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ABSTRACT

Harmattan dust collected in Zaria 11°N, 7°38'E,
Nigeria, with a four stage Casella MK 2a Cascade impactor
was subjected to gualitative x-ray, optical and electron
microscopy analyses, Counting and sizing were done with a

TGZ-3 counter and Porton graticule.

The results of the x-ray analysis show that the dust
consists of Quartz {$;0,), Microcline (KA,Si,04) which
until this time has not been reported to be present in the
Harmattan dust, and small concentrations of other clay

minerals. It was also observed that:

(a) the mineralogical composition and shape factors

of the dust particles are size range dependent,

(b} the analysis of particle size measurements gave
a log-normal distribution with a mean diameter

of 1.03mm and a geometric standard deviation of

2.33'

(c) the particle counting and sizing depends on

the type of counter used,

{d) the number-size distribution is independent

of the type of microscope used.
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| Chagter 1
INTRODUCTION

The Harmattan season in the Northern part of MNiceria
is always associated with dust laden atmoswhere, The dust
is commonly called Harmattan dust haze. The dust particles
which are defined hére as small discrete mass of solid earth
matter are very fine and can remain suspended in the air for
a long period of time, This phenomena has heen observed
annually between the months of Novembher and March during
which large guantities of dust particles are transported
from the Sahara desert towards the Gulf of Guinea across
Nigeria. The preseﬁce of these dust is indicated by a dusty
atmosphere which reduces visibility to less than 1300 m
as reported by Kalu (1%79). The dust which affects the
Nigerian zone, south of lattitude 15°W, comes from North-
Eastern sahara along the alluvian plain of Bilma (18°N,
12°E) in southern MNiger and Paya - Largeau (18°N, 1%2°E)} in

Chad as depicted in Figure 1.

The harmattan dust particles are transported downward
from the source region in the form of a *plume' by the
prevailing winds. It was reported by Aina (1372) that on
the average it takes about twenty-four hours to reach the

Northern part of Niceria,

1. 1. Generation of Parmattan Dust

The mode of production of BHarmattan dust has not been
extensively studied, Fowever, there are so many different
descriptions of the origin of the dust: It was reported

by Yaalon and Ganor (1379) that the desert dust originates
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from wind erosion of alluvial deposits in the desert
mountain valleys. Thus, the dust is produced as a result
of chemical weathering of primary minerals., There is also
the suggestion by Junge (1979) that some of the desert
dust are produced by crystalline brecakage of salteting
grains, which depend on surface soll texture and wind
speed., But generally, it has been accepted that the
aridity of the sahara, the high temperature reached by its
soil and the strong diurnal thermic turbulence resulting
from the former are all factors which favour the production
of the dust and its subsequent suspension in tre atmosphere.
Thus it is possible only when certain synoptic features
occur over the source region (Adefalalu, 1¢68), One of
suéh features is the development of high wind speed at the
surface to create the necessary turbulence and instability

required to keep the dust airborne for a considerable length

of time.

The plume concept was generally accepted, as reported
by Prospero {1972) and Kalu (197¢), that it is not the
atomistic conception that cause significant effect but
rather the bulk plume form. The élume is made up of three
phases, namely:

i) The Instantaneocus Phase: It is the period when
dust particles are violently raised from the ground
usually in the form <f dust storms as a result of -
very strong surface winds,

1i) The Spreading Phase: In this phase, transportation
starts in the horizontal direction which marks the

beginning of the spreading phase, This is followed



simultaneously by the deposition of heavier
particles along the route by simple gravitational
action. The wind gradually woakens and the plume
loses its vertical mome ntum which makes it to
sPread._ i |

iii)}) The Equilibrium Phase: It sets in as soon as the
spreading phase is concluded, At this point the
plume has lost independence and ﬁoves entirely
under the influence of the prevailing winds. This
stage is usually marked by a gradual reduction in
visibility within a few hours. After which
visibility continue to deterioratgs rapidly becoming
poorest when the core of the plumé comes over the
station. This occurs at some hundreds of kilometers
away from the source areas in the direction of the
trade winds (Kalu, 127¢). The rate of deposition
increases greatly at this stage as a result of a
vertical downward mixing caused by vertical pressure
chances. Which is also a function of the distance
from the source region, soil texture, wind speed

and temperature. : ..

1.2 Possiple Affects of »zrausttan Mt Tuze

Several effects of the Harmattan haze includes

ervirammental, climatic,healt: -r? so on.

1.2.1 Ervircommental Effects: Harmattan dust haze has nume rous

envirommental effects, the most easilv nceticeable among
them is the reduction in visibility, which marks the
arrival of the dust haze. PReducticn in visibility

_causes a lot of inconveniences in civil aviation as



sometimes it either causes closure of airports
temporarily or flights re-scheduled to early morning
hours when vertical mixing of the atmospheric column

has been suppressed due to low insolation.

Other ecological effects include nutrient input
to the soil via dust deposition which subsequently
changes the physical soil structure and composition
required for plant growth. Furthermcre, the
deposition of the dust into ocean waters and rivers
may affect marine life, It was indicated by Lundholm
(1979} that deposition of nutrients associated with

Saharan dust into ocean waters_contribute significantly

T

to the productivity of the surface waters,

Climatic effects:. There are two ways in which an

aerosol can influence the radiation budoet., One is a
direct way, by scattering and absorption of radiation.
These are sicnificant only for aerosols in the size
range from 0.1 to 2 um (Friedlander, 1977). The
indirect way is by modifying th? optical properties,
particularly the albedo of ciouds {Junce, 1°7¢),

dince aerosols of radius greater than 0.} pum act as

condensation muclei during cloud formation.

tealth effects: The deposition of Harmattan dust

particles with its different mineral compostion and
shapes through the respirator: tract certainly affect

human health and that of other anirmals. However

Friedlander (1977) has indicated that the fraction



deposited depends on the lung geometry and air flow

patterns of individuals as well as size ranges of

the particles.

