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COMPARISON OF SEVERAL AITKEN NUCLEI COUNTERS

J. PobziMmek, J. C. Carstensand P. C. Yue
Graduate Center for Cloud Physics Research University of Missouri-Rolla, Rolla, MO 65401, US.A.

(First received 16 June 1980 and in final form 16 October 1980)

Abstract—The basic thermodynamical processes leading to the formation of droplets in the central part of
the Nolan—Pollak counter are analyzed in some detail. The comparison of the UMR-Absolute Aitken Nuclei
counter with Nolan-Pollak, General Electric and Gardner counters showed consistently higher counts of the
UMR-AAN counter. The mean deviations varied between 209, and 50°, depending on the type of the
counter, nuclei concentration and nature. Several observations are made on ultrafine particle counting.

INTRODUCTION

The history of the term ‘Aitken nuclei’ antedates its
namesake by thirty years with the work of Becquerel
who, around 1837, stressed the important role of tiny
dust particles in the condensation process. More than
thirty years later Aitken tried to explain the origin of
fog and cloud droplets in connection with his measure-
ments of condensation nuclei with his ‘pocket counter’.
Aitken demonstrated clearly how nuclei of different
concentration or of different nature produced cloud. It
was not until 1941 that Sir George Simpson expressed
serious doubt about the applicability of measurements
using counters of the Aitken type for the quantitative
explanation of cloud formation in the atmosphere. His
doubt arose from the analyses of nuclei activation and
droplet growth in natural clouds as opposed to clouds
produced inside the counter. Since that time it is
conventional to distinguish between those nuclei ac-
tivated at the very high supersaturations produced in
the AN counter ( >200 %;)and those active at naturally
produced supersaturations (< 19%). The first group
included, at least ideally, all particles activated (and
presumably counted) up to the critical supersaturation
corresponding to the condensation of water vapor on
light ions (~ 3509). The second group, active at
much lower supersaturations, were called cloud con-
densation nuclei (CCN). It is in this way that one
conventionally expresses the distinction between the
totality of airborne particles and those specifically
active in the formation of natural clouds.

The world-wide collection of AN data prior to
World War I was obtained by using counters based on
the operational principles of Aitken’s pocket counter
(Burckhardt and Flohn, 1939; Landsberg, 1938). These
expansion type counters (Aitken or Scholtz) were later

largely superceded by the more convenient ‘relative’

counters. In the latter instruments the tedious count-
ing of drops was replaced by the measurement of light
extinction produced by the drop population, and a
concentration inferred from that measurement. The
extinction technique, being less direct, gave rise to the
name ‘relative’ counter. Throughout the following text

we will use for the ‘pocket’ type counters and ail
counters based on a direct counting of droplets (but
indirect counting of nuclei) the name of an ‘absolute
counter’ as was suggested by Pollak (1959).

‘Relative’ counters are mainly represented by the
photoelectric Nolan-Pollak (N-P) counter (some aut-
hors prefer to use the name of Pollak counter) which
evolved over two decades of very careful and sys-
tematic experiments (Poliak, 1959; Pollak and
Metnieks, 1957, 1959, 1960, 1961). Due to its simple
operation and high reproducibility N-P counter—
originally calibrated by an Aitken counter and later by
Scholz counter—was selected by many investigators as
a secondary standard.

The principles of N-P counter were used in the
Gardner counter and in several types of automatic
condensation nuclei counters (Verzar's, GE and
Environment One counters). The fast cycling of the
expansion and humidification of the air sample in an
automatic counter enabled one to obtain a continuous
record but at the price of introducing a new largely
unknown parameters: the particle response (relax-
ation) time to the rapidly changing environment.
Recently a more sophisticated counter measuring and
recording optical parameters of droplets growing on
sampled nuclei was described and used by Wagner
(1974).

The evolution of ‘absolute’ AN counters lagged the
rapid development and use of ‘relative’ counters.
Direct photographing of droplets in the counter’s
sensitive volume was suggested by Junge in 1961 and
later by Kiselau et al. (1974) and used for balloon
borne instruments. The so called UMR Absolute
Aitken Nuclei Counter (UMR-AANC; Kassner et al.,
1968) consists basically of a large Wilson type expan-
sion chamber with piston under water surface. The
chamber stores 15 ¢ of clean air which is mixed with
sampled nuclei-laden air and can be operated auto-
matically at supersaturations ranging from 24 to
3809;. The droplets formed on nuclei are directly
photographed in the counter. Direct photography of
droplets and the use of ‘out-of-focus method’ for
evaluation of the photographs is also employed in
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Kanter counter (Kanter and Junge, 1971) and in a
more advanced version which uses air expansion
{(pressure expansion ratio 1.21) ina cylindrical chamber
of 359 cm? sensitive volume and 4.0 cm inner diameter
{Jaenicke and Kanter, 1976).

