ner itis slightly cylindrically barbed. The other end of the PEEK
connector cylinder part has an internal thread to fit a standard o-ring-sealed high

voltage feedthrough (SHV type). The electrical contact be-
tween the SHV connector and the needle is established by
means of a small stainless steel compression spring (Century
Spring Corp., USA) and a stainless steel disc. The PEEK
part has also an outer thread and can be attached and sealed
to the stainless steel ion source housing with an o-ring.
Instead of aligning the needle tip in the center of the annu-
lar space between the inner and the outer cylinder, the needle
was moved slightly further towards the outside wall. The
v idea behind this is that radicals produced close to the nee-
dle surface are further away from the centerline of the ion
§ \_ source and are therefore less likely to interact with the sam-
< 50 mm > ple gas. Instead of using just one corona needle a set-up with
four corona needles, aligned9@part from each other (when
Fig. 2 Technical drawing of the new corona ion source s_,et-up. Theyiewed perpendicularly to the gas flow direction), was also
Sﬁcnon on the left shows trr'f rr:'agn'ft'ﬁ.dhcoro?]a mleedlg ('? gold) andie_out. However, this set-up did not improve the overall
the compression spring which establishes the electrical contact t‘?unctionality. We think that space charge effects might suf-
the SHV feedthrough. Direction of flows is from left to right. . s .
fice distributing the ions homogenously even when only one
point source for the ion generation is used (see also discus-
sion in Sect. 3.1).
the high voltage applied to the needle can distort the elec- The electronics driving the corona needle voltage is rel-
tric field and destroy its cylindrical symmetry. Therefore, the atively simple. A negative high voltage supply (model
needle has been moved slightly upstream in order to shield100N, EMCO High Voltage Corporation, USA) is used
the ion/sample gas mixing zone from the electric field thewhich is set to a static voltage (adjusted betwe&kV and
high voltage creates (see Fig. 2). In order to create the corona- 7.5 kV). The high voltage is connected in series with a re-
discharge a needle from acupuncture supply (Moxom SP-Xsistor (500 MOhm) and the corona needle. The corona on-
Gold, Moxom Acupuncture GmbH, Germany) was chosen.set voltage is around 3 kV (with respect to the-220V ap-
These needles have the advantage that they are industriallglied to the ion source housing). Therefore, the resistor lim-
machined with high precision and therefore differ very little its the current betweer4 pA and 9 pA. Having the resistor
from each other. No adjustment needs to be made to a neén series with the corona needle both limits and stabilizes
dle; each one can be used as is. Another advantage is th#tte corona current since random changes in the corona onset
they are gold-plated and are therefore not dissolved by theoltage (e.g. due to changes in the gas humidity) then trans-
HNOs in the sheath gas. Additionally, a comparison of dif- late only into small changes of the corona current. Therefore,
ferent corona needle materials has shown that needles madkee ion current is quite stable even without actively control-
of gold show a preferable combination of both durability ling for a defined corona emission current (e.g. with a PID
and relatively low production of NQand G (Asbach et al.,  controller).
2005). The type of needles used here has a cylindrical shape
atits blunt end with an outer diameteref..3 mm. Although
this size is still rather small it allows handling and aligning
th_e needle rather ea_S|Iy compared to other thinner needles Vesired features for a4$0,—CIMS ion source are a sim-
wires. An adapter piece made of PEEK (polyether ether ke- . .
tone) was machined which allows installing and exchangingple se_t—up and low mam.t(_ar_]ance, low background .s_,lgnal,
a needle easily. Due to these advantages we haven't observéd peC|aIIy. no Cross-sensitivity _tq splong—tc_erm stability
. . and most importantly the capability of quantitative measure-
any change in the performance of the ion source after a nee-

dle has been exchanged meaning that results are reproducibrlréents' As mentioned in the previous section the corona ion

o L . source can be set-up easily and replacement needles can be
within normal variations of the ion count rate. The overall urchased inexpensively and can be exchanaed quickl
length of the needle from its sharp tip to the cylindrical end is P P y gedq Y-

3 Results and discussion
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10°= 14 ~7 x 10° molecule cm? the ratio reaches a value of 0.75.
o . However, we don't think this behavior is caused by any of
the two different ion sources but rather reflects a feature of
the calibration system in its current realization. The accuracy
for adjusting the humidities becomes lower for dryer condi-
tions and therefore the ratio of the JHOs] measured by the
two sources reflects this uncertainty. As shown in section 3.3