1.3 A review of Previous Work on Saharan Dust

A lot has been written about the transport and
deposition of the saharan dust in various parts of Africa,
Some of these studies include the transport and deposition
over eastern sahara by Wilson (1972} and the movement of
the saharan dust in summer by Carlson and Prospero (1972).
Purthermore, the long range transport of the saharan dust

has been studied by Schltz (71879).

However, the published materials about West Africa
have concentrated on evolving forecasting technigues for
the on set and dispersion of Harmattan dust. These include
the study of the variation of visibility during harmattan
periods by Adetunji et al; (1979). Bigglestone (1958) had
studied the diurnal variations in the surface wind speed
at Kano. While Samways (1¢75) has reported a synoptic
occurence of Harmattan haze at Kano. In addition to these,
studies have been carried ocut on fhe.mineral/elemental
composition of the saharan dust by Prosperoc and Carlson
(1970), Rahn et al; (1279) and by Adetuniji and Ong (1989}
with X-ray diffractometer. A nmicroscopical aralysis of
the harmattan dust at the Imperial Institut2, ILondon as

well as the mechanical sifting analysis were done by

Hamilton and Archbold (1945).

Mass and number size distribution studies were done by



Schlitz and Jacnicke (1974). Patterson and Glllette (1377)
carried out size distributions measurement of soil-derived
aerosols at Colarado, while the determination of size

distribution of coarse-grained and fine grained were carriied

out by Gillette and Walker (1977).

As part of a broader study of the Harmattan haze, in
this project the mineralogical composition as a function

of size range was determined. The samples were collected

on a four-stage cascade impactor. In addition the number-
size distribution were studied by counting and sizing of

micrographs of both optical and transmission electron

microscopes for comparison. The counting and sizing was
doéhe with both Carl Zeiss Countér and Porton graticule for
comparison. Log-normal distribution has been chosen in this
work because this could reveal useful information about the
various component sources involved in the formation of
Harmattan dust, The log-normél type of distribution made it
possible to evaluate certain representative constants of the
particles which have been used to make accurate calculations

of certain particulate properties suceh as the shape factors.

1.4 Particle-Size Distribution

Dust particles encountered are usually irregular in
shape and as such, the sizes assigned to them are defined
arbitrarily. Their significance depends on the manner in
which they are measured, Sizes related to particle geometry
are usually statistical in nature in that reliable measure-
ments require that either a repeated measurement is done

on each particle at a number of different orientations or



that a number of similar particles be measured at random
orientations. The later is employed in this work since it
will be difficult to make measurements of dust particles

at different orientations. .

There are théee well-known statisticai geonmetric
diameters which are usually assigned to a particle of
irregular shape when viewed in an optical or electron
microscope, These are based on the classification in tbe

IAEA Technical Reports Mo.17% {(1378). They are as
| .

follows: -

i) Martins diameter (DM)Q This is the length of a chord, ,

parallel to a given reference line that divides the

-~

profile into two equal areas as shown in Figure 2 below.

ii) Feret's diameter (DF): It is the length of the projection

of the profile onto a fixed reference line.

iii) Projected area diameter (Cp): This is the diameter of

a circle having an area equal to that of the profile.

Hdwever, in this work, projected area diameters are
measured by sorting out photo or electron micrographs
profiles of the particles into different size intervals,

Dp is normally chosen because it is found to be independent
of the orientation of the particle as depicted in Figure 2

(i and ii).

A detailed particle size distribution studies can help
in predicting the behaviour of aerosols released to the
environment, in designing filtration systems and in

evaluating the hazard associated with inhalation of a



Fig.2 Showing three different types of diameters assigned to
particles in different orientations (i) and (i)
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particular aerosol or a certain concentration of it.

It has been generally accepted that there is no single
distribution that fits in a data perfectly. Hdwever, it
was suggested by Jacnicke and Davies (1976) that any choice
of size distribution should satisfy at least one of the
following criteria.

( i) There is a physical reason(s) for the choice of the
type of equation to describe a distribution.

(ii) The mathematical expression selected should be as
simple as possible, so as to reduce a bulky set of
data to a few important numbers.

(iii) The mathematical description should approach the

measured values with minimum deviations.

Although there are various types of distributions
employed in a particle size work, only the ones commonly

encountered will be reviewed briefly.

,Studies made by Junge (1955) from impactor samples
and direct optical microscope counts showed that the size
distribution function 9N/dr is proportional to the inverse
of the fourth power of the radius r % for particles of
radii (r) greater than 0.5 um, Friedlander and Pasceri
(1565) have found from measurements of aerosols of radius
greater than 0.4 um using four stage impactor, that the slope
of the size distribution function 2%/dr, for outdoor samples
rvaried over the range 0.1 to 20 um. That for an indoor
sample however, was closely proportional to r~4. They

suggested that such similarities in size distributions can



be explained by the existence of certain special solutions
to equations which describe the rate of change of particle
size distribution with time. The solutions were termed
"self-preserving' theory, the size distribution function

for radii greater than about 0.05pm is given by

dN _ -4
T 0.05 ¢r 1.4.1

where ¢ is the particle volume per unit volume Of aerosol.

The shape of the self-preserving distribution (SPD)
was shown by Junge (1969) to differ from that of the observed
distributions, especially in that the slope beyond the

maximum is much steeper than r~3. He also showed that the

change with time of the SPD is very slow compared with
meteorological time scales for all radii greater than 0.1 pum.

Furthermore, the SPD was found to be mathematically complex.

Friedlander (1960) introcduced an explanation for the
atmospheric aerosol size distribution which is different
from that of SPD., Whereas SPD applies to a single process
such as coagulation, the concept introduced by Friedlander
referred to as "Quasi-stationary dist}ibutian“ (0Sp), for
which the effects of two or more processes are balanced,

It was indicated that QSD's approach to atmospheric aerosols

can only be expected if

( 1) Gain and Loss processes of aerosols balance each other,
(ii) The net rate of these processes is higher than the rate

of change of meteorological conditions.