Several investigators started to use vapours of
liquids other than water for the total submicron
particle (condensation nuclei) detection (Bricard et al.,
1972; Rosen er al., 1974). There is no fundamental
objection to the use of other liquids; however, it would
be necessary to calibrate such counters by using a great
variety of nuclei and a wide range of nuclei concen-
trations before converting the numbers of nuclei (CN)
measured in this manner into AN concentrations.

Large numbers of instruments measuring AN or
total number of submicron particles suggested several
times in history the idea of a comparison by using a
well defined aerosol. Several problems of AN counter
comparison were discussed during the first
International Workshop on Condensation and Ice
Nuclei at Lannemezan in 1967. During the second
workshop at Fort Collins in 1970 a direct comparison
of AN counter was made; however, several results of
this comparison were rather inconclusive (Grant,
1971). Later an attempt to compare several AN
counters with the UMR-AANC led to the conclusion
that this instrument counts higher concentrations than
the other counters based largely on the previous
comparison with N-P counter. A systematic com-
parison of CN counters at Boulder in 1974 (Cadle et
al, 1975) showed that N-P counter, special type
of General Electric counter (SANDS) and
Rosen-Hoffman counter correspond well in the range
of CN concentrations between 100 and 10,000 CN
cm~ 2 and that Langer CN counter recorded systemati-
cally lower counts. However, most of the test aerosol
particles used had sizes larger than 0.05 um. An
indirect comparison with the UMR-AANC led
Podzimek and Kassner (1976) to the conclusion that
all counters compared at Boulder to the N-P counter
count lower CN concentrations. This difference could
amount to 309, of the measured CN concentration.

Among the AN comparisons involving several coun-
ters one can mention the calibration of N-P counter
with monodisperse aerosols and comparison with an
Electrical Aerosol Detector (Liu et al., 1975), calib-
ration of the Stratospheric AN Detection System
(SANDS) with UMR-AANC (Wegrzyn and
Podzimek, 1975) and comparison of a Small Scholz
counter with another ‘absolute’ counter (Jaenicke and
Kanter, 1976). The comparison in situ of an ‘absolute’
Kanter AN counter with a ‘relative’ Rosen and
Hoffman counter (Rosen et al, 1978) Ileft
unexplained a number of deviations of individual
simultaneous measurements in spite of a similar trend
of the counts of both instruments. The last comparison
of several AN counters in Vienna (Preining et al., 1979)
included Size Analyzing Nucleus Counter (SANC)
built in Vienna (Wagner, 1974), TSI-Condensation
Nucleus Counter and Jaenicke-CN counter (Jaenicke

and Kanter, 1976). Comparison was also made with an
Electrostatic Classifier (TSI)and Aerosol Electrometer
(TSI). Sodium chloride particles of diameter of 0.056
um were used for counter comparison in concentration
range 300-300,000 cm>. For special droplet growth
studies DOP and NaCl aerosol of diameters 0.01-0.1
um and 0.56 yum were vented into the SANC. The
comparison of all counters with the Aerosol
Electrometer showed that the TSI instruments re-
corded systematically higher counts than SANC and
Jaenicke counter. At CN concentrations larger than
10,000 cm~* this difference was around 40°%.
However, at concentrations smaller than 35000 CN
cm~® the Jaenicke counter indicated CN concen-
trations slightly lower (8-1597) than the TSI instru-
ments whereas SANC recorded consistently lower
counts of about 40%;.

Similar discrepancies characterized almost all AN
(or CN, if other vapors than water vapor were used)
counter comparisons in the past, particularly those
which were motivated by the use of AN counters in
environmental studies. A successful application of AN
counters in the field, however, assumed that one
possessed answers to several important questions, such
as the comparability of CN counters based on different
principles in different CN concentration and size
range. One raised the question as to what extent the
AN (CN) counter can be considered as a total particle
(number) counter with regard to particle nature and
different threshold of particle size detectability in a
specific counter. Finally, one attempts to establish
simple models describing the particle behavior in an
AN counter and to explain some of the observed
discrepancies during AN counter calibration.