3
IS
h
—
—
_.\
T
- -
o )

[ 0.8

[H,SO,4] in molecule cm
Sm
> e
— S
—

32JN0S UO! WNIOLBWE "SA BUOIOD Oljel

“ ° - 06 the corona source shows only a negligible cross-sensitivity
107;5 ° : o4 to SG in the sample flow (from the reaction with OH pro-
1 e 2 amondium on'source| | duced by the discharge). Therefore, this contribution is quite
e A4_ratio 02 small and if it was responsible for the observed deviation, the
i ratio should become larger than 1 because additiop8(dy
10° U R I 2 T LN S B B S 1 4 w°'° would be produced by the corona ion source. Since this is not
10 10 10 the case, the cross-sensitivity to 5i® unlikely responsible
[H;O] in molecule cm for the falloff in the ratio. Together, with the very good agree-

_ _ _ ment for the higher concentrations, where the@icould be
Fig. 3. Measured SO, concentrations when operating the CIMS  5djysted much more accurately, the slight systematic discrep-
instrument with an americium and with a corona ion source, respec-ancy does not seem to be caused by any difference between
tively. Different H,SO4 concentrations were adjusted by a calibra- the two ion sources. Especially when taking into account that

tion system. These are a function of 8] shown on the x-axis. th ints sh in Fig. 3 I ding t tio of
Error bars for the HSOy4 values have been neglected for clarity. e_po_ln S shown in F1g. - 5 are aff corresponding to a ratio o
4 within the range of errors.

The main error for the ratios between the values for the corona an _
the americium ion source comes from the uncertainty in the tem- The observation that the correspondence between the

perature measurement (which is assumed te-b&C). This error ~ corona and the americium ion source is nearly perfect is not
in temperature affects the conversion from relative humidity into necessarily expected given the fact that the ions from the
concentration of HO strongly due to the dependence of the water corona needle are generated only by a point source whereas
vapor saturation pressure on temperature. for the americium source they are produced over a complete
circular cross section (neglecting the small gap between the
edges of the americium foil when it is wrapped around the in-
3.1 Comparison between corona and americium ion ner cylinder). However, our findings might suggest that space
source for given H,SO,4 concentrations charge distributes the ions homogenously in the ion drift re-
gion. Another, maybe more likely explanation is that even
The measurement of different amounts of3®, has been  when the primary ions are not homogenously distributed over
tested both for the americium ion source and the corona ionhe sample gas volume, only NOons which have been
source with set-ups according to Figs. 1 and 2, respectivelymixed with the sulfuric acid in the sample gas enter the vac-
The HhSO4 has been generated by an external calibrationuum. Therefore, the ion count rates for Hs@nd NG; are
source which provides adjustable and stable concentrationalways at a defined ratio for a given,§0; concentration
of HoSO4. The detailed set-up of this calibration source will and no NG ions that were not exposed to sulfuric acid in
be described in a forthcoming paper and is therefore onlythe sample gas are counted. This behavior for the ion collec-
briefly explained here. A gas mixture okbNO,, SG; and  tion can be explained by the special design of the interface
H>O is illuminated by 185 nm UV light from a mercury between the ion drift region and the pinhole plate through
lamp which photolyzes water vapor and leads to the formawhich the ions enter the vacuum of the mass spectrometer.
tion of OH. This OH reacts further with SO0, and HO In front of the pinhole an electrostatic lens (applied voltage
to form sulfuric acid (see also Young et al., 2008). Varying of —100V, see Fig. 1) with an internal diameter that is equal
the amount of HO yields different concentrations obi80,. to the one of the sampling tube allows only ions to pass which
The calibration of the CIMS has been performed once in Junere close to the centerline. Therefore, primary ions close to
2010 when the americium ion source was still in use. Afterthe outside wall of the ion drift tube are not detected and do
switching to the corona ion source, the calibration has beemot bias the ratio between analyte and reagent ions.
repeated with the same calibration source under similar con-
ditions. As can be seen from Fig. 3 the instrument shows3.2 Signal stability
almost identical responses to a givepS, concentration
within the uncertainty range, no matter whether the coronaFigure 4 shows a time series of the signaldt 64 over a
ion source or the americium ion source was used. While theperiod of more than two hours. I\%@D— (mlz 64) is used
points for the two highest [kD] are perfectly corresponding to determine the primary ion count rate because the signal
to a 1.1 ratio, the points for the lower p] seem to move atm/z 62 (NQ;) can saturate the channeltron detector. The
progressively further away from this ratio. For agf6{] of data in the figure shows raw data with a time resolution of
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10* ods without and with the addition of SOrespectively. Even
the higher value is still better than what has been reported
: from another group for a similar CIMS with a polonium ion

10° source (Young et al., 2008).