Later it was shown that because of the difficulty in

fulfilling the above conditions QSD was also found to be
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inadequate in describing the observed similaritles of the

aerosol distribution for radii greater than 0.1 um,

The distribution was furthermore expressed by a

formula by Junge (1963). It was based on the ftact that

aerosol of varied origin combkine to form a coherent size

distribution given by

dN _ -8 '
) /dlar = CY 1.4.2

where dN is the number of particles per cm3 in the range
dlnr.

C is a constant depending on the total number M, of
the particles per cm3. The value of B is about 3 for

radii less than 10 um and 6 for radii greater than 10 um,

Subsequently, it was found that Junge distribution
applies to particles of radii between 0.1 and 1 um. Those
of radii from 1 to 10 pum hav® only a slight effect oniit,
while those from 10 to 100 um have no effect at all. Since
the size of atmospheric aerosols covers about three powers
of magnitude, which cannot be cowvered.by this type of
distribution, .another distribution has to be obtained which

will fit all the powers of magnitude of aervsol size,

The log-normal distributicn has the advantage that it

can cover the change of steepness usually obseyxyval lketween

the size ranges 0.1 to 1 pum, 180 13 um and 10 to 100 um,

The distribution is given by

r .
dn = N . 2XP é—{InD = Inl— 2] — 1
dhr lndq ‘[2“ L 2 lnaq }

.4.3
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where N is the number of particles per unit volume having
diameter between D and D+dD, lnsg is the standard deviation
of lnr. Dm is the ma2dian diameter of the particles. The
log-normal distribution poszesses unique mathematical
properties which makesit easy to handle, for example, the
distribution of all powers of the radius have the same

value of geometric standard deviation, Og. Similarly,
distributions of complex aerosols resulting from combination
of multiple independent sources, can be analysed by method
of curve fitting to reveal the individual contributions of

the component sources as described by Davies (1974).

Log-normal distribution has been. chosen in this work
because of the above mentioned advantages. In cases where
a log-normal distribuation or one of its modification fail
to fit the data, certain empirical equations can be used.

For example the Rosin-Rammler equation.
P = 100 exp (P/c)® 1.4.4

where C and b are constants and P is the percent of

particles having a size larger than D,

As mentioned above the Rosin-Rammler equation
is purely empirical and relies heavily on curve fitting. Thus
only one distribution cannot be used to obtain the various
statistical measures. Finally, there are other intricate
size distribution equations that are only arplicable in

extremely special cases.



Chapter 2

CENTRAL THEORY AND SOURCE OF ERROR
IN AEROSOL SAMPLING

2.1 2.1 Introduction

The purpose of any sampling memmmmis to obtain a
representative sample of the particle population. A
representative sample as defined by Peterson (1972) is
that in which the properties of the aerosol such as concen-
tration, size distribution, chemical composition and so on
are not changed by sampling from the total gas system. In
general, the following points are considered for sampling
an aerosol system. _ a .

( 1 ) The purpose of the sampling activity and the
.information needed to fulfil the objective,

( ii ) The general character of the aesrosol to be sampled
with the emphasis on the possible size and concentra-
tion of the particles.

(iii) The sampling equipment or collecting media to be
used. o

{iv ) The duration of sampling.

-

Sampling of aerosol can be done either.in still air or
dynamic air; however, the best form >f sampling
is . done with as little disturbance to the character
of flow of the total gas as possible, Thus the isokinetic
method proposed by Zebel (1976) is recommended. The
isokinetic sampling is achieved when the sarpling air
speed into the sampler is equal to that of the approaching
air stream. Otherwise the sampling is an-isokipetic. If

the sampling speed is too high, there will te a deficiency

- T4 -
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of coarse particles. Aand if a too low samplina speed is
used, an excess of coarse particles are collected. But it

should be noted that isokinesis is difficult to achieve

because both the flow rate anc the direction of the wind are
not always constant, So in cases where isokinesis is
not achieved, correction has to be made for an-isokineti-
city.

The following formula for estimating the sampling
error for non-isokinetic‘canditions was sugaested by

Davies (1968). i

CS/ca =1 kva/VS)' 1] fist) - 2.1.1
where C is the concentration, V is air speed, the

subscripts a and s refer respectively to air and sample,

f{st) is a function of stokes number (st)

£(st) = 2 5%/(1+s5¢t) 2.1.2
St = %%,mB ‘ | 2.1.3

For rectangular jets of lencth (L} and width (W) and F is
the volumetric flow rate through the jet., mB = T called

the relaxation time, is given by the expression below

T o= 3.0 x 1076 @, DIKg (secs) . 2.1.4

where e; is fhe den;ity of the particle
D is the diareter of the particle
Kg 1s the Cunningham's correction factor,
The IAEA Technical Reports No.17¢ (1978) cave Cunnincham's

correction factor as

Kg = 1 + (2/pD) (6.32+2.01 exp~0.1095 PD)
2.1.5
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where P is the air pressure in cm of Hg

D is the diameter of particle in um,

In this report, sampling was done an-~isokinetically
. and the error due to this type of sampling for each stage
of the sampler was calculated using equations 2,1,1 to
2.1.5 where a unit density was assumed. The results

obtained are shown in Table 1.

Table t: Calculated values of an-isokinetic effect DHr
each stage.

stage | Jet orifice |l lnais
Length (cm) width {cm) (Calculated)
1. 1.9 0.66 0.848
2, 1.4 0.14 0.991
3. 1.4 0.075 0.958
4, 1.4 0.027 0,997

2.2 Instrumentation

Sampling instruments usually consists of a probe
sucking in the air with the aerosol and a collecting part
where the aerosol particles are deposited on filterusor
other devices, There are different types of sampling
instruments in use today each based on one of the following

phenomena: Inertial Impaction, Sedimentation and Brownian

movement (diffusion) of particles.