The authors had the same questions in mind whena
one year program of AN counter comparison started
at the Graduate Center for Cloud Physics Research of
the University of Missouri-Rolla in 1978. The main
goal of the program supported by the U.S. Department
of Transportation was to compare several commer-
cially produced AN counters with the UMR-AANC
and to point out features of a specific counter import-
ant for its use. Other relevant questions such as particle
losses during the storage, sampling and measurement,
expansion counter comparison with other counting
techniques and the potential particle size threshold of
nuclei counted in AN counters were discussed else-
where (Podzimek et al., 1980).

METHODOLOGY OF AITKEN NUCLEI COUNTING

We have chosen to model the N-P counter both
because it typifies the expansion type and it is generally
regarded as the most reliable of its kind. In this study
we will model its ‘ideal’ behavior, that is we confine our
attention to that interval of time between the end of the
pressure expansion and the beginning of that regime
where heat from the side walls reaches the central
illuminated volume. Thus ‘ideal’ behavior may be
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characterized by an instantaneous (but nevertheless
isentropic) pressure drop to | atmosphere with no side
wall heating. The major assumption of the model is
that the drop size distribution is monodisperse. With
these simplifications the model appeals to the calcu-
lation of isolated cloud growth already available
(Carstens, 1979).

Standard pre-expansion conditions in the N-P
counter are as follows: temperature, 20°C; pressure,
1.21 atm.; supersaturation ratio, 1.0. These conditions
imply an ideal operating supersaturation ratio of 2.3
and a minimum dry adiabatic temperature of 4.46°C.
Asis well known the wet bulb temperature is calculated
from two distinct points of view: (a) directly from its
physical interpretation as the final equilibrium tem-
perature achieved by an isolated system that is initially
supersaturated, and (b) indirectly, as the surface tem-
perature of a wet bulb immersed within the air water-
vapor system in this case a drop of radius a. The two
formulations give (respectively) the following two
equations:

C
e,q(T,)—e(o) = _?zf(rf_ﬂo)) )

where e.,(7 () is the equilibrium water vapor pressure
at the wet-bulb temperature T, and
eA—'eeq(Ta) - Kp =

T,-T, eLpD

r (2

where T, ~ T,. Here p is the total pressure (10° mb),
e = M,/M, = 066214, C, = 024 cal g™'° C™!,
L =1595calg™!, D=0204cm?s™! and K =586
x 107 %cals"'cm™'°C~! (D and K are from Beard
and Pruppacher, 1971), and p = gas density. The
superscript “o” denotes initial conditions, and the
subscript “4” denotes ambient values. At 10°C one
obtains I' = 0.61 and T, = 12.45°C. The fact that
T,~ T, allows us to approximate saturation con-
ditions at the drop surface throughout the process by a
simple linear relation,

eq(T)) = BT, +C

where for the conditions contemplated here we take
B =09425mb°C~! and C = —254.75mb.

It is convenient at this point to introduce the cellular
model wherein each drop is surrounded by a con-
centric sphere of radius A(A»a) which is impermeable
to both vapor and heat. The cell so defined allots to
each drop its share of vapor and provides it a finite heat
sink as well. The cell radius is chosen so as to fill all
space, i.e.

4
-nA’N =1
3

where N is the drop concentration. In terms of this

cellular model the growth equation for an isolated,
monodisperse cloud is (Carstens, 1979)

da a,\* [a\?
arogg=aoal (3)-(3) ] ©

where a_ represents the final radius,
(ax )3 eAto)_ (BTA(OI +C)
a) T 7
mc|:e.4'°’ e C]
K
L M,
oc=Rp/M, «k=—2"
l pC, M,
M, = molecular weight of vapor (M, that of carrier
gas)

p, = liquid  density,

D 1+BL1\/1V -t
T-\D" KRT

eA(o)__ecq(Tf)>

. Tf .
A=1+rKB——+ &« 7o

T o
The parameter ! accounts for the retarding effects
associated with the liquid—gas interface, namely stick-
ing of vapor molecules and thermal accommodation of
the gas molecules (Carstens, 1979). We here adopt the
value « = 1 so that, under N-P counter conditions we
have

1 —ﬂ/?_

[ =0.0562 +0.757.

