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ABSTRACT

One type of atmospheric condensation nucleus
is the Aitken particle which has radii ranging
between 0.005 and 0.1 microns. In this work,

a locally constructed condensation nucleus counter
suitable for the measurement of the concentration
of Aitken nuclei in the Harmattan haze is

described.

Filtered air is drawn into the previously
evacuated . system to a pressure of about 2 x 10°
Pa and then released. The concentration of the
Aitken nuclei in the air drawn into the apparatus
Is deduced from the reading of the photocurrents
lo and | through the pressurized and rarefied air

in the system respectively.

Measurements of particles in ambient air with

the counter show that the concentration of Aitken

nuclei in the locality is up to 3 x 10' particles
per litre.
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1,00 THTRODUCTION

Atmospheric acrosol parfticles are minute dust
particles that can remain alrborne for a cons%ﬁerable
length of time., The particles may be solid earth
matter; salt particles, smoke particulates or gaseous

molecules of marine, contingntal or eutraterrestrial

origin blown into the atimogphere.

Though they participate actively in the forma-~
tion of rain clouds, fThey are mostly undesirable
ggpecially when prescent in large guantitics. This
ig because of the far reaching environmental,
climate and health effects thelr presence in the

atmosphere produce,

Some of these undesirable effects are felt dur-

ing the Harmattan secason in Migeria, The Harmattan
“dust has; over the years aroused global interest
because of its enormous effects on communication,
radiation, health et cetra in the country. As reported
by Samways (1975) and Kalu (1979), the llarmattan

dust is blown to Nigeria from the alluvian plain of
Bilma (18°N, 42%E) in isouthern Viger and Paya=lLageau
(18°N, 19°2) in Chad by the lorth-iast trade wind.

To be g&ble to cope with and possibly reduce the
adverse effects of acerosol particles; there is a necd
- for a thorough study of the nature of the particles,
In a study of airborne particlezs it is desirable to
determine the size of the particles, the number concen-
tration, the chemical composition, charge carried if any

. and radicactivity if any, ab all points in the atmosphere,
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The most numerous ol any acroscl particles are
usually those with radii betwecn C.005 and C.1 micron
(Byers; 1965)« The aim of this project is to farbri-
catﬁ; locally; and calibrate a suitable instrument
for determining the concentration of these parbticles

in the atmosphere at any desired time.

In.this Ghaptcr; a brief discussion of the various
classes of aerosol parvicles is ¢diven, followed by the
various techniques of sizing in section 1,2, 1In
gection 1.3 the technique adopted in the prescent work

ig digcusscd,

1e1+0 CLABSIFICATION OF DULT PARWICLIS

As reported by Mason (1971) atmoépheric aerosols
cover a wide range of particle sizes, from the smallest
free ions of abeut 0,007mm rad%ﬂa to the largest
galt and dust particles o;‘radius 10pm, LVarticles
larger than 1Q@@ de not normally rem;in alrborne for
a long time sigge they are often foo heavy and therefore
precipitate under the action of the force of gravity on
them,

On the other hand, the lover limit of acrosol
particles (0,00@Q@) is fixed by coagulation, the smallest
and most mobile é;rticles collide and stick vopcthor

| Yo form larger, less mobile and thus more stable
pérticles.

Due to the wide variety of particle simes; it is
often desirable in aerocesol studics to classify the Pare—

%icle spectrum into four sizc groups. These SToups



(a)

(o)

shown in ¥ig 1.1, are:
(a) The so~called !Giant'particles, (b) the large
particles, (e) the Litken particles, and

(d) the small ions,

The Giant Particles

Particles in this group have radii betweon am
and 10gme This corresponds to %ho size range of the
sct of largest particles that can remain airborn» for
a considerablc lensth of time. They are thercfor:
glant particles when comparod with particles of tho
other groups,

In addition to th~ original particles formcd by
the source of the asrosol. parbticles in the group are
continously being formed by th2 aggregation of smaller
particles, Iovever, coamulation of smallcr particles
on giant particles amay rc¢ault into particles too
heavy to re¢main airborne, therofore gausing them to

fallout,

The Larsme Particles

T'he sccond group, called large particles comprises
of particlcs of radii betwcen O.qMm and Mm, They are
next in size to the giant pariicles and some of them
may coagulatc either with other particles of the same
class or smaller particles ¥o form giant particles.

At the same time smallcer particles may aggregatc to

form these large particles.
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(o)

(d)

Altken Particles

The third group, the pltkens particles, are so

called in honour of John pltkens who first demonstrated

the effect of the presence of these particlez gn con-
densation, The group is made up ol particles of radil
between 0,005 and O.1lcm, 25 reported by HeRe Byres
{1965) Altken particles are normally the most numerous
particles in any aerosol. However, gome of them may
aggregate to form large particles or coagulate with

large particles to form gilant particles.

gmall Jons

The small ions are the smallest ol the alrbome
particles, They are about 0,00lcm in size and are made
up of a few neutral alr molecules clustered arcund a

charged molecules They are the most mobile of aerosol

particles and some of them aggregate to form aitken

particles or large particles., sometimes, some of the
larger particles capture some of the ions to form large

iohsg.

SIZING TRCHNIQUES

Aerosol particle sizing involves the determination

of the concentration, number ol particles in a unit

volume of alr, of each size range present in the atmos-
phere at any particular time. Due to the wlue variety
of particle sizes invelved in aerogol studles no single
ingtrument or technique can be used to cover all the
size ranges. fThercfors differént techniques and ingtrus-

ments have to be used for different sise ranges.
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(a)

e 6

several ingenious techniques have been A1yrisad
sor sizing acrosol particles. 'These Sechnignas san
bo broadly grouped inte two. (&) She diresh sining
%eshniques by which particle sizes and numbe™ 2cncen-
trations arc mecasured direetly with the apurcpriate
instrunont: and (2) the indireet sizing %Hechaiques
by which particle sizes and number consontrailons
are determined from a measurable efien’ »f tho

prasencn of the particlcs.

The Dircel Sizing Technigucs

There are two mecthods of dirasct sim’ng of acrosol
particles. These are the methods invol=ing “h-~ 20llec-
“ion of the particles and thos~ that dn not rogquinn
n collcetion of the particlesa

Dirces Sizing Technigue with Colicction

In thie mcthod the number conzeniravion »I %the
particles in the various size rannes are delarmined
by first collicting or sampling th: paritialos o7 *%hs
diffcrent size ranges for subgoguent xrmination and

counting under an optical or an 2lnctron mi~sraaconn.