The concentration of sulfur dioxide which was added for
the example shown here is large in comparison to concentra-
tions usually observed at ambient conditions even in moder-
ately or strongly polluted cities (Bari et al., 2003; Yang et
2 al., 2009). Considering the large amount of S@lded to
the sample gas, a twofold increase in the backgroussi(4
seems to be a negligible contribution and indeed, no cross-
sensitivity to SQ is observed when only 20 ppbv are present

-1

* miz64 (55 data)
= m/z 64 (1 min average)

* miz97 (5 data) .
@ m/z 97 (1 min average)

* [H,S0,] (5 s data)

ion count rates in s

10" 10 in the sample gas which was tested in a separate experi-
16113?;%10 12:00 12:30 13:00 13:30 ment. This small contribution of SQto the signal is sur-
time (UTC) prising as other groups have reported that an OH scavenger

_ ) _ _ o like propane (Berresheim et al., 2000) oyFg (Dubey et al.,
Fig. 4. Time series of the primary ion signal N80~ (m/z 64), the 1996 Sjostedt et al., 2007) were used for similar instruments
HSO, ion (m/z 97) and the derived $504 concentrations from i order to reduce the background levels of OH 0S8@y to
the signals. S@at 1 ppmv was introduced into the sample gas at g gcceptable level. From our findings this seems not to be

Up external to e OIS natrument. Please nae that the data fof SCESSaIY for [S§ below 20 ppbv (or even higher) when
miz 97 and [HSOy] includes many points showing values of zero, using CIMS for HSQ, detection — even in conjunction with

which are not visible on the logarithmic scale used here. a_corona ion source, a device normally known for producmg
higher background levels of unwanted substances in compar-
ison to radioactive ion sources. The integration timenfés

~5 seconds as well as values averaged over 1 minute. U4 andm/z 97 were 0.25s and 1s, respectively. One full
til 12:57 the background of $80s was measured. Then a cycle (which included acquiring data also for six additional
stable concentration of 450, was produced in the calibra- ™/z values) was adjusted te4.5s. An evaluation of the de-
tion set-up. The signal of the primary ion shows some fluc-tection limit for the americium ion source yielded a value
tuations and a small drift can be identified with a slightly Of 1x 10* cm™3 when no S@ was added to the sample gas
increasing ion count rate over time. These changes wer@nd 2.8< 10*cm™ if SO, was added at a similar concen-
not observed as strongly with the americium ion source andration as for the experiment with the corona ion source, re-
the higher “noise” of the corona ion source might be causecdPectively. The count rate fan/z 64 reached values up to
by changes in the corona onset voltage due to temperaturd0 000 for the americium source. The primary ion count
changes or slight changes in the sheath gas composition (hiiate of the corona ion source is therefore approximately 25
midity). However, these changes are rather small and slowtimes lower. This effect should therefore lead to a factor
In addition, since [HSQy] is proportional to the ratio of the 25°5 =5 Jower detection limit while the actual detection limit
count rates atn/z 97 andm/z 64 these drifts do not show IS about a factor of 6.5 lower. This means that normalization
up in the SOy signal. Over longer time scales of up to by the primary ion count rate can explain the difference in
weeks the count rate of the primary ion signal stays withinthe detection limits almost completely. The slight drift in
+50%. This means that the same corona needle can be usége Primary ion signal should therefore only lead to a small
for rather long times and that no observable limitation on thecontribution. These drifts occur on the timescale of several

detection limits are occurring. hours and can reach maximum fluctuationstd0%. It is
also worth mentioning that the relative change in sensitivity
3.3 Cross-sensitivity to SQ and detection limit due to the addition of S@is quite similar for both sources.