2
Often the coefficient is replaced by §~* simply,

) 2
and we have chosen to vary the coefficient from

0.01 to 1. {Note that the absurd value of zero for this
last coefficient corresponds to transport which is
entirely diffusively controlled.)

The solution to Equation (3) may be written

t l-=ljay,

T 1+1/a,cf‘+f2
where
A3
t=14(1+1/ay), o= m
and
2241

fi = ﬁ[g—tan** “% ]

£ln l+aja, +a/a,?
2 (1 —aja,)? '
7, the relaxation time, can be chosen in accordance with

the criterion that, as a — a_, the dominant term in ¢(a)
is In(l —a/a), ie.

f2=

a~a,exp(—t/t),

fora —a,.

Figure [ displays a plot of droplet radius and
characteristic time t, for various AN concentrations.
The calculations reveal, for example, that at very low
nuclei concentrations (e.g. encountered in remote areas
over the ocean) the nuclei give rise to droplets which
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Fig. 1. Final radii a, {¢m) and characteristic time z(s) for
various drop concentrations.

grow to sizes exceeding 10 um in times, t,, surpassing
1s. Also shown are the results of such calculations for
concentrations of 10? and 10° cm ™ for various values
of the sticking coefficient g (Fig. 2). Simple relations
are seen to exist between a, 1o, and AN concentration,
N. namely:

102/N H ‘3‘
40/N 23,

ay

i

Ty

1

Furthermore, the effect of § is not strong if its value is
greater than 003 at least for reasonably high
concentrations. However at low concentrations ¢on-

alum}

22y s QeE2L28H™ ________

i8r

*N= 0% em?
x N=i00/cm®

G:=9.853 am

i i
30 4.0

t (sec)

Fig. 2. Droplet radius a (zm) vs time for N = 10°cm ™3
and 10°cm™? and different values of £{0.01; 0.03; x).

sideration must be given to the possibility that growth
to near a, may be prolonged. This may be a problem in
fast cycling expansion chambers where drops never
achieve a ‘final’ radius.

EXPERIMENTAL SETUP

AN counters, were calibrated in the air-conditioned labo-
ratory of the Graduate Center for Cloud Physics Research,
UMR, in the spring, summer and fall of 1979, Figure 3 shows
the setup of AN counter comparison. The UMR-AAN and
N-P counters are connected with 2.0m long tygon tube of
1.0cm 1.D. with the storage mylar bag of 0.5 or 15.0m?
volume in a metallic chamber with adjustable inner pressure.
GA and GE counters were connected with a 1.5 m long tygon
tube of 1.0cm LD. to the same storage bag. The Precision
Pressure Gage (Texas Instruments, Inc. Model 145) served as
a reference pressure instrument.

Technical data of the compared counters are contained in
Table L.

Table 1
Sensit. Expansion
volume, pressure
{surf. area/ ratio
Principle of volume {supersat- (AN conen Accuracy
Type of counter AN counting ratio} uration) range (cm™*) VA
Gardner Counter Light 150cm? 1.151 200 to over +20
Cat. 70,004G-2 extinction (1.68cm™"') (1.134) 100,000
Ser. 1250, year
1978
N-P Counter Light 208.5cm? 1.21 100 to +16
Mod. 186922 extinction {1.63cm™ ) {1.30) 500,000
(1957)
Mod. 186920
UMR-ANN Counter Droplet 15,000cm? 1.33 10 to over +15
photography (0.23ecm™ 1) (245, 10.000.000
{with dilution}
GE-CN Counter Light 20cm? 1.27 300 to +20
No. 11202861 scattering {154 10.000.000
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The experiment setup (Fig. 3) was adapted to the final goals
of AN counter comparison, namely to compare counters with
different aerosol of particle sizes between 0.01 and 1.0 yumand
concentrations ranging from 50 to 10° AN cm ™. Finally, five
different aerosols were selected representing both hygro-
scopic particles [NaCl, (NH,), SO,] and nonhygroscopic
particulates (Ni-Cr wire, carbon). In addition, room aerosol
representing a mixture of particulates of different origin was
used for concentrations up to 8000em ™.