Ther~ arec many ways of collcchiin~y nnmasol. parbislas.
Cne of thesc is the usc of special filtare of Xno'm pore
sizcs. The filter traps particles »f %h: »agiircd size
while allowing particles of smalle: simen G~ siip
through. A combination filters of chozcn sivce may dHo
usel te colleet particles of a parSienla sizo or size
eangoe. An olegant applicabion of thisr nuthed war
davelop2d by Dessens (1949) who caught aernsol. parsiales

or. vory finn gpiders thread.
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Another way is the use of impactor devicesa
An impactor as decscribed by lason (1971) has an
opening through which air is sucked in by mcans of
a pump resulting in an air jet which strikes a glass
platc on which the particles arc depositedas The
plates can then be removed and counted

under the microscopce

Onc type of impactor is the four stage cascade
impactor which can sample particles of radius
greater than O.5cm into four different sizc groups.
This impactor(shown in fig. 1.2 consisting of a system
of four jets and sampling slides in serics has been
successfully used by Ahmed (1986) to dectermine par-

ticle size distribution in the Harmattan hazc.

Centrifuge devices can also be used for aerosol
collection, A device of this type is the conifuge
described by Sawyer and Walton (1950) and illustrated
in fige 1e3« The instrument is essentially a conical
centrifuge with an inner solid cone and an outer
conical shell of the same vertical anglc. In opera-—
tion,.the two concs arc operated about their comuon
axis in a stationary outer casing by ncans of an
electric motor. The rotation of the concs causes
an internal circulation of a strcam of clean air
which winnows the airbornc; particles drawn into
the apparatus in such a way that the particles are
classified according to their sizes and deposited on
a plass slide in a continously gradcd sample. The
glass slide can then be removed and measurements made

uging a microscopce



- H = Microscope Slide

Jet 1

JEt 2 e Jet &

| Jet 3

Fig-1-2 : Diagramatic Section(elevation) of a Four—Stage
Cascade Impactor
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Aerosol sampling can also be cariiled ouh by
thermal and clcctrostatic precipitation methods.
Tho gimplost form of a thermal precipitabor consista

of two parallel plates at diffcrent Temperatures

- betwecen which the sair is drawn. Duc fto thn Tempera-~

ture diffcrence between the two plataes, the pariicles

in the air sobttlc on the coolor according to Their

gizecs with the smallest settling clozsec to The enftrance

and the larger ones closc to the cond.

In an electrostatic precipitaﬁor; tha mashiet
arc given a charge as the alr passcs around an ioniz-
ing wire at the entrance to a tvbular duct. An
électric ficld is imposced between the walls of the
duct and a central clectrode rod with a char=e
gimilar to that on the particlces. In passing through
the duct the particles migrate to the wclls at spoeds
depending on their mobility (velocity pex wunit
elecctric field) as ionse. This is a function of the
size of the ions and the strength of the applied
fields ©Small particles are Therefore pfecipitated

fagster than larger ones because of their mobility.

Dircet Sizing Toehmiques without Col.cobion

In this method, no previous ool .cetion or sampl-
ing of the particles are roqﬁirodn some of thesce
methods include light scattoring;_olastic collision
on microphone, and photographing of paths in a

foree ficlda |
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In the 1light scattering teolnique, the air under
teat is drawn into a vessel through which a heam of
1light passcs. The particles of the aerosol scatter
gome of the light to the walls of the wvessele The
concentration of the acrosol particles can be obtained

as a funotion of the intensity of the scattored beam,

In clastic scattering method, the particles
are made to collide on, say a microphone, The
number of collisions in a given time depends on the
concentration of the scrosol partieles vhile the
energy of collision depends on the sizpe of the pars
ticlee. Hence this method is suitable for acrosol

sampling,

If the path of a particlo in a forece ficld can
be obtained, then the size and the numbexry concentra-
tion of the particles can he determined On this

principlc is based the photography of wath method,

12242 INDIRIECT STZING TRCHENIOQUES

The indircet methods of scrosol particle siz-
ing cmploys the ceffoeet of {he pressence of the
particles in detoermining their sizocs and concentrae
tion. The most widely uscd property is the nucloat-
ing effect of the particles, The parlicles can
sexrvo as corces for condensation under the right
condition, Instruments based on this mcthod include
The low—szupersaturation counter; the expansion
chambers and the cold—air mixing chamber, Howevel
the most common are the condensation nuclceus

counter and the ¢loud chambers



(o)

(b)

Y12,

The Condensation Nucleus Counter

Thig instrumcent, first introduccd dy John
Adtken's (1883) is bascd on tho rapid oxpansion of
a chomber eontaining saturabed air. ULixpansion
produccs adiabatic ceccoling until thoe air is sulfi-
ciently super saturated for the particlos to act
as condonsation nucLéggg:Tho gizes of the particles
scrving as condonsation nuelel depends on the
expansion produced. The concentiration of tha
particles is obtained by counbing the resuliing
droplets using a suitable device. 1n onn of
Aitken's particle coﬁntors, the droplots are vicwed
through an cye-picec ond counted againgt a graticulc.
The nunber of dreplets in one gguare is then multi.
plicd by the factor nccessary to give the conrontra-

tion in o wnit volumc.

The Cloud Chamber

The cloud chamber, first uged by C.M1.R., Wilson
consists of a chamber into which air scburated

with watcer vapour is introduced. Uith the aid of =

ﬁiSﬁon bolow the chamber; the preséure ingid¢ the

chamber is reduced scveral times until an cxpansion
ratio sufficient for small ions te gorve az cores
Tor condcnzation ig attaincd. In thin vay the con-
centration of small ionsg in the air samplc can be

determined,
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13.

CHOICE OF TECHNIQUE

In a recent work Adetunji and Ahmed (1986),
using a four stage cascadec impactor for the
collection of Harmattan dust particlcs in Zaria,
found that no particle of radius less than
Oo1am could be collected on ony of the slides,
Hence the Aitken particles (radii betweon 0,005um
to Oepm) in the Harmattan haze could not be
analysed. The inplication of this is thaot the
particle size distribution curve of the dust
haze obtained in this worky shown in fig. 1.4,
is grossly imcomplete as the Aitken particlces,
which are the most numerous particlcs in any

aerosoly are not represcnted,

That particles of radii less than O.4un
could not be collected with the impactor can be
explained by the minute sizc of thesc particles.
They are so small that they can penetrate any
filter and slip through impactor slides, Even if
collected it will be difficult to count then
since they can not be scen under a conventional
optical microscope, while in the clectron
microscope they partially evaporate or get
destroyed by electron beam, The direct sizing
methods without collection are also not suitable

for the same reason of minutc sizc.
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Dircet sizing mcthods are normally use~d fom
largn and giant particles. The Inrgs portlcelen can
b2 detoected using any of the sizing methode vithouth
collcetion. They con alse be colleeted by thermal.
and clectrostatin pracipitation, by filtoms on eoaiuzd
slidz2s, znd on spider webm for subscean® countine

wnder optical er cleetron microscope ar dascnihed In —=ho

provious scetions.

Gient particles on the other hancd 2~ mosily
collceted on cnated slides Dy impactore anc then

counted under optical microscopoa

The stondard method of detecting Aitksn particles
in by the usc of condensation Nucleur Countc»s (CNC)
while the cloud chambers arc mostly uscd for th-

deteetion of small ions.