The dependence of the,BO, measurement on the SO
concentration is also shown in Fig. 4. At 12:30 a con-
centration of 1 ppmv of S®was introduced into the sam-
ple gas while no S@had been actively introduced before.
The average kB8O, concentration increases from 9.0

to ~6.1x 10*cm 3 due to the higher S©concentration.
When taking into account the point to point fluctuations
for the signals, detection limits (based on the averaged on
minute values plus three times their standard deviation) o
6.4x 10° cm~3and 1.1x 10° cm~3 are obtained for the peri-

4  Summary and Outlook

The performance of a corona ion source for the detection of
sulfuric acid by chemical ionization mass spectrometry has
been evaluated. The corona ion source consists of a sim-
ple set-up and makes use of a commercially available gold-
glated acupuncture needle which can easily be installed and
I_exchanged.
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The results show that this source yields the same quantitacurtius, J.: Nucleation of atmospheric aerosol particles, C. R.
tive results for a given E580Oy concentration as compared to ~ Physique, 7, 1027-1045, 2006.
an americium ion source. The detection limit of the coronaDubey, M. K., Hanisco, T. F., Wennberg, P. O., and Anderson, J.

ion source is~6 x 10* molecule cnt3 of H,SO, for one G.: Monitoring potential photochemical interference in laser-
minute integration time in contrast te1 x 10* molecule induced fluorescence Measurements of atmospheric OH, Geo-

cm3 for the americium source previously used. While PhYS- Res. Lett, 23(22), 3215-32185i:10.1029/96GL03008

the fluctuations of the primary ion signal are higher for 199%.
Eisele, F. L. and Tanner, D. J.: Measurement of the gas phase con-

th? C9r°”a Io,n source than for the rad!oactlve lon So'j"ce' centration of SOy and methane sulfonic acid and estimates of
this higher noise translates only slightly into the determined H,SOy production and loss in the atmosphere, J. Geophys. Res.,

H2SO4 concentration since the ratio between HS@ns 98(D5), 9001-9010, 1993.
and NG; primary ions is stable. The corona ion source Fiedler, V., Dal Maso, M., Boy, M., Aufmhoff, H., Hoffmann, J.,
only shows a slight increase in background levels 88, Schuck, T., Birmili, W., Hanke, M., Uecker, J., Arnold, F., and

when SQ at a high concentration of 1ppmv is added to  Kulmala, M.: The contribution of sulphuric acid to atmospheric
the sample gas and the detection limit then increases to particle formation and growth: a comparison between boundary
~1.1x% 10°cm~3. For smaller concentrations (20 ppbv) of layers in Northern and Central Europe, Atmos. Chem. Phys., 5,
sulfur dioxide no contribution to bSO, was observed even _ 1773-178500i:10.5194/acp-5-1773-2008005.
without adding an OH scavenger into the sheath gas Giver'nzormer’ E. C, Zhao, J., and Zhang, R.. Development of lon
9 L. 9 . gas. Drift-Chemical lonization Mass Spectrometry, Anal. Chem., 76,
these characteristics of the corona ion source, the more com- ¢ 36 440 2004.
monly used radioactive ion sources seem to have no substafyrytani, H. and Akimoto, H.: Development and characterization of
t'?' advantage over a corona-type ion source. This is espe- afast measurement system for gas-phase nitric acid with a chem-
cially the case when considering the strict safety regulations, ical ionization mass spectrometer in the marine boundary layer,
the potential health risk and the higher costs which apply for J. Geophys. Res., 107(D2), 401dpi:10.1029/2000JD000269
the radioactive sources. 2002. _ _
In future, we would like to improve the stability of the Jost, C., Sprung, D., Kenntner, T., and Reiner, T.. Atmospheric
corona ion source and try to produce higher count rates for Pressure chemical ionization mass spectrometry for the detection
the primary ion. Making the insulating PEEK part smaller of tropospheric trace gases: the influence of clustering on sensi-
could minimize the accumulation of charges on the insula- tivity and precision, Int. J. Mass Spectrom., 223-224, 771-782,

. o\ 2003.
tor surface and thereby decrease losses for ions. In add't'o'kuang C.. McMurry, P. H., McCormick, A. V., and Eisele, F. L.:

trying out different radial positions for the corona needle tip  pependence of nucleation rates on sulfuric acid vapor concen-
could lead to an increase in the signal, thereby improving the  (aion in diverse atmospheric locations, J. Geophys. Res., 113,
detection limits. Also the effect of a PID controller could be  p10209,doi:10.1029/2007JD009253008.
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