2.3 sampling

The sampler employed in this work is a four stage
Casella MK 2a Cascade impactor, oriented to face the North-

Eastern direction. The site was on top of 10 metre-high
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physics building of Ahmadu Bello University, Zaria. The
sampler was raised to such a high level so as to make sure
that only dust of Harmattan origin was collected. Also
the sampler was firmly clamped to a wooden stool as shown
in Figure 4, to avoid its displacement as a result of high
winds. The impactor was then connected to an Edwards
suction pump with a rubber tube. The pump was operated

at aspiration rate of 10 litres per minute.

Harmattan dust saméles were collected on 25 mm diameter
glass discs previously coated with Pormvar film, The glass
discs are covered with a petri-dish before and after
collection of the sample to reduce the chances of
contamination from other sources. Collection time varies
from twenty-four hours to seventy-two hours depending on
the concentration of Harmattan dust for a period lasting
from January to February as shown in Table 2. The data
of wind speed and visibility for the days of collection
were obtained from Institute of Agricultural Research
(IAR)} Weather Office, Zaria, |

The.samplelcollected in this wa} ware analysed to
determine the mineral compostion of the dust and the

number size distribution of the particles.
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Table 2: Masgs of the vamples collected and the
Period of Collecktion
-3 . wind vt
From To Mass (x107°g) Time 3 Visibility
{Hours) Spees (km)
Collected {m/s)
15-1-86 16-1-86 1T - 13
2 - 16
36 2,1 1
3 - 21 :
4 - 14
16-1-86 17~1-86 1 - 457
1- M 24 2,03 19
3 - 14
4 - 10
17-1-86 20-1-86 1 - 11
2 - 16
. 20 1.85 1
3 - 19
4 -~ 12
Zd-1-86 23-1-84 1T - 13
2 - 15 ) -
34 1,39 2
3 - 10 .
- 4 - 17
23-1-86 27-1-88 1 - 7
2 - 10
. 72 1.31 18
3 - 10
4 - 11
~ 31-«1-86 03-2-86 1 -« 43
2 ~ 63 |
3 - 05 60 ].*10 40
4 - 06
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- 3-2-86 1-2-86 1
2
72 1.19 44
3
4
7-2-86  14-2-86 1
5 |
] 72 1.53 44




Chapter 3

QUALITATIVE X-RAY ANALYSIS

A given substance always produces a characterilstic
X-ray diffraction pattern whether that substance is present
in pure state or as a constituent of a mixture of substances.
Unlike othér methods of chemical analysis, the X-ray
diffraction analysis discloses the presence of a substance

as it exists in the sample and not in terms of its

elemental composition.

3.1 Sample Preparation

The method of sampling employed in this work gave
rise to dust samples being collected settling in random
orientation configuration. This is important in X-ray
diffraction since non-random orientations of the particles
introduces error in the diffraction patterns obtained
(Vassamillet and King, 196?). The samples on the glass
discs were then pressed slightly with a clean glass to

remove surface roughness which can also introduce errors

in the results,
F

3.2 Procedure of Identification of Mincrals

The X-ray diffraction traces were obtained on a
Phtlips PW 1140 diffractometer using Cuke radiation at a

scan speed of 2° 28 min~', The results from each stage

obtained are shown in Figure 4,

~Identification of the unknown minerals in the sample
was done considering the fact that the pattern obtained

for a substance constitutesa sort of fingerpriat bv which



substance may be uniquely identified, After cbtaining the

diffraction pattern of the unknown sample, the plane
spacing, d, corresponding to each peak on the chart was
obtained from Tables in the X-ray diffraction search

manunal which give d as a function of 28 for various

characteristic wavelengths,

A scale of expected minerals was constructed which
gives relative intensities as a function of line position
when laid on the diffractometer chart, The scales were
prepared from values obtained from index cards for expected

minerals given in the data file of Joint Committee on

Powder diffraction standards (JCPDS). These scales were

compared with the XRD trace obtained from the sample,.
Where the trace and the scale match indicate that a
particular mineral is present in the sample. The procedure

was repeated for all expected minerals until the composition

of the sample was determined. The analyses of the XRD trace

from each stage was found to consist of the following as

shown in Table 3.



Fig. 4 . X -ray diffraction traces of the sample collected on the four stages

of caseade impactor
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Showing mineral compostion of Rarmattan dust

on each stage.

CASCADE IMPACTOR STACES

1 2 3 4
{a} Ouartz Quart Quartz Quartz
(51i0.) (Si0.) (510.) (5i0,)
“~ ) & 4 2
(b)) Microline Microline Microline Microline
(KA, si 08) {KAp 513 08) (KAq 513 08] {Kaq 513 08}

(c) -

- (d) -

Peak height
reduced by
about 50%

Small provort-
ion of Clay
minerals
(Taclinite,
Ilite etce)

Peak height
reduced by
about 75%

Equal proportion
of Clay "inerals
wlth the other
above minerals.

Peak height
reduced by about
00%

This result is interesting and will be discussed in Séction

6.1.

-~



Chapter 4

EXPERIMENTAL TECHNIQUES IFOR SIZE
DISTRIBUTION MEASUREMENTS

There are various methods employed in the measurements
of size distribution. The choice of particular method
depends on the type of aerosol, method of sampling and the
form in which the data will be presented. The samples
collected with a cascade impactor are usually used for
microscopic analysis. Two types of microscopes were used

in this report, namely light ancd electron microscopes, for

comparison of the results,

4,1 Analysis With the Light Microscope

In the optical work carried out, simple optical
microscopy imaging were used to determine the number size
distribution of the dust particles. The technique is
feasible because of the resolving power of the instrument,

which is of the order of 0.2 um (Grundy and Jones, 1°76).

The optical microscopy method does not require any
special sample preparation, thus a convenient method. Photo
micrographs were taken as a permanent picture of the sample.

Counting and sizing were done using both Carl Ziess TCZ-3

Counter and Porton graticle for comparison.

4.1.1 Counting and sizing of dust particles

As mentioned in section 4.1 counting.and sizing was
done using electronic counter and Porton araticle so as to
compare the results and find whether there is any marked
difference between the two methcds.