The aim of this projeet is te dusipn. crnstrich
and calibrats a condcnsation Nuclcus eounbor snitadi
for loc2l deotermination of the concertr-tion of Aitker

particles in the atmogphcre at any dasirrd Simc.
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CHAPTER MU

CONDENSATION NUCLEUS COUNTAR: G ORY AND TYPES

2,00 INTRODUCTION

In a dust—frcec air satwratcd with watcr vapour
aggregates of the condenscd phasce urc formed as a
rcsult of chanced collision of molccules in the
vapour phasce Thesc small aggregates, refered to
as cmbryos, arc continously bcing formcd and brokcn
and can only continuc growing if they are larger than a

critical sizc,

Homogcnous condensation results from the
cmbryos if they grow large cnouzh to be more stable
than the vapour phascy at which gstagce they form
nuclci for the development of the liquid phasc.
The formation of embryos of the eritical sizc
requircs very high supcr-saturation. As reportcd
by Wilson (1897), the rcquired supcrsaturation is
as high as 800 percent. If the supcrsoturation is
produccd by cxpansion, this corrcsponds teo an

expansion ratic in cxccss of 1.37.

Howcver, as Aitken (4880) found out, in the
prescnce of dust particles, especially hydroscopic
oncs, condensation commonces even below saturation,
The dust particles serve as rcady-made nuclei for
condensation, thereby rcducing drastically; the

supersaturation required to induce econdensation.
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Henee aerosol parfticles in an aly somple can
be made to scrve as corcs for condunsction, thoreby
converting them into water droplets. if it is
aasumcd that one particle produces one vator droplat,
this phenomenon provides a very good method ol aerosol

census since the wabtcer dreoplet are much lorger then

" the particles nand thercfore casicr to count.

2e1e0

A suitable device in which Aitkon particles can
be made to serve as cores for condeunsgation is the
condensation Wuecleus Counter (CHO). Since the intro-
duction of the first type of fthe counter by Aitken
(1883%), a loet of improvemcnts have been made and a
numbcer of varieties oare now in usgse. iHowoever the

principles of operation of the counters arce the samc,

The sample air is drawn into a vessel -nd made
gaburated by moisturc from the wot Llining of the
vessels The molst air is then made supersaturated
either by incrensing the pressurc in the vessel and
then suddenly releasing it or by cxpanding the
volume using a pump for partial cvacuabion of tho
vecascls In both cascs the effceet is an adiabatie
cxpangion of the air sample accompanicd by a lowering
of the temperaturv from itz initial wvaluc of say 'I‘,I to
a new valuc T2 According te the cquation,

— 2e1
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whero I, ig the initial pressure and rg ig the

L)

reduced prossurc Fae This results into o supcer
gsaturation ratio given by the cquation

S = Pa, P

1.2 —— n
Fs, T,

The saturation vapour prcessurcs 1’54 and Ps? are

functions of the tomperaturcs 1‘,1 and Te roespectively

F., is always lcss than P and.T? is always lower

2 1
than Tq, henece supcr saturntion is olways achicved,
The Super saturation induccs condengation on tho
dust parbicles,

The number of droplets formed depends on the

cxpansion ratioc as well as the numbor of active

condensation nuelei (dust particles) in the aire

The size of thoe aective dust poarticles depends
also on the expansion ratio with the giwnmt particles
requiring the lowest ratios whilu to smoll ions
require the hipghest ratios; obout 14254 In condensae
tion Nuclcus Countors, expansion ratios of about
1«21 arce manally preducced, This ratio is cnousgh Lo
activate all Aitken particles but teo low for small
iong. However the giant and large particles arc
first activated before the Altken particlces. So the
droploets formed by the large and giant parbicles have
to be allowcd to settle outh, beilore measurcment is
made to c¢nsure that the waber droplets countud ave

those formed by Aitken particles only.
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Droplct Counting

The dropluts formed can pe counted dircetly
as in the absoluty counters or §adircetly ~s in the
valative countcrs,

In the absolute countcrs, tho droplets arc
prceipitated on o graticule and count:d JIi. 27Ul
by cyc throush a magnifying glass or miszroscep. in
dark-fillcd illuminntion or on photomicrogrophic

records,

In the relative countoery tic number of dropl ts

formed is detcrmined cither, by mcons of photo-
multiplicrs, thc intcensity af scatlercd light from
a light-bcam passing through the chomber or with a

photoccll, thc extinetion of the Bomm of light.

The Princilc of Extinction

Yhen a parallcl beam of lirht pnsscs through

2 turpid mecdium, likc a fog of wnter droplct, part

of the becom is abazrbed and part of it is scottersd.

Hence only 2 part of it will be nble to traoversc
the medium, If the intensity of the inciduent boam
is Io, then the intensity of the light beam a5 the
detceting cnd is

I = I0o e« (Ia+ In) ——— LA
vhere Ia and Is arc the intensitios of the light

beam absorbed and seattercd respectively-

?
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According to Pollak and Mctnicks (1957) the
intensity of light at the ‘end of the pipeis also given
by the equation, _ )

Iw Io exp (TN Zz%rfk) --- 2.4

Where n,is the numberlof droplets of radius r,
éncountefed per unit volume in traversing a distance
% through the foge. K is a dimengionless coefficiont
depending on the refractive index of the scattering
droplets (14,33 in this case) and a paramcber a,

given by a=2%Krh - = = 245.

Where r is the radius of the droplet and N ’
the wavelength of the light bean,
The percentage reduction in the initigl

intensity is the extinction

Bo=lo=2 x 1008 ——— 2.6,

Combining equation 2,6 with 2.4 givos

E = (I - CXD ( - TV ZZI]“I‘,LEIC) x 100% = 2.?..

Eguation 2,7 doea not take into account coherence

in the scattering of a large number of particles;
but assumes singlc scattering and monocromatic
gource of light. In addition, the sumnation has to
be token over all sizes of spheres prescent.