There were several important questions pertaining to the
aerosol generation, storage and sampling. Monodispersity of
aerosol was not especially stressed in this study because it is
not relevant to AN counting in nature. However, an attempt
has been made to keep the AN size distribution reasonably
narrow. A wide range of AN concentrations required special
techniques for aerosol generation, storage and sampling. For
particle counts higher than 10,000 AN cm ™ a direct venting
of particles into the counter was used, unfortunately, at the
price of higher aerosol variability. This necessitated taking of
several measurements at a specific AN concentration in all
compared counters during time intervals shorter than 10 min.
Calibration with particle concentrations smaller than 10,000
AN cm ™~ ? have been performed usually with aerosols aged for
several hours in mylar bags. A detailed investigation of the
change in NaCl aerosol size distribution during aerosol
storage in a 0.5 m? mylar bag showed that a representative
sample could be taken 1.5 h after venting the aerosol into
the bag. The aerosol was prepared in a way which will
be described later and its initial concentration was around
3.0 x 10* cm ™ ? (Podzimek et al., 1980, p. 67).

A rough estimate of main particie losses in the connecting
tubes of different lengths was made neglecting minor particle
losses {in entrances, valves and fittings) using the Gormley
and Kennedy {1949) formula. The results of a simple calcu-
lation performed for particles within the size range between
50 x 107 7and 2.0 x 107 ° cm led to the maximal difference of
1.0%; in diffusional particle losses. This justifies the neglection
of a possible correction (Podzimek ez al., 1980, p. 49).

Test aerosol was generated in the following ways:

{a) Sodium chloride and ammonium sulfate aerosol was
prepared from a salt solution (0.01 9, by weight) by means of
atomization. An atomizer, Model 7300 produced by
Environmental Research Corporation with a collision flow of
4 LLPM and a filtered air dilution flow of 2.7 LPM is used to
generate small droplets. The output concentration was nearly
300000 cm™* as measured by the Gardner counter (GA).
Particle size distribution of both aerosols obtained from
electronmicrographs is presented in Fig. 4. An analysis of
electronmicrograph pictures support the conclusion that
some of the aerosol after they had passed through the
diffusional dryer did not crystalize completely and preserve a
spherical shape. As shown in Fig. 4, 85% of sodium chloride
aerosol contains particles within the diameter range of 0.03 to
0.09 um and 909, of ammonium sulfate aerosol has particle
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sizes between 0.03 and 0.10 ygm. Particle cummulative size
distribution in Fig. 4 represents the number of particles larger
than a certain size assuming a normal size distribution of
particulates. However, at least 85°, of the particles fits better
1o 2 lognormal distribution function. For some special studies
a NaCl aerosol was generated by the evapor-
ation—condensation technique with one or more furnaces in
series, which yielded particles with a median diameter around
0.05 um.

{b) The nonhygroscopic aerosol was generated by electri-
cally heating a nichrome wire coil placed ina Pyrex glass tube.
The aerosol was carried to the storage bag by nitrogen gas
through a Kr-85-2 mC charge neutralizer (3M Company).
From orientational measurements with TSI screen diffusion
battery one concludes that the majority of particles generated
in this way have diameters smaller than 0.01 um. Larger
particles deposited in TSI Electrostatic Precipitator and
evaluated in electronmicroscopic pictures show chain-like
structure and larger irregular aggregates. The initial concen-
tration of this aerosol was usually of the order of 10* particles
cm ™3,

(c) Carbon aerosol was obtained by evaporation of carbon
rods in a machine used for coating electron microscopic
samples. An electric current of 36 amps at 5 VAC was used to
heat the contiguous points. Among the vast majority of small
particles with diameters of 0.002 to 0.02 ym (Fig. 4) were
always found several large agglomerates which formed
despite the immediate dilution of the aerosol containing air
with nitrogen gas. The size distribution of an aged carbon
aerosol (more than 24 h) depicted in Fig. 4 might be distorted
because of the low efficiency of the electrostatic precipitator
for collecting particles with diameters smaller than 0.01 pm.
An evaluation of electronmicrographs of the freshly gen-
erated carbon aerosol shows the median diameter is around
0.15 pm.