TGZ-3 Counting: This instrument enabledthe author to count

- 28 =
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and size the particle diameter by adjusting the size of the
light spot to be equal to the projected area diameter of the
particle. It is then recorded in the appropriate size .
interval provided by one of the windows of the counter. The
instrument also record the number frequency of the particle
in each size interval. The 48 size intervals on the windows
of the counter were then divided by the magnification of

the particles to obtain the actual size intervals of the
particles. - ; |

Porton graticule countinpg: In this method of sizing, a

direct visual comparison of the diameters on the micro-
graphs was done with the circles of the graticle. The
graticule is a circular glass disc with a series of circles
arranged in a ,; progression (May, 1365) and series of
squares at the centre. The measured diameters were
recorded in the appropriate size intervals after conversion
to the actual sizes of the particles. This was continued
until the entire micrograph was covered. Noting the frequency
of occurence of each size interval. The results obtained

gave the numbef frequency distribution of the Qust particles.

=

4.1.2 Detemination of shape factors

The values of the mean diameter were calculated from
the size disﬁribution obtained in Section 4.1.1. These
values can then be used to determine other particulate
properties such as surface area and volume of the particles

which are required for proper characterisation of the dust

particles.

These properties as defined by Robins (1354) are as
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follows -
. 4.1.1

———rrr

Surface area, S, = , D*

volume, v, .= oy D¥ o O aa1.2

where o, and «, are called the surface area and volume

shape factors. It was shown by Orr and Dallavalle {1359)

that the wvalues offy; and «, for spherical particles are
T and II/6 respectively., For other irregularly shaped
particles various values have been obtained which depend

not only on shape but on orientation of the particles as

well.

The expression for the ratio of the particle's
projected diameter (Dp) and the the Stoke's diamaeter (Ds}
was given by Robins (1954) in terms of surface area and

volume shape factorsaas

—

D
_ EE = (1 xa) : 4.1.3
S 6 Xo(a

The value of the ratio for varios size rance has
significance in particle size analysis, especially in

determining the mass and number distributlons by Stoke's

diameter.

The shape factors for each stage of the impactor were
determined from the distributions measured usina elaectronic
counter and Porton graticule for comparison. The values

obtained are discussed in Chapter 5.
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4,2 Analysis with the Transmission Electron Microscope

The Electron microscope is one of the most versatile
instruments used in the assessment of airborne particles.
When more discernible information about small particles is

required, the electron microscope is often recommended,

The advantage of the electron microspope is that of
high resolution which was reported by Grundy and Jones {1376} }0
be up to about 1C4 times greater than that of light
microscope. Also a better contrast is obtained with the
electron microscope operated at higher magnifications than
optical microscope. Thus, sizing of small particles at
such magnifications will be mpre accurate with the electron
microscope, However, most wérkers prefer to work with
light microscopes because of the complex manipulations
involved and the tedious specimen preparations rsquired in

the electron microscopy.

Transmission electron microscope (TEM) was used here
to determine the size distribution of the particles. As the
name suggest, this instrument requires the specimen to be
thin enough to allow the transmission ?f electrons. The
équipment can be operated in two modes, the transmission
mode and diffraction mode. 1In this project, the trans-~
mission electron microscopy was fairly succesful but a lot
of problems were encountered in the diffraction meode.

This was due to non availability of flaky particles in the
sample. Thus the original plans to investigate the

possibility of amorphousation of the surface of the
harmattan particles had to be discarded. 1In the transmission
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mode, measurement of size distribution were done with Carl

Zeiss TGZ~3 counter, The results obtained were compared

with that of light microscopy.

4.2.1 Spersimen preparation

The guality of any electron microscope imagg on the
screen depends to a large extent on how the specimens are
prepared. For hest contrast and resolution all spurous
atoms had to be removed, 3Since mattef is not entirely

transparent to electrons.

Perforated copper grids of about 3 mm diameter with:
" a square mesh of 200 per inch were used as support grids.
The specimen collected on conducting Formvar film for

support are then mounted on support grids,

Preparation of Formvar films: Formvar films were prepared

on glass discs prior to the collectian of the dust samples

on each stage of the Impactor, using the following

procedure,

(a) The glass disc was cleaned with detergent solution
and polished with a clean piece of silk, The degree
of cleanliness to be faund after several trials.

{b) The glass disc was dipped in a 1% W/V solution of
-FPormvar in chloroform and drained vertically on the
filter paper.

(c) The coated glass disc were then used to collect samples
on each stage of the sampler.

After X-ray and light microscope analysis, the sampieé with

the Formvar were stripped off for electron micrascope

analysis, The stripping was done by lowering the glass
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Holes for grids

Not drawn to

scale

jig for collecting film on the grids
the six holes

0
lcm
-

placed on

Fig. S A metal
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disc at shallow angle into a dish of distilled water. The

film comes off the glass surface due to surface tension,

and was floated on water, The Zilms were found to part
with the glass only after teasing up the edges as reported

by Bradley (1967).

(d) The film was then collected on a Jig constructed at
the Department of Physics Mechnical Workshop and
shown in Figure 5) .capable of holding six grids at a
time. Each grid together with the film and sample
was then retrieved using a sharp knife. The arids

were later dried on a blotting paper.

Coating with evaporated Carbon: To remove surtface change

effects, the specimen was coated with evaporated carbon.
The thickness of the coating did not exceed the 200°A

limit recommended to aveoid serious loss of contrast.

A Polaron coating unity type E6432 was used to coat the
specimen before it was inserted into the microscope.. The
equipment was operated at the electrode voltage of 8 Volts and
was evacuated to a pressure of better Ehan l?dmm of Hg,
following the procedure in the operating instructions. A
costant thickness of coating was maintained for all the

specimen using the formula given below and illustrated in

Figure 6.
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Figure 6: Arrangement used for evaluating thickness of coating
1 = length of carbon rod evaporated
d = diameter of carbon road
r = distance of carbon tip from the grid
p = density of carbon
t thickness of cocating
2
-Q_%B = 4 r?*tp 4.2,1
t = d21 .
T8z L
where 1 = 2 mm
d = 0.5 mm
r =4 cm
giving : _ o
t = 195°7 S ' 4.2.3

The coated specimen was then placgd in the sample holder
which was inserted into the microscope. A Philips EM 4007
transmission electron miscroscope at accelerating voltage of 8

volts waslused to obtain an image on the screen from which
micrographs were taken.