It is therefore rather difficult to usc cquation 2.7
for the evaluation of the numbor of droplets

encountered by the light bean in passing through

the fo Lo
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Howcver as can be deduccd fronm cquation 2.3
end 2.7 the extinetion depoends bosides othor varia-
bles on the concentration of the dronlets in the
chamber, Hence it is passible to ascribe to cvoery
cxtinetion, a corresponding unique concentration of
dropletse Relative counters arc thercfore normally
calibrated with ruefcerence to an obsolutc countor,
The instrument normally hold this colibrations very

well and give very reliablc and reproducible rcsults,,

M PES O CONDENSATICON NUCLLUS COUNTIINS

There are many typces of CHC counters. iiwost of
these counters arc improvements of the original

Aitkcen's countcrse

Aitken's Particlc Counter

This is onc of thc firgt tyses of the countur
developed by Aitken's hifsclf, “The instrument
consists of a test chamber the wnlls of whieh are
lincd with wet blotting paper to keep the air satura-
ted with woter vapour, In operation the chamber is
first flushed with filtcred cir to onsure that it is
initially particle frcece The gample air is then
drawn in by a graduatcd hand piston which also scrves
to uxpand the chamber after the inlet volue is eloscd,
The cxpansion leads to a suporsaturation large cnough
to activate the Aitken particlcs and tho resultieg
droplcts fall anto the graticule which is an illuni-

nated picec of glass with small squnres ctched on it,
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The number of droplets in the square are then
counted and the expansion repeated until no more
droplets are tormed. The sum of the numbers of urop-
lets in one square is multiplied by the necessary
factor to obtain the concentration of the particles
in the sample air,

As reported by Mason (1971) this instrument has
several unsgatisfactory features some of which incluue
turbulence, leakages, counting difficulties and
improper definition of the chamber volume. Turoulence

produces a nen-uniform distribution of droplets on
the graticule while some purticle arc lost due to
leakage =and counting of droplets on the squares is

a very cumbersome processs

A number of improvements have been made on thne
Altken counter to eliminate these defects, One of
such improvemanits was by Scholz (19%1) who introduced a

counter of cloud cnamber volum: 100 cmd (Mason, 1371)

to eliminate turbulcnce., This counter was however
still apt to develop leaKs.

To ease the counting problem pollak (1952)
developed a modified form of pitken counter which
allows two observers to count the droplcts as they are
formed. Altermatively the extra counting point can be
used for taking pictures simul taneously as the drope-
lets are counted.

AN instrumant in wnich most of the defccts and
the counting difficulties in the pitken counter are

effectively eliminatcd is the photo=cloctric

condensation Nucleli counter.
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2.2.2 PHOTO-ELECTRIC COMUTNSATION NUCLZUS_COUNTZIR

This instrument is a relative counter developed
by Holan and Pollak (1946), Follak sn<d Of'connor
(1955), and Pollak and Metnieks (1957). As sinown in
fig 2.3 the instrument consists of a chamber maue of
a vertical pipe 60cm in length, iitted with a wet
poiows ceramic pipe and sealed on both enus by
elecirically heateu glass platess TO tiie top is
iitted an illuminator, the lighit source of which
produces a parallecl beam of li-ht which passes con-
centrically through the chambers At the bottom ig
a photocell centrally placed to receive the parallel
beam of light emerging from the chamburs The photo-
cell is connccted to a miciroammeter which records the

photo current,

In operation, tne air under investigation is
drawn in through an inlet tap anae then 1iltercd zir
is pumped in to a predetermined over pressures  To
allow the air bucome saturated with water vapour ana
to losc its heat ol compression, the pressure is hel.
for about a minute, while waiting, the photocurcent,
Io is rend andthen the pressure is releascde The
sudden cxpansion cools the moist alr anu vapour con-

danscs on the nucled.
Due to the absorption and sceattering of purt of
the light be~m by th: rusul ting w.ter Jdroplets, the

photocurrcnt falls to 2 new value, T The oxtinction

E given by equation 2.6 depends on the number of watoer
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droplets formed, The number oi water uroplets formed

give the number of particles activateu assuming
that only Altken particles are responsible for tie
water droplets ana that one droplet is formed from
only one particl c.

rhe counter is usually calibrat:d by reference
to an Al tken absolute counters The ingtrument holds
its calibration very well anu gives very reprouucible

resul ts.

Riche's_counter

This photo=¢clectric conuensation nuclceus counter
described by Rich (1955) zllows size discrimination
of the particlus to be counted, The counter has
two chambers into wnich the sample alr at atmospheric
pregsurc expand alter evacuation, The expanslon into
the 1irst chamber is made rapid to ensure a required
saturation. The expansion into the second is slow
encugh to permit the growth of water drops anu bring
the supersatur~tion below the initial value, -nd yct
fagt enourh to be ndinbnatic. Only those nuclel
smaller thoan the size determined by the initisl super-
s~turation nre activated in the second expansion and

contributc to the extinction of light, measured

photo-clectricnlly.,
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automatic Photo=-3lceetric Countur

Thig counter deuscribed by Hayes -noe 5cott (1969)
is a photo-¢lectric countcr in which all oper.iicus
are carried out automaticnlly. The taps are fitted
with solcenoid va2l¥.s controllcu by goliuestate
timers used in associntion witn reloyse The over
pressurce is controlled by the use of o mercury
manomgters, The illuminator is connccteu to o cone
stant current circuit and the photocurrint registered
on 2 pen recoracrs yith the instrument reouings can

be token cvery four minutes,
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CHAPTER THREZ

DE3IGN_AND_CON3TRUCTION OF ZCNC

For the purpose of this project an instruamomt
capable of a hourly mensurement of Altken particles
on the atmosphure is requireds It is required that
this instrument, like any other acrosol measuring:
instrumont satistié%'thu 10llowing charzcteristics
based on a report by Tropp et al (1970).

i) High accuracy and consistencys= gesul ts
obtained with the instrument shoula be
highly accurate, consistent and depcndables

ii) gensitivity over a wide renge ¢! concentra-
tion:i= The instrument should be vory sen-
sitive to both high and dilutc concentrations.
This is necessary since it will be useu
during the Harmattan and the rziny seasons
when particle concuntrotions are very nigh
and low respectively,

iii) small response timey~ fThe instrument
should be able to yield results within =z
very short time.

iv) =ase of galibration;= The calibration o1
the instrummnt should be easy and the
instrum.nt should hold its calibration

well over all concen trations.
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v) Large volumctric saupling rates- Tae volume

of air requircd ior measurcmoant siould be
large enough W give a represcnlatlive moae
surement of the atmospucre.

vi) Inexpnsive;=- The counter shoulu not be
exp-nsive to fabricwte locallys The parts
should be avail«ble anu chespe

of all the countecs describeu in the last

chapter the one that meets most of thesce rejulrements
is the photo-cliectric condcnsstion nucleus countec,
Though a relative counter, th: insgtrument is ceasily
calibrateu using an absolute counter, Once caliorated,
the instrument holus this calibration very well and
gives very accurate, congistent snd depenayable results
for both high and dilute concentrations o1 gliken
particles in the atmogphcere.