(d) Room aerosol was sampled in the laboratory and
particle size analysis has been performed by Mr. M. Jones
with the use of TSI Screen Diffusion Battery. The results
depicted in Fig. 5 show a high degree of reproducibility and
correspond closely to the simultaneous particle deposition in
a ‘classical’ parallel plate diffusion battery designed by Mr. T.
Rich. There is a systematic difference between the size
distribution of room aerosol passing through a neutralizer
before entering a diffusion battery and particles passing
straight into a battery and then into an AN counter. The room
aerosol, with concentrations ranging from 4000 cm™? to
8000 cm ™%, contains many very small particles with median

- diameters around 0.020 gm. Figure 5 supports the idea that

the size distribution of room air aerosol follows approxi-
mately the log-normal distribution.

The Kr-85 neutralizer was used in all cases when aerosol
generating technique could lead to the electrical charging of
particulates and excessive deposition namely in tygon tubes.
This was true in the case of nonhygroscopic aerosol such as

COUNTER

G. E.
COUNTER

UMR
AAN v
COUNTER

N~P |

Fig. 3. Experiment setup of AN counter comparison.
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carbon or nichrome wire particles and also appropriate when
salt aerosol was generated by a furnace technique. In the case of
salt solution atomization, subsequent slow droplet dryingand
particle storage, the charge effect on particle deposition and
coagulation was less pronounced.

RESULTS OF COUNTER COMPARISON

Because the N-P counter is often used as secondary
calibration standard while it itself was calibrated by an
Aitken type absolute counter, attention has mainly
been paid to the comparison of N-P counter with the
UMR-AAN counter. There was also an intention to
compare these data with two other counters widely
used in field experiments (GE automatic AN counter
and GA manually operated counter) in a wide range of
AN concentrations and for different kinds of aerosols.
At the time of the main comparative measurements,
N-P counter No. 922 was the only one available to the
investigators. For this reason all AN concentrations
measured by other counters are plotted against the
percentage of the total transmission measured by the
photocell of N-P counter No. 922. This counter was
later compared with a N-P counter No. 920 which was
originally compared with Prof. Pollak’s counter in
Ireland (Alle, 1968). This cross correlation of data was
made with room air aerosol in the concentration range
within 140 to 26000 AN cm ™3 Most of the points
showed that the deviation of both counters is not
greater than 59, of the measured extinction and that

5

only in a few cases it surpasses 5°%, (in 3 out of 25
measurements). This enables one to correlate the data
of a specific counter to the prototype N-P counter.
In Figure 6 are summarized data obtained by the
UMR counter in comparison to the N-P No. 922
counter. The individual curves were obtained as the
regression line of a parabola curve fitting of the data
from measurements which are depicted in Fig. 7 for
sodium chloride and, in Fig. 8, for carbon aerosol.
Similar curves were plotted for (NH,),SO,. Ni-Cr
and room aerosol. Each curve contains bars of un-
certainty around each point indicating potential devi-
ation of the measured value due to the expected mean
errors of counting with the UMR counter. There is a
large scatter of data which were sometimes taken
during several days of measurement with the same,
however, differently aged aerosol. Disregarding one
data point in the case of sodium chloride aerosol, all of
the plotted data support the idea that UMR-AAN
counter, operated at a supersaturation of 2.5, counts
higher than the prototype N-P counter No. 920 and
the GE, GA and N-P counter No. 922 (Tables 2 and 3).
The curves in Fig. 6 and individual points in figures
similar to Figs 7 and 8 reveal that hygroscopic aerosols
lead to only slightly higher counts in the UMR-AAN
counter at the AN concentrations higher than 20,000
AN cm ™3, however, non-hygroscopic nuclei, such as
carbon or Ni—Cr aerosol show considerably higher
counts at concentrations surpassing 30,000 AN cm ™3,
The explanation for this discrepancy of the measure-

103
[
UMR.}
b
(em3) b ¢ Ni-Cr
.~ (NHa,50,
< NaCl
104
10*
|oz N A I 1 L
1S % 30 45 60 75% N-P (#922)

Fig. 6. Comparison of the UMR-AAN counter and two N-P counters for
different test aerosol. RA—room air aerosol.
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ments at high AN counts can be found in the
hypothesis that not all nuclei are activated due to the
deficiency of available water vapor and due to the
lower supersaturation achieved in the counters sensit-
ive volume. Also, one cannot exclude the possibility of
systematic deviations of both N-P counters while
using room aerosol for comparison. This is apparent
for plotting curves similar to Fig. 7 and 8 for GE and
GA counters and comparing the data for hygroscopic
and non-hygroscopic particles at high concentration
{Podzimek et al., 1980).