The results of particle size measurements for comparison
between optical and electron microscope counting are reported

in Section 5,1.



Chapter 5
RESULTS OF PARTICLE SIZE MEASUREMENTS

Size distribution measurements of Harmattan dust was
done using optical and transmisci9n electron microscope

methods. In both ° methods, micrographs were obtalned and

sized using an electronic counter.

5.1 Optical Microscopy Results

The sample for optical microscopy was collected as
described in Section 2,2, Photomicrographs of the sample
collected on the four states are shown in Figure 7(a,b,c
and d). It can be seen from the Figure that there is
variation of size ranges from stage 1 to 4 with that of
stage 4 being the smallest size range. Also there is non-
uniformity of the sizes in any particular stage since each

stage collects particles that falls within a particular size

range.

+

A piot of the numbef-size distribution of the particles
from the four stages combined show an asymmetric frequency
distribution which is skewed towards the lower values of

the particle diameters as shown in Figure 8. 1'owever, when
plotted on log-probability paper a symmetric Jdistribution \
was obtained as depicted in Figure 9 which implies that the

particles are log-normally distributed, having the following

distribution function.

"

aN - 0N -(X -
dinD = o/2n exP_[(x u"’{l 5.1.1

201
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Figure 7: photomicrographs of the wrticles collected on each of the
four stages. Stage 1(1) otage 2(b), Stage 3(c), Stage 4(d).

{5238X)
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where X = 1lnD
= lnag
“'O = ln Dopg

and 9g is the geometric standard deviation and D.,g is the
median or geometric mean diameter of the distribution and X

and 0 are the mean and standard deviation of the distribu-

tion respectively.

Furthermore, when the percent cummulative of the
particle diameters was plotted against the upper value of
the diameter intervals (Dj} on log-probability paper, a
straight line was obtained as shown in Figure 10, The

th

number of measurements n, that falls in the 1 size interval

for k intervals is related to the percent cummulative {Pj}

by the equation;

P = 1002ni |
_ i=1

D,,9 is the diameter at which the line intersects the

coordinate Pj = 50%.

Also ' -
og

L b . .
value of D at Py 84% N 5.1.3

_ _ _ D e _ o
% S84y . 208 5.1.4
50% 16% -

Using values deduced from Figure 10
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The mean diameter (D) as derived in Anpendix A is given by

ln?g
D = Ds,g exp 9 o 5.1.5

and the mode (Dm) is given by

Dm = Ds,g9 exp [ haqz} 5 1.6
2 . -
Dm = 0,35 pm

The deviation from straight line of the pérticles having
larger diameter values, could be attributed to the method

of sampling which sometimes leads to an abnormal log-normal
distribution. However,Rosin-Rammler equation has been

found to fit the data in this region. This yields a straight

line when plotted on log-log paper as shown in Figure 11,

The distribution curve of the dust on cach of the foup
stages was found to be skewed towards the lower values as
shown in Figure 12, While the percent cumulative of the
particles of each stage give a straight line when plotted on
log-probability paper. The plots of percent cumulative for
the particles sized using both T¢Z-3 counter and Porton
graticule are shown in Figure 13. The mean diameter values
calculated using equations 5.1.4 and 5.1.5 for each stage

-

are in Table 4.

Table 4: Mean diameter (D) in microns'for'
each of the 4 stages

STACGE
SIZ2ZER
1 2 3 4
Semi-automatic Counter 3.87 1.65 Q.76 n.16

Porton Graticule 1 4.54 3,18 0.37 0.02
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Fiqure 11: Rosin-Ramler distribution.



221s 2121110y

suosiw (1)

= WY
Percent of particles in class

— (5] Lt &~

o o o o

— — - —p———— ) T |
‘P\h;
(&)
m

o
£
ELAVES

N
® /
\m
—f
—->
(q)
w - m
)
/
0~
(]
W ©
-
chir—

Ficure 123 Distribution of the particles on ecach of the four stages

_te iactor. . _ JE



-, 5 F

*

0o

a

Parcent of particks less than upper interval
siza

L

GRATICLE COUNTING

TGZ-3COUNTING

1 1 L L
4 -

1
-

-

L
w -

t
3
-
Sk
o
L
L d
sl

o

X190 X10

Particle size (Dp), mirons

Fig.13 :Cumulative frequency curve of the particles from both porton graticle and

TGZ — 3 counting



—43 -

S.1.1 Calculation of shape factors

The diameter distributions for the particles on each
stage obtained in Section 5.1 were converted to surface
area and volume distributions by multiplying the diameters

with D and nD’/s-respectively.

Ploté of pérceﬁt cummulatives against surface area
and volume of the particles were made to obtain the mean
surface area {S) and mean volume (?) of the distributicn
as shown in Figures 14 and 15, These plots gave straight

lines as expected from the properties of log-normal

distributions.

Also

- . . _11'12‘73 - 5

§ = S.,g exp 2 5.1.6
- | 1n?6] L 5.1.7
v = V4,9 exp 7

Where S,,g and V,,q are the surface area and velume at 50%
cummulative and 0g and oy are the geometric standard

deviations of the surface area and volume distributions

respectively. Similarly,

n

05 =

.s_ﬁ,% . 5.1.8
50¢
ov = Vgas

T 5.1.9
50%

Also from Appendix A ' ' o
D? = Do*,g exp |—5
9 1n?g_| '
Y - DQ%Q exp { S ﬂ 5.1.11
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Using equations 4.1.1 and 4.1.2 and 5.1.6 to 5,1,11, the

values of the surface area and volume shape factors of the

particles on each stage were evaluated and are shown in

Table 5. Also the ratio Dp
/Dg

equation 4.1.,3,.