Abgolute counters of the altken
partir 1., counter ( A\PC) type do not give very accurate
regults for low concultrations and have to be diluteud
with particle free ~ir wihenever very high concentra-
tiong ar: to be determined. The nbgsolute counters are
therelore unsuitables. on the other nanu some of the
compon.nts ruguireu for the construction of an -~uto-
matic counter are not avallable and wnen avallable are
very expansive, Therciore for a reli Wle measucemant
of the concentr-tion o1 Altkwn particles in the atmose

phere, a mouificd form of the Nollan Ppollak typc of

PCNC i3 chosen ftor fabrication.
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3¢1.0 DEJIGN AND CON3TRUCTION

The loeally constructed counter, the zorina
condensation Nucleus founter (2¢NC) shown in tig,
3.1 was fabricated in the physics departmen t worke-
shope It has four maln system componcniszge

a) The illuminator

b) The conuendation chamber
c) The over pressure syston
d) The counting systema,

To ensure that the counter is of high
accuracy and dependabllity as well as leak-proof,

the design was aimcd at achieving the 10llowing
recommendations of Metnicks and Pollak (1971).

i) @reatest rigidity of the whole instruction
ii) Chamber should bec of air-column diameter
between 2.5cm and 4,0cm,

iii) Usec of ceramic lining to ensure unilomm
surface lining and regular water vapour
supply.

iv) Use of '0' rings, sealing glass plates,
and vacuum taps to prevent loakages,

v) The illuminator light beam should be well
centred and collimated with such » narrow
crogs-section that the lining of ithe walls
is not struck, lcaving a dark annular ring

.'II‘OU.NU it-.
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vi) ualsorm illumination of the cross-scction of
the beam at the sensitive sucisce o1 thu
photo-cell,

vii) Use of huatang colls on the scenling glass

plated to prevent misting on the plates.

viii) Use of stable ana dJdurable phot=-culls.

Illumin=ator gystem

v
the illuminstor shown in fige. 3.2 consists ol

two plano-conv.:>t lenses of foeal length 5em cachi
an achramt lens of focnrl length 13cm, 2 6V 154
point source bulb anu a bulb mountings Thusc are
properly arran,ed in the illuminator housing to pro-
duce a parallel beam of uiome ter 15mm cnd l7mia at
the exits of the illuminator anu chamber roespectively.

e agscubly urav'..ﬁ “in 1ig 3«3 shows the oracr
in which the different ponents of the illuminator
arc¢ coupleds The illu ator housing is maue of a
blackened brass pipe of diameter 3.9c¢m anu length 35cm.
Distances between the lenses are maintained by the usc
of spacurs which are blackencd brass pipes of exter-
nal diameters 3.8cm cut to the roquircd lengths. The
machining of the brass pipes to the precisce dimensgions
were carried on the lathe macnine in the physics
department worksnop.

the bulb mounting us-d was *he type that enoures
rigidity of tne point svurce anu allows good cun wring
of the light beam, Yhile ulaphragms are usced W0 ensurs

the required diaficters of the benn,
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In constructing the illuminator carc was taken
to ensure that wnen fitted to the condensation
chamber, the light pencil cmanating from it is
always wcll aligned with axis of the chambere To
ensure great rigicity, the illuminator is joined to

the condensation chamber by threaded joint,

3¢142 The gonuacnsation chamber

The inner part of'the chamber isa Jem intemmal
diameter pom“gurnmic pipc fabricated in the departs
ment of Industrial Design, APy Zariza. This is cheased
in 2 steel pipe and the composite tub. Wmachined to
60cm in length., TO el ther ends of the tube is
brassed a brass flange <ach. Tac ilanges, togetner
with a cover plate each, form housin_s 1or the
clectrically heated sealing glassese Zach of the
glasses ig proviucu with a heating coil mnue ot
constantan wire coiled round to the size of the glass
plates as shown in figs 3.4 and provided with leads
to the power supply. fThe heating coils are insulsatcd
from the¢ brass flanges by covering them with insulat-
ing paper,

To ensurc air-tightncss, '0' rings are slottud
one cach between the brass fanges and the glasscs, and
one ench between the glasses and the cover plates.
with the usc of bolts and nuts, the cover plates are
tightly bolted to the 1langes. Fige 3.4 is an assembly
drawing ol the seating glass plates.

T0 the top and bottom o1 the chamber are fitted
One vacuum tap each to form the over=pressure anug

sample taps respectivelys, while a metal manometer and
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a copper-nichramx thermocouple arc iitted to the
middle part.

The top cover plate is intemally threaded such
th:t the illuminator can be screwed on while the
bottom of the chamber 1s made attachable to lie counte-
ing syotem on the woouen basee Fige 3¢5 shows a
crogs~scction of the condensation chamber after
assembly.

All metal parts are machined to the precise
dimensions on the lathe machine in the physics depart-

ment workshop,

The QVer-pPressure System

The over pressure system consists of a ioot
pump nd an alr filter joined togethcr by =2 length
of rubber tubing. The outlet end of the alr 1ilter
is providad with 2 lagth of rubber tubing through
which it can be joined to the condeungation chamber
through the sample tap.
air Filter

The locally prouuccu air filter shown in fig,

3.6 is made up of an inner part which is a cylinderi-
cal can made of tin, and stuffed with layers of cotton
wools, This is scparated from the empty outer parts,
soldered on to it, by perfomted tin lids. To both
ends of the filter arc soldered brass pibes for the

passa.e of zir.
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The Foot pump

por thc preoducticn of the required over pressure
in the chambzr as well as {for pumpin, in the air
sample a bicycle foot pump is used,

The countin: sSystem
The counting system consists of a selenium photocell

connected to a very sensitive microammeter (0-LOMA).
The photcell is fixcd - the woouen base, produced
in the¢ carpentry workshop oi tlic physics department
ABU» Zaria, in such a way that its ceatce is zali_ncu
with the lioht beam emmerging from the chamber.

To increase the sensitivity of the photoecell, the
sensitive area is roducced by placing a diaphragm of

15mm diamcter above the sensitive surface.
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Qther Accessorivs

The other accesoories of note required ior tae
use of the counter include 6y Jdec powcr supplies for
the illuminator as well as the heating ccils, a
rheostat, two variable resistors, an ammeter, two
milliammeters, a galvanometer and a wooden platiorm
1.5m above the ground level.
The rhestat and the two variazbles resistor are
used in the illuminator and the heating coil circuits
respectively. For sctiing the required currents
while the ammeter (0=57) anu the milliammeters (0-100
mp and 0-200mp) are ior monitoring these currents.
The galvanometer is required ior tne thermoe-
couple if the temperature within tine chamber is required,
T0 ensure tiiat only airbome particles are measured,
the counter necds to be ralsed above the ground level,
For this purpose the woouen platform 1.5m hi_h is

used,

COUNTER_ASSEMBLY

TO asscmble the counter, the componin ts of the
sealing glass plates are first assemblud as shown in
fig Je& and the cover plutes bolted tichtly. However
if the counter isto be uoed, the ceramic lining has
to be soaked in distilled water belore assembling the
glass platess This is uone by covering the lower
end of the condensation chamber with a mctal plate ana

then pouring the distilled water into the chawber of
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the ceramic lining tnercby soasing 1te The metal plate
is then removed and the excess water allowed W drailn off.
The .. cover platus are then assembled and

plat. tightly bolted after which the counting system

w:th the wooden base is couplod to the boitom sealing
zlass and photo cell leads appropriately connccted to

the microammeter.