Tables 2 and 3 summarize the mean relative devi-

ations [N(UMR)—N(GE)

N(UMR)
measured by GE and GA counters from the
UMR-AAN counter for different aerosol and AN
concentrations. It appears that with several exceptions,
both counters which were originally calibrated against
N-P counter measure lower concentrations than
UMR-AAN counter with the GE counter approxi-
mately 379, and GA 239 for the average concen-
tration range of 300 to 2.0 x 10* AN cm™* and for the
five different kinds of aerosol.

The results of AN comparison show that there are
differences in AN counting by individual counters
depending upon the concentration range of AN and
probably upon the nature of nuclei. These differences
are caused by different supersaturation and different
geometry of an individual counter. In general they
support the statement by Podzimek and Kassner

] of AN concentrations

{1976) that the indirect comparison of data published
by Cadle et al. (1975) would lead to the conclusion that
the UMR-AAN counter measures approximately
309, higher in AN concentrations compared to coun-
ters used during the Boulder workshop. If one will
reduce the problem to the comparison of a secondary
standard, N-P counter, with an absolute counter,
UMR-AAN counter, two main questions ought to be
answered first: Are the concentration differences be-
tween an absolute and relative counter significant with
regard to the error analysis in UMR-AAN counter?
Are the higher counts of the UMR-AAN counter due
to its higher supersaturation—which is contradictory
to the often assumed plateau in nuclei counts vs
expansion pressure ratio curve around pressure ratio
of 1.21—or are they due to the basic difference in
geometry and sensitive volume of the counters
(Kassner er al., 1968b).

Among several sources of potential errors in
measuring AN concentration with UMR-AAN coun-
ter the human factor in counting the droplet images on
a projection screen and inhomogeneities of droplet
distribution in counters sensitive volume should be
mentioned first. A more detailed analysis (Podzimek et
al., 1980) showed that the first factor might account for
+19% to +29% if droplet concentrations in the
projected space are larger than 100cm?. The errors due
to droplet inhomogeneity in the counters sensitive
volume was estimated to be around 10°% of the
counted AN concentration if the nuclei concentration

Table 2. Mean relative deviation of AN concentrations measured by GE Counter from the
UMR-ANN Counter

Mean rel. dev. (%) for aerosol

-AN(cm™?%)

x 10° NaCl (NH,),S0, Ni-Cr  Carbon  Room air Mean 9

20 19 0 38 7 16.0

10 29 17 41 13 (39) 278

3 34 21 47 12 44 316

2 39 41 43 23 43 378

1 41 55 56 31 44 454

0.6 40 64 56 40 46 492

0.3 33 76 51 46 41 494

Mean 336 39.1 47.4 245 41.6 373

Table 3. Mean relative deviation of AN concentrations measured by GA Counter from the

UMR-AAN
Mean rel. dev. () for aerosol
AN (em™?)

x 103 NaCl (NH,),SO, Ni-Cr Carbon Room air Mean 9,

20 9 -7 13 0 38

10 17 1 23 9 (16) 13.2

5 18 18 30 12 23 20.2

2 20 33 38 20 37 29.6

1 32 47 47 33 41 40.0

0.6 ~3 54 54 26 35 332

0.3 ~43 63 23 5 0 17.3

Mean 12.7 29.9 326 15.0 25.3 225
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was kept between 100 and 300cm ™. This optimal
range of nuclei concentration can be easily adjusted in
the UMR-AAN counter because of its inherent dil-
ution effect during sampling. which itself, however,
introduces an error. The magnitude of this error
depends on the accuracy of pressure change measure-
ment during sampling process. It is assumed that they
cannot be greater than a few per cent (Podzimek et al.,
1980, p. 108).

The droplet coincidence “losses’ connected with the
distortion of the photographic record due to the out-
of-focus position of the droplets represents an import-
ant source of errors which, however, can be limited by
using an appropriate dilution of the sample {Podzimek
et al., 1980, Appendix). If the droplet {AN) concen-
tration in the sensitive volume will be between 100
and 300cm ™ ? there is a good reason to expect that the
total possible errors in AN counting in the
UMR-AAN counter will not surpass 209, of the
measured concentration. In conclusion, the higher
counts of the UMR-AAN counter are real. repro-
ducible and cannot be explained by the potential errors
in AN counting either by N-P or UMR-AAN counter.