Table 5: Surface area and volume shape factors for each
of the 4-stage of the Cascade Impactor

was calculated according to

_ S TAGE
PARAMETER ] 1 " Average
1 2 3 4
Surface area shape factor 3.28 3.13 2.179 3.18 1.1
Volume shape factor 0.49 G.4% .4 0.55 0.49
n I Oy
1.045 1.6533 1,007 1.779 1.23

dp/ds . o l

5.2 Transmission Electron Microscopy Results

After the specimen preparation described in Sectio

4.2.1 and following the procedure in the operating manua

n

1l of

Philips EM 40CT, photomigraphs of the samples were obtained

as shown in Figure 16. Micrographs were not obtained for

stages 1 and z because the microscope could not give any

illumination at magnifications lower than 2800 times (which

is due to some fault in the instrument), and at this

magnification only one or two particles of stage 1 and 2

can

be in the field of view of the microscope. Since a large

number of particles has to be counted for a dependable

~

distribution, sizing of particles of stage | and - at th

is

high magnification will definately be a waste of the scarce

photographic materials. Thus only the smaller sizes of stage

1 and 2 were sized and counted using TGZ 3 Counter,




Ficure 16: Electron microcraphs of the particles
collected on stade 3(a) and stace 4(b).

(5600%)




A pPlot of the peréent cummulative of the particle diameters
on a 'og-probability paper yield straight lines indlcating
a good fit to the log~normal distribution as shown in Figure
17. Though in this case deviations from straight lines
were observed at larger diameter values just like the case
of optical microscope measurements, The Rosin-Rwmler equation

was found to fit the data in this region as shown in Figure 1t

Using equations 5.1.3 to 5.1.4 the mean diameters of
the distribution on the two stages were calculated and the

result shown in Table 6.

.Table §: Shows values of Mean diameter (D) in microns
using optical and Transmission elcctron microscope.

ST AGE"
MICROSCOQPE . T W > ! 3 1
Optical : 3.87 1.65 0,76 0.16
Electron Microscope - - J.6% -0,44

A comparison between optical and electron microscope
counts of stage 3 and 4 was done by Chi-square test
applied to the two methods, so as to find whether the
results of the size distribution measurements Jepend on the

type of microscope used.

The results are shown in Table 7. Uor stage 3 the

Chi-square result for 14 degrees of freedom itz 7.4 and is

9.1 for stage 4.
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Table 7: Comparison between optical and electrom-microscope
counts of stage 3 and 4 :

:
Stag Ihiéisal'ggziggl géﬂﬁtsigegiggs oﬂ 5§3§a§iéigzénzes
{pm} freedom b+w optical & E.M,
3 [0.23 - 9,33 43 a3 |

0.33 - 0.43] 59 47 | x* = 7.4 |0.05 > P
0.43 - 0.53] 55 35
0.53 - 0.64| 41 49  1d.f = 14
0.64 - 0.74] 38 28
0.74 - 0.84| 23 33
¢.84 - 0.94| 22 10
0.94 - 1.05| 18 18 .
0.05 - 1.15} 13 23 |
1.15 - 1.25| 9 4
1.25 - 1.35| 6 13
1.35 ~ 1.46| 4 3
1.46 - 1.56| 4 2
1.56 - 1.66| 1 3
1.66 - 1.77] 1 1

4 16,14 - 0,16 65 74
0.16 - 0.19 | 37 38 X? = 9.1
0.19 - 0.21 | 67 77 . 4.05 > P
C.21 - 0.24 |47 27 d.f = 14
0.24 - 0,271 79 71
2.27 -~ 0.29 | 33 a7
0.29 - 0.32| 9 26
0,32 - 0.34| 8 21
0.34 - 0.37 |14 10




Table 7 cont'd

G.37 - 0,40 9 7

0.40 ~ 0.42 6 6
o 0.

G.42,~- 0,45 [ 10 1

0.45 - 0.47 4 1

0.47 - 5.51 5 1

0.51 - 0.53 5 1

The comparison between optical and electron-microscope
counts are shown in Table 7. Column four show the resulte
Of the Chi-square test for fourteen degrees of freedom,
Column five show the probability that the difference in the
two metheds is due to chance alone. The full discussion of

these surprising results is done in Section 6.1,



Chapter 6

DISCUSSION, CONCLUSICN AND SUGCESTION FOR FURTHER WORK

6.1 DISCUSSION

The linear air speed (5.5 m/s) into the jet orifice of
the sampler during samplingwa& greater than that of the
approaching air stream (1.51 m/s). Therefore some particles
because of their inertia fail to follow their air flow lines
into the orifice causing the sizes of the particles to be
under estimated or result in an-isckinetic sampling instead
of the desired isokinesis. The correction factors for an-

y 9 9

4

isokinesis were calculated from equations 2.1.1 to
and are shown in Table 1., The results show that anisokinesis
effect is only significant in the case of the first stage
where the size range is 1.44 - 10 uym. That of the other
stages with size ranges less than 3 um was found to be

almost equal to one. The result is in good agreement with
that obtained by‘Hay (196%). It was shown in his report

that an-isokinesis effect is negligible for particles of

diameter less than 5 um.

The difference in the mineral compostion of the dust
from that obtained by Adetunji and Ong (1980) has clearly
indicated that the Harmattan dust in the work reported here
could emanate from different source regions, or from one
source region having different rock strata. 1In a recent
paper by Adetunji and Ong (1986), the variation was attributed
to the geology of the source regicn; if the source rock

strata have different mineral compositions, then ercsion from

-82 -
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the source could result in seasonal variation in the dust
composition. Also in undulating land surface, a variety of
#&rata are likely to be exposed together, as depicted in
Figure 18, where minerals from the different stata (A,B and

C) combine to form the dust collected at a particular

season.