After proper greasing, the inlot and the over pre=-
ssure values as well as the metal manometer are ti, htly
screwed onto the condensation chamber,

mhe illuminator is then asscabled as shown in ii..
3433 the cxit end screwed onto the top cover plate of the
chamber, oneé end of the alr filter is then connected
through a rubber tubbing to the inlcet value on the cnamber
and the other end connected through another tubbvin, to
the foot pump.

The free ends of the thermocouple are then connected
to the galvanometer and the heating coils as well as
the illuminator leads appropriately connccteu through
the variatble resistors and the rheostat respectively to
the 6V d.c power supply.

whenever the countur is to be uscd the neating coils
and the illuminator power supplics nave to be switcned on
for 5 minutes belore measuremcits are cominenced. This
is to ensure that the glass platus are warim enough anc

the inteneity of li_ht from the illuminator is steady.



44140

L00

45,

CHAPTER FOUL

Tl MEASUREMENTS AND  CALIBRALT ONS

COUNTER TESTS AND CHECKS

To ascertain that the locally constracted
condengsation Nucleus counter, conforms with the
desired requirements, the follouing test and

checks were carried out.

Shape and alipmment of thoe Lisht heam

The illuminator wags assombled as shown in
fig. 3.3 and connected throush a rheosbat and an
ammeter to a 6V d.e source as shoun in the circuit
diagraw of fig 4.1. With a supply current of
2e3A & circular licsht heam of diameber 1.5cm as
expected was observed al the exist of the

illuminator.

The illuminator was then coupled with the
condensation chamber and the emorging beam through
the chamber directed on a graph paper on which a
¢ircle,. with a diameter the same as the intoernal
diameter of the chamber (i.s 5Gm); has bcen drawna.
With the amis of the chamber aligncd with the
centre of this circle, the emerging circular beanm
was found tc be aligned with the chamber and the
diameter was measured to bé'ﬂ.?cm, Thasz leaving
an anmilar dark ring of about 0.65cm, as shown in
fig. 442, between the walls of the chamber and the
light pencil.
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This is a clear indication that whenever the
illuminater is properly assembled and coupled to
the chambor the light pencil iz of the required
gize and is centrally aligned with the axis of

the chamber,

4,12 Heabing Coil effecetivenesg

As suggested by Pollak and Hetricks (1956);
to prevent misting on tho Ttop sealing lass it
should be kept ab a temp 0.5°C above the ambien®
temperature while the bottom sculing glass
should be keplt at a Temperature about 0.9°¢C
above the surrounding to prevent migting as well
a3 reduce fogging on the botlom plabea

. It was found that these temperaturcs cduld
be achieved by feeding the ton heating coil with
a purrent of 70mA and the bobttom coil with a
ceurrent of 150mA when both axrce supplied by 6V d.c.

SoUIrCesSa

It is thereforc assumed that with the heating
coils workin, no misting will take place on the
cover glassces and fogging on The bottom lass is

minimized.

4.1+3 Chamber Leakage Test

To carry out the leakage test, thn taps as
well as the '0' rings wore proporly grihased with
ﬂpiazin_greaso and the condensalion chamber properly

asgsemblod. Then with the overpressurce tap closed
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air was pumped into the chamber Lo a pressure of
200mmig as recommcnded by lMetrieis and Pollak
(1971) . The inlet tap was then closcd and counter
left for somc¢ time, After onc hour no noticcable
drop in pressure was observed. This shows that no
appreciable drop in pressure will occur when using

the counter,

A drop of about mmllg pcer minute would have been
intolerable ag reported by Metricls and Pollak
(1971) sinece morc than onc minute is spent when

taking measurement with thc counter,

Photoecell Reception

‘P check the photoccll roooption; the cell
was uwouaated on its housing in the wooden base and
connceted to the microammeter. The ccll diaphragm
was then put in place and thc wooden bast coupled

to the condensation chamber,

The illuminator was then scroved onto the
chamber and the microammcter set to the 0-~10uA
range., When the illuminator supply was svitched
ony an almost full dcflection of the microammetoer
vas noticed, When left for about 15 minutcs and
with zcro setting it was poscible to adjust the
pointer to the full scale rcadinge. “hus normal

reccption of the photocell and the casc of taking

readings are assured,
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To test for the efficiency of the air filter,
it was connccted, through rubber tubings, to the

inlet val¥e of the chamber and the Toot Hump.

The cecramic lining was then properly soaked
and the counter properly assembled a3 described in
section 5.2; With the two valvweg on the chamber
opened; filtered zir was then pumped in through the
inlet valws until the chamber is complcetely flushed,
This is to ensure that the air in fthco chamber is
entirely, that from the air filter; vhich is to be

tested for being particle free.,

The over pressure valve wag thon closed the
chamber pumped to an over-pressure ol 100mmilg, still
with the particle free air from the air filter.
ith the illuminator and the heating coils switched
on, the inlet valve was turned ofl and the wmicro-
ammeter pointer set to full scale. After one minute,
the over pressure valve was opcned to release- the
pressure and the microammetor rcading still showed

a full scale deflection.

This means that no approciable condensation
process took place during the‘test; as thoe microam-
meter rcading would have fallen had therce been any
.appreciable condensation, The air pumped into the
chamber from the air filter can thus be said Lo be
trully particle free and it can thercfore be concluded

that the air filter works ceffectively.
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TEST MEASURBMINTS

After the positive tests and checks of the
differcent compenents of the counter, some test
measurenents were carricd out with Lhe instrument

in March, 1988,

The procedure for taking measurements with

the counter is the same as that described in the
last section, the difference being that the chambeor

is now flushed with the gample air instcad of the
particle free ajr from the air filler, This is

done by pumping the samplc air, in this case the
Harmattan air; directly into the chamber instead of
pumping throvgh the air filter. Nowever, the ovcer-
pressure of 100mmHg still has Lo be attained by
pumping in the particle-~free-air from the filter,

When this pressure is attained, the over-prossure valve

#iuc closed and Vhe microammceler reading, To adjus-

ke to 10 uh,  After the walting peried of one

minute, the pressure is rcleased and the final

nieroammcter rcading, I noted.  The illuminator

and the heating coil supplies are alvays switched
off after every measurement vo be switched on again

15 minutes before the next.

The overwpressurc of 1G0muiy was chosen so

that when the pressure is relcased to almospherie

~an expansion ratio of approximatcely .21 is

achieved. Of the three typoes of particles activated

due to this expansion ratie, the large omd giant
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particles fall out during the walting period of one
minute leaving only altken particles as explaineu
in section 2.1, Hence the resulting extinction of
the light beam is due only to the water uroplets
formed by tnese particles.

- Measuremonts were hade hourly from 7.00a.m,
to 7.00p.m., local time, dally for two woeks in
March 1988. 0n cach day the chamber is always first
dismantled, so that the sealing glasscs could be
eleancd and all vai™es and *'Q' rings greased,
Howevur, sosking of the ceramlice pipe was only done
once every four days as a slhgle soak is enough for

about fifty measuremen i,

;:Jh,z.l. Reauings

) The initial meter readings, Io are always set

t¢ 10 up =2nd the extinction, E obtainew from the

final reauings, I of the microammeter using cguation
2.6 Tables 4.1 and 4.2 show the rendings as obtained
for a typical clear day and a typical dusty day in
March, 1988 respectively.