The second question can be answered by estimating
the potential increase in AN counts if the expansion
pressure ratio in N-P counter will be increased from
the value of 1.21 (corresponding to N-P counter) to 1.33
used in the UMR~AAN counter. Similar study has been
performed with room air and sodium chlonde aerosol
and is the subject of a special publication (Podzimek
and Yue. 1981). Here only the main conclusions
are reported: The room aerosol at the AN concen-
tration of 1243 AN cm ™7 vielded a 37° increase in AN
counts if the expansion pressure ratio of 1.33 instead of
1.21 was used. At the concentration of 5624 ANc¢m ™?
the measured increase in AN counts was 28 9. A similar
study performed with sodium chloride aerosol showed
the increase of 18° for AN concentration of
2406cm ™3, 369, for 8785 ANcem™? and 31°, for
33,558 cm ™ if the expansion pressure ratio increased
from 1.21 to 1.33. At higher AN concentrations the
increase in counts due to the changing expansion
pressure ratio might be even higher (e.g. 63°, for
69,182 ANcm™%). This value, however, might be
influenced by two factors, which can hardly be sep-
arated in case of counting AN at concentration higher
than 35,000cm ™ * and referring all counts of the N~P
counter to the AN concentration level measured by GE
counter: the real AN concentration increases due to
the higher supersaturation at the higher pressure
expansion ratio and the ‘artificial’ increase of the value
N{N-P)
N(GE)
at very high nuclei concentration. There is a strong
indication that at a concentration higher than 30,000
ANcm ™2 not all nuclei will be activated during the fast
cvcling expansions in the GE counter.

In general, one concludes from the experiments with
the influence of higher expansion pressure ratio in the
N-P counter on the AN counts that the difference in

of theratio due to the lower AN counts by GE

AN concentrations measured by the UMR-AAN
counter and the N-P counter is mainly due to the
higher supersaturation ratio used in the former coun-
ter. The AN concentration differences found by the
direct counter comparison and by the increased pre-
ssure ratio in the N-P counter are close.

CONCLLUSION

The analysis of different processes affecting the AN
activation in the N-P counter reveals the complexity of
problems related to the calibration of a specific AN
counter and to the finding of an ideal standard for such
a calibration.

On one hand, AN measuring techniques become
more difficult and less reproducible with decreasing
particle size and concentration. On the other hand. AN
concentration measurements at concentrations higher
than 50,000cm~?* become inaccurate if one does not
know the particle composition and the size distri-
bution and if the counter calibration had not been
done in conditions similar to the intended measure-
ment. For instance, the comparatively short residence
time of nuclei in the sensitive volume of GE counter
(approximately 0.2 to 0.3s) suggests that nucleated
drops may lack sufficient growth time to achieve their
‘equilibrium radius’, especially at low nuclei concent-
ration (Fig. 2). In this case an extinction measurerment
might depend considerably on the physico-chemical
properties of nuclei {composition, condensation coef-
ficient) besides on their number and size distribution.
Figure 2 shows also that in a polydispersed aerosol at
very high nuclei concentration, the smallest nuclei
might not grow to a size effective in light extinction
measurement. This will affect mainly automatic GE
counter with fast cvcling expansion.

UMR-AAN counter records larger AN counts than
N-P counter and both of the other counters. These
differences range between 20 and 409, of the
measured nuclei concentration depending on the con-
centration and nature of the test aerosol. They are
caused mainly by the higher supersaturation (2.5) used
in the UMR~AAN counter. This fact opens an interest-
ing discussion of how far AN counter can be con-
sidered as a total submicron particle counter and what
supersaturation should be used related to water sur-
face for its successful function. Another interesting
subject—<losely related to the investigation of the
potential function of AN counter as a total particle
counter—is the threshold (smallest) size of an activated
nucleus in a specific counter which apparently depends
also on the AN concentration and size distribution. It
appears that expansion pressure ratio of 1.30 or 1.35 in
the N-P counter would yield better results in counting
almost all particles just before the condensation on
light ions starts. Because UMR~AAN counter is not
void of counting errors which might reach the value of
20°, of the counted concentration (at very low or very
high AN counts), one should not be surprised if the
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current counters used in highly polluted environment
of automotive transport would yield data which are
80¢, lower than reality. In order to justify this
statement one would need, however, to design a special
experiment, with well controlled AN concentrations
higher than 100,000 cm ~? which itself is a very difficult
task.
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