The results of the X-ray diffraction analysis show that
quartz is the major constituent of the Harmattan dust, with
small concentration of other clay minerals. The existence _
of microcline (KAl 513 08) on all the four stages hitherto
unreported, is rather interesting. Since feldspars unlike
quartz are usually regarded as unstable when fine grained.
They are usually found in sand size grains. Their existence
in microsizes is most probably associated with abrasion in
the desert area of virtually unweathered rocks., It is
unlikely, therefore that they are produced from chemically
weathered rocks as suggested by Junge (1979). This is
because any chemical weathering of the feldspar grains
must have been further inhibited by the very'dry nature of
the transporting Harmattan winds. Also it was reported by
Gillette and Walker (19277) that abrasio; of limestone,

feldspar and quartz increases with grain size, wind velocity

and surface roughness.

The height of the X-ray diffraction peaks reduces from
stage one to four. This showga direct dependence of the

height of diffraction peak with particle size range.

Log-normal distribution was chosen in this work because.

as reported by Gillette and Walker (1977), it was found



riocure 18:Induliting land surface showing variety ot strata,
(A,B. C and D) expcseds (Frcm Adetunji and ong, 1933).



empirically to fit the soil~-derived aerosols well. Further-
more, because of the nature of formation of the Harmattan
dust particles that is by communitive processcs which was
described by Epestein (1947), give rise to a log-pormal
distribution. Lastly because it is mathematically less

complex, and its relative ease in evaluating particulate

parameters

The skewness observed in Figure 8 shows that the dust
is not normally distributed ard this led to the choice of
another distribution. Plots in Figure 9 and 10 show that
a single log-normal distribution fit the data well, though
with slight modification at higher diameter values,

Rosin-Rammler equation was found to fit well,

Evaluation of the measures of central tendency yields
2.33, 1.03 um and 0.35 pm as values of gg, D and Dm
respectively. The value of mean diameter (D} obtained is
of special interest if one considers it in terms of
scattering efficiency of aerosols, In his report, Friedlander
(1977), maintained that the particles within the range of
0.1 to 1+3 um diameter have the highest ,scattering efficieﬁdy
of the solar radiation. This could be responsible for the
great reduction in visibility during peak periods as recorded
in Table 2. Also, the fraction of harmattan dust particles
deposited in the lungs of individuals is expected to be low
since according to Friedlander's report, particles in the
size range of 0.1 to 1 um are too large.to diffuse rapidly
IOnto the lungs and tco small to settle rapidly or deposit

because of inertial effects. Though deposition is also
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expected to vary from individual to individual depending on

lung geometry and air flow patterns..

The mean diameters obtained for each stagqe using
semi-automatic counter differ significantly from those
obtained using Porton qraticule sizer. This implles that
the distribution measurements depends on the typas of
counter used., However, more errors are likely to be
associated with Porton graticule counting and sizing since
repeated counting cannot be completely eliminated in this
case. Also the circles in Forton graticule are not adjustable
for proper sizing of the particles as is obtained in the

alectronic counter,

Results of the comparison between optical and Electron
microscope counts show that the two methods are independent,
This is rather unexpected since the difference in resolution
of the tﬁo microscopes is expected to yield results that
differ significantly. A possible explanation for the
observed result is that some particles must have been lost
during sample preparation for electron microscope,

The véfiation of éhape factors with size range reported
by Robins (1954) is also observed in the Harmattan dust.
The values of both surface area and volume shape factors of
the analysed samples show a genefal decrease f{rom stage one
to three, except at stage four where the valueg increases;
‘this could be associated with an inherent loakﬁae at the
third stage. The 'value of the ratio Dp/Ds tound to be 1,24

1s closer to a value of 1.33 obtained by Watson (1353} for

coal dust,



6.2 Conclusicn and Suggestion for further Work

The X-ray diffraction results suggest the possibility
of variable source regions when compared with other previous
results. Alternatively, the source could be the same region
but with rock strata having different mineral composition.
In this case the periodic erosion of different mineral types
could be transported from time to time. The variation of
mineral composition with the size range could be cxplained
as follows: the dust particles are formed by preferential

breakage of certain minerals into a given size range.

In addition the results in this work have shown that

quartz is the single major constituent of the Harmattan dust,

The log-normal distribution was found to fit the data
well, except for some deviation at larger diameter values,
But Rosin-Ramler equation fits this region well, The mode
and mean diameter values obtained show that Harmattan dust
contribute significantly in the scattering of radiation from
the sun, which is responsible for the observed reduction in
visibility, Also,contiﬁued deposition of the Harmattan dust
over long periods might have an adverse %oxic effect on
humans and other animals exposed to this unigue natural

atmospheric aerosocl,

Comparison of the results obtained with semi-automatic
counter and Porton graticule showsthat the distribution is
dependent on the instrument used for sizing and counting.
But, comparison between electron and optical microscopes
counts show that the results are independent of the type of

microscope used.
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| Very little has been studied about the harmattan dusﬁ
transported over the area of this study. However, a lot

has been done on the forecasting of it. The results

obtained here and in other works suggest that the mechanism

of dust production is complex. Therefore, cmphasis should

be laid on finding the mechanics of Harmattan Jdust formation,

suspension, transportation and deposition, since it is

through one of these processes that the dust affect us or our
ecology. The non~availability of certain items of equipment
has limited the scope of investigation of the harmattan dust,

For a complete characterization of the harmattan dust, however,

the following investigations neéd to be carried cut to augment

the tremendous efforts made so far.

They includa: o

(1 The relationship between particle size or
Cbncentration with optical constants, health effeéts
and other ecological effects need to be fully
investigated. '

(2) The variation of chemical compositicn of the dust
as it is transported along the route should be studied
s0 as to determine the minecral input into our sub-soil.

.(3) The radio-activity of the Harmattan dust, since
the trade winds are likely to carry dust from uranium

rich areas in Niger Republic.

Finally, it is highly recommended that all «fforts
should be geared towards forming an enlarged.group which
embraces other disciplines to forecast, tracg and fully
characterize this unique aerosol which is everyday gaining

global a-tention. Cooperation with concerned meteorological



~f meteoroloaical data

centres should ease the problem

collection and evaluation.
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APPENDIX &

MATHEMATICAL EXPRESSION OF THE LOG-MNORMAL DISTRIBUTION
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