4,3.0 CALIBPRATION
Using a calibration table prepnr.d by Metalcks
and Pollax (1959), a calibration curve was preparea
Tor the ZCNC. The tablc of Metnieks and Pollak (1959)
has volues of extinction ranging frowm 0% to 9 3.9%,
corresponcing to coneentrations of 0.000 to 440.038x

109 particles per m3 of gample alre Due to this wiae
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range of particle concentration, a semi-
logarithmic curve, with particle concentration
on the vertical axis and the extinction, E

on the horizontal axis, had to be uscd, This

is shown in fig, 4.3

RESULTS AND DISCUSSIONS

As shown in Tables 441 and %42, the
extinctions measurcd during the two wecks of
March rangec from 79% to 92,5%. Using the
calibration curve of fig. 4.3, the correcspond-
ing concentrations of the Aitken particles are
1044712 and 275.422 x 10° particles per metre

cubec.

This same method was uscd for the rest of
the readings obtaincd for the two wecks of
measurcment and the results arc as tabulated in
Table 4,5« Tables 4.3 and 4.4 arc the rcgults
as obtained a typical clcar day (March, 15) and

a typical dusty daye.
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Readings of Extinction as measurcu for a typical
clear day im March, 1988, using the zoNC.

_Eiﬁgl(hrs %

icrgammete
2adlnzs, Iqul

[o=I(uy)

zxtinction Z

=l%;I§IUU%-

7.00
8,00
9,00
10,00
11,00
12,00
1,00
2..00
3.,00
&\ 00
5 .00
£,900
.00

2,00
1.95 )
2,00
2.05
2,05
2,05 [
2410
2.10
2,10
2,05
2105
2,05
2.05

-

8.00
B.05
8,00 i
795
(%
795
7.90 ‘
7.90
7.90
7495
795
7495
7495

80.0
80.5

80,0
7945
795
7945
7940
7940
7940
7945
7945
7745
7945

Tawle ‘ha 2|

Readings of gxtinction as measured for a typical

dusty day in March 1948 using the 2C0NC.

Local Microammeter To=T(ua) | Extinction E=I10-1x10C,
Time (hrs) | Readings, I (ua) 1
7400 0.75 9425 22.5

8.00 0.75 9.25 | 92,5

9.00 0.80 .20 92,0
10,00 0.85 9.15 91.5
11.00 0,85 9.15 71.5
12,00 0.85 9.15 91.5
4,00 0490 9.10 91.0

2 .00 0.85 9.15 | 91.5
3,400 090 9,10 9L.0

Mg, 00 0.90 9.10 91.0

5 . 00 0,90 9,10 91.0
‘$.00 0.89 9.15 91.5

P .00 0.85 9.15 311116R51,5
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able 4.° oncentrations of Aitken particles for a typical
Table o Elear day in March 1988 as obtained using the

calibration curve of fiz. 4.3.

Local Time Extinction, E(%)| logZ Concentration 2x1077
(hrs) particles m
7.00 80,0 11,060 114,815
8.00 80,5 11,075 118,850
9,00 80,0 } 11,060 114,815
10,00 7945 11,040 109,648
11.00 7945 11,040 109,648
12,00 7945 [ 11,040 109,648
1 .00 79.0 11,025 105,925
2.00 794,00 11,025 105.925
3., N0 79.0 11.025 105,925
%, 00 7945 11,040 109,648
5,00 79.5 11,040 109,648
1@ .00 79.5 11,040 109,648
¥, 00 7945 11,040 109,648

pable 4.4y Concentrations of Altken particles for a typical
dusty day in March 1988 as obtained using the
calibration curve of fig. 4.3

Local Time gxtinction, & (%) Log2 concentration, 2«10%7
(hrs) particles/m
7.00am 925 11,445 278,612
8.00am 92.5 11:445 2784612
9.00am 92.0 11,420 263,027

10,00am 91.5 114395 248, 313

11,00am 91:5 11.395 2484313

12, 00noon 91,5 11.395 248, 313 '
1.,00p.m 91.0 11, 380 239,883
2.00p.m 91.5 11.395 248,313
3.00p.m 91,0 11.380 239.883
4,00p.m 91.0 11.380 239.883
5.00p.m 91.0 11.380 239,883
6+00p.m 91,5 11.395 248,313
7.00p.m 91.5 11.395 248,313
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Table 4.6, Daily, 7,00a.m - Concentration of Altken Particles
during the two weeks of Measurement,

Date gxtinction, £ 4 | Cconcentration, 2x10™7(Particles
(m3)
2/3/88 92.5 278,612
3/3/88 9245 278,612
4/3/88 92,0 263,027
5/3/88 92,0 263,027
6/3/68 90,0 221,165
7/3/68 89.0 205,966
8/3/88 86.5 1774140
9/3/88 87.0 182,583
10/3/88 8545 166,460
11/3/88 84,0 151,292
12/3/88 84,0 151,292
13/3/88 82.5 137.655
14/3/88 81.0 124, 407
15/3/88 80,0 : 115.822

A number of interesting observations can be made on
the results obtained, Table 4,3 shows how the particle
concentration varies witn time of day. To investi_ate the
variatibASHU}Tparticie anqawtration during tne two weeks
of measurement, the concentrations at.%.OOam which are

mostly the highest dally concentrations, were chosen. This

is shown in table 4.6,
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4o4,1 vVariation of particle concentration with time of
day. Fige 4.4 is a plot of the particle concentra=
tion with time for 2nd parch which is a typical
dusty day of the month, From this graph it can be
observed that the readings in the morning are
generally the highcuste while the lowest readings
are usually between 3p.m and 4p.ms

This suggests a lowering of the particle con-
centration as the solar insolation increascs.
However, thorough investigation of the relationsnip
between the insolation and particle concentration
needs to be carricu vut beiore any conclusive statu=

ment can be maae on this,

4.4,2 variation of uaily particle concentrations during

the two wecks 01 Marche

From the results of Table 4.5 it can be observed
that the highest concentration of sitken particles
as measured by tne instrument was 278.612 x 107
particles per metre cube while the lowest was 407,022
ﬂzaog-' particles per metre cube, The highest value
was recorded on the first ana second days of measure=-
ment (2nd and 3rd March) while the lowest was recorded
on the last day, . 15th day oi pMarch., This suggests
a gradual reduction oi .. the p.rticle concentration
as thc¢ day increases. FPor a clearer observation, the
particle concentrations at 7.00 am during tne period

of measurement were compared (Table 4,6)« This is

ag plotted in fig. 4.5. 7phe plot shows a gradual
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decrease in the particle concentrations towards the

middle of march. This is undergtandable since the
Harmattan haze is usually more noticeable at the

beginning of March than at the end.
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CHAPTER FIVE

COMMENTS, CONCLUSION AND SUGGESTIONS FOR FUTURE
WORK

COMMENTS

As discussed in the last chapter, the locally

fabricated counts, the 2aria condendation Nucleus
countcer worked satisfactorily without any
apparent difficulty or problem when subjected to

the performance tests of scection 4.1 It there-
fore satisfius all the recommendations of

Metnieks and Pollak (1971) as listed in section
3.1. The counter can thercfore be sald to be of

high accuracy and dependabili ty.

In addition, the tegt measurcments made with

the counter as reported in scetion 4,2 gave rea-
sonable results of the concuntration of pAltkan
particles in the Harmattan haze during the two
weeks of March for which the measurcmants were
made, This further confirmg the reliability of

the counter.

However, there was; no previocus data with

which the results could be comparcd, This
together with other limitations militated against

a thorough accessment and wider usc of the counter,

Limitations

i) Lack of an pbsclute counter;- Since there

is no previous data on the local concentra=
tion of pitken particles in the Harmnttan
haze¢, an absclute counter would have been

handy in @@€ertaining the reliability of
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the results obtained with the ccunter
hence the efficiency c¢f the counter
could not be determined due lack of an
abgolutce counter.

ii) Insufficient Mcasurementss- Due to the
cumbersome nature of the prucedure of tak-

ing mcasurcments with the counter, only
hourly measurcments can conveniently be
carricd vut with one single unit. Houwever,
more frequest measuccnents, say quarter -
hourly are requireu fur a more thorovugh
investigaticn of the variation of particle

concentrativon with time of uay.

iii) qualitative analysis;= For a better

understanding of the naturc of the paitken
particles in the air, both quantitative

and qualitative analysis of the particles
are requireds However, the counter as

constructed can only be uscd tv determine
the cuoncentration of the particles in air
but unsuitable for usc in wetermining the

composition of the particles.

CONCLUSION AND SUGGESTIONS FOR FUTURE WORK

In the work reported, it is clear that a
condensation nucleus ccunter, such as the one
described can be used tv measurc the concentratiun
of pAltken particles in the Harmattan haze. The

locally constructed equipment, the Zaria cundensa-
tion Nucleus counter proved completely adequate

for the task, at unly a small fraction o1 the cost
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of a commercial equipment, When used simulta-
nevusly with a four stage cascauc impacter, the
particle size distribution of the Harmattan haze
at any time can be uctermined over a bruauer

size spectrum than hithertu reportoedg

slreauy, the ZCONC system has beun operated

for several hours with no apparcnt J«ifficulty
or problems. Test measurements with the counter

indicate that the concentration of pitken parti-

cles in the Harmattan hazce een be as high as
3x10" particles per cubic meter,

To broaden the use of the countuer ang to
make it less cumbersome to operate, the follow-
ing improvements aimed at climinating the Jiffi-
cultics assuciated with the limitatiuns of the

counter arc suggesteds

i) pcquisition of an absvlute counter

For the purpose of determing the
efficiency of the counter unuer variovus
concentrations, an absulute conuensatiocn
nucleus counter shoull be acquireds This
can Le uvperated gsimultaneously with the
counter for different cuncentrations and
the results comp@pod. From the results,
the efficiuncy of the counter can bLe
found and always quoted to show the reli-

ability of the cuountor.
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Falkricaztion of more counterg inclu.ing autcmatic

counters

10 eliminate the problem of inirequent
measurement automatic counters have to Le
fabtricateds In auiition, morc counters ncecd to
be fabricated so that measurements can bDe made
gimul tancously at Jifferent locations anud

al titudes, Thus more comprchensive uata on the
concentrations of the particles in the air at

any particular time can be obtainc..

Posaibility of nuclear technigue in _gualltative
analysis

The prollem of the qualitative analysis of
the plitken particles may be sulveu Ly nuclear
techniques using pgeutron pctivation pnalysis
(NAA) on x=ray fluorescence analysis (XRF).
However, to usc thesc methous, the particles

should Le cullcectueds

A8 oLserved in gection 1.3, none of the
gstablished collcction techniques is suitablc
for the M tken particles, Hewever, there is
a possitility of cvllecting the particlces using
a modificd form oi the conucensation nuclueus
counters Since vnly the urcplets of water formed
Ly the pltken particles are left after the 'one
minute' waiting period wuring the uperation of
the counter, tne particles can be collecteu Ly

filling a small containur, say the 'rabbit' of
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a neutrun gencrater, with thesce Jdroploets.
This may be uavne just at the enud of the
expansion procease The rablbit can then Le
sent into the neutrun generatwr fur irradio-
tions On the return of the rabbit, the
parten and level of activity can be
analysed for the compusitiun of the particles.

Hence Ly muldifying the counter it can
be used for the cullectiun of tne pitken
particles for subsequent analysis using
neutruvn activation technique.

with the afuremuntivned improvemen ts
on the counter it can Le uscu effuctiuply

for the fulluwing purpuses.

Harmattan haze stuuy

The counter can be useu for the determination
of the concentration of the pitken particles in
the Harmattan dusts To do this, hourly or quarter-
hourly measurechicnts have t¢ be made daily for at
least une year. From the resulting data, a cou-
parisun of the numler concentrativnsg +1 the par-
ticles during the garmattan seasun (Nvuvenler-
March) may be mauc with the other seasuns.

Hence when the counter is used togscther with
a four stage cascaue impactor, a bruad gpectrum

ofthe Harmattan haze can be vbtaincu.
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Meteorological Studic

In addi tion to its possible usc in Harmattan
studies, the counter can be used in local and
national meterological studies in gencrala. A
number of the counters can be used for observa-
tions at different places and differcnt alti-
tudes for cxtensive measurcments of condensation
nuclci concentrations. The data so collceeted
can be of emmcnce usc in weather study and -

weather forccasting.

Industrial Uscs

The countcr can be uscd te deteet the pre-
scnce as well as dctormince the concentration of

Aitken particles which are the most numcrous of

~oamy acrosol samplce Thercfore when connceted to

suitable devices, thc counter can be uscd to
control the level of dust in an cneclosurc. This
could be very uscful in the cleetronic industrics
where the dust level has te be rahaced €o the
b@ayaest minimunm,

The counter can also be used ir indumtrial
test laboratories to investigatce some propertics
of metals, For this purposo; the matcerial under
test is uscd as arcing clectrodam %o produce
nuclei. The concentration and size of the nuclei
produced, which can be measured with the counter,

depends on the quality of the metal cleetrodes
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. Medical Uses
The counter can also bgc uscd in nedical
studicsa. Some diseases arc asscciated with
the presence of some acresol particlcs in thae
air. ©Since some of thesc particles will be in
the form of Aitken particles. tho counter can

be used in the study of thesc discoscs.
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